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KEYNOTE ADDRESS DELIVERED AT THE 37™ ANNUAL CONFERENCE OF GENETICS
SOCIETY OF NIGERIA.

POTENTIALS OF GENETICS IN STRENGTHENING AGRICULTURE AND ENHANCING THE
NIGERIAN ECONOMY IN THE 21ST CENTURY

SHETTIMA MUSTAFA, Ph.D, OFR, CON.

B.Sc (ABU)., PGD Appl Biol (Cantab), Ph.D (ABU)
Fellow, Genetics Society of Nigeria;

Fellow, Agricultural Society of Nigeria;

Fellow (Hon), Entomological Society of Nigeria;
Member, Agronomy Society of America;

Member, Crop Science Society of America;

INTRODUCTION

When | received the invitation to give a keynote address on Genetics at today’s occasion, | asked myself;
Shettima! What do you know about genetics anymore? | silently answered; Not much! Again | asked myself
why then did you accept the invitation? Well! | told myself; if nothing else, it will give me the opportunity to
open the books on genetics once more; will make me read my own postgraduate theses after so many years; |
will use the opportunity to remind myself how much farther away | have been from plant breeding and
genetics and more importantly | shall have the opportunity to interact with my very up-to-date colleagues
from whom | shall learn more of latter day developments in that field. So I ventured into accepting the
invitation.

Well! Accepting is one thing and getting down to write something and even how to start the writing became
something else. Be that as it may, | reminded myself that, as a cotton breeder, there must be something in the
pool of the researches my colleagues and | had left behind to pick from and kick-start this paper. | then ran to
my Ph.D thesis, despite the fact that it has aged as | also have myself, but strictly speaking, knowledge never
gets old. | found some relevant portions in it to use as the launching pad for this paper.

EXAMPLES OF WORK DONE PREVIOUSLY

For my Ph.D project, | studied the genetic and environmental factors affecting earliness in Cotton
(Gossypium hirsutum L.). | used seven varieties of cotton from diverse backgrounds with wide range of
characteristics.

The genetic work entailed individual crosses as well as a 7 x 7 diallel (reciprocal) hybridization between
selected cotton varieties of different traits from diverse backgrounds while the agronomic studies involved
different fertilizer regimes, sowing dates, insecticide sprayed versus non sprayed and other variables of
interest. A wide range of characteristics were studied — earliness of maturity indices, yield, lint qualities,
disease resistance, insect tolerance, plant height, flowering/fruiting habits and a few other traits. Data were
collected over a three to four year period and analysed using appropriate statistical methods.
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Variety 2421 was from Azerbeijan in the former USSR introduced into Nigeria in 1970, Stripper and
Arkansas were from the University of Arkansas, USA; all the three varieties were early maturing but short
stature, short staple with poor levels of resistance to bacterial blight (caused by the bacterium Xanthomonas
malvacearum L.). Their yield levels were not impressive compared to some of our Samaru varieties. Two of
the varieties, Samaru 71 and Samaru 72, were bred in Samaru, Nigeria, for the north-west and north-east
cotton growing zones, respectively. Samaru 71 was a high seedcotton yielder while Samaru 72 was a high
lint quality type. Both of them were intermediate in maturity. Of the remaining two, Samaru 26J, was bred in
Nigeria and released for cultivation all over the country in 1959. It is tall, short-staple with fair yield and
resistance to blight but late maturing. The last of them was UK®66, introduced into Nigeria from Tanzania in
1970. It is medium height, short-staple, fair resistance to blight but very late maturing.

We came across very interesting observations and concluded that those studies have shown that earlinesss as
measured by the various traits studied could be bred for, at least initially by breeding methods which utilize
additive or general combining ability effects. Most of the F1 hybrids involving the early parents showed
considerable earliness over their late parents or over the mid-parental value. It was also possible to combine
earliness with yield and related characters.

These observations encouraged us to recommend that future improvements could be obtained using some of
these varieties and their derivatives. We went further to recommend that the poor levels of resistance to
blight could equally be improved by incorporating into the breeding programme another line from a family
developed at Samaru code-named RASA (Reba x Samaru Allen) from which the variety named SAMARU
77 was developed and released for cultivation in 1977. | do not have the details of further progress from the
research but | was informed that some of the present day cotton varieties like SAMCOT 8, SAMCOT 9,
SAMCOT 10, SAMCOT 11, SAMCOT 12 and SAMCOT 13 emanated from varieties including SAMARU
71, SAMARU 72 and SAMARU 77, plus the derivatives of some of the lines developed at Samaru in the
1970s which | had the privilege of being part of the team of researchers that developed and/or released them
to Nigerian farmers for cultivation. I must acknowledge the contributions, leadership and guidance of the
staff of the British Cotton Research Corporation (CRC) as well as my indigenous Nigerian colleagues at the
Institute for Agricultural Research, ABU, Samaru, Zaria.

FUTURE OUTLOOK

In discussing the potentials of genetics in contributing to the future agricultural development of Nigeria, let
us look at some practical issues that will necessitate enormous enhancement or shall | say quantum jump in
our capacity and capability to produce crops and animals not only for food but also for industrial uses as well
as for export.

SCENARIO |

Going by the 2006 census, Nigeria’s population was 140,000,000 people. Nowadays one hears projected figures
of 150,000,000 or even 160,000,000, occasionally you even see 167,000,000 being mentioned in the papers. Let
us for the purpose of ease of calculation take 150 million for year 2013. On average, we all eat food at least once
a day; nay, in reality a minimum of two times a day. Considering what goes into our average meal — some
grains/carbohydrates, meat/proteins, beans/legumes, oil, spices and vegetables, etc, each one of us eats about one
kilogram of these items all put together (inclusive of wastage — such as peels, barks, etc) per meal. That means
two kilograms for the two meals per day per person. Add to these some assorted fruits, eggs, tea, beverages,
sugar, even kolanuts and so on and so forth. For 150 million people, you are talking of 300 miilion kilograms
(300,000 metric tonnes) per day. That means in one calendar year we may be eating up to 109,500,000 (109.5 x
10° say 110 million tonnes of assorted food items.

SCENARIO I

Now consider also the domestic animal population. You may add another 100 million made up of cattle, sheep,
goats, donkeys, horses, dogs, cats, camels, chickens and the rest of them which we must feed since we are
keeping them on our farms or backyards as the case may be. | do not want to speculate but for sure some of these
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animals eat probably more than twice what we humans can eat at any given time. For this, you may also add
nearly as much quantity (or at least 200,000 metric tonnes) of food items — that works out to about 500,000
metric tonnes per day totaling to about 180 million tonnes per year approximately.

The figures above are all for ease of argument. In actual fact an average beef/milking cow if optimal
performance is expected from her, should be fed about 12kg of assorted materials per day. V/Admiral Murtala
Nyako, Governor of Adamawa, published a pamphlet on his “Vision” for the Empowerment of Farming
Populace Through Agriculture ...in Adamawa State titled “ MISSIVE (1) TO THE PEOPLE OF
ADAMAWA STATE. In it he gave the following figures for dual purpose cow that produces both dairy and
beef, the feed requirement is a feed mixture of 12kg/day made up of: 6kg of maize; 2.5kg soya beans; 1.8kg of
cotton cake; 1.2kg groundnut cake and 0.5kg premix. For 10,000 cows you require 36,600 tons and for
million cows, 3,660,000 tons. This is just for one million slightly improved varieties of cows. In the same
document, for 2,500,000 chicken, Nyako gave an annual feed requirement of 139,975 (approximately 140,000)
tons of assorted feed materials. You can now imagine the quantities we require to enhance our food and
agricultural production in Nigeria. Added to the above will be the quantities of water that we and our animals
drink or use to prepare food with or wash with.

SCENARIO I

Let me bring in another angle. You know nowadays nobody walks naked in this country; even an infant gets
wrapped up in pampers and some warm clothing. By the nature of our traditional dresses — the kaftaan, agbada
complete with jumper and sokoto and matching caps, or even the foreign dresses we wear such as suits, jackets
and safaris consume quantities of clothing materials. For example, a set of a gentleman’s or lady’s complete
dress will require a minimum of five (5) or ten (10) meters of materials. Most of us here and elsewhere | know
we own more than one set of kaftaan and babban riga or lady’s gowns and wrappers. That means an average
man or woman in Nigeria could have at least 20 meters of clothing material per year on average. If you multiply
this by 150 million, you will find it to be about 3,000,000,000 (150 x 20 x 10°) meters of cloth of assorted types.
In addition, we also have a whole range of items at home (and offices) comprising mattresses, bedsheets, pillow
cases, rugs, carpets, towels, dusters, settees, curtains and so on and so forth — all of which require one kind of
clothing materials or the other, mostly cotton.

Consider the tonnage of cotton or even artificial fibres that are required to supply a billion meters of clothing
materials; the farm sizes, the number of farmers, quantities of inputs required, farm power needed, service
providers and a whole paraphernalia of items needed to produce, process, market and handle all these quantities.
Then think of all the tailors, the spinners, weavers — in short textile mills of all descriptions, crude, native or
modern, the colouring materials for the prints and designers, transporters, advertisers, hawkers, sellers, buyers,
etc, ad infinitum, that could benefit from such an effort. Can you now imagine the volume of business
transactions that these chains of activities could generate? Who will provide all these materials for us? Or, with
due apologies, are we waiting for the Chinese, the Indians, Brazilians or other “lovers” of Nigeria in foreign
lands to come and feed us, clothe us and run all this business for us? Are we then going to go on an importation
spree of items that we can produce comfortably and economically in Nigeria. | think as a nation we should
endeavour to produce our needs by ourselves and resort to importation only as filling the obvious gap. It is a
challenge for us and not for the nationals of other countries. In any case what does Nigeria, as a nation,want?"

WAY FORWARD

Going by the present day best yield performances of our commaodities (both crops and animals) of 2.5 tonnes
per hectare of rice produced more or less once in a year, may be 3 or 4 tonnes of maize per hectare again
produced more or less once in a year, hardly one tonne of seedcotton per hectare, 250 to 350 kilogrammes
live weight of cows, may be 300 to 400 litres of milk per lactation from the local cow, etc. How about the
way we go about throwing up children every year, that way, we may, if care is not taken, hit the 250 million
mark population by 2040 or 2050. When this is juxtaposed against our nonchalant attitude towards the
development of top scientists in the various fields of agriculture, more especially breeders, | wonder how
long will it take us to meet the stage of self sufficiency in food and other agricultural commodity needs of the
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nation? That is where a quantum jump phenomenon comes into the picture and in all seriousness quantum
jumps do not simply happen without the proper planning and application of genetics and biotechnology to
improve the performance of Nigeria’s agriculture. This can then guarantee the attainment of our future goal.

Under a conventional breeding regime, starting from the crosses (hybridization) through selecting progenies,
strains, lines, and testing them first under research fields then out in the different environments likely to use
these lines ultimately and then producing breeders seed, foundation seed and finally certified seeds takes a
long time. These steps are far more than simply designing experiments to examine straight forward
inheritance of simple characters or experiments to show the adaptation of a variety to a given environment.
For instance, the SAMARU 77 Variety | referred to earlier was code-named AASA(71)114 in our research
record — this meant that after all the crossing works and initial screenings, it was first selected as a progeny
in 1971. It went through various tests as a strain, a line, a breeders seed, and a foundation seed before
being released for cultivation by farmers in the Gombe area in 1977 — minimum of seven (7) years or so.

Let us now bring in the advanced biotechnology into our breeding programme, as in the case of bt cotton, or
any other transgenic exercise. It will be recalled that following the realization of the problems posed to
cotton by the bollworm (Helicoverpa armigera — American bollworm; Pectinophora gossipiella — pink
bollworm; and Earias vitella —spotted bollworm) complex, scientists discovered from a bacterium Bacillus
thuringiensis a chemical that could kill the larvae of these insects. So, they set forth to transfer the gene to a
variety of cotton — which eventually became bt cotton having good measure of resistance to pests. Details of
the methods adopted will not be discussed in this paper but for the sake of clarity let me briefly mention
some of the steps.

You start from the identification and isolation of the required gene, go through with its transfer to your plant
or tissue culture using the medium of an agrobacterium or a gene gun or whatever. Then you start developing
that plant or tissue culture to the level you will incorporate it into your breeding programme. Subsequently,
you go through various tests, screening, selection, etc, before you can conveniently claim that you have
succeeded in the transfer of the required gene for a sustainable long term future usage. This exercise could
take up to ten (10) years. Details can be found in an article on the Bollgard variety of cotton developed in
Australia in which two genes (CrylAc and Cry2Ab) were transferred into this variety (anonymous writer on
bt cotton in the internet). Another example can be found in an article titled “Transgenic Bt Cotton” —
Technical Bulletin CGIR No. 22, Central Institute for Cotton Research, Nagpur, India, written by Indian
authors — C. D. Mayee, P. Singh, A. B. Dongre and Sheo Ray.

In between, we shall not fail to mention the other variants of biotechnology from the age old
budding/grafting as in fruit trees to tissue culturing and cloning in both animals and plants. These
technologies, no doubt, have contributed, and are still contributing, their quota to the development of our
agricultural varieties.

In all of the above, geneticists and other related scientists have a crucial role to play as they are responsible
for the development of the improved varieties which if put under the right husbandry conditions they can
perform maximally. Our farmers must be helped to increase the productivity of their commodities per unit of
production — be it field, water, green house or whatever.

RECRUITMENT AND TRAINING OF BREEDERS AND OTHER SCIENTISTS

In order to meet this quantum jump or leap, there is need to embark on a sustained recruitment and training
of agricultural scientists generally but in particular breeders. However, the present system of recruitment,
training and promotion of breeders in this country, makes me feel like breeders are an endangered species.
Since they are predominantly part of the university or agricultural research institutes systems, they are very
much governed by the “publish or perish” syndrome and this is not helpful to the breeder. So if developing
an improved variety takes you seven years or more, then you cannot easily meet that publish syndrome. In
any case, as a breeder your pride and satisfaction is the variety you released for cultivation with positive
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results. Considering the situation of developing improved varieties described above, one can appreciate the
predicament of the breeder compared to some of his/her fellow scientists.

Apart from this, the study of breeding (both plant and animal) entails what is ordinarily described as the
“hard stuff” — pure genetics, applied genetics, statistical genetics, pure statistics, a bit of mathematics and
then relatively some physiology, entomology, pathology and even environmental science.

When | was at IAR, I tried recruiting some graduates to train them as cotton breeders but when each one took
a good look at the involvements and the subject matter, they would simply say bye — bye. As at today, | am
not sure if IAR or any of our agricultural research institutes can boast of adequate humber of breeders or
other required agroscientists.

A more favourable condition for recruitment, training and promotion of breeders and indeed other scientists
should be developed even if that would entail some sort of prioritization of the disciplines required over a
period of time. For instance, what cadre of expertise shall we require say in the next three (3) to five (5)
years, or five (5) to seven (7) years, etc, and then go ahead and design a recruitment and training programme
for them. You can then shift your priorities and emphasize other set/s of priorities without compromising the
ones promoted earlier

CONCLUSION

In order to bridge these gaps due to low productivity, poor postharvest handling, lack of adequate
encouragement of producers, processors and marketers or general handlers of farm produce and our
supposed target for 2030, 2040 or 2050, the right policy instruments should be developed now for the
adoption of strategies which combine improvements in agricultural production and productivity through
relevant and effective research and appropriate husbandry practices. This should be coupled with effective
control of wastages (in all their ramifications — rotting, pest damages, etc).

In order to achieve these aims, some mutually reinforcing approaches should be pursued. Among which are:

i. Strengthening of research and the development of appropriate technologies to fully exploit the
genetic, biotechnological and agronomic potentials of agricultural commaodities;

ii. Recruitment of relevant scientists and sustained training backed up with the necessary incentives so
that young people can build their career;

iii. Extension be fully revived, workers recruited and adequately trained. In fact, the Local Government
Councils should be made to offer extension services, while private sector supported extension should
be encouraged;

iv. Effective linkages must be provided and strengthened between research — extension — input/service
provider — farmer;

V. Intensive cultivation using all the modern technology backed methods supported by realistic and
implementable policies and incentives (in their broad sense) to contribute a greater percentage to the
envisaged demand through increased yield per unit of production;

Vi. Some element of extensive cultivation or horizontal expansion should be encouraged especially
since such a massive production must involve opening new land or land reclamation, and the
development of new farms as well as entry of new farmers;

Vii. Ensuring that our farm produce have been adequately processed and preserved and where
appropriate export them; and

viii That producers, processors and all other relevant participants should be adequately trained to
develop their respective skills.
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Finally, let me end this address with a teaser. To a large extent the success of the work of a scientist and his
satisfaction is determined or influenced by the politician who is the boss, the determiner of policies
governing the work of the scientist and who takes the political decision for the implementation of the
research result. If he/she procrastinates or takes the wrong decision or simply refuses to implement even the
decision he/she has taken, then we are stuck. THIS ISSUE IS BEYOND THE REALM OF GENETICS
AND BIOTECHNOLOGY.
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ABSTRACT

Every phenomenon, including Genetics and its ambience, has a future that will be determined by its
present which itself is the product of the past. Broadly, our subject deals with organisms and their
environment and, for good or bad, in a context in which the pursuit of knowledge is not only
increasingly and narrowly anthropocentric, but also distanced from collective purpose. Mendelism
and the ancillary subjects had, especially since 1900 or so, contributed immensely to our
understanding of the biosphere, to crop and livestock improvement, and to human health. The
advent and progress in DNA science and technology has opened almost limitless possibilities for,
and created new concerns about, the manipulation of life on earth, including the capacity of humans
to manipulate their own genetics. First, an overview of the development of genetics shows that a
critical engagement with the past of the subject had enabled, and will enable, deeper insights into
the problems and the prospects of the future as the synergy of genomics with the past has shown.
Secondly, as the increasing knowledge of epigenetic forces have shown, a renewed interest in
general biology, natural history, ecology, behavioural science and systematic biology have become
imperative and urgent in our environment where so much remains to be known about our flora and
fauna. Thirdly, having regards to the products of science, their ownership and the consequences of
these for the production and reproduction of knowledge and of humans themselves and their
societies, geneticists and indeed all scientists need to, as a minimum, engage social and related
questions such as Intellectual Property Rights.

INTRODUCTION

We need to start by clarifying what issues the theme of this conference suggest or entail and then try
to harmonize the issues into some coherent perspective. In doing this, 1 hope to highlight the
tremendous multiplication of specialized areas into which Genetics has developed, the almost
complete isolation of some of these areas and the imperative for developing the nationalist instincts
and practices of professional biologists. Well, if that is, we want to harvest the fruits of the myriads
of specializations.

The theme of this conference can be contemplated, first, simply as the future of genetics as an
academic discipline; the prospects and limits of what we know, what we can know and the
consequences of what we know and can know generally for the biosphere—the entire gamut of
organisms and their interactions with their labile biotic and abiotic environments. The second
apprehension of the theme is related to the first. It is about genetics and the future of human society
as they are going to the affected or shaped by genetics in terms of provisioning human needs for
reproducing herself and for reproducing his societies. We must hasten to say here that this not just

! Invited lead paper [resented at the 37th Annual Conference of the Genetics Society of Nigeria hosted by the Faculty
of Science of Federal University, Lafia Nigeria on 22" October, 2013
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about knowledge per se but also about politics, economics and political economy. And, thirdly, the
theme may lead us to apprehend the future (of man) narrowly in terms of human extant biological
capabilities, limitations and disabilities as all these are prescribed by his genome and circumscribed
by the plethora of epigenetic forces that man has developed almost unlimited propensity to unleash.

Obviously, the foregoing is a daunting agenda for this whole conference not to talk of a single lead
paper by a single author who is in an equally obvious narrow specialty. Notwithstanding, | find it
auspicious that we have this opportunity to “scan” this vast territory as it were.

PHILOSOPHERS, SPECIALISTS AND SORCERERS

From time immemorial, synthetic philosophers and specialists have always existed
contemporaneously. Often times, specialists have also often been synthetic philosophers. In more
recent times the sheer expansion of human knowledge and our accumulation of knowledge as
collective human intellectual heritage have fractured intellectual into varying degrees of isolated
specialties such that while we have gained from depth, we have lost, or we are losing, the advantage
of synthesis and breadth. Ensuring some balance in the foregoing regards seems desirable.

Within the foregoing paradigms, specialists in the frontiers of science and technology tend to be
especially vulnerable. While this vulnerability is, strictly, not their fault, it is desirable that they
ameliorate this vulnerability by paying attention to history and to ancillary disciplines and
specialties vis a vis their specialist concerns. Lack of this attention, in these regards, has
considerably slowed the advancement of knowledge.

One of the consequences of the isolation and the allure of frontiers of science and technology,
especially as they now tend to confer power and profit (biological weapons industry, genetic
engineering and gene patenting etc.) is that they begin to appear like cults and their business
acquires the image of some *“sorcery” (Nicholls, 1994). In this regards, the inability or
unwillingness by many of us to be “synthetic” in our approach to knowledge and pedagogy
entrenches the “difficult-area-of-study” image of genetics generally!

FROM MENDELISM TO DNA DOUBLE HELIX HYPOTHESIS

As we all know, Gregor Mendel, the “father of genetics” established the mechanisms of the
transmission of hereditary (genetic) factors in 1865 although the appertaining basic principles were
not re-discovered to become generally publicized until 1900. Many geneticists today consider
Mendelism a “revolution”, if not “the revolution” in genetics (Snustad and Simmons, 2003). But if
we reflect on the works of overlapping generations of geneticists and workers in ancillary areas
(cytogenetics, biochemistry, immunology, agriculture, physiology, mutation sciences, medicine,
systematic biology, ecology, etc. etc.), we will agree that the progress of genetics arose from
“revolutions inside revolutions”.

Arising from this “Pandora box” paradigm we may mention the various categories of scientists
(Strickberger, 1976; Snustad and Simmons, 2003; Ryan, 2009). These include the contributions of
the biometricians (Sutton, Galton, Fisher, etc.) the cytologists and cytogeneticists regarding the
chromosome theory (Sutton and Boveri), the cytogeneticists of linkage and recombination (Morgan,
Sturtevant, Bridges), workers in a population genetics and (Wright, Fisher, Haldane, Hardy and
Weinberg), workers in medicine, biochemistry and hereditary diseases (Garrod, Herric, Lyons,
Landsteiner, Beadle and Tatum), researchers on the nature of the genetic material (Avery,
MacCleod and McCarthy), research on control of gene action (McClintock), workers in evolution of
genomes (Stebbins, Blakeslee, Ohno, Jackson etc.) and those in genetics and sexuality and bacteria
(Lederberg and others). The foregoing constitutes a sample of findings, in more or less
chronological order, each of which constituted a revolution per se (Peters, 1959). These land-mark
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advances in the study of genetics, needless to say are, of course, the results of synergies, synthesis,
extrapolations and explications of the sequential leaps in genetics and other areas of biology; of
chemistry, physics, mathematics (statistics); of travels and explorations around the world; of
demography and epidemics, and even of wars and peace!

Without doubt, the Watson-Crick double-helix model of DNA of 1953 was also a major
breakthrough especially as a foundation for molecular genetics (Watson, 1976; Weaver, 2005). The
model satisfied the two dialectical elements of the genetic material: on one hand, the
autocatalysis/heterocatalysis opposites, and on the other hand, the stability/mutability opposites.
Three years before, in 1950, Erwin Chargaff already observed certain constancies in the 1:1 ratio of
pyrimidines and purines and constancy of G + C/A + T ratios in each species.

It is left to be said that as foundational and pivotal as Darwin’s Origin of Species (Darwin, 1859)
was to the work of geneticists, it had been the subsequent evidence of the mechanisms of heredity
(including the sources of variation and encompassing mutation and mutagenesis) that rescued
Darwinism from much of the controversy, not to talk of the hostilities that greeted its enunciation.

RECOMBINANT DNA, DNA TECHNOLOGY AND GENETIC ENGINEERING

From the early 1970s i.e. in the last forty years or so, advances in recombinant DNA science and
technology have opened hitherto unimaginable vistas in genetic studies. This is true especially in
regard to molecular characterization of genomes and genes, the location and processes of gene
action. Consequently, even though traditional Mendelian principles and related and ancillary
knowledge (as we apprehended earlier) continue to make valuable contributions to plant and animal
breeding, medicine, plant and animal protection, biodiversity conservation etc. (GSN, 1999; 2009);
especially pure and, applied, genetics have virtually become exclusively construed as, and
coterminous with molecular genetics and DNA technology (Taylor, Green and Stout, 1997).

Most biologists and, especially, geneticists are familiar and must be familiar, with the progress of
molecular genetics and its various applications of genetic engineering and what is now generally
circumscribed as genomes sequencing, gene cloning and production of transgenic organisms,
amelioration of debilitating human conditions, the nature and initiation of epidemics, degrees of
genomic identities among different evolutionary groups and life forms, identities of molecular/maps
and traditional physical gene maps, control and mechanics of control of gene actions by the so-
called bureaucratic genes, the role of telomeres and telomerases (Figure 1) in aging and
oncogenesis, molecular characterization of plant and animal accessions, legal and forensic medicine
etc., and evolution of elements of genomes such as the evolution of, and divergence between X and
Y chromosomes, (Figure 2; The Arabidopsis Genome Initiative, 2000; Snustad and Simmons, 2003;
Ryan, 2009). A rather elegant circumscription of the term “genomics” was given in Snustad and
Simmons (Ibid) as follows:
...... the genomics sub-discipline was divided into structural genomics—the study of
genome structure—and functional genomics—the study of genome function, which,
includes analyses of the transcriptome, the complete set of RNAs transcribed from a
genome, and the proteome, the complete set of proteins encoded by a genome.
Indeed, functional genomics has spawned an entirely new subdiscipline,
proteonomics, which has as its goal the determination of the structures and functions
of all proteins in living organisms.
Having apprehended the “practical” implications of what we know in genetics and, what these
portend for how we are likely to approach the frontiers of genetics and biology, how do those things
we know limit what we can know and what forces limit what we can know? Even if we cannot
answer these questions now, we need at least to keep them in view.
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One hundred years or so (1868-1965) after Miescher discovered nucleic acids, and about twenty
years after Avery’s team showed that DNA is the genetic material, Holley sequenced the RNA of
yeast and the revolution of sequencing whole genomes of organism took off. Since then the
techniques and efficiency of sequencing the genomes of organism developed by leaps and bounds.
The publication of the draft of human genome on February 15, 2000 and February 16, 2000 by the
public International Human Genome Sequencing Consortium and a private Celera Genomics in
Nature and Science respectively constituted a watershed in a way.

MATTERS ARISING FROM THE SIZES, IDENTITIES AND DIFFERENCES IN THE
GENOMES OF ORGANISMS.

Two major surprises that arose from a scrutiny of human genome are the relatively, small number
of genes of humans compared with lower levels of organismal forms (bacteria, insects, worms,
etc.), and the large numbers of genes shared with these lower organismal forms. Ryan (2009 pp.2-3)
summarized these surprises as follows:

The first surprise was the modest size of human genome at about 20,000 genes ... we
have only ten times as many genes as a bacterium, a third more than a fruit fly and
not many more than a nematode worm.....Most revealing of all was the confirmation
of our common inheritance with other forms of life on Earth. For example we share
2,758 of our genes with the fruitfly, 2,031 with the nematode worm—Indeed all
three of us, human, fly and worm, have 1, 523 genes in common.

Perhaps a third surprise which is related to the question of shard genes is that a large proportion of
the human genome (about 9%) is shared with retroviruses—the endogenous human retroviruses
(EHRVs) with their long terminal repeats (LTRs) which are known to perform bureaucratic control
of gene action while another 3% are DNA transposons. A related matter here is the comparatively
smaller amount of the human genome shared with other vertebrates (about 1.5%) while about
52.5% of the DNA are unknown 13% and 21% of human genome are long, and short, interspersed
repeat nuclear elements (LINEs and SINES) respectively (Figure 3; 3i).

From various reflections and actual experimental work of various biologists, it had always been
known or conjectured that, life is a web and that the evolution of life at different levels of
complexity are vertical, horizontal or reticulate. We see many of these in the homology of
organelles (chromosomes, mitochondria, ribosomes, chloroplasts etc.) organs, organisms and life
forms; many of these homologies are conserved so to speak. With this intellectual heritage behind
us and the new insights from genomics, a number of important facts have emerged. These include
insights into the dynamic of the web of evolution as it relates in particular to control of gene action,
syntheny, the evolution of genomes, and the phenomenon of epigenetics.

One of the most important matters that have arisen from the revelations of genomics is the role
symbiosis and co-evolution especially of viruses have played in the evolution of the genomes of
higher organisms, the reinforcement of the notion of common genomic ancestry of organisms
(including, preeminently viruses) and the role of retroviral genes (and other bureaucratic genes) in
the activation and deactivation of genes and the processes of development in the more complex
organisms. Genomics has also enabled us to more confidently see the commonality of genetic
endowments especially through studies of conserved syntheny in related animals and related plants
(Chowdary, Raudshipp, Fronicke, and Scherthan, 1998; Gale, 1998; Snustad and Simmons, 2003;
Figures 4, 5, 6).

The implications of the evolution of symbiosis between retroviruses and eukaryotic cells and the
consequent enlargement of eukaryotic genomes point to the importance of symbiosis and
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hybridizations (and evolution of sexual, mechanisms and sexuality) as critical mechanisms of
genomic creativity and potentials for natural selection and evolution. Ryan (2009) referred to the
creative genomic mechanisms of symbiosis and hybridization as symbiogenesis and
hybridogenensis as mechanisms that are different from, but complement, mutation whose
occurrence and consequences are random.

EPIGENETICS AND EPIGENETIC INTERACTIONS

Epigenetics is the study of changes (internal, external, behavioural etc) in cells, tissues, organs and
whole organisms independently of DNA sequences. In this regard contain elements of the genome
that can receive and process signals from the internal or the external biotic and abiotic environments
of the organism are themselves stretches of DNA such as the LTRs. They respond by switching on
or switching off certain genes exploring varied mechanisms as DNA methylation, modification of
histones etc, all of which interact in complex and coordinated ways to control gene action—hence
the term bureaucratic genes (Figure 7).

The bureaucratic genes function in specific tissues, at particular points of development by
responding to the internal and external environments of the gene to induce, alter, increase certain
gene products that mediate morphology (development of secondary sexual. Characteristics,
flowering, leaf abscission and shedding, tropic and taxis movements, transitions from juvenile to
adult forms such as moulting and juvenile — adult leaf transitions) and even behaviours like
migration, homing instincts, aggression and fear, hallucinations etc., etc. perhaps one of the most
spectacular example of environmentally — induced epigenetic phenomena is the story of sex change
in Caribbeans of fish species — the blue-headed wrasse (Ryan, 2009: pp319-321; Figure 8).

REMEMBERING THE PAST FOR UNDERSTANDING THE PRESENT AND THE
FUTURE
For whatever it is worth, | think we can proceed on the assumption that scientific progress is
desirable especially if we also agree that we must strive constantly to humanize knowledge
generally.

As we have seen, modern genetics, with its capacity to look at whole genomes and how genes and
their expressions are controlled, grow, from Darwinism Medelism, cytogenetics, and knowledge of
DNA structure; it grew from the knowledge of biochemical, behavioural and morphological (endo-
and-exo-) end products or phenotypes of genotypes. Darwimsm and Mendelism themselves and the
related foundations of genetics developed from general biology (Systematics, anatomy and
histology, histochemistry and biochemistry, physiology, biology of microbes, general ecology and
biogeography, and animal behaviour etc., etc.). A lot of observations and studies that today direct
our attention to the modes of gene action especially in the growing area of epigenetics as
demonstrated by the example of sex change in wrasse, the consequence of the large retroviral dose
of the DNA of Y-chromosomes in man derive from elements of the knowledge established in the
foundations of genetic studies (see Figure 7 again) and of our own observations on the transition of
juvenile leaf forms to adult leaf forms in angiosperms (Figure 9; Olorode, 2012). Indeed, the
homeobox gene model (Snustad and Simmons, 2003) has been invoked by various workers for the
differences between simple leaves and compound leaves and for the transitions from simple
juvenile for compound adult leaves (Olorode, 2012).

In the foregoing regards, we are saying that we need to pay very close attention to the general
biology (taxonomy, behaviour, physiology, ecology and phenology) of our floral and fauna. This is
because every constellation of floral and fauna is unique in its temporal and spatial character and is
thus capable of giving unique insights into the genome and genetic processes in the constellation.

25



What those mean is that the conservation of flora and fauna, the vessels in which genes are
sequestered, must become a matter of national priority (Hawkes, 1990; Olorode, 2004).

In regard to the study, conservation and utilization of genes and genetic material, the undying
concern had been festering about private and corporate profit interests on one hand and public
purpose on the other in regard to access of peoples and territories to the products of improved food
and health facilities. This is obviously a political/ideological matter. Sine the earlier 1910s
improvements in crop and animal yield have produced the paradox of high yield and high corporate
profit on one hand, and poverty and hunger or other forms of malnutrition (such as obesity) on the
other. Various critical and informed views have, since, been published on the question of who owns
genes (especially genes of wild and domesticated animals and plants) and whether genes can be
patented (Fedder, 1976; George, 1979; Mooney, 1983; Juma, 1989; Lesser, 1994; Olorode, 2006).
Partly because of the triumph of neo-liberal and “market forces” ideology (Kargalitsky, 2001;
Amin, 2004) the balance of political forces have been in favour of private corporate profit of seed
companies and genomics companies. Consequently private seed and genomics companies have
been having a field day in spite of the strident campaigns against hunger and the so-called “food
crisis” even by organizations that instigate, rationalize and valorize market and private-profit such
as the World Bank and related organizations.

The phenomena of gene-hunting and gene prospecting (Mooney, 1983; Juma, 1989; Lesser, 1994)
access to, and use of data from bioinformatics and the related controversies of gene patenting and
intellectual property rights will continue to attract attention and generate debate. As these are
matters of power and economic-interest relations inside nations, across social classes and across
national and regional boundaries, we can assert that no position is, or can be, neutral. Suffice it to
say that geneticists, as intellectuals, have the responsibility to lay bare all the contending positions
and issues.

The controversies surrounding gene prospecting and gene patenting have been particularly strident
since the completion of the sequencing of human genome in the mid-2000s raising questions and
objections among citizens and meedics concerning informed consent and presumed consent of the
owners of the human genes even where genomics companies (like deCODE Genetics and
pharmaceutical companies (like the Swiss “giant” Hoffman-Laroche in the case of the identification
of the “familiar essential tremor” gene in Iceland) agree to compensate the owners of the gene
(Snustad and Simmons, 2003: pp. 514-515).

As in many of the wars among giant corporations like the “computer wars” (Ferguson and Morris,
1994), the legal theatre not to talk of heavy-purse and political-power arenas, have been active in
the controversy concerning gene prospecting and gene patenting. In a recent expose in New York
Times, Joseph E. Stiglitz (2013) reviewed extensively the supreme court (USA) judgement which
recently decided (Stiglitz, 2013) in regard to the legal tussle between Association of Molecular
Pathology and Myriad Genetics (a private company):

...ruled unanimously, that the genes (BRCA1 and BRCAZ2) cannot be patented,
though synthetic DNA created in the laboratory can be.

The genes BRCA1 and BRCAZ2 are said to predispose their carriers to breast cancer and knowledge
of their existence can be useful in early diagnosis, and prevention of the cancer. In his article, How
intellectual Property reinforces inequality, Stiglitz (2013) was categorically (all emphases are
mine) on various elements of IPR, public welfare, alleged promotion of “incentive” and competition
by IPR:
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The case (Association of Molecular Pathology v. Myriad) was a battle between those
who would privatize good health .... and those who see it as a right for all—and a
central component of a fair society and well-functioning economy. Even more
deeply, it was about the way inequality is shaping our politics, legal institutions and
the health of our population.

...... Genetic researchers have argued that the patent actually prevented the
development of better tests, and so interferes with the advancement of science. All
knowledge is based on prior knowledge, and by making prior knowledge less
available, innovation is impeded. Myriad’s own discovery—Ilike in any science—
used technologies and ideas that were developed by others....Advocates of
intellectual, property rights have overemphasized their role in promoting innovation.
Most of the key innovations—from the basic ideas underlying the computer, to
transistors, to lasers, to the discovery of DNA—were not motivated by pecuniary
gain.

The importance of all of these for the galloping development of underdevelopment in the
peripheries of neo-liberalism like Nigeria ought to be quite obvious. Let me add that Stiglitz is, to
the best of my knowledge, not a communist—he was actually an economist with the World Bank
and, at different times, an advisor to one or two recent tenants of the White House in Washington
DC.
CONCLUSION
I did not set out in this presentation to tell you anything you didn’t know or suspected. | have tried
only to share with you my reflections on general biology and the specialty of genetics and the
future: the “future” in a robust sense of the world. Let us thing globally and act nationally and
locally — There are so many things that remain unknown in our environment — things we must know
before, they disappear, things whose knowledge will contribute immensely to global and national
intellectual heritage in biology and genetics. While building capacity for engaging in the probes of
the frontiers, let us understand that the proximate and the distal (the frontier) are dialectically
united.
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ANIMAL BREEDING AND GENETICS IN NIGERIA AND THE FUTURE

S.T. Mbap, Ph.D/Professor of Animal Genetics and Breeding
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Tafawa Balewa University Bauchi

SUMMARY

Domestication of plants and animals using rudimentary genetics started even before written history.
In Nigeria most domestic animals are kept by traditional pastoralists. These animals appear to have
developed over the years into different breeds especially cattle, sheep and goats. Breed development
however does not appear to have been obvious in poultry e.g. chickens. The husbandry and
performance of the Nigeria livestock and poultry had not been adequate therefore they have not met
sufficiently the animal protein need of the populace. Animal Breeding and Genetics utilizes the
science of genetics to the improvement of animals through mainly selection and breeding especially
crossbreeding. Breeding improvement utilizes statistics to estimate the genotypic values of animals
using phenotypic information. The most appropriate genotypes are then selected and bred to form
the next generation. Through adequate use of statistics genetic animal improvement has advanced
adequately in the developed world e.g. in America. Genetic improvement however has been slower
in Nigeria in comparison. To fast track genetic animal improvement in Nigeria the country must
learn from the progress made in other places and apply all the appropriate genetic improvement
steps that have been found useful. Of recent Molecular Genetics-Genetic Engineering in particular
has been applied to animal improvement with some successes. Procedures such as marker-assisted
selection and transgenesis including cloning have shown great promises and should also be applied
to the Nigerian situation.

Developments of specialized breeds are usually direct products of advancement in genetic
improvement. Some animals would therefore be less used or may fall out of the usual production
cycle and become extinct. Efforts must be made to conserve or protect all species of farm animals
including their wild ancestors and relatives because changed circumstance in the future may require
their utilization.

An Invited Paper Presented at the 37" Animal Conference of the Genetic Society of Nigeria, 20-24"
October 2013, Lafia, Nasarawa State, Nigeria

INTRODUCTION

Rudimentary use of genetics had allowed man to gather plant and animal food materials, discard
those that do not meet his needs and domesticate some even before recorded history (Hartwell, et
al., 2000). In Nigeria most domestic animal especially species used for food have been in the hands
of farmers/pastoralists who have little exposure to the science of modern Breeding and Genetics.
They have acquired their animals mostly through ancestry but have maintained them with dignity.
These livestock owners however are breeders and geneticists in their own right. For, over the years,
they have developed herds/flocks of true breeding (true to type) species-cattle, sheep, goats and
pigs. They have maintained their purity and distinctive characteristics especially colouration and
productivity, probably through trait preference and genetic separation (natural and artificial) until
recently when careless crossbreeding disturbed the status quo. Some genes, especially those for
colour therefore became fixed until recently. Today multicoloured livestock are found all over
Nigeria which are direct consequences of uncontrolled breeding (that the appearance of some
multicolours in livestock could be due to crossbreeding can easily be demonstrated). It appears
however, that distinctive breed development did not take place among most local poultry species,
especially chickens as multicolouration has always been the order among them.
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Natural selection has also reasonably adapted the Nigerian domestic animals to their environment.
They are therefore able to withstand (survive) the vagaries-fluctuations and challenges of the
environment and feed, grow, reproduce and maintain some levels of productivity. The artificial
selection by traditional farmers over the years might not have been obvious. Selection is however
carried out by farmers when males are castrated, bulls identified for breeding and unthrifty or sick
animals culled or sold out. These processes however were not vigorously carried in systematic and
sustained manner. Thus improvement progress has been slow and generally there has been low
productivity. This is compounded by the overbearing effect of the relatively uncontrolled
environment. Attempts have definitely been made by traditional animal owners over the years to
control the environment such as little housing for smaller species e.g. sheep, goats and poultry.
Deticking, a very ancient practice and, nomadism and transhumance etc are all efforts to control the
environment as had been alluded to by Williamson and Payne (1978). All these have contributed to
the domestic animals found around today. The authors indicated that tropical and hence Nigerian
animals grow slowly, utilize food and reproduce inefficiently and therefore are unable to satisfy the
animal protein demand of the society. Nigerians over the years consequently have consumed and
utilized animal protein below the expected FAO (1990) recommended level of 34g per caput. Meat
and eggs are a luxury in some societies and milk, of course, if available is known to be poorly
utilized by 70% of adult human population due to lack of intestinal lactase to digest its high lactose
content (Robinson and Mc Evoy, 1993, Montaldo, 2006). This is expected to change with future
application of the science of Breeding and Genetics.

To relate Animal Breeding and Genetics to the future, it is necessary to first appreciate its position
in the past and present.

THE SCIENCE OF ANIMAL BREEDING AND GENETICS AND, THE PAST AND
PRESENT

Animal and Breeding and Genetics is a science of animal improvement that is researchable, taught
in schools, colleges and tertiary institutions and practised on the field. Its basic scope which varies,
is exposure to the science of genetics (Hartwell et al., 2006) and the art of application to the
improvement of animals (some people argue that the art comes before the science). Selection is its
basic, albeit not the only, tool. Animals are assessed and the best selected to form future generations
based on some criteria which may be objective or subjective. Thus once the criteria have been spelt
out the next step is finding animals that fit them. Since genetic characteristics may but, in most
cases, are not observed in animals on the outside, there must be a way of knowing the genetic make
up based on the outside. Breeders therefore embark, through selection, on “blind” search for desired
genetic make up-genotype using outside appearance-phenotype which may not tell much. Over the
years breeders have relied on statistics to resolve the problem and the subject of statistics became so
ingrained into the science of Animal Breeding and Genetics that it became difficult to appreciate the
science without statistics. When mention is made of Fisher, Wright, Lush, Haldane, Dickerson,
Kemp thorne, Searle, Falconer, Hill, Henderson etc with regard to work in breeding and genetics it
is sometimes difficult to know whether they were breeders applying statistics as a tool to the science
of Breeding and Genetics or they were Mathematicians/Statisticians using breeding and genetics in
Statistics. The convergence in this respect became almost absolute.

With the aid of statistics therefore, the blind search is reduced to estimating observable values to
give insight into genetic values or merits or better still breeding values of animals. This is the so
called traditional (but scientific) animal breeding or improvement method using phenotype and
genealogical information. Breeders therefore talk about true mean values, least squares means, best
estimates and predictions etc whose elucidation may require linear modelling and matrix algebra
(Searle, 1965; Henderson, 1975).

35



It is not uncommon therefore that Least Squares of different kinds, Maximum likelihood, Best
Prediction (Estimation)(BP), Best Linear and Unbias Prediction (BLUP) procedures etc applied to
mixed models (Henderson, 1975) are utilized to get the best animals for selection. The Americans at
lowa and Cornell in particular have applied these procedures and made dramatic improvement in
their livestock species over the past 80 years. Procedures such as daughter dam comparisons, sire
evaluation and sire studs for artificial insemination (Al), use of pedigree information, progeny
testing herdmate comparison and simulation *, nucleus breeding scheme, central breeding system
and testing stations were applied to aid selection. The selection was carried out in various ways to
maximize progress. Crossbreeding was also applied when quick and further improvements were
desired and to benefit from the effect of heterosis. There were also various grading up policies and
development of new breeds through crossbreeding. Today, animal protein in the form of meat, milk
and egg is easily available in America and in many parts of the developed world and derived from
different species and specialized breeds.

THE PAST AND PRESENT STATE OF ANIMAL BREEDING AND GENETICS IN
NIGERIA

The Nigeria’s genetic animal improvement situation is different from the Americas. The science of
Animal Breeding and Genetics was slow in coming and poorly appreciated. Animal improvement
was first considered in terms of nutrition and healthy. This is not completely inappropriate as
genetic attributes are better appreciated only after environmental influences have been reduced.

The first crop of Nigerians to be trained in Animal Breeding and Genetics was in 1960’s and early
1970’s. Earlier however, the first livestock farm had been established in 1914 at Allagarno in
today’s Borno State to start some improvement efforts. It was closed due to lack of improved
production despite improved management (Knudsen and Sohael, 1970). The Vom Livestock
Investigation and Breeding Centre was established in 1920; Shika and Agege farms followed
closely with others all over Nigeria, including Universities subsequently. The first few farms started
with local breeds, mainly cattle.

The first recorded selection in Nigeria started at Vom in 1939 on a strain of White Fulani called
Kurum Baji. It is not clear which selection procedures were followed but probably mass or
individual in view of lack of adequate records and the low state of the science of breeding and
genetics in the country at that time. It is on record however that the selection process was not
properly executed (Knudsen and Sohael, 1970). It even became more difficult at the advent of the
Second World War. The colonialists wanted plenty of butter to prosecute the war, especially during
the winter. The large amount of butter required was obviously not met from home production.
Colonies were looked up to. Cows were therefore retained in the Vom herd irrespective of
production to boost butter quantity. Selection was again resumed in 1948 but there was poor result.
It was decided at Vom and in many of the other farms that European cattle genotypes in the farms
of bulls and semen should be imported to crossbreed the local herds (which have not been
adequately selected) and later to form pure exotic herds. There was in addition the well known
exotic cockerel exchange programme of the 1970’s in most parts of Africa aimed at crossbreeding
the local chickens. Sheep, goats and pigs were not spared as there have been crossbreeding on them
about the same time as poultry. Therefore the Nigerian Livestock and bird population did not pass
through the expected initial period of intense and sustained selection.

It has been difficult since then to convince some Nigerians to start genetic improvement through
selection. To them, genetic improvement became synonymous to crossbreeding. Some of my
students would want to crossbreed and quickly expose pastoralists to the crosses. My response has
always been, “wait a bit”. When they insist | would advise that only elite farms that can handle the
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crosses should have them. This is because, if a pastoralist’s herd/flock is crossbred and he is not
well prepared for them, they would die and he is ruined. Even some Agricultural Development
Programmes (ADP’s) and elites in the society who should know better advocate immediately
crossbreeding stressing that the crosses look and perform better; but on whose herd, at what cost
and for how long? They also add that they have waited too long for genetic improvement, in
Nigeria, through selection. My bitter experience at Butura Livestock Farm near Bokkos in Plateau
State, 1977-82, might have been responsible for my present staunched perhaps stern stand. | had the
unpleasant and unhappy privilege of witnessing about 80 pure Friesians and crosses with White
Fulani, under my watch, perished due to dermatophilosis. The farm was not well prepared against
ticks and other ectoparasites. It is only fair to mention that at the same time, the Vom herd was able
to maintain similar stock with some level of productivity (Mbap and Ngere, 1989). Similarly elite
poultry farms have raised exotic breeds with some levels of success, although costs of production
have been quite high.

STEPS IN ANIMAL BREEDING AND GENETICS

Genetic improvement should have strong elements of selection, especially on traits of high
heritabilities, such as those associated to productivity. Williamson and Payne (1978) had indicated
that animal improvement in the tropics and hence Nigeria could (or in certain places had been)
carried out successfully through selection, crossbreeding, grading up or rearing of pure exotic
herds/flocks. However they quickly added that successes would depend on appropriateness or
method, prevailing weather and management conditions. The steps may include the following:

(i) Characterization- know the phenotype, genotype and worth

(ii) Selection

(iii)Crossbreeding between local or between local and exotic breeds
(iv)Grading up, new breed development and rearing of pure exotic breeds

The last three may follow if selection results in inadequate improvement. Crossbreeding should
never be the first step. Nigerian animals are poorly genetically improved today probably because of
wrong concepts and steps. Part of the National Animal Production Research Institute (NAPRI)
mandate is to carry out genetic animal improvement. It is gratifying that steps have been taken to
include characterization, selection, crossbreeding and grading up with some successes, especially in
the development of the well known NAPRI layer.

THE SCIENCE OF ANIMAL BREEDING AND GENETICS IN NIGERIA AND THE
FUTURE

There have been avoidable shortcomings in genetic animal improvement in Nigeria in the past or
rather the process has been relatively slow. The future state of Nigeria’s livestock and poultry and
contribution to living standard, health, Gross Domestic Products (GDP) and national development
would depend on steps taken now and in the future. Now that the constraints of health, nutrition and
other environmental conditions of animal are vigorously being tackled through research and
development, sustained genetic improvement must follow. There are many attributes of the
Nigerian animals that could be exploited in breeding. The fast growth and good meat conformation
of the Gudali’s could be utilized in beef cattle development. The breed also has good temperament
for milk production. The Wadara also has some potentials for milk production. Among the sheep
breeds, the Balami and Uda have high birth and mature weights and fast growth that could be
utilized. The West African dwarf has the advantage of high litter production as twinning and triplets
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are common features of the breeds, enabling quick herd formation and fast turnover on selection. If
also selected for survivability (a very important constraint in their production) quick progress could
be made in goat meat production, a product highly cherished by a large proportion of the Nigerian
society. There are heavy chicken ecotypes, for example the Fulani ecotype (Atteh, 1990) that could
be utilized in broiler production. The early maturity among Nigerian poultry is a trait that could also
be used in both broiler and layer production. If selected against broodiness, egg production could be
enhanced. These are just but few traits among many that could be utilized in future breed genetic
improvement and development.

It might sound naive that we are talking about applying the basics of breeding improvement in the
21% century and post genomics. However we must get it right, carry out genetic improvement
properly and be patient for results which may not come readily. Today, there is general renaissance
and intensified work among breeders to properly characterize the Nigerian domestic Livestock
(Moruppa and Ngere, 1986; Nwosu, 1979; Rege, 1992, Mbap and Zakar, 2000; Mancha, 2004;
Egashi, 2011, Wamagi, 2012) in view of the aforementioned potentials. The other enumerated
improvement steps should also follow and at national level. The Federal Livestock Department
(FLD), Nigeria Institute of Animal Science (NIAS), National Agricultural Research Project
(NARP) should lead and ensure rapid and sustainable genetic progress. The NAPRI should in
addition to the NAPRI layer, develop more specialized breeds among other livestock species.

Procedures followed by the Americans should be reviewed, adapted and utilized. This is especially
when human population is growing and available space dwindling. In 1991 the late Dr. J.N. Bincan,
Director Livestock in the Federal Ministry of Agriculture (FMA) initiated a programme for
improvement of all Nigerian domestic animal breeds, at a national level, through selection using the
nucleus breeding scheme and other procedures. He died shortly after in 1992 and the programme
also died. I call on the FMA to revisit such ingenious initiatives. The FMA should dig the archives
to find out what actually happened to this particular programme and reinitiate it. As inferred earlier,
traits currently considered in genetic improvement are those that emphasize increased productivity.
The improvement criteria or traits to improve in the future may change. This is in view of changing
environment and human population. While traits such as fast growth, early maturity, egg size and
number etc may always be retained, it is possible that animal size among others may be selected
against in future, in view of space constraints and other changing demands, including increase in
periurban agriculture.

THE USE OF MOLECULAR GENETICS

Nigeria should not lag in the application of modern technologies in genetic animal improvement. As
alluded to, the Science of Breeding and Genetics, at certain levels, was so akin to statistics that it
was difficult to appreciate the difference. Increasingly the science is becoming more molecular.
Any serious student or practitioner of Breeding and Genetics would not cope without proper
exposure to Molecular Genetics. Thus teaching and research in Animal Breeding and Genetics and,
application to the improvement of animals in Nigeria must of necessity emphasize the molecular
aspect (without diminishing the conventional methods). The Animal Breeding and Genetics
Laboratory of today and the future should not only be data banks and store houses for computer
facilities. They should also have genetic resource banks and should contain equipment for
molecular genetics and biotechnology. These facilities will expose students and researchers alike to
the rudiments of the fields preparatory to stronger application in animal improvement. At Abubakar
Tafawa Balewa University (ATBU) Bauchi, a course in Genetic Engineering is compulsory to all
postgraduate students of Breeding and Genetics. Indeed some few universities in the country have
extended it to all undergraduate Breeding and Genetics students.
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The application of Molecular Genetics in Animal Breeding and Genetics is wide, varied and
complex. It will only be briefly discussed to underscore its usefulness to Nigeria in the future.

When Molecular Genetics in the form of Genetic Engineering or Recombinant DNA technology is
applied for the improvement of animals, it would appear that it is not blind such for the right
animals any longer. Genetic Engineering allows breeders to identify, replicate, modify and transfer
genetic materials (Montaldo, 2006). They range from DNA components to complete organisms.
The physical map (linkage map) of special DNA’s, major genes or markers, compound genes or
genetic loci for production traits called quantitative trait loci (QTL) may be known through linkage
disequilibrium studies in mating experiments and use of polymorphic microsatellites (Malau-Aduli,
2003) within some confidence limit. The animals that are thought to have them are then selected.
However since the existence, exact location on the chromosome, function and passage of QTL to
subsequent generations are still a matter of probability, phenotypic and genealogical information
and hence traditional selection procedures are applied (but highly enhanced). Furthermore, as is
well known, different genes may produce the same phenotype, most economic traits are due to
multiple gene (or polygenic) action and attendant interactions and, complications such a linkage and
plieotropy. In addition traits are also controlled by the environment. All these vitiate the initial
enthusiasm that greeted the discovery of QTL. Nonetheless, even recently, it has been stated that the
identification of QTL has potentials to significantly increase rate of genetic improvement through
the use of Marker-Assisted Selection (MAS) (MacNeil and Gross, 2002). (The MAS being
extension of traditional selection procedure using QTL). However, in view of the limitations, the
use of MAS in breeding improvement is not a revolution as such but an evolution of the traditional
genetic improvement (Montaldo, 2006). Although the expected gain using MAS may not be as high
as initially anticipated, it is a step forward and where possible, it should be applied in future
Nigerian breeding situation. The MAS is most useful for traits of low heritabilities, expressed late in
life, sex limited, expensive to measure or controlled by a few genes (Davis and DeNise, 1998;
Montaldo, 2006).

TRANSGENESIS AND CLONING

Transgenesis which is an introgressive procedure, in genetic engineering, makes it possible to alter
an animal genetically for particular purposes e.g. disease resistance by introducing a gene or part of
a DNA. Cloning of a full animal, an extreme form of transgenesis is carried out through nuclear
transfer. Genetically identical individuals are produced e.g. the Dolly Sheep (Wilmut et al., 1997).
While cloning is novel in higher animals it is the norm in some plants and lower animals. Cloning
has therefore brought this type of reproduction to the remit of all living organisms. Transgenesis
(cloning) if properly applied could be useful tools in the hands of breeders. With appropriate
knowledge of gene combinations and functions, new and useful population could be created within
a short time for the benefit of man. Again cloning is a step forward but not a panacea to all animal
improvement problems. Differences still exist between clones due to the environment and the
variation could be as high or even higher than 50% of total (Van Vleck, 1999). Therefore selection
is still appropriate amongst them. However in selection using clonal individuals, additive and non
additive genetic differences could be utilized (Visscher et al, 2000) thus increasing genetic gain.
This is unlike non clonal selection where non additive variations are not utilized.

The current drawbacks to transgenesis especially cloning are low success rate, cost and some
unapparent health problems amongst clones. Another dilemma is ethical and practical applicability
in a country like Nigeria which has high religious culture and illiteracy rate. The negative reactions
of sceptics are also not helpful. On the whole therefore, genetic engineering in animal improvement
has not replaced the classical improvement procedures but aided them. However when MAS and
transgenesis are applied in Nigeria in conjunction to older reproductive technologies such as
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artificial insemination, semen and ova preservation, multiple ovulation and embryo transfer, semen
and embryo sexing, in vitro oocyte maturation and Fertilization (Robinson and McEvoy, 1993),
rapid overall progress could be made. The much needed animal protein for growth and development
would be met. Furthermore, the potential of the country to export animal products in view of large
number of animal species and high population would enhanced. This is particularly important as
Nigeria is looked up to by many surrounding countries for support. That Nigeria sometimes imports
animals for meat from other smaller neighbouring countries is not acceptable.

ANIMAL GENETIC RESOURCE AND BIODIVERSITY CONSERVATION

Genetic resource and biodiversity conservation or protection has recently become a much discussed
topic. It would even be a more important concept in future breeding work. The year 2010 was
declared International year of Biodiversity by the United Nations. This came at the heels of the
adoption of the Global Plan of Action for Animal Genetic Resources (AnGR) three years earlier
[Editorial; Animal Genetic Resources, 2010;47]. This 47" volume of the journal was published as a
special edition to mark the year and all the 12 (invited) papers were on the Global Plan for Action.

Conservation of genetic resources is necessary to ensure their continuous use. For those that are not
presently being used, change circumstances may require their utilization. Indeed the future food
supply depends to a large extent on how the present generation handles conservation. The concept
would surely gain momentum in Nigeria in view of increasing emphasis and concern about food
security. Therefore, a major component of conservation is sustainable use i.e. handling genetic
resources in a manner that diversity does not decline.

In general, animal genetic resources could be conserved in two ways (FAO, 1998).
(i) Maintaining the population or endangered species/breeds in the production cycle.
(if) Cryo preservation or — conservation of gametes, embryos, somatic cells or even life animals

Initially prioritization for conservation was arrived at through phenotypic characterization. Species,
breeds strains etc were evaluated for current or potential values or uses to determine those to pay
more attention to. Of recent, molecular genetics -genetic engineering has been applied to enhance
decision making. Genetic engineering provides in depth information on the genetic merit of animal
population (Hill, 2000). There is, in addition, more accurate information retrieval. Relatedness and
genetic distances are more accurately assessed, enabling better characterization. If it becomes a
matter of decision on which genotype to conserve in view of storage space/facility limitations,
choices could be concentrated between more, than less related individuals, thus reducing diversity
erosion.

The earlier genotypic efforts/procedures utilized protein and blood type analysis using
electrophoresis and immunological studies in conjunction to protein markers. Protein markers
however vary with development, environment and selection (Talle et al., 2005). Today, gene
mapping has become a particularly useful procedure in conservation. The existence of DNA
sequence polymorphism enables the identification and use of different techniques/markers in
conservation. Those currently in use are mitochondrial DNA markers, restriction fragment length
polymorphism, amplified fragment length polymorphism, random amplified polymorphic DNA,
microsatellites/micro satellites studies, DNA sequencing, single nucleotide polymorphism as
individuals or in array etc (Adebambo et al., 2004; Talle et al., 2005; Agaviezor et al., 2011).

It is being argued that conservation should not be limited to domestic plants and animals but also
their wild ancestors and relatives. This is because there may be reasons in the future to revert to
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them for some important genes or gene combinations. Since bioresource or biodiversity
conservation may feature prominently in future Nigerian breeding and genetic work, the country
should join and become an active participant in the global biodiversity initiative.
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ABSTRACT

Crossbreeding in pigs in order to exploit heterosis has been the common practice in commercial pig
production since better average performance of crossbred animals is achieved over their purebred
counterparts. A total of 72 progenies generated from a cross involving the West African Indigenous
(WAI), Landrace (LR) and Large White (LW) breeds were used to estimate the direct and
percentage heterosis on bodyweight (BW) and morphometric traits such as Ear length (EL), Tail
length (TL), Heart girth (HG), Height-at-withers (HW), Snout length (SL) and Body length (BL) at
56, 84, 112 and 140 days of age. Positive direct heterosis was reported on BW at 56 days for
LRxXLW and LRxXWAI crosses only, while at 84, 112 and 140 days, negative direct heterosis were
recorded for the other crosses. The morphometric traits also showed more positive direct heterosis,
particularly for EL, TL, HG, HW, SL and BL at various ages and crosses than negative heterosis at
other ages and crosses. The percentage heterosis ranged from 7.72% to 55.91% for BW at different
ages and crosses, while for morphometric traits, it ranged from 0% to 32.00% in EL, 1.14% to
15.4% in TL, 0.77% to 21.18% in HG, 0.76% to 29.53% in HW, 0% to 13.59% in SL and 0.76% to
19.66% in BL at different ages and crosses, respectively. This implies that for those traits that
exhibit positive heterosis, the exploitation of non-additive gene action such as dominance could
bring about more rapid genetic improvement, while the high percentage heterosis (BW) implies that
selection for such trait will lead to more rapid genetic improvement. However, low percentage
heterosis recorded for some of the BW and all the morphometric traits shows that selection for these
traits cannot result in rapid genetic improvements.

Keywords: Crossbreeding, growth traits, morphometric, reciprocal cross, heterosis.

INTRODUCTION

Swine breeding and genetics has advanced tremendously with rapid crossbreeding in order to
exploit heterosis. Desirable characteristics of different breeds can be utilized if some breeds can be
identified as good maternal breeds and others as good paternal breeds (Buchanan et al., 2005). The
diallel cross is commonly used in plant and animal breeding for evaluating the genetic structure of a
population of pure-bred lines. An accurate analysis of this mating design is therefore not only of
theoretical but also of economic importance and has been dealt with by many authors (Virk et al.,
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1985; Okoro et al., 2012a). A common assumption underlying most analyses of the diallel cross is
the absence of any reciprocal differences, which are primarily caused by sex-linkage and maternal
effects. Although the effects of such differences on the analysis of diallel crosses have been
examined by many authors (Wearden, 1964; Durrant, 1965; Topham, 1966, and Mather and Jinks
1982); these investigators were primarily concerned with testing the significance of possible effects
and with determining the probable cause of heterosis and reciprocal effects.

There is a dearth of information on systematic breeding plans in pig breeding as well as poor
husbandry practices in the methods of pig production in Nigeria. Since reciprocal and heterotic
effects are important in deciding on the lines of sire or dam to be used in a cross for developing
commercially-superior crossbred progeny in terms of growth and reproductive characteristics; there
is dearth of information on direct heterotic effects on the cross of the three major breeds commonly
used for production — Large White (LW), Landrace (LR) and West African Indigenous (WAI)
breeds in the tropical rainforest environment of Nigeria.

This study was therefore conducted to estimate the direct and percentage heterosis on growth traits
in crosses of pigs (LW, LR and WAI breeds) in tropical rainforest zone of Nigeria.

MATERIALS AND METHODS

A modified 3x3 diallel cross comprising three breeds of pigs, namely Large White (LW), Landrace
(LR) and West African Indigenous (WAI) breeds was conducted. The matings were as follows:
Main cross: LW (3) x LR (9); LW (&) x WAI (%), and LR (3) x WAI (Q).

Reciprocal cross: LR (3) x LW (Q); WAI (3) x LW (?); WAI () X LR (9).

Three boars of each breed were mated to six sows of the three breeds, randomly sampled from the
population maintained in the farm. Piglets were generated from the crosses which comprised 2
parities per cross, totaling 12 litters. Data generated were replicated based on parities in order to
estimate a reliable standard error of mean for crosses.

The parameters measured were growth traits which included:
1. Weaning and post weaning weight at 56 and 84 days of age (measured using 50 kg weighing
scale ® Salter England)
2. Body weight towards the end of growth period at 112 and 140 days of age (measured using
200kg bridge weighing scale ® Global Universal England).
3. Morphometric traits measured at 56, 84, 112 and 140 days of age were estimated as follows:
I Ear length (EL) — Measured as the distance from the ear base to the tip of the ear,
using a tailor’s tape.
il Tail length (TL) — The distance from the pin bone of the tail base to the tip of the
tail, using a tailor’s tape.
iii. Heart Girth (HG) — Measured as the circumference of the animal body taken
immediately posterior to the shoulder, using a tailor’s tape.

iv. Height at Withers (HW) — Measured as the distance from the highest point on the
dorsum of the animal to the ground surface, at the level of the front feet, using a tailor’s
tape.

V. Body length (BL) - Measured as the distance from the point of the scapular to the

pin bone of the tail base, using a tailor’s tape.
vi. Snout length (SL) — The distance from the eye slit to the tip of the snout, using a tailor’s
tape.

Direct heterosis for each cross was estimated with the method of linear contrasts as outlined by

Dickerson (1992) in expression (4) below:
Direct heterosis for each cross = Mean of the cross — Mean of parental purebreds ... (4)
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In addition, percentage heterosis was obtained separately for main and reciprocal crosses as quotient
between direct heterosis (expression 4) and mean purebred value multiplied by 100 as shown in
expression (5) below
Percentage heterosis = Direct heterosis X 100 5)

Mean of purebreds 1

RESULTS AND DISCUSSION

The distribution of litters of progeny according to breed of sire (Main cross) and breed of dam
(Reciprocal cross) is shown in Table 1. The resultant litter size totaled 72, comprising 27, 25 and
20 piglets from the Large White (LW), Landrace (LR) and West African Indigenous (WAI) sires
respectively while the dam breed (Reciprocal cross) produced 23, 25 and 23 piglets from LW, LR
and WA, respectively. The cross between LW x LR produced the highest litter size, while NI x
LW produced the least litter size.

Table 1: Distribution of litters according to Breed of Sire and Breed of Dam

Breed of Sire®

Breed of Dam LW LR WAI TOTAL
LW * 14 9 23
LR 15 * 11 25
WA 12 11 * 23
TOTAL 27 25 20 72

®LW = Large White LR= Landrace WAI= West African Indigenous.

*No purebred mating.

Bereskin and Hetzer (1986) reported an average litter distribution ranging from 6 to 10 in a diallel
cross to determine the genetic and maternal effects on pig weight, growth and probe backfat in high
and low fat lines of swine. Although this study was not a full diallel cross due to absence of
purebred litters, it was similar to the report by Obasi and Ibe (2008) who reported a total of 72 Kits
in an experiment to determine the influence of additive and non-additive gene effects on body
measurements in domestic rabbits. In addition, Adebambo (1986) reported a higher litter number in
crosses involving LW x Hampshire (HA) breeds (8.25 to 8.75) than crosses involving LW x WA,
HA x WAI and WAI x exotic breeds, which ranged from 7.8 to 8.3.

The estimates of direct and percentage heterosis for BW are presented in Table 2. At 56 days of
age, there was a positive heterosis for the reciprocal cross, LRXLW (16.21%) and main cross
LRXWAI (7.92%), while for other main and reciprocal crosses, heterosis was negative with
percentage heterosis ranging from 12.08% to 41.20%. At ages 84, 112 and 140days, there were
negative direct heterosis for all the crosses for BW, with values ranging from -1.32 to -10.00 and
percentage heterosis ranging from 3.59% to 55.91%.
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Table 2: Estimates of Direct and Percentage Heterosis® for Body weight at 8-20 weeks

Cross 1 Cross 2 Cross 3
Age Main Reciprocal Main Reciprocal Main Reciprocal
(Days) LWXLR LRxXLW LWxWAI WAIXLW LRxXWAI WAIXLR
56 -1.28 0.94 -2.06 -0.97 0.42 -0.64
(22.07) (16.21) (41.20) (19.4) (7.92) (12.08)
84 -3.05 -1.23 -5.20 -3.45 -1.87 -1.27
(28.24) (11.39) (55.91) (37.10) (19.08) (12.96)
112 -2.52 -0.46 -5.61 -3.84 -1.26 -0.29
(19.69) (3.59) (50.09) (34.29) (10.59) (2.44)
140 -3.55 -2.52 -10.00 -8.02 -3.29 -0.16
(16.82) (11.94) (55.87) (44.80) (17.98) (0.87)

Percentage heterosis in parentheses.

The estimates of direct and percentage heterosis for EL and TL are presented in Tables 3 and 4. In
all crosses (main and reciprocal), there was positive heterosis for EL at 56 and 84 days of age.
Positive heterosis was also obtained at ages 112 and 140 days, except for LWXLR main cross in day
112, and LWXLR main and reciprocal cross and LRXWAI main and reciprocal cross in day 140.
For TL, except for LWXLR main crosses at 56, 84 and 112 days, and LRxXWAI main cross at 56 and
84 days, heterosis was positive in all other situations. However, the percentage heterosis ranged
from 0 to 32.0% and 1.14 to 15.4% in EL and TL, respectively.

Table 3: Estimates of Direct and Percentage Heterosis® for Ear length between 56 -140 days.

Cross 1 Cross 2 Cross 3
Age Main Reciprocal  Main Reciprocal  Main Reciprocal
(Days) LWXLR LRxXLW LWxWAI WAIXLW LRxXWAI WAIXLR
56 0.54 0.25 1.79 0.50 0.86 1.25
(6.75) (3.13) (27.54) (7.69) (11.86) (17.24)
84 0.19 0.75 2.32 0.86 0.97 1.38
(2.24) (8.82) (32.00) (11.86) (11.76) (16.73)
112 -0.44 0.00 1.96 1.03 0.33 0.50
(4.51) (0.00) (25.29) (13.29) (3.67) (5.56)
140 -1.96 -1.75 1.04 0.19 -0.69 -0.25
(17.04) (15.22) (11.24) (2.05) (6.73) (2.44)

Percentage heterosis in parentheses.
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Table 4: Estimates of Direct and Percentage Heterosis® for Tail length between 56 — 140 days

Cross 1 Cross 2 Cross 3
Age Main Reciprocal  Main Reciprocal  Main Reciprocal
(Days) LWXLR LRxXLW LWxWAI WAIXLW LRxXWAI WAIXLR
56 -0.22 0.18 0.84 0.66 -0.69 0.70
(3.41) (2.79) (15.41) (12.11) (12.55) (12.73)
84 -0.44 0.13 0.43 0.22 -0.25 0.13
(5.68) (1.68) (6.14) (3.14) (3.45) (1.79)
112 -0.26 0.57 0.64 0.83 0.11 0.47
(3.18) (6.97) (8.53) (11.07) (1.41) (6.04)
140 0.10 0.63 0.86 1.11 0.64 1.13
(1.14) (7.20) (10.76) (13.88) (7.76) (13.70)

Percentage heterosis in parentheses.

The estimates of direct and percentage heterosis for HG and HW are presented in Tables 5 and 6.
There was positive heterosis for HG in the crosses WAIXLW, WAIXLR, LWXWAI and LRXLW in
all ages studied, except at ages 112 and 140 days in LRxLW, ages 56 and 140 days in LWxWAI,
and age 56 days in WAIXLR crosses. The rest of the crosses (main cross) in cross 1 and 3 had
For the HW, apart from the cross WAIXLR which had positive
heterosis in all the ages, the rest of the crosses had negative heterosis except for crosses LRXLW,

negative heterosis at all ages.

LWxWAI and WAIXLW which had positive heterosis at 56 days of age.

respectively

Meanwhile, the
percentage heterosis ranged from 0.77% to 21.18% and 0.76% to 29.53% in HG and HW

Table 5: Estimates of Direct and Percentage Heterosis® for Heart Girth between 56 — 140 days.

Cross 1 Cross 2 Cross 3
Age Main Reciprocal  Main Reciprocal  Main Reciprocal
(Days) LWXLR LRxXLW LWxWAI WAIXLW LRxXWAI WAIXLR
56 -6.45 0.58 -1.79 0.10 -8.09 -4.50
(16.10) (1.45) (4.88) (0.27) (21.18) (11.78)
84 -2.15 3.20 2.09 5.73 -3.81 2.75
(5.08) (7.57) (5.49) (15.73) (9.47) (6.83)
112 -9.50 -1.25 0.66 4.20 -6.13 6.09
(18.81) (2.48) (1.50) (9.57) (12.79) (12.71)
140 -9.20 -1.30 -2.79 4.83 -1.28 7.25
(17.02) (2.41) (5.75) (9.96) (2.64) (14.95)

Percentage heterosis in parentheses.
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Table 6: Estimates of Direct and Percentage Heterosis® for Height at Withers between 56 — 140
days

Cross 1 Cross 2 Cross 3
Age Main Reciprocal  Main Reciprocal  Main Reciprocal
(Days) LWXLR LRxXLW LWxWAI WAIXLW LRxXWAI WAIXLR
56 -2.32 3.10 3.93 3.44 -0.22 5.70
(7.30) (9.75) (14.15) (12.38) (0.76) (19.66)
84 -9.66 -4.63 -0.84 -0.63 -8.08 5.95
(21.70) (10.40) (2.25) (1.68) (19.56) (14.41)
112 -12.61 -11.47 -3.03 -3.65 -8.44 13.88
(24.47) (22.26) (6.58) (7.93) (17.96) (29.53)
140 -11.06 -7.02 -2.29 -0.44 -5.64 12.38
(20.58) (13.06) (4.87) (0.94) (11.57) (25.39)

Percentage heterosis in parentheses.

The estimates of direct and percentage heterosis for SL and BL are presented in Tables 7 and 8. SL
had positive heterosis in main and reciprocal crosses of cross 3 in all ages studied, while the rest of
the crosses had negative heterosis except at day 56 where no heterosis was recorded in LWxWAI.
For BL, all the crosses had positive heterosis in all the ages studied, except in ages 112 and 140
days for LRXLW and LWxWAI, and day 112 of WAIXLW crosses. The rest of the crosses had
negative heterosis in all the ages studied. Meanwhile, the percentage heterosis ranged from 0% to
13.59% and 0.76% to 19.66% in SL and BL respectively.

Table 7: Estimates of Direct and Percentage Heterosis® for Snout Length between 56 — 140 days.

Cross 1 Cross 2 Cross 3
Age Main Reciprocal  Main Reciprocal  Main Reciprocal
(Days) LWXLR LRxXLW LWxWAI WAIXLW LRxXWAI WAIXLR
56 -0.88 -0.15 0.00 -0.11 0.29 0.05
(13.23) (2.26) (0.00) (1.83) (4.72) (0.81)
84 -0.49 -0.20 -0.33 -0.35 0.62 0.95
(6.16) (2.52) (4.78) (5.07) (8.79) 13.48
112 -1.33 -1.04 -1.12 -0.88 0.22 1.08
(13.59) (10.62) (13.10) (10.29) (2.54) (12.46)
140 -0.90 -0.05 -0.73 -0.41 0.43 0.53
(8.96) (0.50) (7.85) (4.41) (4.60) (5.67)

Percentage heterosis in parentheses.
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Table 8: Estimates of Direct and Percentage Heterosis® for Body Length between 56 — 140 days.

Cross 1 Cross 2 Cross 3
Age Main Reciprocal  Main Reciprocal  Main Reciprocal
(Days) LWXLR LRxXLW LWxWAI WAIXLW LRxXWAI WAIXLR
56 -2.32 3.10 3.93 3.44 -0.22 5.70
(7.30) (9.75) (14.15) (12.38) (0.76) (19.66)
84 -2.15 3.20 2.09 5.73 -3.81 2.75
(5.08) (7.57) (5.49) (15.73) (9.47) (6.83)
112 -1.33 -1.04 -1.12 -0.88 -0.22 1.08
(13.59) (10.62) (13.10) (10.29) (2.54) (12.46)
140 -9.20 -1.30 -2.79 4.83 -1.28 7.25
(17.02) (2.41) (5.75) (9.96) (2.64) (14.95)

Percentage heterosis in parentheses.

The positive direct heterosis of BW reported for LRXLW and LRXWAI, implies that there was an
increase in BW as a result of the crossbreeding in favour of the cross performance. This indicates
that for the particular crosses, non-additive effects of genes could be exploited through
crossbreeding to bring about genetic improvement for BW at 56 days. This finding contradicts
existing knowledge that BW and conformation traits in farm animals are generally highly heritable,
implying that rapid genetic improvement could be brought about by selection and exploitation of
additive effects of genes, rather than crossbreeding (Ibe et al., 2005). The result obtained could be
due to maternal effects of LW and WAI sows, since the main and reciprocal crosses — LWXLR and
WAIXLR Yyielded negative heterosis for body weight at 56 days or could be due to influence of LR
as sire at this age. This result is similar to those presented by Young et al. (1976), who obtained
significant positive estimates of heterosis for litter weights at 42 days of 20.7% for Duroc(D) x
Yorkshire (Y), 20.40% for D x Hampshire (H) and 6.00% for H x Y crosses; and by Schneider
(1978) who found significant positive heterosis of 20.40% for litter weight at 56 days in
Chesterwhite (CW) x D crosses and of 25.70% for D x H crosses at 56 days. For litter weight at
154 days, he found heterosis rates of 21.20, 22.00 and 27.10% for CW x H, CW x Y and CW x D
crosses, respectively. According to Johnson (1981), heterosis estimates for litter weight at 21 days
are highly variable but part of this variation is because similar crosses produce different estimates in
independent experiments. Johnson (1980) reported a positive average heterosis of 9.4 and 2.5% for
ADG (age at 56 days) and carcass average back fat thickness (CABT), respectively. McLaren et al.
(1987) reported a highly significant (P<0.01) individual heterosis estimates for post-weaning
performance traits and reasonably consistent trend between crosses of Duroc x Yorkshire, Duroc x
Landrace, Duroc x Spotted breeds respectively; although the positive estimates reported in this
study is obtained at pre-weaning BW stage of growth.

The negative heterosis for BW in all other crosses from ages 56 to 140 days is expected and
indicates that for these crosses, additive effects of genes could best be exploited, through selective
breeding, for rapid genetic improvement in BW (lbe et al., 2005). Heterosis could subsequently be
exploited by crossing different lines that had been improved by within-line selection. Medellin and
Lukefar (2001) reported negative heterosis of -9.3 for market weight in rabbits. Schneider (1978)
did not find a significant effect of heterosis on litter size from birth to the end of growth period,
although the estimated heterosis presented by Smith and King (1964), O’Ferrall et al. (1968),
Bereskin et al. (1974) and Young et al. (1976) was numerically higher than that found by Silva et al.
(1996). The total heterosis according to Silva et al. (1996) was not a significant source of variation
for the BW at 21, 35 and 77 days of age in crosses involving Duroc, Landrace, Yorkshire and Large
White breeds of pigs.

The implication of positive heterosis on morphometric traits is that exploitation of non-additive
gene action, through crossbreeding, could bring about more rapid genetic improvement for EL, TL,
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HG, HW, SL and BL than selective breeding. The finding of positive heterosis in some cases
contradicts existing knowledge that body weight and conformation traits in farm animals are
generally highly heritable, implying that rapid genetic improvement could be brought about by
selection and exploitation of additive effects of genes, rather than crossbreeding (Ibe et al., 2005).
Ozimba and Lukefahr (1991) reported positive heterosis for linear body measurements in
Californinan x New Zealand White crossbred than for parental purebreds. Khan and Lukefahr
(1996) reported positive heterosis of 10.5% for post-weaning litter weight. Chineke et al., (2002)
reported that New Zealand White x Dutch-belted crossbred recorded best performance in heart
girth, height at withers and body length at pre-weaning ages of 7 and 21 days and at post-weaning
age of 56 days. However, the positive heterosis obtained for EL, TL, HG, HW, SL and BL could
not be explained based on maternal effects as is the case with BW, since the observed heterotic
effect was shown by crosses involving different breeds of dam.

CONCLUSION

Crosses LRXLW and LRxXWAI exhibited positive heterosis while others recorded negative heterosis
for BW. The LBMs exhibited both positive and negative heterosis at different ages in different
crosses. It is therefore recommended that in a cross-breeding programme involving these three
breeds of swine — LW, LR and WAI breeds, the cross involving LR males and LW females will
give the best performance in terms of growth traits measured, followed by the cross involving WAI
males on LW females, and lastly using LR males on WAI females.

The WAI x LW and LR x WAI crosses had exhibited performance closest to exotic crosses which
shows the high level of performance attainable when the WAI germplasm with its adaptational
qualities is introduced into the exotic germplasm. The exotic breeds which are highly productive
with well developed characteristics, are highly susceptible to stress and diseases in the tropical
rainforest environment. Therefore, in a crossbreeding programme with the aim of improving the
WAI pigs; adopting the WAI x LW and LR x WAI crosses will ensure better performance in terms
of growth traits measured, thereby improving the genetic potential of the WAI pigs while
conserving its valuable adaptation characteristics
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ABSTRACT

Data on serological test were collected from eight sows and two boars, (4 Large White sows, 2
Large Black sows, 2 Duroc sows, 1 Large White boar and 1NigerHyb boar) which are survivors of
the African Swine Fever (ASF) outbreak in a farm at Abeokuta, Nigeria, in 2005). From these, fifty-
two (52) pigs were generated in the F; and sixty (60) pigs in the F, generation, respectively. The
pigs were used to determine the presence of ASF antibody. The serological test for determining the
presence of ASF antibody showed that all the ASF recovered pigs tested positive while 18.79% of
the F; and 6.25% of the F, pigs tested equally positive.

INTRODUCTION

African Swine Fever (ASF) disease can be confused with several other diseases. The differential
diagnosis of ASF is implicated in the following five diseases namely: Hog cholera, haemorrhagic
septicaemia encephalomycarditis of pigs, trypanosomosis and anthrax (FAO, 2000). The disease
can be confirmed and differentiated from other diseases by conducting virus isolation and
characterization detection of genuine DNA by PCR and 