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PREFACE

This work was conducted at the Department of Genetics and Forestry and Agricultural

Biotechnology Institute (FABI), University of Pretoria, South Africa. The project

involved laboratory, glasshouse and field experiments. Various molecular marker

techniques and quantitative genetics approaches were employed to accurately unravel

the extent of genetic diversity and genetic relationships among traditional Ethiopian

highland maize accessions with the view of establishing a strategic maize

improvement program in the highlands of Ethiopia.

This dissertation is based on the following chapters, which were published, accepted

or submitted for publication.

1.

Phenotypic diversity for morphological and agronomic traits in traditional
Ethiopian highland maize accessions (South African Journal of Soil and Plant
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Genetic diversity in traditional Ethiopian highland maize accessions assessed
by AFLP markers and morphological traits (Journal of Biodiversity and
Conservation, in press).

Genetic diversity among traditional Ethiopian highland maize accessions
assessed by simple sequence repeat (SSR) markers (Journal of Genetic
Resources and Crop Evolution, in press).

A comparative study of molecular and morphological methods of describing
genetic relationships in maize (African Journal of Biotechnology 2005,4:586-
595)

Association of simple sequence repeats with quantitative traits in Ethiopian

highland maize accessions and the effect of admixture.
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GENETIC ANALYSIS OF TRADITIONAL ETHIOPIAN HIGHLAND MAIZE
(Zea mays L.) USING MOLECULAR MARKERS AND MORPHOLOGICAL
TRAITS: IMPLICATION FOR BREEDING AND CONSERVATION

By
Yoseph Beyene Aydagn

Supervisor: Dr. Alexander A. Myburg

Co-supervisor: Prof. Anna-Maria Oberholster

Department: Genetics

Degree: PhD

SUMMARY

Knowledge of the genetic variation of crop collections is essential for their efficient
use in plant breeding programs. The Ethiopian Highland Maize Germplasm Collection
Mission was launched throughout the highlands of Ethiopia in 1998 and 287
traditional maize accessions were collected from farmers’ fields. To date, no
information was available on the morphological and genetic diversity in this important
collection. Various molecular marker techniques and quantitative genetics approaches
were applied to accurately unravel the extent of phenotypic and genetic diversity, to
study patterns of morphological and molecular variation and to determine association
of molecular markers with quantitative trait variation, with the view of designing a
sound breeding program and management strategy for maize in the highlands of

Ethiopia.

The morphological study confirmed that traditional Ethiopian highland maize

accessions contain large amounts of variation for agro-morphological traits. The broad

X1X
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trait diversity observed among the accessions suggested ample opportunities for the
genetic improvement of the crop through selection directly from the accessions and/
or the development of inbred lines for a future hybrid program. Selection practices
followed by local farmers are mostly consistent within agroecology and gave rise to
morphologically distinct maize accessions in different agroecologies. This
underscores the importance of considering farmers’ knowledge of diversity in the

collection and evaluation of local accessions.

The results of amplified fragment length polymorphism (AFLP) and microsatellite or
simple sequence repeat (SSR) marker analyses showed that bulking leaf samples from
15 individual plants per out-bred accession is an effective means of producing
representative profiles of individual plants, thereby reducing the cost of DNA
extraction and subsequent marker analysis of open-pollinated varieties. Cluster
analyses based on AFLP and SSR data showed that most of the accessions collected
from the Northern agroecology were genetically distinct from the Western and
Southern accessions suggesting that differentiation for adaptive traits for drought
conditions may have occurred in the Northern accessions. However, there was very
little genetic differentiation between the Western and Southern accessions suggesting
gene flow between the two agroecologies and recent introduction of similar improved
varieties in these agroecoogies . In both marker systems, high mean genetic diversity
was observed among the traditional Ethiopian highland maize accessions. This is
possibly due to (i) the continuous introduction of maize from abroad by different
organizations; (ii) genetic variation generated through farmers management practices;

and (iii) the presence of different environmental conditions in the highlands of
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Ethiopia to which local landraces may have been adapted.

The correlation between the morphological dissimilarity matrix and the matrices of
genetic dissimilarity based on SSR and AFLP markers were 0.43 and 0.39,
respectively (p = 0.001 in both cases). The correlation between SSR and AFLP
dissimilarity matrices was 0.67 (p = 0.001). These significant correlations indicate
that the three independent sets of data likely reflect the same pattern of genetic
diversity, and validate the use of the data to calculate the different diversity statistics
for Ethiopian highland maize accessions. From this study, three groups of maize
accessions with distinctive genetic profiles and morphological traits were identified
that will be useful for future collection, conservation and breeding programs of maize
for the highlands of Ethiopia.

A pilot association study using SSR markers and quantitative trait variation indicated
that molecular markers could be useful to identify genetic factors controlling
earliness, tallness, grain yield and associated traits, which could be exploited by
various breeding schemes. The analytical tools outlined in this dissertation can be a
useful tool in managing genetic variation of open-pollinated crops and will aid in the
conservation of unique genetic diversity. Production stability and global food security
are linked to the conservation and exploitation of worldwide genetic resources and

this research attempts to add to that body of knowledge.

Key words: AFLP markers, association mapping, bulked analysis, clustering,
correlation, Ethiopia, genetic diversity, genetic resources, heritability, highland maize,

quantitative traits, phenotypic diversity, regression analysis, SSR markers
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