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Analyses of Genetic Diversity and Desirable Traits in Sesame
(Sesamum indicum L., Pedaliaceae): Implication for Breeding and
Conservation

Abstract

Sesame (Sesamum indicum L., Pedaliaceae) is a traditional oil crop cultivated
in Vietnam and Cambodia. It is known as the king of oil seeds in Vietnam
due to the high oil content (50-60%) in its seed. Yet, the insufficient genetic
information regarding Vietnamese and Cambodian sesame populations is
limiting the access to useful traits present among adapted landraces in this
region. The purpose of this study was to characterize various sesame
accessions to gain information that could help design strategies for future
breeding program and conservation of this crop in the two countries.
Morphological and molecular markers as well as oil content and quality
analyses were employed to evaluate sesame accessions from different sources.

High genetic variation was found among populations of sesame collected
in Vietnam and Cambodia. The two type of markers, morphological and
molecular, were both useful in analyzing the extent of genetic diversity in
sesame and the result of these analyses will help to better understand the
genetic diversity and relationship within and among populations. Overall,
the sesame accessions included in the study showed a correlation with their
geographical origins such that accessions from the same region tended to
have higher genetic similarity as compared to those from different regions.
However, when cluster analysis was applied to evaluate the genetic
relationship, some sesame accessions were found not to be grouped based on
geographical origins. This contrasting result could perhaps be a result from
the exchange over time, of sesame germplasm, between farmers across the
regions.

The results from morphological and oil content analyses showed that
several sesame accessions in Southern Vietnam and Cambodia displayed a
good potential for high seed yield and oil content. Overall, the studies in
this thesis provide important insights into the populations of sesame in
Vietnam and Cambodia and constitute a set of useful background
information that can be used as a basis for future breeding strategy and
improvement of sesame in this region.
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1 Introduction

Sesame (Sesamum indicum L.) is an annual plant that belongs to the
Pedaliaceae family (Fig 1). It is considered to be the oldest of the oilseed
plants and has been under cultivation in Asia for over 5000 years (Bisht ef
al., 1998). Nowadays, it is widely cultivated as an oil-crop in tropical and
subtropical climates. Renowned for its high oil content with seeds that can
contain up to 60% oil, sesame is known as the king of oil seeds in Vietnam.
The oil has a composition that provides good health benefits including high
levels of unsaturated fatty acids (80%) and antioxidants. Possibly for this
reason, sesame oil is widely considered to prevent diseases of different kinds.

Fig.1 Sesame (A) plant with capsules along the stem and (B) plant at
flowering stage
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Beside food, sesame also finds its uses in application areas such as
pharmaceutics, industrial, and as biofuel. Sesame has been distributed and
cultivated in various ecological regions of Vietnam and Cambodia for
hundreds of years.

1.1 Taxonomy and cytogenetics

The genus Sesamum consists of many species and the most cultivated is
Sesamum indicum L. (Ashri, 1998). According to Kobayashi et al. (1990), 36
species have been identified of which 22 species have been found in Africa,
five in Asia, seven in both Africa and Asia, and one species each in Crete
and Brazil. There are three cytogenetic groups of which 2n = 26 consist of
the cultivated S. indicum along with S. alatum, S. capense, S. schenckii, S.
malabaricum; 2n = 32 consist of S. prostratum, S. laciniatum, S. angolense, S.
angustifolium; while S. radiatum, S. occidentale, S. schinzianum belong to 2n =
64. Mainly due to the difference in chromosomal numbers across the three
cytotaxonomic groups, there is limited cross compatibility among the
species. Therefore, it has been difficult to transfer desirable characteristics
such as drought tolerance, pest, and resistance to diseases, from wild relatives
into cultivated sesame (Carlsson et al., 2008).

1.2 Origin and geographical distribution

The origin of sesame has been a major subject of discussion with the African
or the Indian subcontinent as the two suggestions. Hiltebrandt (1932)
considered Africa as the original home of sesame, since this continent seems
to be a center of sesame diversity as seen from the high number of wild
species found. Bedigian (1981) argues that owing to the wide genetic
diversity in Africa it is reasonable to assume that this subcontinent is the
primary center of origin. India would then be thought of as a secondary
center for sesame. On the other hand, India is generally held as the
subcontinent where sesame was first domesticated and then spread to other
places in the world such as Africa, the Far East, China and Americas along
trade routes Bedigian (2004). Today, sesame is widely grown as an oilseed
crop in India, China, Korea, Japan, Turkey, Thailand, Vietnam and
Cambodia as well as on the American and African continents (Fig 2).

1.3 Growth habit

Sesame is a short-day plant and is normally self-pollinated, although cross-
pollination ranging from 5 to over 50% occurs (Rheenen, 1980; Pathirana,
1994). It is an erect herbaceous annual plant that has two growth
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characteristics indeterminate and determinate, with the plants reaching
heights of up to two meters. Most varieties show an indeterminate growth
habit, which is shown as a continuous production of new leaves, flowers and
capsules as long as the environment remains suitable for growth (Carlsson ef
al., 2008). The growth period range from 70 to 150 days depending on the
variety and the conditions of cultivation (Ashri, 1998). However, sesame
varieties in Vietnam and Cambodia have a growth period ranging from 70
to 100 days, with the first flower produced within 4-5 weeks after planting.

Fig.2 Map of sesame distribution in the world. Source: wikipedia.org

1.4 Agro-ecology, pests and diseases

Sesame can grow well in many ecological regions of tropical and subtropical
climate, and also grows in most kind of soils. However, it thrives best on
well-drained soil with a moderate fertility and a pH between 5.5 and 7.0.
Sesame is highly drought tolerant, and it can adapt and produce seed well
under fairly high temperatures (Ashri, 1998). However, moisture levels
before planting and flowering have great impact on the seed yield. Sesame
requires a minimum of 300—400 mm of rainfall per season, but is sensitive to
wet condition and has a very low salt tolerance (Carlsson ef al., 2008).

Green peach aphid (Myzus persica), white fly (Bemisia argentifolium, Bemisia
tabacci), cabbage looper (Pieris rapae) and army worm (Cupis unipuncta) are
example of pests that attack sesame. Bacteria and fungi such as bacterial leaf
blight (Pseudomonas sesami), root rots (Fusarium oxysporum, Phytophtora
parasitica, Rhizoctonia bataticola) and leaf spot (Cercospora sesamicola, Cercospora
sesame, Corynespora cassiicola, Alternaria sesami) also causes problem for sesame
(Tripathi ef al., 1998; Ojiambo et al., 1999; Langham & Wiemers, 2002;
John et al., 2005; Choudhary et al., 2006).
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1.5 Advantage of sesame cultivation

Beside advantages such as drought tolerance and acceptance of a range of
different soils, sesame stimulates a flora of beneficial soil microbes and
reduces the nematode populations, particularly the root knot nematodes
(Meloidogyne arenaria, Meloidogyne incignita) that attack peanuts and cotton.
Cotton following sesame in a crop rotation scheme show a significantly
reduced root-rot caused by Phymatotrichopsis omnivora (Langham et al., 2008).
Sesame is also an excellent soil builder because of the large amounts of root
biomass that are left to decay underground after harvest. The soil is very
mellow after sesame cultivation and therefore requires less work to prepare
for the next crop in rotation (Langham ef al., 2008).

1.6 Status of production of sesame

India and China are the world’s largest producers of sesame, followed by
Myanmar, Sudan, Uganda, Ethiopia, Nigeria, Tanzania, Pakistan and
Paraguay (FAOSTAT, 2008). In 2008, the total world production was
about 3.54 million tons that was grown on 7.42 million hectares. In recent
years, sesame has had a low ranking in the world production of edible oil
crops. The low ranking of sesame among oil crops may be attributed to
several factors including low seed yield and strong competition from other
oil crops such as soybean, sunflower, peanut.

In Vietnam, sesame was grown on about 45000 hectares, and produced
about 22000 tons of seed (FAOSTAT, 2008). Most of the sesame was
grown in crop rotation in small-scale production. Presently, sesame could
not compete with other crops such as tobacco, soybean, groundnut, rice,
sweet potato, sugarcane and cassava. Due to aforementioned factors and
others such as lack of improved varieties and a low income for the farmers as
a consequence from cultivating low yielding landraces, sesame has therefore
been given less attention from the farmer.

1.7 Oil content and fatty acid composition

Among oil crops, sesame is one of the highest in oil content. Generally, the
oil content in sesame ranges from 34 to 63% (Yermanos et al., 1972; Ashri,
1998; Baydar et al., 1999; Uzun ef al., 2002; Were et al., 2006b). Genetic
and environmental factors influence the oil content and fatty acid
compositions in sesame (Carlsson et al., 2008). Late maturing cultivars are
reported to have higher oil content than early cultivars (Yermanos et al.,
1972) and the indeterminate cultivars accumulated more oil than
determinate ones (Uzun et al., 2002). Sesame contains high levels of
antioxidants such as sesamol, sesamin, sesamolin and sesaminol. Therefore,
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sesame oil is called the queen of the vegetable oils because of its antioxidants
(ASGA, 2011). The composition of sesame oil consist of mainly four fatty
acids (palmitic—C16:0, stearic—C18:0, oleic—C18:1 and linoleic—C18:2),
while other fatty acids appear in very small amounts (Ashri, 1998). Even
though different fatty acid compositions of sesame oil have been reported
the major fatty acids are oleic and linoleic acids (Kamaleldin et al., 1992).
Yermanos et al. (1972) reported oleic acid level ranging from 32.7% to
58.2% and linoleic acid from 27.3% to 59.0%. Were ef al. (2006b), reported
variation in the quantities of palmitic, stearic, oleic and linoleic acids, with
palmitic and stearic acids ranging from 7.2 to 9.6% and 3.7 to 5.6%,
respectively, while high levels of oleic acid and linoleic acid ranged from
31.6 to 41.9% and 42.9 to 53.9%. Linolenic acid was found but in very
small amount (0.5%).

1.8 Economic importance of sesame

Although sesame seeds are used as an ingredient in many different food
supplies, a major part of the sesame seed production is processed into oil and
meal (Morris, 2002). Sesame oil is, as mentioned before, an excellent
vegetable oil because of its high contents of antioxidants such as sesamin,
sesamol and sesamolin and its fatty acid composition (Suja et al., 2004). The
antioxidants make the oil very stable and it has therefore a long shelf life
(Chung et al., 2004; Suja et al., 2004). In sesame oil, oleic (C18:1) and
linoleic (C18:2) acids are the predominant fatty acids and make up more
than 80% of the total fatty acids. The high levels of unsaturated (UFA) and
polyunsaturated fatty acids (PUFAs) increase the quality of the oil for human
consumption (Nupur ef al., 2010). Moreover, high level of PUFAs in
sesame oil is claimed to reduce blood cholesterol, high blood pressure and
play an important role in preventing atherosclerosis, heart diseases and
cancers (Ghafoorunissa, 1994; Hibasami et al., 2000; Miyahara ef al., 2001).
People in Vietnam use sesame oil for cooking fish, meat, and frying
vegetable.

Sesame seed flour has a high protein content, with high levels of the
essential amino acids methionine and tryptophan, contains about 10 to 12%
of oil and has three times more calcium than milk (Morris, 2002). The meal
that remains after oil extraction from sesame seeds is an excellent feed for
poultry and livestock. A potential problem, though, with sesame when used
for human consumption is that it contains one of the top food allergens. Its
allergenicity emanates from protein sources, such as the 14 kDa 2S albumin
precursor, which belongs to one of four protein families known to be
allergenic and several oleosins (15 and 17 kDa), also known to cause
hypersensitivity (Wolff et al., 2003; Leduc ef al., 2006). Therefore, food
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products that contain sesame as an ingredient are now required to be labeled
as potential allergenic in Europe and Canada (Carlsson ef al., 2008).

1.8.1 Use of sesame for pharmaceutical purposes

Due to the fact that sesame seeds are rich in PUFAs, as well as vitamin and
minerals such as calcium, magnesium and phosphorus, its oil has health
benefits. Therefore, sesame oil has been used as medicine or for
pharmaceutical purposes (Bedigian, 2004). Sesame oil contains vitamin E
and several important antioxidants such as sesaminol and sesamolinol, that
are believed to promote the integrity of body tissues in the presence of
oxidizing compounds (Morris, 2002). Cooney et al. (2001) found that intake
of food made from sesame seed, which contain gamma-tocopherol,
significantly elevated its levels in the serum. Gamma-tocopherol has been
shown to positively influence vitamin E activity that is believed to prevent
cancer and heart disease (Cooney et al., 2001). Sesame oil is used as an
pharmaceutics aid (Jellin et al., 2000) and as such used to remedy gum
disease, treat toothaches, relieve anxiety or insomnia, or used as an
antibacterial mouthwash by Chinese and Indian in the past (Annussek, 2001;
Morris, 2002).

1.8.2 Non-food application

Sesame oil has found use in several non-food applications such as in paints,
cosmetics, solvents and soap (Bedigian, 2004). In Africa, sesame flowers
have been used to prepare perfumes (Morris, 2002). The antioxidant
sesamin is used as a synergist for pyrethrum or rotenone insecticides and
increases the toxicity of insecticides when spayed against flies (Haller ef al.,
1942). Hasan et al. (2000) reported that chlorosesamone extracted from
roots of sesame has antifungal properties and was used as a fungicide. Sesame
oil has been investigated as a source for biodiesel and found to give a
product with fuel properties in parity with mineral diesel but with superior
environmental performance (Ahmad ef al., 2010).

1.9 Genetic diversity and biotechnology studies in sesame

Genetic diversity of crops plays an important role in sustainable
development and food security (Esquinas-Alcazar, 2005), as it allows the
cultivation of crops in the presence of various biotic and abiotic stresses. It is
also important for selection of parents that can be used in plant breeding
programs. Information on genetic diversity is important when working to
improve crop varieties. Genetic diversity is studied by using various methods
such as morphological, biochemical and molecular markers. Morphology has
been a primary tool to estimate genetic differences among sesame genotypes.
Several studies based on morphological markers have found a high genetic
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diversity in sesame populations (Bedigian & Harlan, 1986; Ganesh &
Thangavelu, 1995; Bisht ef al., 1998; Arriel et al., 2007). However,
morphological markers have limitations in their ability to estimate genetic
diversity because of strong influence from environmental factors, which
make them highly dependent on the cultivation conditions. Molecular
markers overcome this limitation. Molecular markers techniques such as
amplified fragment length polymorphism (AFLP), random amplified
polymorphic DNA (RAPD), inter simple sequence repeats (ISSR) and
simple sequence repeats (SSR) have been widely used in genetic diversity
studies in sesame. Low genetic diversity (0.14-0.21) among groups were
reported by Laurentin & Karlovsky (2006) in 32 sesame germplasm
collections using amplified fragment length polymorphism (AFLP). Kim et
al. (2002) reported that a ISSR-based study of sesame from Korea and other
countries revealed a low level of polymorphism and the genetic distance
between populations ranged from 0 to 0.25. In contrast, Bhat ef al. (1999)
reported a high genetic diversity of 0.35 among 58 sesame accessions from
the Indian subcontinent (36 accessions) and other countries (22 accessions).
Ercan et al. (2004) using RAPD markers reported a genetic diversity among
38 Turkish sesame accessions ranging from 0.14 to 0.40. Similarly, a high
genetic diversity of sesame in Vietnam and Cambodia was found using
RAPD, as estimated by percent polymorphism (83%) and genetic distance
coefficient (0.03-0.31) (Pham et al., 2009). Microsatellites are one of the
most commonly used molecular markers to determine the genetic diversity
in crop species. However, only a few studies used microsatellites to evaluate
genetic diversity in sesame (e.g. Dixit et al., 2005; Wei et al., 2008).
Molecular markers have been developed to identify morphological traits of
sesame such as growth habit and closed capsule trait (Uzun et al., 2003;
Uzun & Cagirgan, 2009). Moreover, biotechnology techniques such as in
vitro regeneration and genetic transformation have also been developed for
sesame (Were et al., 2006a; Yadav et al., 2010).

1.10 Conservation and breeding of sesame

The purpose of conservation is to conserve plant genetic resources for
potential future usage, and as such it should support basic research and
improvement of crops. Core collections of sesame germplasm have been
established by the Oil Crop Research Institute of the Chinese Academy of
Agricultural Sciences, and the National Bureau of Plant Genetic Resources
(NBPGR) of India in collaboration with the International Plant Genetic
Resources Institute (IPGRI). Thus, NBPGR maintains 6658 accessions of
sesame where 4136 are indigenous and 2522 are from exotic sources (Bisht
et al., 1998). The Gene Bank of Rural Development Administration (RDA)
located in Suwon, Korea have collected 7698 sesame accessions, that consist
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of 3538 exotic collections, 2660 indigenous collections, 1072 improved
genetic stocks and 428 others (Kang ef al., 2006). In addition, conservation
efforts of sesame have been done by other organization and gene banks in
the world. For example the United States Department of Agriculture
(USDA), Agricultural Research Service (ARS), Plant Resources
Conservation Unit (PGRCU) has conserved 1226 sesame accessions
originating from Europe, Africa, Asia, North America and South America
(Morris, 2009).

Although, sesame is considered to be the oldest of the oilseed plants and has
been under cultivation in Asia for over 5000 years (Bisht et al., 1998), in
comparison with many other oil crops it has a low seed yield with a world
average of about 477 kg ha™ and about 500 kg ha™ in Vietnam (FAOSTAT,
2008). The low seed yield of sesame is a consequence of a lack in breeding
attention (Ashri, 1998). Sesame production is also limited by pests, diseases,
lack of uniform maturity of capsules, and seed shattering (Langham &
Wiemers, 2002).

Screening for resistance to diseases was done among sesame from Kenya and
two cultivars, SPS045 and SIK013, were found to be resistant to angular leaf
spot  (Cercospora  sesamicola) and white leat spot (Cercospora sesame),
respectively while another cultivar SIK031 was resistance to both of those
diseases (Nyanapah ef al., 1995). In another study sesame mutants were
screened for resistance to Fusarium wilt disease (Silme & Cagirgan, 2010),
and 25 sesame genotypes were evaluated for their reaction to Fusarium
oxysporium f.sp. sesame. It was reported that four genotypes, Birkan,
Cambidi, WS-143 and WS-313 were classified as resistant (R), and
genotype Birkan was released as a cultivar for high seed yield and resistant to
Fusarium wilt disease. It was suggested that genotype Birkan could be used as
a source for resistance to Fusarium wilt disease in sesame breeding program.
Efforts to reduce shattering in sesame (non-dehiscent sesame) in order to
improve seed yield and make this crop suitable for mechanical harvesting has
been undertaken in the United States (Langham & Wiemers, 2002).
Molecular markers linked to traits such as closed capsule (or non-dehiscent
capsule) and growth habit were developed to identify sesame cultivars with
the desired traits at an early developmental stage (Uzun et al., 2003; Uzun &
Cagirgan, 2009). Recently, the exploitation of genetic diversity and
heterosis has been another approach to improve the seed yield as well as
some other traits in sesame varieties. Crossing experiments of different
sesame lines resulted in hybrid vigor, particularly in seed yield. (Gaikwad et
al., 2009; Banerjee & Kole, 2010; Durai et al., 2010; Parameshwarappa &
Salimath, 2010; Prajapati et al., 2010). Agro-morphological evaluation of
sesame to select good varieties has resulted in varieties that can reach over 1
ton of seed ha” (Furat & Uzun, 2010; Langham et al., 2010). However,
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those sesame varieties should be grown in their recommended specific
region, because sesame is very sensitive to climatic conditions such as
temperature, day length and related humidity. Sesame produces no seed or a
very low seed vyield if it is grown under unfavorable environmental
conditions (Pham et al., 2010). In general, the breeding strategies for sesame
are similar to those applicable in other crops and include higher yields,
improved plant architecture, length of growing season, resistance to diseases
and pests (Ashri, 1998). Specific objectives for sesame breeding vary with
the level of technology and were summarized by Ashri (1998) as follows: (1)
high and stable seed yield of good quality under a wide range of
environmental conditions, (2) resistance to water logging, drought, salinity,
pests, diseases, shattering and other abiotic stresses, (3) increased number of
capsules per leaf axil, full seed-set without aborted ovules, and (4) uniform
plant type, rapid growth, good adaptation to varying environment
conditions and seasons. These objectives are applicable to all sesame
producing countries including Vietnam and Cambodia.
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2 Obijectives of the study

The main objective of this thesis was to study the phenotypic and genotypic
genetic diversity of sesame (Sesamum indicum L.). The specific objectives
were to:
- characterize the agro-morphological and molecular genetic diversity
in the sesame germplasm
- compare and understand the degree of congruence between the
agro-morphological and molecular markers in genetic diversity
analyses
- evaluate the genetic relationship of sesame accessions from different
agro-ecological regions
- evaluate morphological and phenotypic traits of sesame varieties
from different origins based on morphological character
- determine the seed oil content, oil quality and seed yield potential
of different sesame accessions for their future use in the breeding
programs.
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3 Materials and methods

3.1 Plant material

The sesame (Sesamum indicum L.) germplasm used in this study were
collected from difterent regions in Vietnam and Cambodia. The Vietnamese
accessions consisted of collections from the three regions North, Central and
South Vietnam and the Cambodian accessions included accessions from
Kandal, Kampongcham, Kampongthum provinces. In addition, five other
sesame accessions were received from Dr. Beatrice Angiyo Were, Moi
University, Kenya.

3.2 DNA extraction

DNA was extracted from young leaves of 3- to 4-weeks old seedlings using
a modified protocol described in Warwick & Gugel (2003). DNA pellet was
washed twice in ethanol (75%) and allowed to dry for 20-30 min. After
dissolving the DNA pellet in 30 pul TE (10 mM Tris pH 8.0, 1 mM EDTA
pH 8.0) buffer containing RNAse (2 pl of 20 mg/ml RINAse mixed in 1 ml
TE), concentration of DNA was measured using a NanoDrop
spectrophotometer (NanoDrop Technologies, Inc, USA). DNA samples
were stored at -20°C, until further use.

3.3 RAPD assay

The PCR-RAPD procedure for sesame was carried out as described by
Williams ef al. (1990). Amplification reaction was performed in a volume of
25 pl containing 1X PCR reaction buffer (10 mM Tris-HCI, pH 8.3 and 50
mM KCI), 0.2 mM dNTP (each of dATP, dTTP, dCTP, dGTP), 3 mM
MgCl,, 1 U Taq polymerase (Sigma, Germany), 0.2 uM primer (Operon
Biotechnologies) and about 50-60 ng DNA template. The PCR reaction
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was carried out in a thermal cycler (GeneAmp PCR Applied Biosystems
9700, Singapore) using 5 min at 94°C for denaturation followed by 40
cycles of 60 sec at 94°C, 90 sec at 35°C, and 180 sec at 72°C. The cycles
were followed by a final extension period of 10 min at 72°C. The
electrophoresis of PCR  products, gel staining, visualization and
photographing were carried out as described in paper I & II.

3.4 Development of SSR markers for sesame

3.4.1 Microsatellite mining and primer design

A total of 3699 sesame EST sequences were downloaded from the NCBI
Expressed Sequence Tags (ESTs) database. The MSATCOMMANDER
0.8.1 software (Faircloth, 2008) was used to screen each sequence for
microsatellites. The criteria for minimum number of repeat motifs were six
repeats for dinucleotides and four repeats for tri-, tetra- and
pentanucleotides. After redundant sequences were removed from the mined
microsatellite containing sequences, 108 sequences were selected. These
sequences were thoroughly evaluated to screen sequences that are suitable
for primer design. SSR primers were then designed using the Primer3
primer designing program (Rozen & Skaletsky, 2000) for selected
sequences. A total of 31 primer-pairs were designed and tested for PCR
amplification, of which seven primer-pairs were used for final data analysis.
Additional data are being generated using the remaining 24 primer-pairs.

3.4.2 SSR reaction

The PCR reaction was conducted in a volume of 25 pl containing 25 ng
genomic DNA, 0.3 uM forward and reverse primers, 2 mM MgCl, 0.3
mM dNTPs, 1 U Taq polymerase (Sigma, Germany) and 1X PCR buffer
(10 mM Tris-HCL, pH 8.3 and 50 mM KCl). The PCR reaction was
carried out using the Eppendort AG 5345-016209 (Germany) thermo-cycler
using the following thermo-cycling conditions: 1 cycle of 95°C for 3 min,
followed by a touchdown -1°C/cycle of 6 cycles of 94°C for 30 sec, 62-
68°C for 30 sec, 72°C for 45 sec, and then 32 cycles of 94°C for 30 sec, 55-
61°C for 30 sec, 72°C for 45 sec and a final extension step of 72°C at 20
min. The annealing temperature was changed based on Ta values of each
SSR primer-pairs. The PCR products were separated through capillary
electrophoresis on the ABI 3100 genetic analysis (Applied Biosystems,
Singapore) at Genomics Core Facility, Goteborg University. The Peak
scanner software v1.0 (Applied Biosystems) was used to size peak patterns
using the internal Genescan-500 LIZ size standard, and Sizing default PP
analysis method.
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3.5 Field trial experiment

The field experiments were carried out at Can Tho and Tien Giang
provinces, in Mekong delta region, in the South-Western part of Vietnam,
where the annual temperature fluctuates between 25°C and 35°C and
average annual rainfall measures up to 1500 mm. The experimental field
layout and the measurement of agronomic traits were described in detail in
paper II & III.

3.6 Data analysis

In the case of RAPD, the amplified fragments were treated as dominant
markers and each locus was considered as a bi-allelic with one amplifiable
and one null-allele. Data was scored as 1 for the presence and O for the
absence of a DNA band for each locus across all individuals. In the case of
SSR, each peak is considered as an allele at a co-dominant locus and the
genotype of each individual at each locus was recorded and used for various
genetic diversity analyses. Alleles were also binary coded as 1 or O for their
presence or absence, respectively in each genotype, and this data was
combined with RAPD data for cluster analyses. Dendrograms were
constructed based on unweighted pair group method with arithmetic mean
(UPGMA) clustering method using the computer software NTSYSpc
version 2.10 (Rohlf; 2000). Shannon diversity index of phenotypic diversity
(H", Nei’s gene diversity (H), expected heterozygosity (He), observed
heterozygosity (Ho) and F-statistics (Fis, Fit, Fsf) were computed with the
POPGENE software version 1.31 (Yeh & Boyle, 1997). The bootstrap
analysis was done using FreeTree program (Pavlicek ef al., 1999). The
TreeView version 1.6.6 (Page, 1996) was used to view the tree. The
Minitab version 15.0 (Minitab, USA) was used to analyse the significant
differences as ANOVA and for cluster analysis of morphological data.
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4 Results and Discussion

4.1 Molecular genetic diversity of sesame (paper | and SSR
results)

Due to several advantages molecular markers have been widely used to
estimate genetic diversity in crop species including sesame. RAPD and
microsatellite markers were used to evaluate the extent of genetic diversity
among Vietnamese and Cambodian sesame accessions. RAPD technique
was chosen as it does not rely on prior knowledge of DNA sequences, is
comparatively cheap and simple (Bhat et al., 1999; Ercan et al., 2004; Salazar
et al., 2006). Analysis of genetic diversity of sesame using ten RAPD primers
resulted in overall diversity of 0.513 and 0.340, respectively, when estimated
using Shannon index as H'sy and Nei’s gene diversity estimate (Nei, 1978)
with modification of Lynch & Milligan (1994) as He. The overall within
population genetic variation estimated with Shannon diversity index as H'pop
and Nei’ gene diversity as Hs was 0.234 and 0.160, respectively. The extent
of genetic variation in each population was estimated using both Shannon
diversity and mean gene diversity as H'oci and H,, respectively, which is the
mean value across the whole loci. H'oci ranged from 0.11 to 0.48, and H,,
ranged from 0.08 to 0.33.

In the case of SSR data, expected heterozygosity (He) and observed
heterozygosity (Ho) ranged from 0.12 to 0.48 (mean, 0.29) and 0.00 to 0.30
(mean, 0.15), respectively. The estimate of gene flow (Nm) was 0.38 on
average. The Fis, Fit, Fst were also estimated to determine the genetic
structure of the accessions. The mean Fis, Fst and Fit were 0.19, 0.51 and
0.40, respectively. The SSR based analyses revealed that average values per
accession for percent polymorphism, He and Ho were 48.9, 0.18 and 0.14,
respectively. The expected heterozygosity He (0.29) obtained in this study is
lower than that obtained by Dixit ef al. (2005) for SSR markers on Korean
sesame (0.69). The low He in this study can be partly explained by the fact
that the microsatellites were developed from ESTs, which are generally less
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variable than unexpressed regions of the genome. Given the fact that our
analyses were based on only four SSR primers, these values may slightly
change when new data is added. However, these data can be used to
compare and identify accessions with high genetic variation. The data
generated with four newly developed polymorphic microsatellite markers
were combined with RAPD data generated using 10 primers (paper I) in
order to evaluate the extent to which the clustering pattern of accessions is
affected by the addition of microsatellite data (Fig. 3)

26HUE

70 |
2VINH

162ND

94
IKG

107CABO
‘I ] 60T
. L 39IN
66NL
p 25CABO
$4CABO
121NB
— 65AG
59
_| 10| MITB
Isacr
75| SHN
[ 191HD
2 96L
26CT
100 ) 121N
L 134CABO
o 1ITH
L 7DC

T 1
013 007

76

r T T
034 027 .2
Geneic distance coefficient

Fig.3 UPGMA based dendrogram generated using a combined data of
RAPD and microsatellite markers. Numbers near the branches are bootstrap
values.

The dendrogram obtained using combined data of RAPD and SSR markers
is quite similar to the cluster generated from RAPD data (paper I).
Combined analysis revealed that the genetic distance coefficient between
accessions ranged 0.07 to 0.34, which is close to that of the RAPD data
(0.03 to 0.31). In this combined analysis, most of the accessions were
grouped in similar clusters as that of clusters generated based on RAPD data;
such as 112TH, 77DC; 143TB, 52CT; 12TN, 134CABO; 26HUE,
29VINH. A high variation in genetic distance between accessions was found
in both Vietnamese and Cambodian sesame accessions (Fig.3). Although
sesame 1s mainly self-pollinated, some authors have reported levels of out-
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crossing between 5—60% in this species (Rheenen, 1980; Yermamos, 1980;
Pathirana, 1994). Out-crossing plant species tend to present between 10 and
20% of the genetic variation between populations (Hamrick & Godt, 1989)
and the remaining 80-90% of the total genetic variation within populations.
Hence, some degree of out-crossing could explain the high genetic diversity
observed in the studied sesame accessions. The results of this study are in
agreement with the previous studies based on morphological, agronomic
traits and molecular markers which have reported high genetic diversity in
sesame germplasm (Ashri, 1998; Bhat ef al., 1999; Ercan ef al., 2004; Salazar
et al., 2006).

4.2 Morphology and congruence between morphological and
molecular genetic diversity (paper II)

Analysis of genetic diversity in crop species using more than one methods
helps to better understand the levels of genetic variation and the genetic
structure of populations when compared to the results obtained using only
one method, as each method has its own advantages and disadvantages. A
high variation in plant height, and number of branches/plant was found
among the studied accessions. In some accessions, branches were few or
absent whereas in other accessions branches appeared at an early vegetative
growth phase, at about 20-30 days after planting. A high variation was also
found in several other agronomic traits such as capsules per plant and seeds
per capsule. The flower color of sesame accessions in this study was
observed to be predominantly white. Leaves and capsules were varying
much in their size and shape.

A significant positive correlation between different markers used in genetic
diversity analyses has been reported in various crop species, such as maize,
Zea mays L. (Kantety ef al., 1995; Pejic ef al., 1998), barley, Hordeum vulgare
L. (Russell et al., 1997), soybean, Glycine max (L.) Merr., (Powell et al.,
1996). In the present study, a relatively high correlation (r=0.88, P<0.001)
was found between the agro-morphological and RAPD data in terms of
relationship between accessions. The two methods are in agreement in
grouping 7 out of the 12 accessions in to two groups in this study: (1) DT,
TN, AG, and (2) HD, TH, EKD, KPC (Table 1). The correspondence
between agro-morphological and RAPD markers also has been reported in
species such as Andrographis paniculata (Burm.f.) Nees (Lattoo ef al., 2008)
and  Trifolium pretense L. (Greene et al., 2004). The range of agro-
morphological data based genetic distance between pairs of accessions was
wider (0.02 to 0.47) than that of RAPD based data (0.06 to 0.27), but the
mean genetic distance between accessions estimated based on the two
methods were similar (0.23 and 0.22, in that order). However, the
clustering pattern of the accessions at country and regional level showed
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some discrepancies (Table 1). Many previous studies have reported that
genetic diversity obtained from agro-morphological markers was not
entirely similar to RAPD markers (Black-Samuelsson et al., 1997; Talebi et
al., 2008). The difference in results between the agro-morphological and
RAPD markers might occur if agro-morphological similarity was due to
different combinations of alleles producing similar phenotypes (Johns ef al.,
1997). Differences could also occur if a single or few genes controlled the
expression of agro-morphological traits that RAPD markers fails to detect
(Steiner & de los Santos, 2001). The mismatch between diversity, based on
RAPD and agro-morphological traits, might be that most of the agronomic
traits are controlled by polygenes and these traits are highly influenced by
environmental conditions (Dey et al., 2006). Linhart & Grant (1996)
indicated that the discordance might also be due to differences in
evolutionary rates between agro-morphological characters and characters
originating from selectively neutral, non-coding DNA region if the agro-
morphological characters have adaptive value and the molecular markers are
selectively neutral. In addition, several other factors may affect the
estimation of genetic diversity and relationship between individuals and
populations, such as type and number of markers used, distribution of
markers in the genome, and the nature of evolutionary mechanisms
underlying the variance measured (Powell et al., 1996). A significant
relationship between molecular markers and morphology could perhaps be
obtained if the markers were linked to the morphological traits under study
(Black-Samuelsson et al., 1997; Persson & Gustavsson, 2001).
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Table 1 Clustering patterns of 12 sesame accessions based on RAPD and
agro-morphological markers

Molecular RAPD markers Agro-morphological
markers
Cluster nrA Name of Origin nrA  Name of Origin
“ accessions © accessions
I 2 VINH, N-VN 5 TN, AG, S-VN,
ND VINH, N-VN
DT, SKD &
Cambo
II 2 SKD, Cambo 1 CT S-VN
KPT
I1I 4 DT, TN, S-VN 6 HD, N-VN
CT, AG EKD, &
ND, Cambo
KPC,
TH, KPT
% 4  HD, TH, N-VN & - - i
EKD, Cambo
KPC

“nrA: number of accession
N-VN: Northern Vietnam; S-VN: Southern Vietnam; Cambo: Cambodia
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4.3 Genetic relationship of sesame accessions between
ecological regions in Vietnam and Cambodia (paper |, II)

A high genetic variation was found in sesame accessions as presented in
paper I & II. Generally, the accessions were correlated with their
geographical origin, and in most cases, those from the same region had a
relatively close genetic relationship. However, cluster analyses showed that
some accessions did not group together with other accessions from the same
geographical region. One possible reason for this is the exchange of sesame
varieties between farmers across regions. The close relationship between
some sesame accessions from Northern Vietnam and Southern Vietnam
might be due to gene flow along with the movement of immigrants from
the Northern to Southern Vietnam after Vietnam-American war, as the
immigrants carried sesame seeds from different regions in the North to new
geographical regions in the South for cultivation. Similarly, the close genetic
relationship between Vietnamese and Cambodian sesame might be partly
due to germplasm exchange and free trade between farmers across Vietnam-
Cambodia border. Natural distribution of genetic diversity in plant species
depends on its isolation, habitat alteration due to climatic change or its
evolution, ecological, geographical factors, and more often on human
breeding activities (Rao & Hodgkin, 2002). However, Wei et al. (2008)
suggested that ecological and geographical factors did not play an important
role in the sesame evolution, therefore, the most important factor affecting
the current sesame genetic structure was human activities (Laurentin &
Karlovsky, 2006). This is similar to previous work on safflower by Khan et
al. (2009) who reported that the genetic diversity showed no relationship to
geographical origin as a consequence from human selection and genetic
drift. Overall, the genetic distance among populations may or may not
correlate with the geographical distance between them in some species
depending on natural and artificial factors involved in shaping the
population genetic structure of the species (Stankiewicz ef al., 2001). For
example, the positive correlation between genetic distance and geographical
regions was found in niger populations (Geleta, 2007) but not in safflower
(Khan ef al., 2009).
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4.4 Phenotype evaluation and phenotypic relationship of
sesame varieties from different origins (paper IIl)

Sesame varieties in this experiment were from Northern Vietnam, Southern
Vietnam, Cambodia, and Kenya as well as from Tanzania, El Salvador and
India. All varieties grew well but with a clear difference in plant
development between those varieties originating from El Salvador, Tanzania
and Kenya and the others. Those varieties (Fig.4 A, B, C) developed a large
biomass with big trifoliate leaves and robust stem and had a much-delayed
switch into growing lanceolate leaves and a longer juvenile period before
the start of flowering in comparison with Vietnamese or Cambodian
varieties. The Vietnamese and Cambodian varieties showed similar growth
and development (Fig.4 D, E). The Indian variety much resembled the
Cambodian and Vietnamese varieties in development but developed smaller
leaves and capsules (Fig.4 F).

The early flowering groups were Vietnamese, Cambodian and Indian
varieties, which opened their first flower within 24-31 days after sowing. In
contrast, the El Salvadoran and Kenyan varieties showed the first flowering
40 days or more, after sowing, and the Tanzanian variety started flowering
79 days after sowing. With the exception of the Kenyan, Tanzanian, El
Salvadoran varieties that only developed a large biomass, this study showed a
positive relationship between plant height, number of branches and seed
production. These results were in agreement with previous observations by
Muhammad & Stephen Dorairaj (1964), Gupta & Gupta (1977) and Pathak
& Dixit (1992) who reported a positive relationship between plant height,
capsules per plant and seed yield. The present study found that capsules per
plant and seeds per capsule directly influenced the seed yield component of
sesame. There was a positive relationship between number of seeds per
capsule, capsule number per plant and seed yield per plant. Studies by
Majumdar et al. (1987) and Reddy & Haripriya (1992) also reported a highly
significant positive correlation between number of seeds per capsule,
number of capsules per plant and seed yield per plant. The Kenyan,
Tanzanian and El Salvadoran varieties gave a lower seed yield than varieties
from India, Vietnam and Cambodia. Several factors may contribute to this
observation, including environmental factors such as temperature
(day/night), day length, light intensity, precipitation, altitude and latitude.
Photosynthesis is influenced by various biotic and abiotic stresses during
grain-filling, therefore, change in photosynthesis capacity is a major limiting
factor for yield and all yield components (Beheshti & Fard, 2010).

The cluster analysis for phenotypic relationship between accessions showed
that the accessions grouped into two main clusters (Fig. 5). The first group
was composed of Kenyan, Tanzanian, El Salvadoran sesame. The second
group consisted of Indian, Cambodian and Vietnamese sesame. There were
defined groups according to geographic regions as Africa, Asia. Based on
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dendrogram of cluster analysis, sesame from Africa (MT2, McBlack,
Lungalunga) had a close relationship to the West sesame (El Salvador - Exel)
and sesame from India (Indian) has a close association to the Orient sesame
including Vietnam (CT, TH) and Cambodia (KPT).

Fig.4 Morphological phenotypes of sesame varieties from difterent origins,
A: El Salvadoran sesame (Exel); B: Tanzanian sesame (MT2); C: Kenyan
sesame (McBlack); D: Vietnamese sesame (TN); E: Cambodian sesame
(SKD); F: Indian sesame (Indian)
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Fig.5 Phenogram of 17 sesame accessions from different origins generated
based on morphological data

4.5 Seed oil content, fatty acids and seed yield potential of
sesame (paper lll, IV)

All Vietnamese and Cambodian sesame accessions had high oil content
ranging from 47.2 to 55.6%, with a mean value among all accessions of
50.4% (paper IV). The percentage of the two major fatty acids oleic (18:1)
and linoleic (18:2) was 37.65% and 45.67%, respectively, while other fatty
acids were found in lower amounts such as palmitic (16:0) 9.33%, stearic
(18:0) 5.3% and linolenic (18:3) 0.32%. Based on the average oil content at
regional level, the order of sesame accessions from low to high was
Southern Vietnam < Northern Vietnam < Cambodia. It should be pointed
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out that a few accessions from Northern Vietnam displayed very high oil
content, although on average the Northern Vietnam accessions did not
show the highest oil content. For example, accession 112TH from Northern
Vietnam showed highest oil content (54.8%), whereas the lowest oil content
(47.6%) belongs to accession 134CABO from Cambodia. The range in oil
content among the accessions in this study (47.2-55.6%) was more or less
similar to previous studies such as 47.3-54.2% (Kamaleldin et al., 1992),
42.2-52.1% (Eltinay ef al., 1976), 40.4-59.8% (Yermanos ef al., 1972) and
53.2-58.5% (Azeez & Morakinyo, 2011).

Seed yield traits determine the seed production in sesame cultivation. When
a number of accessions from Southern Vietnam, Northern Vietnam and
Cambodia were investigated in the field, a few varieties with good seed
yield potential were identified, each having seed production reaching over 1
ton ha” (paper III). Accessions with high seed yield included those from
Cambodia (SKD, EKD, and KPC) and some varieties from Southern
Vietnam (AG, DT and TN). The results in paper 11l showed high seed yield
potential in several varieties from Cambodia and Southern Vietnam that
could be used for future breeding activities to improve seed yield. When
estimating the production from the different types of sesame in cultivation,
the variety is of course the number one important factor, and followed by
the cultivation technique used. Besides providing high-yielding varieties to
the Vietnamese farmers there is also a need for transferring information on
improved sesame cultivation techniques with regards to irrigation, fertilizer
and plant density. Such combined efforts could give positive result on the
seed yield potential of the sesame grown in this region as also reported by
others (Ucan ef al., 2007; Langham et al., 2010; Ucan & Killi, 2010).

4.6 Development of microsatellite markers for sesame
(Sesamum indicum L.)

Microsatellite markers have been developed and widely used in analysis of
genetic diversity of crop species. All SSR primers developed for this study
were evaluated for amplification using eight sesame accessions. The
amplified products were separated on 1.5% agarose gel and Hyres 52S-
denaturing polyacrylamide gel (Gelcampany GmbH-code nr1001-28). For
accurate measurement of fragment size of amplified products, 12 primers
were labeled with four different fluorescent dyes (6-FAM, NED, VIC,
PET). The PCRs were carried out using Eppendorf AG 5345-016209
thermo-cyclers (Germany). PCR  products were separated by capillary
electrophoresis on the ABI 3100 genetic analyzer (Applied Biosystems). The
Peak scanner software v1.0 (Applied Biosystems) was used to determine the
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size of the peaks using the internal Genescan-500 LIZ size standard and
sizing default PP analysis method. Out of the seven microsatellite primer-
pairs used to generate the final data, three primer-pairs produced
monomorphic microsatellites whereas the remaining primer-pairs amplified
polymorphic loci (Table 2). Thus, four polymorphic primers were used for
genetic diversity analyses of the 22 sesame accessions, comprising accessions
from Vietnam and Cambodia. The seven primer-pairs amplified a total of 11
alleles, and the number of alleles per polymorphic loci was only two. The
difference in allele size in polymorphic loci ranged from 161-422 bp. The
expected heterozygosity (He), observed heterozygosity (Ho), and genetic
structures (Fst) were estimated using Popgene version 1.31 (Yeh & Boyle,
1997) (Table 2). The genetic variation among the 22 sesame accessions was
estimated based on heterozygosity. Expected heterozygosity (He) ranged
from 0.12 to 0.48 with a mean 0.29 and the mean observed heterozygosity
(Ho) was 0.15 with a range of 0.00-0.30. The highest observed
heterozygosity was at locus SI-sst01 with a value of 0.30, while the lowest
was 0.0 at locus SI-ssr16. The average population differentiation (Fsf) was
0.40 suggesting that 40% of total genetic variation was found within
accessions. In average, the percent polymorphism, number of alleles, He and
Ho per accession were 48.9%, 5.9, 0.18 and 0.14 (Table 3).

The SSR markers have become one of the most widely used molecular
markers in recent years and are preferable over many other markers. It was
used to analyze the genetic diversity in sesame, and revealed high genetic
variation in Korean sesame (Dixit ef al., 2005), and Chinese and some exotic
sesame (Wei et al., 2008). In the present study, 4 SSR markers found
moderate level of genetic variation among 22 sesame accessions and were
able to discriminate between the different sesame genotypes. Powell et al.
(1996) reported that SSR markers give a good discrimination between
closely related individuals in some cases even when only a few loci are
applied. Therefore, SSR markers would be useful molecular markers in
sesame genetic diversity analyses and in marker assisted breeding programs.
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Table 3 SSR markers based estimates of different genetic diversity
parameters for 22 sesame accessions

ID Acc %P Na Ho He
1 162ND 500 6 008 016

2 112TH 50.0 6 0.00 0.19

3 191HD 25.0 5 0.00 0.12

4 121NB 50.0 6 0.00 0.19

5 29VINH 50.0 6 0.18 0.25

6 66NL 50.0 6 0.25 0.22

7 8HN 50.0 6 0.30 0.22

8 77DC 75.0 7 0.21 0.19

9 143TB 0.0 4 0.00 0.00
10 39TN 75.0 7 0.00 0.24
11 65AG 0.0 4 0.00 0.00
12 52CT 25.0 5 0.00 0.06
13 9GL 75.0 7 0.43 0.32
14 12TN 75.0 7 0.23 0.25
15 26CT 75.0 7 0.32 0.30
16 6DT 75.0 7 0.39 0.26
17 26HUE 50.0 6 0.08 0.15
18 3KG 50.0 6 0.25 0.22
19 107CABO 25.0 5 0.08 0.10
20 54CABO 25.0 5 0.00 0.21
21 134CABO 50.0 6 0.35 0.24
22 25CABO 75.0 7 0.00 0.13

- Mean 489 59 014 018

%DP: Percentage of polymorphism; Na: number of alleles
He: expected heterozygosity; Ho: observed heterozygosity

37



5 Conclusion, recommendation and future
prospects

5.1 Conclusion

A high genetic diversity exists in the sesame germplasm collected in
Vietnam and Cambodia suggesting a high potential of the crop in this
region for genetic improvement. A high variation was also found among the
populations growing in the different geographical regions and localities that
would be useful for plant breeding and conservation purposes.

The agro-morphological and molecular markers were complementary in
assessing the extent of genetic variation in sesame and the combined use of
these methods helps to better understand the genetic diversity and
relationship within and among sesame populations.

There was a weak association between genetic variation of sesame accessions
and their ecological regions of origin and the most likely important factor
affecting the genetic structure of sesame in this region is human activities.
Some sesame accessions collected from difterent eco-geographic regions of
Vietnam and Cambodia may have actually originated from the same
population.

Sesame accessions collected in Vietnam and Cambodia showed significant
variation in oil content, and the oil content had a strong positive correlation
with oleic acid.

There was a positive correlation between capsules per plant and seed yield
per plant and, therefore, these traits should be considered in the seed yield
improvement programs in sesame. The present study also found that
day/night temperature, day length and light intensity are among
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environmental factors affecting seed yield in sesame. For example, sesame
varieties from Africa and El Salvador were poor in seed yield when grown
in the Mekong delta, Vietnam.

The results achieved from morphology and oil content analyses are useful as
background information for sesame breeding program. Future breeding
strategies to improve sesame need to exploit the results of this study to
increase seed yield potential and other desirable traits.

5.2 Recommendations and future prospects

A lack of information about genetic diversity has been a barrier to improve
sesame in Vietnam and Cambodia. The results of this study provided a
better understanding of sesame populations in different ecological regions.
Therefore, the wise use of results obtained in this study would facilitate the
improvement of sesame though breeding and the in situ and ex situ
conservation of sesame genetic resources in this region.

Desirable genotypes in terms of seed yield and oil content have been
identified in this study. The use of these genotypes in the breeding program
would lead to improved sesame varieties with a high seed yield as well as
high oil content.

Several varieties from agro-morphological evaluation were found to have
high seed yield potential, and the use of these varieties would lead to an
increased seed production in Vietnam and Cambodia. In Vietnam, sesame is
grown in the field with low agricultural inputs, which resulted in more
pests, diseases, and a low seed yield in this crop. Seed yield in sesame is
influenced by different factors such as planting dates, weather patterns,
relative humidity, irrigation, fertilizers, and farmers’ practices. Cultivation of
sesame under good growing conditions would result in a relatively high seed
yield. Therefore, in parallel to developing high yielding varieties the
cultivation techniques need to be improved.

Vietnam is endowed with favorable ecologies for sesame cultivation.
However, the seed yield of sesame is low (500 kg ha™) mainly because of the
varieties used. Hence, a long term strategy of sesame cultivation in Vietnam
and Cambodia should include further genetic diversity analyses and the
development of permanent genomic resources. These resources can be used
to identify desirable parental materials that will be used to improve the
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existing varieties with various desirable traits, including seed yield and oil
content. Overall, for increased and stable production of sesame in the
region, the “four homes”: Governments, Research Institutes/Universities,
Companies and Farmers, need to be involved and work hand in hand.
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Popularized summary in Vietnamese

Cay me (Sesamum indicum L.) 1a cdy than thao, hang nam. Va la cdy c¢6 ham lugng
dau rét cao trong hat (50 t6i trén 60%). Cay mé rat d& canh tac, vi thuong chiu han
kha cao, va no khong kén dat nén sinh truong tdt trén cac loai dat, cling nhu cac
ving sinh thai khac nhau. Tuy nhién hién tai ning suat va san lugng hat mé cua
Viét Nam dang xép vao trong nhom nhitng nudc san xuat thip. Nguyén nhan do
mot vai yéu té chu quan va khach quan, vi du nhu nong dan khong min ma véi cay
mé vi lgi nhuan khong cao bing cac loai cdy trong khéc, hodc cac yéu td khac nhu
cac gidng mé ¢ nang suat thip, khong c6 gidng cai tién, gidng méi, va ky thuat
canh tic con thap. Muc tiéu ciia nghién ctru nay 1a nghién ciru tinh da dang di
truyén, da dang quan thé cua cdy mé & Viét Nam va Campuchia. Dua vao nhing
thong tin da dang di truyén, da dang quan thé dé cai thién cac gidng me hién co,
ciing nhu lai tao giéng moi trong twong lai gan, tir d6 dap Gmg nhu cau gidng mé
cho dia phurong va cho ca nudc. Tir két qua nghién ctru ndy cho thay cay me & Viét
Nam va Campuchia c6 tinh da dang kha cao, va ham luong dau trong hat ciing cao.
C6 moi lién hé gan vé mat di truyén cia cac mau gidng c6 ngudn gbe ciing ving
sinh thai nhung khong 16 rang hay riéng biét cho timg ving, va ciing c6 su gidng
nhau giira cac miu gidng & cac ving sinh thai kha xa nhau. Pay co thé 1a két qua
clia qué trinh trao doi giéng mé trong san xudt ciia néng dan giita cac ving. Qua
cac thi nghiém dong rudng cho thay co vai mau giéng ciia khu vyc mién Nam va
Campuchia c6 tiém ning ning xuit cao. Day 1a thong tin hitu ich dé cac nha tao
gidng cdy trong c6 thé s dung dé cai thién cac giéng mé cho ning suit cao, sinh
truong phi hop vai diéu kién cua dia phuong, va dap tmg dugc nhu cau canh tac
cdy mé. Tuy nhién theo khuyén cdo cua ching t6i, cdy mé ¢ Viét Nam c6 tiém
ning ning suat cao néu dwoc dau tu ding mirc ¢ khau canh tic. Vi hién tai ning
sudt binh quan vao khoang 500kg ha™' (théng ké cuia FAO nam 2009), nhung trong
qué trinh diéu tra thu thap miu, ciing nhu qua cac thi nghiém ddng ruong cho thay
¢6 mot vai mau giéng cho ning suit kha cao, néu dugc dau tu tot & khau canh tac
thi ning suat hat s& dat cao hon. Vi vy bén canh diu tu gidng c6 tién ning ning

suat cao thi yeu t0 canh tac cling hét stre chu trong doi voi cay me.
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