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Preface

Biological pr pertics provide amdamenty] steuctures that form (e basis

- lorthe study ol chareer rmsmission ang inheritange Patterns known s
Cieneties, ‘

The science nf¢ rencties has shown in[cr—l’cln!innship with many fields sucl;

as biology: him_'hcmi:;lry, Physiology, cvolution, Anatomy, and practical

Agriculture, Iy Practical approacly i dependent on appropriate statistica).

and ficld plo teehniques with cdrelul observation and documentation, ol

both laboratory and fielq data. Geneties hag itsTootin the ¢poch discovery
of Gregor Mengd.] in 1866. [is rescarch findings cluded (he scientific
waorld until uboyy fourteen vears after his death. Severq] scientists have
builton the formy ion made by Ciregor Meandel, t

However the seienee ofGicneties presents general biological implications
which should never e lost because cvery biological mageria| has interplay
wilh the cnvironment.

To accomplish this i, [ hyve ditempled (o down play as much as Dossible
asystematic historjea] approach to the subjectand draw vivid examples
from recent personal rescarch work. 7 his means thay genetic ideas related
in this book are developed along a logical sequence cmanating from
personal genetic studjes oLerops within (he local cnvironment,In addition
to this heuristic approach the basje underlining principles of Mendelian
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fitance and Genetic breeding mctl ods were adequately exploited. ‘To
il the principles of Mendehan inheritanee. Full use has been made off
e knowledge of eytology towhich the Tirsl tvo chaplers is l'l!'”cl}.-
d. On the other hand st udmmmmn ng inbasic biological scicnces
Biochemistry will find the chapters two to five highly relevant as it
saspects of geneties that relate to the binchemical nature of pene
fare of living organisms.

flifthe whole text is most appropriate for Agricultural students as it
emphasy on not only genetic principles bul on application ol the
ples lo plant and animal production in meeting human demands.
ples of inheritance as applicd in plants and antinals are thoroughly
fiined throughout the book.

dillustrations made in the chapters form anintegral part o the textand
gl be considered in context. Most of the old reterences in the ook
llyspored me (o writing this text. "This is beenuse present day students
oL have access Lo recent relevant Genetics texts which are in most
56s put under “reserve” scetions in the Librarics.

"hcrmorc most genetic conclusions in such “loreign tess™ arc vaguc
fieimaginations of fresh Genetics and plant breeding siudents within

pwledge is ensnared.
fiEstions and problens are major uccessories attendant to Gienetics. 1his
fatlempts problem solving. Therefore each chapter of this boolk
ftonts students with Cxperinwental questions that requires carclul
erpretations which in return arouse the interest of ser Tous and zen

alois
MElchls 0 he study of genctics andd Brecding st ad vaneed fevels

lical cnvironments such that the focus and practical application of
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THE CELL THEORY

1.0 Intyqduction

The'study of the cel] using a thin slice of bottled cork started in the
year 1635 by an Englishman called Robert Hooke. He discovered for
the first time a porous structure with individual cavity. Each of the cavity
was called a cell and surrounded by a prominent wall called ccl] wall,
Between1838-1839, a German Botanist and a German Zoologist named
Schleiden and Schwann founded the cel| theory that plants and animals

“are cellular in nature. ‘ .
Von Mohl and Nageli in 1972 identified two parts of a cell namcly
the cell wall and the protoplasm. The protoplasm consists of granular

- semi-fluid contents. [nside the protoplasm is a specialized body called
the nucleus. The nucleus was discovered by Robert Brown in 1891 as a
unitresponstble forinheritance of characters.

g Y by Y




1.1 Cell components and structure

" Both plantand animal bodics are composed of structural and functio
units called cells (fig.1.1)
A cell is a unit of life made up of a mass of protoplasm in which
dense spherical or oval body called nucleus is embedded. T
protoplasm of a plant cell is bounded by a protective distinet wz
called cell-wall, Both the protoplasm and nucleus arce living materialg
while the cell-wall is non-living. .
The living constituents of a cel] are together called the protoplast,
plant cell therefore is made up of a protoplast and a cell-wall. 4
cell wall apart from its protective functions also serves to mdin
shape and regulate the flow of materials in and out of the cell. :
Cells are invisible to the naked eyes and in shapes and sizes som
cells are spherical, oval, rectangular, polygonal or even clongate
The sizes vary from 0.01mm to .lrhm. Virus cells are the smallest]
size and followed by bacteria cell. ’
The cells of virus are so small that they defy microscopic view. Howevd

bacteria cells are visible under the microscope with the size ranging betwes
0.0001 and 0.00 I mm.

1.2.2 The protoplast

The protoplast is the physiological unit of the cell which perfo
spcciz_ﬂized functions such functions include: | i
Food synthesis : 3
Nutrition
Growth
Respiration
- 'Reproduction
The protoplast is differentiated into three distinct parts which are:
i Cytoplasm ' |
i.  Nucleus
. Plastids

1
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Ihese distinct parts develop from pre-existing ones and are not newly
flormed.

.23 The eytoplasm:

~

Thisis the liquid part of the cell containing various chemical compounds

and vacuoles. The vacuoles consist alnon-protoplasimic Nuid lilled cavitics

of varying sizes. As the cell grow and enlarges the small vacuoles fuse

logether to form a large central vacuole which occupics the major part of

he cell-cavity. The fluid inthe vacuole is called the cell sap. The vacuole
™~ - 3 .

performs the following functions. '

I Storage of'walerand organic compounds

2. (_f(,;nu'uiiing;nnnumu!'lluidwilllinthccc!ls‘.npLhusnminlnininglua‘gidily

of the cell and tissue.
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Fig 1.1 Atypical Cell (Plant cell)
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The eytoplasm is surrounded by a [uid delicate membrune known as the

cell plasma membranc or ectoplasm. This tayer controls the flow of

substances in and out of the cell, Insldc he cell sap are minute granules
called microsomes. The Huid portion of the ¢ ytoplasm is known as

hyaloplasm. The protoplasm is the living materials in the cell that form the

physical basis of life. All plants and animals cont: 1ining protoplasm are

regarded as living organisms. All plantand dmnmicclls cease (o function
when the protoplasm dies.

[.2.4 Structure and naturc of the protoplasm:

The protoplasm isa slimy gelly-like transparent (luid whidh contains
line granular malerials. Inthe young eell, these materials fill the cell cavity,
while in the mature cell, | ttappears as strands around the vacuole, The

protoplasm content decreases and drics up following starvation of the
plantoranimal organisim

1 2.5 Characteristics of protoplasm
- Reacts to external stimulus such as shocks, c. £. pin-pricks,
variation in temperature or light. application ol chemicals etc.
The protoplasm contracts or expands during and afier
ssmulations. '
b. Itis semi-permeable: It allows selective substances to pencetrate
its bodly.
c. Itisunderaslow bul constant motion
d. The protoplasm exhibils motion. TVlOVLanUHO[ different types which

could be cilliary ¢.g. T ungl, algae rotation (clock wise or anti-clack wise)
and circulation. : i

1.2.6  Nucleus:

This isa specialized org ganresponsible forlife in the cell. It varics in sh: ipe
and type of cell. Itis embedded in the cytnplasmol acell. The nueleus
is positioned centrally ina young cell and lics in the thin lining layer of the
cytoplasm and may become Mattened against the cell-wall, Nucleus is
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presentinall living cells both plant and animal. A nuclous cannot be newly
formed but multiples by divisions ol the pre-existing one.

Structure and Shape:
' Nucleus vary widely in shape from Tm (micro) to 500m. The usual size is
between 14 to 25m,

Anucleus is surrounded by a thin transparent membrane known as the

nuclear membrane.  This structure separates the nucleus Irom the

the membrane. Within the nuclear membrane is the

nuclear sap or
micleoplasm.

This structure contains numerous line threads looscly
connected to Torm a network called ]

womatin network or nuclear
reticulum, Th

1s Chromatin network develops to form the Chromosome,
The Chromosome is acidic in nature. There are
aeids. They arc De-oxyribonucleic acid (DNA)and ribonucleic acid (RNA).

DNA is permanently located in the nucleus while RNAis located in the
‘eytoplasm.

4 Tunctions of nucleus

i Diis responsible for life in all living cells

i 1Uis directly involved in reproduction both sexual
il [ initates cell division which is responsib
§ development of living organisms.

v, I

and asexual.
le for growth and

bears the hereditary material called the DNA.

Genetie Properties of nucleic acids

Both DNA and RNA have the following ¢
Specilicity in action

b Reproducibility

Il Mutability
i Stability

cnelic propertics.

~

Specific functions
Both acids (DNA and RNA) are specific i

action. This

n

surrounding cytoplasm. The shape ol the nucleus is determined partly by _

two types of nucleie

~



property is independent on their specific structures. Character inheritance
" by offspring is associated by the propertics of these acids. This accounts
for why there is specificity in the synthesis of proteins and cnzymie actions.

b. Reproducibility
Both acids are reproducible. The mechanism of reproduction is

closely linked with the acid structures. Replication is facilitated in both
acids by the ability of strong clectro negative atoms in close association to
form hydrogen bonds for as long as all the hydrogen atoms arc attached
to the carbon rings. However, replication of RNA is a lot more difTicult

-than that of DNA. RNA molccule in the presence of cnzyme RNA
polymerasc, build a complimentary strand. The complementary strand
then acts as a lemplate to build a new strand, which is complimentary to
ltselfand an exact copy of the original RNA-molecule. In the DNA. the
double helical structure unwinds (in the presence of the DNA)Y o Jorm
strands. Each strand acts as a template to another strand called the
complimentary strand. In scquence two strands containing a new and old
strands coil-up into another double helix as in fig1 2.

I Yoo 2 Pey

e A R ] s \
;-fDG:'m'O:“) X &y Y
(\_ilDﬂ;: u,c_\";" (@} o ek

p X o) l‘.__o .oy
Ay 'Tﬂfﬁr-.:a.c{*)

Flig 1.2 The process of DNA replication
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. Schematic representation ol DNA replication |

b. The two doublc helix separates '

¢. The process continues as new bases are formed.

4. New complimentary strand attaches o a template to form a new
double helical DNA structure.

¢ Mutation Ability:

The nucleic acids can undergo reversible changes which can be
ransmitted to the next generation. Thisis possiblc as the base pairing
deviates from the normal pairing to abnormal type. Thisis extensively
explained in Chapter 8. This change occurs very rarcly. However,
when it occurs during replication, it lcads lo wrong insertions
(structural changes in chromosome.

d. Stability

The double helical structure of the DNA 15 very stable. The
stability is enhanced by the hydrogen bond between the pairing bases
of A ~G:: T.-C. RNA is not as stable becausc it lacks de-oxyribose
sugar. This conlers a betler genelic material quality to DNA than
RNA. Experimental evidence by Louis (1980) shows that inorgan.
where both DNA and RNA are present; DNA s concerned with genet.
nformation. However, in prokaryotes and viruses where only RN
IS 1)1‘cscn'l, (he RNA is concerned with transmission ol gene v
information.

1.2.6  Plastids

These are living protoplasmic bodics enclosed inthe eytoplasm. Their
average size is betweendpto 6 4. Fach plastid is bound by a double
membrane. The ground substance in the plastid is called Stroma, nside
(he stroma is a large number of granules called grana. The stroma is
colourless while the granules are pigmented. Plastids arc absent in bluc-
green algae, fungi and bacteria. There are three types of plastids.

7
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I Leucoplasts
ii.  Chloroplasts
i Chromoplasts

Each of this fom can change to another form under differen light intensity.
¢.g. leucoplasts when exposed (o prolonged light, change to chloroplasts.
i While chloroplasts change into lcucoplasts under continued absence of _
light. These pigments are responsible for fruit ripening c.g. tomato pepper, -
red apple ele. 5
Other eytoplasmic inclusions that are living are centrosomes, golgi hodies. \
mitochondria, lysosomes, endoplasmic reticulum and ribosomes, "
1 . The non-living inclusions are carbohydrates, starch, insuljn, dextrin, ki
< elycogen. proteins, fats and oil, resins, latex, pums, alkaloids and organic "

dcids. 1

SUMMARY ¢

All iving organism are made up ol cells. A cell is the smallest unit ‘
of lifc of all living organisms. The cell history started as or hack as ‘
' 1635 by Robert Hooke. !
The living part of the cell is the protopiast. The nucleus is located t
' inside the protoplast. The genes responsible for character transmission

from generation to generation are located mside the nucleus. The

protoplast performs all the physiological functions of the cell. The
i+ cytoplasm is the liquid part of the cell, containing chemicals.
j plastids are sensitive to light.

The
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Questions

la  Usingawell annotated diagram, different hetween a plant and
animal cell.

b. Thenucleuscontains ............... 37 R
£ The protoplast isresponsible forall the ......cooovivvinninn Process in
the body.

d. Thefluid inthe vacuoleiscalled ..o
e. The functions of the cell vacuole are

b. Differentiate between chloroplasts and chromoplasts.

¢. List 5 each of iving and non-living cyloplasmic contents in the
cell

T T TP R DT PR T R TIRR
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Q3. ltemise the major functions of the nucleus

B
Dl smrariss s v smusmasau s e SRS DRSS BT ST
W s spomon spoms somme suaspens wwens vyons syppep mmoves o
B
b.  Thestromaisloundinthe oo ofalyimngcell
il. Differentiate hetween stroma and granule

aml
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% CELL DIVISIONS

~

2.0 Introduction

Allcells actively divide to produce new tissues and organs. This is an
essential attribute that differentiates living organisms from non-livin g. Plants
and animals begin their existence as a single cell. Development produce
physical effect called growth, which leads to formation of tissues and
organs. Growth initiates the formation of new cells and enlargement of
same. Cell division is a phase in the life cycle of every cell and begins
immediately after fertilization and continues throughout the life of the
organism. Cell growth and development involves five methods which are:

a, Mitosis
b. Meiosis
¢. Amitosis 1

i e e )
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d. Budding

¢.  Ireccell formation

- Celldivision is composed of two parts: Nuclear division ( Narvokinesis)

and eytoplasmic division (eviokinesis). Narvokinosis comes belore
cytokinesis.

Mitosis and Mciosis are the mechanisms through which chromosome
complements are maintained. The other three methods are allow vegelative
growth.

2.1 MITOSIS (GROWTI)

Belore the onset of cell division. the nucleus is enlarged and the
contents appear dense and granular, These ;u';nml;u'um{unl.\' later [orm
the chromosomes. The genetic material packaged in the nucleus goces
through a pracess ol divisions. This serics of cell divisions end in the
production ol two identical daughter cells. Cell division and enlargement
giverise o growth, Belore mitosis a cell is in the resting: phase called
interphase. At this stage chromosomes are stretehed out and cannot be
distinguished individually, Atthe onsetofeell divisions, the granules are
organized into discrete bodics which appear as the chromosomes (fig.
2.2).

There are four phases in mitosis:

a. Prophase: The chromosomes are (irst seen as threads which are
thinand tang

ed togetheratalater stage. the nuclear content progressively
lose water and the chromosomes become shorter and thicker and distinet.
The nuclear membranc and the nucleus disappear.

b. Metaphase: Chromosomes appear thicker and prominent though
shortened. Minute bodies called Centrioles appearat the opposite ends
ol the eell. From cach end of the Centriole. radiates a web-like structure
called spindle fibre. The chromosomes become attached (o the spindle
fibres by its centromere. Note (hat most plantcells do not have centrioles
but spindle fibres. Al this stage it is apparent that each chromosome
consists ol two parallel strands called Chromatids. These chromatids
are produced by chromosome replication. The replications produce

£




identical chromaticls (hallchromosome) which remain onssame cquetonial
planc. Izach Chromatid grows and appears as chromosomes and contains
& chromondmalta,

0 Anupll:lsc: The two sister chromatids separate at the centromere
Sand begin tomigrate in apposite directions owards cither side ol the
spindle [ibre
d. Telophase: The chromnsonies af the opposite end ol the spindles
appear less distinct and thinner as they uncoil and revert to ehromatin,
Oncormore nucleoli appear and a nuclear membrane lorms round each
unitof the chromatin and two cells with identical nuclei arc Tomed. This s
followed by the division of (he cyloplasm known as ¢y (okinesis. In plant
cells the eytoplasm does not constriet (o form two new eells: however ap
new cell wallis formed across the cell in the region oceupied by (he cquatorial
plane of the spindle fibre.
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Fig 200 Mitosis in a typical animal coll
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252 Meciosis

This is nuclear divisions that result in the formation of haploid gametes.
Meiosis is fundamental in sexual reproduction of both plants and animals.
Four functional haploid gametes are formed in the male whercas only one
functional gamcte (Ovum) formed in the female.

There are two steps involved in Meiosis
1. Reductional division
2. Equational division

1. Reductional division:

This is called meiosis 1 and consist of four stages:- Prophase, metaphase,
- anaphase and Telephase. _

- Prophase I :- This phascis divided into five stages which are: Leptotenc,
zygotene, pachytene, diplotenc and diakiness.

Leptotene:- Each Chromosome appear as thin long beaded threads.
Zygotene: Chromosomes appear as double strands. They are shortened
and thick. Nucleolus appears and nuclear membrane remains intacl.
Homologous chromosome lie side by side (synapsis) i.c. pairing up to
form bivalents

Pachytene: The bivalent chromosomes double up to form four
chromatids called tetrads. The tetrads pair up and a pair fall apart so that
each chromatid has a pairing partner in cach region forming a cross shaped
material called Chiasmata (Singular: Chiasma) though not very conspicuous.
Diplotene:- The Chiasmata appear very prominent and move towards
the bivalentends of the Chromatids. This stage is known as terminalization.
Diakinesis: - The bivalent shortens and thickens nuclear membranc
disappear. This is an important stage as Chromosome number is easier to
count. .

Metaphas I: - The tetrads (paired chromatids) align at the cquatorial
planc.

Anaphasc I: The paired Chromatids (bivalents) connccted at their
centromere separate to form dyads which move to the opposite poles of
the cell. The two chromatids ol cach dyad spread away [rom cach other

14 ~
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and move to the opposite pole and held at the poles by the Centromere.
Telophase: haploid sets aggrepate at cach pole. This marks the end of
Meiosis |2 At the end of Meiosis | each daughter cell is halved,

2 Equational division

This is also known as Mciosis 11: Mciosis [ folows the stapes in Mitosis
having four stages.

a. prophase 1l

b, metaphase (I

¢. anaphase [l

d. telephase I}

Prophase I1: - the dyads arc still held by the centromere t
Mectaphasell: the centromere divides and the chromatids separate
andarc held at the plane by the spindle fibre cach chromatid grows (o
a complete individual chromosome,

Telophase I1: - Four nuclei formed each containing onc member of
each pair of Chromosomes. These are the nuclei of the Spermatids.
These nuclei re-organize to form part of the head of the Sperm cell.
This Meiosis II is a process that forms the sccondary Spermatocyle.
The general process of sperm-cell formation in Mciosis is called
spermafogcnesis. '

Shite ol LA LS e L P AR 11 ey ssavea o e e e Y
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Prophase Metaphase Chramaiicly
heconie visihle

®e
@

Second meiotic Telophase (1) Cvtoplasin divides
division

T

Q2 forni four cameios

Fig 2:2 Meiosis showing samete formation principles
213 Gametogenesis

The general processes oCspermi-cell formation are similarinall sexually
reproducing plants and animals. In males lfour lunctional gametes, called
sperms are formed from each primary spermatocyte. In females, after
firstmeiotic division only onc ol the four daughter nuclei is functional and
contains full eytoplasmic inclusions. The remaining three nuclei are abortive
cells called polar bodies and contain litlle or no cyloplasmic malerials.
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Fig 2:3 Gametogenesis in man
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24 Summary differences hetween mitosis and meiosis

* Mitosisisa growth process in somatic body cells while Mciosis nceurs
inreproductive cells forming gametes and spores.

* Twoidentical daughtercells which are diploid are the resultant products
of Mitosis, whereas, in Mciosis, four haploid gametes called tetrgds are
formed. Le. Mitosis is cquational while Mciosis is reductional.

*  Muciosis keeps the Chromosome number constant from generation (o
generation,

¢ Pairing ofhomologous chromosomes oceurs during the Zygolene slage
in prophase of meiosis, but in mitosis no pairing oceurs as the chromosomes
divide longitudinally.

* Stages in meiotic divisions are prolonged and it lust o longer than the
slages in mitotic djvisions. '

* Thecentromere of the he mologous chromosomes in miclaphase stage
in meiosis lic towards the opposite pales of the spindle libre. While in
mitosis. the centromeres are lned up at the equator,

*  Chromosomes are prominent in a1l stages ol meiosis han in mitosgs,
*  Chromosome strands in prophase stage of mitosis are double while in
meiosis they appear as single threads.
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e Meiosis is a remarkable process that allows exchange ol genctic
material. Thisisa prominent feature in the diplotence stage of prophase 1
i the first meiotic division (Mciosis 1)

o . Meiotic divisions resultin the formation of haploid germ cells which
provide basis for the segregation and independent assortment of genes.

Summary

Somatic nuclear divisions (mitosis) results in the formation of two daughter
cells, identical with each other and with the parent cell in chromosomal
and genetic constitution. Meiotic divisions (reductional process) result in
formation of haploid germ cells and provide basis for Mendetian genetics
which explains the laws of segregation and independent assortment.
Members of a pair of chromosomes are alike except for the sex
chromosomes. The members of different pairs ol chromosomes difTer in
constant structural details and are distinguishable [rom cach other. Non
sex linked chromosomes are called autosomes. Autosomes arc also
present in pairs. The diplotene stages of 1st meiotic division arc very
important and responsible for creating variability. Mciotic divisions are
.gencrally longer than miotic divisions.

.




ARSI R S e, vtk e

B TS T b

Questions

QL. Explainand indicate what the following termis signify:

[ Anaphase Vi Nucleus
i Diakiness Vil Diplotene
. " Meiosisviii, Tetrad
\% Spermatid IX. Zygotene
\ Polar body . Somatic cells
‘ t

Q2. How many functional eggs arc expected [ om
40 primary oocytes

40 secondary oocytes

40 ootids.

b. What are the common factors in the processes ol sperm cell and cgg
cell formation?

T Gy T TR T T o s > W Y Yy T 2 [T



b, Lxplain the relal ionship between a Centromere and

aspidle Fibre.

¢ Differentiate between Chromatin and Chromomere.

[ ]

20
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PRINCIPLES OF INHERITANCE

3.0 Introduction

[nthe previous chapter it was explicitly clear that all living organism
contain nucleus in their respective cells and that genes which carry
chromosomes are embedded in the nucleus. The genes inthe chromosomes
are the genetic materials and not the chromosomes. These genetic malerials
are discrete units which cannot be seen with the naked eyes and are
transmissible from gencration (o gencration.

The question is what is the relationship between genes and chromosomes
as 1t concerns characler inheritance?

3.1 Genes and Chromosomes
Genes are discrete unit olheredity responsible for trait or character

transmission. Genes are located within the chromosomes,

21 '
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There are two types of chromosomes. Sex chromosomes and non scx
chromosomes called autosomes. Autosomes provide basis for the
inheritance of characteristics thal are not sex-linked while sex-
chromosomes are involved in sex-linked (raits. Autosomes are in pairs
and maintain their individual identity as in genes. Autosomes and sex-
chromosomes carry genes. Let us substantiate the behaviour of this genctic
material in the chromosome.

3.2 Evidence about the behaviour of Genetic materials

1. That genetic material is sparsely distributed in the chromosomes: Genes
are located on different points called LOCUS on the chromosomes. This
means that distance from one gene locus varics from I.ocus to locus on
the same chromosome. This is evident in the space locations of three
mutant genes scute echinus and cross veinles at different gene loci in
Dropsophilla. These 3 genes are linked. Their distances between the
mutantrespecetive genes were not equal, henee maximum cross over effect
was experienced and this resulted in the recombinant phenotypes
manifesting inthe offsprings. Itis thro ugh crossing over that recombination
among linked genes occur,

2. That genetic factors are carried on the chromosomes

a. This evidence is made clear by the behaviour of genes and
chromosomes at Meiosis during gametogencsis.

b. And also by the presence of sex-chromosomes and sex-linked
characters. :

The discovery of specific chromosomes assocjated with scx
determination provides proofof the chromosomes theory of inheritance.
The morphological differences in males and females are traccable to the
differences in the sex chromosomes. This confirms that the genetic {actors
responsible for sex linked character differences are borne on the sex
chromosomes.

N
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3.3 Morphology of the Chromosome

During cell division, chromosomes pass through structural alterations

until the end of the division cycle when the charactenistics of the original
cells are restored.
Each chromosome is double --stranded and cach strand is called a
Chromatid. The double strands run parallel to cach other and are exactly
alike in structure and quality. Chromosomes arc made up of fine [ibres
which are not visible to the eyes. Under an clectron microscope the
chromosome are shown as Chromonema (plural is chromonemata) thus
contain a bundle of threads cotled or supercoiled. The chromosomes are
held together at one pointalong the length. The point of attachment bthe
chromesome is called centromere. This point show slight depression and
acts as a point where force is exerted to aid separation during divisions.
The force that accounts for the separation of a dividing chromosome is
associated with a visible cellular structure with a needle shape like called
spindle. The spindle is made up of thin threads called fibre. The spindle
fibre becomes visible during cell divisions and serves as another attachment
point for the chromosome. The centromere is a permanent well-deflined
organelle of the chromosome. The position of the centromere determines
the shape of the chromosome as the nucleus divides. [[ the centromere is
near the middle, the chromosome becomes V-shaped, if the centromere
is nearer one end, the chromosome becomes J-shaped, if at one end the
chromosome appears a straight rod.

3. Positions of Centromeres in the Chromosome

A 3 C
X = Double stranded chromosome

A= V.shaped chromosome (Pericentric)

B = J-shaped chromosome (Mctacentric)

C =rod =shaped (telocentric)

i
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Centromere

Fig. 3.1 Diagrammatic Hustrationy of centromere positioning.

34 Chromosome Number '

The number of chromosome i constutforall individuals ofa speceie and
varics [rom onc specie to another for example

Man = 40 chromosomes
Rabbit = 44 chromosome
Rat = 42 chromosomes
Pcas = 14 chromosome
Com = 20  chromosome
Tomatoes = 24 chromosome
Chromosomes are in pairs exeept for sex chromosomes, Chromosome

number of specic is addressed in pairs ¢.g. man has 23 pairs, rabbit 22
rat 21, peas 7, corn 10 and tomatoes 12,

The chromosome number found in species and specifically in somatic
cells isreferred to as the diploid number with (he symbol 2n, While the
chromosome pairs found jn gameles arereferred to as the haploid number
and has the symbol n.
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Fig 3:2 L giant chromosome

Table 3:3 Chromosomes of different species

Organism - Chromosomes Chromosomes Pairs of chromosomes
[n gametes insomatic celly Somatic el
. (n) L T et S
Man 23 46 2]
Com 10 20) I
Rabbit 22 dd i

3.5, Gencand Ch romosome Pecnlinrifics .
L Genes and chromosonies pic ransmussible from ecneration (o
generation,

i, Genes transmitied in paiesare called alleles. T his nianilie o of
characters and are represented using svmbols sich as 11 TA (1

iii. - CGene and ehromosome ransnission from parents o 1y
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through a medium known as the gagetic cells.
V. ‘During gamete formation there is random and independent assortment
ofalleles. : | | |

V. Constant number of pair of chromosomes is present in each of the
somatic cells of all individuals of specie.

vi. Members of different pairs of chromosomes differ in structural details
and can be distinguished from one another. However, members ofa pair
of chromosomes are alike except for the sex chromosomes.

3.6.  Sex determination and Linkage

A cytologist McClung between 1901-903 detected a special
chromosome concerned with sex determination at fe}'tiiization. In 1905
- Miss Stevens and Wilson discovered different number of chromosome
 pairs in male and female insect belonging to the class Orthoptera. The
female insect has an even chromosome number and the male has an odd
number,
When the male chromosomes paired with the female, it resulted in a sip gle
representative in the male. According to McClung these male and female
chromosomes are called accessory chromosomes but Miss Stevens called
such chromosomes X-Chromosomes
In most plants and some lower organisms such as insects there is no
morphological differences between the male and female individuals. In
animals however, sexual differentiation is the rule. The only pair of

chromosomes which shows differences between male and female animals

is called sex chromosomes or heterosomes. All other chromosomes apart
from those sex chromosomes are called autosomes. Those sex
chromosomes are known as X and Y chromosomes, When an egg is
fertilized by an X-bearing sperm, the zygote is female (XX) when it is
fertilized by a sperm lackin g the X chromosome the zygotcismale, having
only one X derived from the ¢gg. The sex of the individual that develops
from the fertilized egg is thercfore determined at fedtilization by a chance.
[ninscetse.g. butterfly, the sex chromosomes arc reversed i.e. the female
having XY chromosome and the male having XX. In some insects e.g.
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grasshoppers. one sex has one chromosome mope than the other sex.,
The Y chromosome is absent and so the male has X0 clirnmosome in
grasshoppers, the [emale has 20 chromosomes made o' 18 autosomes
and onc homologous pair ol sex chromoesone AN Onthe other hand,
the male has 19 chromosomes being made up of 18 awtosomes and one
sex-chromosome (X0)

Other types of chromosomal sex determination include:

[, Where both individuals (male and female) have a pair ol sex
chromosomes with the members being homologous in one sex and not in
the other sex.

 These types are: '

4. Where the homologous sex-chromosomes are found in the female
individual e.g. man. This s the XY chromosome systen, Flere, male sey
chromosome pairis XY, In man, cach normal somatic cell containg 16
chromosomes. Consisting o' 22 autosomal pairs and one pair of sex-
chromosomes and is represented thus: ;

Temale  m=221T+ XXand

:Maie 07 20 =22 TT+ XY

In Drosdphila, the somatic cell contains three antosomal pairs and one
pair of sex-chromosomes. The female drasophila is represented s
follows:

Female® 2n=3AA + XX and

Male 072n=3AA + XY

Indrosophilla the gencs determining male characteristics are carried on
the autosomes and their phenotypic effect show on

the XX chromosame
and male characteristics

appear in the presence of g single chromosome,
Inheterogametic individuals, the sey of the offspring, isdetermined by the
sexually difTerentiated chromosome. :

Sex Linkage

Genes are borne on the chromosome.
chromosomes are said to be sex linked. This explains that chameteristos
dependent on genes that follow the pattern of the N chromosonies

27
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inheritance are known as sex-linked characteristics and the controlling
genesare sex-linked genes. The characters controlled by these genes are
theretore inherited with sex. Sexually dimorphic organisms are therefore
suid to have sex-linked characters.
Ininsects ¢.g. Drosophilla eye colour is sex-linked. A true hreeding red
cyed female mated with a white-eyed male. The lirst filial generation (1)
had red eyes. white eye was therelore recessive. On selfing the I, Hunt
Morgan (1910) discovered a ratio 3.1 of red eye lowhite eve. Tle later
scrossed a white-eyed male with some of the red-cyed females, the
following result was obtained:
[29
_132

red-cyed  Temale
red —eyed males J

88 whilc —eyed female

86 while-eyed males

These gavearatio of 1.1 female to male. This shows that white

cyes
can be carricd over to the females when crossed.
In Drosophilla, the eye-colour gene is borne on the X —chromosome while
the Y-chromosome is inert. The genotypic representation of the above is
as follows where W superseript is on the sex —chromosome ol XX

Patent. £ Xv¥ xw

D R Ciamctes: 0

B XN X XYY" All red-cyed

Onscelfing:

Giametes
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9l0,

;
¥
¥
¢
g
s\

e 4

ATIELLL T i e g

ki

B S

P T

A




W Y
/\\’ " ‘\: w /\ W \ w ‘Y’H
X\\‘ X\\ X\\ '\'\\ Y[J

Fig. 3.4, Sex Linkage pattern in Drosoplillu

All females are phenotypically red-eyed: haifare genotypically homoz?'gnus
(XY XW) while the other hal (s heterozygous (XY XW%), The males on the
other hand. consisl ol hall-red-cyed and half white-eyed. Inthis resul(,
the Mendelian expectation of 3 | of'red-eyed to white eyed I, population
wasobtained. There is a lite deviation witlh the sex ratio i.c. all females
had red-cyces, males hal (red-eyes and hallwhite cycs.

Oun the other hand where the crossing is reversed and a white
eyed female crossed with a true breeding red eyed male. (he I* males will
be all white —eyed and the females’ red-cves. The I, will produce the
lollowing: ~ .

I, equal proportion of red-eyed male and female and cqual
proportion’of white cyed male and female. The genotypic proportion will
beas [ollows:

X\r X w
X\V YO
Gametes
F ‘\J\-" '\(a\- 3(\\‘ Y“
; XN¥ 3 3

When crossed together:

Gameles . . ;.

28

R L T



W Y
Nx\ .\-.’\\ :\f\ ’\'.\ YH
X" AN Ko A% P
whereFemale red-cye yv o omE Male white-cye - N» yeo
Female white - eye - L Male white-eye — N yo

Fig. 3: shows cqual red eye male to female
Summary '

Insexually reproducing organisms fife begins as a single eell formed from
unton of germs-cel| (2ametes) the fusion has the combined chromosome
complements with twice the chromosome number of'either Lamelte alone.
Further growth and development of the Zygoleis based on mitotic ivisions.
Reproduction by the new adult is preceded again by reduction of
chromosome number (mciosis). The fundamental clement of the
chromosomes is a thren like structure called chromonena, The chemical
composition of chromosomes are the deoxy-ribonucleje and ribonucleic
acids (DNA and RNA) respectively, The mature perm cells (pametes) of
su.\:ucilIy reproducing individuals contain only half the number of
chromosomes. Gameles are haploid (n) in chromosome number and the
somatic cells are diploid (2n). The sex differences within g specice is
assoctated with difference in chromosome numlbyer 1L one sex may be
diploid and the other haploid, I hymenoptera the Yehromosome is absent
~ henee the male has NO chromosome.
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Questions
Ql Differentiate between a gene and a chromosome
b. Explain the following;
L Sex-linked genes f
................................................................ o
B Sex chromosomes
]
bl
B S noma s S5 g s neckne S8R s+ s
? ‘
c. The point of attachment of chromatids iscalled .......... ..
d. Chromosome morphology is dependent upon............ ofthe

Q2a  Differentiale between Pericentric and Metacentric
chromosomes.

Latacnt SEELE. Subic daet oo ron s )




. Lxplain the following tering
I Centromere
i, Accessory Chromasome
. Sex determination ,
C. Gienes and chromosames are (ransmitted through a medium
. UL w155 e s s s onmpa e
- . independent assortment olalleles o produce constant number
ol chromosome pitirs OETUEMTI iy
Q3

Discuss briefly sex linkage as related (o nscets.
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MENDELIAN GENETICS

4.0 Introduction

Biological individuals have patterns, limitations and characteristics that
depend at least in part on the parents of an individual. Through
experimentation geneticists have established certain rules that characterize
the transmission of b ological properties.In the early development of science
of genetics, Investigators realized that genetic systems need to be

The study of genetics leads to a profound understanding of the world of
living-things and the application has provided ways in solving practical

‘problems concerned with man. What is responsible for character

ransmission from generation to another is the concern of Geneticist and
plantbreeder. The foundation o Fmodem knowledge ofinheritance started
in the eighteenth century by Johann Gregor Mendel Prior to the discovery
of Gregor Mende] a number of hypothesis aid theorics have been

N
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developed to explain the basis of variation and inheritance. Among these
theories are:

1.

4.1 Moendclian Experiments and choice of plant

Monk called Johann Gregor Mendel between 1858 and 1 866. He worked
in Monastery garden by planting and crossing a flowering plant knownas
garden peas (Pisium Sativum). The work of Mendel gained acceptance

The theory of inheritance of acquired characteristics also known g !
as Lamacks Hypothesis. .
Wolff’s theory of epigenesis,
Swammerdan’s theory of preformation

Darwins hypothesis of pangenesis

Weisman'’s theory of germplasm.

The study of character inheritance was first carricll out by an Austrian

3T

and provided basis for the science of Genetics because ofthe following: ;

1.
2.

Mendel had a brilliant analytical mind.

He was meticulous at experimentation of analysis and
interpretation of his work.

He was careful in the choice of parent plants in investi gations
and maximized the chances of obtaining meaningful results.
He was able to simplify and avoid complexities in the course
of his work.

JHe was hardworking and painstaking

He was able to make meaningful inferences from his analysed
result

Why the choice of garden pea by Gregor Mendel?

L.
5

3.
4.
5

The plant morphology shows a number of contrasting raits.
The flower (pistillate) is constructed to exclude the pollen
from other plant flowers.

The pea is an annual plantand fast growing.

It allows far easy controlled crossing (cross-pollination)
The plant is naturally self fertilizing and therefore represents

true-breeding  lines.




, n'ail Gregor Mendel’s success was tied to the simple and logical
| cnce of makmg crosses and the careful numerical countmg of the

“ Character inheritance: Monohybrid Inheritance

" Mendel’s first experiment assumed an inheritance theory known
law of segregation: This law explains that when gametes are formed
the factors (genes) separate and are distributed as single units into each
te. This will be explained during the practical illustrations of Merddel’s
rk. The pairs of alternative character studied by Mendel were round
_ versuswrinkled seeds.

* Grossing plants containing seeds of pure breeding round sced with plants
- having smooth wrinkled seeds, the following results were obtained

i ES
v A3 Bl

- Smooth rounded seeds are designated SS
wi . Wrinkled seeds arc designated s§

Parent:

Gamete P o’

F hybrid Ss Ss

¥ i All smooth and rounded phenotypes were gotten in the F,
A generation.
The F, generation will be: S $ Ss

F

b, 5 ®«® ©

The F, consist of two phenotypes
SS, Ss Ss = Smooth seceds




S = Wrinkled secds
The ratio of smooth to wrinkled seeds is 31

Fig4:1 Mendelian ratio illustrating segregation pattern following crosses

of smooth vs wrinkled seed coat colour of garden pea

4.4 Result Analysis

- There were presumptions followin gthe garden peaex periments these
- are:! d

1. - The parent pure-breeding pea: contain a pair of similar factors for
cach character i.c.a pair of alleles (called a gence) is responsible fora
character (traits) e.g. smooth seeds and wrinkled scedls, These characters
are represented using symbols. Smooth sceds represented by the symbol
SSand ss for the wrinkled seeds. The symbols are used in genes to
differentiate characters of an organism. Where the symbols arc in capitals
such character is said to be dominant and if otherwise such characters are
said to be recessive. Characters represented by same symbols are said to
be Homozygous and hence produce same gamcte. -

2. Crossing the two contrasting parent types will result in producing
hybrids with dissimilar 6_ffsprings atsomelevel e.g. SS parentand ss parent

will produce offsprings with Ss genes. Where this oceur such offspring is

said to be heterogeneous as shown in fig. 4.1

3. At gamete formation, the two allcles of a character will separate such
that each gamete contains only one allele for a monohybrid inheritance.
4. The crossing of the two characters produced hybrids with different
outward appearance. This outward appearance is called phenotype. And
the inward (genctic) constitution of the phenotype is referred o as e
genotype. Itis thercfore evident that two different genotypes o' SS and
Ss have the same phenotype.

5 From this experiment the presumptions satisfied all the experimental
observations and hence predications were made. These assumptions later
formed basis for the two laws of inheritance known as:
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*Law of segregation and Law of Independent assortment.
The law of segregation holds for monohvbrid experiment. Other kinds of
 crossing combinations can be made to further test these assumptions.
. 45, Dihybrid inheritance: Law of Independent Assortment.
~ Indihybrid inheritance CGre gor Mendel chose twa contrasting characters
¢ from cach parent. Smooth coat and yellow cotyledon as one parent and
wrinkled seed coat with green cotyledons as the second parcent. These
parents were grown and their flowers crossed to raisc the F, hybrid. All
the F, progeny had round with yellow cotyledons. This confirmed the
deminance of smooth, sced coat and yellow cotyledons over green-
. cotyledon.”
The I seeds were planted out again and allowed to self fertilize. Four
. different classes of phenotypes were produced. Thesc four classes are in
. theratiool9:3:3:1"
~ Thisresult showed that; _ .
. 1. The parent types, smooth-yellow seeds and wrinkled-green seeds re-
 appeared.
2. New hybrids different from the parent plants and seeds also appeared,
These are smooth seed with green cotyledon and wrinkled seed with yellow
* cotyledons. ' C
B Theratips of appearance arc as follows: _

315 smooth sced coat and yellow cotyledons

101 wrinkled sced coat and yellow cotyledons

108 smooth seed coat and green cotyledons
32 wrinkled seed coat and green cotyledons.

“The ratio of overall smooth sced coat o wrinkled sced coat is in the
following proportion:

Smooth sceds = 315+108 =423

Wrinkled sceds = 101 +32 =133

Approximate ratio= 3:1]

Seeds with Yellow cotyledons =315+ 101 =416

Sceds with Green cotyledons = 108 +32 = 140
~  Approximateratio =3:]
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This shows that the segregation of the pair of factor (genes) which control

of factors which control colour of the cotyledons. This experiment pre-
supposed the second law of inheritance known as Law oI independent
Assortment. This is demonstrated as follows:

2  SSYY
P, v
Gametes @ @
F SsYy  all smooth with yellow cotyledons.
Selfing F
1
Gametes @ @
9 o’ 5% sY Sy

’ ‘ SsYy SY SSYY SsYY  SSYy

Y asYY  BsYY. SsYy  ssYy
Sy SSYy S5y SSyy Ssyy
sy SsYy ssYy Ssyy  ssyy

Fig. 4.2 the use of a check board showing independent
assartment in peas of two contrasting cliaracters.

The dihybrid character inheritance pattern is summarized in a table to
show the different assortment pattern of the two characters involved.

by e e S e FH R e YT s i i

seed coat texture is completely independent of the segregation of the pair




- Table I. Appearance of the two contrasting characters in a cross
. of smooth-seed coat and yellow cotyledons versus wrinkled sced
coatand green cotyledons

Parent character Character frequency Phenotype ratio
i : F

l. Seed type: Smooth All sn;ooth 315 slmooth 3. smooth
Vs wrinkled coat 101 wrinkle I: wrinkled

2. Colour of cotyledon Allycllow  416: yellow 3. yellow
Yellow vs. Green 140: Green I: Green

3. Seed type and cotyledon All Smooth 416: smooth & yellow 9:Sm.
&YellowColour 140: smooth & green 3:Sm. & green

140: Wrinkled & yellow 3:wr, & Yéllow
32: wrinkled &green & Yellow
l:wr. & green

Note: Ratio 9:3:3 :1 is represented as follows
~ 9 =smooth seed coat with yellow cotyledons
3 = smooth seed coat with green cotyledons
3 = wrinkled seed coat with yellow cotyledons
I = wrinkled secd coat with green cotyledons.

SUMMARY

Thé differences in genetic characters depend on particulate factors
called genes. Genes are in pairs. During Gamete formation a menmber of
apair of genes are donated by each parent (Partanal and maternal parcnts)
and separate without influencing each other. Mendelian genetics follows
the law of inheritance, Monohybrid and dihybrid character inheritance
are typical research work of Gregor Mendel. Plant type with contrasting
characters is better used in the study of Mendelian Genetics. In hybrids
one member of an allelic pair may be dominant over the other. Members
of different pairs of alleles can assort into gametes independent of each
other and recombine at random during fertilization. '
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Questions

Qla  Highlightthe characteristics of any choice ol plant for genetic
~ studies using Mendelian Genetics

....... P T N L A R LR T R R % i
~ - i
b. Using diagrammatic illustration define and explain
. : . B
L LLaw of independent assortment i
i Law of segregation
=24 A true-breeding tall and sweet fruit orange whas crossed with : Nl
a dwarl sour (ruit orange type. What type of progeny and in
what proportion will the resultant progeny be, assuming B
independent assortment? ¥ |
7 ] i
........... e R M R A SR SR ST B
i :
£
...................... O A TR :, G
ii F.
B
&
il Back crosses F, to the sweet fruit parent # |
......... e -
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GENE INTERACTIONS AND GENEACTIONS

5.0 Introduction

Transmission of traits from parentio oflsp
of inheritance as earlier discussed in the prev
that genctic materials packaged in chromosomes go througha complex
but intelligible series of steps enhancing gene exchange before anew
offspring emerges. We have also known th
segregation and assortment lead to the cmergence ofhybrids with some
traits having resemblance with the par

jous chapters. Wearce certain

genotype and environment interaction. Features thatc
phenotype show variations
affected by the environment determines type of p
the offspring. These various inter
divisions which are contro

lled by the inheritance principles arc responsible
for variations in individual phenotyp

ring involves the mechanisms §:

at the principles of gene i

Z; cert.;
E actu
L5
%

5

¢ ph
o all
[ i
ff ‘Int
kM
§ rl

ents. The phenotype 1s a productof
lifferentiate individual
_The various gene interaction processes as o
henotype produced by
action processes mediated by meiotic 5

c. Going by this principle weare




N

® certainthat passing parental features (o the offspring is a function of Gene
L actions and interactions ol which this chapter will extensively reveal,

Gene interaction

2 Insome ways, the interaction between two different genes where one

# gene affects the expression of another is explained by the dominance

phenomenon. Dominance refers to gene modification ata level where an

allele expresses itself at the expense of the other. This docs not reveal any

nteraction between alleles of genes. Segregation ratios as reported by

Mendel-are found when the genes involved do not interact. When two qr
more genes interact at some locus or different loci to determine the

phenotype of the offspring such interaction is referred to as Gene interaction.

Thenormal 3:1 segregation ratio implies that genes involved do not
nteract.” However, where deviation from the normal segregation ratio
“occurs it implies that a number of levels of genc interactions have taken

aplace. Characters which show continuous variations as in Mendel's
illustrations can be quantified and critically analyzed. Characters that show
- discontinuous variation arc analyzed qualitatively. Characters with
" continuous variations arc controlled by several genes and are said to be
 polygenic. Polygenic characters are highly susceplible to environmental
‘modifications ¢.g. soil, temperature, humidity, sunlight ctc. Such characters
+ arenot easily exploited in meaningful breeding programme. Examples of
. polygenic characters are height, body weight, length. litter size, number of
branches etc.

There are different types of gene interactions with polygenic inheritance.

52.1 Complementary gene action

Here, one dominant allele is present at two different Loci i.e. gencs
Aand B are dominant and presented at Locus | and Locus 2 respectively.
This type of interaction explains that the character is not expressed in any
genotype not carrying the two alleles i.e. AAbb, Aabb, BBaa, Bbaa or
aabb will not express the character. Complementary gene aflects results
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na9:7 dihybrid F2 ratio. For example, the inheritance of maturity periodi
1ncowpea indicated two gene, Aand B interaction at two diflerent Loci
such that when both genes are dominant the maturity date is intermediate?
between late-maturing and carly-maturing d

ates. This intermediate
maturity date is not expressed when either gene Aor Bis present, Som

othernotable examples are the inheritance of comb shape in domestic !
fowl. Twa genes R and P are involved. When these two genes are in)

dominant form the comb shape is walnut type,but when only gene P is?

 dominant, comb shape becomes pea-type and when R is dominant comt

shape turns Rose-type and when both R and P shape arc re
comb becorfies a single type.

cessive, the!

3:2:2  Additive genc actions

This is similar-to compl
affecting a character are in the
action, the affected
increase in size.
Note that any genotype without the A or B gene will
forinstance characters with AaBb show mo
than a character with Aabb
- Noexpression at al].

Additive gene action is recognized by a 9:6: 1 dihybrid ratio. Another
example is the inheritance of skin colour in man. A gene is responsible for
Skin pigmentation (melanin) while several other genes inother Loci are
responsible for pigment accumulation onthe skin. Intensity is therefore
* dependent on how many of the accumulating genes are involved,

ementary gene action in that botly genes
dominant state. However in additive gene
gene character has more vigor which is ex

pressed in -

give no expression '
rentense additive gene effect
gene expression. A genotype with aabb gives

3.2.3  Epistatic gene action

The isaform of gene interaction wh
over the genes at another |
this interaction the domin
the character is contro

0

cre genes atone locus show dominance
ocus. The interaction is purcly non

allefic. In
ance of one factor over the other occur when
lled by two genes rather than by allclesof'a single
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b gene. These.type of genes are also called masking genes. It produces a
b 12:3 dihybrid ratio

b There are different interaction levels with cpistatic gene actions:

£ A. Duplicate epistasis

' B.. Dominant epistasis -

b C. Reccessive epistasis

| A. Duplicate epistasis: - This interaction occurs when both genes have
b similar expressioni.e. a phenotype is only expressed as A and B genes
b from different loci produce same phenotype with Aabb, aal3b, Aabb and
§ BB. Only the full reccessive aabb has no expression and hence the
dihybrid ratio of an AaBb cross isa 15:1 ratio. In any meaningful breeding
| progran\ame,_charactcrs that are controlled by duplicate cpistatic gene
b actions are not casily exploited to bring about successful hybridization.
* This is because the genes responsible for such characters are not easily
dentified especially with continuous variable traits where many genes are
inyolved. This is the case with improvement of late maturin g cowpea with
- Wide canodpy. Inacross of early maturing with reduced canopy and late
i - maturing with wide canopy cowpea varieties it was discovered that days
toflower, len gth of peduncle and number of sceds per pod were controlled
by duplicate epistatic gene action. Therefore improvement of such cowpea
crop will require continuous hybridization to achieve meanin glul result.

There are cases where a ratio of 13:3 is produced in duplicalc cpistasis.
#  This occurs when either of the two genes act to suppress or inhibit the
I .-"exj)ression of the other gene when the other gene is also expressed in the
dominant form e.g. genc A is dominant but its expression is inhibited when
Bisalso dominant. Therefore only AAbb or Aabb genotypes are expressed.

B. Dominant epistasis:- IHere, Gene A effect dominates gene B effect
and the character is expressed only when no dominant Allcle Is present i.c.
the gene B can be expressed only in the aaBB or aaBb combination. But

if in the homozygous reccessive bb and in aabb combinations, the B genc
is not expressed.
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C. Reccessive epistasis:- Unlike dominant cpistatic gene action where
gene B can only be expressed when A gene is not dominant. receessive
epistasis brings about modification in gene Awhere gene B is present i.c.
gene combinations olfaalR3 13, aaB3b or anhb genotypes will not be expressed
unless gene Ais present. This implies that the expression of AABB. AABD
and AaBb arc intensified because gene A is present cither in the
homozygous or heterozygous state and therefore givearatio of 9:3:4.
Epistatic reccessive genes are also known as modilying genes. Thereare §
diverse examples of modifying genes. The most notable arc those §
associated with sex determination. Examples of such arc: ¢
Sex-influenced characters e.g. baldness development of malepand female
" features milking in cows and human females. There are cases where ‘
many genes influence more than one character such cases arc referred to
pleiotropic gene effect. ¢.g, gene in sorghum results in both increase in

lysine content of protein and shrinking of'the endosperm. Pleiotropy and -
gene linkage may be confusing. A pleiotropic gene will not produce " |
segregations which can be separated as in linked gencs. A single pleiotropic § 1
gene wiil not produce a recombinant genotype and itis only when there is [
a single recombinant genotype that linked genes are present, 5]

5.3 Gene Linkage

The exchange of genes from parents to form new combinations that
eventually result into new phenotype is known as gene linkage. Genes
 that show linkage are from same chromosome. The expression of the
new combinations of linked genes which has the tendency to remain
together is called recombination. The various processes of segregation -
and independent assortment of members of homologous chromosome  § -
pairs produce new recombination of linked genes. This phenomenonis |
explained in the inheritance of colored and frizzled cgg cells and white -
normal egg cells. According to carly Genetics by Hutt 1933, Genes for
colored frizzle denoted as fund F are in one homologuc and gene Tand T
for white normal are in another homologue, such that the determination of
progeny of the cgg cells is by having same allcle in chromosome
combinations as in the Gametes of the parcnts.

~
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. TheMendelian dihybrid ratio 0£9:3:3:1 holds with equal combinations
'j'of gametes producing four possible genotypes AB, Ab, aB and ab.
However, where there is linkage of the segregating gencs, there exist
. deviation from the expected 9: 3:3: 1 ratio. The magnitude ofthe deviation
. depends upon the strength and frequency of linkage.

P Test cross data are preferably used to estimate linkage values because

b thetotals of reccombination and non-recombination gamelc lypes are read
i directly and more easily than using data from the F A

3 54 _ Crossing over:

Atthe diplotene stage of prophase during Meiotic I division, there is
i exchange of genetic materials. The whole process leads to recombination
i of linked genes restricted to alleles of same homolo gue. Therefore,
. recombination of linked genes through a process by which homologue
chromosomes exchange genetic materials is termed crossing over, The
f§ necessary events that explain crossing over are as follows:
1. Crossing over characteristically occur in first meiotic division
£ 2, Meiotic crossing over takes place during the time in the
nuclear reproductive cycle when four chromatids arc present

. for cach pair of chromosomes. '
L 3, When gene Aand its allele are present in different members
 ofapair of homologous chromosome (fig.5:1) the genc and
' itsallele occupy corresponding places in the homologues.
' 4. Toprovide recombination between two different allelic pairs
situated in the same chromosome pair, crossing over must .
| oceur between the loci where the genes are involved,
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Fig. 5.1 interchange of gene A and B during crossing over. 5

: . I Nl - L b : E

Crossing over is a process that produces recombinations asinfig. 5.1 ¢
above A and B double strands is a new recombinant as well as Aand B. |
The new segments a and B; a and b are called créssovcrs. These
crossovers are actually the chiromomatids resulting from the interchanges.

Therefore it can be categorically said thata crossover is recognized by a

recombination.” - s ! | o
 SUMMARY * 0% e e

rovides basis for selection.
The effects of the va_ribus'};'cnes may be complementary or additive while.
others may be modifying. The contributing effect of each individual gene
-~ can be determined but cach determination is relative t if !
 bytheenvironment. Theinfluence ofthe environ
Characters subjected o e I modif

Gene interaction is important as it p

easily exploited i
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Questions ]
Qla Quantitative traits arc controlled by ...t gencs.

b. Complementary genc action is presentin one of the following :

pairs of genes
. AAbb

’ Aabb A

AaBb !

Aabb

. The different interaction levels in Epistatic gene action are ;

! 1

......................................... and . 4

Q2  Whatistherclationship between recombinant genes and 4

crossing over? ]

b.  Whatis the significance of the Diplotene stage in first meiotic A

v e e 4

division? Z

....................................................... i

i

v

Q3.  Whatis the significance of the following in plant breeding? ;

L Linkage 1

“ n 7 A

L. Recombination |

il Crossing over , i

. !

IV, Locus ,

. ;
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GENETIC VARIATION
6.0 Introduction

Organisms are made up of components. These components arc
referred to as traits. Individuals are distinguished using tiaits or characters.
. Itis this character performance that results into variation. Plant and animal
breeders seck desirable or combinations of traits in exi:ting populations,
Desirable traits are sought within recommended cultivas, breeding lines,
land races, exotic or related genotype, wild relatives, wlien crop specics
etc. When desirable traits cannot be found in any of the existing germplasm
sources, the breeder can create variation through artificiul crossin g known
as hybridization or induced mutation. Characters between similar groups
of organisms show variations that enable one group to be identified and
differentiated from another, Genetic variations can be divided into two
categories which are continuous and discontinuous botl: variations follow
the laws of inheritance,
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6.1, Sources of Genetic Variations

In the introductory note highlights on sources of desirabic traits
were given. Itis therefore important to expose us to the various means by
which genetic variations can be introduced to organisms. These -~ arious
- sources have ed to the discovery of new phenotype called variants. which

are consequently subjected to environmental influences. Genetic resource ,

isthé main stream of variation and of course precious to plant breeders.
Therealization of the importance of genetic resource led to the establishment
of gene banks for the purpose of conserving genetic resources. Gene
banks are important so as to: ' t
I.- Meet the needs of plant breeders: to provide genctic resourc.s
particularly of wild species, weed races, land races and to derive
features for pest resistance, adaptation ete for continued progress
and success in plant breeding. -
2.7 Redyce'the loss of genetic diversity amongst organisms. These
" losses may beas a result of land uses as relating to pesticide and
" fertilizer application continued land exploitation due to population
© pressure, change intopography, temperature, humidity cte.

The various sources of Genetic variations are:

a. Land races: - These are genetically diverse populations sclecte | under
low-input agricultural conditions for yield stability and not for productivity
oryield ability. Land races under intense cropping systems are not likely
toperformas  well as their cultivated counterparts but they are useful in
plant breeding as they provide basis for direct selection fi r wide
adaptation.

b. Commercial cultivars: - This sources supply superior gerniplasm
that can adapt to specific environment. The success of these genotypes is
the assurance that they are the best gene combinations availalle. For
example in current rescarch programme by Aremu et al.,; (2005 : it was
discovered that a cowpea cultivar called Medino [ cultivated in the
Southern province of Cameron was found adaptable to a transition
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between humid and Guinea Savanna agro-ceology of Nigeria, Cultivars
in this category would not be stored in gene banks because they usually
can be obtained from commercial sources. -

¢ Breeding lines: These are potential :genotypes tha are either
inca‘mlhlcte]y evalualed ot offer desirable traits but have other lim Hations.
'1‘11¢§§_Ilines can serve as parental materials in some breeding programmes,
This is typical of two cowpea lines — Danilla and Ife brown, [he former
has large seed size with above average yield potential but with | £ maturity
date. The latter has small seed size with moderate yield petential and
reduced plant canopy in addition the early maturity period. These two
can serve as parent stocks when breeding for large sced size with reduced
=ahopy form so as to allow more crop stands. J

4. Plantintroductions: - Plants and animal divers; fication led t) exploiting
plwtintroduction method in establishing an old type ina new o vitonment.
Newly introduced crop or animal specics may be used djre tly as new
crops, new cultivars oreven new germplasm for hybridization v ith another
crop. Such introductions are more successful where similarities exist in
soil, climate and other weather clements between the crop oranimal origin
and thenew area of production, Irish potatoes is an example of @ suceessful
introduction  from Irish to Jos Nigeria, However, not all introduced
arganisms are successiul e.g, the introduction of Pucraria lobata into
Southern U.8.A. in the carly 1900s caused problems as itbecwne a major
weed, ?

5. Hybrids: These are gotten from inter-specific and inter-generic
hybridization. Thisisa cross between wide diverse materials O produce
desirable genes in new species. Though this method posca majcr problem
ofincompatibility which eventually results into sterility but most hybrids
especially vegetable crops have high vigor with high yicld

0. Mutations: - These are changes in genctic materials that results in
the production of new specie type capable of surviving under favorable
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'~ environmenits. It can Kave specific effects on a trait or have several intér-
¢ related effects. Mutation is a major source of penetic variation that deserves
* extensive discussion. Details will be givenin the later part of the chapter,

¢ 6.2. Continuous and Discontinuous Variations

" Both continuous and discontinuous variations arise in natural population.
According to Darwin, variation is the mainstream of evolution. Variations
' arcacted upon by nature so that the favorable ones arce selected for and
perpetrated in future generations while the unfavorable ones are szlected
- against.. Therefore, variations can be said to be affected by genetic and
environmental factors. The effect of the environment on any genotype
produces the phenotype. As earlier said both continuous and discontinuous
variations - follow the law of inheritance. In qualitative genetics, itis
clear that dominant and recessive relationships are expressed and hence
i distinguishable phenotype are observed suchas 3:1.15:1.9:7 cte. Where
. thecharacter relationship involve many genes indifferent Joci, with cach
b gene having small individual effects, the inheritance pattern deviates from

appropriate statistics with continuous variables such as mean valt.cs of a
population and the spread of such mean values leading to varianc cs and
standard deviations,

"~ Most economic characters in plants and animals arc qufmtilati Ve €.
yield, size, protein /oil content, maturity date, height. seedling vigor cte.
Both quantitative and qualitative traits are expressed over a wide renge of
environmental conditions.

6.2.1 Qualitative traits

The segregation process determines the phenotypic values of
qualitatively inherited traits. These traits are conditioned byafew gencs
onsamedocus with the traits expressed in clear dominance or recessive
relationships. However, where there is recessive relationship, the genotype
is faithfully expressed in the phenotype. Itis noted that the enviromment

B e

& theMendelian ratio as above,  The study of variation would then involve”
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has little or no influence on most traits which arc qualitatively inherited,

Therg: are different examples of crop species havin g qualitatively inherited

traits., A typical example is seen in seed coat colour of cowpea vigna

unguiculata, The coat colour is controlled by dominant genc at one
gene locus. Another example is found in wheat sced colour, Other traits
under qualitative inheritance are found in maize c. g. maize sugary

endosperm having Su, su genes resulting in endosperm with high sugar
éontent; Amylose endosperm —al,al used in manufacture of sweeteners
and having high lysine level ofamino acid essential for growing body cells.
Qualitative traits are easily identified in plants. Qualitative traits with
recessive genotypes enhance selection of the recessive and the use of
such recessives as parents in subsequent gencration to increase the
frequency of emergence of desirable genotype. However, there is a
caution, the initial F, and I¥, population should be layge enough to ensure
the presence of recessive individual selection. A recessive gene requires
one generation of selection to be expressed in the nomozygous phenotype.

In practical terms, sclection for a trait with dominant gene is more 3
complicated and difficult.

6.2.2 Quantitative traits

" This involve several genes having two or more genes on different loci
interacting together to bring about quantitative inheritance. The individual
genes involved have a small effect on the phenotype. The environment
plays amajor role in most of the traits which are (uantitatively inherited.
The variations as a result of impact of the environment on the genotype.
can be partitioned into genetic variation (V) environmental variation (Ve)
and Genetic and environmental variation (Vgxo). Sexually propagated
crop plants exhibit both genetic and environmental variations but
vegetatively propagated crops are influenced niain y by environmental
factors (Ve).

Among heterozygous plants, the portion of variations due to either
environment or genotype can be difficul( to identify. The study of the
magnitude of variation as affected by the environmient or genotype is known
as heritability this term shall extensively be discussed in a later chapter.
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_ ;,..f,,S_e,leC[i“g plants for quantitatively inherited traits involves rescarch in
quantitative genetics. The ajm of selection is to shifl the populationtoa
value that is more desirable than the mean value of the parent population.
There must be phenotypic variation for any selected trait fora meaning ful
plant breeding programme and the vari ation must be genetic and not entirely
due to environment. Seleclion considerations should therefore include

' fesponse to selection, selection differential, selection inlcn;;ity, and selection
index and selection criteria.

() Selection responsc: - This s the progress made by sclection and is
the difference between the mean values of the progeny of one
generation and the mean of the next generation. This difference is !
called selection differential. For example the average length of
peduncle of 500 plant stands of cowpea was Gem and i SO of these

- were selected as parents with an average peduncle length of 8¢m
the difference of 2cm is known as the selection differential.

() Seclection intensity: - This is the number or proportion of individuals
selected as parents for the next generation intensity as parents for the
next generation. It is advisable to have hj gh selection intensity and this will
afford the opportunity of having large number of good genotypes (genotypes
with desirable quantitative traits) than having few individuals.

(i) Selection index: - This is the setting of a Slandard for a trait such
that sueh standard must be met beforea traitis selected for, This standard
is aminimum or maximum value level for which a trait must attain before it
is selected for. Selection index is necessary because improving more than
one trait can be difficult as some plants are superior for one trait hut may
be below average for another trait. Therefore when a
minimum or maximum standard is set for each trait any plant failing to
meet the uesired standard wil] automatically be discarded.

(iv) Selection Criteria: - Quantitztive traits depend upon many genes
that influence individual plant characteristic. It therefore means that only
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the sum of these individual gene elfeet produce somewhat noticeable
variation on the phenotype. To achieve these variation large population
size is a criteria for achieving success in selection. Note that estimation of
additive, dominant and cpistatic gene actions :ire dependent on large
population size. The implication is that where a large population size is
nota criterion prior to selection, any  sclection at that period will not
yield the desired results -

SUMMARY

Component of Genetic variations are subject fO environmental

influence, Gene banks serve as home for conservin g genetic resources,

Variations are divided jnto continuous and discontinuoys types. The
discontinuous variations are expressed in discrete terms variations such
as length, weight, height etc can only be described by quantitative
Mmeasurement. Effective man; pulations of quantiative data require the
use of appropriate statistical techniques. Quantitative trajts depend upon
the activity of multj ple gene actions. A gene may have a majoreffectona
character and at the same time have a minor effect on another character,
Gene interaction can be j ntergenic or intragenic. Gfal] the various gene
actions the most important to plant breeders is additive geneactions. This
is because traits with additive gene actions are sure 1o produce phenotype

that will manifest in the next generation. This is ofcourse a source of

variation.




What 1s a trait?
Write brielly on plant introduction
What is the implication ol not using a large population size
n the study of gene actions?

The difference between the mean values of a progeny ina

generation and the mean of the next genceration is called

Write brielly on:
Selection intensity
Sclection index
Selection criteria
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actions.
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require the use of
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HERITABILITY
7.0 Inrroduétion

The most effective guide to selection is the computation of an index

that combines standard bases for makin gasclection with selection criteria
inwhich the various gene actions (additive, dominance, epistatic etc)
determine the phenotype resulting from the quantitative traits.
In the last chapter, it was discovered that quantitative traits depend
somewhat on collection of numerous genes with each gene having a small
effect on the phenotype. The expression of these quantitative genes on
the phenotype is influenced by the environment. This accounts for why
phenotypic variation is partitioned into genetic, environmental and genetic
by environmental com ponents. Genelic and environmental variations can
be partitioned and determined using heritability estimates.
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Heritability estimates

Heritability is the ratio of genotype to phenotype variation, Dependirg

e type of gene behavior genotypic effects (Vg) can be subdivided
i0three components which are:

[Additive variance (Va)
‘Dominance variance (Vd)
Epistatic vatiance (Vt)
Additive variance describes the difl
Bygene locus, while dominance d
file gene locus (intragenic interact
Binteraction between nonalle]
Asmentioned earlier in ch
dditive gene effect is of practi
anbe selected fo

crence between homozygous :f
escribes the interactjon ofalleles o
ion) and epistatic variation explains
ic pairs (intergenic interaction).
apter five gehetic interactions especially
calrelevance as it refers (o var;
rand transferable. The estimation ofcharacter h
ICIops and animals, remain a vita]
Ivolves precise experimental
schniques. g
Knowledge of heritabj] ity of selected traits js obvious in deciding what
mphasis should be putinto these traits in selectio. Heritability estimates
€ subject to variations in themselves because they arc affected by the
amount of environmental fluctuations in the field in which they are studied.
itis generally found thatonly a small fraction ofthe total variation in any

gencration with respect 1o a character is identifiable as genelicin i
This is shown as follows:

ation tha:
erilability
subject in practical research. This

design and of course powerful statistical

(sorigin.

1.2 Calculation of heritability estim

ate.

feritability is the ratio of genotypic variance to phenotypic variance. [t is
expressed as follows: :

Heritability (H,) = Vg x 100

_ VP I
Vg =total variance duc to genotype




VP =total variance due to phenotype

. components wh1ch mclude genetlc cnwronmental and genetic x
environmental.

And expressed as:
VP=Vg +Ve +Vegxe.

‘Herttability (Broad sense) = . Vg x 100

cph e ) : - Vg +Ve+Vgxe

T , : e f
This type of heritability that give the proportion of the total phenotypic
variation due to all genetic factors are known as broad sense heritability.

Genotypic effect can be divided into 3 componcnts dependm&, on typc
ofg g,cnu.mlc,mc.uon ( IdblCE)

Table 2 Mc.m and variance cnmponcuts I'or numbcr of br: mch in a Crocq
Danilla x ITe-brown

i)

The addmvc component duscnbu the dlﬁct ence buw;en homozvgous

gene locus and epitasis describes interaction of non allelic genes,:

relative value in honm/ys,uu. tLas m hel&.rozygouq Ly

In practical terms, genes that act in additive manner are ptcfcn'n,d lor
sclection as the superior genotype will blu,d true to Iypc, inthe next
g neration provided the environment allows ¢ expression ol "the plu,nolypt_.

In the early discussion, phenotypic variance is pamtxontd into three 5

Component - Danilla Ifc-brown : ‘.C.rencration' 2 Backbros_sl._
Gt E o phiod P, PR B i o
Mczm' g 4 _. _. TN 6 '_ '_ 7g: o ' 5 8
Noofplants: ¢85 2l A147 el 1 033320 756201 5725900
Variance,_. A 3.4 D0k _.‘,,,;2.1-‘ 10.6 iz 7.2' i 9 0

atany locus while dominance describes the i interaction ofalleles at mme S

Additive genc action implics allelic pcx lmm’mcu that is mgudlgas of
other alleles at the same Locus. Gene 't [01 example has llu. same

The first one givesaratio of the g g,u]otyplc V'lrumu, as L‘u!u,r ;:wcn whr!t.-.




the second is the ratio of only the additive variance to the phenotype
variance. This is known as narrow sense heritability and expressed as
follows: :

Heritability (narrow sense) = Additive variation
7

Hn = Va
Vq + Vd + Ve.

Phenotype variance

Using data on Table 2,heritability estimates can be calculated.
Components of variance in F, and back cross gencration is given as
follows: '
VF, =Va+ Vd+ Ve.

Vy +V,,=Va+2Vd +2Ve J
Environmental variance (Ve) = VP %2VP,+2VF,
3
= 34+22.0)+2
2.1

= 34440+42=11.6
3
Ve = 3.86.

“Additive variance is given as:

Va =2VF2- (Vi ¥V
Va =2(10.6)-72+9.0
21,3~ 1562
Va = 5.0
. Dominance variance is obtained as

Vi = (Vm * Vnz) - Vrz = VPI +v|)z * Fa)
3
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i
4
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i

sl

=(7.249.0)~10.6- (3.4 +2 +2.1)
16.2-10.6--75
Vd = .19

]

From'here broad sense and narrow scnse heritability estimate can be
caleulated,

i H, = Genotypic variance x 100

Phenotypic variance
- And o

" Genotypic variance =Additive variance + dominance vatianee
' Phenotypic variance =Additive + genotypic + environmenta]
variantes. :

(&5
it

Therefore,

H,=5.0+(-1.9) x 100

5.0 +(-1.9)+3.86

H, =31 x 1op
96 I ‘
= 44,549,
H' = 44,549,

Narrow sense heritab; lity:
" H = Additive variance
. . k
Phenotypic varjapce

= 20 x 100
6.96 1

It
=T
oo
]
=~

H




7.3 Uses of heritability estimate

Heritability estimates are measures that confer reliability of selection,

The selected traits are sure to produce phenotypes that will breed true to,
type in the next generation, This applies mainly 10 the use of narrow sense
heritability estimates (H).
The reliability in selection is a hope to breeders as it is o major source of
genetic variation which measures the importance ofheredity relative to
environment and unpredictable Interactions. If:he heritability value ofa
trait is high, it implies that such trait is subject to effective selection. The
aim of selection is to shift the population to a vajue that is more desirable
than the mean value of the parent population,

For plant breedin gtobe effective there must be phenotypic variation for

the selected characters, and some of the variation must be genetic and not :
entirely due to the environment,

SUMMARY

The most important tool available 1o breeders is selection paramcters. |
Effective selection is possible with the use of heritability estimates,
Knowledge ofheritability of trajts determines the emphasis to be put on
traits in sclection. Additi ve, dominance and envi onmental variances are
iImportant components that determine the valuc of heritability. Heritability
is the proportion ofobscrved variability due to gencetic and environmenta]
factors. These factors arc known as variabil; ty due lo additive geneefTects, .
The ratio ofadditivity determincs il heritability is in the broad sense (11 )
ornarrow scnse (I ). Fighly heritable traits arc casily subjected (o effoctve
sclection,
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8

MUTATION

8.0 Introduction

Mutation is the raw material for

to study the structure and functions of genes. We know th it

A Materials are carried on the chromosomes, The
depends on each part of the structure. Therefore any change cither in the
base sequence or in (he length ofthe polynucleotide chain or Cuig
positioning of DNA molecule means change in the inform
This change will produce form, w}
These changes can occur under natur,
inthe environment,

- Mutation occurs i somatic tssucs as w ceclisof
organisms. In such cases the mutant organisn: is genotypreally and
phenotypically a deviant of normal tissue. In higher plants and animals, if
the reproductive cells are notalfected. the mutant (1
the next generation and genetic test ¢

cvolution. [tis also o tool for peneticist
genelic
cfliciency of peneric malerial

‘nin the
ation contained.
tich may be abnormal o

al. spontancous or incluced .

lclective.

onditions

cllas in the reproduct

aitis notpessed on (o
annot be carried oul.

Hit e WIS
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: 8.1 GENERAL FEATURIS OFMUTHRTIFINS

chemical properties o/ the genetic material. Itis an established fact that

Mutations are sudden, heritable changes in the stucture hraber and

'~ the basic unit of inheritance is the gene, these genes have occasional

distortions which eventually resull into production of new phenotypes,
The genes of these new phenotypes are passed on their descendants,
Mutations can be dominan or recessive. The study of dominan Mmutation
requires no special techniques because such mutations express therselves
even inthe heterozygote. Ifa mutation proves to be a domina| type.,
then it must have been presentin the generation in whicly it lirstappeared.
Recessive mutations can be carried for many gencrations as o hidden
material and will show up only when (wo heterozygote are crossed.
However, the detection ol'recessive autonomic mutations requires s pecial
breeding projects as such mutations are expressed only in the homos vgous
state. The type of recessive m utations can be casily identified from
recessives that are already present in the heterozygote state. However
sex linked recessive mutations can be detected directly in organisn., such
asman.

Some genes mutate a much higher rates than other genes. 1 some
instances back mutation do occur (a reversal in the mutan Lgene to a
normal or wild type). However, the [requencies of this ocecurrence vary
from gene to gene.

8.2 TYPLS OFMUTATION

The different types of mutations are
L Gene Mutations
i, Chromosomal Mutations

8.2.1. Gene Mutations

These are changes in individual genes that may oceur during the
production of gametes or in the formation of somatic cells. We 4l know
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that DNA is the genetic material in the gene. During replication of e
DNA nucleotides in the nucleoplasm pair with (). exposed nucleotidef
on the strands of the DNA. The normal pairing is such that Adenjne (Al
pairs with thyamine (1) as guanine (G) pairs with cytocine (C) with thigh
pairing, a new strand identical o the previous is formed. this new strand
contains same genetic information as the old strand. The base pairing g

illustrated in fig, 8.1 yi

a - adenine RES

- thymine

¢ - cytosine

9 - guanine
I-a

bases

I-1
I.¢ { hucieolides
g

(e The DNA Mty windadrr
vic steands deparate
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Fig. 8.1 Diagram of DNA Roplicationg

Somcihlncs however, there may be changes in he pairing pattern af
replication such that Adenine (A) pairs with cylocine (Cy and cuaning
pairs with thy amine (T). "This results into a new sty | carrying a differeg
sequence ol bases [rom the ariginal strand. ;

This occurrence is known dspene mutation. The wrong pairing usually
cause anamino acid different from usug to-he built into (he |
by the RNA . By this, tle protein will be altered
Thistype ofmutation is exemplificd in the production ol hacmog ol
the red bload cells.
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i* On the whole, genes are stab)e structures hee
I until when s bjected and ex posed to mut
I ocene mutations. Most gene nu
Most cascs are Ity

ally in gametes are hey table and persist i subsequent

ause DNA is . stable chemieal
agens to whie

heventuallv lead 1o
ations produce observable effeers which in

' Types of Gene Mutation

b Gene mutations are n most cases h
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8.2.2. Chromosome Mutations
{

These are gross or minor change in chromosome ¢ uantity or structyg

in the different types of chromosome mutation arc:
.a, -Changes in chromosome structure

b. Changes in chromosome number

Changes in chromosome structure

These are mutations associated with brcuk’wc and rearrangement
- the chromosonie. Crossing over is associated with breaks in chromatics

the broken ends fail to rejoin as expected structural changgs do ocey
Chromosome changes are desirable as they nay lcad to soma i

changes are:
Substitution
b. Decletion
c. Insertion
d. Duplication
¢

f.

jab]

Inversion
Translocation

a. Chromosome Substitution: This occur when asegment of an nomi
chromosome length is replaced with another segment of a “foreign
chromosome type, the new segment may not contain the genc as in th
broken segment

18 . b. Deletion: This occurs when segment of the chromosome 1s detache *
from the normal structure and not replaced, such that the detached deClUI 5 ]
b remains incomplete (fig 8:2) gene. L
; ‘¢. Insertion: Thisis the addition Ql'u segment Lo an existing normalg 8;3;4_
e complete chromosome structure. [nsertion may result into duplication i
i substitution. As in fig 8:2D withabd genes inserted into chromosome A e .
o d. Duplication: When a nucleus is found to have additional material toff + br
f that found in the normal chromaosomal complement. The extra parto _"' chi,
{ 70
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chromosome ona

s duplicatiop,
With duplications

times-within 5
inserted ingo various
S Chromosome (fig 8:21)
¢ Inversion: This isakind ofaberratio [ hromosome segment
‘exists in reverse relationsh; pto the rest ofj
This occur when a norma]

followed by rej oining of ends i
chromosome to

© present three or more
sained may be

'a manner opposite from the original
form new partners (Fig 8.0F )
£ Translocati_qn: This is an

chromosome becomes attached ang interchanges wily
chromosone, Here g chromosome, break is followe

d by anew kind of
union among broken ends of chromosome o form

a new chromosoe
structure (Fig 8 2G) where l if and ijf i e HHIIAl0gaUS chromoson) o,
He MarioUs strucpra) aberrations can b Ulustrated as fo] lows:

aberration ip which a fragment of one

anon homologaysg

b |
;_‘] |
‘.' !

8.3 Changes ip Chromosome Number

; These are aberratio
or multiples of chr
chromosome numbe

ns leading o increase o decre
Omosome num be
rcanbe in form of

asein chromosome
r of organisms.

presence or

TERLYY - et

Changcs_; in
abscnce of parts of

i T

".
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chromosomes, or of whole chromosome or of whole sets of chromosomes.
Aberration in chromosomes number include

Aneuploidy

Euploidy -

Polyploidy

Ancuploidy: This refers to organisms nuclei containing incompletc or
excess genome of the basic number of chromosome. An organism may
lack one chromosome ol'a diploid complement and called monosomic
(2n-1) where'an organism lack 2 extra chromosomes of a diploid
complement that are different members of the genome it is called double

monosomic (2n-1-1) and nullisomic’ whcn adiploid lacks 2 times the

chromosomc’ofadiploid genome.

A trisomic has two complete genomes plus a single extra chromosome.
The various genome and chromosome number aberrations are detailed in
Table 8.1.

Trisomy is found in man where there occurs an extra chromosome 21 in
the genome. This chromosome number 21 in the human karyoptype causes
the Down’s syndrome The symptoms ol this disorder are characterized |
by facial features with resemblance o the Mongolian race known as ;
mongolism. Aflected children have round slightly fat face and head with
small deep eyes. They have retarded mental growth, Uhe frequency of this
syndrome increases with inerease in age o'mothers the discase is heritable,

Euplmdy These arc aberrations in which the total chromosome number
are complulu genomes ¢.g, monoploid (n) where cach chromosome is
:uprcsuntcd only once in a nuclei. Monoploids especially in plants are
usually smaller and less vigorous then their diploid prototypes. However
they can be exploited by plant breeders to produce diploidge lywum by j
doubling the chromosomes of the monoploid. The doubling pwdmu
homozygote individuals that are pure lines. [ Towey or munuplm&l plants |
are sterile because the chromosomes have no regutar pairing ;&u ners.
Triploids have three complete genomes per nucleus. riploids we formed
~ whena diploid gamete [use w:llmmnnnplmcl(Implnul)g.mklu Triploid §
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of triploids is sterility.
 Other lorms of cuploids
polyploidy. Diplaid pl
inyolving diff: erent gen
sterile,
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autotetraploid with 2n =32 =4y |1
| - genomepfn &8 Alfalfa. Bread wh
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Polyploids arc usually sterile; th
chromgsome number aberrati on.
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/Table 8.1: Chromosomal
“genome number complements.
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are unstable in sexual reproduction. This is bee
'Centromexj,q of the threg homologous chromos
: atthe two poles ol the spindl

tvolve do ubling the genom
ants (2n) areiusually fertife,
omic numbers such as n,2n-]

Pabyploids have more than twg, copies pf
threc or more copies of the same genome.
more genomes are called Alloploids.

ere, there are § chremosonies ip o
¢ following table explains the b

aberrations. as affe

YNCS cannot orientate to
¢ libre. The conscqience
ic numbers to form
Whereas, crosses
2042, ete.coui be

Other polyploids with three or
An example of alloploid is

cach

catis an allohexaploid with 255 47 =

asic

vr o0,
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cting diploid and

4 § Abegmtign, Y .Fonmdar . Chromosomnje Complement
i Name o T e " Where B, A, Cand arenon
homologous .

° ANEUPLOIDY
Monosm_nic i w 2nel g ‘{BAC][BAC} .

Trisomic 2n+] [BACD}[B/\(‘D:I[B]

4  Tetasomic 2n+] ‘ [BACD}[BAC‘DHB,HB]
Doubleti‘isomic , 2n+1+] [BACD|[BACD [BC]
EUpLOwy -~ - e o,
‘Monoplo_id S . [BACD]

1 Diploid - 2 7 [BACD|[BACD]

§ Tiploid o 3n [BACD][BACD)] [BACD]

- Autotetploid dn

[BACD] [BACD] [BACD

ause during meiogis (he

A genome. Autoploids have
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- methansulphate) Sodium- azide, dicthyl sulpBate.

[BACD] | “
Allotetraploid ~~ 4n [BACD] [BACD] [B’A’C’D]
[B’A’C’D] ‘-

.
A
.

\

Polyploids are differentiated as autopolyplb,iclis and allopolyploids.
Autopolyploids are those in which the multiple genomes m*é'i&%?tical or’
nearly identical. This include Autotetraploids autohexaploid, autq}};ptaloid
etc. : . ] “Ef;‘
Allopolyploids are those in which the genomegs that make up themultiple
setare not alike. This include Allotetraploid allohexaploid etc.

|
for (14
H 88

Effects of Polyploids R o :

Polyploids are more vigorous than diploids. The triploids especially show
gigantic growth of morphological parts in crop plants and show mongolism
The aspect of producing increased size and vigae in plants has been exploited
by plant breeders to produce.economic plants of superior value. This is
evident in maize, vegetables and apples. ’

+
L,
1a F

Another major effect though negative'is ﬂlé{g often reduces fertility. And
therefore can not be propagated sexually to faprove crop plants. Polyploids
facilitate gene transfer synthesis of new crops; broaden genetic base and
development of commercial cultivars.

V!

8.4 Origin of polyplbids and other chromvsomal aberrations

LS
Lok
hr;

The major sources of gene and chromosbme aberrations are physical,

chemical and natural agents. SRY
The agents employed in both physjcal xnd efiemical means of inducing
mutations are: Physical means: This involvés exposure of organisms to
radioactive rays such as x-rays, gamma rays and Beta rays. 1hese rays
 dre lionizing radiations X-rays are widely useq as they are less hazardous.
Chemical mutagensinclude N=mcthyl-N-nifro-N-trosoguanidine (ethyl

v 3
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! SUMMARY

Mutations are spontancous changes in genes and chromosomes

thot result in alterations in the characteristics of the organisms. The rte of
anges in gences is constant. Most mutations produce recessive genes.
ajor mutations are lethal to the organisim while minor mutations are
tommon occurrence and may not be detected. These minor 1= utations

. are called isoalleless.Mutations are often reversible, however the rates in
the two different directions are often different. Mutationrates can be
accelerated by the use of m utagens which can be chemical or physical.

Structural changes in chromosomes provide basis for genetic engineerin g




Questions

~ Why is mutation important in plant breeding?.

Q2. Explain the following terms:
1 Protein
11 Polypeptides
iii Bases
iv Nucleic acids
v Template
vi Nucleotid

What is a gene?.
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INTRODUCTORY PLANTAND ANIMALBREEDING

9.0  Introduction to Plant Breeding

The science aspect of plant breeding is the manipulation ol the

cnctic potential of plants to formanew crop type desirable to man. This

nvolves application of field experimental and statistical technigues that

would eventually produce phenotypes different from the original parents.

\ chievable success is enharced by the ability Lo identi fy parents with
esirable traits which can combinc by hybridization and further make
ki (foctive selection from the ofTsprings of the hybridized parents.

ithout the knowledge of Genetics and to some extent, the botany and
horphogenesis of organisms there could be no understanding of the basic
steps to breeding. IFor exam plc in animals, gamctes carry hal{ (haploid)

half the hereditary component of the productive cells. The hybridizatio’
of parent with haploid gametes is expected to inerease genetic variability

i
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esuenselection, Hybridization for cro

arcely ulilized Qnti] thye early

.

P and animal improvemen

nineteenth century. Despite advances”
techniques for purposeful and routipe hybridization of plants, .

ess in plant breeding depended upon the ability to hand]e progeny
Wing hybridization. Inal, the perspective in breeding is to create
Oty prior to earler steps in breeding. Wild types in organisms were
ou appealing interms of size, vig

or, maturity period, quality;:
helc. Considerable Imptpvement techniques were therefore necded:

insform such plants into'desirable forms inrelation to value, taste,
1y, quantity, maturity time etc. Accordin ZtoArmold (| 985) all crops
cveloped by hum;ms_‘ihrough_conscious sclections, For progress

nplentand animals, deliberate breed; ng programmes should be
ed so as to introciuc}; vanability. E : i

(723

Py

i : Vs ¢
wources of Genetic Variability in Plan ts

S

variation have been discussed in chapter 6. -
ant source yet to be discussed. This other source is

eVarious sources of
bis 2n import
BStication: .

1 » early farmers suffered a
faswell as low'yield asa result of the chara
lants. The areas of concern in wild pl
& Dormancy
g6 Size

great deal of crop

cteristic performance of o
ant growth are in

I

GePlant Canopy

dormancy: There isneed for modific

fically and agricultural
flalcs sced germinat

ation before plants can be
ly accepted. Dormancyisa mechanism that

ion and ensure seed survival even under

onditions. Indefinite dormancy might lead to

Bsuch seeds in the subsequent future and hence lead to extinction
picommon seed type.
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s lor planting. 1 seed size were genetically controlled plant proa
ouph breeding will occur.

keand soybean shatter their seedswhile on ficld prior to har
fis led to continuos harvesting and as such tedious and time con
fie penctic moditication of the shallering tendeney has led t
flaining secds to maturity and harvesting. e
ayed Maturity Period: ‘Wild crop relatives have history

jcourse led to delay in development of new crop type because fes
feriods that would yield results were unnccessarily prolonged. Typ

jooted. The reason for this could be that the growth habit whic :
tontrolled is to allow for the various plant part especially root t8
or water. .- s i g i : :

¥

9.2. Crop Domestication

Domesticatioh of plant should not be confused with crop culti Vi
Domestication is an evolutionary change, where as cultivation re 5
human deliberate efforts to nurture the plant to suit human p
Domestication exposes wild plants to thorough cultural m:m
practices in the environment with an overall effect on the plant o
thereby subjecting the genotype to genetic changes which are desir:
human needs and the environment associated with it. Note that wild -
may be cultivated ‘and not domesticated. Domesticated plant:
dependent on humans for survival. Breeders and scientist were only §
o domesticate wild species where natural variables existed. The evic :




"

fdomestication ofdiverse crops indifferent arcas suggests that advances
Iplant breeding were not mere accidents. However early domestication
Sassociated with unconscious selection. '

flants that were and are stil] domesticated include self and cross fertilizing

gpes. This will be treated in the late part of the chapter. i

93. Reproductive Systems and Plant Breeding Methods

The pattern of breeding methods appropriate for particular specie is

delermined (0 a large extent by the reproductive system of the specie. The

of the plantbreeder is to create superior crop cultivars
depending on'the mode of reproduction. Wi
£10ps, a cultivar is any crop genotype with s
andwith an identity name acee
cultivar,

or varieties
th reference to propagated
ufficient characteristic value
pted and used within the locality of the

Inself-pollinated crops d'cultivaris a particul
which is referred to as a pure-line. Incross
ot typified on the basis of'any one plant but sometimes by a particular
plant-population which of course is'composed of genetically distinct
individuals. From the aforementioned, we have been able to identify three
feproductive system found in‘crop species. These are: o

ar homozygous genotype
-pollinated crops a cultivar is

.- Vegetatively p'ropagaté'd‘crbps; .
2 Cross pollinated crops " il ! i
3. 'Self~pollihé‘cedcrop5' iy

Pl 1) i

Asexually and sexually propagated crops are improved upon using the
same breeding methods, Thebreeding methods that have proved successful
with asexually and'cross pollinated crop species dre:*
Massselection. -~ ... ' '
Backcross k

Progeny testing

Hybridization

Mutation breeding ¢ :

The breeding methods most suitable for self-

pollinated crop species are:
* Mass Selection  * ,

81
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Pedigree Method

Pure-line Method

Bulk Method

Backcrossing Method . :
Mass Selection:; This breeding method is based on phenotypic
appearances such that meet human needs. The application and vses o
mass selectioni s as follows: ‘ .

1. It serves as a means of improvement of a new crop bein
investigatdd. '

2 [tis used to preserve the identity of an established cultivar or
cultivar yet to be released. ‘

3. [tserves as ameans for assessing resistance quantitatively suc
 that the desirable segregates are selected from the resistant population’
and the undesirable genotypes are discarded. This is better achieved whe;
the F2 segregating populations are:

The purpose of mass selection is population improvement in both

and self pollinated crop species. It permits a large pool of germplasm t
be manipulated and carried along. In actual practice, the processes of4
mass selection and pedigree selection may be combined. Pedigree selectio
may be utilized in the early segregating generations to exploit the 1najo
genetic differences and eliminate obvious undesirable types. For exampl
F, plants can be pedigree selected on the basis o ) 4
After the desirable types are selected, the best F ; or F, lines may b
bulked and carried on by mass selection until homozygosity is reached
At this time pedigree selection is resumed to isojate the superior genotypes
4. Mass Selection is most effective for additive generations because it has
been predictably effective for traits with little environmental interactions.
5. Itis practiced directly on the trait for which improvemeqt is sought: §
The effectiveness of the technique'depends upon the heritability of the §
trait. Where low heritability estimates are recorded against some traits;
nass selections is said to have limited success with such trait and may be
repeated. Repeated selection is known as recurrent mass selection.
Backeross Method: This is a cross of an F plant with one of its pareats;
this method is used for transferring simple identifiable characters from one




cultivar or line to another. It is found useful in improvement of self-pollinated
- crops and imbred lines of cross-pollinated crops. Characters controlled
by single genes or not more than three genes and are visually identified
among the progeny are most suitable for transfer. The backeross method
is not effective for transfer of quantitatively inherited traits involving more
than three genes. Wheré several genes are involved larger plant populations
are necessary. S o

The backeross method is based on the fact thata heterozygous F, progeny
is backcrossed to a homozygous parent and the resultant offspring will be
homozygous for the genotype of the recurrent parent. This is achicved
when repeq%g:cf i?ack_cro_ssing w‘i‘thi the recurrent parent leads to recovery
ofthe parent (recurrent). The main advantage of the Backcross method is
its predictability in that the final offspring is homozygous with résemblance
to the 'récurreht'p‘arqnt.: o ) o o

Problems associated with backcross method for cross-pollinated crops
are that backérbssingof such Ero_ps is equivalent to selfing and thus results
in‘a decline in vigor. A rapid loss of vigor normally occurs when cross-
pollinated and heterozygous crops are selfed. The loss of vigor followi ng
the backeross in"cross—pollinating crops may be overcome by the use of
large popu]at_ions so as to effectively meke selections from the large bulking
and thus hap"dle the effect of inbreeding.

Pedigree Method: This method is used to sort desirable genotypes from
segregating progeny. Individual plants are selected visually on the basis of
their generétio‘nlal (ancestral) records as well as their phenotypic
Appearance. Itis assumed that the best genotype will be derived from the
superior plaht_s‘ Hence, the progeny of each plant are handled separately.
This can be exemplified as follows: Selection is made first fromthe F, or
F, generated ‘fronj_ the F, orF, respectively. Note that segregation is fully
manifesting in the F 2 8eneration and hence the basis for the use of F,asa
selection opportunity. Following the initial selection, plants are reselccted
ineach subsequent generation untjl genetic homozygous is reached and
plants assume homozygous sta ge phenotypically. In pedi gree method it is
of practical importance to identify and tag parent offspring (progeny)
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i ationship so'as to trace each progeny to its original F , source in any
future generations

Purc-line Method: This method produces qenctlcally pure plants resulting
fiom continued selfing of self-poll mated crops. Italso involves the doublin g
ofchromosome ofamonoploid to gw\ rise to diploids which are of course
homozygous for all the gene pairs in the organism. Pure line breeding
iprocedures require that individual plants are sclected from genetically
“variable populationse. g wild types or land races which'c"o'nstitut'e an area
under cmp/plant introduction. The first step in pure line breeding is to
select a large number of homofyaous plants from the parent heterozygous
" populations. The second step is to plant out the seeds of the selected
- homozygous in progeny rows for obscrvation. The progeny with uniform
phenotype performance having desirable traits are selected for and
advanced in the next step. The sclections are continued Until acceptable
phenotypes with potential for superiority are maintained. Purc line br ceding

can be used as a preliminary breeding method follomng pedigree buIl\m g-
purc -line 5<.Icct10ns

Bulk \’Icﬂmd This is p[antmg ofgcnct:cally diverse selections made in
the next generation until homozygous lines are eventually obtained. This is
to say that from the large plant population grown an F , generation is planted
inaplot large enough to accommodate hundreds cf plants. The seeds arc
eventually planted out agam until single plant selections are made. Bulk
breeding takes advantage of sclectlon pressure and attempts to increase
the frequency df superior genotypes by eliminating inferior types. This
continues unti] the end ofsegregamon and at which time single plam
selections are made for evaluation, The bulk breeding method is used for
small grain cereals (rice, beans, maize, soybeans, millet, sorghum ectc.)

The advantage of selection pressure is that it allows natural selections and
places emphqsos on character pcrfmmance as related to population and

productivity. It can be'said that, bulk oreeding places emphasis on plant
ability to survive in competitive cnwronmcnt

34




SUMMARY

The obj ective of plant breeding is to create super ior crop cultivars,
Breeding method for any crop type- asexually, selfand cross pollmaic“
crop type larg g,ciy depend on genctic structure which is governed by natura
orartificial method of pollination.

No matter the breeding method employed the ultimate goal is to creatc

variability which may arise from qualitative or quantitative genes. Mass,

selection is achieved by identifying and marking desirablc plants as they
developed and grow and by visual observation, desirable plants arc
harvested at maturity and seeded again and again until there is no morc
variation and the majority of plants sclected are retained in mass sclection.
This breeding method-last for about five years.

In pure-line breeding a new crop type is formed from the progeny of o

single pure-line and forms basis for other breeding systems. The use of
pedigree met*nd produces new crop type after generations of bulking or

mass selection and crop selection using records of lines of descent.
Backcrossing and mutation methods are popular breeding methods in crop
improveinent of cross pollinating crop species.

Questions

. Outline the hreeding methods most appr opriate for the flowering plants
a. Asexual plunt

b. Sell-pollinating plant
¢. Cross-pollinating plant

4

2. List 5 crop examples in each plant type
A N, B
1. 1.
IL i
i i
LV iv
v ' Vv
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Identify 3 major sources of genetic variation
N : ,
b.

C.

Differentiate between
i Mass selection and bulk selection method
i Write'concisely on: ‘ !
a. Selection
«b. Breeding method
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