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PREAMBLE

It would have been interesting toveathis lecture on the topic
AThe mor e t he | oo kin Genhehios. |l es
Unfortunately, he topic would not exhaust tloapabilitiesof
genetics t o \kerydynamic and powerfal fieldd 6 s
of biotechnology.After careful review of the scopef my

field, and itspotential to turn things arountidecided to have

my inaugural lecture topic reflect the scape applicationsf

my training. Hence the topidolecular Genetics: The Soul

of Biotechnology in the fight Against Hunger, Diseasand

Poverty

In order toimpartgood grasp of this lecture, | wish to review
few theories that would help us understandviioekings of the
subject matterThe topic of this lecture, though hidnow, in
nature is targeted at helping us bring home the impottef
new generation field, molecular genetics in driving
biotechnology Let us then zero our minds to make the best of
this lecture.



ORIGIN OF MATTER AND ENERGY

Several theories have tried to explain how things started to be.
The mostpopularof the theories explaining the beginning of

al | eXxi stence are the 06Big Ban
Other theories on this subject matter a quite popular
According to theé Bi g teory,ghé cosmic eggwhich

was smaller than the size @hydrogen atorexploded to yied

matter and energyVhat remainsunclearabout this theory is

how the O6Cosmic eggbéb, being | e
hatch by its explosion all matter and ener@ubsequently,

matter condensed to form atoms, elemehisuniverse ahall

that it contains, etc.

Th e 60 Super na tthougha Iseeminy Hesso r y
factual appears to provide explanation to the unclear issues
surroundi ng t heThié tBeony is Butsideud t he
current understandingf sciencesince science is an attempt to
measurestudyand modifythe natural worldThe main thrust
of this theory is that life came by the action ofedernalbeing
God Within this definition are a broad range of beliefs. At one
extreme are biblical literalists whbelieve that all life was
created in its present form, including Adam and Eve as the first
humans, as described in Genesis and with little or no
evolutionary change since then (special creation)amther
end are creationists who have no quarrel witblion and
believe it is Godo6s method of
the view accepted today kseveralChristian denominations
(Larson, 1997; Strahler, 1987).

Wel | as for me , hetcreaioniétBi g
theories complanent each other Obviously each of them
explains the other. Hence Gathy haves ai d fALet t he
and the 0Big Bang6 | gtheidimte d s o
point of the explosion being referred bty the evolutionisas
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0 Co s mi.&he stepg df creation outlined @enesisagree

witht he stages of the develtmpmen
the origin of life and its diversity as explained Barwin
(Robinson, 200R

Origin of Life

The O6Extra t explairetsat a nmetedrite talrygng r y
remains of organianatter and whichmpacted on the planet
earth is the source of organic matter and by implicationrlife

the planet earthThis is supported by th¢ heory of 0 Or
Chemi cal Brnttilothe umidil89GisGscientists thought
organic chemicals (with a-C skeleton) could only form by

the actions of living things. A French scientist heated crystals
of a mineral (inorganichemica), and discovered that they
formed urea (an organic chemical) when they cooled. Russian
scientist and academic A.l. Oparin, 1822, hypothesized that
cellular life wasprecededby a period of chemical evolution.
These chemicals, he argued, must have arisen spontaneously
under conditions existing billions of years ago (quite unlike
current conditions).

Theories Contributing to Modern Biology

Modern biologyand of course, biotechnologgye based on
several great ideas, or theoriesuch as theory of
thermodynamics, HomeostasiSell theory, gene theory and
theories of evolution.

Thermodynamicscovers the laws governing energyriséers,
and thus the basis for life on earth. Two major laws are known:
i) the conservation of matter and energy, and entropy; and ii)
the universe is composed of two things: matter and energy.



Homeostasisis the maintenance of a dynamic range of
conditiors within which the organism can function. Physical
factors such as Temperature, pH, and energy are major
components of this concept.

The Cell Theory: Rudolf Virchow (in 1858):combined the
ideasby Matthias Schleiden and Theodore Schwamat plant
and ammal tissues consist of celdsdadded that all cells come
from preexisting cells,and formulatedhe Cell Theory.The
cell theory states tha{l) all organisms are made oélls; a
cell is the structural and functional unit of organs, and
therefore cd$ are organisms; and (2) cells are capable of self
reproduction and come only from preexisting cells.

The Gene Theory:James Watson (American scientist) and
Francis Crick (British scientist)Jat Cambridge in 1953
developed thedouble helixmodel for deoxgibonucleic acid

(DNA), a biochemical that had then been deduced to be the
physical carrier of inheritance. Crick hypothesized the
mechanism for DNA replication and further linked DNA to
proteins, an idea since referred to aséh€ e nt r a lthatd o g ma
anchas the gene theoryThe theory has it thainformation

from DNA "language" is converted into RNA (ribonucleic

acid) "language" and then to the "language" of proteins. The
central dogma explains the influence of heredighi¢ch is

coded ingenes inDNA) on the organism (through proteins).

The reality of this #Acentral (
expression.Watson continued to make important theoretical
contributions to genetics with a particular interest in
development, until he turned his attention tanescience in

the late 1970s. (Crick, 1988; Sherborn, 1%&athern, 1997



EVOLUTION OF THE CEL L AND LIVING
ORGANISMS

Cell Evolution: Cellular life emerged on Earth in the form of
primitive bacteria approximately 3.5 billion years ago. Bacteria
are pimitive organisms (each cell being1D pum long) and
organize their genes into a circular chromosome that lies
exposed within the fluid environment (cytosol) of the cell.
They are known as prokaryotes (from the Grpek meaning
Abef orkargonmeail ng fAkernel 06 or Anu
they contain a nucleoid region rather than a true nucleus where
their genetic material is found. Bacteria diversified into various
cell types within a billion years (Margulis, 1998). The different
cell types had evolvedumerous adaptive ways of extracting
energy from the environment.
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Fig 1: Typical schematic presentation of (A) prokaryotic and
(B- C) eukaryotic cells; (B) Animal cell and (C) Plant cell



These various types included: first the
anaerobic/fermenting archbacteria, secondly the oxygen
producing photosynthetic cyanobacteria, and thirdly
aerobic/respiring bacteriavhich is able to utilize the new
oxygenrich atmosphere. In addition some bacteria had
become flagellated.

About two billion years ago, advancedellular
organi sms or fAeukasauyetaems mg( fit o
and karyon, meani ng Akernel o or i
deoxyribonucleic acid (DNA) is sequestered within a separate
membranebound nucleus emergedFig. 1) They are
commonly larger than prakyotic cells and measure about 10
100 um long. These cells also contain an extensive internal
membrane system, a cytoskeleton, and different kinds of
membranebound organelles, including mitochondria (the
Apower factorieso) andd (sitesofi al g
photosynthesis). All multicellular life, including plants,
animals, most large algae and fungi, are composed of
eukaryotic cells; some microbes, such as yeasts, unicellular
algae and protozoa, are also eukaryotes (Mader, 198%).

Fig. 2 andTable 1 for more details.



Fig 2: Lines of evolution of Present day cells from a common
prokaryotic ancestor, which gave rise to archaebacteria,
eubacteria and eukaryotes. Mitochondria and chloroplasts
originated from the endymbiotic association ofaerobic
bacteria and cyanobacteria with the ancestors of eukaryotes.
Robinson, 2002 with permission).



Table 1:Organellesand structurefoundin Cells

Structure Function
Nucleus* Contains genetic material
Ribosomes Protein synthesis

Endopblsmic reticulumSynthesis/modification and
transport of proteins and lipids

Golgi apparatus Processing, distribution of

proteins lipids
Lysosomes Digestion of substances in cell
Peroxisomes Digestion and detoxification
Mitochondia* Energy generation
Chloroplasts* Photosynthesis
Flagella/Cilia Cell movement
Vacuole and vesicle Storage of cellular substances
Centriole Cytoskeletal organization
Plasmids* Reproduction, disease resistance, etc.

* Organellesgstructuresthat contain genes in DNA structures
(Adapted from Robinson, 2002)

Multicellularity : Multicellularity depicts where two or more
cells together constituten organism. In most multicellular
organisms, there are many different types of cells that perform
specialized functions. In animals, forstance, bone cells are
for support, glandular cells secrete hormones, epithelial cells
are for protection, stem cells are for growth and production of
other cells, etc. while in plantee three basic types ofllseare
parenchyma, collenchyma and scblechyma These cells
make up tissuewhich make uporgans(protective, package,
transport, meristematic, photosynthetic, storag&hich
compose systems and therganismsHowever, for molecular
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cytogenetic studies, meristematic tissues are of utmasestt
butthin-walled living tissuesgarentiymatous tissugsare also
very useful depending on tiygoe of informatiorrequired.

DIVERSITY OF LIVING THINGS

Darwinian Theory of Evolution Darwin is generally
recognized as the single greatest thinker ia kistory of
biology, whose contributions provided the basis for
understanding the immense diversity that characterizes the
natural world (Browne, 1996;ewis et d; 2002; Robinson,
2002) Darwin and his contemporariesespecially Alfred
Russel Wallaceshowed how one organism gave origin to
another, from one primitive level of existence to a less
primitive level until life got to the pradvanced stageslhe
Darwinian Theory explains to a great extent the present day
origin of biodiversity and gives insight into the role of
molecular genetics in genetic engineering and biotechnology.

Charles DarwinEnglish naturalist, 18091882
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Darwin was born February 12, 1809, into a wealthy
English family.His lifelong interest in natural history ledri
to embark, at age twentwo, ona five-year voyage to South
America aboard the HM$eaglea s t h e natsrdlist.p 6 s
Darwin collected a wealth of specimens and made
observations of both the living species and fossils he
encountered. Darwin was particdlastruck by similarities he
observed between the species found on the Galapsigosls
off the western coast of South America, and species of the
mainland. He also noted differences and similarities among
species founan the numerous islands of the Gelgos. The
evidence suggested easpecies had not been independently
formed by the Creator, but rather hdigerged from a sailer
group of common ancestor$he diversity he observed was
obviously caused byhybridization, phenotypic plasticity
and genetc polymorphism.

Darwin pondered these ideas in conjunctieith two
ideologies. The first wag e ol ogi st Ctheary ¢f e s
uniformatarianismThis mechanism suggested that Earth was
much older than previously believaafact which Darwin saw
as proiding the requisite time for the steady accumulation of
change that would turn orspecies into another. The second
ideologywas fromAn Essay on the Principle &opulation,in
which economist Thomas Malthus contrasted the potential for
exponential incrase in human population with the much
slower increase infood supply. Malthus suggested that
competition, disease, war, and faminept the human
population in check. Darwin saw that this principle provided
the selective force needed to bring about change species.
(Hartl and Jones, 1998; Robinson, 202
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Fig. 4: The fossil records of some protist and plant groups. The
width of the shaded space is an indicator of the number of
species. Image from Purvest al, Life: The Science of
Biology, 4th Editon, by  Sinauer  Associates
(www.sinauer.com) and WH Freeman (www.whfreeman.com),
used with permission

Evolution by Natural Selection Darwin developed his ideas
into the principle of natural selectiofbetween 1837 and
1838). This principlecombinesthe pkenomena ofstruggle,
heritable variation, and differential reproductiom explain
natural selection through survivaHe proposed that in all
species, limited resourcdsad to a struggle for existence,
either against other members of the species, omsigdhe
environment.Naturally, nembers of a speciesary from one
another.Some of those variations influence the success of an
organi smbés struggl e. Organi s ms
leave more offspring (biodiversity) who inherit those
variations ad therefore are more capable of coping with
environmenal stresgRobinson, 2002)
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As this process continues over time, witle attendant
successive rounds of struggle, variation, and differential
reproduction, the population will become increasingly [wel
adapted to the environmefithose that cannot adapt dighis
leaves behind those that can cope, which are therefore seen as
havi ng been selected by natur
selectionbo.

Vice Chancellor Sir, my personapinionin this matter
is that evolution is simply the process that unfoldeeation. In
ot her words, God sai d fkhowt t he
as6 e v o | ensuesBaséd on myesearches and the works
of other scientists, | have tlwonviction thatedible Musai.e.
plantain Musa paradisiacaL. and bananaM. sapientumL.
are tiploid evolutionary products d¥. acuminataColla and
M. balbisianaColla (Charlesworthet al, 1994; Dover, 1982
HeslopHarrison, 2000;HeslopHarrison and Schwarzacher,
2007;Lavergneet al, 2010; Meagheret al, 2005;0sujiet al,

1996, 1996h 1997a, 1997p1997c, 1997d; Osuji, 1998 suiji
et al, 1998aTeuber and Zorr982).

When the proces®f taxonomic divergencenccurs
naturally, it is called evolution but when it is caused by @man
ddiberate effort to create diversity, it is called genetic
engineeringTaxonomic group&volve variouscharacteristics,
otherwise theyvould be placed in just the same group. Let us
then examine what constitutes a character.

CHARACTERS AND CHARACTERISTICS OF LIFE

A character can be explained as a feature or attribute
that is stablyexpressed under normal conditioksery life, be
it unicellularor multicellular micro organism, animal or plant
has a set of characteristics, which serve as the basis hbe its
and identity i.e. an organism is an embodiment of its
charactersObservable characteristics of life include

13



i) irritability, i) movement, iii) feeding iv) growth, v)
respiration, vi) reproduction and vii) adaptation. All these
characteristics i be present for the cell or organism to be
sustainably alive. In order to understand the organism well
enough to domesticate or manipulate it, these characteristics
must be properly understood.

The characteristics could be quantitative (if they can be
measured or counted) or qualitative (if they cannot be
measured or counted). Quantitative variables can be
statistically processed whereas qualitative characters can only
be estimated by scoring to bring them &oquantitative
platform before they can beqperly analyzedSome examples
of quantitative characters are: yield, height, number of seeds,
size of seed/fruit/leaf, height of plamtgight, girthetc. while
gualitative characters are: tastegdicinal propertydisease
resistance, drought tolerancesome biochemical and
environmental phenomena;  sttibution, pesticide
bioaccumulatiorfNwachukwu and Osuiji, 200&Xc.

Whereas some of the characteristics are physically
observable(such asyield, height, length, thickness, colour,
shape, texture, ornamaiion, number distribution(Nyanayo
and Osuiji, 2007Qnyeachusinet al, 2006;0suji, 2006; Osuiji
et al, 1996b, 19974998b ), some are only assessedvith
optical aidgAnyanwu and Osuiji, 2001, 200&koli and Osuji,
2008; Osuji and Nsaka, 2009; Osumé Ndukwu, 20050suiji
et al, 1996a, 1996b, 1997a, 2009; Osuji and Agogbua,)2010
Some other charactease not optically observablaut can be
evaluated by other meais.g. Nwachukwu and Osuiji, 2007;
Osuji and Eke, 2005; Osuji and Nwachukwu, 2006et,
another group of characteasstime-related(Osuji et al, 20064,
2006b; Ekanem and Osuji, 2006; Osuji and Owei, 2010).
Despite the variability of characte(Bigs. 5 and 6) the field
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that offers the means ofstudyng their transmissiorfrom one
generabn to anothelis Genetics

Zone of cell E Cortex
elongation i

Zone of cell
division

Primary meristems:
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Procambium
Apical meristem

—

C

Fig. 5: A) The root tip and component tissues of yam,
Dioscorea rotundata (Culled from Osuji and Agogbua, 2010)
(B) Typical Root tip and (C) Raphide bundle containing
calcium oxalate crystals.
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Fig. 7: Functional implications of cellular characteristics of
plants(Osuji and HeslogHarrison, unpublished)

GENETICS

This is the science of heredishich began with observation of
the features/characteristitraits of living things It seeks a
precise explanation of thecharacteristics ofbiological
organisms mechanismsof inheritanceand the expression of
inheritance. In other words, it endeavours to define the various
characteristics, unravel the basisd processes of transmission
of the characters from parents to their progeny (be it a person,
an animal, a plant or micbe).

Before Gregor Mendel, two of many misconceptions
blurred peoplesdéd understanding
one parent contiut e s mo s t t o an of f ¢
features. Aristotle contended it was the male by way of a fully
formed homunculus, inside a male spesmpollen grain in
plants The second was the concept of blended inheritance, the
idea that parental traits becommxed and forever changed in
the offspring. He just became interested in the work he did

17



monastery (at Brno) and acces$zaiwind 80n the Origin of
Species .

Mendel 6s w o r khis obsemvptions s ehde
cultivating pea (beans) for his monastery. Thigpaent
beginning of genetic studies resulted in the development of the
early principles of inheritance. Mendel worked on crossing of
single lines of characterdraits (i.e. monohybrid crossgs
double and multiple linesjlihybrid and multihybrid, test and
back crossesf pea

Mencdel showed that a character was controlled by a factor,
which was | ater terthatagenedasne 6.
two alleles and there are two formsasfallele: the dominant
and the recessive forms. The dominant form expseitself in
the presence of another dominant form or a recessive form. On
the other hand, the recessive form can only be exprassied
absence of adominant form (allele) of the gendvendel
established théaw of segregationwhich showedhat during
gamete formation, the two alleleseparate osegregateand
enter different gamete#d\s a result, each pollen graiovule
sperm or ovuncarries only one of each pair of parental alleles.
Crosspollination and fertilization between pubeeeding
parents wth oppositetraits result in k hybrid zygotes with
two different alleles, one from each type of parent, for each
type of trait. Different alleles of a gene segregate each from the
other aml enter into different gametes.

The law of independent assortmerttows that in a
dihybrid or multihybrid cross, each pair of alleles segregates
independently so that in the gametes, one member of each pair
is equally likely to appear with either of the two alleles of the
other pair or pairs of alleles (of other genen)other words,
when alleles of two or more genes are involved in gamete
formation, each pair of alleles assartdependent of any other

18



pair. The patternof separation oimembers of one pair into
gametes is independent the patternof separation oanoher
pair. Mendelism is anchored on physically expressed
characters.

Deviations from Mendelism

There are often several complexities in relating genotype (the
genetic composition) to phenotype (physical appearance or
expression). These make difficult, thepp#cation of
Mendelian principles in certain circumstanc8eme examples
areas follows:

i) Incomplete dominanceif a hybrid is identicato one of

its parents for a trait under consideration, the allele that
was expressed is deemed dominant and the @tenids

not expressed is deemed recessive. Where the hybrid is not
identical to any of the two parents for a trait under
consideration the situation is referred to as incomplete
dominance.For instance, a cross between pure early
blooming and pure late blating pea yielded a hybrid that
was neither early nor late blooming.

i) Co-dominance This is where the hybrid displaythe
features or traits of both parents. Here, alternative traits of
both parents are visible in the hybrid. An example is in
humans where soe of the complex membraaachored
molecules that distinguish different types of red blood
cells show calominance.

i) Multiple Alleles. A gene may have more than two alleles,
eg. The ABO blood types are determined by three
different alleles.

19



iv) One gene may d&ve multiple visible expressions
Mutation can affect genes. When mutation affects a gene
in a way that the geneds pher
be morethan one wileétype characteristic. For this reason,
a gene with only one wiltype allele is said at be
O0monomor phicdé while a g-ene w
type allele is polymorphic. An example is the mouse
Agouti gene.

V) Recessive LethaltyThi s i s a sitwuati on
expression leads to death. For example, people who are
homozygous for the recaise S allele often develop heart
failure due to stress on the circulatory system.

vi) Pleiotropy. This is where a gene affects or controls more
than one visible trait.- For
globin gene affects more than one trait. The hemoglobin
molecules in the red blood cells of homozygous SS
individuals behave aberrantly after releasing their oxygen.
i) instead of remaining soluble in the cytoplasm, they
aggregate to form long fibers that deform the red blood
cell from a normal biconcave dis& a sickle shape, which
obstrucs the flow of blood by clogging small vessels; ii)
the sickled cells are very fragile and easily broken; iii) SS
homozygotes are resistant to malaria because the sickled
cels when infected byPlasmodiumfalciparum break
down before the organism has a chance to multiply.

vii) Epistasis This is where two or more genes can interact to
determine one trait such as a petal colour, seed coat
col our, a chickends feathers,

20



(where homozygosity of a recéss allele of one gene is
required to mask or hide the effect of another gene).
Another example is oculamutaneous albinism (OCA) in
which two albino parents could produce raidhino
children. This demonstrates that homozygousity for a
recessive allele adither ofthetwo gena can cause OCA.

viii) Modifier genes This is where, for instance, sometimes a

genotype is not expressed at all. In other words, even if the
genotype is present, the expected phenotype does not
appear. Some other times, the trait caused genotypés
expressed to varying degrees or in a variety of ways in
different individuals (in a manner that could be caused by
environment or chance). This same situation arises when
expression of a gene depends on its penetrance or
expressivity.

Cytoplasmic / maternally inherited genesThis involves
genes which are not located in the nucleus. The two
organelles in the cytoplasm that have DNA afastids
(e.g.chloroplass) and mitochondrigFig. 8). Their genes
are inherited from the female gametecause the female
usually contributes its cytoplasm in sexual reproductions
(Careelet al, 2002; Fauret al,, 1994)
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Fig. 8: Cellular domains of heritable genes. Although the
nucleus contains the major sdtgenes, the chloroplast and

mitochondria cofribute genes that are cytoplasmically
inherited.

CYTOGENETICS AND THE TYPICAL CELL
The Cell is made up gdrotoplast covered bthe cell wall (in
plants and prokaryotes) amell membrane (in animalsYhe
cell wall encloses the protoplagixcludingthe vacuoles, the
living component of th@rotoplast is called protoplasm, which
comprises a fluid matrix called cytoplasm into which are
immersed thelouble membraneucleus and organelles.

The organelles found in cells are mitochondria,
chloroplast (in plan cells), endoplasmic reticulum, golgi
apparatus, ribosomes, lysosomes, peroxisome antliates
(in animal cells). Tie nucleuscontainsmost of the genetic
material (DNA) in the cell. However, mitochondria and
chloroplasts are known to posseB&NA alsa The DNA
located in the chloroplast and mitochondpassessgenes
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which contain coded information for production of major
proteins and enzymes required inrth@ig. 9). For now our
major attention is to be given to the nucleus.

Genetic material in
Cells

Animals
Nucleus, Mitochondria

Prokaryotes Plants

Nuclear region,
Cytoplasmic plasmids

Nucleus, Mitochondria,
Chloroplasts

Fig. 9:Distribution ofgenetic materials in cells

The nucleus is the largestructurein the cell. It is
usually located nearly centrally in young cellsd animal cells
but close to one side of the cell in old differentigiahtcells.
The nucleus is surrounded by a doubiembrane structure
called nuclear membranewhich adjoins the endoplasmic
reticulum. The space inside the nucleus is filled by a fluid
matrix called nucleoplasnn which are embedded chromatin
strands calledc hr o mos omes clicoial@s e d
& o m,aadd nucleoli (singularnucleolus). Prokaryotic cells
contain only one circular chromosome located in a region of
the cell called the genophore or nuclear region, which lacks
nuclear membrane. Conversely, the nucleus in eukaryotic cells
contain linear(ses of) chromosomesthe total number of
which range from four to several tens in various species.
Chromosomes bear, in their DNA, factors of heredity called
genesHow is this possible?
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The Chromosome Theory of Inheritance

The clearest insight into the angzation of the
chromosome was first derived from close observation of the
chromosomes of prokaryotes (bacteria) and later confirmed
with more studies of the eukaryotic cells. Information revealed
by various studies (including partial digestion of chramat
with micrococcal nuclease and electron microscopy) show that
a set of histone proteins namely: histone 1 (H1), histone 2A
(H2A), histone 2B (H2B), histone 3 (H3) and histone 4 (H4)
are involved at the most remote level of organizatiorhef
chromosome.Two each of histones 2A, 2B, 3 and 4 come
together in an octameric bundle and are wrapg@dind by
naked DNA strand to form a structure or kernel that consists of
146 base pairs of DNA wrapped 1.65 turns around the histone
octamer, called nucleosome corparticle The DNA turns
around the nucleosome core partigdelocked or sealed by
histone 1, which hold# from loosening (Kornberg, 1974)
The complex of nucleosome and histonecdnstitutes the
chromatosome (comprising 166 base pairs DA andis 10
nm in diameter; Cooper, 200@ee Figs10 and 11.

A short strand of DNA called linker DNA connects two
adjoining chromatosomealéoregarded as the basic structural
unit of chromatin). The entire structure from one end of the
long DNA strand to the ber end appears like beaded string.
The organization of the chromatosomes constitutes the initial
compaction of the DNA.
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Fig. 10: Chromatin Structure An electron micrograph of
chromatin showing its "beads on a string" (i.e nucleosomes
attached to linkr DNA) character. [Courtesy of Dr. Ada Olins
and Dr. Donald Olins.]

Special norhistone proteins called scaffold proteins
attach to the linker DNA portions of the beaded structure to
form chromatin. There are more than one thousand types of
northistone poteins, which are involved in a range of
activities including DNA replication and gene expression.
Furthercondensation of the DNA is through chromatin coiling
into thin (30 nm) fibre, whose thickness may increase
depending orl) extent of coiling and 23tage of the cell cycle.
Thus it is the chromatin that further compacts through coiling
and folding to make up the chromosome. Therefore, the
chromosome is composed of a pair of DNA strands
(molecules) and associated proteins.
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Fig. 11: The appearancef @hromatin showing nucleosome
core particles and linker DNA in association with scaffold
proteins.

There are two types of chromatin namely euchromatin and
heterochromatin. Euchromatin is relatively decondensed
(mostly about 30 nm thick fibres) and make about 90 %
while heterochromatin is very condensed and make up about
10 % of total chromatin. In nondividing (i.e. interphase) cells,
most of the euchromatin are distributed throughout the
nucl eus. Dur i n gmitdtid) pesiod ofrthe sell i n g 6
cycle, genes are transcribed and the DNA is replicated in
readiness for cell division. The euchromatin is largely
organized into loops containing approximately-18D kb
(kilobase i.e. x1000 bases length) of DNA. About 10 % of the
euchromatin is more decoewsed and contains the genes that
are being actively transcribed. Contrastingly, the
heterochromatin is very condensed and consequently relatively
thicker resembling chromatin of dividing (or mitotic) cells.

Chromosome Features

The major features of chmmsomes are their number, structure
and behaviofOkoli and Osuji, 2008)The structure is derived
from the condensatioor compactiorof chromatin during cell
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division and localizaon of the primary constrictiom relation

to the length of tharms of he chromosomeFig. 12:) Thus,
when the primary constriction is at the centod a
chromosomeit is said to be metacentric. Depending on the
distance of theconstriction from the centre i.e. based on the
relative lengthof the arms of the chromosome, entomosome
could be submetacentric, subacrocentric, acrocentric or
telocentric. Some chromosomes associated with nucleoli
organizers have anath constriction called the secondary
constriction that adjoins a chromatin appendage called
satellite. Individual chromosomes can be distinguished or
identified by karyotype analysis (Fig. 13:)

Fig. 12: HigherOrder
Chromatin StructureA)
A proposed model for
chromatin arranged in i //)
helical array consisting “/i
of six nucleosomes pe
turn of helix. The DNA /y
double helix (shown in (/p7%’
red) is wound arounc /z7;
each histone octame
(shown n blue). [After
J.T. Finch andA. Klug. A B
Proc. Natl. Acad. Sci

USA 73(1976):1900;]

andB) SEM image of a

metaphase chromosomt
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Fig. 13: Karyotypes ofa) Musa acuminataColla andb) M.
balbisianaColla. Scale bar = 5 pn{Osujiet al,, 2006).

MOLECULAR CYTOGENETI CS HELPS TO MAP DNA

TO SPECIFIC GENOMIC DOMAINS

Fluorescentn situ hybridization of labeled DNA samples to
chromosomes obtaindtbm root tips of plantss usedto track
genes and chromosomégBig. 14) It could be appliedat
samplesfrom blood, tissue biopsies, buccal scraps, amniotic
fluid, cultured cells, etcand extensively used to diagnose
various forms of human health conditions. The same DNA
samples can also be used by application of Southern blotting
methods to prode information relating to genetics, phylogeny
and taxonomy. The DNA sample is generally digested using a
restriction endonuclease and then subjected to electrophoresis
in a horizontal agarose gel.
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The sequenced chromosome (TTTAGGG);, ... N x 1085 ... (TTTAGGG)p,

The molecular structure of a chromosome
185 HE8S 1265 1
Tandem repeat (each motif —- ) e

rDNA repeats

The cytological metaphase chromosome

I 500 nm

Tandem repeats with known function

€] Telomeric
@ Centromeric
@ ©ONA

@ @ Intercalary tandem repeat families
Dispersed repeats including
retroelements and SSRs

OGenes and regulatory sequences

The functional interphase chromosome

500 nm Nucleolus

Individual chromosome domains

DNA methylation / :
Transcription Expressed

and replication ~ Sequences
Histone acetylation factories in loops?
and chromatin packaging
The 30 nm chromatin fibre W I 30 nm

Nucleosomes J %
The DNA helix and nucleosome core M I 10 nm

Fig. 14: A)A Modelillustrating the workings of molecular
genetics orPlant Chromosomes. Culled from Hesldparrison
(2000) with permission;
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B) In situ hybridization of 5S and 185.8525S rDNA
sequences on mitotic chromosomes of two icals of
Cucumeropsisnannii a8 DAPI image,b-c) filtered images and
d) sites of rDNA on mitotic chromosomes of the aati with
oblonground fruit; ¢ DAPI image,f-g) filtered imagesandh)
sites of rDNA on mitotic chromosomes of the cultivar with
cylindrical fruit. Osuji et al, 2006 i-k) in situ genomic
hybridization of genomes A and B DNA to plantain
chromosomes (Osujiet al, 1997d) and I-m) in situ
hybridization of rRNA genes to chromosomes of banana
hybrid (Osujiet al.,199&).

Every species, contan a specific mmber of
chromosomes in the nucleus of each of its cells. The number of
chromosomes in a germ cell or gamete of an organism is
usually half of the number in its body (or somatic) cell. ¢&en
gametes are normally haploithere arespecial casewherea
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ganmete may havetwo sets of parental chromosomése.
dihaploid statg. The number of chromosomes in each asll
constant for every normakll of the organism.

The chromosome complement for a species is
commonlyin two sets, each being inherited from eitbé the
parents. Depending on the number of sets of chromosomes
derived from parents, a cell or organism can be diploid (one set
from each parent), triploid (one set from one parent and two
sets from the other parent), tetraploid (four sets made up of
two sets from each parengtc Most funji and algae are
haploid (i.e. only one set of chromosomes), hence they
reproduce mostly vegetatively or sexually through
dikaryotization (especially in fungi). Other ploidy levels are
pentaploid, hexaploid, hegaploid, octaploid, nonaploid,
decaploid, etc. However, i rare to have a species that has up
to six sets of chromosomes as in the bread wheadticUm
aestivun). The representation of the chromosomes of a species
is its karyotypeDespite the number of chrosmmes, the sum
of the DNA in thekaryotype omucleus reflects the genome.

Sets of chromosomes have peculiar ways of behaving
during cell division based on their structural maige Hence,
during gamete formation, pairs, triplets, quadruplets etc. of
homobgous chromosomes hybridize (i.e. come together
harmoniously). Whereas most form rods, others could present
themselves as circles, crosses, etc. The pairing behavior is
unique for each species. On the other hand, during the second
half of cell division, chomatids representing daughter
chromosomes separate to the two opposite poles appearing in
various shapes. The pairing and separation behaviour of
chromosomal complements of a species is constant. The only
source of change or alteration of chromosome behaf a
species is chromosomal aberration.
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The Genome

This is the totality of the genetic information carried by a cell
of an organism. It reflects theomplete set of chromosomal
DNA and includesthe total number of genes @ organism
(see Figurel5 below). Study of the genomas called
genomics. It vyields information on genetic (structural,
functional and organizational) variatiaf organismsdown to

the molecular level. Genome analysigelds important
information such ascomparison of organisms #ite molecular
level, and for detecting the evolutionary relationships of genes,
gene families and species. It is applied in the tracking of
effects of mutationsand as well in the counteractioand
reversion of genetic events through genetic engineering
(Maller, 2008)
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Fig. 15: Diagramatic representation of GompleteGenome.
The diagram depicts the genomeHdemophilus influenzae,
the first complete genome of a frlk@ng organism to be
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sequenced. The genome encodes more than 1700 proteins and
70 RNA molecules.

The Gene

However, DNA, whether in chromosomes, chloroplast
mitochondria is composed of functional polynucleotide
sequences.g. segments or units) called genes as well as non
functional sequences, which may be psegdoesnon-coding
DNA sequences (introns) or intergenic spacer sequences
(Bennett and Leitch, 2004; Buhariwalt al., 2005. The
genic or functional DNA sequences areubmostinterest in
molecular cytogenetics because they contain fthretional
sequenceswhich are exprssible as characteristics of the
organism.

In other words, a gene is a segment of the DNA
molecule, which itself is a polymer of repeating (monomeric)
groups known as nucleotides. This therefore implies that a
gene is a sequence of nucleotides, which s glathe larger
DNA molecule. Whereas this explanation shows a gene as a
unit of structure, genes are known to control phenotypic
features and genotypic functions. Therefore a gene can also be
defined as a unit of phenotypic expression, a unit of function
or a unit of physiological activity.

Gene Expression processes: Flow of Genetic Information
from Nucleic acidsto Protein

In order to have a clear impression of the process of gene
expression, it is proper to understand the naturerglegtance

of DNA, RNA and proteini n tehter ad ¢ .dThegena 6
biochemicals are the media for information storage and
expression for life.
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The DNA Molecule

One DNA molecule runs through the length efch
chromosomégHeslopHarrison, 2000pr a plasmid The DNA
molecule ha two right handed double helicaldouble
stranded) structures and is tightly buttoned at a position
referred to as the primary constriction.eTANA molecule in

the chromatin (as earlier mentioned) is the structure that
contains the genes.
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Fig. 16: Double helical structure of a segment of DNA
molecule A) DNA Structural details showing the derivation of
the double helix from the phosphodiestiaked polynuleotide
chains; and B}he molecular structe of a segment of DNA
molecule.

In-asmuchas a DNA molecule could be several
millions of nucleotides long; only four repeating units of
nucleotide compose {fFig. 16) A nucleotide is a compound
that is composed of-8arbon sugar (deoxiybose), phosphate
group and nitrogen base residu&ley are namedafter their
bases. The bases are: adenine, thymine, cytosine and guanine.
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Information in DNA can be reproduced through semi
conservative or conservative replication

The RNA Molecule

Another type of nucleic acid known as ribonucleic acid (RNA)
exists butis not a component of chromatin. RNA molecule is
single stranded bualso composed of four basic nucleotide
residues. Unlike the DNA, the nucleotides found in RNA
molecules have ribose sugar (instead of datbgse in DNA),

a phosphate group and one eatHoar nitrogen bases. The
nitrogen bases in RNA are similar to those of DNA except that
thymine(in DNA) is replaced by urac{in RNA).

There are three different types of RNA namely:
messenger RNA (mRNA), transfer RNA (tRNA), and
ribosomal RNA (rRNA). Wiereas they are mostly relevant in
the cytoplasmic domain of the cell, templates of their
nucleotide sequences are found in the chromosomal DNA
(Osuijiet al.,1998).

Transcription of DNA into RNA
The differences between DNA and RNA are simple. In RNA,
thymidylic acid (T) is replaced by uracylic acid (U). The
di fference between O0T6 and 06UO
attached to 1its nitrogen base
residue attached in the same position in place of methyl group.
A fragment of tle strand of DNA molecule serves as a
template for assemblage mWRNA which is a notable agent of
gene expression.

For this to happen, a segment of a DNA strand serves
as a template for assemblage of messenger RNA (mMRNA).
RNA polymerase (enzyme) positiontsalf at the promoter
region of the gene sequence to be copied and sequentially goes
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through the transcription unit (i.e. reading frame) of the
sequence. The transcription
transcribed into RNA following the pairing complenterities

of the nucleotides. However, where ever there ought to be a T,
a U is loaded on the RNA molecule being assembled. Once the
polymerase reaches the termination unit of the DNA segment,
it slides off the DNA strand and the process is terminated. The
RNA is then transferred to the cytoplasm for translatidris

may be after post transcription processidge Fig. 17 below.

[ S T T
(A)Entire gene (both intrors and exons} is
S transcribad 1o ANA by ANA polmerase anzymes,
Nuclear . v
memkrane s
ey DI\ [N " S TR
\ —‘ @‘,l Processing eczymes emovs ntrons.
\ — A _——+ I _—£
e o WA = T
ore in =L Z
nuckear E ] E f‘-l’\'— E EREE|
memarane | 5
| \
o e =
e TRtk Excised
= introns
e ey
/ (C) Exona are anicad together, vithout
introess, Teenving mBNA thal can pass

thiaugh the nuciear membrans into
e cytoplasm and ba tranalated.

Nota that althoush introns were
wranscribeg, they will not be translated.
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Fig. 17: Transcription from DNA to RNA and gst
transcriptional processing of mRNAIn plants Post
transcriptional processingf mRNA shows that the mature
RNA moleculae is shorter than the primary RNA transcript.
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In eukaryotes, RNA post transcription processing
produces a mature messenger RNém the primary(pre)
MRNA molecule RNA processing is necessary because, the
DNA template sometimesontains interposing or intervening
nontcoding DNA sequences (introns) in their reading frames
which split the coding sequencés exon$ into two or more
fragments.The pree mMRNA transcript has to be processed into
one singlanature frane thatcontains no introns.

RNA processing in prokaryotes adopts simple
mechanisms whereas there are different forais RNA
processing in eukaryotes as follovisprocessing by Splicing
mechanismsij) Alternative splicing,ii) RNA editing andiv)

RNA dggradation. In processing by splicing mechanism, RNA
processing modifies only the 5
the primary transcript, leaving untouched the information
contained irthe rest of the mRNA.

Alternative splicing occurs frequently in geneof
complex eukaryotes and provides an important mechanism for
tissuespecific and developmental regulation of gene
expression. Typical examples are genes that encode
transcriptional regulatory proteins. Since severatmpRNAS
contain multiple introns, itferent mRNAs can be produced
from the same gene by di3bferer
splice sites. In other words, different mMRNAs can be
assembled by combining different exon units transcribeah f
the same DNA reading frame.

RNA editing refers to pressing procedures, other
than splicing, that alter the protein coding sequences of some
MRNAs. This unexpected form of RNA processing was first
discovered in mitochondrial mMRNAs of tripanosomes, in
which U residues are added and deleted at multiple abesg
the mMRNA molecule. This process of RNA editing has been
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recently described in mitochondrial mRNAs of several
organisms, chloroplast mMRNAs of higher plants, and nuclear
MRNAs of some mammalian genes (Cooper, 2000).

The result of processing mechanismajternative
processing and RNA editing is mature messenger RNAs,
which then direct protein synthesis. The final step in the
processing of RNA is the eventual degradation of mMRNA
within the cell after protein synthesis. The factor that regulates
intracelldar level of mMRNA is the balance between synthesis
of protein and degradation of RNA molecules. The degradation
of most eukaryotic mMRNA is initiated by shortening of the
poly A tails. This is followec
degradation of the mRNA hbiyucleases acting from both ends.

Translation of information in the mRNA into Protein
In the cytoplasm, the mRNA is moved to the ribosome, which
serves as the site of protein synthesihérwise called
translation).The three types of RNA (i.e. mRNA, tRNand
rRNA) play distinct roles. Proteins are synthesized from
MRNA templates by a process that has been carefully
conserved throughout the ages. The process has been part and
parcel of the evolutionary process.

During translation, all mMRNA templates aead from
the 56 to the 36 direction, ani
from the amino tip to the carboxyl terminus. The determination
of amino acid residuebds positi
specified in the widely accepted genetic code. Translasion
executed at the rRNA location with tRNA serving as adaptors
between the mRNA template and the amino acid residues,
which are being polymerized into pext through polypeptide
bonding(Fig. 18).
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There are twenty types of amino acids that form
proteins. These twenty types of amino acids are joined in
several repeating sequences to compose the several thousands
of proteins found in cells obacteria plants and animals.
However, different tRNAs share similar overall structures
though each type loads onarpicular amino acid

The central importance of protein synthesis in cell
metabolism is reflectenh the fact that cells contaimumerous
ribosomes; egE. coli cell contains 20,000 ribosom¢25 %
dry weight of the cell) whereas actively growing mamnmalia
cell contains about 10 million ribosomes. Prokaryotic
ribosomes have 16S rRNA and 21 proteins comprising the
small ribosome subunit, the large 50S subunit being made up
of 23S and 5S rRNAs and 34 proteins. The subunits of
eukaryotic ribosomes are largdrhe small (40S) subunit of
eukaryotic ribosomes is composed of 18S rRNA and about 30
proteins while the large (60S) subunit is composed of 28S,
5.8S and 5S rRNAs (Osuji et al, 1998a)and about 45
proteins.

Translation is divided into three stages namely
initiation, elongation and termination. The ribosome has three
sites for tRNA binding namely P (peptidyl), A (aminoacyl) and
E (exit) sites. The initiator methionyl tRNA is bound at the P
site. The first step in the initiation process is the binding of a
specific initiator methionyl tRNA and the mRNA to the small
ribosomal subunit. The large ribosomal subunit then joins the
complex to form a functional ribosome (or polysome) on
which the elogation of the polypeptide chaproceeds. After
the initiation ©omplex has formed, translation proceeds by
elongation of the polypeptide chain. The elongation
mechanism is similar in both prokaryotes and eukaryotes and
proceeds until a stop codon (UAA, UAG or UGA) is
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translocated into the A site of the ribosome. Ceédsnot have
tRNAs with anticodons complementary to these termination
signals. What cells have are release factors that recognize the
signals and terminate protein synthesis.

Terminaton of synthesis is followebly dissociation of
both the tRNAand mRNA fom the ribosome. Essenger
RNAs can be translated simultaneously by several ribosomes.
Once one ribosome has moved away from the initiator site,
another can bind to the mRNA and begin synthesis of a new
copy of the samprotein.

Fig. 18: The process ofilene expression showing stages from
transcription of information in DNA to RNA and translation of
the same information to protein which is mobilized for cellular
or extracellular function.
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