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ABSTRACT

Sesame (Sesamum indicum L.) is an important crop in tropical and subtropical areas. Sesame
seed is traditionally used for direct consumption, because of its high nutritional value (50 %
oil and 25 % protein), and as a source of oil of excellent quality. Potentially beneficial effects
of sesame on human health have recently renewed the interest in this ancient crop.
Information on the genetic diversity in sesame is limited, only some studies about
morphological diversity have been carried out, and generally, these studies have been focused
on regional interest. To overcome this gap of knowledge in sesame, this research was
achieved to know how diverse is a sesame germplasm collection containing both accessions
from different origin regions, and commercial cultivars or experimental lines. Genetic
diversity was assessed at three different levels: DNA (by means of amplified fragment length
polymorphism or AFLP), metabolic profiles, and functional metabolites (by means of effect
of plant extracts on soil-borne pathogenic fungi). Individual outputs for every approach were
obtained, but also information about usefulness of AFLP for identifying sesame cultivars,
optimal conditions for bioassays, and identification of sesame accessions potentially valuables
for breeding and/or production of natural compounds against soil-borne fungi The assessment
by means of AFLP resulted in a high level of variability within all diversity centres except
Central Asia. No association between geographic origin and AFLP patterns was found. Most
of the variation is explained by genetic diversity within origin regions rather than between
origin regions. According to the results, conservation strategies do not need to cover all
diversity centres as long as they sample a sufficient number of accessions. Similarly, choosing
parent genotypes for breeding programs from many diversity centres as compared to sampling
just one centre (except Central Asia) is not likely to increase the variability among progeny
significantly, whether the objective is breeding for poligenic traits such as yield. AFLP-based
fingerprints demonstrated to be useful for identifying unequivocally sesame genotypes,
resulting an average and maximum probability of identical match by chance between 2
accessions of 2.7 x 107 and 5.2 x 107 respectively. Correlation between AFLP and metabolic
profiles was not found, but some important consistencies were reported. Metabolic profiles
were obtained from seeds; and indirect selection on some metabolites at seed by farmers and
differences in the sampling on the genome of the two methodologies could explain the results.
Identification of similarity/dissimilarity relationship between pairs, based on AFLP and seed
metabolic profiles, depend on the genotypes under comparison, due to differences in
evolutionary history of each genotype. Therefore the assumption that genetic distance

between two genotypes is directly proportional to the probability of identifying very different



levels in some important agronomic or quality trait is not necessarily true, and is not
supported by this work. Search in plants of novel compounds with antimicrobial properties
requires large screening of accessions, not only at inter-species level, but also within species.
Adequate system of screening must be available for this goal. The present study report the
standardization of a biosassay to test biological activity of novel compounds on growth of
Macrophomina phaseolina. The proposed bioassay has the advantage of being suitable to test
small amount of compounds, reducing required laboratory space and therefore being suitable
for testing a great amount of sources with several replications. This is especially advantageous
for testing natural compounds from plant genetic resources collections, because of the large
amount of sources available. The present study shows the importance of large screening
within a species when antifungal activity from plants are being searched. Large within-species
genetic variation has been originated by evolutionary forces, which can lead to differentiation
at metabolite level and therefore, in the effect of plant extracts on fungi growth. Extreme
response of fungi before plant extracts from different accessions of sesame are reported in this
study: large stimulatory effect or strong growth inhibition. Some accessions have been
identified as potentially valuable for breeding and/or production of natural products to control
soil-borne fungi, not only from root extracts, also from stem, leaf and seed extracts. Results of
the present study suggest that toxic compounds to fungi are present in all the accessions, but
final effect on fungi growth depend on its balance respect to other compounds present in the

plant organ.
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Chapter 1. General introduction

Chapter 1. General introduction

1. Sesame importance with emphasis in Venezuela

Sesame (Sesamum indicum L.) is an important crop in tropical and subtropical areas (Ashri,
1998). According to FAO (2006), over seven million of hectares were harvested worldwide in
2005, producing almost three million of tons. India, Sudan, Myanmar, Uganda and China are
the greatest sesame producers, covering 75% of world production. In America the production
is about 170.000 tons per year. Mexico, Guatemala, Paraguay and Venezuela cover 80 % of
production in the continent, with a little contribution to world production (about 4 %),
however, this production is important in exportation trade, because it covers about 20%.
Venezuela is the 16™ wold producer (about 30.000 tons per year), and the 7" country in
sesame exportations (about 24.000 tons per year). Its sesame is considered of high quality,
and its production system unique in the world (Mazzani, 1999).

Some authors use the name Sesamum orientale L. instead Sesamum indicum L. arguing
respect to the nomenclature rules (Bedigian, 2003), however Nicolson and Wieserma (2004)
propose to conserve Sesamum indicum L. arguing two main reasons: the two names were
proposed at the same date like different species, which it is known that is false, and the usage
of S. indicum L. still significantly predominate in the current overall scientific literature,
especially that relating to agriculture. In this research, the scientific name Sesamum indicum
L. is used.

Sesame production in Venezuela is very important in the Western Llanos, specifically around
Turen town, in Portuguesa state, where all Venezuelan sesame is grown. It is used as a
rotation crop to the maize, during the dry season, obtaining needed water from moisture
retained in the soils during previous raining season. Venezuelan sesame production has social
importance because it is a job source for the people living near Turen, in some steps of
production: manual weeds control and mainly in harvest (Laurentin, 2002).

In the early years of Venezuelan sesame production, since 1940, sesame was used as oil
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source for the national market, and a little amount for exportation as oil. At present, since
1990, it is used for exportation as processed grain, and therefore, cultivars used before had to
change by cultivars with traits suitable for exportation market, i.e. a big and near white grain
(Montilla and Teran, 1996; Mazzani, 1999).

As in any other crop, sesame has abiotic and biotic limitations. Among biotic limitations, the
soil borne fungi Macrophomina phaseoli (Tassi) Goid, and Fusarium oxysporum f. sp. sesami
Castell have played an important role in Venezuelan sesame production as limiting factors
(Pineda, 2002). M. phaseolina causes the disease known as charcoal root rot, and it acts on
young plantlets (1-4 weeks old). Fungus survives as microsclerotia in the soil and on infected
plant debris. Climatic conditions characterized by high temperature (28-35°C) and low
humidity in the soil, as present in Turen at sesame production season, promote the infection of
the fungus. Microsclerotia germinate on the root surface, and mycelia grows through the roots
and low stem, where microsclerotia are produced plugging the vascular system. Economic
losses in Venezuela have been estimated in about 30% (Pineda, 1987), but up to 100 % in
India (Vyas, 1981). Fusarium wilt disease is currently associated to M. phaseolina infection
(Dhingra and Sinclair, 1978; Pineda and Avila, 1988), however, some studies deal to control
it as a fungus able to infect sesame plants without previous infections (Ammar et al., 2004).
F. oxysporum f. sp. sesami survives as saprophyte in soil. Mycelia penetrate roots, growing
intercellulary and reaching the xylem. It grows through the vascular system, affecting the
plant water supply. Differential response of sesame cultivars to isolates of M. phaseolina
(Pineda et al., 1985; Simoza and Delgado, 1991; Rajput et al., 1998; Avila, 2003; El-
Bramawy and Wahid, 2006) or F. oxysporum (El-Shazly et al., 1999) has been frequently

found.

2. Characterizing plant genetic resources

2.1. General concepts
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Plant genetic resources are considered one of the most important world’s natural resources
(Ramanatha and Hodgkin, 2002). Increasing efforts to conserve them have been done. Plant
genetic conservation comprises several activities. Evaluation or characterization is one of the
most critical steps because information that the users will have about different accessions,
depend on it. For instance breeders will need a correct characterization to know the
agronomic value of specific accessions. Access to a wide range of genetic diversity is critical
to the success of breeding programs (Hoisington et al. 1999) and the ability to identify genetic
variation is indispensable for effective management and use of genetic resources (Rao, 2004),
and it depends on characterization.

Germplasm characterization involves, in the first instance, description of variation for
morphological traits, it means to measure variation at phenotypic level. This approach has
disadvantages such as they are often limited (Rao, 2004), highly heritable traits often show
little variation over much of the material studied (Karp et al., 1997), and trait expression,
mainly of quantitative traits, is subjected to strong environmental influence (Karp et al., 1997;
Rao, 2004). Despite of the limitations, this approach was used for much time, and it is used
yet, but it was necessary to get a more reliable way to characterize the plant genetic resources.
Thus biochemical methods appeared, they included seed storage proteins, allozymes and
isozymes. This approach is effective in a better control of environmental influence, therefore
they have been more successful than morphological characterization but they are unable to
detect low levels of variation (Rao, 2004) because they screen only a very small genome
section of species. These disadvantages are overcome by DNA-based techniques, which have
potential to identify polymorphism represented by differences in DNA sequences, because
they can be used at any developmental stage of the plant (Ovesna et al., 2002) and they cover

the whole genome variability (Ovesnd, 2002; Rao, 2004).

2.2. Molecular markers with emphasis in AFLP



Chapter 1. General introduction

Karp et al. (1997) classify DNA-based techniques according to two criteria, depending on the
technique is PCR-based, and arbitrary/semi-arbitrary primers or specifically designed primers
are used. Three categories are considered: the first one includes non-PCR based methods,
such as Restriction Fragments Length Polymorphism (RFLP) and Variable Number of
Tandem Repeats (VNTRs), the second one includes PCR-based techniques which use
arbitrary or semi-arbitrary primers, such as Random Amplified Polymorphic DNA (RAPD)
(Williams et al., 1990) and Amplified Fragments Length Polymorphism (AFLP) (Vos et al.,
1995), and the third one includes PCR-based techniques which use specifically designed
primers such as microsatellites or simple sequence repeats (SSRs). The second category
requires no previous sequence knowledge.

AFLP is a technique developed by Vos et al. (1995) that is based on the detection of genomic
restriction fragments by PCR amplification. AFLP is considered a robust and reliable
technique because stringent reaction conditions are used for primer annealing. AFLP
technique, for complex genomes, consists in five steps: DNA digestion with two restriction
enzymes, ligation of adapters to the DNA-fragments ends, preamplification of ligated DNA
fragments with two primers with one selective nucleotide, amplification of the preamplified
DNA fragments with two primers with three selective nucleotide, and electrophoresis on
polyacrylamide gels and bands visualization.

Comparisons among DNA-based techniques have been done. Savelkoul et al. (1999) indicate
that AFLP is more reproducible and robust than RFLP because signal detection does not
depend on hybridization, partial digestion and faint patterns like RFLP, and these are sources
of irreproducibility. AFLP technique has advantages on RAPD because it has the possibility
of using stringent PCR annealing temperatures. Jones et al. (1997) also indicate an excellent
reproducibility of AFLP as compared to RAPD. About the informative power, or efficiency of
the markers, Powell et al. (1996) and Russell et al. (1997) found that AFLP had higher values

of diversity index or marker index than RAPD, RFLP and SSR, that is to say, AFLP was more

4
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efficient than these markers because it analyzes simultaneously a large number of bands rather
than the levels of polymorphism detected (Russell et al., 1997). Diversity index and marker
index are concepts used by these authors to measure the efficiency of one marker. Garcia-Mas
et al. (2000) reported that AFLP showed higher efficiency in detecting polymorphism than
RAPD and RFLP. Archak et at. (2003) found that AFLP exhibited a maximum discrimination
efficiency as compared to RAPD, ISSR and AFLP .

Mueller and LaReesa (1999) used 5 criteria to compare AFLP with RAPD, RFLP, SSR and
allozymes, getting that AFLP are similar to RAPD and SSR in sharing the potential to get a
high quantity of information, to SSR, RFLP and allozymes in the high reproducibility, to
RAPD and allozymes in the short development time, to SSR and RFLP in the high ability to
solve genetic difference. AFLP are considered intermediate between easiness of use and
development of RAPD and allozymes, and the difficulty of SSR and RFLP.

Reliable information about genetic diversity within a species can be obtained by means of
AFLP. These types of studies help designing comprehensive conservation strategies, and
maximizing the use of accessions in breeding. Another current use of molecular markers such
as AFLP is the cultivar identification, which is a useful tool whether the objective is to

contribute to protect intellectual rights of cultivars production.

2.3. Metabolomics

Approaches based on genomics (genes) and based on functional genomics (transcriptome,
proteome and metabolome) differs basically in the ability to overcome environmental
influence. Studies at gene level are not sensitive to environmental influence, can be used at
any developmental stage of the organism (Ovesnd et al., 2002) and covers the whole genome
variability (Ovesnd, 2002; Rao, 2004). On the contrary, approaches based on proteome and
metabolome are highly dependent on the environmental influence and development stage of

the organism, but they can be related with specific agronomic, nutritional or commercial
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meaning.

Most of the studies aimed to determine diversity have been based on morphological
characterisation or DNA techniques, however, for a holistic and comprehensive understanding
of the species diversity, integration of different approaches is desirable.

Metabolomics is gaining popularity as a functional genomics tool useful in broadening the
knowledge of biological systems (Hall, 2006), this is also true for species diversity. Metabolic
profiling and metabolic fingerprinting (Fiehn, 2002; Fiehn and Weckwerth, 2003; Dunn and
Ellis, 2005; Hall, 2006) could provide valuable information about species diversity, however
only few studies have been focussed on this aim (e.g. Murch et al., 2004; Schauer et al., 2005;
Overy et al., 2005). In line with the terminology established in genome and transcriptome
analysis, metabolic fingerprinting designates procedures generating static profiles of signals
(HPLC peaks, TLC spots, mass spectra) representing anonymous metabolites, which are
characteristic for a given sample and can be used, for example, to confirm its origin or
uncover surrogates. Metabolic profiling, in analogy to transcription profiling, generates
profiles of metabolites, either anonymous or identified, and is mostly used for quantitative
comparisons among varieties, physiological states or treated/untreated samples. Profiling of
metabolite classes defined by their chemical nature (e.g., glucosinolates or oxylipins) is used
to quantitatively describe the representation of these substances in the sample. Alternative
definitions of metabolic profiling and metabolic fingerprinting (Fiehn, 2002; Fiehn and
Weckwerth, 2003) are likely to lead to confusion whenever metabolic analysis, genome
fingerprinting and transcription profiling are treated jointly.

Impact on breeding programs could be reached with this approach, because of the quality of
crop plants is a direct function of their metabolite content (Memelink, 2005) and quality of
plant tissues also determines their commercial value in relation to aspects of flavour,

fragrance, shelf life, physical attributes, etc. (Hall, 2006).
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2.4. Plant metabolites and pathogens

Plants represent a nearly unlimited source of phytochemicals, metabolites of primary and
secondary metabolism (Sudha and Ravishankar, 2002). The secondary metabolites are of
major interest because of their different functions and biological activities, among them
antimicrobial properties (Stockigt et al., 1995). Plants use constitutive and induced defences
to protect themselves from pathogen and herbivore attack, (Walling, 2000), therefore the
study of the effect of constitutive plant extracts on fungi-pathogenic growth can be used as
approach to study the genetic diversity within a species. This approach would be useful in
identifying accessions possessing antimicrobial compounds involved in resistance response,
or for obtaining new natural compounds with antifungal activity. This kind of study requires
an easy, rapid and high-throughput bioassay to screen the effect of plant extracts from several
accessions on the growth of pathogenic-fungi. Metabolic signals correlating with resistance
can be used as biomarkers to speed up resistance breeding even before the structure of the

compounds have been fully elucidated.

3. Thesis outline

The importance of sesame in Venezuela, and the importance of biotic stress on sesame
production, are justification enough to carry out the present project. First it was needed to
perform a broad screening on several sesame accession from different geographic origin to
know the genetic relationships among them; therefore, AFLP was performed for 52
accessions. The chapters 2 and 3 are about the results obtained with this DNA
characterization. Chapter 4 deals with the characterization of 10 sesame accessions (chosen
based on AFLP characterization) based on metabolomics. The following part of the thesis
deals with the bioassays to determine the effect of plant extracts (root, stem, leaf and seed) on
pathogenic fungi (Macrophomina phaseolina and Fusarium oxysporum f. sp. sesami), but

before, was necessary to standardize the bioassay for M. phaseolina because there was not
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any report about the use of this fungus in microplate-format bioassays. Chapter 5 and 6 deal

with these aspects of the thesis.

4. Objectives

4.1. General objective

To study the genetic diversity of a sesame (Sesamum indicum L.) germplasm collection
consisting of accessions with different geographical origins and obtained from Venezuelan
breeding programs, using molecular markers, metabolomic approach, and effect of plant

extracts on growth of the major pathogenic fungi on sesame production in Venezuela.

4.2. Specific objectives
« To clarify genetic relationship among 32 sesame accessions from the Venezuelan
Germplasm Collection, which represents genotypes from 5 geographical regions
(Chapter 2).
« To determine the relationship between geographical distribution and genetic diversity
(Chapter 2).
« To determine the genetic relationship among 20 Venezuelan sesame cultivars

(Chapter 3).

« To evaluate the ability of AFLP markers for distinguishing 20 Venezuelan sesame

cultivars (Chapter 3).

« To estimate the usefulness of parameters currently used to assess the informativeness

of molecular markers for genotyping (Chapter 3).

« To evaluate genetic and metabolic diversity on a set of 10 sesame accessions and to

discern the relationship between metabolic and genomic data (Chapter 4).
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To develop a rapid and little-format bioassay adequate for evaluating the effect of
small amount of novel compounds, from a large amount of sources, on the growth of
Macrophomina phaseolina (Chapter 5).

To explore the diversity of a sesame germplasm collection based on effect of extracts
of root, stem, leaf and seed on growth of the soil-borne pathogenic fungi
Macrophomina phaseolina, and Fusarium oxysporum f.sp. sesami (Chapter 6).

To compare the ordination obtained among the sesame accessions based on effect of
plant extract on fungi growth to classifications based on AFLP and metabolomics

(Chapter 6).
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Abstract

Background: Sesame is an important oil crop in tropical and subtropical areas. Despite its
nutritional value and historic and cultural importance, the research on sesame has been scarce,
particularly as far as its genetic diversity is concerned. The aims of the present study were to clarify
genetic relationships among 32 sesame accessions from the Venezuelan Germplasm Collection,
which represents genotypes from five diversity centres (India, Africa, China-Korea-Japan, Central
Asia and Western Asia), and to determine the association between geographical origin and genetic
diversity using amplified fragment length polymorphism (AFLP).

Results: Large genetic variabilicy was found within the germplasm collection. A total of 457 AFLP
markers were recorded, 93 % of them being polymorphic. The Jaccard similarity coefficient ranged
from 0.38 to 0.85 between pairs of accessions. The UPGMA dendrogram grouped 25 of 32
accessions in two robust clusters, but it has not revealed any association between genotype and
geographical origin. Indian, African and Chinese-Korean-Japanese accessions were distributed
throughout the dendrogram. A similar pattern was obtained using principal coordinates analysis.
Genetic diversity studies considering five groups of accessions according to the geographic origin
detected that only 20 % of the total diversity was due to diversity among groups using Nei's
coefficient of population differentiation. Similarly, only 5% of the total diversity was attributed to
differences among groups by the analysis of molecular variance (AMOVA). This small but significant
difference was explained by the fact that the Central Asia group had a lower genetic variation than
the other diversity centres studied.

Conclusion: We found that our sesame collection was genetically very variable and did not show
an association between geographical origin and AFLP patterns. This result suggests that there was
considerable gene flow among diversity centres. Future germplasm collection strategies should
focus on sampling a large number of plants. Covering many diversity centres is less important
because each centre represents a major part of the total diversity in sesame, Central Asia centre
being the only exception. The same recommendation holds for the choice of parents for segregant
populations used in breeding projects, The traditional assumption that selecting genotypes of

different geographical origin will maximize the diversity available to a breeding project does not
hold in sesame.
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Background

Sesame [Sesamum indicum L) is one of the most ancient
crops [1]. It is grown in wopical and subtropical areas [2]
on 6.5 million hectares worldwide, producing more than
three million tons of seed [3]. India, Sudan, Myanmar and
China are the most important sesame producers with 68
% of the world production. Sesame seed, which is highly
nutritive (50% oil and 25% protein), is traditionally used
for direct consumption and as a source of oil of excellent
quality due to the presence of natural antioxidants such as
sesamin and sesamol [4]. Potentially beneficial effects of
sesame on human health have recently renewed the inter-
est in this ancient crop.

Despite the nutritional value and historic and cultural
importance of sesame, the research on sesame has been
scarce. For example, no intemnational CGIAR (Consulta-
tive Group on International Agricultural Research) agency
is mandated to study sesame [5]. Information on the
genetic diversity in sesame is limited as well. Sesame
diversity centres have been identified as India, China,
Central Asia, Near East and Abysinia in classical studies
|5.7]. More recently, a high level of variability of morpho-
logical characters within different sesame collections was
reported [8,9]. Genetic variability in sesame has also been
studied by molecular techniques, including isozymes
[10,11], RAPD [12,13] and I3SR [14]. Amplified fragment
length polymorphism (AFLP) has only been used in link-
age analysis [15]. AFLP is a promising technique for the
characterization of genetic diversity in sesame because it
possesses a high degree of reprodudbility and discrimina-
tory power [16]. It has been successfully applied to many
cultivated and wild plants, including faba bean (Vicia faba
L) [17]. grapevine (Vitis vimifera L.) [18], adzukibean
(Vigna angularis Willd.) [19], squash (Cucurbita pepo L.)
|20], Nicotiana atterruata [21], plantain (Musa spp.} [22],
sorghum (Serghum bicolor L.)| 23], alfalfa (Medicago sativa
L.} [24] wheat (Triticum turgidum L. subsp, Durum (Desf.)
Husn} [25], and coffee (Coffea arabica L.) [26].

hittp:/www. biomedcentral.comM471-2 156710

The aim of the present study was to clarify genetic rela-
tionships among 32 sesame accessions from the Venezue-
lan Germplasm Collection, which represents genotypes
from 5 geographical regions, and to determine the rela-
tionship between geographical distribution and genetic
diversity.

Results

AFLP results

Atotal of 457 AFLP markers were recorded using 8 primer
combinations on 32 sesame accessions. Ninety-three per-
cent of markers were polymorphic (Table 1). Fifty-nine
percent of the markers ranged from 100 to 300 nucle-
otides in size. Forty-seven bands (10.3 %) were unique, 25
belonging to African accessions, 10 to Indian accessions,
8 1o China-Korean-Japan accessions, 3 to Central-Asian
accessions and 1 to Western-Asian accession.

Phenetic analysis

laccard’s similarity coefficients ranged from 0.38
(between one accession from India and one from Korea)
to (.85 (between one accession from Turkey and one from
Syria), with an average of 0.65. Within each geographical
region sampled similarity coefficients were 0.59 for Africa,
0.61 for China-Korea-Japan, 0.63 for India, 0.68 for West-
ern Asia and 0.80 for Central Asia.

Figure 1 displays a UPGMA dendrogram obtained using
similarity coeffidents. Two robust groups were identified
at a similarity value of (.65 by bootstraping (bootstrap
values 90% and 93%). These clusters included 25 of 32
accessions used in the analysis. The cophenetic correlation
coefficient {0.95) indicated little distortion between the
original similarity values from the similarity matrix and
the values used to construct the dendrogram. Further-
more, the standard deviation for the two main clusters
was less than 4% (see legend to Figure 1). Figure 2 dis-
plays the location of the same 32 accessions on a bidi-
mensional space of prindipal coordinates analysis, which
represented 74 % of total variation among accessions.

Table I: List of primer combinations used in the present study and some characteristics of the amplification products. Bands were
considered polymorphic if the frequency of one of its states (present or absent) is less or equal to 0.97 (present or absent in at least 31

from 31 accessions)

Prirmer combination Total number of bands Palymorphic bands % af polymorphic bands
[CySIE_ACA+M_CTCA 48 43 0
(CySIE_ACA+M_CAA &8 &6 97
[CyS)E_ACA+M_CCA 52 52 10
(CyS)E_ACA+M_CGAA 45 18 84
[Cy5)E_ACA+M_CAT 93 86 %2
[Cy5)E_ACA+M CAG 57 56 4B
[Cy5)E_ACA+M_CCC 56 52 93
[Cy5)E_ACA+M_CAC 40 32 a3
Page 2 of 10
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Dendrogram for 32 sesame accessions (cophenetic correlation 0.95). Values from bootstraping analysis are indicated.
Two groups are clearly identified, and these nodes have a similarity average and standard deviation of §9.2 + 2.6 (the upper)

and 69.0  |.2. (the lower)

Genetic diversity

Table 2 summarises estimated Nei's parameters related 1o
genetic diversity, showing that only 208 of the total vari-
ation in allele frequencies comesponds to differences
among groups. Average diversity within groups (Hg)
ranged between 0.14 for Central Asia and 0.21 for Africa.
Genetic distances among groups are very low (Table 3).
Central Asia accessions had the lowest probability of shar-
ing the same allele frequencies in all sampled loci with the
other geographical regions,

Analysis of molecular variance

Table 4 shows the analysis of molecular variance. It indi-
cates that 5% of the variance among the 32 AFLP patterns
was due to differences among groups and 95% was due to
differences within groups. However, despite the small

15

value for variation among groups, it was statistically sig-
nificant (P < 0.05). Table 5 displays that this finding can
be explained by a large difference between the variation of
Central Asia accessions with respect to the other diversity
centres, since all of them, and only they, were significant
(P < 0.05).

Discussion

Sesamum indicum L. has a large genetic variability, which
should be taken into account when planning conserva-
tion strategies or when sesame variability is used in breed-
ing programs, This high level of polymorphism in sesame
has been reported before for its morphology [8,9]. Early
molecular studies have not confirmed this. Isozyme stud-
ies concluded that cultivated sesame has a narrow genetic
base [10,11], However, the number of loci sampled in
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Biplot of principal coordinates analysis for 32 sesame accessions.

these studies were limited and enzymes represent merely
coding sequences. Furthermore, all synonymous and
many non-synonymous mutations are not detected with
isozyme analysis [27].

A RAPD-based study on sesame carried out on 36 Indian
accessions and 22 accessions from other countries [12]
and a study on a Turkish sesame collection [13] con-
cluded that sesame has a high level of genetic variability.
An [S5R-based study on Korean accessions and cultivars
from 12 countries found a low level of polymorphism in
this particular marker, but the authors cautioned that their
method had low resolution and problems with visualiza-
tion [14]. Generally, methods based on arbitrarily primed
PCR tend to reveal a higher degree of genetic variability as
compared to other methods [28].

Figures 1 and 2 allow assessment of the genetic relation-
ship among accessions. There is no obvious relationship
between geographical origin and grouping based on
genetic  similarities. Panticularly Indian, African and
Chinene-Japanese-Korean accessions are  distributed
throughout clusters in UPGMA analysis and the whaole
two-dimensional space in PCA, Nei's parameters dis-

16

0.42

played in Table 2 and 3, especially the Gg; value of 0.20,
support the lack of association between geographical ori-
gin and population differentiation. Due to AFLP are dom-
inant matkers, heterozygocity cannot be  directly
observed. Therefore three methods are available for the
calculation of allele frequencies from dominant marker
data: a classical approach based on Hardy-Weinberg
assumption, which we used in this work (see Material and
Methods for details), a modification of the classical
approach by the exclusion of loci with three or less reces-
sive homozygotes [29), and a Bayesian approach [30].
Comparison of allele frequencies calculations from these
three methods on AFLP data resulted essentially identical;
furthermore potential biases in the estimation of null
allele frequency are largely eliminated in highly polymor-
phic dominant marker data [31)]. Confidence in our calcu-
lations of Nei's parameters are supported by this finding.

However, the interpretation of results obtained using
Nei's parameters should be used cautiously. Hy is called
“average heterozygosis” when it is calculated from data on
co-dominant markers and "average genetic diversity® or
“heterogeneity” when it is calculated from data on domi-
nant markers. Heterogeneity values might overestimate
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Table 2: Polymorphic loci and genetic diversity of five groups of sesame accessions, according their geographical distribution

Population Palymarphic loci % Hs
Indiz 313 83 0.1957
Africa 352 il 02129
Western Asia 187 38 01516
Central Asia 19% 40 0.1 445
China-Korea-Japan 92 5% 01%16

the number of real loci, whereas the number of alleles per
locus is underestimated. Thus, heterogeneity measures
have only relative value and cannot be compared with val-
ues obtained from other molecular markers |32]. Addi-
tionally, reliable estimation of average heterozygosis with
small number of individual are based on large number of
loci (=50} and low average heterozygosis (<0.1) [33]. Our
results indicate a heterogeneity higher than 0.1, however,
we are more interested in the partition of varation
(within and between groups of accessions) than in the
value by itself.

AMOVA results shown in Table 4, support the lack of asso-
ciation between geographical origin and population dif-
ferentiation as well. AMOVA reported differences among
geographical regions, which were significant but repre-
sented only 5% of the total variation. Table 5 shows that
the differences between Central Asian accessions and the
other centres were responsible for this part of the varia-
tion. These results, together with the fact that all Central
Asian accessions were grouped in one cluster, indicate a
narrow variation within this centre as compared to the
variance in AFLP pattemns of the whole germplasm collec-
tion. Furthermore, Central Asian accessions had the low-
est Hgpvalue (0.14) though it had more polymorphic loci
than Western Asia accessions. A possible explanation of
this result is that allele frequencies in Central Asia were
close to 0 or 1, which could be a consequence of genetic
drifi. If a strong genetic flow was the cause of the lack of
association between geographical origin and genetic dif-
ferences in sesame, the genetic flow to Central Asia in
recent time was limited.

Average Hs = 0.17934 0.0266

Ht = 0.2244 + 00325
Gst = 0.2013
This lack of association between geographical distribution
and classification based on molecular markers in sesame
was explained by the exchange of sesame among widely
separated locations [14). However, this study used pre-
dominantly commercial cultivars, which resulted from a
systematic selection process on material of unreported
origin, while the origin of material used in our study is
known.

The genetic variability in Indian accessions of sesame is
high |&], as shown both for molecular [12] and morpho-
logical markers [9]. Sesame seems to have been domesti-
cated in India |5], which could explain the high genetic
variability among Indian accessions. In our study, African
and Chinese-Korean-Japanese accessions showed as high
a genetic variability as Indian accession.

Africa has also been considered the origin of sesame
[2.34], based on the fact that most of the wild Sesamum
species are endemic there. Reports on the variability of
cultivated sesame in Africa are controversial, claiming
both low [12] and high [[35] and our results] level of var-
iability. Some authors consider Abysinia (Ethiopia) as the
basic diversity centre for sesame [6,7].

Accessions from China, Korea and Japan, which we
grouped into one diversity centre, have been studied sep-
arately by some authors. A unique allele was found in Chi-
nese-Japanese accessions in a study on isozymes [11].
China is considered a secondary centre of diversity for ses-
ame |7]. Genetic variability among Korean landraces is
higher than among Korean cultivars [14].

Table 3: Unbiased measures of identity and genetic distance (MNei, 1978) among groups of sesame accessions. Nef's genetic identity is

shown above diagonal, genetic distance below diagonal.

India Africa Western Asia Central Asia China-K.orea-Japan
India 0978 0.956 0.925 0.979
Africa 0,023 0.950 0,933 o.es
Western Asia 0.045 0.051 0928 0.951
Central Asia 0.078 0.069 0.075 0926

China-Kerea-|apan 0.021 0001

17

0.051 0,077
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Table 4: AMOVA for the partitioning AFLP variation in sesame
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Source of variation Dregree of freedom 55 cy % total p
Ameng geographical areas 4 32837 332 5.4 0.02
Within geographical areas 27 165447 &1.28 4. 86

Tatal 3l 198284

Fiscation index (Fst) = 0.0514
Central Asia and Western Asia accessions had the lowest  Conclusion

genetic variability in our study. Reports on the genetic var-
iability of Western Asia accessions are scarce and no infor-
mation has been published so far about Syrian and Greek
sesame. Turkish landraces have been compared to each
other with RAPD recently [13], but the relationship to
accessions from other geographical region has not been
investigated. We analysed only three accessions from
Western Asia. Remarkably, the highest similarity found
among all 32 accessions corresponded to similarity values
between two of these accessions {one from Syria and one
from Turkey). The third accession was not closely related
to these.

Distribution of genetic diversity in a plant species depends
on its evolution and breeding system, ecological and geo-
graphical factors and often on human activities [36].
Cross-pollination may play a role, because it can reach up
to 60% in sesame, depending on the presence of suitable
insects at flowering time [12]. Ecological and geographical
factors obviously have not played an important role in the
evolution of sesame since we have not found any associa-
tion between genetic diversity and accession origin.

Sesame growers have been manipulating the crop due to
migration and trade for centuries, causing a steady gene
flow among different geographical areas. The oldest rem-
nants of sesame, found in the Harappa valley in the
Indian subcontinent [1], date the origin of these activities
to at least 5500 BP. Therefore, we believe that the most
important factor affecting the current genetic structure in
sesame were human activities.

AFLP analysis revealed a high degree of genetic polymor-
phism in sesame accessions within all diversity centres
except Central Asia. Phenetic analysis has not shown any
association between geographic origin and AFLP patterns.
According to Mei's diversity indexes, 80 % of the total
genetic diversity in sesame is represented within diversity
centres. This result was corroborated by analysis of molec-
ular variance (AMOWVA) which indicated that 95 % of the
variation among accessions were due to variation within
diversity centres. These results suggest that conservation
strategies do not need to cover all diversity centres as long
as they sample a sufficient number of accessions. Simi-
larly, choosing parent genotypes for breeding programs
from many diversity centres as compared to sampling just
one centre (except Central Asia) is not likely to increase
the variability among progeny significantly, Regardless of
how many diversity centres are sampled, both conserva-
tion strategies and breeding programs would benefit from
using AFLP or another genome fingerprinting technique
to maximise the genetic variability covered by the selected
genotype set,

Methods

Plant material

Thirty-two accessions from Centro MNacional de Investiga-
ciones Agropecuarias (CENIAP) Germplasm Bank (Table
6) were grown in the greenhouse. These accessions origi-
nate from five different geographical regions representing
the proposed diversity centres for sesame [6,7], and the
geographical areas included in the germplasm bank; they
were chosen randomly within each geographical region,
using more accessions for the two proposed origin centres

Table 5: Pairwise comparison of groups of sesame accessions by AMOVA. Genetic distance (Fg;) batween groups of sesame accessions
is shown below diagonal. Probability of random distance (Fsy) larger than the observed distance after 1000 permutations is shown

above diagonal.
Invdlia Africa China-Korea-Japan Western Asia Cemral Asia
Invelis DALY 0.233 0,367 0,005
Africa 0027 0.455 0.540 0.008
China-Korea-Japan 0014 -0.003 0301 0.005
Western Asia 0.000 0022 0.0014 0.012
Central Asica 0.141 0.098 0.132 0.103
Page 6 of 10
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Table &: Accessions from CEMIAP Germplasm Bank (Venezuela) and their respective origin country and diversity centre

Accessions Country of Origin Working code Diversity Centre
93-7223 Invdlia India | Invdia
95465 Invdia India 2 Invelia
95469 India India 3 Imeta
95-447 India India 4 India
89007 India India 5 India
93-2274 India India & India
95-464 India India 7 India
92-2918 India India 8 India
92-3091 Korea Korea | China-jJapan-Korea
92.3093 Korea Korea 2 China-Japan-K.orea
92-1922 Turkey Turkey Wostern Asia
92-3125 Greece Greece Western Asia
93-2022 Syria Syria Wastern Aska
93-2113 Sudan Sudan | Africa
92-310 Sudan Sudan 2 Adrica
93-2010 Ethiopla Ethiopia Africa
95-272 Unkmcown Adfrica | Africa
922872 Sudan Sudan 3 Africa
93-2105 Sudan Sudan 4 Africa
95-234 Unknown Adrica 2 Africa
95-223 Linknewn Africa 3 Africa
92-1856 Japan Japan | China-Japan-Korea
92-3030 Japan Japan 2 China-|apan-Korea
92-3031 Japan Japan 3 China-Japan-Korea
92-3108 China China | China-japan-K.orea
95-383 China China 2 China-Japan-Korea
92-2930 Tadjikistan Tadjikistan | Central Asia
92-2947 Uzhekistan Uzbekistan Cenral Asia
92-2952 Turkmenistan Turkmenistan | Central Asia
92-2955 Turkmenistan Turkmenistan 2 Central Asia
92-2950 Tadjikistan Tadjikistan 2 Central Asia
Tadjikistan Central Asia

92.2917

Tadjikistan 3

{India and Africa). The accessions were grouped into one
of the following diversity centres: India, Africa, China-
Korea-Japan, Central Asia and Western Asia.

DMNA extraction

Three grams of apical young leaves from & plants per
accession were collected and used for DNA extraction.
Leaves were ground in liquid nitrogen and tissue powder
was dispersed in CTAB buffer (2.3 g sorbitol, 1 g N-lauryl-
sarcosine, 0.8 g CTAB, 4.7 g sodium chloride, and 1 g pol-
yvinylpolypyrolidone in total volume of 100 ml of 20 mM
EDTA, 10 mM Tris, pH set to 8.0) containing 0.4 mg pro-
teinase K and 20 pL mercaptoethanol. The homogenates
werte incubated for 10 min at 42°C and 10 min at 65°C,
cooled to room temperature and extracted with 8 ml of
chloroform-isoamylalcohol (24:1). Phases were separated
by centrifugation for 10 min at 12000 RCF (relative cen-
trifugal force or g value). Polyethyleneglycol (PEGG000,
SERVA Elecurophoresis, Germany) stock solution (30%)
was added to the aqueous phase to a final concentration
of & %, mixed, and after 30 min of incubation at room
temperature the precipitated DNA was sedimented by

19

centrifugation for 20 min at 12,000 RCF. Pellets were
washed twice with 70% ethanol and dissolved in 200 pL
TE buffer (10 mM Tris/HCI pH 8.0, 0.1 mM EDTA). 500
pl of 5 M ammonium acetate solution were added and
samples were kept at 0°C for 30 min, centrifuged for 30
min at 4°C and 18000 RCF. 500 pL of isopropanol were
added to the supernatant and DNA was precipitated for 10
min at room temperature. Samples were centrifuged at
18000 RCF at room temperature for 10 min; pellets were
washed twice with 70% ethanol, dried and dissolved in
200 pl of TE buffer. DNA concentration was determined
by electrophoresis in a 0.8 % agarose gel with lambda
DMNA standard.

AFLP analysis

AFLI" analysis was performed as originally proposed [37]
with minor modifications [38]. 250 ng of DNA were used
for each reaction. DNA was digested with 10 U EcoRI and
3 U of Trull (both entzymes from MEI Fermentas, Ger-
many) in buffer recommended by the manufacturer in a
total volume of 15ul at 37°C for 90 min, followed by 90
min at 65 C. 10 pl of a solution with a final concentration

Page 7 of 10
(page number ol for cilation purposes)



Chapier 2. AFLP and genetic diversily

BMC Genebcs 2006, 7.10

Table 7: Primer sequences used in preamplification and
amplification

Primer Sequence

Primer Sequence

{Cy5)AFLP E ACA (CyS)GACTGOGTACCAATTCACA
AFLP M C GATGAGTCCTGAGTAAC
AFLP_M_CAA GATGAGTCCTGAGTAACAA
AFLP_M_CAT GATGAGTCCTGAGTAACAT
AFLF_M_CAG GATGAGTCCTGAGTAACAG
AFLP_M_CAC GATGAGTCCTGAGTAACAC
AFLP_M_CCA GATGAGTCCTGAGTAACCA
AFLF M_CCC GATGAGTCCTGAGTAACCC
AFLP_M_CTCA GATGAGTCCTGAGTAACTCA
AFLP_ M_CGAA GATGAGTCCTGAGTAACGAA

of 5 pmol of EcoRl adapter, 50 pmol of Trull adapter, 1=
T4 DNA ligase buffer and 1U T4 DNA ligase (MBI Fermen-
tas, Germany) were added to the digested DNA. The solu-
tion was incubated at 20°C for 2 h, T4 ligase was
inactivated by heating to 65°C for 10 min and the mixture
was diluted 10-fold with TE buffer. Following ligation, a
first amplification was carried out with primers contain-
ing one selective nucleotide (cytocine and adenine for
Msel and EcoRI primers, respectively) (Table 7}, dNTPs
(0.125 mM, Takara Bio Inc., Japan), 1= PCR buffer {MBI
Fermentas, Germany), 1.5 mM MgCl, and 1 U Taq
polymerase (MBI Fermentas, Germany) were added in a
total volume of 10 pl. PCR was performed for 20 cycles,
which consisted of 30 5 at 94°C, 1 min at56°C and 1 min
at 72°C in a Tpersonal thermocycler [Biometra, Goutin-
gen, Germany). The PCR products were diluted 10-fold
with TE buffer. The second amplification was carried out
with eight primer combinations using labelled EcorRI-
primer [Cy5)E_ACA combined with one of the eight Msel
primers listed in Table 7. The PCR mixture consisted of 2
pl of diluted preamplified DNA, 4.2 ng of (Cy5)E_ACA
primer, 11.4 ng of Msel primer 0.25 mM, dNTPs (Takara
Bio Inc,, Japan), 1= R buffer (MBI Fermentas, Germany),
1.5 mM MgCl, and 1 U Tag polymerase (MBI Fermentas,
Germany) in a total volume of 10 pL. The thermocycler
program consisted of two segments. The first segment
comprised 12 cycles with the annealing temperature
decreased from 65°C by 0.7 Cin each cycle: 30 sat 94°C,
30 s at 65°C 10 57.3°C and 1 min at 72°C. The second
segment consisted of 23 cycles of 30 s at 94°C, 1 min a
56"C and 1 min at 72 *C. The PCR products were mixed
with 10 puL of loading buffer (98 % formamide, 10 mM
EDTA and 0.025 % bromophenolblue), denatred for 4
minutes at 90°C and 5 pl of this mixture were loaded
onto a 7 % polyacylamide gel ReproGel™ LongRead
(Amersham Pharmacia Biotech, Uppsala, Sweden) in an
AlFexpress [T DNA analyser (Amersham Pharmada Bio-
tech, Uppsala, Sweden). Three microliters of Genemark

20
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500 Fluorescent DNA ladder labeled with Cy5 (Northern-
biothech, Weston, UISA) were loaded on each gel and the
electrophoresis was performed for 700 min at 1500V, 25
W, 60 mA and 55° C. The chromatogram recorded by soft-
ware ALFwin™ Sequence Analyser 2.00 (AmershamPhar-
macia Biotech, Uppsala, Sweden) was transformed to a
pseudogel image in TIFF-format, visualized in Adobe®
ImageReady™ version 3.0 (Adobe Systems Inc., USA) and
analyzed using GelComparll (Applied Maths, Belgium].

Statistical analysis

Bands were automatically recognised by GelCompar II
using threshold values of 5 % of profiling (relative to the
maximum value within each lane). Band matching was
performed and the results were exported as a binary
matrix. It was used to study the phenetic relationship
among AFLP patterns by means of cluster analysis (Gel-
Compar IT) and an ordination analysis, specifically princi-
pal coordinates, using the software NTSySpc 2.11T [39].
Jaccard's similarity coefficient and the unweighted pair
group method with arithmetic mean (UPGMA) were used
to perform the clustering analysis. This was tested with
three statistical significance tesis, also using GelCompar
I1: the Bootstrap analysis [40] for the assessment of the
robustness of dendrogram topology, the standard devia-
tion of the cluster nodes, and cophenetic comrelation as an
estimation of the faithfulness of cluster analysis [41].
Firstly, bootstraping analysis was carried out, and we tried
to find robust groups at the same similarity level and
finally we calculated the standard deviation for these
groups. Dendrogram-derived similarities were compared
with experimental similarities to get cophenetic correla-
tion.

To study the genetic structure of Sesamum indicum L. spe-
dies, the accessions were grouped in five sets according to
the geographical distribution. Gene diversity indices such
as total diversity (H), average divemity within group
(Hgy), diversity among groups (Dg;) and coefficient of
population differentiation (Gyp) [42] were calculated for
each band and then averaged for the total set. Heterozy-
gocity cannot be directly observed in AFLP data because
AFLP markers are dominant. To calculate allele frequen-
cies, the absence of a band was considered as homozygous
state of a recessive allele [q?) and presence of a band as
either dominant homozygote (p?) or a heterozygous state
(2 pq). Frequencies p and q are calculated accordingly.
Also unbiased measures of genetic identity and genetic
distance between groups were calculated [33]. All Nei's
parameters, which use gene frequencies, were calculated
using Popgene v. 1.32 software. To get another approach
on the genetic structure with no assumed gene frequen-
cies, analysis of molecular variance [AMOVA) [43] was
carried out using Arlequin v. 2.000 software, to estimate
variance components for the AFLP patterns and to parti-
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tion the total variance into 'within groups’ and 'among
groups'. Significance of variance components was tested
after 1000 permutations. Pairwise group Fg; (genetic dis-
tances) values matrix was obtained to explain the signifi-
cance of the variance components, also using 1000
permutations,
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Hernan Laurentin and Petr Karlovsky

Abstract

Amplified fragments length polymorphism (AFLP) was used to distinguish 20 cultivars of
sesame (Sesamum indicum L.) and to elucidate the genetic relationship among these
genotypes. The data were also used to estimate the usefulness of parameters currently used to
assess the informativeness of molecular markers. A total of 339 markers were obtained using
8 primer combinations. Of the bands, 91 % were polymorphic. Five primer combinations
were able to distinguish all 20 cultivars used. None of the remaining three primer
combinations could distinguish all accessions if used alone, but using all three combinations
reduced the probability of a random match to 5x10”. Polymorphic information content (PIC),
resolving power (Rp) and marker index (MI) of each primer combination failed to correlate
significantly with the number of genotypes resolved. Jaccard’s similarity coefficients ranged
from 0.31 to 0.78. Fifteen cultivars were grouped by four UPGMA-clusters supported by
bootstrapping values larger than 0.70. The grouping pattern was similar to the grouping
generated by principal coordinate analysis. The results demonstrated that AFLP-based
fingerprints can be used to identify unequivocally sesame genotypes, which is needed for
cultivar identification and for the assessment of the genetic variability of breeding stocks. We
recommend to use the number of cultivars identified by a primer combination instead of PIC,
Rp and MI; and to calculate the maximal, instead of average probability of identical match by

chance in the assessment of the informativeness of a marker for cultivar identification.

Key words: AFLP — DNA fingerprinting — genotype identification — genotyping - sesame
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Introduction

Sesame (Sesamum indicum L.) is an important crop in tropical and subtropical areas (Ashri
1998). Over six millions hectares were harvested worldwide in 2004, producing over three
million tons of seeds (FAO 2005). India, Sudan, Myanmar and China are the most important
sesame producers, with 68 % of world production. The production in America is 170,000 tons
per year; Mexico, Guatemala and Venezuela contribute 60 % to the production on the
continent with a little contribution to world production (only 6 %), but very important
exportation trade (22 %). Venezuela is the 16™ biggest wold producer (30,000 tons per year),
and the 7™ biggest exporter of sesame seed (24,000 tons per year). Its sesame is considered to
be of high quality.

Sesame production in Venezuela is important in the Western Llanos, specifically around
Turen town, in Portuguesa state. In the early years of Venezuelan sesame production, since
1940 until 1990, sesame was used as oil source for the national market, and some as oil for
export. Presently it is used for export as processed grain. Because of its importance for export,
sesame breeding attained a high priority in Venezuela leading to the development of over 30
cultivars during the last 60 years. Reliable identification of these cultivars is a requirement.
DNA fingerprinting has been used for checking the identity and purity of cultivars in different
crops and for assessing the genetic variability of breeding stocks (Fernandez et al. 2002;
Archak et al. 2003; Rajora and Rahman 2003; Moretzsohn et al. 2004; Dangi et al. 2004;
Buhariwalla at al. 2005). It has been particularly useful for the selection of germplasm in
crossing schemes. Amplified fragment length polymorphism (AFLP) is a reliable genotyping
method with a high degree of reproducibility and discriminatory power (Savelkoul et al.
1999). AFLP has proved to be a robust marker technique to distinguish plant genotypes
(Milbourne et al. 1997; Zhang et al. 1999; Muminovic et al. 2004). A recently developed
database format for AFLP data allows for storage and comparison of profiles of cultivars and

accessions (Hong and Chuah 2003). The ability of markers to discriminate between genotypes
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is usually estimated by means of probability of identical match by chance (Pi) (Ramakrishna
et al. 1994), marker index (MI) (Powell et al. 1996), resolving power (Rp) (Prevost and
Wilkinson 1999), polymorphic information content (PIC) (Roldan-Ruiz et al. 2000) and
recording both the number of fingerprints or haplotypes observed, and the number of
genotypes with unique fingerprints (Rajora and Rahman 2003).

The aims of the present study were to evaluate the ability of AFLP markers for distinguishing
20 sesame cultivars, to determine the genetic relationship among these genotypes and to
estimate the usefulness of parameters currently used to assess the informativeness of

molecular markers for genotyping.

Material and methods

Plant materials

Twenty cultivars, coming from different sesame breeding programs and representative of the
commercial cultivars used in Venezuela, were used in the present study. They are listed in

Table 1 with information regarding their origin.

DNA extraction

Three grams of apical young leaves from 6 plants per accession were collected and used for
DNA extraction. Leaves were ground in liquid nitrogen and the tissue powder was dispersed
in CTAB buffer (2.3 g sorbitol, 1 g N-laurylsarcosine, 0.8 g CTAB, 4.7 g sodium chloride,
and 1 g polyvinylpyrodidone in a total volume of 100 ml of 20 mM EDTA, 10 mM Tris (pH
set to 8.0) containing 0.4 mg proteinase K and 20 UL mercaptoethanol. The homogenates
were incubated for 10 minutes at 42°C and 10 minutes at 65°C, cooled to room temperature
and extracted with 8 ml of chloroform/isoamylalchohol (24:1). Phases were separated by

centrifugation for 10 minutes at
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Table 1. Commercial cultivars used in the present study and their respective origin

Cultivar

Origin

Venezuela 51

Acarigua

Inamar

Maporal

Caripucha
Felicidad
Chino Amarillo

UCV-1

43x32,19x10

UCV-3

Fonucla

UCLALI

UCLA37-1, UCLA65, UCLAS&3, UCLA90, UCLA249,
UCLA295

Glauca

Originated by individual selection from the offspring of
a Chinese accession (Langham and Rodriguez, 1946).

A high performance F2 plant obtained by the cross
between a cultivar from Nicaragua and a cultivar from
China, was crossed with the cultivar Venezuela 51, its
offspring was selected for three seasons, resulting in
“Acarigua” (Mazzani, 1952)

Individual selection from the offspring from the same
Acarigua’s parents (Mazzani, 1953).
Arapatol,

Selected from cultivar from Ethiopia

(Mazzani et al., 1973).

Unknown

Introduced from Mexico. Unknown origin
Introduced from Mexico. Unknown origin

Elite line selected from first cycle of recurrent selection
toward high yield. The original population was
obtained by cross, one to one, among 50 exotic
accessions (Laurentin et al., 2000).

Selected lines from second cycle of recurrent selection
toward high yield, under heavy whitefly infestation.
The original population was obtained by cross, one to
one, among 50 exotic accessions (Laurentin et al.,
2000)

Individual selection from Arawaca (unpublished data).

Selection from cultivar Arawaca (Montilla and Cedefio,
1991). Arawaca was obtained by selection of the
mixture of 496 F1 plants obtained from crosses among
32 cultivars without reciprocal. The origin of these
cultivars is unknown.

Individual selection from a USA accession (Montilla
and Teran, 1996). Unknown origin

Elite lines from Universidad Centrooccidental Lisandro
Alvarado Sesame Breeding Program. Unknown origin

Unknown origin.

12000 RCF (relative centrifugal force or g value). Polyethyleneglycol (PEG 6000, SERVA

Electrophoresis, Germany) stock solution (30%) was added to the aqueous phase to a final
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concentration of 6 %, mixed, and after 30 minutes of incubation at room temperature the

precipitated DNA was sedimented by centrifugation for 20 minutes at 12000 RCF. The
pellets were washed twice with 70% ethanol and dissolved in 200 pL TE buffer (10 mM Tris
HCI pH 8.0, 0.1 mM EDTA). 500 pL of 5 M ammonium acetate solution were added and
samples were kept at 0°C for 30 minutes, centrifuged for 30 minutes at 4°C and 18000 RCF.
500 YL of isopropanol were added to the supernatant and DNA was precipitated (10 min at
room temperature). Samples were centrifuged at 18000 RCF at room temperature for 10
minutes; pellets were washed twice with 70% ethanol, dried and dissolved in 200 pL of TE

buffer. DNA concentration was determined by electrophoresis in a 0.8 % agarose gel with

lambda DNA standard.

AFLP analysis

AFLP analysis was performed as originally proposed (Vos et al. 1995) with minor
modifications (Reineke and Karlovsky 2000; Laurentin and Karlovsky 2006). In general,
AFLP were carried out in the following way: 250 ng of DNA were used for each reaction,
which was replicated twice for each cultivar. DNA was digested with 10 U EcoRI and 3 U of
Trull (both entzymes from MBI Fermentas, Germany). 10 pl of a solution with final
concentration of 5 pmol of EcoRI adapter, 50 pmol of Trull adapter, 1X T4 DNA ligase
buffer and 1U T4 DNA ligase (MBI Fermentas, Germany) were added to the digested DNA.
The solution was incubated at 20°C for 2 hours, and diluted 10-fold with TE buffer.
Following ligation, a first amplification was carried out with primers containing one selective
nucleotide (cytocine and adenine for Msel and EcoRI primers, respectively) (Table 2), in a
total volume of 10 pl. PCR was performed for 20 cycles, which consisted of 30 seconds at
94°C, 1 minute at 56°C and 1 minute at 72°C in the thermocycler Tpersonal (Biometra,

Gottingen, Germany). The PCR products were diluted 10-fold with TE

27



Chapter 3. Cultivar identification

Table 2. Primer sequences used in the first and second amplification

Primer name Sequence 5" -- 3’

AFLP E A GACTGCGTACCAATTCA
AFLP E ACA (Cy5)GACTGCGTACCAATTCACA
AFLP M C GATGAGTCCTGAGTAAC
AFLP M _CAA GATGAGTCCTGAGTAACAA
AFLP M _CAT GATGAGTCCTGAGTAACAT
AFLP M_CAG GATGAGTCCTGAGTAACAG
AFLP M _CAC GATGAGTCCTGAGTAACAC
AFLP M _CCA GATGAGTCCTGAGTAACCA
AFLP M _CCC GATGAGTCCTGAGTAACCC
AFLP M _CTCA GATGAGTCCTGAGTAACTCA
AFLP M_CGAA GATGAGTCCTGAGTAACGAA

buffer. The second amplification was carried out with eight primer combinations using
labelled EcorRI-primer (Cy5)E_ACA combined with one of the eight Msel primers listed in
Table 2. The thermocycler program consisted of two segments. The first segment comprised
12 cycles with the annealing temperature decreased from 65°C by 0.7°C in each cycle: 30 s at
94°C, 30 s at 65°C to 57.3°C and 1 min at 72°C. The second segment consisted of 23 cycles
of 30 s at 94°C, 1 min at 56°C and 1 min at 72 °C. PCR products were mixed with 10 pL of
loading buffer (98 % formamide, 10mM EDTA and 0.025 % bromophenolblue), denatured
for 4 minutes at 90°C and 5 pL of each reaction (twice per cultivar) were loaded onto a 7%
polyacrylamide gel (ReproGel™ LongRead,Amersham Pharmacia Biotech, Uppsala, Sweden)
and run in the ALFexpress II DNA analyser (Amersham Pharmacia Biotech, Uppsala,
Sweden). Three microliters of Genemark 500 Fluorescent DNA ladder, labeled with Cy5
(Northernbiothech, Weston, USA), were loaded on each gel and the electrophoresis was
performed for 700 minutes at 1500V, 25W, 60mA and 55°C. The electropherogram recorded

by software ALFwin™ Sequence Analyser 2.00 (AmershamPharmacia Biotech, Uppsala,
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Sweden) was transformed to a pseudogel image in TIFF-format, visualized in Adobe®
ImageReady™ version 3.0 (Adobe Systems Inc., USA) and analysed using GelCompar II
(Applied Maths, Belgium).

Statistical analysis

Bands were automatically recognised by GelCompar II using threshold values of 5 % of
profiling (relative to the maximum value within each lane). Band matching was performed
and repeatable fragments between the two AFLP reactions for each cultivar were identified
(in all the cases between 94 and 100 %). Repeatable fragments were exported as a binary
matrix, which was used for all the analysis. Discriminatory power of AFLP markers was
evaluated by means of three parameters. The Polymorphic Information Content (PIC) for each
AFLP was calculated as previously proposed (Roldan-Ruiz et al. 2000): PIC;=2fi(1-f;), where
PIC; is the polymorphic information content of marker i, f; the frequency of the marker bands
which were present and /-f; the frequency of marker bands which were absent. Dominant
markers as AFLP have a maximum P/C of 0.5 when half of the accessions have the band and
the other half does not have the band (De Riek et al. 2001). PIC was averaged over the bands
for each primer. Marker index (MI) was calculated as proposed by Powell et al. (1996) and
used by Milbourne et al. (1997): MI is the product between diversity index (equivalent to
PIC) and effective multiplex ratio (EMR), where EMR is defined as the product of the fraction
of polymorphic loci and the number of polymorphic loci. This parameter was calculated for
each primer. Resolving power (Rp) of each primer was calculated according Prevost and
Wilkinson (1999): Rp=J}1b where Ib (band informativeness) takes the values of: 7-/2x|0.5-
pl/, where p is the proportion of the genotypes containing the band. In addition to these
parameters, number of different fingerprints per primer and number of elite lines with unique
fingerprints per primer were recorded. Pearson correlation coefficients were calculated
between the three parameters and both number of different fingerprints per primer and

number of cultivars with unique fingerprint per primer. To get the level of confidence in
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identifying the 20 cultivars, the probability of identical match by chance (Pi) was calculated
as proposed by Wetton (1987) and Ramakrishna et al. (1994): Pi = X", where X is a similarity
index between 2 genotypes and n is the average number of bands in the two genotypes
compared. Pi expresses the probability that a band present in one genotype is also present in
the other. X was calculated as 2N, /(N4 + Ng), where N, is the number of bands present in
both genotypes, N, the total number of bands in genotype A4, and Nj the total number of
bands in genotype B. This index represents the probability that the bands present in one
cultivar are also present in the other. This probability was calculated for each possible
comparison between pairs of cultivars and for each primer and the highest probability was
recorded. We believe that for genotype identification purposes it is desirable to know the
highest probability of identical match by chance rather than the average value for each primer
combination, as proposed by Ramakrishna et al. (1994).

Jaccard’s similarity coefficient and unweighted pair group method with arithmetic mean
(UPGMA) were used to perform the clustering analysis, which was tested with two statistical
significance tests. They were the bootstraping analysis for the assessment of the robustness of
the dendrogram topology, and the cophenetic correlation as an estimation of the faithfulness
of the cluster analysis. Firstly, the bootstraping analysis was carried out using WinBoot
software. Dendrogram-derived similarities were compared with experimental similarities to
get cophenetic correlation. Principal coordinates analysis (PCA) was also carried out to
display the location of the 20 cultivars in three-dimensions. All numerical taxonomic analyses

were conducted using NTSYS-PC software, version 2.11T (Exeter Software, New Y ork).
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Results

Table 3 displays the number of bands (NB), number of polymorphic bands (NPB), number of
exclusive bands (NEB), number of haplotypes (NH), number of genotypes with exclusive
haplotypes (NGEH), polimorphic information content (PIC), resolving power (Rp) and
marker index (MI) obtained per AFLP primer combination. The total number of bands was
339; ninety nine percent of them being polymorphic. Number of bands per primer
combination ranged from 22 (E_ ACA + M_CGAA) to 70 (E_ ACA + M_CAT), and
polymorphism ranged from 71 % (E_ ACA+M_CCA) to 100 % (E_ ACA + M_CGAA and
E ACA + M_CAG). Fifty unique bands were obtained for 13 genotypes, where Maporal,
UCLAS83 and UCLA37-1 had most with 18, 7 and 6 respectively. Five primer combinations
were able to discriminate the 20 cultivars. Combination E ACA + M_CAG recorded the
highest values for PIC, Rp, and MI. With PIC, Rp or MI, no significant correlation was found
between either the number of fingerprints or elite lines with exclusive fingerprints. Number
of bands per genotype ranged between 106 for 19x10 and 197 for UCV-1, with an average of

160 bands per genotype.

Table 4 displays minimum, maximum and average probability of identical match by chance
per primer. Using the 8 primer combinations, the maximum probability of identical match by
chance was 1:20000 between cultivars Fonucla and UCLAG65. For three primer combinations,
some genotypes generated identical AFLP patterns, leading to Pi value of 100%. Even then,
the average probability of identical match by chance in patterns generated by these three
primers were either low, medium or high as compared with the other primers. This shows that
the average probability is not suitable as a measure for the assessment of the capability of

primer pairs to distinguish among genotypes.

Jaccard’s similarity coefficients ranged from 0.31 between Chino Amarillo and Maporal to

0.78 between Fonucla and UCLAG6S5, with an average of 0.52 (Table 5). The UPGMA-based
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Table 3. Number of bands (NB), number of polymorphic bands (NPB), number of exclusive
bands (NEB), number of haplotypes (NH), number of genotypes with exclusive haplotype
(NGEH), polymorphic information content (PIC), resolving power (Rp) and marker index

(MI) obtained per AFLP primer combination

Primer NB NPB NEB NH NGEH PIC Rp MI
E ACA

combined

with:

M CTCA 27 26 3 20 20 0.27+0.16 10.30 6.88
M_CAA 41 36 3 18 17 0.29+0.18 18.20 9.10
M CCA 42 30 6 20 20 0.22+0.19 13.10 4.62
M _CGAA 22 22 6 20 20 0.30+0.17 10.10 6.65
M CAT 70 68 15 19 18 0.29+0.16 29.30 18.89
M _CAG 50 50 3 20 20 0.39+0.13 30.50 19.39
M _CCC 33 30 4 19 18 0.22+0.14 19.40 6.12
M CAC 54 48 10 20 20 0.26+0.18 20.60 11.09

Average 4240 3890 6.25 1938  18.88 0.28+0.16

18.94+7.34 10.34+5.40

phenogram (Figure 1) and biplot from principal coordinates analysis (Figure 2) showed a

similar pattern: cultivars Maporal, Chino Amarillo, 19x10, Felicidad, Inamar, and UCLA37-1

were different, and they appeared separated from the others for the two analyses. The other

cultivars were grouped in two clusters by dendrogram. Both analyses failed to group together

all the cultivars that are related by pedigree: Acarigua and Inamar coming from Venezuela 51;

UCV-1, 19x10, 43x32 coming from the same basic population; Fonucla and UCV-3 selected

from the same cultivar. The cophenetic correlation coefficient was 90%. Bootstrapping values

were > 70% 1n cluster grouping 15 cultivars at 0.58 similarity value. The principal coordinate

analysis (PCO) showed that the first three axes accounted for 95 % of total variation.
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Table 4. Minimum, maximum and average of probability of identical match by chance for
each primer combination

Probability of identical match by chance

Primer E ACA Minimum Average Maximum between:

combined with:

M_CTCA 2.39x 107 0.102 0.3568, UCLA249
and UCLAS3

M CAA 411x 10" 0.079 1.000, UCLA295,
UCLA37-1 and 19x10

M _CCA 436x 10" 0.126 0.8521, UCLAS83 and
UCLA®65

M _CGAA 0.000 0.039 0.7500, Acarigua and
Inamar

M _CAT 2.42x 107 0.031 1.000, Inamar and
19x10

M _CAG 0.000 0.014 0.5398, Caripucha and
Glauca

M_CCC 6.11x 10" 0.134 1.000, UCLA295 and
UCLA37-1

M _CAC 8.77x 107" 0.040 0.7023, UCLA249
and UCLA295

TOTAL 3.11x 107 2.70 x 107 5.19 x 10°, Fonucla

and UCLAG65
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Table 5. Minimum, maximum and mean of Jaccard’s similarity coefficients of 20 sesame
cultivars based on 339 AFLP markers

Cultivar Simmilarity coefficient
Minimum Maximum Mean+SD

Chino Amarillo 0.309 0.476 0.385+0.042
Felicidad 0.376 0.587 0.463+0.059
Venezuela 51 0.389 0.747 0.551+0.109
Acarigua 0.394 0.744 0.560+0.098
UCV-1 0.359 0.747 0.555+0.107
Maporal 0.309 0.490 0.405+0.040
Caripucha 0.376 0.705 0.571+0.097
Inamar 0.370 0.646 0.491+0.063
Glauca 0.434 0.659 0.555+0.056
43x32 0.338 0.681 0.560+0.101
19x10 0.337 0.500 0.434+0.042
UCLA249 0.379 0.685 0.563+0.093
UCLAS3 0.361 0.684 0.540+0.100
UCLAL1 0.397 0.674 0.542+0.076
UCLA90 0.356 0.674 0.560+0.085
UCLA295 0.384 0.672 0.525+0.083
UCLA37-1 0.398 0.646 0.500+0.073
Fonucla 0.377 0.781 0.558+0.101
UCLAG65 0.352 0.781 0.582+0.100
UCVv-3 0.341 0.613 0.509+0.068
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Figure 1. Phenogram of 20 sesame cultivars based on Jaccard’s similarity coefficients using
339 AFLP markers. Bootstrapping values are indicated for clusters with values equal or
higher than 0.70
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Figure 2. Three-dimensional graph from the principal coordinate analysis of 339 AFLP
markers of 20 sesame cultivars

Discussion

AFLPs from 8 primer combinations have been a successful tool for identifying commercial
cultivars with a low probability of getting identical match by chance. E ACA+M_CAG is
considered a valuable primer combination, because it is the most informative for all the

indexes calculated: polymorphic information content, marker index, resolving power, number
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of haplotypes, number of cultivars resolved, average probability of identical match by chance,
and it presented the second lowest value for the maximum probability of identical match by
chance when all the possible comparisons were carried out. Polymorphic information content
(PIC) and marker index (MI) have been used to measure informativeness of AFLP primer
combinations in other self-pollinated crops such as soybean (Glycine max L. Merr.)
(PIC=0.32 and MI=6.14, Powell et al. 1996), wheat (Triticum aestivum L.) (PIC=0.32 and
MI=3.41, Bohn et al. 1999; PIC=0.31, Stodart et al. 2005), cornsalad (Valerianella locusta )
(PIC=0.25 and MI=4.47, Muminovic et al. 2004) and triticale (xTriticosecale Wittm.)
(PIC=0.25 and MI=8.60, Tams et al. 2005). Why these parameters related with the
informativeness of molecular markers for identifying genotypes is not totally clear. Most of
the studies have used these indexes for comparing AFLPs with other molecular markers.
Discrimination of as many cultivars as possible would be the most important feature of one
primer combination, when the purpose of the evaluation is to identify unequivocally a specific
genotype. Prevost and Wilkinson (1999) and Fernandez et al. (2002) found a strong and linear
relationship between the ability of a primer to distinguish genotypes and resolving power
(Rp), but not with marker index (MI). The data reported by Rajora and Rahman (2003)
indicate significant correlation (P<0.05) between PIC and number of genotypes observed, but
not with number of cultivars with unique genotype. Lack of correlation between PIC, MI, Rp
and both number of haplotypes and number of cultivars resolved in our study, or lack of
consistency in the correlation in other studies, make it clear that these indexes do not ever
evaluate the informativeness of a primer combination. It would be more suitable to record
how many genotypes are discriminated by primer, than to calculate parameters such as PIC,

Rp and MI, when fingerprints are carried out for identifying genotypes.

Probability of identical match by chance is an important calculation when the purpose of
fingerprinting is to identify genotypes for checking identity and purity of a cultivar. Our

results suggest that averages of this probability for each primer do not seem suitable for this
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purpose. Primer combinations with low (E ACA + M CAT) and intermediate
(E_ ACA+M_CAA) average probability of identical match by chance, resulted with
probability of 100 % of identical match by chance between at least one pair of comparisons.
This result indicates the importance for calculating of maximal probability of identical match
by chance, and also suggests the use of several primer combinations for identifying
genotypes. Maximal probability of 100 % for individual primer combinations became
maximal probability of 0.000052 when 8 primer combinations were used. AFLP fingerprint
showed an average of 6 unique bands per primer combination; this may be very useful for
genotyping cultivars, because these unique bands can be converted into STS (sequence tagged
site) markers. This in turn may be useful for detecting mixes between cultivars (Fernadez et

al. 2002).

The UPGMA-based phenogram and principal coordinate analysis displayed similar patterns.
Cultivars UCV-1, 19x10 and 43x32, derived from the same basic population, did not group
together. This basic population resulted from crosses among 50 accessions to produce a
highly variable population. Three best lines of the recurrent selection program mentioned
above, which cover a broad genetic diversity as compared with the remaining 17 cultivars,
originate from this highly variable population. Cultivars Fonucla and UCV-3, selected from
the same cultivar (Arawaca), differed considerably from each another. Arawaca was obtained
by a bulk population method, which is characterized by selecting a mixture of genotypes with
similar phenotypic traits; therefore there is a theoretical explanation for this result. Inamar and
Acarigua come from the same single cross between Venezuela 51 and an F, plant. This F,
plant must have had a high level of heterozygocity to obtain such dissimilar cultivars.
Genetically dissimilar cultivars coming from the same single cross have been reported in
other crops such as barley (Hordeum vulgare L.) (Fernandez et al. 2002) and cashew
(Anacardium occidentale L.) (Archak et al. 2003). This observation is so interesting in

sesame breeding, because it is revealing that only two parents may be enough for generating a
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base population with broad genetic variability.

Nine cultivars used in this study (Fonucla, UCLA1, UCLA249, UCLA295, UCLA37-1,
UCLAG65, UCLAS3, UCLA90 and UCV-3) were characterized using morphological traits
(Laurentin et al., 2004) and RAPD (Salazar et al., 2006). When only these cultivars were
subjected to principal coordinate analysis with our AFLP data, the three studies were similar
only in grouping closely UCLA90 and UCLAI1. But when we compare AFLP and RAPD
studies with each other, even though Mantel test showed non-significant correlation between
similarity matrices (P<0.05), two clusters grouped the same cultivars: UCLA1, UCLA90 in
one cluster, and UCLA65, UCLA295, Fonucla in other one; furthermore both analysis failed
to assign UCV-3 and UCLA37-1 to some cluster. Why this differs from the morphological
characterization can be explained because molecular characterization covers the entire
genome variability (Ovesna et al. 2002) excluding the environmental influence (Rao 2004),
whereas morphological characterization, mainly of quantitative traits in multi-environment
experiments as those studied by Laurentin et al. (2004), are subjected to strong environmental
influence (Karp et al. 1997, Rao 2004). According to our study, and in agreement with the
previous study using RAPD (Salazar et al., 2006), UCLA37-1 appear to be the most suitable
parents of an eventual new “white seed” population when crossed with some of the other
white seed cultivars studied (elite lines from Universidad Centrooccidental Lisandro Alvarado
sesame breeding program, Table 1), under the assumption that the more is the genetic distance
between parents the more is the possibility to identify potential and suitable new cultivars

from a segregant population.

Five cultivars used in the present study (19x10, 43x32, Fonucla, UCV-3 and UCLA37-1)
were characterized according presence or absence of secondary metabolites in roots, stems,
leaves, fruits and seeds (Laurentin et al. 2003). The three-dimensional graph from the
principal coordinate analysis, even though Mantel test showed non-significant correlation

between similarity matrix (AFLP) and correlation matrix (secondary metabolites) (P<0.05),
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displayed a similar grouping to that of these cultivars using AFLP. This close relationship
between AFLP and secondary metabolites could be useful in future breeding programs, even

more so when these secondary metabolites were related with resistance against whitefly.

The results of the present study have demonstrated that AFLP-based fingerprints are a useful
tool to identify sesame genotypes unequivocally. This information could be used for cultivar
identification and protection of breeder’s rights. Also, AFLP-fingerprints have been used
successfully in our study for assessing genetic variability of breeding stocks and for the

determination of the genetic relationship among cultivars.
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Chapter 4. Metabolic profiles and AFLP
Chapter 4. Analysis of association between seed metabolic profiles and
genetic diversity in sesame (Sesamum indicum L.)

Hernén Laurentin, Astrid Ratzinger and Petr Karlovsky

Abstract

Germplasm collections are routinely characterized to obtain a comprehensive overview of the
genetic diversity and/or to provide information about the value of the collection according to
important agronomic and/or nutritional traits. The aim of the present study was to evaluate
genetic diversity and metabolic profiles in seed on a set of 10 sesame accessions, and to discern
the relationship between the two approaches. Matrices of Jaccard's similarity coefficient and
Rogers' distance were calculated for AFLP data. Euclidean distance, correlation coefficient and
simple matching coefficient were calculated for metabolic profiles. Comparison between
matrices were achieved by means of Pearson's correlation and Mantel test, scatter plots and
visual comparison of biplots obtained by principal component or coordinate analysis. Pearsons's
correlation did not indicate any relationship between the two data set (P<0.05), but scatter plots
and biplots displayed consistencies independently of the similarity level. Indirect selection of
some metabolites in seed by farmers, and differences in the sampling of the genome for the two
methodologies may explain the results. The aim of recording metabolic profiles to get an
overview of the genetic diversity in sesame requires metabolic profiles from all the organs (root,
stem, leaf, fruit, seed). This approach would avoid bias toward sampling of part of the genome
too related with phenotypic selection. Whether the aim of future study is to know metabolic
diversity at seed level, any other study does not seem to have predictable value, seed metabolic

profiles by themselves would be required.

Introduction
Understanding the complexity of a plant species requires different approaches at different levels.

Genome analysis seeks to record and catalog the inherited make-up of an organism, which is
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insensitive to environmental influences and can be used at any developmental stage of the
organism (Ovesna et al., 2002; Rao, 2004). Approaches based on functional genomics
(transcriptomics and proteomics) reveal gene expression underlying the phenotype. They depend
on the the environmental conditions and developmental stage of the organism and may be
associated with traits of commercial value. Metabolomics represents the chemical phenotype
itself, but it also provides insight into the functional basis of higher-level characters such as
color, resistance to pathogens and pests, and susceptibility to UV light.

An inherent feature of biological complexity is the diversity of characters within a species. Most
of the studies of biological diversity have so far focused on morphological characters or
molecular markers. These two sorts of data represent the two extremes on the path of gene
expression from the genome to complex phenotype. Deeper understanding of biological
diversity, however, requires the integration of data pertinent to different levels of gene
expression. The level of metabolites is dealt with by metabolomics, the final goal of which is to
identify and quantify all metabolites in a sample (Dunn and Ellis, 2005; Hall, 2006). This goal is
too ambitious for most practical purposes. Instead of full-scale metabolomics, metabolite
analysis with a limited scope concerning coverage and/or identification have been established. In
line with the terminology established in genome and transcriptome analysis, metabolic
fingerprinting designates procedures generating static profiles of signals (HPLC peaks, TLC
spots, mass spectra) representing anonymous metabolites, which are characteristic for a given
sample and can be used, for example, to confirm its origin or uncover surrogates. Metabolic
profiling, in analogy to transcription profiling, generates profiles of metabolites, either
anonymous or identified, and is mostly used for quantitative comparisons among varieties,
physiological states or treated/untreated samples. Profiling of metabolite classes defined by their
chemical nature (e.g., glucosinolates or oxylipins) is used to describe quantitatively the
representation of these substances in the sample. Alternative definitions of metabolic profiling

and metabolic fingerprinting (Fiehn, 2002; Fiehn and Weckwerth, 2003) are likely to lead to
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confusion whenever metabolic analysis, genome fingerprinting and transcription profiling are
treated jointly.

Sesame (Sesamum indicum L.) is one of the most ancient crop (Bedigian and Harlan, 1986). It is
grown in tropical and subtropical areas. Its seed, which is highly nutritive (50 % oil and 25 %
protein), is used for direct consumption an as a source of oil of excellent quality. Studies of
secondary metabolites in sesame have been focussed on lignans and lignan glycosides in seeds
and oil such as episesaminone, sesamin, sesamol, sesamolin, sesaminol, (Marchand et al., 1997,
Yoshida and Takagi, 1997, Shyu and Hwang, 2002, Dachtler et al., 2003, Shirato-Yasumoto et
al., 2003). The main motivation for studying sesame lignans is their antioxidative properties,
which are believed to convey health-promoting properties to sesame products (Kang et al., 1998;
Kang et al., 1999; Nakai et al., 2003; Jeng and Hou, 2005). Sesame lignans are believed to play
a role in the resistance of sesame against insect pests and microbial pathogens. (Devine and
Denholm, 1998; Devine et al., 1999; Brooker et al., 2000; Victor et al., 2001; Harmatha and
Nawrot, 2002, Nascimento et al., 2003). The metabolism of sesame lignans after ingestion is
understood to a limited extent (Pefialvo et al., 2005).

The application of metabolic profiling to diversity studies in Sesamum indicum have not been
reported so far. Integrating metabolite profiling with genome profiling techniques will help
identifying valuable genotypes for use in breeding for nutritional or health-promoting values and
toward pest management. The aim of the present study was to evaluate genetic and metabolic
diversity on a set of 10 sesame accessions and to statistically discern the relationship between

metabolic and genomic data.
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Material and methods

Plant material

Seeds originating from 10 sesame accessions from Centro Nacional de Investigaciones
Agropecuarias (CENIAP) Germplasm Bank (Venezuela) were grown in the greenhouse. Eight
of these accessions were selected based on a previous genetic diversity study (Laurentin and
Karlovsky, 2006), as representing most of the diversity identified. Two additional genotypes

were added to the study, an experimental line and a commercial cultivar (Table 1).

AFLP analysis

DNA was extracted from leaves, and AFLP analysis was performed as previously reported
(Laurentin and Karlovsky, 2006). AFLP reactions were performed twice for each accession and
DNA fragments were separated on ALFexpress II DNA analyser (Amersham Pharmacia
Biotech, Uppsala, Sweden). Automatic band recognition and matching was achieved using
GelCompar II software (Applied Math, Belgium). The threshold value of 5% relative to the
maximum value within each lane was applied and only fragments identified in both replicas
(between 94 and 100 % of all bands recorded) were used for band matching. The results of band

matching were encoded as a binary matrix, which was used for all further analysis.

Metabolic profiling

Seeds originating from five plants per accessions were bulked and 1 g was frozen with liquid
nitrogen, ground in a mortar and subjected to extraction with a mixture of 80% ethanol (HPLC
grade, Roth, Germany) and 20% water for 16 h with stirring (100 rpm) under exclusion of
oxygen. The liquid phase was filtered through 0.45 pm filters and kept at -20°C until HPLC
analysis.

For HPLC analysis, 10 ul aliquots of extracts were loaded onto a polar-modified RP-18 phase
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Table 1. Accessions from CENIAP Germplasm Bank (Venezuela) and their respective origin
country and diversity centre

Accessions Country of Origin Working code  Diversity Centre
93-2223 India India 1 India
89-007 India India 5 India
95-464 India India 7 India
92-2918 India India 8 India
92-2922 Turkey Turkey Western Asia
93-2022 Syria Syria Western Asia
92-310 Sudan Sudan 2 Africa
92-2872 Sudan Sudan 3 Africa

Origin

Experimental line 43x32  Selected in Venezuela Selected lines from second cycle of
recurrent selection toward high yield,
under heavy whitefly infestation. The
original population was obtained by cross,
one to one, among 50 exotic accessions
(Laurentin et al., 2000)

Commercial cultivar Selected in Venezuela Individual selection from the offspring
Inamar from the same Acarigua’s parents
(Mazzani, 1953).

column (C18-Pyramid, Macherey-Nagel, Diiren, Germany, 4 p, 2x 100 mm) and separated at
40°C with a gradient of 10% - 98% methanol, at a flow rate of 0.2 ml min™. The eluent was
subjected to electrospray ionisation (ESI). Ions were analyzed both in positive and negative full
scan mode between 50 and 1000 m/z on an triple quadrupole mass spectrometer (1200LC,
Varian, Germany). Accession Sudan3, randomly selected among the 10 accessions, was loaded

three times to assess the reproducibility of the results.

Data processing and analysis

Raw data from metabolic study were processed by CODA algorithm (background reduction and
spike elimination, Winding et al., 1996). Extracted ion chromatograms which satisfied a certain
mass chromatogram quality index (MCQ 0.85, according to technical manual of ACD/MS

Manager v. 8.0, Advanced Chemistry Development, Toronto, Canada) were generated and
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compared. Based on these chromatograms, peak tables were generated. Ten peaks with the
largest areas for each accession were identified. For each of these peaks, matching peaks in all
accessions were identified, building a set of peaks which was used for further analysis. Isotopes
peaks for the same compound, recognised by the difference of one unit in the molecular weight
and the same retention time, were combined to generate one value per mass per accession.

Peak areas were standardized twice, firstly within every accession by dividing the area by the
total sum of areas of all peaks for each accession to compensate for loading differences, and
secondly within every m/z value by dividing all peak areas by the maximal area with this m/z
value to weigh major peaks in each extracted ion chromatogram equally. The resultant matrix
was used to calculate Euclidean distances between pairs of accessions as a measure of
dissimilarity and correlation coefficients as a measure of similarity. In order to assess the effect
of differences in signal intensities within extracted ion chromatograms, the matrix of doubly-
normalized intensities was transformed in a binary matrix replacing by 1 all the values greater
than 0. Using the binary matrix, simple matching coefficient was calculated for each pair of
accession as a similarity measure. Correlation coefficient between Euclidean distance based
matrix and simple matching coefficient based matrix was calculated by means Mantel test (500
permutations). To visualize the relationship among accessions according to metabolite content,
principal component analysis was performed for correlation matrix, but not for Euclidean
distance because eigenvectors and eigenvalues cannot be calculated from a dissimilarity matrix.
Therefore the dissimilarity matrix was transformed to scalar product form, which allows to
calculate eingenvalues and eigenvectors and visualise the relationship among accessions based
on Euclidean distances using principal coordinate analysis. This ordination method was used for
simple matching coefficient matrix as well. Calculations of similarity and dissimilarity
coefficients, principal component and coordinate analysis were performed using software
NTSySpc 2.11T.

A binary matrix from AFLP data was obtained as reported by Laurentin and Karlovsky (2006).

49



Chapter 4. Metabolic profiles and AFLP

Jaccard coefficient similarity matrix and Rogers' distance dissimilarity matrix were calculated.
The relationship among accessions was visualised by means of principal coordinate analysis.
Comparison of ordination obtained by AFLP and metabolite content was based on Pearson
correlation and Mantel test between the matrices using 1000 permutations. Furthermore, the two
approaches were also compared by scatter plots to understand correlation value. Plot space was
split in three sections (high similarity, intermediate similarity and low similarity) both in X axis
and Y axis. Visual comparison between graphic obtained from principal coordinate analysis
using AFLP data and graphic obtained from principal component/coordinate analysis using

metabolic data was performed as well.

Results

A total of 381 AFLP markers, ranging from 100 to 550 base-pairs, were recorded using 8 primer
combinations on the 10 sesame accessions. Ninety-five percent of the markers were
polymorphic. Eighty-eight bands (23 %) were unique, ranging from 5 (Turkey) to 21 (India 7)
per accession (Table 2).

Metabolic analysis displayed good reproducibility because all comparisons performed
(similarity and dissimilarity measures, principal component analysis) showed little variation
among three Sudan3 loaded as compared to the other 9 accessions. Data of Sudan3 represented
by the average of the three loading were used further.

Eighty-eight metabolic signals were identified in seed extracts from 10 accessions, 47 in
negative mode and 41 in positive mode. More than 50 % of these peaks were eluted with a
retention time between 15 and 27 min. Thirty-four signals were common for all accessions, 16 in
positive mode and 18 in negative mode. Eight signals were accession-specific or absent in only

one accession
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Table 2. Total number of bands, number of polymorphic bands, percentage of polymorphic
bands and number of unique bands obtained per AFLP primer combination

Primer combination Total  Polymorphic % of Number of unique bands
numbe bands polymorphic
rof bands
bands
(Cy5)E_ ACA+M_CAA 55 51 93 Indial India5 Turkey Sudan3  Inamar 43x32  Total
1 1 4 2 1 1 10
(CyS5)E_ ACA+M_CAC 53 50 94 Indial India7 India8 Sudan2 Inamar 43x32 Total
1 2 4 2 3 1 13
(CyS5)E_ ACA+M_CAG 51 49 96 Indial Syria Total
3 1 4
(Cy5)E_ ACA+M_CAT 78 76 97 Indial India5 India7 Syria Inamar 43x32 Total
2 1 1 5 1 1 11
(Cy5)E_ACA+M_CCA 41 38 93 India7 Inamar 43x32 Total
8 1 2 11
(CyS)E ACA+M CCC 37 36 97 Indial  India5 India7 India8 Turkey Sudan2 Inamar 43x32 Total
~ ~ 1 4 2 1 1 1 5 1 16
(CyS)E ACA+M CGAA 25 25 100 India5 India7 Syria Sudan2 Inamar 43x32 Total
B B 1 6 2 3 1 2 15
(CyS)E_ ACA+M_CTCA 41 38 93 India7 India8 Syria 43x32 Total
_ _ 2 4 1 1 8

(Table 3). No relationship was found between the number of unique AFLP markers and number
of specific masses (or masses lacking in only one accession) within accessions.

Correlation coefficient  between Euclidean-distance-based matrix and simple-matching-
coefficient-based matrix resulted in —0.56 (P<0.01). Correlation between matrices obtained from
AFLP data and metabolic profiles were no significant. Comparisons to Jaccard's coefficient
matrix resulted in —0.09 (P<0.33) for simple matching coefficient matrix, 0.20 (P<0.77) for
Euclidean distance matrix and —0.24 (P<0.18) for correlation matrix. Similarly, comparisons to
Rogers' distance matrix resulted in 0.12 (P<0.75), -0.17 (P<0.20) and 0.22 (P<087) respectively.
Scatter plots displayed some important consistences for certain pairs of comparisons (Figure 1)
based on two criteria: how close is a compared-pair to an ideal correlation line (1 comparing
similarity matrices or —1 comparing similarity to dissimilarity matrices) and whether a

compared-pair falls in the same arbitrary category (i.e. high similarity, intermediate similarity,

low similarity) for both axes. For all comparisons the pair Syria-Sudan3 revealed a high
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Table 3. Signals detected in sesame extracts by HPLC-MS

Negative mode

Mass range Number  Number of % of Number of accession-specific m/z values or
of m/z m/z values common values lacking in only one accession
values common to  m/z values

considered all the
accessions

200-400 14 3 21 Sudan 2 Total
2 2
400-600 9 Turkev Total
11 1 1 1
600-800 17 10 59 India 5 Total
1 1
800-1000 5 4 80 India 5 Total
1 1
Positive mode
Mass range Number  Number of % of Number of accession-specific m/z values or
of m/z m/z values common values lacking in only one accession
values common to m/z values

considered all the
accessions

400-600 2 1 50 0
600-800 25 6 24 Tndia & 43x3) Total
1 1 2
800-1000 14 9 64 India § Tatal
1 1

similarity in both axes, Sudan2-43x32 and India5-Sudan2 a low similarity, and India8-43x32
and Indial-Turkey an intermediate similarity.

Biplots of principal coordinate analysis based on AFLP data, calculated both from Jaccard's
coefficient (which covered 64% of variation) and Rogers' distance (which covered 54% of
variation), displayed similar pattern (Figure 2). Accessions Sudan2 and India7 by one side, and
commercial cultivars Inamar and 43x32 by the other, are grouped as the most distinctive. Biplots
of principal component/coordinate analysis based on correlation coefficient (which covered 62%

of variation), Euclidean distance (which covered 62% of variation as well) and simple matching
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Figure 1. Scatter plots comparing ordination performed by AFLP (Jaccard's coefficient and
Roger's distance) to ordination performed by metabolic profiles (correlation coefficient,

Euclidean distance and simple matching coefficient).
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Figure 2. Biplot of principal coordinate analysis. A. Based on AFLP data using Jaccard's
coefficient. B. Based on seed metabolic profiles using correlation coefficient
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coefficient (which covered 77% of variation) had a similar pattern (Figure 2), where accessions
India5 and 43x32 formed one group and the other accessions formed another group. Visual
comparison of biplots obtained with AFLP and metabolic profiles agreed in classifying cultivar
43x32 as one of the most distinctive, therefore the Sudan2-43x32 was one of the most dissimilar
pairs. Both biplots grouped Syria-Sudan3 as the most similar pair and Indial-Syria, Indial-
Sudan3 , Indial-Turkey and 18-43x32 as pairs with intermediate similarity. The most important
contradiction between both biplots was the placement of India5, India7 and Inamar. AFLP
classified India7 and Inamar as two most distinctive accessions whereas metabolic profiles
grouped them together with other 6 accessions. Similarly, India5 is classified according
metabolic profiles as one of the most distinctive, but AFLP grouped it together with 5 other

accessions.

Discussion

Seed metabolic profiles analysis failed to indicate any relationship to the geographical origin of
the accessions studied, similarly as reported before for AFLP (Laurentin and Karlovsky, 2006).
The diversity analysis results based on AFLP and seed metabolic profiles were quite different. A
similar study carried out by Wolde-meskel et al. (2004) on rhizobial strains did not find
relatedness between metabolic and genomic (AFLP) data; but Seymour et al. (2004) found
strong similarities between genotypic variation and metabolite diversity in two endophytic
fungi.

Considering that the number of characters reflects the sampling depth, AFLP-based analysis
could be considered more reliable than seed metabolic profiles (363 polymorphic bands for
AFLP and 88 signals for seed metabolic profiles). As compared to AFLP, metabolic profiles
contain additional information because they consists of continuous variables. This information is

lost after the transformation of metabolic data to a binary matrix. However, the results provided
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by metabolic profiles recorded as sets of continuous variables or after transformation to binary
data were nearly identical. In this case the difference in the sampling is much higher: 363
characters for AFLP and 54 for seed metabolic profiles.

The two methods sample different genetic information. AFLP detects recognition sites for
restriction enzymes and flanking nucleotides complementary to the selective nucleotides of the
primers (Voss et al., 1995; Savelkoul et al., 1999). This sampling is insensitive to the gene
expression. Seed metabolic profiles sample metabolic activities in the seed, corresponding to
the expression of a small fraction of genes in the genome. Representative sampling for both
methodologies would lead to similar results only if the diversification in sesame on both levels is
governed by the same evolutionary forces. Because the majority of plant genomes consists of
non-coding sequences, changes in AFLP patterns are expected to result mainly from mutations
randomly fixed by genetic drift. Concerning metabolic profiles, it is reasonable to assume that
most changes underly selection, both positive (resistance to pests and pathogens, protection from
light, improved dissemination of seeds etc.) and negative (for example metabolic costs, bitter
taste, attraction for insect pests). The disparity between diversity patterns as revealed by AFLP
and metabolic profiling are therefore expected to provide insights into processes which
contributed to the makup of current sesame accessions.

A second source of inconsistencies of diversity patterns revealed by different methods between a
pair of accessions is non-representative sampling. If at least one of the sampling is not
representative, inconsistencies will appear in some pairwise comparisons. The difference
between the relatedness of the accessions on metabolic and genomic level will be overestimated
by calculating a correlation coefficient for the whole data set, because the result concerning one
accession affects many pairwise comparisons (data are interdependent). For example, when two
accessions are grouped differentially, 17 pair-wise comparisons will be affected. Obviously
similarity/dissimilarity matrices will be different and biplots of principal component/coordinates

analysis as well. For this reason, scatter plots are useful tool to identify these inconsistencies,
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knowing for the correlation data set which pair-accession similarity/dissimilarity values are
correlated and which not and also being aware about the interdependence of the data. Therefore
the consistencies found become important, because they indicate in which comparisons the
sampling was representative for the pair of accessions. In this case, for instance, pair 43x32-
Sudan2 resulted in one of the most dissimilar pairs for both analysis, indicating that seed
metabolic profiles are a good sample of the genome for this comparison. The same comment is
valid for pairs Syria-Sudan3, Indial-Syria, Indial-Sudan3 , Indial-Turkey and I8-43x32.
According to these results, consistencies are not dependent on the level of similarity
(consistencies were found for high, intermediate and low similarity), rather than it depends on
the pair of accessions compared.

Another aspect to consider as responsible of the lack of consistency between analyses is the
selection influence on seed metabolic profiles. Sesame growers have been manipulating the crop
due to migration and trade for centuries. The oldest remnants of sesame, found in the Harappa
valley in the Indian subcontinent (Bedigian and Harlan, 1986) date the origin of these activities
to at least 5500 BP. Needs and preferences of local people led to direct selection of some sesame
seeds traits such as colour, size, taste, etc., and indirectly metabolic content of the seeds. If two
close related genotypes follow different ways of selection of some oligogenic traits they will
keep, after a limited number of generations, the close relationship but they will differ in the traits
under selection. In the current work Turkey-Syria pair is an example of this. Also possible is that
two non-related genotypes, under selection pressure for the same phenotype (and therefore for
the metabolites related to the phenotype), after many generation result in genetically non-related
genotypes but with similar phenotype, in the current work for instance India7-Syria. In the case
of consistency between both analyses, the explanation is that differentiation processes at
metabolic level due to selection of seed traits, between accessions in each pair, has been
proportional to the extent of genetic differentiation. This fact suggests that identification of

similarity/dissimilarity relationship between pairs based on AFLP and seed metabolic profiles
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depend on the genotypes under comparison, due to differences in evolutionary history of each
genotype. Therefore the assumption that genetic distance between two genotypes is directly
proportional to the probability of identifying very different levels in some important agronomic
or quality trait is not necessarily true, and is not supported by this work. Genetic analysis based
on molecular markers cannot be used as prediction of similarity or dissimilarity in the content of
seed metabolites.

Because the production of secondary metabolites in different plant organs is likely to affect the
selection by farmers and breeders in different ways, recording metabolic profiles from all
organs (root, stem, leaf, fruit, seed) is needed to provide a complete picture. For example, the
production of metabolites protecting sesame against leaf pathogens might be either irrelevant or
even undesirable (taste) in seeds. Furthermore, functional studies are necessary to reveal how the
production of secondary metabolites have been affected by the selection for resistance and other
phenotypic traits. We intend to address both the metabolite content in different plant organs and

their affect on pests and pathogens in our future work.
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Chapter 5. Standardising bioassays for testing novel compounds against
Macrophomina phaseolina (Tassi) Goidanich

Hernan Laurentin and Petr Karlovsky

Abstract
Background

Macrophomina phaseolina (Tassi) Goidanich is an important plant pathogenic fungus that
causes damage by plugging or rotting of vascular tissue in roots and lower stems in more than
300 crop species. Novel compounds from higher plants, bacteria, algae, etc. have been tested
for controlling the fungus, but current experiment conditions require large amounts of
extracts. The present study determined the best conditions to achieve a rapid and high-
throughput bioassay adequate for evaluating the effect of small amount of novel compounds,
from a large amount of sources, on the growth of Macrophomina phaseolina.

Results

Obtaining of abundant microsclerotia (up to 35000 per 9 cm-diameter petri dish) was
achieved growing the fungus on modified PDA (4 % agar) with two pieces of filter paper (1x1
cm placed on the surface of the agar) at 25 or 35°C depending on the isolate. The best
conditions to test novel compounds on fungus growth from microsclerotia were determined.
Dilution series of compounds to be tested are placed into 96-well flat-bottom microplate and
dried. Twenty microsclerotia in 40 UL of PDB are added, and microplate is incubated at 35°C.
Fungal growth was monitored by measuring turbidity at 550 nm using a spectrophotometer.
Effectiveness of the method was demonstrated using Benomyl.

Conclusion

The proposed bioassay has the advantage of being suitable to test small amount of
compounds, reducing required laboratory space and therefore being suitable for testing a great
amount of sources with several replications. This is especially advantageous for testing

natural compounds from plant genetic resources collections, because of the large amount of
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sources available.

Background

Macrophomina phaseolina (Tassi) Goidanich is an important plant pathogenic fungus, causal
agent of charcoal rot of more than 300 crop species. It is a soil borne fungus that causes
damage by plugging or rotting of vascular tissue in roots and lower stems (Wyllie, 1989).
This fungus attacks susceptible hosts under stress conditions such as high temperature and
drought (Papavizas, 1960; Edmunds, 1964; Dhingra and Sinclair, 1978; Odvody and Dunkle,
1979). Microslerotia act as primary source of inoculum and persist up to three years in the soil
(Dhingra and Sinclair, 1978) and nine years on stored seed (Gomes et al., 2002).
Microsclerotia germination is affected by oxygen and carbon dioxide concentration (Wyllie et
al., 1984), temperature, and water tension (Viana and de Souza, 2002). Charcoal rot is
controlled, as the other diseases, by means of cultural practices, development of resistant
varieties, and application of synthetic or natural pesticides. To obtain natural pesticides as
well as to develop efficiently resistant cultivars, it is necessary to identify sources of
biologically active compounds with antifungal properties. Natural compounds are a huge
source of chemical diversity (Verpoorte, 1998) which could be used as active compounds in
plant disease control. Traditional bioassays methods have been successful to identify
biologically active compounds against M. phaseolina from algae (Mahakhant et al., 1998),
bacteria (Bhatia et al., 2003; Gohel et al., 2004), fungi (Gallardo et al., 2006) and plants
(Saxena and Mathela, 1996; Dwivedi and Singh, 1998; Ghosh, 2006). These traditional
methods need large amounts of natural extracts and, therefore, they are not suitable for
managing several treatments with several replications, conditions which are necessary for an
efficient and effective screening of natural products against M. phaseolina. The aim of the
present study was to develop a rapid and little-format bioassay adequate for evaluating the

effect of small amount of novel compounds, from a large amount of sources, on the growth of
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Macrophomina phaseolina.

Results

Fungus growth in Petri dishes

No differences in growth were observed between the media with or without pieces of filter
paper, therefore the data within each medium were combined for growth analysis. After 60 h
of incubation, fungus covered the complete area of modified PDA (4% agar) petri dishes
incubated at 35°C for both isolates. Analysis of variance revealed significant differences
(P<0.05) in growth among media and between incubation temperatures, but not for isolates
and interactions; therefore Figure 1 displays only the variables which presented significant
effect on fungus growth. Comparison within the same medium varying incubation

temperature showed faster fungus growth at 35°C than at 25°C.

Microsclerotia production

Microsclerotia production showed a significant interaction (P<0.01) for Isolate x Incubation
temperature x Medium. Table 1 displays effect of these factors on number of microsclerotia
produced. For both isolates the largest microsclerotia production was reached on modified
PDA (4 % agar) and two pieces of filter paper, but at different incubation temperatures. SNA
medium, with and without pieces of filter paper, was not suitable for producing large amount
of microsclerotia. Venezuelan isolate microsclerotia production was enhanced by the placing
of 2 pieces of filter paper on modified PDA (4% of agar) incubated at 25°C, on PDA at both
temperatures, and on SNA at 35°C; whereas for DSMZ isolate this occurred for modified

PDA (4 % agar) at both incubation temperatures, and PDA at 35°C.
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Figure 1. Growth (mean%S.E.) of M. phaseolina on 32 petri dishes averaged on 2 isolates and
2 independent experiments, varying temperature of incubation and culture medium.

Table 1. Number of microsclerotia per petri dish (20 ml of medium) for two isolates of M.
phaseolina in six culture media (PDA4+FP is modified PDA (4% of agar) and two pieces of
filter paper, PDA4 is modified PDA (4 % of agar), PDA+FP is normal PDA and two pieces of
filter paper, PDA is normal PDA, SNA+FP is low-nutrient agar medium and two pieces of
filter paper, and SNA is low-nutrient agar medium) and two temperatures of incubation

25°C

35°C

Isolate
DSMZ

Isolate
VZLA

PDA4+FP PDA4 PDA+FP

PDA SNA+F  SNA PDA4+FP PDA4
P

PDA+FP PDA SNA+FP  SNA

10975¢'B> 6975dB 4750 efB

11400cB 725hB 1800 hA | 16750 aA  14475bA 6075 deB 2000.hB 3775 fgB 2050 ghA

33775aA  20125cA 31150 aA  25575bA 4050 fA 3150 fA | 17450 cdA 15463 dA 24600 bA 15850dA  8250eA 1850 fA

! Treatments within each isolate followed by the same lower case letter are not significant
different (P<0.01) according to Tukey test
? Treatments within each culture medium followed by the same capital letter are not
significant different (P<0.01) according to Tukey test
Measuring fungus growth in 96-wells microplates
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Measuring fungus growth in 96-wells microplates

Progress of the growth was observable during the complete experiment. MTT assay was
carried out at 120 h of incubation. Correlation of values of optical density in the well without
addition of MTT at 120 hours, and with addition of MTT at this time after formazan was
dissolved, was highly significant (P<0.01). Linear regression resulted also highly significant,
giving the equation OD using MTT = 1.68 + 0.72 x OD without MTT (R*=0.08, fitting the
constant) or OD using MTT = 3.09 x OD without MTT (R*=0.88, forcing the regression line

through the origin).

Fungus growth in 96-well microplates

Fungus growth from microsclerotia displayed a highly significant interaction (P<0.01) among
Isolate x Temperature x Time, and Microsclerotia concentration x Isolate. The greatest growth
was reached at 35°C for both isolates (Figure 2). The most suitable concentration for both
isolates was 20 microsclerotia per well in a total volume of 40 UL (500 microsclerotia per ml)
(Figure 3). After 120 h of incubation growth of both isolates was slower in PDB+sorbitol
from 0.55 molal than in only PDB or PDB+sorbitol 0.06 or 0.14 molal (Figure 4). Any of the

tested sorbitol concentration stimulated fungus growth.

Fungus growth in presence of Benomyl

Toxicity of Benomyl was recorded at 2.5 pg ml' for DSMZ isolate and at 10 pg ml™' for
Venezuelan isolate. Different growth rates at the same concentration caused a significant
interaction (P<0.01) for Isolate x Concentration of Benomyl x Time of incubation (Figure 5).
Growth was completely inhibited for both isolates from 25 pg ml'. DSMZ isolate did not
showed growth inhibition at 1 pg ml'. Venezuelan isolate showed stimulatory effect on

growth rather than inhibition at 1, 2.5 and 5 pg ml™.
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Figure 2. Growth (mean+S.E.) of M. phaseolina in 96-well microplates from microsclerotia,
averaged on 3 microsclerotia concentration and 2 independent experiments, varying
temperature of incubation and isolate
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Figure 3. Effect of microsclerotia concentration on fungus growth in 96-well microplate in
two isolates
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Figure 4. Growth (meantS.E.) of M. phaseolina in 96-well microplates from microsclerotia,
using PDB + different concentration of sorbitol as medium

Discussion

The best conditions for growing M. phaseolina have not been reported, and it has been
cultured by tradition on PDA; however PDA (4% agar w/v) resulted in faster growth than
PDA both 25°C and 35°C. The fungus grew faster at 35°C than at 25°C for all the media
evaluated. Ahmed and Ahmed (1969) reported faster growth at 32°C than at room
temperature (25-32°C); these results in vitro support the general idea about increase of the
disease caused by M. phaseolina on the field at high temperatures.

Optimal incubation temperature for microsclerotia production depended on the isolate, but
addition of pieces of filter paper on modified PDA enhanced production both on the two

isolates and the two temperatures of incubation tested. Addition of pieces of filter paper is a
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Figure 5. Growth (mean%S.E.) of two isolates of M. phaseolina at different concentration of
Benomyl. A. Isolated from Venezuelan soil sample. B. From DSMZ (German Collection of
Microorganisms and Cell Cultures)

common procedure to enhance conidia production on genus Fusarium (Nirenberg, 1990).
Modified PDA has already been reported as suitable medium for microsclerotia production
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for 4 Venezuelan isolates, resulting up to 12000 microsclerotia per petri dish after 15 days of
growth (Simosa and Delgado, 1991); amount of microsclerotia obtained in the present work
under similar growth conditions was similar.

Rather than evaluating microsclerotia germination (Souza 2002, Pratt 2006), we monitored
fungal growth initiated by germinated microsclerotia. Highly significant correlation between
the two methods to monitor fungus growth indicates that they are measuring it with the same
accuracy. Measure of optical density as result of MTT addition gives a final report of cell
concentration, but its use interrupt the experiment and it is not possible to get several readings
from the same well. On the contrary, changes in turbidity of the wells caused by fungus
growth can be monitored at any time, without affecting the experiment, therefore it is possible
to know how is the growth dynamics of the fungus in a simple well.

Temperature has been considered as critical aspect of microsclerotia germination of M.
phaseolina. Our results are similar to those reported by Viana and de Souza (2002), who
observed a percentage of microsclerotia germination larger at incubation temperatures of 27,
30, 33 and 36°C than at 24°C. Use of solutions is easier than use of soils for evaluating effect
of water tension on micro-organism, but the component matric potential is not taken into
account. Adebayo and Harris (1971) reported that osmotic potential simulate adequately total
water potential in the soil when fungal growth is evaluated. Inhibitory effects on fungus
growth rather than stimulatory effect was found increasing osmotic potential, however, range
of osmotic potential tested was not accurately measured. Cervantes-Garcia et al. (2003) found
growth inhibition of the fungus because of three osmotic potential sources (NaCl, KCI and
sucrose) as well. Shokes et al. (1977) found a maximal mycelial growth at 30°C and —17 bars,
observing reduced growth above and below this water potential. They also observed some
growth after 50 h at —38 bars. Olaya and Abawi (1996) reported not significant differences in
microsclerotia germination after 2 days of incubation between —320 (3.2 bars) and 4760 J kg

' (47.6 bars). All this results, including the ours, indicate that it is not neither necessary nor
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adequate to add some solute to the growth medium for increasing osmotic potential and
microsclerotia germination.

M. phaseolina growth in presence of Benomyl demonstrated feasibility of the bioassay format
proposed to test antifungal compounds. Effect of very small amounts of the fungicide on
fungus growth was identified. The 96-well microplate format bioassay was able to
differentiate growth behaviour through the time between the two isolates. The manner of
monitoring the growth allows inferring about possible detoxification of Venezuelan isolate
after 72 hours, therefore it becomes able to use the fungicide in low concentration as nutrient.
A bioassay for testing effect of novel compounds on growth of Macrophomina phaseolina
was established using two isolates. Obtaining of microsclerotia should be achieved in
modified PDA (4 % agar) because of a faster fungus growth and higher amount of
microsclerotia obtained. To test novel compounds, they are dissolved in ethanol 80% and
placed in 96-well microplate, waiting until total evaporation of the solvent. After that, 20
microsclerotia suspended in 40 YL of PDB are placed in each well and microplate is
incubated at 35°C. Fungus growth is monitored at any time measuring changes in the turbidity
in the wells using a spectrophotometer at 550 nm. Required volumes of the compounds to test
are very small, for instance, whether the extraction of the compound was achieved with 1 g of
fresh weight in 5 ml of solvent (200 mg in 1 ml), adding in the well 200 YL is equivalent to
add 40 mg. Effect of high concentration as1 g of fresh weight in 1 ml of solution is performed
whether 40uL of microsclerotia suspension is added, as proposed.

The format of the proposed bioassay has the advantage of being suitable to test small amount
of compounds, reducing required laboratory space and therefore being suitable for testing a
great amount of sources with several replications. This is especially advantageous for testing

natural compounds from plant genetic resources collections.
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Conclusions

Large amount of microsclerotia is produced on petri dishes containing PDA 4% agar plus two
pieces of filter paper at 35°C. Changes in optical density in wells of microplates through the
time, as consequence of mycelia formation from microsclerotia in PDB medium, is a good
indicator of fungus growth. Effect of small amount of novel compounds on fungus growth can

be tested.

Material and methods

Fungus isolates

Isolate 62743 from DSMZ (German Collection of Microorganisms and Cell Cultures) and
another one isolated from a 14-days diseased sesame plantlet grown on a soil sample from
Portuguesa state, Venezuela (soil cultivated for at least 15 years with rotation maize-sesame)
were used in this study. Both were maintained on petri dishes containing 20 ml of potato
dextrose agar medium (PDA) ( 2.4 % w/v powder of potato dextrose broth from Duchefa
Biochemie, The Netherlands, and 1.5 % w/v agar from AppliChem, Germany) at 25°C and

subcultured each 15 days.

Fungus growth and microsclerotia production

Twelve treatments consisting in three media with and without two pieces of sterile filter paper
(1x1 cm) in the center of the petri dish incubated at 25°C and 35°C were tested to determine
the most favourable conditions for fungus growth and to produce microsclerotia. Media used
were PDA, modified PDA (4% agar w/v) and synthetic low-nutrient agar medium (SNA)
(based on w/v 0.1% KH,PO4, 0.1% KNO;, 0.05% MgSO, - 7TH,0, 0.05% KCI, 0.02%glucose,
0.02% sucrose, and 2% agar). Each treatment was replicated four times for each isolate.

Inoculation in each petri dish was carried out transferring one 5-mm agar plug from the
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leading edge of a 5-day-old colony in PDA onto the center of a new petri dish. Growth was
recorded every 12 hours measuring the area covered by the fungus. After 15 days the content
of each petri dish was blended in a mixer for 3 minutes helped by 30 ml of sterile water. The
resulting suspension was passed through a 200-um sieve to eliminate aggregates of
microsclerotia and microsclerotia larger than 200 pm. To count microsclerotia per volume
unit, the suspension was centrifuged at 12000 G for 10 min, the water was discarded, and
microsclerotia and medium were resuspended in 10 ml sterile water. Eight 50-uL aliquots
from the content of each petri dish were taken, to count microsclerotia on filter paper under

microscope; number of microsclerotia per petri dish was calculated.

Fungus growth from different microsclerotia concentration in 96-well microplates

Microsclerotia were obtained as above explained, but they were resuspended in potato
dextrose broth (PDB) (Duchefa Biochemie, The Netherlands) instead water. Content of a petri
dish without fungus followed the same procedure as control. Dilutions were carried out to get
three microsclerotia concentrations (i.e. 80, 40 and 20 in 40 microliters). Forty microliters of
suspension containing the microsclerotia, replicated six times for each concentration, were
pippeted into wells of a 96-well flat bottom microplate. To avoid evaporation, wells in the
margins of the microplate were filled with 300 YL of sterile water, lid was placed and
incubation was achieved in a closed plastic box with 1 cm of sheet of sterile water, which
acted as moist chamber. Incubations temperatures tested were 25°C and 35°C for both

isolates. Growth of the fungus in the wells was monitored every 12 hours taking readings of

optical density at 550 nm for 5 days with a microplate spectrophotometer pQuant Universal
(BioTek® Instruments, Inc. USA) and visualized by the software KC4 v.3.4 (BioTek®
Instruments, Inc. USA). Changes in optical density were consequence of changes in turbidity

of the wells caused by mycelia formation. All values were corrected for optical density at time

zero. At day 5, 10 pL of MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
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bromide) (5 mg ml™') were added in each well and microplates incubated at 35°C for 4 hours
in shaking. Water-insoluble formazan formed by mitochondrial action, was dissolved adding
50 UL of DMSO and incubation of the microplates took place at 35°C for 10 minutes. Optical
density in each well was determined at 550 nm.

Effect of osmotic potential on fungus growth

To evaluate effect of osmotic potential on fungus growth from microsclerotia in 96-well
microplates, it proceeded as above explained but sorbitol was added to PDB in concentrations
of 0.06, 0.14, 0.55, 1.37, 2.75, 4.0 and 5.5 molal. Each concentration was replicated 6 times
and control was microsclerotia in PDB without sorbitol. This experiment was carried out for

both isolates. Optical density at 550 nm was monitored each 12 hours for 7 days.

Fungus growth in presence of antifungal compounds

To determine the effect of antifungal compounds on M. phaseolina in 96-well microplates
using little amount of the compound, 50 mg Benomyl 60 WC (Hoechst, Germany) were
dissolved in 100 ml ethanol 80% to get a solution of 500 pg ml”. From this solution, others
concentrations were prepared: 250 pg ml”, 100 pg ml”, 50 pg ml™, 25 pg ml™, 10 pg ml?, 5
Mg ml', 2.5 pg ml" and 1 pg ml”. Forty microlitres of each concentration were placed into a
six wells of a 96-well microplate. Control consisted in 40 pPL of ethanol 80% in six wells as
well. After total evaporation (about 4 hours), 20 microsclerotia were placed in the microplate
as already explained. Four microplates were prepared in the same way, 2 incubated at 25°C (1
for each of both isolates) and the other two at 35°C (1 for each of both isolates). Fungus
growth was recorded for 7 days by measuring optical density in each well every 12 h at 550

nm.

Statistical analysis
All the experiment were replicated twice in different dates. Because of similar error variance,

based on Bartlet's test, between pairs of experiments (i.e. fungus growth in Petri dishes,
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microsclerotia production, fungus growth from different microsclerotia concentration, effect
of osmotic potential on fungus growth, and fungus growth in presence of antifungal
compounds), the data were combined for each type of experiments. They were analyzed as
factorial design. Comparisons among treatments was achieved by Tukey test (P<0.01). To
compare both estimations of fungus growth (with and without use of MTT) correlation and
regression analysis were achieved between last reading at day 5 without adding MTT and
readings after adding MTT. Statistical calculations were carried out using Statistix 8

(Analytical Software, USA).
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Chapter 6. Effect of plant extracts from a sesame (Sesamum indicum L.)
germplasm collection on growth of the soil-borne fungi affecting
Venezuelan sesame production

Hernén Laurentin and Petr Karlovsky

Abstract

Obtaining of natural fungicide as well as an efficient development of resistant cultivars
require identification of plants containing compounds with antifungal properties. The aim of
the present study was to explore the diversity of a sesame germplasm collection based on
effect of extracts of root, stem, leaf and seed on growth of the soil-borne fungi
Macrophomina phaseolina and Fusarium oxysporum f. sp. sesami. Ethanolic extracts from 51
sesame accessions of different geographical origin were dried into 96-wells microplates and
reproductive structures of the fungi in adequate culture media were placed in the wells.
Changes in the optical density at 550 nm in the wells content as consequence of the growth of
the fungi was measured. Effect of extracts on the two fungi species was highly variable,
depending on the accession which served as source. Strong inhibitory effect for root, stem and
leaf extracts on growth of M .phaseolina, and for root, stem and seed extracts on growth of F.
oxysporum was identified. Grouping of accessions according biological activity on both fungi
showed a trend to separate Indian accessions from African accessions. Diethylether fraction
from ethanolic extracts from the accessions with most inhibitory and stimulatory effect on
fungi growth for all the organs, showed a stronger inhibitory effect than crude extract.
Equivalent weight to 15 mg of fresh weight for all the organs were able to inhibit the growth
of both fungi. Intra-species screening sesame, resulted in identification of accessions

possessing promising compounds with potential in control of fungal diseases.
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Introduction

Sesame shares historical and economic value because it is one of the most ancient crops
(Bedigian and Harlan, 1986), and important for tropical and subtropical areas (Ashri 1998).
Sesame yield is negatively affected by biotic stress such as insect pest (Aponte et al., 1997;
Laurentin and Pereira, 2001), phytoplasma (Al-Sakeiti et al., 2005), virus (Sreenivasulu et al.,
1994), bacterias (Nyanapah et al., 1995; Shivas et al., 1996) and fungi (Pathirana, 1992;
Ojiambo et al., 2000; El-Bramawy and Wahid, 2006). Venezuelan sesame production has
been affected mainly by shoot webber (Antigastra catalaunalis Duponchel) (Aponte et al.,
1997), whitefly (Bemisia tabaci Gennadius) (Laurentin and Pereira, 2001) and soil-borne
fungi such as Macrophomina phaseolina, Fusarium oxysporum f.sp. sesami (Pineda and
Avila, 1988) and Phytophthora parasitica (Malaguti, 1953; Mazzani, 1999). Sesame is used
as rotation crop after corn (Zea mays L.) during the dry season in the western llanos of
Portuguesa State, Venezuela. This crop obtains its water needs from moisture retained by clay
soils during past raining season. Environmental conditions of sesame production in Venezuela
favour root rot disease caused by M. phaseolina because of the pathogen increases its severity
when it is under high temperature and low wet in the soil (Papavizas, 1960; Dhingra and
Sinclair, 1978). Infection of F. oxysporum is currently associated to M. phaseolina (Dhingra
and Sinclair, 1978; Pineda and Avila, 1988). Effect of root rot caused by M. phaseolina on
sesame yield has been considered the most important among the fungal diseases because of
the large incidence frequency (Pineda et al., 1985). Economic losses in Venezuela have been
estimated in about 30% (Pineda, 1987). Differential response of sesame cultivars to isolates of
M. phaseolina (Pineda et al., 1985; Simoza and Delgado, 1991; Rajput et al., 1998; Avila,
2003) or F. oxysporum (El-Shazly et al., 1999) has been frequently found .

Diseases caused by soil-borne fungi are controlled by means of cultural practices, biological
control, development of resistant varieties, and application of synthetic or natural fungicides.

To obtain natural fungicide as well as to develop efficiently resistant cultivars, it is necessary
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to identify sources of biologically active compounds with antifungal properties.
The aim of the present study was to explore the diversity of a sesame germplasm collection
based on effect of extracts of root, stem, leaf and seed on growth of the soil-borne fungi

Macrophomina phaseolina, and Fusarium oxysporum f.sp. sesami.

Material and methods

Plant material

Seeds originating from 31 sesame accessions from Centro Nacional de Investigaciones
Agropecuarias (CENIAP) Germplasm Bank (Venezuela) (Table 1) and 20 commercial
cultivars or elite lines from Venezuelan sesame breeding programs (Table 2) were grown in
the greenhouse. From about 80 fourteen-days-old plantlets, roots and stems were bulked
separately, and 3 g of each one were frozen in liquid nitrogen, ground in a mortar and
subjected to extraction with a mixture of 80 % ethanol (HPLC grade, Roth, Germany) and
20% water for 16 hours with stirring (100 rpm) under exclusion of oxygen. The same
procedure of extraction was followed for 3 g of leaves and 3 g of seeds from 3 plants per each
accession. The liquid phase was filtered through 0.45 pm filters and kept at -20°C until

bioassays.

Fungus isolates

Isolate 62743 of Macrophomina phaseolina was obtained from DSMZ (German Collection of
Microorganisms and Cell Cultures). Isolate 141118 of Fusarium oxysporum f.sp. sesami was
obtained from CABI Genetic Resource Collection (CABI Biosciences, Egham, UK). Fungi
were maintained on petri dishes containing 20 ml of potato dextrose agar medium (PDA)
(2.4% w/v powder of potato dextrose broth from Duchefa Biochemie, The Netherlands, and

1.5 % w/v agar from AppliChem, Germany) at 25°C and subcultured each 15 days.
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Table 1. Accessions from Centro Nacional de Investigaciones Agropecuarias (CENIAP)
Germplasm Bank (Venezuela) used as source of root, stem, leaf and seed ethanolic extracts

Accessions Country of Origin Working code Diversity Centre
93-2223 India India 1 India
95-465 India India 2 India
95-469 India India 3 India
95-447 India India 4 India
89-007 India India 5 India
93-2224 India India 6 India
95-464 India India 7 India
92-2918 India India 8 India
92-3091 Korea Korea 1 China-Japan-Korea
92-3093 Korea Korea 2 China-Japan-Korea
92-2922 Turkey Turkey Western Asia
92-3125 Greece Greece Western Asia
93-2022 Syria Syria Western Asia
93-2113 Sudan Sudan 1 Africa
92-310 Sudan Sudan 2 Africa
93-2010 Ethiopia Ethiopia Africa
95-272 Unknown Africa 1 Africa
92-2872 Sudan Sudan 3 Africa
93-2105 Sudan Sudan 4 Africa
95-234 Unknown Africa 2 Africa
95-223 Unknown Africa 3 Africa
92-2856 Japan Japan 1 China-Japan-Korea
92-3030 Japan Japan 2 China-Japan-Korea
92-3031 Japan Japan 3 China-Japan-Korea
92-3108 China China 1 China-Japan-Korea
95-383 China China 2 China-Japan-Korea
92-2930 Tadjikistan Tadjikistan 1 Central Asia
92-2947 Uzbekistan Uzbekistan Central Asia
92-2952 Turkmenistan Turkmenistan 1 Central Asia
92-2950 Tadjikistan Tadjikistan 2 Central Asia
92-2917 Tadjikistan Tadjikistan 3 Central Asia
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Table 2. Commercial cultivars and experimental lines used as source of root, stem, leaf and
seed ethanolic extracts

Commercial cultivars or experimental Origin
lines
Chino Amarillo Introduced from Mexico. Unknown origin
Felicidad Introduced from Mexico. Unknown origin

Venezuela 51

Acarigua

UCV-1

Maporal

Caripucha

Inamar

Glauca

43x32,19x10

UCLAL1

Fonucla

UCv-3

Originated by individual selection from the offspring of a
Chinese accession (Langham and Rodriguez, 1946).

A high performance F2 plant obtained by the cross between a
cultivar from Nicaragua and a cultivar from China, was
crossed with the cultivar Venezuela 51, its offspring was
selected for three seasons, resulting in “Acarigua” (Mazzani,
1952)

Elite line selected from first cycle of recurrent selection
toward high yield. The original population was obtained by
cross, one to one, among 50 exotic accessions (Laurentin et
al., 2000).

Selected from cultivar Arapatol, from Ethiopia (Mazzani et al.,
1973).

Unknown

Individual selection from the offspring from the same
Acarigua’s parents (Mazzani, 1953).

Unknown origin.

Selected lines from second cycle of recurrent selection toward
high yield, under heavy whitefly infestation. The original
population was obtained by cross, one to one, among 50 exotic
accessions (Laurentin et al., 2000)

Individual selection from a USA accession (Montilla and
Teran, 1996). Unknown origin

Selection from cultivar Arawaca (Montilla and Cedefio, 1991).
Arawaca was obtained by selection of the mixture of 496 F1
plants obtained from crosses among 32 cultivars without
reciprocal. The origin of these cultivars is unknown.

Individual selection from Arawaca (unpublished data).

UCLA37-1, UCLA65, UCLAS83, UCLA90, Elite lines from Universidad Centrooccidental Lisandro
UCLA249, UCLA295 Alvarado Sesame Breeding Program. Unknown origin
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Bioassays

Effect of plant extracts from 51 sesame accessions on growth of each fungus species was
evaluated in 96-well flat bottom microplates. Microsclerotia for M. phaseolina, or conidia for
F. oxysporum were used as initial propagule. They were obtained and prepared as reported by
Laurentin and Karlovsky (Chapter 5), and Nirenberg (1990) respectively. Two-hundred
microlitres of the treatments (root, stem, leaf and seed ethanolic extracts) equivalent to 40 mg
of fresh weight were placed separately in wells of a 96-well microplate, and 200 pL of ethanol
80% in the wells which acted as control. All the treatments, including the control, had 4
replications. After air drying in a clean bench, 40 pL of PDB (potato dextrose broth, Duchefa
Biochemie, The Netherlands) containing 20 microsclerotia (from M. phaseolina) or 1500
conidia (from F. oxysporum) were added in each well. Final concentration of extracts tested
was | g of fresh weight per ml. To avoid evaporation in the microplate, wells in the margins
were filled in with 300 pL of sterile water and microplate covered with a lid. Incubation was
carried out at 34°C (M. phaseolina) or 25°C (F. oxysporum) in dark in a plastic box with 1 cm
of sheet of sterile water. Fungi growth was monitored every 12 hours taking readings of
optical density at 550 nm for 5 days with a microplate spectrophotometer plQuant Universal
(BioTek® Instruments, Inc. USA) and visualized by the software KC4 v.3.4 (BioTek®
Instruments, Inc. USA). Changes in optical density were consequence of changes in turbidity
of the wells caused by mycelia formation. All values were corrected for optical density at time
zero. All the experiments were replicated twice, using independent ethanolic extracts. The
data were combined over the two experiments. Differences in optical density at 24, 48, 72, 96
and 120 hours as consequences of fungus growth in presence of plant extracts were
determined by analysis of variance in a factorial design. Differences in optical density of
wells in which plant extracts were added as compared to the control were determined by
orthogonal contrast (P<0.05) at 120 hours for M. phaseolina and 96 hours for F. oxysporum f.

sp. sesami to identify plant extracts with stimulatory effect(higher optical density than
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control) or inhibitory effect (lower optical density than control) on fungus growth. Analysis of
variance and orthogonal contrasts were calculated using Statistix 8 (Analytical Software,

USA).

Principal component analysis

Ordination of the 51 accessions based on the effect of plant extracts on fungi growth was
achieved by means of a principal component analysis, using average values of optical density
over the 2 experiments (4 replications per experiment) for each extract within each accession
at 24, 48, 72 and 96 hours of incubation. Mantel test (500 permutations) was performed
between the obtained matrix (for the 31 accessions from the germplasm bank ) and the matrix
of geographical distance of the origin among the same accessions. Also Mantel test was
performed between the obtained matrix and previous matrices obtained for the same
genotypes based on AFLP (Laurentin and Karlovsky, 2006; Laurentin and Karlovsky, 2007).

These analyses were done with NTSYSpc v. 2.11T (Applied Biostatistics, NY, USA).

Fractionation ethanolic extracts

The ethanolic extract with most inhibitory effect and the one with most stimulatory effect on
the growth of each fungus species were partitioned into two fractions based on polarity. Two
ml of ethanolic extracts were mixed with 2 ml of sterile water to increase its density. Four ml
of diethylether were added to the mixture ethanol:water, the suspension was shacked and two
discernible phases appeared after few minutes. Superior phase (diethylether phase) was
pippeted into a test tube, dried, and resuspended in 2 ml of a mixture of 80 % ethanol (HPLC
grade, Roth, Germany) and 20 % water. The two resulting fractions (i.e. diethylether fraction
and remained ethanolic fraction), and the original ethanolic extract, were bioassayed for each
fungus species as above explained, keeping the equivalent concentration of 1 g of fresh

weight per ml (200 pL for diethylether fraction and 400 pL for the remained ethanolic extract
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after diethylether extraction). The extract with the most inhibitory effect for each plant organ
on the growth of each fungus species, was diluted with ethanol 80% at 50, 25, 12.5, 6.25,
3.13, 1.56 and 0.5 % (v/v) and they were bioassayed as already explained, to test final
concentrations equivalent to 1000 mg up to 5.20 mg of fresh weight. To compare the
antifungal power of dilutions of ether extract to effect of commercial fungicides, one
treatment was added to microplates, consisting in 0.02 mg ml" of Benomyl. This treatment

was applied as the other treatments: 200 PL of the suspension of Benomyl in ethanol 80%

were placed in wells of the microplate. After total drying, 40 PUL of medium containing either
microsclerotia or conidia were added, to get a final concentration of 0.1 mg ml" of Benomyl.
Tukey test (P<0.05) at 120 h (M. phaseolina) or 96 hours (F. oxysporum f. sp. sesami) was
used to compare optical density of the treatments (control, dilutions and Benomyl) by means

of Statistix 8 (Analytical Software, USA).

Results

Effect of ethanolic extract of sesame root, stem, leaf, and seed on growth of the two fungi
species was highly variable, depending on the accession which served as source (Table 3).
Stimulatory effect was more common than inhibitory effect. Growth of M. phaseolina was
inhibited by 18 extracts (8 from root, 3 from stem and 7 from leaf) and stimulated by 80
extracts (8 from root, 17 from stem, 19 from leaf and 36 from seed) (Figure 1). Growth of F.
oxysporum f. sp. sesami was inhibited by 39 extracts (13 from root, 2 from stem and 24 from
seed) and stimulated by 92 extracts (3 from root, 35 from stem, 48 from leaf and 6 from seed)
(Figure 2). Any accession provided inhibitory effect for all the organs tested, however root
and leaf extracts from accession Greece inhibited growth of M. phaseolina, whereas growth of
F. oxysporum f. sp. sesami was inhibited by root and seed extracts from accessions India 1,
Korea 1, Greece, Sudan 3, UCLA1, UCLAG65, and stem and seed extract from accession
Inamar. Three of the accessions which provided root extract with inhibition effect
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Table 3. Sesame accessions with plant extracts affecting changes in optical density as
consequence of mycelia growth

Fungus Organ Lower optical density than Higher optical density than control
control (P<0.05) (P<0.05)
M. Root India 7, Korea 1, Greece, Sudan 4,  Korea 2, Syria, Sudan 2, Sudan 3,
phaseolina Afri.ca 2, Japan 1, UCV-1, Tadjikistan 1, Uzbekistan, Turkmenistan 1,
Caripucha UCLA249
Stem  Africal, Africa3, UCLAI India 8, Korea 1, Korea 2, Turkey, Greece,
Syria, Sudan 1, Sudan 2, Ethiopia, China 2,
Tadjikistan 1, Uzbekistan, Turkmenistan 1,
Tadjikistan 2, UCV-1, UCLA83, UCV-3
Leaf  India 3, India 4, India 8, Greece, Africa 1, Sudan 4, Africa 2, Africa 3, Japan
Turkey, Glauca, UCLAG65 2, Japan 3, Tadjikistan 1, Turkmenistan 1,
Tadjikistan 2, Tadjikistan 3, Chino
Amarillo, Felicidad, Venezuela 51,
Acarigua, UCV-1, 43x32, UCLA249,
UCLA90, UCLA37-1
Seed None India 1, India 2, India 3, India 5, India 6,
India 7, Korea 2, Turkey, Syria, Sudan 1,
Sudan 2, Africa 1, Africa 2, Africa 3, Japan
1, China 2, Uzbekistan, Turkmenistan 1,
Tadjikistan 2, Tadjikistan 3, Chino
Amarillo, Venezuela 51, Acarigua, UCV-1,
Maporal, Caripucha, Inamar, 19x10,
UCLA249, UCLAS3, UCLAIL, UCLA90,
UCLA295, Fonucla, UCLA65, UCV-3
F. oxysporum Root India 1, India 6, India 7, Korea 1, Africa 2, Africa 3, Tadjikistan 1
f.Sp. sesami Greece, Sudan 3, Japan 1, China 2,
Venezuela 51, UCLAI, Fonucla,
UCLAG65, UCV-3
Stem  Inamar, Glauca All the Indian, Korean, African and
Western Asia accessions, China 1, China 2,
Tadjikistan 1, Uzbekistan, Turkmenistan 1,
Turkmenistan 2, Tadjikistan 2, Venezuela
51, UCV-1, Maporal, UCLA83, UCLA295,
UCLA37-1, UCV-3
Leaf  None All except India 1, India 4, Greece and
UCLA-1
Seed  India 1, India 3, India 4, India 5, Japan 1, Japan 2, Tadjikistan 3, Venezuela

India 8, Korea 1, Korea 2, Greece,
Syria, Africa 1, Sudan 3, Sudan 4,
Africa 3, Japan 3, Tadjikistan 1,
Uzbekistan, Felicidad, Acarigua,
Inamar, UCLA249, UCLAL,
UCLA90, UCLA37-1, UCLA65

51, Caripucha, Fonucla
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Figure 1. Changes in optical density (meantstandard error) as consequence of mycelia
growth of M. phaseolina in presence of root (A.), stem (B.), leaf (C.) and seed (D.) extracts
from sesame accessions. The four accessions with most inhibitory effect and the four with
most stimulatory effect on fungus growth are presented.

on growth of M. phaseolina, provided also stem extracts with stimulatory effect, similar
situation was observed for 9 accessions which provided root extracts with inhibitory effect on
growth of F. oxysporum f. sp. sesami. Root extracts from accessions Korea 1, India 7, Greece
and Japan 1 showed inhibitory effect on growth of both fungi. Extracts of seed had in average
the highest stimulatory and the lowest inhibitory effect on growth of M. phaseolina, whereas
this occurred for leaf extracts on growth of F. oxysporum f. sp. sesami, however inhibition
until 48 h was observed for all the leaf extracts tested, following a fast growth as compared to

growth in presence of extracts from other organs. Based on results from the orthogonal

contrast, any relationship between geographical origin of accessions and inhibitory or
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Figure 2. Changes in optical density (meantstandard error) as consequence of mycelia growth
of F. oxysporum f.sp. sesami in presence of root (A.), stem (B.), leaf (C.) and seed (D.)
extracts from sesame accessions. The four with most inhibitory effect and the four with most
stimulatory effect on fungus growth are presented.

stimulatory effect of plant extracts on fungi growth was detected. The only trend was the
presence of accessions from Central Asia in all the cases of stimulatory effect on growth of
M. phaseolina and F. oxysporum f. sp. sesami and the absence of these accessions in all the
case of inhibition on fungi growth, except in effect of seed extracts on M. phaseolina.
However, even when any of the correlation coefficient calculated by Mantel test resulted
significant (P<0.05), principal component analysis was able to identify a trend between
geographical origin of the accessions and biological activity of the plant extracts, grouping

separately accessions from India, Africa and Central Asia (Figure 3). The variables most

important to define the distribution of the accessions in the two-dimension space were the
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effect of leaf (first axis) and stem (second axis) on growth of both fungi (Table 4).

Diethylether extraction from ethanolic extract resulted to have a strong inhibitory effect on
growth of both fungi (Figure 4 and 5) in almost all the cases. Optical density in presence of
diethylether extracts resulted significant lower than the original ethanolic extract (P<0.01).
This difference was not detected neither for diethylether extracts from stem of the accession
whose ethanolic extract displayed more inhibitory effect on growth of M. phaseolina
(UCLAL), nor for diethylether extracts from stem and seed of the accessions whose ethanolic
extracts showed more inhibitory effect on growth of F. oxysporum (Inamar and Koreal
respectively). Remained ethanolic extract after extraction with diethylether resulted in higher
optical density than ethanolic extracts (P<0.01) in five cases for M. phaseolina, and in only 2
cases for F. oxysporum, but it was never lower than the ethanolic extract. Tukey test of
dilutions of the most inhibitory extracts resulted in conformation of four groups (Figures 6
and 7): control (with the highest optical density), dilutions of 0.50% and 1.56%, dilutions of
3.13% up to 100% and Benomyl (with the lowest optical density). This grouping was
different only for leaf extracts against M. phaseolina (three groups: control, dilutions 0.50%
up to 3.13%, and dilutions from 6.25% up to 100% in the same group of Benomyl) and stem
extracts against F. oxysporum f. sp. sesami (three groups: control and dilutions of 0.50% and
1.56% in the same group, dilutions from 3.12% up to 100% in other group, and Benomyl

conforming another group).
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Figure 3. Biplot of principal component analysis based on effect of plant extracts of 51
sesame accessions on growth of Macrophomina phaseolina and Fusarium oxysporum f.sp.
sesami

Discussion

Approximately 250,000-500,000 plant species exist, but only a few of these have been
investigated for antimicrobial activity (De Lucca et al., 2005). Most of the studies searching
antifungal compounds from plants focus on the inter-specific variability rather than intra-
specific variability (e.g. Gata-Goncalves et al., 2003; Ghosh, 2006; Treyvaud Amiguet et al.,
2006). The present study shows the importance of large screening within a species when
antifungal activity from plants are being searched. Large within-species genetic variation has

been originated by evolutionary forces, which can lead to differentiation at metabolite level
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Table 4. Eigenvectors of the first two axes of principal component analysis

PC1 PC2
Effect on F. oxysporum f.sp.sesami
Leaf extract at 24 h 0.5436 0.1611
Leaf extract at 48 h 0.5778 0.1844
Leaf extract at 72 h 0.2260 0.3286
Leaf extract at 96 h 0.2015 0.3962
Root extract at 24 h 0.2267 0.4385
Root extract at 48 h 0.5349 0.0845
Root extract at 72 h 0.4073 -0.1417
Root extract at 96 h 0.3978 -0.2635
Seed extract at 24 h 0.1540 0.3513
Seed extract at 48 h 0.2389 0.0834
Seed extract at 72 h 0.4132 0.3410
Seed extract at 96 h 0.4421 0.3728
Stem extract at 24 h -0.1589 -0.6741
Stem extract at 48 h -0.1748 -0.6669
Stem extract at 72 h -0.4467 -0.6053
Stem extract at 96 h -0.4689 -0.5973
Effect on M. phaseolina
Leaf extract at 24 h 0.8123 -0.1899
Leaf extract at 48 h 0.7982 -0.2001
Leaf extract at 72 h 0.7579 -0.2093
Leaf extract at 96 h 0.6918 -0.0601
Root extract at 24 h 0.5781 -0.5418
Root extract at 48 h 0.5703 -0.5727
Root extract at 72 h 0.5636 -0.5397
Root extract at 96 h 0.4063 -0.609
Seed extract at 24 h 0.481 0.0189
Seed extract at 48 h 0.3339 0.0144
Seed extract at 72 h 0.1934 -0.1196
Seed extract at 96 h 0.4145 -0.0588
Stem extract at 24 h -0.3649 -0.3903
Stem extract at 48 h -0.3032 -0.7732
Stem extract at 72 h -0.1115 -0.8614
Stem extract at 96 h -0.1628 -0.8226
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Figure 4. Changes in optical density as consequence of mycelia growth of M. phaseolina in
presence of fractions of root (A), stem (B), leaf (C) and seed (D) ethanolic extracts from 2
sesame accessions: O is original ethanolic extract, AEE is ethanolic extract after extraction
with ether, E is etheric extract.

and therefore, in the effect of plant extracts on fungi growth. Extreme response of fungi
before plant extracts from different accessions of the same species can be observed, as in the
present study: large stimulatory effect or strong growth inhibition. Fungi growth curves in
presence of plant extracts were similar except for F. oxysporum f. sp. sesami on leaf extracts.
Strong growth inhibition until 48 hours of incubation was rapidly overcome, suggesting a

process of detoxification. Accessions such as Korea 1, India 7, Greece and Japan 1
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Figure 5. Changes in optical density as consequence of mycelia growth of F. oxysporum in
presence of fractions of root (A), stem (B), leaf (C) and seed (D) ethanolic extracts from 2
sesame accessions: O is original ethanolic extract, AEE is ethanolic extract after extraction
with ether, E is etheric extract.

have special importance for breeding because they have root compounds which inhibit growth

of M. phaseolina and F. oxysporum f. sp. sesami, which are soil-borne fungi. These

constitutive roots compounds, as well as stem compounds from accessions Africa 1, Africa 3,

UCLAL1 (against M. phaseolina) and Inamar and Glauca (against F. oxysporum f. sp. sesami),

suppose to be related to a resistance response. Some sesame root compounds with antifungal

properties such as naphthoquinone epoxide (Ogasawara et al., 1993), chlorosesamone (Hasan

et al., 2000), hydroxisesamone and 2,3 epoxysesamone (Hasan et al., 2001) have been found
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Figure 6. Changes in optical density (mean+SE) as consequence of mycelia growth of M.
phaseolina in presence of ether extract and 0.50% of ether extract from A. Roots of accession
Korea 1. B. Stem of accession UCLAI1. C. Leaf of accession Greece. D. Seed of accession
India 8

in chloroform or ethyl acetate extracts. Sesame leaf extracts, even when they are not related
with resistance response to soil-borne fungi, have been reported having antifungal activity,
e.g. chloroform fraction against Leucocoprinus gongylophorus (Moller) (fungus cultivated by
leaf-cutting ants of the species Atta sexdens rubropilosa Forel (Pagnoca et al., 1990).
Sesamol, a major compound of refined sesame oil, of which promoter must be in the seed, has
been reported as inhibitory to Fusarium moniliforme (Jacklin et al., 2000) and Macrophomina

phaseolina (Brooker et al., 2000). Extracts from other plant species, such as Majorana
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Figure 7. Changes in optical density (mean+SE) as consequence of mycelia growth of F.
oxysporum f. sp. sesami in presence of ether extract and 0.50% of ether extract from A. Roots
of accession UCLAI. B. Stem of accession Inamar. C. Leaf of accession India 1. D. Seed of
accession Korea 1

syriaca (Shimoni et al., 1993), Tranchyspermum ammi L. (Sprauge) (Dwivedi and Singh,
1998) have been reported to inhibit growth of M. phaseolina and/or F. oxysporum . Others
authors have reported the use of extracts of plant such as pepper/mustard, cassia and clover to
control the soil-borne fungi F. oxysporum t . sp. chrysantemi and F. oxysporum f. sp. melonis
(Bowers and Locke, 2000). Results obtained in the present study could be the basis for
potential application of sesame extracts to control soil-borne fungi in greenhouse or field.

Traditionally, effect of different plant accessions on pest or microorganism is tried to relate to
classifications based on molecular markers or geographical origin. Ordination of the sesame

accessions based on effect of plant extracts on growth of two fungi species is quite different to
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the AFLP ordination either the 32 sesame accessions from the Centro Nacional de
Investigaciones Agropecuarias (CENIAP) Germplasm Bank (Venezuela) reported by
Laurentin and Karlovsky (2006) or the 20 commercial cultivars or elite lines from Venezuelan
sesame breeding programs reported by Laurentin and Karlovsky (2007). However, accessions
India 2, India 5, India 8, Korea 1 and Greece on one side, and Central Asia accessions by the
other side, were grouped in 2 different robust cluster based on AFLP (Laurentin and
Karlovsky, 2006) and also were grouped closely based on effect of plant extracts against fungi
growth (Figure 3). Additionally, commercial cultivars grouping based on effect of plant
extract on fungi growth has some common features to the AFLP ordination reported by
Laurentin and Karlovsky (2007), for instance a close grouping among Venezuela 51,
Acarigua, Caripucha and 43x32; and among UCLA249, UCLAS83, UCLA295 and Fonucla.
The less polar fraction (diethylether) from the partition of ethanolic extracts resulted to
possess the most inhibitory effect, not only for ethanolic extracts with the most inhibitory
effect, also for those with most stimulatory effect. Fungi-toxic compound reported in sesame
extracts, either root or leaf, have been found in non-polar fractions such as chloroform or
ethyl acetate (Pagnoca et al., 1990; Ogasawara et al., 1993; Hasan et al., 2000; Hasan et al.,
2001). Results of the present study suggest that toxic compounds to fungi are present in all the
accessions, but final effect on fungi growth depends on the balance among present
compounds. Equivalent weight to 15 mg (fresh weight) of root, stem, leaf or seed were
enough to show inhibition in growth of M. phaseolina and F. oxysporum f. sp. sesami in 30
uL. Even this concentration showed less inhibition than Benomyl, and it was 150 fold higher
in weight, compounds present in less-polar fraction from ethanolic extracts of sesame organs
seem to be promising for controlling these two fungi species.

The findings of this study enhance the idea of screening into the genetic variability of a
species when antimicrobial compounds are searched. This intra-species screening in the case

of sesame, resulted in identification of accessions possessing promising compounds with
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potential in control of fungal diseases, either by means of resistant cultivar or production of

natural fungicides.
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Sesame is an important crop in tropical and subtropical areas. Sesame seed is traditionally
used for direct consumption, because of its high nutritional value (50 % oil and 25 % protein),
and as a source of oil of excellent quality due to the presence of natural antioxidants such as
sesamin and sesamol. Potentially beneficial effects of sesame on human health have recently
renewed the interest in this ancient crop. Despite the nutritional value and historic and cultural
importance of sesame, the research on this crop has been scarce. For example, no international
CGIAR (Consultative Group on International Agricultural Research) agency is mandated to
study sesame. Information on the genetic diversity in sesame is limited as well, only some
studies about morphological diversity have been carried out, and generally, these studies have
been focused on regional interest. To overcome this gap of knowledge in sesame, this
research has been achieved in order to know how diverse is a sesame germplasm collection
containing accessions from different origin regions. Genetic diversity was assessed at three
different levels: DNA (by means of amplified fragment length polymorphism or AFLP),
metabolic profiles, and functional metabolites (by means of effect of plant extracts on soil-
borne pathogenic fungi). Individual outputs for every approach were obtained, but also
information about usefulness of AFLP for identifying sesame cultivars, informativeness of
parameters used in molecular markers analyses, how to analize relationship between pair of
approaches, and identification of sesame accessions potentially valuables for breeding and/or
production of natural compounds against soil-borne fungi. These results cover a wide range of
issues of knowledge about sesame such as planning of conservation strategies based on
genetic diversity, protection of sesame breeders' rights, potential use of specific accessions for
breeding or for obtaining natural antifungal compounds, and methodological approaches for
obtaining metabolic profiles, and relationship between different ways to assess diversity, or
for assessing effect of novel compounds on fungi growth.

These studies were achieved using (totally or partially) 32 accessions from Venezuelan
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Germplasm Bank coming from 5 diversity centres (India, Africa, Central Asia, Wester Asia
and China-Korea-Japan) and 20 genotypes cataloged as commercial cultivars of elite lines
from Venezuelan breeding programs.

The assessment of genetic diversity in sesame using 32 accessions from different
geographical origin resulted in a high level of variability within all diversity centres except
Central Asia. Any association between geographic origin and AFLP patterns was found. Most
of the variation is explained by genetic diversity within origin regions rather than between
origin regions. Practical consequences in conservation and breeding of sesame are derived
from these results. Conservation strategies do not need to cover all diversity centres as long as
they sample a sufficient number of accessions. Similarly, choosing parent genotypes for
breeding programs from many diversity centres as compared to sampling just one centre
(except Central Asia) is not likely to increase the variability among progeny significantly,
whether the objective is breeding for poligenic traits such as yield. Regardless of how many
diversity centres are sampled, both conservation strategies and breeding programs would
benefit from using AFLP or another genome fingerprinting technique to maximise the genetic
variability covered by the selected genotype set.

AFLP-based fingerprints demonstrated to be useful for identifying unequivocally sesame
genotypes, resulting an average and maximum probability of identical match by chance
between 2 accessions of 2.7 x 107 and 5.2 x 107 respectively. Reliability in cultivar
identification by means of molecular markers is needed for protection of breeder's rights, and
for assessing genetic variability of breeding stocks. Relationship among accessions by
pedigree did not result related to AFLP patterns parent-progeny. By tradition, some
parameters such as PIC (polymorphic information content), Rp (resolving power) and MI
(marker index) have been used for evaluating usefulness of molecular markers or primers (e.g.
when PCR-based techniques are used) in cultivar identification, however, according to the

literature and also to present results, they are not useful for this objective. Number of cultivar
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identified by a primer combination (when AFLP are used) seems to be more useful. Similarly,
to calculate the maximal, instead of average probability of identical match by chance in the
assessment of the informativeness of a marker for cultivar identification seem to be more
adequate.

Correlation between AFLP data and metabolic profiles data was not found, but some
important consistencies, independently of the similarity level between a pair of accessions
were reported. Metabolic profiles were obtained from seeds; and indirect selection on some
metabolites at seed by farmers and differences in the sampling on the genome of the two
methodologies could explain the results. AFLP sampling is insensitive to gene expression, but
metabolic profiles are sampling on biosynthetic genes. This fact suggests that identification of
similarity/dissimilarity relationship between pairs based on AFLP and seed metabolic profiles
depend on the genotypes under comparison, due to differences in evolutionary history of each
genotype. Therefore the assumption that genetic distance between two genotypes is directly
proportional to the probability of identifying very different levels in some important
agronomic or quality trait is not necessarily true, and is not supported by this work. This
approach seems to be more realistic whether poligenic traits such as yield is under
consideration. The results suggest that the elucidation of the metabolic diversity in sesame
requires recording metabolic profiles from all plant organs (root, stem, leaf, fruit, seed), which
are affected by different kinds of phenotypic selection. Metabolic content of seeds as a major
quality criterion cannot be predicted from metabolic profiles of other plant organs. Genome
diversity revealed by AFLP markers does not mirror the differences in the content of seed
metabolites.

Search in plants of novel compounds with antimicrobial properties requires large screening of
accessions, not only at inter-species level, but also within species. Adequate system of
screening must be available for this goal. The present study report the standardization of a

biosassay to test biological activity of novel compounds on growth of M. phaseolina. The
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proposed bioassay has the advantage of being suitable to test small amount of compounds,
reducing required laboratory space and therefore being suitable for testing a great amount of
sources with several replications. This is especially advantageous for testing natural
compounds from plant genetic resources collections, because of the large amount of sources
available.

The present study shows the importance of large screening within a species when antifungal
activity from plants are being searched. Large within-species genetic variation has been
originated by evolutionary forces, which can lead to differentiation at metabolite level and
therefore, in the effect of plant extracts on fungi growth. Extreme response of fungi before
plant extracts from different accessions of the same species can be observed, as in the present
study: large stimulatory effect or strong growth inhibition. Some accessions have been
identified as potentially valuable for breeding and/or production of natural products to control
soil-borne fungi, not only from root extracts, also from stem, leaf and seed extracts.
Ordination of the sesame accessions based on stimulatory or inhibitory effect of plant extracts
on growth of two fungi species is quite different to the AFLP ordination either the 32 sesame
accessions from the Centro Nacional de Investigaciones Agropecuarias (CENIAP)
Germplasm Bank (Venezuela) or the 20 commercial cultivars or elite lines from Venezuelan
sesame breeding programs. However, based on effect of plant extracts, accessions India 2,
India 5, India 8, Korea 1 and Greece on one side, and Central Asia accessions by the other
side, were grouped in 2 different robust cluster based on AFLP and also were grouped closely
based on effect of plant extracts against fungi growth. Additionally, commercial cultivars
grouping based on effect of plant extract on fungi growth has some common features to the
AFLP ordination, for instance a close grouping among Venezuela 51, Acarigua, Caripucha
and 43x32; and among UCLA249, UCLA83, UCLA295 and Fonucla. The less polar fraction
(diethylether) from the partition of ethanolic extracts resulted to possess the most inhibitory

effect, not only for ethanolic extracts with the most inhibitory effect, but also for those with
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most stimulatory effect. Results of the present study suggest that toxic compounds to fungi
are present in all the accessions, but final effect on fungi growth depend on its balance respect

to other compounds present in the plant organ.
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