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MOLECULAR GENETICS: THE SOUL OF 

BIOTECHNOLOGY IN THE  FIGHT AGAINST 

HUNGER, DISEASE AND POVERTY  

 

PROTOCOL 

 

The Vice-Chancellor, Sir, 

Members of the Governing Council here present, 

Deputy Vice-Chancellors, 

Registrar and other Principal Officers, 

Provost, College of Health Sciences, 

Dean, Graduate School, 

Deans of Faculties, 

My Fellow Professors and other Academic Colleagues, 

Directors and Heads of Department, 

Your Royal Highness, 

My Lords, Spiritual and Temporal, 

Great Students of Unique Uniport, 

Friends of the University, 

Distinguished Ladies and Gentlemen. 
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PREAMBLE  

 

It would have been interesting to have this lecture on the topic 

ñThe more the look, the less is seen in Geneticsò. 

Unfortunately, the topic would not exhaust the capabilities of 

genetics to drive the worldôs very dynamic and powerful field 

of biotechnology. After careful review of the scope of my 

field, and its potential to turn things around, I decided to have 

my inaugural lecture topic reflect the scope and applications of 

my training. Hence the topic: Molecular Genetics: The Soul 

of Biotechnology in the fight Against Hunger, Disease and 

Poverty 

 

In order to impart good grasp of this lecture, I wish to review 

few theories that would help us understand the workings of the 

subject matter. The topic of this lecture, though high-brow, in 

nature is targeted at helping us bring home the import of the 

new generation field, molecular genetics in driving 

biotechnology. Let us then zero our minds to make the best of 

this lecture. 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

3 

ORIGIN OF MATTER AND  ENERGY 

 

Several theories have tried to explain how things started to be. 

The most popular of the theories explaining the beginning of 

all existence are the óBig Bangô and the óCreationistô theories. 

Other theories on this subject matter are not quite popular. 

According to the óBig Bangô theory, the cosmic egg, which 

was smaller than the size of a hydrogen atom exploded to yield 

matter and energy. What remains unclear about this theory is 

how the óCosmic eggô, being less than a hydrogen atom can 

hatch by its explosion all matter and energy. Subsequently, 

matter condensed to form atoms, elements, the universe and all 

that it contains, etc.  

The óSupernaturalô theory, though seemingly less 

factual, appears to provide explanation to the unclear issues 

surrounding the óBig Bangô theory. This theory is outside our 

current understanding of science since science is an attempt to 

measure, study and modify the natural world, The main thrust 

of this theory is that life came by the action of an eternal being, 

God. Within this definition are a broad range of beliefs. At one 

extreme are biblical literalists who believe 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). At another 

end are creationists who have no quarrel with evolution and 

believe it is Godôs method of creating life (theistic evolution), 

the view accepted today by several Christian denominations 

(Larson, 1997; Strahler, 1987). 

Well, as for me, the óBig Bangô and the creationist 

theories complement each other. Obviously each of them 

explains the other. Hence God may have said ñLet there be...ò 

and the óBig Bangô launched something into being, the infinite 

point of the explosion being referred to by the evolutionist as 
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óCosmic eggô. The steps of creation outlined in Genesis, agree 

with the stages of the developments through the óBig Bangô to 

the origin of life and its diversity as explained by Darwin 

(Robinson, 2002).  

 

Origin of Life  

The óExtra terrestrial theory explains that a meteorite carrying 

remains of organic matter and which impacted on the planet 

earth is the source of organic matter and by implication life in 

the planet earth. This is supported by the theory of óOrganic 

Chemical Evolutionô. Until the mid-1800's scientists thought 

organic chemicals (with a C-C skeleton) could only form by 

the actions of living things. A French scientist heated crystals 

of a mineral (inorganic chemical), and discovered that they 

formed urea (an organic chemical) when they cooled. Russian 

scientist and academic A.I. Oparin, in 1922, hypothesized that 

cellular life was preceded by 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 biology and of course, biotechnology, are based on 

several great ideas, or theories such as: theory of 

thermodynamics, Homeostasis, Cell theory, gene theory and 

theories of evolution. 

Thermodynamics covers the laws governing energy transfers, 

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. 
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Homeostasis is the maintenance of a dynamic range of 

conditions 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 

ideas by Matthias Schleiden and Theodore Schwann that plant 

and animal tissues consist of cells and added that all cells come 

from pre-existing cells, and formulated the Cell Theory. The 

cell theory states that: (1) all organisms are made of cells; a 

cell is the structural and functional unit of organs, and 

therefore cells 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) at Cambridge in 1953 

developed the double helix model for deoxyribonucleic 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 as the óCentral dogmaô that 

anchors the gene theory. The theory has it that information 

from DNA "language" is converted into RNA (ribonucleic 

acid) "language" and then to the "language" of proteins. The 

central dogma explains the influence of heredity (which is 

coded in genes in DNA) on the organism (through proteins). 

The reality of this ñcentral dogmaò is very obvious in gene 

expression. Watson continued to make important theoretical 

contributions to genetics with a particular interest in 

development, until he turned his attention to neuroscience in 

the late 1970s. (Crick, 1988; Sherborn, 1995; Strathern, 1997). 
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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 primitive organisms (each cell being 1-10 µm 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 Greek pro, meaning 

ñbeforeò and karyon, meaning ñkernelò or ñnucleusò) because 

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 evolved numerous adaptive ways of extracting 

energy from the environment. 

 

Fig 1: Typical schematic presentation of (A) prokaryotic and  

(B- C) eukaryotic cells; (B) Animal cell and (C) Plant cell 
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These various types included: first the 

anaerobic/fermenting archaebacteria, secondly the oxygen-

producing photosynthetic cyanobacteria, and thirdly 

aerobic/respiring bacteria which is able to utilize the new 

oxygen-rich atmosphere. In addition some bacteria had 

become flagellated.  

About two billion years ago, advanced cellular 

organisms or ñeukaryotesò (from the Greek eu, meaning ñtrueò 

and karyon, meaning ñkernelò or ñnucleusò), whose 

deoxyribonucleic acid (DNA) is sequestered within a separate 

membrane-bound nucleus emerged (Fig. 1). They are 

commonly larger than prokaryotic cells and measure about 10-

100 µm long. These cells also contain an extensive internal 

membrane system, a cytoskeleton, and different kinds of 

membrane-bound organelles, including mitochondria (the 

ñpower factoriesò) and, in algae and plants, plastids (sites of 

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, 1998). See 

Fig. 2 and Table 1 for more details. 
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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 endosymbiotic association of aerobic 

bacteria and cyanobacteria with the ancestors of eukaryotes. 

Robinson, 2002 with permission). 
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Table 1: Organelles and structures found in Cells 

 

Structure Function 

 

Nucleus* Contains genetic material 

Ribosomes Protein synthesis 

Endoplasmic reticulum Synthesis/modification and  

 transport of proteins and lipids 

Golgi apparatus Processing, distribution of  

 proteins, lipids 

Lysosomes Digestion of substances in cell 

Peroxisomes Digestion and detoxification 

Mitochondria* Energy generation 

Chloroplasts* Photosynthesis 

Flagella/Cilia Cell movement 

Vacuole and vesicle Storage of cellular substances 

Centriole Cytoskeletal organization 

Plasmids* Reproduction, disease resistance, etc. 

 

* Organelles/structures that contain genes in DNA structures 

(Adapted from Robinson, 2002) 

 

Multicellularity : Multicellularity depicts where two or more 

cells together constitute an organism. In most multicellular 

organisms, there are many different types of cells that perform 

specialized functions. In animals, for instance, 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 plants the three basic types of cells are 

parenchyma, collenchyma and schlerenchyma. These cells 

make up tissues which make up organs (protective, package, 

transport, meristematic, photosynthetic, storage,) which 

compose systems and then organisms. However, for molecular 
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cytogenetic studies, meristematic tissues are of utmost interest 

but thin-walled living tissues (parenchymatous tissues) are also 

very useful depending on the type of information required. 

 

DIVERSITY OF LIVING THINGS 

Darwinian Theory of Evolution: Darwin is generally 

recognized as the single greatest thinker in the history of 

biology, whose contributions provided the basis for 

understanding the immense diversity that characterizes the 

natural world (Browne, 1996; Lewis et al; 2002; Robinson, 

2002). Darwin and his contemporaries, especially Alfred 

Russel Wallace, showed how one organism gave origin to 

another, from one primitive level of existence to a less 

primitive level until life got to the pro-advanced stages.. The 

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 Darwin, English naturalist, 1809ï1882 
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Darwin was born February 12, 1809, into a wealthy 

English family. His lifelong interest in natural history led him 

to embark, at age twenty-two, on a five-year voyage to South 

America aboard the HMS Beagle as the shipôs naturalist. 

Darwin collected a wealth of specimens and made 

observations of both the living species and fossils he 

encountered. Darwin was particularly struck by similarities he 

observed between the species found on the Galapagos Islands 

off the western coast of South America, and species of the 

mainland. He also noted differences and similarities among 

species found on the numerous islands of the Galapagos. The 

evidence suggested each species had not been independently 

formed by the Creator, but rather had diverged from a smaller 

group of common ancestors. The diversity he observed was 

obviously caused by hybridization, phenotypic plasticity 

and genetic polymorphism. 
Darwin pondered these ideas in conjunction with two 

ideologies. The first was geologist Charles Lyellôs theory of 

uniformatarianism. This mechanism suggested that Earth was 

much older than previously believed, a fact which Darwin saw 

as providing the requisite time for the steady accumulation of 

change that would turn one species into another. The second 

ideology was from An Essay on the Principle of Population, in 

which economist Thomas Malthus contrasted the potential for 

exponential increase in human population with the much 

slower increase in food supply. Malthus suggested that 

competition, disease, war, and famine kept the human 

population in check. Darwin saw that this principle provided 

the selective force needed to bring about change in a species. 

(Hartl and Jones, 1998; Robinson, 2002) 
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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 Purves et al., Life: The Science of 

Biology, 4th Edition, 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 selection (between 1837 and 

1838). This principle combines the phenomena of struggle, 

heritable variation, and differential reproduction to explain 

natural selection through survival. He proposed that in all 

species, limited resources lead to a struggle for existence, 

either against other members of the species, or against the 

environment. Naturally, members of a species vary from one 

another. Some of those variations influence the success of an 

organismôs struggle. Organisms with more useful variations 

leave more offspring (biodiversity), who inherit those 

variations and therefore are more capable of coping with 

environmental stress (Robinson, 2002).  
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As this process continues over time, with the attendant 

successive rounds of struggle, variation, and differential 

reproduction, the population will become increasingly well 

adapted to the environment. Those that cannot adapt die. This 

leaves behind those that can cope, which are therefore seen as 

having been selected by nature, hence the term óNatural 

selectionô. 

Vice Chancellor Sir, my personal opinion in this matter 

is that evolution is simply the process that unfolds creation. In 

other words, God said ñLet there be...ò and the process known 

as óevolutionô ensues. Based on my researches and the works 

of other scientists, I have the conviction that edible Musa i.e. 

plantain, Musa paradisiaca L. and banana, M. sapientum L. 

are triploid evolutionary products of M. acuminata Colla and 

M. balbisiana Colla (Charlesworth, et al., 1994; Dover, 1982; 

Heslop-Harrison, 2000; Heslop-Harrison and Schwarzacher, 

2007; Lavergne et al., 2010; Meagher, et al., 2005; Osuji et al., 

1996a, 1996b, 1997a, 1997b, 1997c, 1997d; Osuji, 1998; Osuji 

et al., 1998a; Teuber and Zorn, 1982).  

When the process of taxonomic divergence occurs 

naturally, it is called evolution but when it is caused by manôs 

deliberate effort to create diversity, it is called genetic 

engineering. Taxonomic groups evolve various characteristics, 

otherwise they would 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 stably-expressed under normal conditions. Every life, be 

it unicellular or multicellular, micro organism, animal or plant 

has a set of characteristics, which serve as the basis for its life 

and identity, i.e. an organism is an embodiment of its 

characters. Observable characteristics of life include: 
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i) irritability, ii) movement, iii) feeding, iv) growth, v) 

respiration, vi) reproduction and vii) adaptation. All these 

characteristics must 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 to a quantitative 

platform before they can be properly analyzed. Some examples 

of quantitative characters are: yield, height, number of seeds, 

size of seed/fruit/leaf, height of plant, weight, girth etc. while 

qualitative characters are: taste, medicinal property, disease 

resistance, drought tolerance, some biochemical and 

environmental phenomena; distribution, pesticide 

bioaccumulation (Nwachukwu and Osuji, 2008) etc. 

Whereas some of the characteristics are physically 

observable (such as yield, height, length, thickness, colour, 

shape, texture, ornamentation, number, distribution (Nyananyo 

and Osuji, 2007; Onyeachusim et al., 2006; Osuji, 2006; Osuji 

et al., 1996b, 1997a,1998b ), some are only assessed with 

optical aids (Anyanwu and Osuji, 2001, 2002; Okoli and Osuji, 

2008; Osuji and Nsaka, 2009; Osuji and Ndukwu, 2005; Osuji 

et al., 1996a, 1996b, 1997a, 2009; Osuji and Agogbua, 2010). 

Some other characters are not optically observable but can be 

evaluated by other means (e.g. Nwachukwu and Osuji, 2007; 

Osuji and Eke, 2005; Osuji and Nwachukwu, 2006). Yet, 

another group of characters is time-related (Osuji et al., 2006a, 

2006b; Ekanem and Osuji, 2006; Osuji and Owei, 2010). 

Despite the variability of characters (Figs. 5 and 6), the field 



 

 

15 

that offers the means of studying their transmission from one 

generation to another is Genetics. 

  
 

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. 

 

B 

A 
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Fig: 6 Bananas showing clear evidence of morphological diversity 
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Fig. 7: Functional implications of cellular characteristics of 

plants (Osuji and Heslop-Harrison, unpublished) 

 

GENETICS 

This is the science of heredity which began with observation of 

the features/characteristics/traits of living things. It seeks a 

precise explanation of the characteristics of biological 

organisms, mechanisms of inheritance and the expression of 

inheritance. In other words, it endeavours to define the various 

characteristics, unravel the basis and processes of transmission 

of the characters from parents to their progeny (be it a person, 

an animal, a plant or microbe).  

Before Gregor Mendel, two of many misconceptions 

blurred peoplesô understanding of heredity. The first was that 

one parent contributes most to an offspringôs inherited 

features. Aristotle contended it was the male by way of a fully 

formed homunculus, inside a male sperm or pollen grain in 

plants. The second was the concept of blended inheritance, the 

idea that parental traits become mixed and forever changed in 

the offspring. He just became interested in the work he did 
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monastery (at Brno) and accessed Darwinôs ñOn the Origin of 

Speciesò. 

Mendelôs work comprised his observations while 

cultivating pea (beans) for his monastery. This apparent 

beginning of genetic studies resulted in the development of the 

early principles of inheritance. Mendel worked on crossing of 

single lines of characters/traits (i.e. monohybrid crosses), 

double and multiple lines) dihybrid and multihybrid, test and 

back crosses of pea.  

Mendel showed that a character was controlled by a factor, 

which was later termed ógeneô. He explained that a gene has 

two alleles and there are two forms of an allele: the dominant 

and the recessive forms. The dominant form expresses itself in 

the presence of another dominant form or a recessive form. On 

the other hand, the recessive form can only be expressed in the 

absence of a dominant form (allele) of the gene. Mendel 

established the law of segregation, which showed that during 

gamete formation, the two alleles separate or segregate and 

enter different gametes. As a result, each pollen grain, ovule, 

sperm or ovum carries only one of each pair of parental alleles. 

Cross-pollination and fertilization between pure-breeding 

parents with opposite traits result in F1 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 and enter into different gametes. 

The law of independent assortment shows 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 genes). In other words, 

when alleles of two or more genes are involved in gamete 

formation, each pair of alleles assorts independent of any other 
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pair. The pattern of separation of members of one pair into 

gametes is independent of the pattern of separation of another 

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, the application of 

Mendelian principles in certain circumstances. Some examples 

are as follows: 

i) Incomplete dominance: If a hybrid is identical to one of 

its parents for a trait under consideration, the allele that 

was expressed is deemed dominant and the one that was 

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 blooming pea yielded a hybrid that 

was neither early nor late blooming. 

ii)  Co-dominance: This is where the hybrid displays the 

features or traits of both parents. Here, alternative traits of 

both parents are visible in the hybrid. An example is in 

humans where some of the complex membrane-anchored 

molecules that distinguish different types of red blood 

cells show co-dominance. 

iii)  Multiple Alleles: A gene may have more than two alleles, 

e.g. The ABO blood types are determined by three 

different alleles. 
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iv) One gene may have multiple visible expressions: 

Mutation can affect genes. When mutation affects a gene 

in a way that the geneôs phenotype changes, the result may 

be more than one wild-type characteristic. For this reason, 

a gene with only one wild-type allele is said to be 

ómonomorphicô while a gene with more than one wild-

type allele is polymorphic. An example is the mouse 

Agouti gene. 

v) Recessive Lethality: This is a situation where a geneôs 

expression leads to death. For example, people who are 

homozygous for the recessive 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 instance, the S allele of the ɓ-

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 disk to a sickle shape, which 

obstructs 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 

cells when infected by Plasmodium falciparum 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 

colour, a chickenôs feathers, or a dogôs fur. In these cases, 
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(where homozygosity of a recessive allele of one gene is 

required to mask or hide the effect of another gene). 

Another example is ocular-cutaneous albinism (OCA) in 

which two albino parents could produce non-albino 

children. This demonstrates that homozygousity for a 

recessive allele of either of the two genes 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 by a genotype is 

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. 

ix) Cytoplasmic / maternally inherited genes: This involves 

genes which are not located in the nucleus. The two 

organelles in the cytoplasm that have DNA are plastids 

(e.g. chloroplasts) and mitochondria (Fig. 8). Their genes 

are inherited from the female gamete because the female 

usually contributes its cytoplasm in sexual reproductions 

(Careel et al., 2002; Faure et al., 1994). 
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Fig. 8: Cellular domains of heritable genes. Although the 

nucleus contains the major set of genes, the chloroplast and 

mitochondria contribute genes that are cytoplasmically 

inherited. 

CYTOGENETICS AND THE TYPICAL CELL   

The Cell is made up of protoplast covered by the cell wall (in 

plants and prokaryotes) and cell membrane (in animals). The 

cell wall encloses the protoplast. Excluding the vacuoles, the 

living component of the protoplast is called protoplasm, which 

comprises a fluid matrix called cytoplasm into which are 

immersed the double membrane nucleus and organelles. 

The organelles found in cells are mitochondria, 

chloroplast (in plant cells), endoplasmic reticulum, golgi 

apparatus, ribosomes, lysosomes, peroxisome and centrioles 

(in animal cells). The nucleus contains most of the genetic 

material (DNA) in the cell. However, mitochondria and 

chloroplasts are known to possess DNA also. The DNA 

located in the chloroplast and mitochondria possess genes, 
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which contain coded information for production of major 

proteins and enzymes required in them (Fig. 9). For now our 

major attention is to be given to the nucleus. 

 

 
Fig. 9: Distribution of genetic materials in cells 

 

The nucleus is the largest structure in the cell. It is 

usually located nearly centrally in young cells and animal cells 

but close to one side of the cell in old differentiated plant cells. 

The nucleus is surrounded by a double membrane structure 

called nuclear membrane, which adjoins the endoplasmic 

reticulum. The space inside the nucleus is filled by a fluid 

matrix called nucleoplasm in which are embedded chromatin 

strands called chromosomes (coloured óchromaô bodies 

ósomaô), and nucleoli (singular: nucleolus). 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 (sets of) chromosomes, the total number of 

which range from four to several tens in various species. 

Chromosomes bear, in their DNA, factors of heredity called 

genes. How is this possible? 
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The Chromosome Theory of Inheritance 

The clearest insight into the organization 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 chromatin 

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 organization of the 

chromosome. Two each of histones 2A, 2B, 3 and 4 come 

together in an octameric bundle and are wrapped around 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 core particle. The DNA turns 

around the nucleosome core particle is locked or sealed by 

histone 1, which holds it from loosening (Kornberg, 1974). 

The complex of nucleosome and histone 1 constitutes the 

chromatosome (comprising 166 base pairs long DNA and is 10 

nm in diameter; Cooper, 2000). See Figs. 10 and 11. 

A short strand of DNA called linker DNA connects two 

adjoining chromatosomes (also regarded as the basic structural 

unit of chromatin). The entire structure from one end of the 

long DNA strand to the other 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 linker DNA) character. [Courtesy of Dr. Ada Olins 

and Dr. Donald Olins.] 

 

Special non-histone 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 

non-histone proteins, which are involved in a range of 

activities including DNA replication and gene expression. 

Further condensation of the DNA is through chromatin coiling 

into thin (30 nm) fibre, whose thickness may increase 

depending on 1) extent of coiling and 2) stage 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 appearance of chromatin 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 up 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 

nucleus. During this órestingô (non-mitotic) period of the cell 

cycle, genes are transcribed and the DNA is replicated in 

readiness for cell division. The euchromatin is largely 

organized into loops containing approximately 50-100 kb 

(kilobase i.e. x1000 bases length) of DNA. About 10 % of the 

euchromatin is more decondensed 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 chromosomes are their number, structure 

and behavior (Okoli and Osuji, 2008). The structure is derived 

from the condensation or compaction of chromatin during cell 
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division and localization of the primary constriction in relation 

to the length of the arms of the chromosome (Fig. 12:). Thus, 

when the primary constriction is at the centre of a 

chromosome, it is said to be metacentric. Depending on the 

distance of the constriction from the centre i.e. based on the 

relative length of the arms of the chromosome, a chromosome 

could be submetacentric, subacrocentric, acrocentric or 

telocentric. Some chromosomes associated with nucleoli 

organizers have another 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: Higher-Order 

Chromatin Structure. A) 

A proposed model for 

chromatin arranged in a 

helical array consisting 

of six nucleosomes per 

turn of helix. The DNA 

double helix (shown in 

red) is wound around 

each histone octamer 

(shown in blue). [After 

J.T. Finch and A. Klug. 

Proc. Natl. Acad. Sci. 

USA 73(1976):1900.]; 

and B) SEM image of a 

metaphase chromosome.  

 

a A B 
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Fig. 13: Karyotypes of a) Musa acuminata Colla and b) M. 

balbisiana Colla. Scale bar = 5 µm. (Osuji et al., 2006). 

 

MOLECULAR CYTOGENETI CS HELPS TO MAP DNA 

TO SPECIFIC GENOMIC DOMAINS  

Fluorescent in situ hybridization of labeled DNA samples to 

chromosomes obtained from root tips of plants is used to track 

genes and chromosomes (Fig. 14). It could be applied to 

samples from blood, tissue biopsies, buccal scraps, amniotic 

fluid, cultured cells, etc. and 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 provide 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.  

 

a 

b 

a 

b a 

b 
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Fig. 14: A) A Model illustrating the workings of molecular 

genetics on Plant Chromosomes. Culled from Heslop-Harrison 

(2000) with permission; 
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B  

                 

B) In situ hybridization of 5S and 18S-5.8S-25S rDNA 

sequences on mitotic chromosomes of two cultivars of 

Cucumeropsis mannii; a) DAPI image, b-c) filtered images and 

d) sites of rDNA on mitotic chromosomes of the cultivar with 

oblong-round fruit; e) DAPI image, f-g) filtered images and h) 

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 (Osuji et al., 1997d); and l-m) in situ 

hybridization of rRNA genes to chromosomes of banana 

hybrid (Osuji et al., 1998a). 

 

Every species, contains a specific number 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. Hence 

gametes are normally haploid. There are special cases where a 



 

 

31 

gamete may have two sets of parental chromosomes (i.e. 

dihaploid state). The number of chromosomes in each cell is 

constant for every normal cell of the organism. 

The chromosome complement for a species is 

commonly in two sets, each being inherited from either of 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 parent) etc. 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, heptaploid, octaploid, nonaploid, 

decaploid, etc. However, it is rare to have a species that has up 

to six sets of chromosomes as in the bread wheat (Triticum 

aestivum). The representation of the chromosomes of a species 

is its karyotype. Despite the number of chromosomes, the sum 

of the DNA in the karyotype or nucleus reflects the genome. 

Sets of chromosomes have peculiar ways of behaving 

during cell division based on their structural make-up. Hence, 

during gamete formation, pairs, triplets, quadruplets etc. of 

homologous 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, chromatids 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 behavior of 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 the complete set of chromosomal 

DNA and includes the total number of genes of an organism 

(see Figure 15 below). Study of the genome is called 

genomics. It yields information on genetic (structural, 

functional and organizational) variation of organisms down to 

the molecular level. Genome analysis yields important 

information such as: comparison of organisms at the molecular 

level, and for detecting the evolutionary relationships of genes, 

gene families and species. It is applied in the tracking of 

effects of mutations and as well in the counteraction and 

reversion of genetic events through genetic engineering 

(Müller, 2008).  

 

 
 

Fig. 15: Diagramatic representation of a Complete Genome. 

The diagram depicts the genome of Haemophilus influenzae, 

the first complete genome of a free-living 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 or 

mitochondria is composed of functional polynucleotide 

sequences (i.e. segments or units) called genes as well as non-

functional sequences, which may be pseudo-genes, non-coding 

DNA sequences (introns) or intergenic spacer sequences 

(Bennett and Leitch, 2004; Buhariwalla et al., 2005). The 

genic or functional DNA sequences are of utmost interest in 

molecular cytogenetics because they contain the functional 

sequences, which are expressible 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 is part of the 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 acids to Protein 

In order to have a clear impression of the process of gene 

expression, it is proper to understand the nature and relevance 

of DNA, RNA and protein in the ócentral dogmaô. These 

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 of each 

chromosome (Heslop-Harrison, 2000) or a plasmid. The DNA 

molecule has two right handed double helical (double 

stranded) structures and is tightly buttoned at a position 

referred to as the primary constriction. The DNA molecule in 

the chromatin (as earlier mentioned) is the structure that 

contains the genes.  

 

 
 

Fig. 16: Double helical structure of a segment of DNA 

molecule: A) DNA Structural details showing the derivation of 

the double helix from the phosphodiester-linked polynuleotide 

chains; and B) the molecular structure of a segment of DNA 

molecule. 

In-as-much-as a DNA molecule could be several 

millions of nucleotides long; only four repeating units of 

nucleotide compose it (Fig. 16). A nucleotide is a compound 

that is composed of 5-carbon sugar (deoxy-ribose), phosphate 

group and nitrogen base residues. They are named after 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 but is not a component of chromatin. RNA molecule is 

single stranded but also composed of four basic nucleotide 

residues. Unlike the DNA, the nucleotides found in RNA 

molecules have ribose sugar (instead of deoxy-ribose in DNA), 

a phosphate group and one each of four nitrogen bases. The 

nitrogen bases in RNA are similar to those of DNA except that 

thymine (in DNA) is replaced by uracil (in RNA).  

There are three different types of RNA namely: 

messenger RNA (mRNA), transfer RNA (tRNA), and 

ribosomal RNA (rRNA). Whereas they are mostly relevant in 

the cytoplasmic domain of the cell, templates of their 

nucleotide sequences are found in the chromosomal DNA 

(Osuji et 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 

difference between óTô and óUô is that óTô has a methyl group 

attached to its nitrogen base while óUô has just hydrogen 

residue attached in the same position in place of methyl group. 

A fragment of the strand of DNA molecule serves as a 

template for assemblage of mRNA 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 (mRNA). 

RNA polymerase (enzyme) positions itself 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 unit or geneôs reading frame is 

transcribed into RNA following the pairing complementarities 

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 translation. This 

may be after post transcription processing. See Fig. 17 below. 

 

 
 

Fig. 17: Transcription from DNA to RNA and post 

transcriptional processing of mRNA in plants. Post 

transcriptional processing of 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 RNA from the primary (pre-) 

mRNA molecule. RNA processing is necessary because, the 

DNA template sometimes contains interposing or intervening 

non-coding DNA sequences (introns) in their reading frames 

which split the coding sequences (or exons) into two or more 

fragments. The pre- mRNA transcript has to be processed into 

one single mature frame that contains no introns. 

RNA processing in prokaryotes adopts simple 

mechanisms whereas there are different forms of RNA 

processing in eukaryotes as follows: i) processing by Splicing 

mechanisms, ii) Alternative splicing, iii) RNA editing and iv) 

RNA degradation. In processing by splicing mechanism, RNA 

processing modifies only the 5ô (front end) or 3ô (back end) of 

the primary transcript, leaving untouched the information 

contained in the rest of the mRNA.  

Alternative splicing occurs frequently in genes of 

complex eukaryotes and provides an important mechanism for 

tissue-specific and developmental regulation of gene 

expression. Typical examples are genes that encode 

transcriptional regulatory proteins. Since several pre-mRNAs 

contain multiple introns, different mRNAs can be produced 

from the same gene by different combinations of 5ô and 3ó 

splice sites. In other words, different mRNAs can be 

assembled by combining different exon units transcribed from 

the same DNA reading frame. 

RNA editing refers to processing procedures, other 

than splicing, that alter the protein coding sequences of some 

mRNAs. This unexpected form of RNA processing was first 

discovered in mitochondrial mRNAs of tripanosomes, in 

which U residues are added and deleted at multiple sites along 

the mRNA molecule. This process of RNA editing has been 
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recently described in mitochondrial mRNAs of several 

organisms, chloroplast mRNAs of higher plants, and nuclear 

mRNAs of some mammalian genes (Cooper, 2000).  

The result of processing mechanism, alternative 

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 mRNA 

within the cell after protein synthesis. The factor that regulates 

intracellular level of mRNA is the balance between synthesis 

of protein and degradation of RNA molecules. The degradation 

of most eukaryotic mRNA is initiated by shortening of the 

poly A tails. This is followed by removal of the 5ô cap and 

degradation of the mRNA by nucleases 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 synthesis (otherwise called 

translation). The three types of RNA (i.e. mRNA, tRNA and 

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 mRNA templates are read from 

the 5ô to the 3ô direction, and polypeptide chains are assembled 

from the amino tip to the carboxyl terminus. The determination 

of amino acid residueôs position in the polypeptide chain is 

specified in the widely accepted genetic code. Translation is 

executed at the rRNA location with tRNA serving as adaptors 

between the mRNA template and the amino acid residues, 

which are being polymerized into protein 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 of bacteria, plants and animals. 

However, different tRNAs share similar overall structures 

though each type loads one particular amino acid.  

The central importance of protein synthesis in cell 

metabolism is reflected in the fact that cells contain numerous 

ribosomes; eg. E. coli cell contains 20,000 ribosomes (25 % 

dry weight of the cell) whereas actively growing mammalian 

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 larger. The 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 elongation of the polypeptide chain proceeds. After 

the initiation complex 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. Cells do not have 

tRNAs with anticodons complementary to these termination 

signals. What cells have are release factors that recognize the 

signals and terminate protein synthesis.  

Termination of synthesis is followed by dissociation of 

both the tRNA and mRNA from the ribosome. Messenger 

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 same protein.  

 

 
Fig. 18: The process of gene 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. 

 

 


