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HEREDITY, GENES AND EVOLUTION I 

lNTRODUCTION 
Mr. Vice Chancellor Sir, fellow academicians, staff of Obafemi 

A w o l o l ~ ~ .  University, distinguished ladies and gentlemen; it gives me great 
pleasure to have this opportunity to present to you a minuscule of information 
on the wide and crucial science of genetics under the title, Heredity, Genes 
and Evolution. In  preparing the address, I have taken a cue from a similar 
one published in the Annual Review of Biochemistvy in 1990 by Oliver H. 
Lowry, a great biochemist and physiologist, and in so doing, I will discuss 
those events that paved the way to my involvement in academics and in 
particular, genetics studies; give a brief overview of basic genetics; discuss my 
activities in the fields of cytogenetics and molecular genetics at Ife and 
elsewhere; make a brief excursion into nature's biological engineering 
and finally, consider the important issue of organic evolution incluc 
evolution of humans. 
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Growing Up 

Bein; 3 of a larj t family, 
difficult to set: LrlaL LU vt: st.111 LU school, by Lrle ~drnily, was clearly 
providential. The march to being an academic started in August 1956, with 
an admission to College Africa, the way Government College Ughelli was 
popularly referred to at that time. After completion of the Cambridge West 
African School Certificate Examinations in December 1961, and with no funds 
to pick up the offer of a Higher School at Ughelli, I took up a job between 
January and October 1962 in the Western Region's Ministry of Lands and 
Housing as a Survey Draughtsman. f i e  experience here was significant in the 
life of a young man, such as I was then, because it exposed me not only to the 
responsibilities of life out of school, but also to the micro- and macro-politics, 
within the strictly hierarchical civil service. in the Region, and the country at 
large. These experiences reinforced the desire not to relent until one had a 
university degree with all its implications at that time. A stint of one year at 
the Technical College, Ibadan, as an Electrical Engineering student with full 
sponsorsh~p from the Ministry of Works and Transport, was abruptly but freely 
terminated during a practical session in September 1963, when it was 
confirmed to us that the diploma of the institution had then not been 
recognized. A day after leaving the Technical College I secured an 
appointment as a pupil teacher at the Premier Grammar School, Lafenwa, and 
immediately commenced an evening class for the GCE (A level) at the 
Abeokuta Evening Institute. 



Having qualified for admission into any of the Nigerian universities 
by 1965, attention was turned to looking for funds. The Western Regidn, with 
its unparalleled education ;policy, came to the rescue i n  1966 with a full 
scholarship to study Zoology in any Nigerian University! rfe naturally 
became the institution of choice when I recieved admission offers from Ibadan 
for Biochemistry, Lagos for Biology and Ife for Zoology. I have since had 
every cause to thank God for that choice. 

The Ife Experience 
In 1969, Ife, under the dynamic tutelage of Professor Oluwasanmi, 

was carrying out some progressive reorganization of the Zoology and Botany 
departments into a Biological Sciences Department with five s~ mi-autonomous 
units, of Biochemistry, Botany, Genetics, Microbiology and Zoology. This 
was in line with such progressive steps elsewhere. I was thus recruited into 
the.Genetics Unit as an Assistant Lecturer some three rnonths after graduation 
in June of that year. Although Genetics was always regarded as a difficult 
area (in retrospect, I now know that that view was held out of ignorance about 
the subject matter), nevertheless I had preferred that to the alternative post of 
Fisheries Officer in the Civil Service. This saw me tak; tg my postgraduate 
degrees in Molecular Genetics to complement my olher colleagues in the Unit 
(Professor Olorode, cytogenetics and systematics and Dr. Awopetu, population 
genetics and human genetics). Unfortunately, the idea of Biological Sciences 
d ~ d  nrlt go beyond 1978 when only the Genetics Unit was dissolved and the 
academic staff redeployed to the departments in which they obtained their first 
degrees, which were either Zoology or Botany. Today the genetics group has 
survived in the two departments, and I make bold to say that Ife has since 
been the source of highly trained geneticists for t'., research institutes, the 
government and other tertiary institutions in the country. One of the students 
that graduated under the Genetics Unit of the Biological Sciences dispensation, 
and who is one of the group's several doctorate graduates, is Dr. Julius Faluyi, 
Reader in Botany, and currently Vice Dean', Faculty of Science. . 
THE RISE OF GENETICS 

Genetics is described as a crucial science because it involves study~ng 
the elements of life in all living systems, from viruses through unicellular 
organisms to the higher plants afid animals. It is also about studying the way 
in which the general and unique characteristics or traits of individuals in any 
group are transmitted faithfully from generation to generatlon. This is 
Heredity. No living organism or being is created de nova. Every organism 
is derived from pre-existing forms. which are its parents, and the totality of 
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any particular organism is what it is because of -the genetic . information or 
hereditary attributes handed down to it by its parents. 

In the contemporary context, genetics may be described as a new 
science, since the name genetics czme into being only in 1901, following the 
rediscovery of the work which Meodel did in the 1860s. Gregor Mendel 
(1822-1884) was an Austrian monk who took.particular interest in, and studied 
how characters were transmitted from generation to generation. His 
experiments were carried out in his garden on the garden pea, Pisum sativum. 
He obtained results that gave him definitive ratios when he considered one, 
two or three pairs of contrasting non-interacting character states, and from 
these results, Mendel proposed two. ruks of heredity. One, that individuals 
carried character-determining particles (now to be known as genes), in pairs 
and that these genes segregate into gametes (sex cells) that would 
in the production of offspring fbr the next generation. Two, that the 
segregation was a random and independent event. These rules have been 
sustained by studies on the behaviour of chromosomeh during the processes 
leading to the production cf gametes (garnetogenesisj and fusion of these 
gametes (fertilization) to form a new organism. Furthermore, Mendel posited 
that the pair of genes controlling a trait existed in two forms/alleles, the 
dominant and recessive alleles, such that when the two alleles are of the 
dominant, or one dl and one ~ n t  trait is 
expressed, and the trait is ence of a 
dominant gene. 

Today, from the molecular studies of genes and their alleles, it is 
known that the dominant genes are those with the right blue-print to specify 
functional proteins while the rcccssivc gent> contain ii ciianged blue-print 
which products do not function as the dominant counterpart or do not function 
at all. All living organisms, including humans carry a number of such 
recessive genes which are either expressed immediately, or are latent, to be 
expressed several generations later. 

In nature, tk odified by 
other genes, hence a1 nts. Also, 
several genes may panlcrpare In me expresslor1 or urle crlaracwr state, for 
example, several genes probably participate in the determination of natural skin 
colour in humans, where the colour ranges from ebony black to almost paper 
white. One skin colour phenotype that is common to all hur~~an races is 
al t ilbinos are perfectly normal 11s in whc :the genes 
in1 the synthesis of the skin pig lanin, is ( recessive). 
ant produce any pigment beca of the gel ved in the 
chemical pathway from the amino acid tyrosine is faulty. This trait, like all 
other genetic attributes in humans, can be studied by analysis of pedigree and 
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the person in which the condition was first observed i n  tile pedigree is the 
propositus if male, and proposita if female. 

Since the turn of the century, genetics has blossolned tremendously. 
Today, the amount of information on genetics that is available to the scientific 

community and the world community at large is errormous. In humans, a 
number of hereditary diseases have been identified and are being studied at the 
chromosomal anti molecular levels, and 'genetic counselling is an important 
aspect of the management of such diseases. Genetics studies have shifted from 
being mainly descriptive, to solving the problems associated with the 

mechanics of the processes that had been observed and described. Thus the 
parallel between inheritance and behaviour of chromosomes in cell 
established cytogenelics. Chromosomes are a complex combination of th 
macromolecules, Deoxyribonucleic. acid (DNA), and proteins, especially th 
basic  rotei ins. The ability to fractionate cells and study individual molecule! 
in the cell gave birth to molecular hiolon of which molerufar,geneiics is a1 
important aspect. Today most problems in biology are studied using thl 
molegular biology approach. 

M Y  ACTIVITIES I IN THE FIELD C )F GENE 

Since 1970, my stud~es and research have largely been in the area of 
M~lecular Genetics, with additional studies in Cytogenetics, of diverse 
an~mals. The highest denomination of my studies therefore is the cell, and 
hence my data have come from direct microscopic observations of 
chromosomes, readings made from UV spectrophotometer to detect and 
measure amount of DNA, and assessment of radioactivity incorporated into 
DNA in scintillation counters or on photographic films, all in the laboratory. 

The Animal Cell 

The cell is the smallest building unit of multicellular organisms. 11 
consists basically of cytoplasm which is enclosed by a semi-permeable 
membrane. The cytoplasm is filled with varidus cell products including 
proteins. fats, carbohydrates, other membranes. el cbera. and the organelle, 
mitochondria which is the source of the energy molecules. for driving the 
various biochemical reactions on which the cell's life. indeed the organism's 
life depends. A double membrane delimited nucleus occupies a somewhat 
central position in the cytoplasm, and contains the chromosome complemenl 
of the cell. The life of any rnulticellular organism starts from a single cell, the 
zygote. which results from the fusion of two gametes, one of which is 
contributed by each of the barents. The nucleus of the zyzote carries the 
genetic blue print for all of the organism's growth and developmenr through 

adult-hood to death. The zygote develops to an adult by repeated equal cell 
divisions known as mitosis, in which all the products cany the same genetic 
make up a5 the zygote. The life of an organism behaves like an automated 
system, which once activated proceeds from one stage to another, to a-logical 
end (death), unless of course terminated by any of many courses. An 

intriguing question that has caught the attention of researchers for long is 
whether the genetic blue print also contains information that determines the 
onset and progress of ageing and consequently death, or ageing is the 
culminative result of wear and tear of the body tissues. Regardless of the 
contribution of the latter, it is apparent that agelng has a genetlc basis since 
difirent animals have life spans that are species specific Most animal species 
have life spans that are less than halt of that for humans, while tortoises may 
live for four to five times as long as humans. 

The adult organism may consist of billions or trillions of cells. Each 
cell has a specific task to accomplish, and represents a working unit. The 
multicellular organism has specialised tissues and organs .which perform 
various hnctionq all geared towards the survival of self, and perpetuation of 
the kind (species) via the process of reproduction. To fulfil this injunction 
therefore, an animal's activity while alive is devoted first and foremost to 
feeding, then reproduction. You can confirm this by observing your domestic 
animals or the Insects around you. Rest, shelter and other activities may come 
later.. I 

The Cell Divisjon Cycle and Cytogenetic Studies I 
The CellDivisra~ Cycle 

Actlvely dividing cells, such as found in the bone marrow of 
I 

vertebrates, the ganglia of insect larvae, the testes of all animal groups, (and 
I 

for plant enthusiasts, in the root tips and young shoots), go through a cycle I 
known as the cell division cycle. There are four broadly define phases, 1 
designated GI ,  S, G, and M. Cells that complete mitosis go into G I ,  when lots 
of proteins and other cell components are made and the cell increases in 
volume. Cells normally perform their funct~ons In tissues and organs at this 
phase. and they are prevented from advancing to the next stage by being held 1 
at a point,towards the end of the phase called the a r r o t  polnt. The duration 1 
of the cell at this phase is highly variable. Zygotic cleavages (division), lack 
this phase, while liver or d i n  cells may stay at this stage for thousands of 
hours. From the G,, the cell advances into the S phase when the whole DNA, 1 
and by implication, the gene complement IS duplicated exactly once, and the 1 
cell passes int6 a short G, phase during which the cell prepares for the actual 
division into two, i.e. mltosu, M. 1 



The reproductive organs which in mimals are, testis in the male, and 
ovary in the f d e  carry out a special type of cell division, called mei0.sr.s. 
during which the cell undergoes two rounds of division after only one round 
of DNA duplication. The result is the production of haploid sex cells or 
gametes which carry only half the number of chromosomes presmt in the body 
cell. Significantly, all of the prodmts of this divisibn are genetically different 
b e u s e  all the genes on the batema1 and maternal chromosomes have been 
shuffled by recombination events during the meiotic division. This important 
behaviour is universal, and it is the source of the paradox that progenies and 
parents are alike, yet no two individuals in a family are identical, except for 
mcmozygotic siblings. In short, meiosis is the source of variation among living 
things and a cruclal prerequisite for organic evolution in organisms that 
reproduce by sexual means. 

Over the years I have +m involved in research spanning two aspects 
of the cell cycle. The first were cytogenetic studies carried out at Ife on the 

'types and behaviour .of chromosomes in the mitotic and meiotic division 
phases in one species of fruit bat, and eight reptilian speaies, while the second 
were molecul!ir stlldies on the programming of DNA synthesis during the S 
phase, carried out at the Institute of Molecular Biophysics, Florida State 
University, U.S.A. 

Cytogeneric Studies 
The cytogenetics procedures currently in use in my laboratory were 

acquired during a three month study leave to the Department of Pediatrics, 
East Tennessee State University Medical School in 1982. The technique was 
that used for determining the karyotype in cells extracted by amniocentesis, 
or the blood, and then cultured in the laboratory. The procedure has been 
adapted in my laboratory for studying mitotic chromosomes from the bone 
marrow of vertebrates. With materials bought from grant 1425FX, we were 
able to describe the chromosome complements of the African fruit bat, Eidolon 
helvum, and significarltl! identified the Y chromosome. as a minute 
chromosome (offen cal lccl m icrochromosome), and we established the 2n 
number as 34 instead ol' the previous suggestim of 33/34 for the male and 
female respectively (Adegoke and Nadesan, 1986). 

In the suborder Lacertilia of the class Reptilia, we have published the 
karyotypes for the Rainbow lizard, Agama agama agama, 2n=44, (22 of which 
are microchromosomes). (Adegoke, 1988). Others are the wall gecko, 
Hemidactylus brookii angulatas, 21~40, the chameleon Chameleo senegalensis 
(?) 2 ~ 1 8 ,  the skinks, Mochlus guineensis, 2n=30, including four species of 
Mabuya, M. blandingr, 2n=3 2,  M .  aflnis, 2 11-32, M. maculilahris maculilabri$. 
2n=32. and M. qurnquetaeniata sharica, 2n=32 (Adegoke, 1984; 1985; 

Adegoke g ~ d  Ejere, 1991). All these narv@pes, like other- reptilian 
karyotyps contain a sizable number of m~~mochromosomes, ofterr about half 
of the dwmosome number. The reptills share this feature with birds. 
Interestingly, the karyotype in the genus Mabuya shows a high level of 
homogeneity. Nine species, including the !'our karyotyped at Ife, out of ten, 
species karyotyped worldwide, have 32 chromosomes each, the exception' 
being one species, M. striata, with 2n=28 (Dalt'ai and Talluri, 1969). 

These reptilian karyotypes are first t ime determinations, and up till 
date,-probably represent the only reptilian species k,aryotyped in this subregion. 
This explains why the only West African listt:d on the Registry of the over 
five thousand strong World Herpetologist L<a,eye is the speaker. This is a 
rather poor reflection of our interest in our environment since the region has 
a plethora of reptilian species waiting to be stud,ied. Meanwhile this &oup of 
animals is seriously threatened with extinction tlirough the efforts of humam 
who destroy their habitats, kill them for food ol simply kill them on sight just 
because they are reptiles! 

Apart from the detailed descriptions of thk' chromosomes, we also 
observed that some cells consistently violated the csnttol normally in place at 
the end of the metaphase stage, i.e when' the chromosomes are ready to 
segregate equally .into the two halves of the cell, p~ io r  to the actual division 
of the cell into two. Such violations yielded cells containing mere than the 
usual 2n number of chromosomes, such as 4n, 8n arld even 16n! These are 
great numbers indeed, and such cells are called aut~golypfoicis. They were 
observed in the bone marrow cells of the bjit, but not in the bone marrow of 
any of the reptilian species. However, auto polyp lo id.^ \were found in large 
numirs  in the testes of all the reptilian species but not in the testes of the bat. 

As mentioned earlier, the total DNA complement is duplicated exactly 
once Before the cell reaches the division phase, but autapolyploidy indicates 
several rounds of DNA duplication without the cell going through a division. 
Thus we coined the concept of "anaphase failure" as being responsible for 
autopolyploidy in both the bat bone marrow and the testes of the Lizards. 
Recent findings have shown that a mitotic bloek actually cloes exist just before 
the onset of anaphase, and cells may choose to keep this block in pl'sce and 
hence prevent anaphase, as shown: prophase - metaprhe -*am@hase - 
cytokinesis (cell separation). (* = block) 

We have explained these results as follows; that autnpdyploidy 
seen in these cells is a strategy to produce several cells rapidly wMle saving 
energy for several rounds of anaphase which may then occur in sdes, utilising 
the same energy molecules simuItaneously in a polyploid cell. The-fruit bat 
with its daily long flights to search for food uses polyploid cells to' produce 
very large number of red blood cells to cope with respiratory demanass, since 



Movement through every step in the cycle is controlled by a menu of gene 
products. A fault developed in a gene contrdling one of the steps in the series 

indlr. 11 remains 

i 
-Jay ':ad to untoward consequences. For example, if a step in the sequence 
of events ~ t r .  :h causes the cell to st / p at the G I  arrest point is faulty, then the 

ntly turned on in that cell, and so continues 
to d i ~  .finitely its progeny also cany the fault. The 

the cells extracted for study were erythrocyte precursor cells. Mice and rats 
kept in cages at the Biological Gadens polyploid cells in 
their bone marrow. In similar rnanner e reptiles studied 
undergo active spermatozoa production a ~f the year, so that 
the polyploid cells would enha~lce the~r  sperma oduction capacity 
during the limited pmied (Ejefe, 1997), This i! e because: I. No 
abnormal pairings were obseiwed in these cells a: 3e expected if the 
polyploidy originated as an errc~r in the division CJLIS;. L. The incidence, up 
to 5%, is higher than would t~ :d if the polyploidy was due to an 
abnormality. 3. Polyploid cells .I rved in the process of completing the 
meiotic division, a situation that will not be observed if the cells were 
abnc -hese vie published in 198: not been 
chal ut rather ~ational support. 
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Earlier in this address I stated that genes were DNA molecules, whlch 
form complexes with proteins to form chromosomes. It is also known that 
particular genes are consistently located at partitular loci on chromosomes 
hence it is possible to map genes on a chromosome. This property made 
earlier researchers to assert that genes were located on chromosorhes like beads 
on a string. With the informbtion at our disposal, a gene can be deJined as a 
stretch of DNA molecule which specifies a particular protein or pe~ t ide  chain. 
The first genes put togetl inception of life must have been s'knple, and 
specified proteins neces! elf reproduction. The gene per se does not 
participate in the physic ination of a phenotype, but rather, it acts as 
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Molecular Basis of H 

Tlre S-Plrase and DN, 
- 

ch, ! chose a toplc that had direct bearing on 
the supervisor, Prof J. H. Taylor. Taylor (1960, 
197: ig on the mode of replication of DNA in 
eukaryu~es luiluwlng ine elu~~dat ion of the process of DNA replication in 
bacteria in 1958 by Messelson and Stahl. Specifically I had to design 
experiments to test whether DNA synthesis was pragrammed sucn that the 
same molecules always replicated at the same period during every cell division 
cycle. The experim&ls were rather corn and I will discuss only the 
essentials. One of the experiments invol ng radioactive ''C-labelled 
lhy~nidine to cultured Chinese hamster LG113 ~ ~ ~ ~ i h ~ ~ n i z e d  to the GI arrest 
poin droxyurea aided by mitotic selection, for 30 min~.,,, and then 
resyl ng then1 to the second. third or fourth cycle G ,  arrest point also 
with nrea and mitotic selection. Once released from the arrest point, 
the cells were followed through the whole cycle by feeding then 
second type of radioactive thymidine ('H), at 30 niinute intervals over 
of 30 hours. A good alarm clock was always an essential co 
especially in the snlall hours of the morning! 

The results from the experiments showed y clearly that the 
programming hypothesis was true. and the finding were published in 
1977 generated a lot of interest world wide (Adegoke and Taylor, 1977). But 
the results could probably not have been otherwise, because more recent 
findings have shown that the whole cellular functional mechanism is highly 
automated such that for a cyclic event as the ccll division cycle, a strictly 
controlled and ordered pathway must have evolved Ibr the 'cell to follow. 
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~rrucrure UJ U I V A  mutecute 
Structurally, DNA consists of t\ko strands wound on each other in a 

double helical fashion. Each strand is made up of units called nucleotides, 
each nucleotide consisting of a phosphate, a ribose sugar and a nitrogenous 
base attached to the sugar. There are four different types of these bases, 
adenine (A), guanine (G), thymine (T), cytosine (C), and the order or 
sequence of these bases in the DNA molecule dictates the eristence of life 
itself. One recognizes the weight of such a statement, but in so doing, I would 
like to call attention to one fact, that DNA, from whatever source, has the 
same components and general characteristics as DNA from any other source. 

is why it )le to int viral DNA into bacterial, plant or 
11 DNA; 9ossible ti 3 human gene (DNA) and integrate 
I bacterial  ere the p that gene is expressed as if it were 

a bacterial gene. 3uch a product can be purified, for example in biotechnology 
drug production. As far as is known, DNA is the only molecule that is 
capable of replicating or duplicating itself. This property underlies the process 
of cell division which is the basis of development, growth and heredity. 
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gene is c he gene 'ul ly copied into an RNA molar 
(messenge or mRN lor?t) in the nucleus. The mRNA 
transporteu w ~ I I G  cytoplasll~ W I I C I ~ :  the information is translated int 
covalently bonded sequence of amino akids (protein), using the genetic c 
system (Appendix I), in a process carled translatron. The process is m 
more complex than shown in the 15gure, and has a series of con 
mechanisms which regulate the amount o'f product. Quite often, the nasc 
gene product may undergo processing give the active form. The pro) 
may be an enzyme which catalyses a rt'action, or just a structural pro 
component of the ( 
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tk&anization of DI rromosomes 
Studies on the organization of DNA in chromosomes of eukaryc 

indicated that the DNA is highly packaged by into chromatin fib 
(DuPraw, 1974). The packing is such that 1 or one millionth ( 

meter, of the chromatin fibre contains up to IOb I J I I L I V I I  of DNA. The folc 
pattern of the DNA within the fibre is still not quite understood yet. But 
compact is the folding that in one human cell, with a total DNA lengtt 
about 1 meter, is packed into a nucleus of 10 micron in diameter. Indeed -. 

DNA in the trillion cells of an average man is estimated to be about 3; 
million kilometers long! So thin is the DNA molecul~ that the DNA of T, hi 
several folds even though it is only 0.056rnm long. The total DNA in 
I II is estimated to have at least 100,000 to 200,000 genes, taking 
c ion the presence of some 30 to 40% highly to moderately repetil 
I ,at is, sequences that occur1 in multiple cop'Les, sometimes up t 
million copies, per haploid g and whose functions are still not q 
fully understood. 
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Repetitive DIVAS 
This highly repetitive species of DNA-fascinated me considerably, and 

I have spent considerable time studying them in a few animals. Between 1971 
and 1972 1 determined the proportions of the four nucleotides in the highlv 
repetitwe DNA of the Chinese hlmster. Cricetulus griseus, a rodent, as I 
of my masters degree project. Using thin layer chromatography, the hie 
npetitive DNA which accounted for about 8% of the genome, had a t: 
composition of 49.2% GC, which was a much higher proportion of guan 
and cytosine than the 41.9% for the total DNA. The base composition of 
total DNA was in consonance with figures obtained for other mammals. 
interpreting these results, cognisance was. taken of the fact that other results 

line 
the 
In 

from Taylor's laboratory and elsewhere had shown that the DNA syntbnized 
at the beg~nning of the S phase of the mammalian cell cycle was always. rich 
in G and C, and so it was hypothesised that the highly repetitive sequences 
probably have some role to play in the initiation of DNA synthesis. This 
hypothesis has however not been followed further, since the whole process of 
DNA synthesis is'now fairly we!l understood. 

At Ife, my research on the highly repetitive DNA of eukaryotes got 
a boost in 198 1 when, with a modest grant of N 1 5,000, I was able to purchase 
some much needed pieces of equipment and analytically pure chemicals direct 
from overseas using the University Indent System. With these I was able to 
equip my lab for molecular genetics experiments. The first highly repetitive 
DNA investigation done in the new lab was on the genome of the African 
fruit bat, Eidolon helvurn. In collaboration with a postgraduate student, 
Oyenuga, the complete reassociatiotl profile of the total DNA of the bat was 
determined, and it had a Cot,, of 1,570 nucleotides x secs./(iter, indicating a 
genome complexity similar to those of o mals (Oyenbga, 1989). The 

r . reassociation profile effectively describe nplexity of the genome, and 
by implication that of the organism. T ties of the highly repetitive 
DNA which constitutes 7% of the total genome were also investigated. and the 
sequences were found to contain a GC rich component, the base composition 
of which was similar to that of Chinese hamster (Adegoke, 1982). 

Working with two postgraduate students, lghavini and Onuigbo, we 
investigated the reassociation profile of the total DNA and also the pbperties 
of the highly repetitive DNA of the Rainbow lizard. Agama agama rzgarna. 
Approximately 15% of the genome of this animal is highly repetitive, and it. 
con ble fraction which for 8% of the geneme. The 
reas or the total DNA a nal has a Cot,, of 370 This 
is a : than that obtained for mammals, and indicates a lower 
level of complexity in this animal than mammals. 

In addition to the genome of Agama, we also investigated the 
, behaviour of the DNA of the gecko, Heniidactv1u.s hroi)kii angulatu.~, on 

hydroxyapatite columns, and compared these with similar DNA from the 
albino mouse Mus rnusculus and the bacterium, Escherichia coli. An 

i 

interesting findiig from the experiments was that the total DNAs from the 
reptiles could be fractionated into two basic components, while similar DNA 
from bat and mouse 31s) .or E. coli under similar fractiobation 
conditions gave only d each. An innovation introduced into the 
technique of DNA fracr~onarlon on hydroxyapatite columns was the use of IM 
urea in the phosphate buffer. This improved the reliability of the results and 
one could obtain particular DNA fractions without recourse to expensive 
gadgets (Adegoke et ul.. 199 1). 
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In 1983, the university research committee approved a grant of 
N30,000 for my research, based on the report of the previous grant. The 
ambition was high. the lab was going to be launched into the biotechnology 
age. Pmforma invoices were obtained from various suppliers overseas, 
revalidated many time over, lots of paper work, memos here and there. Finally 
the elusive Import Li'cense was obtained. The ambition was however not to 
be realised after all, as SAP descended heavily on us in September 1985 while 
the university's Central Stores' bureaucracy stalled the utilisation of the lmport 
License. With the naira then exchanging at four to a dollar, tlie whole grant 
could no longer purchase any one of the key equipment. For any further 
meaningful research then in molecular genetics, I had to turn to some overseas 
laboratories, since the isolation of highly repetitive DNAs. or any species of 
DNA for that matter, was now done by tlie more precise method of restriction 
digestion which produced reproducible DNA fragments. 

Genetics 
for, arid 

nth stay 

DNA cloning nnd Re.striction E n ~ n i e  Digestion 
In 1990, Dr. Ulfur Arnasori of tlie Department of Molecular 

at the Institute of Genetics, University of iund in Sweden applied 
obtained a Swedish Institute Fellowsliip on my behalf fbr a nine-mo 
in, his laboratory. Dr. Arnason had' also been studying the highly repetitive 
DNAs in some whales and carnivores (Arnason, e/ ul., 1988; Arnason and 
Widegren, 1989). This w a s  my first practical contact with tlie gene cloning 
methods of mo'lecular genetics. In this technique, a fragment of DNA obtained 
after digesting total DNA with one or more resfriction enzyme.$ is ligated onto 
a plasmid (small circular DNA molecules which carry a few genes and are 
found in bacteria and which are capable of transferring from one hacteria~ cell 
to another) or small virus, and the chimaera is allowed to infect a bacterium 
which replicates several times to produce enough progeriy for, use in infecting 
several more bacteria which, after growing for 5 to 6 hours at 37"C, would 
have produced several hundred thousand copies offhe same sequence (cloned!) 
which can be utilised for further experimentation, such as the determination of 
the nucleotide sequence, or in biotechnology. 

Re! :nzymes bind to, and cut double stranded DNA at speci 
withi ide of a specific nucleotide sequence known as the  ,rca 
sequc majority of the enzymes, the recognition sequence is sc 
or 6 nucleotides long and display two-fold symmetry. Restriction enzymes are 
normally isolated from microorganisms which have evolved them a~ ;~ro tec t ion  
against infection by viruses and other extraneous DNAs tliat may get into their 
cell. The specificity of these enzymes has been exploited to obtatn desired 
sequences or genes from total DNA of any organism. 
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With genetirprobes already developed from liiglily repetitive DNA 
isolated by the previous methods, i t  was possible to isolate. clone and 
determine the nucleotide sequences of tlie repetitive DNAs from the total DNA 
of Balacna my.s/icc~~r.s and Ezthulaenu g I ~ t ~ i ~ l i . ~ .  and qlso in corijunction with 
Arnason, similar sequences. from the remaining eight species of the extant 
mysticete whales. Characteristically, all the sequences arc GC rich, with 
nucleotide composition corresponding approximately to those of the stable 
fraction from the highly repetitive DNAs from hamster. tlie fruit bat, Rainbow 
lizard. gecko and mouse investigated by me (Adegoke. 1987. 1984; Adegoke 
el al., 1991; 1993). Other workers have also since reported ( iC rich highly 
repetitive DNAs from all animals investigated. 

Some of the other salient features of these sequences wcre that the 

fl repeats which were estimated to have evolved and amplified some 20 million 
years ago, i.e, before the diversification of the mysticcte \vliales. had a Iiiglil! 

) conserved portion in  which the sequence hardly varietl bct\vccn species. 7'liis 
is an example of slo\v sequence evolution. All tlie sequences have a unique 
portion which is typically 212 bases long in all tlie mysticetc \\,lialcs escepr 
('upereu tvurgiti~~tu. tlie pigmy right whale in \vIiicli tlie.scclucncc is 2 l I h:~se\ 
long. One factor that is probably responsible for the slo\r: evolution rate is tlic 
relative stability of tlie oceanic environment in which tliese animals live ancl 
which saves the genomes from undue environmental stress. Furthermore. tlic 
seas provide one big cornmon environment wit11 no barriers against 
interbreeding. Following the unique portion is a series of repeating licxamcl-s. 
ie. six-base long motifs or units. Prominent amorrg these liasa~iiers is 
TTAGGG which constituted 3576 - 50?6 of tlie total repeats. Indeed a close 
observation of the other liexamers would indicate tliat these other motif's 
apparently arose from a basal TTAGGG motif by changes wliidli were mostly 
base substitution events, and a few by deletion or addition of bases. For 

'1 example, TTTGGG, TTAGGC, TTACGG. TCAGGG. and so on. A boost for 
a possible in vivo function for tliese liiglily repetitive DNAs ctuiie w i i  tlie 

c , )  finding that the TTAGGG motif and its derivatives were closely asrocipted 
with the telomeric or subtelomeric portions of chromosomes. where 'they are 
speculated to play a stabilising role. Interestingly. the TTAGGG and \ts 
associate repeating motifs have been found to be present in the chromosomes 
of all animal groups, including the Chinese hamster and humans (Moyzis e.! 
a/., 1988; Meyne, et al., 1989; Vogt, 1990). Recently however, Highly 
repeated sequences in form of hyper variable mini- and microsatellites have 
been applied in DNA finger printing forensic investigations, such as 
determination of parenthood or as convincing evidence in a serious crime such 
as the celebrated murder case resolved by the use of DNA minisatellites, and 
reported in Nature by Hagelberg and colleagues in 1991. 



Mitochondria1 DNA 
Towards the end of the 1980s, great interest was being generated in 

the mitochondrial genomes of eukaryotes as possible clues to solutions of 
problems in evolution and systematics. The mitochondria1 genomes were 
found useful for the following reasons. 1. The genome is reasonably easy to 
isolate by first isolating the organelle, and then the mtDNA from these. 2. The 
genome is haploid, and hence easier to analyse in terms of mutant genes. 
Most of the features have thus been worked out. 3 More significantly, 
mitochondria are maternally inherited, and hence it is possible to trace the 
history of a species through the molecule (Irwin, et al., 1991). The first 
niitochondrial DNA to be completely sequenced was the human mtDNA, in 
1981. It contains 2 ribosomal RNA genes, 22 transfer RNA genes and 13 
protein coding genes. All subsequent mammalian mtDNAs sequenced so far 
have the same number of genes in the same sequence. 

Thus in 1992 and also in 1997, 1 had the opportunity of carrying out 
some investigation on mitochondrial DNA in Amason's laboratory. The 
analysis in 1992 involved the sequencing of the cytochrome h gene and the 
control region from six species of cervids using universal primers, the 
polymerpe chain reaction (PCR) technique and restriction enzymes to isolate 
the genes. The sequences of cytochrome h gem vividly illustrate one point, 
that a gene can tolerate a number of changes in the information it carries and 
still specify a functional protein. This is due to the fact that some changes in 
DNA do not produce a change in the amino acid sequence because of the 
degeneracy of the genetic code, which in some cases allows more than one 
code to specify an amino acid. Also in some cases, even when there is a 
change in the amino acid, the replacement amino acid may not affect the 
activity of the protein. Indeed while all cytochrome b from different animals 
perform the same function in the energy transducing pathway of the cell, it 
is highly unlikely to have two genes specifying this protein having lhe same 
DNA sequence, even within the same genus. A general rule however is that 
portions of the genes that are essential to the integrity of essential proteins are 
conserved, and have only very little room for variation. Should an intolerable 
change occur in such a region. then the o rgan ih  does not normally survive 
past that point of its life when the product of the gene is required, and hence 
such variants are not seen in the population. 

Tlre mtDNA of pangolin (Manis rricuspis) 
In 1997, ~rnason '  and I decided to look at the (mtDNA) of the 

pangolin, Manis tricuspis , following tonsistent discrepancies in the 

systematics of the animal. Pangolins (akiko) are limited to Africa south of the 
Sahara, and southeast Asia. And so between May and September of that year, 

I took along the liver from a male pangolin to Lund and determined the atire 
16,564 nucleotide sequence of the mtDNA of the animal. The restriction 
digestion pattern of the mtDNA was first determined using a menu d nine 
restriction enzymes. Thereafter, a total of 5 restriction enzymes, Spel, XbaI, 
BamHI, Bcll and Blnl, were used to generate the clones for direct ligation and 
sequencing. Spel and XbaI were the primary cleaving enzymes. while the 
others were used as secondary enzymes to create cloneable fragments in some 
of the large fragments obtained from the primary cleavage. The sequence like 
others have been deposited at the European Molecular Genetics Gene Bank. 
A preliminary computer analysis of the genome, using nine out of the thirteen 
protein coding genes gave a provisional phylogenetic. The tree which 
indicated that Manis, which has hitherto been classified with armadillo may 
indeed have its own separate order. This way, DNA analysis is being used to 
reevaluate previously determined phylogenies, and resolve conttoversial 
phylogenetic cases. Also, .all the information accumulated in form of DNA 
nucleotide sequences determinations are part of the important and necessary 
job of germplasm conservation in which vital information on the genomes of 
our biosphere are safely stored for posterity. In this regard it is my wish to 
s@e the establishment of an African Gene Bank for proper documentation of 
African Germplasm. I am sure the OAU Computer Centre has the wherewithal 
for such a task 

CHANCES IF i AND E 

In nature, perhaps one phenomenon that is universally recognized as 
permanent is change, that is a change of one form to another, often slowly, 
sometimes accelerated. This is evolution, and we see it around us all the time, 
in our culture, religion, profession and SO on. When the study of changes 
pertains to living forms, it is called organic evolution. 

Spucc.s/~ip Earth and Life 
The earth on which we live behaves like a space ship hurtling through 

the void at about 107,000 kmihour, spinning like a top at a velocity of about 
1,700 kmthour at the equator, and never static for a moment. With life 
originating under such conditions, the dynamism and variability of the 
~nolecule of life, ie DNA, is a sine qua non. Life forms have thus subsisted 
within the outer 20 km of the earth's mass where nature has, on a continuous 
basis, been molding and remolding the same elements, particularly carbon, 
nitrogen, hydrogen, oxygen, silicon, et cetera into various designs through 
changes induced into DNA molecule. Such changes in the molecule include 
addition or deletion of one or more nucleotides, substirution of one or more 



nucleotides, and invers . . I 1  these 
effect of changing the in the m 

The changes NA sequc 
mutations. A mutation that occurs in the somatlc (body) cell or a mu~ticelluiar 
organism is not transmissible to progenic ther kills the cell in which 
it occurs, kills the organism in case of c mutation, or as happens in 
most cases, remains latent in the organ is^^^ 1111 ~ ~ a t h .  Only those mutatiom 
that have a probability of being transmitted t o  the at is, that 

occur in gametocytes are of consequence in the d ibsequent 

life forms: Such consequential mutations accumulnre, arlo alc L U I I U I I U O U S ~ ~  but 
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that medical reports in 1997 showed that incidence of cancer incrwed, up to 
six-fold, in Iraq ence of.the weapons used in the 1990 Gulf 
War). Also, the of industrial wastes, radioactive materials, 
cigarette smoke, ~ I U  s u  url, oumped or infused into the env have 
been variously identified as mutagen in animals an 
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faithfully redistributed %among the population by recombini 
generation, and produce subtle modifications in the F 
modifications will eventually produce varieties, and when varlel 
common stock are effectively separated tney are s k r m s  at one 
prevented from intabreeding among th they may when the first 
evolve into separate specks which will Thus if detected, and 
two ;eparated. then two specks v e e;o;veo troni the spannea some 1.4 btl1101 rates 

orig ,epresentative may only be s comprising molluscs, crust some 
the ? all its varinus meanings. 600 to 500 million years a; illion 
survival of one variety over the other. and the survlvlng vilrlc~g ~ q ~ l u u ~ r - ~  years ago. Since then the vcl~eura~e groups nave at onc time or the other ,-isen 
abundantly to replace the, original siock and the ilnfavourcd variety. In'this and the earth, and then fallen. Thus it M,,s the age ; 500 
case only one species has evolved fro111 the original stock. In the absence of 400 million Years ago, the age of reptiles, 200 to 65 million : , and 
a barrier or drastic environmental change, forms are ~0ntini1fi;lsl) cllanglng the age mammalS since approximately 65 million years a20 t i l l  vrcst.r,c, and 
imperceptibly such that over several gel the existing forms conie to man reigns supreme. 

differ from their progenitors. The human specie: jther 
living Rings that it is Jiffi,... ., , 1111, .,,. ,,,, tne 

Ciruscs of I% :ept this fi :ample see Ecclesiastes 
Scic fact that sc ~ c h  animi has its own inherent 

for changes in the DNA. .l'hese ~nclude: I. the eal-rn S nalulal rlLLI\  I he human Dram IS primarily his urjime 
as volcanoes, quakes, magnetic field, vagries of weather. and other ~ l l r c l ~  characteristic, being bigge the 
natural disasters, 2 .  The sun's and other coswiic rays which contiflllally quality of reasoning and ; opal 
bombard the earth, 3 .  The food and feeding habits of living organisms. 4. outlay and cultural activitic , ana ser him 
Activities of naturally occurring transposable DNA elements which lllove froln aside from other animals. . Nature h :ered his r all 

5ite to other multiple sites on chromosomes. causing changes to Sene those characteristics over is genes ever 
sequences. especially the gene regulatory sequences. such that they lnaY changing, and soon, perhar fears hen1 ~ u l d  

tile tinling, level or spatial pattern of expression of structural genes. have taken a completely different form. wnat tnat form would be 
These elements account for at least 10% of the genome I d been the subject of a number of science fiction paperbacks. 
anilnals. 5 And lately. 11ian.s immense contribution f d 

~ e c ~ l l l o ~ o g i c ~ ~  advances 111 which the amount of radiations 111 cnvllylllllcllt Evolution o f  Humans 
is  increased by direct generation from all types of conllnercial and domestic Human evolution I lsitlon of the 
lllac~lines, and from advanced weapons explosions ( i n  this regard it is notable theory of evolution in the sc controversy, 
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and there is no let up on the arguments. Fossil remains of primaty have been 
collected largely fmm East and South Africa, and others from Europe and 
Asia. Information from these collections indicate that about 9 to 12 million 
years ago, the human-chimpanzee-gorilla lineage diverged from that of the 
orangutan. Thereafter, about 5 million years ago, the tripartite stock diverged 
into the human lineage and that of the gorllla-chimpanzee. Since then at least 
three d i f f e ~ t  types of hominid fossils have been identified that existed 
between 3 and 1 million years ago (Wood, 1992). These were the 

Australopithecines (3 million to 800,000 years ago), Homo erectus (800,000 
to 300,000 years ago) and the neanderthals (300,000 to 100,000 years ago). 
The Neanderthal man,. apparently ' the closest to modern man, was first 
unearthed in Neander, Germany in 1856, and more specimens have since .&en 
found in Africa: Europe and Asia. There is evidence that it coexisted with 
modem man before it became extinct. ~de<hal fossil dating was 
corroborated recently with the analysis of drial DNA fragments from 

the fossil type specimen by Krings md his LWIU 11. 1997. Mitochondriat DNA 
analyses have also consistently indicated that the f i ~  

African. 

These are based entirely on studies carried out b: 
nericans 

who had access to DNA samples from a few Afr~ 
he West 

African subre ne to about half of the world's Black Africa 

population, a md robust cultural heritage definitely has its 

rich historical ground. These information need to be dug up, 
and properly identified sared with those from other parts of the world. 
One may never be too I  at the meaning of the Caucasian cacophonous 
support given to the t rigin of modern man is, since the older race 

would have to be more primlrrve! However, today, the differences between 
races are being minimissd due to contemporaly civilization which enabled 
more people to accept the universal equality of mankind, and also to the 
improved means of transportation which allow peoples of hifferent ethnic 
nationalities to interact and exchange genes. 

Had the wodd adopted the type of apartheid philosophy such as practiced in 
South Africa prior to 1994, the? hith time, and considering the spread of 
humans over the globe, a numb* of distinct human species could emerge. But 
perhaps it would not be too.difficult to see that, like our progenitors probably 
did to the neanderthals, only one of the species, the fittest, would remain. 
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ANIMAL CLONING 

Since the invention of agriculture by human, he has been using his 
intellect to speed up nature's genetic engineering designs through deliberate 
breeding programmes. This way, he has been maaipulating the genes of plants 

2nd animals for his own needs. He has advanced these designs to cloning 
whole animals. The antecedents of animal cloning probably have their roots 
in the experiments of Boveri in 1889, when he fused spermatozoa with the 
eggs of sea urchins in vitro. and found that the cytoplasm of eggs lacking 
nuclei could also develop into viable larvae. This reasonably simple basic 
principle has been elaborated to facilitate cloning of higher animals, though it 
may be complex in accomplishment. Since all the body cells carry the same 
genetic blue print as the zygote, a transfer of the nucleus of a body cell into 
an egg devoid of its haploid nucleus, transforms that egg into one with zygotic 
properties. When such egg is transplanted into an appropriate womb, a new 
animal which is presumably a replica of the adult from which the body cell 
was extracted is conceived and given birth to. Recently cloning projects have 
yielded successes in sheep, cow and mice. If it can be done for these animals, 
it can be done for humans. Apparently only ethical considerations have so far 
prevented humans from engineering his kind. How much longer such 
considerations will hold is difficult to guess. 

However, 1 would like to submit that the disadvantages of doing that 
far outweigh the advantages for the following reasons: I Nature is a better 
genetic engineer, always with time on its side, than humah, and if cloning 
were advantageous, then nature would have engineered it a long time ago. In 
fact the closest to cloning in nature for vertebrates is found in the reptilian 
genus Cnemidophorus in which some species reproduce parthogenetically, 
wherein an egg is laid without fertilization, a d  the egg develops into an adult. 
In these animals, the population size is small and all the members are females! 
Even here the oocyte undergoes a pseudomeiosis with mixing of its set of 
genes but producing a diploid egg instead-of one with half chromo~ome set. 
2. The somatic cell which will be used in cloning an individual already carries 
several mutations, and a clone from such a cell inherits all the mutations 
incurred from the environment as stated earlier, and this means that the new 
individual starts life with a load of mutations, to be passed on through 
subsequent generations. Already, human technological prowess has allowed 
some genes that would have been eliminated by natural selection to be retained 
in the population. The direct consequence of human cloning therefore will be 
weaker human physique and possibly also intellect. 

SUMMARY 
Mr. Vice Chancellor Sir, over the last hour or so, I have'tried to 

convey to you and the audience an overview of some of the infdr~nation 
available on some aspects of the general study of genetics. as well as my 
modest contributions in the field of cytogenetics and molecular genetics.of 
animals in the past 28 years. Genetics straddles all areas of the natural 



sciences. basic and applied. because of its universality. Today. any breeding 
programme (plant or. animal) has its base i n  genetiis, selecting those 
individuals that carry particular genes designed by nature and which w t  feel 
are suiaMa for us - high yield, disease resistance, .fast growing, arc some of 
'the traits we select for in these organisms. Genetic5 has led to the - ~ 

understanding of some of the basics of life and its constant transtigurations 
within the outer 20 km or so of the earth's crust into various designs of 
microbes, plantsand animals, following the dictates of the genetic blue print 
designed for each type. No wonder Orunmila said Gud made man not to die. 
but he is  o~ily recalled every now and then for renewal so that he sheds the old 
body and puts on a new one - within the crust or dust! 

Mr. Vice Chancellor Sir, virtually all the malor scientific discoveries 
t i l l  date have c~iianatcd from the Caucasian race. making that race arrogate 
intellectual superiority to itself. To date. there is no genetic evidence 

whatsoever to show that the Black race is in any way intellectually inferior to 
any other race. But no other race can prove this to as but ourselves In this 
regard. and in view of thc possible dawn of a new era in tlie country, I would 

that we alloiv and encourage our brilliant youths to vent the 
youthful intellectual exuberance in researching i h o  the basic physical a1 
biological sciences. This is where scientific discoveries can be made. 
zoology, such researchers should be given the necessary financial support ana 
free hand to dissect worms: cut up the gut of bed bug: collect toads; study the 
movements of birds; study the shells of snails; assay for the nucleases in 
grasshopper; study relationship between various animal groups; collect, identify 
and name all the beetles of Nigeria. and so on and so forth. Such studies will 
unearth many information not yet available to science, and thereby generate 
credible hypotheses' and theories which may sooner or latter find application 
in agriculture, pharmacy or medicine. The other races do no/ do more than 
these! The tropical Africa environment is endowed with fauna and flora richer. 
than any other part of the globe. Nigeria as a country in the subregion is 
endowed with qualified personnel. The basic information needed to start i 

prqsecute research projects. even at the molecufar level are available to US. i 

all that is needed is the will to see a reason for carrying out research in bz 
biological sciences. 

It is also Sir, t h a  every active scientist in the nation's .- .-. - 
universities must be given the opportunity to compete for. and obtain some 
grant every year for his research, with funds set aside annually by ' 
government of the Federatidn for that purpose as is done in the develo 
economies. All evidence point to tlie fact that this country has the finan 
resources to accomplish this. The N 15.000 modest grant I got in 198 1 C L ~ , ~  

which'was used to equip my laboratory then will tod ~ i ~ n l c n t  10 at 
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least N1.8 million. On average, such modest grants from I billion naira will 
get to over 500 academic staff at N 1.8m each! At this juncture. I w o ~ ~ l d  like 
to restate, that our applied sciences, natural or physical, will continue to be 
wobbly until the foundation is made ,firmer with continuous research at the 
basic science level, for example, no meaningful genetic c o u n s e l l i ~  can be 
done by the most brilliant physician without the ground knowledge of 
Mendelian genetics as applied to animal and plant species. nor can the most 
brilliant agricultural expert carry out g ling how to 
adjust the pH of a buffer. 

Today, it is routine to clone InoworK for cloning 
individual mammals has been laid, and it is a matter of a short time before the 
first human is cloned. It will not surprise me a tiny bit and it will not be a big 

deal. 

ene trans1 

DNA. 

dant with 

The grol: 

lout know 

. .  . .  1~ 

Mr. Vice-Chancellor, distinguished, ladies and gentlemen, I thank you 
for your attention. 
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Appendix I 

TABLE OF UNIVERSAL GENETIC CODE 

Amino Acid Abbrev. m-RNA Transcription 

1 .  Alanine 
2, Arginine 
3. Asparagine 
4. Aspartic Acid 
5.  Cysteine 
6. Glutamine 
7.  Glutamic Acid 
8. Glycine 
9. Histidine 
I0.lsoleucine 
I l .Leucine 
12.Lysine 
13.Methionine 
14.Phenylalanine 
15.Proline 
I6.Serine 
17.Threonine 
18.Tryptophan 
19.Tyrosine 
20.Valine 
Terminating triplets 

ala 
.arg 
asn 
asp 
CYS 

gin 
slu 
!Z~Y 
his 
ilu 
leu 
~ Y S  
met 
phe 
Pro 
ser 
thr 
try 
tyr 
val 

GCU GCC GCA GCG 
CGUCGACGGAGACGCAGG 
AAU AAC 
GAU GAC ., 

UGU UGC 
CAA CAG 
GAA GAG 
GGL ;GC GGA GGG 
CAU CAC 
r lUU AUC AUA 
U U A U U G C U U C U C C U A C U G  
AAA AAG 
AUG 
uuu UUC 
CCU CCC CCA CCG 
U C U U C C U C A U C G A G U A G C  
ACU ACC ACA ACG . 
UGG 
UAU UAC 
GUU G U C G U A G U ~  
UAA UAG UGA 




