
HAL Id: hal-02647183
https://hal.inrae.fr/hal-02647183

Submitted on 30 May 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution| 4.0 International License

Genetic characterization of two traditional leafy
vegetables (Sesamum radiatum Thonn. ex Hornem and

Ceratotheca sesamoides Endl.) of Benin, using flow
cytometry and amplified fragment length polymorphism

(AFLP) markers
Kifouli Adéoti, Arnaud Rival, Alexandre Dansi, Sylvain S. Santoni, Spencer
C. Brown, Thierry Beule, Aimé Nato, y. Henry, Raymond Vodouhe, Laura

Estelle yêyinou Loko, et al.

To cite this version:
Kifouli Adéoti, Arnaud Rival, Alexandre Dansi, Sylvain S. Santoni, Spencer C. Brown, et al.. Ge-
netic characterization of two traditional leafy vegetables (Sesamum radiatum Thonn. ex Hornem and
Ceratotheca sesamoides Endl.) of Benin, using flow cytometry and amplified fragment length poly-
morphism (AFLP) markers. African Journal of Biotechnology, Academic Journals, 2011, 10 (65),
pp.14264-14275. �10.5897/AJB11.1176�. �hal-02647183�

https://hal.inrae.fr/hal-02647183
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/259557944

Genetic characterization of two traditional leafy vegetables (Sesamum radiatum

Thonn. ex Hornem and Ceratotheca sesamoides Endl.) of Benin, using flow

cytometry and amplified fragm...

Article  in  AFRICAN JOURNAL OF BIOTECHNOLOGY · October 2011

CITATIONS

6
READS

369

11 authors, including:

Some of the authors of this publication are also working on these related projects:

Plant Cell Cycle View project

Sustainable Oil Palm Production View project

Adéoti Kifouli

University of Abomey-Calavi

47 PUBLICATIONS   153 CITATIONS   

SEE PROFILE

Alain Rival

Cirad - La recherche agronomique pour le développement

113 PUBLICATIONS   2,057 CITATIONS   

SEE PROFILE

Alexandre Dansi

University of Abomey-Calavi

157 PUBLICATIONS   2,757 CITATIONS   

SEE PROFILE

Spencer Craig Brown

Institut de Biologie Intégrative de la Cellule

391 PUBLICATIONS   10,639 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Spencer Craig Brown on 03 January 2014.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/259557944_Genetic_characterization_of_two_traditional_leafy_vegetables_Sesamum_radiatum_Thonn_ex_Hornem_and_Ceratotheca_sesamoides_Endl_of_Benin_using_flow_cytometry_and_amplified_fragment_length_polymorphism_A?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/259557944_Genetic_characterization_of_two_traditional_leafy_vegetables_Sesamum_radiatum_Thonn_ex_Hornem_and_Ceratotheca_sesamoides_Endl_of_Benin_using_flow_cytometry_and_amplified_fragment_length_polymorphism_A?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Plant-Cell-Cycle?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Sustainable-Oil-Palm-Production?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Adeoti-Kifouli?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Adeoti-Kifouli?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Abomey-Calavi?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Adeoti-Kifouli?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alain-Rival?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alain-Rival?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Cirad-La_recherche_agronomique_pour_le_developpement?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alain-Rival?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexandre-Dansi?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexandre-Dansi?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/University-of-Abomey-Calavi?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alexandre-Dansi?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Spencer-Brown-7?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Spencer-Brown-7?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Spencer-Brown-7?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Spencer-Brown-7?enrichId=rgreq-87d0749c32d14ca1a759bd48206e696d-XXX&enrichSource=Y292ZXJQYWdlOzI1OTU1Nzk0NDtBUzoxMDM5NzY0MTQ0ODI0NDNAMTQwMTgwMTMxNzc1NQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


African Journal of Biotechnology Vol. 10(65), pp. 14264-14275, 24 October, 2011     
Available online at http://www.academicjournals.org/AJB 
ISSN 1684-5315 © 2011 Academic Journals  
 
 
 
 

Full Length Research Paper 
 

Genetic characterization of two traditional leafy 
vegetables (Sesamum radiatum Thonn. ex Hornem and 

Ceratotheca sesamoides Endl.) of Benin, using flow 
cytometry and amplified fragment length polymorphism 

(AFLP) markers 
 

Adéoti, K.1,2, Rival, A.3, Dansi, A.2*, Santoni, S.4, Brown, S.5, Beule, T.3, Nato, A.6, Henry, Y.6, R. 
Vodouhe7, Loko, L. Y.2 and Sanni, A.1 

 
1Laboratory of Biochemistry and Molecular Biology, Faculty of Sciences and Technology (FAST), University of Abomey-

Calavi (UAC), BP 526 Cotonou, Republic of Benin. 
2Laboratory of Agricultural Biodiversity and Tropical Plant Breeding, Faculty of Sciences and Technology (FAST), 

University of Abomey-Calavi (UAC), 071BP28, Cotonou, Republic of Benin. 
3CIRAD, UMR DIADE, IRD, UM2. 34398 Montpellier Cedex 15, France. 

4INRA, UMR AGAP, Unité de Génétique et Amélioration des plantes, Atelier de Marquage Moléculaire, 34060 
Montpellier Cedex 01, France. 

5CNRS, UPR2355, 91198 Gif-sur-Yvette, France. 
6Institut de Génétique et Microbiologie, Bâtiment 360, Université Paris-Sud 11, 91405, Orsay, France. 
6Institut de Biotechnologie des Plantes, Bâtiment 630, Université Paris-Sud 11, 91405 Orsay, France. 
7Bioversity International, Office of West and Central Africa, 08 BP 0931, Cotonou, Republic of Benin. 

 
Accepted 13 July, 2011 

 
Amplified fragment length polymorphism (AFLP) markers and flow cytometry were applied for the 
genetic characterization of wild and cultivated accessions of Sesamum radiatum and Cerathoteca 

sesamoides; two neglected and underutilized species of traditional leafy vegetable consumed in Benin. 
The average 2C nuclear DNA content per nucleus was found to be 1.99 ± 0.06 and 1.05 ± 0.06 pg for S. 

radiatum and C. sesamoides, respectively which correspond to estimated genome size of 1946,22 Mpb 
for S. radiatum and 1026,9 Mpb for C. sesamoides. No variation in DNA content could be detected within 
accessions from each analysed species. Also, no relation was found between nuclear DNA content, 
ecogeographical origin and the status (cultivated or wild) of the analyzed accessions. AFLP markers 
revealed low diversity within the accessions analyzed. Results from the study contributed to a better 
characterization of S. radiatum and C. sesamoides accessions and will help in defining both genetic 
resources conservation and breeding strategies. 
 
Key words: Amplified fragment length polymorphism (AFLP) markers, Ceratotheca sesamoides, flow 
cytometry, genetic diversity, ploidy, Sesamum radiatum, leafy vegetables. 

 
 
INTRODUCTION 
 
The genus Sesamum belongs to the Pedaliaceae family. 
This family comprises about 16 genus and 60 annual and 
perennial species among  which,  Sesamum  is  the  most 
 
 
 
*Corresponding author. E-mail: adansi2001@gmail.com. 

important (Attibayéba et al., 2010). The genus is widely 
distributed in Africa, India and Brasilia. The most well-
known species in this genus is Sesamum indicum which 
is an important oil crop. However, several other Sesamum 
species such as Sesamum alatum Thonn. ex Schumach, 
Sesamum angolense Welw., Sesamum angustifolium 
(Oliv.)  Engl.,  Sesamum  radiatum  Thonn.  ex   Hornem., 
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Figure 1. Flowered branches of C. sesamoides.  

 
 
 
Ceratotheca sesamoides (synonyme S. heudoletii Stapf – 
1906) are distributed worldwide and consumed as leafy 
vegetables. In Benin, S. radiatum (Figure 1) and 
Ceratotheca sesamoides (synonyme S. Heudoletii Stapf -
1906; Figure 2) are widely distributed and play a signifi-
cant role in the daily food and nutritional requirements of 
local people mainly in rural areas. Traditional leafy 
vegetables (TLVs) have long been known to contain 
fibres, minerals, vitamins and some have medicinal 
properties beside their nutritional values (Abukutsa, 2004; 
Francisca and Eyzaguirre, 2007; Dansi et al., 2008, 
2009). S. radiatum and C. sesamoides are also known to 
cure infections and to facilitate digestion and childbirth 
(Konan et al., 2006). Despite their nutraceutical roles, 
they have been poorly researched and fall within the so 
called neglected and underutilised species (NUS) of 
Africa. For their sustainable conservation and utilisation, 
more investigations on their genetic diversity are prere-
quisite. To our knowledge, little information is available 
on the genetic characterization of S. radiatum and C. 
sesamoides using molecular markers [particularly ampli-
fied fragment length polymorphism (AFLP)] and flow 
cytometry. Chromosome numbers of 2n = 32 and 2n = 64 
for C. sesamoides and S. radiatum, respectively were 
reported (Bedigian, 2004; Bedigian and Adetula, 2004). 
The presence of wild and cultivated forms of these 

species in some part of Benin (Adeoti et al., 2009) 
suggests the existence of some genetic variability which 
could be related to edaphoclimatic conditions.  

Most studies on plant genetic diversity are now based 
on the use of molecular markers among which is, ampli-
fied fragment length polymorphic DNA (AFLP) which has 
become one of the molecular markers of choice in 
genetic diversity analysis due to its capability to disclose 
a high number of polymorphic markers by single reaction 
(Vos et al., 1995). AFLPs were described as a powerful 
and efficient approach in population genetics and 
diversity analysis, molecular taxonomic classification, 
gene mapping and marker-assisted breeding for many 
crop species (Carr et al., 2003; Uptmoor et al., 2003). It 
provides an effective means of covering large areas of a 
plant genome in a single assay (Zhang et al., 1999; 
Muminovic et al., 2004). It is highly reproducible and 
discriminative (Soleimani et al., 2002) and generates a 
virtually unlimited number of genetic markers (Gaudeul et 
al., 2000). AFLP has been already used to assess 
genetic diversity in many crop species such as peach 
tree (Xu et al., 2006), linseed (Adugna et al., 2006), soy-
bean (Tara et al., 2006), wheat (Shoaib and Arabi, 2006), 
sesame (Hernan and Petr, 2007) and fonio (Adoukonou-
Sagbadja et al., 2007).  

In molecular cytogenetic study in plant, flow cytometry 
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Figure 2. Flowered branches of S. radiatum. 

 
 
 
remains the mostly used approach. It is a rapid and 
efficient method to determine ploidy level (Lysák and 
Doležel, 1998; Emshwiller, 2002), estimate nuclear DNA 
content and genome size (Lysák et al., 2000) and ploidy 
level in plants. It offers quickness, precision and accuracy 
in detecting small differences in DNA content of large 
numbers of nuclei (Dolezel, 1997) and do not require 
large quantities of plant material. For many purposes, 
flow cytometry techniques have been applied to several 
plants including rice (Cesar et al.,1994), wheat (Pfosser 
et al.,1995), Pisum sativum (Neuman et al., 1998), fonio 
(Adoukonou-Sagbadja et al. 2007) and tomato 
(Brasileiro-vidal et al., 2009).  

The  objectives  of  this  study  were  three  fold:  (i)  To 
determine the ploidy level and the nuclear DNA content 
of various accessions of S. radiatum and C. sesamoides 
collected in Benin; (ii) Examine the relationship between 
genome size and the ecogeographical distribution of the 
species; (iii) Assess the genetic diversity within 
accessions of these species using AFLP markers  
 
 
MATERIALS AND METHODS 
 
40 accessions of S. radiatum and eight of C. sesamoides were 
used for flow cytometric analysis. For AFLP analysis, 40 accessions 
of S. radiatum and 30 of C. sesamoides  were  used. Samples of S. 
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Figure 3. Collecting sites of S. radiatum and C. sesamoides accessions. 

 
 
 
radiatum were collected from the laboratory nursery for cultivated 
species and wild accessions were gathered from the fields. All 
accessions of C. sesamoides were gathered from their natural 
biotope in Benin (Figure 3). Fresh plant material was preserved in 
moistened paper, enclosed in plastic bags and brought to the 
laboratory for analysis.  

Nuclei preparation 
 
Leaves from both plant species gave very sticky extracts which 
made the preparation of nuclei difficult. Young stems sampled on 
six week-old seedlings were used for cytometric analysis. In order 
to properly release nuclei, 1 ml of  extraction  buffer  was  added  to  
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fresh plant material and young stems were chopped together with 
the leaves from the standard species Petunia hybrida (2C = 2x = 
2.85 pg; 41.0% GC; Marie and Brown, 1993) in a sterile Petri dish 
using a sharp razor blade. Dolezel’s buffer supplemented with 
metabisulfite (5 mM), polyvinyl pyrolidone (PVP, 1%) and RNaseA 
(50 µg/ml) was used for nuclei extraction, according to Dolezel and 
Bartos (2005). The resulting suspension was filtered and nuclei 
were stained with a propidium iodide (IP) solution to a final 
concentration of 50 µg/ml. 
 
 
Flow cytometric measurements 
 
DNA content of the nuclei was measured by relative fluorescence of 
samples with a PARTEC CyFlow SL 532 nm cytometer. Measure-
ments were performed on FL2 area histograms. At least, 10000 
nuclei per sample were analysed. Estimation of nuclear DNA content 
was performed using nuclei from P. hybrida (2C = 2.85 pg) as an 
internal standard. Then the 2C nuclear DNA content of the unknown 
sample was calculated according to the formula: Sample 2C DNA 
content (pg) = (sample peak mean/standard peak mean) x 2C DNA 
content of standard. Conversion of DNA content into base pairs was 
done according to the factor 1 pg = 978 Mbp (Dolezel et al., 2003). 
 
 
Extraction of genomic DNA 
 
Fresh leaves (ca 0.5 g FW) were deep frozen in liquid nitrogen then 
ground into powder with mortar and pestle. The powder was mixed 
with preheated (50°C) extraction buffer solution A containing CTAB 
(2 g); Tris pH = 8 (1 M; 1 ml); EDTA.Na2 (0.5 M; 20 ml); NaCl (5 M; 
28 ml); PVP 40000 (1 g); sodium bisulfite (1 g) and H2O Qsp 100 
ml. The mixture was incubated at 65°C for 30 min. After cooling, 5 
ml of chloroform isoamyl alcohol (24:1) were added and the extract 
was homogenized for 10 min at room temperature. The 
homogenate was then centrifuged for 20 min at 13000 g at room 
temperature. The supernatant was transferred into a new tube 
(volume 13 ml) and 200 µl of poteinase K (2 µg/µl) was added and 
incubated for 1 h at 37°C. Then 500 µl of preheated (50°C) solution 
B [CTAB (1g); NaCl (5M; 1.4 ml); H2O qsp 10 mL] and 5 ml of 
chloroform isoamyl alcohol (24:1) were added and the mixture was 
carefully homogeneised for 10 min at room temperature. Then, the 
homogenate was centrifuged for 10 min at 4500 rpm at room 
temperature. The extract was transferred into a new tube (type 
Falcon 50 ml) and 10 ml of solution C were added [CTAB (1 g); Tris 
pH = 8 (1 M, 5 ml); EDTA.Na2 (0.5 M, 20 ml); H2O Qsp 100 ml], 
followed by a 15 min-centrifugation at 20000 g. The supernatant 
was discarded and the pellet was dissolved with 1 ml of solution D 
[Tris pH = 8 (1M, 0.1 ml); EDTA.Na2 (0.5 M; 200 ml); NaCl (5M, 2 
ml); H2O qsp 10 ml] and incubated at 65°C for 30 min. Then, 800 µl 
of cooled isopropanol was added and the tube was gently stirred 
until precipitation of DNA. After centrifugation at top speed for 10 
min, the supernatant was discarded and the pellet was suspended 
in 500 µl of sterile water. A final purification of the obtained DNA 
solution was undertaken using filtration through a silica membrane 
following the protocol. Ten microlitres of Rnase (1 µg/µl) was added 
to the DNA solution following 30 min of incubation at 37°C. Then, 
50 ml of NaCl (5M), 150 µl of AcK (60 ml of AcK 5M, 11.5 ml icy 
acetic acid (37%) and 28.5 ml of H2O), 900 ml of guanidium 
chloride/ethanol (7.8 M / ethanol: 1/3 of guanidium chloride + 2/3 of 
ethanol 96%) were added to 200 µl of DAN solution and incubated 
for 10 min at room temperature. 750 ml of the homogenate was 
applied into the fixation plate [plate 96 Whatman Unifilter 800 GF/B 
(ref 7700-2803)] and centrifuged at 6000 rpm for 2 min. This step 
was repeated two times. The liquid was discarded and 600 ml of 
washing buffer [100 ml of mixture (160 mM of AcK; 22.5 mM of Tris 
HCl pH 8; 0.1 mM of EDTA) + 170 ml of ethanol 96%] was applied 
on the column and the plate was centrifuged at 600 rpm for 10  min. 

 
 
 
 
The liquid was discarded and this step was repeated one again for 
the remaining mixture. Afterwards, 100 ml of preheated (65°C) ultra 
pure water was applied on the column for 5 min. Then, the plate 
was centrifuge at 6000 rpm for 2 min and the DNA liquid was 
recovered. 
 
 
AFLP protocol 
 
AFLP analysis was performed as originally described by Vos et al. 
(1995) with minor modifications. In this study, 250 ng of genomic 
DNA (10 µl of working solution) were digested using EcoRI and 
MseI restriction enzymes and the generated fragments were ligated 
with double-stranded site-specific adapters using T4 DNA ligase. 
Following ligation, a pre-amplification was carried out with primers 
containing one selective nucleotide, namely cytosine and adenine 
for MseI and EcoRI primers, respectively. PCR was performed for 
30 cycles (1 min at 94°C, 1 min at 56°C, and 1 min at 72°C) with a 
final extension step of 3 min at 72°C. Resulting PCR products were 
diluted 10 times with sterile water and used as templates for the 
selective amplification step. This was carried out with a couple of 
selective primers (EcoRI/MseI) carrying three selective nucleotides 
at their side. EcoRI was labelled with fluorescent dye. Selective 
amplification was performed on two steps in a total volume of 20 µl 
containing 5 µl of diluted pre-selective PCR product, 2 µl of each 
primer at 1 pmole/µl for EcoANN and 5 pmole/µl for MseCNN and 
0.2 µl of 1 U of Taq polymerase. The first step of selective 
amplification consisted of 12 cycles (3 min at 94°C, 45 s at 94°C 
and 45 s at 65°C) and 1 min at 72°C for final extension. The second 
step was performed for 25 cycles which consisted of 45 s at 94°C, 
45 s at 56°C, 1 min at 72°C and 3 min at 72°C. The PCR products 
resulting from selective amplification were diluted 10 times and an 
aliquot (2 µl) of diluted solution was mixed with 18 µl of a ROX-
labeled internal size standard (AMM 524). The mixture was then 
denaturised for 5 min at 95°C, loaded and separated on an ABI 
PRISM 3130X Genetic Analyzer sequencer (Applied Biosystems).  
 
 
Flow cytometry analysis 
 
Nuclear DNA content data were analyzed using SPSS v. 16.0 
Software. One way analysis of variance (ANOVA) was used to test 
the differences between DNA content of accessions in relationship 
with ecogeographic origin and the least significant difference test 
was used to locate significance within ANOVA.  
 
 
Scoring and analysis of AFLP data 
 
Electrophoregrams generated by the sequencer were analysed 
using the GeneMapper 3.7 software package (Applied Biosystem, 
2004). Clear and unambiguous peaks were considered as AFLP 
markers and scored as present (1) or absent (0) in order to 
generate a binary data matrix. The total number of scored markers 
and the number and percentage of polymorphic markers were 
determined for each primer pair used. With the binary matrix (0, 1) 
compiled, pairwise relatedness between all accessions was 
estimated using Dice’s index (Dice, 1945). Using NTSYS- pc 
software package 2.01, similarity matrix was submitted to cluster 
analysis using the UPGMA method in order to bring out the 
relationship between accessions (Rohlf, 2000).  
 
 
RESULTS AND DISCUSSION 
 
Genome size and ploidy level 
 
An example of histograms generated  by  flow  cytometric  
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Figure 4. Histogram of the relative nuclear DNA content of S. radiatum and C. sesamoides using P. hybrida as internal standard. 

 
 
 
analysis is presented in Figure 4. Flow cytometric 
analysis generated a single peak corresponding to the 2C 
level. Peaks corresponding to the 4C level were not 
detected, thus indicating that there were very few cell 
divisions occurring in young stems at the time of 
sampling. Moreover, no polyploid material could be 
detected among all analysed accessions. 
The nuclear DNA content, origin and status of each 
accession are shown in Tables 1 and 2. The relative 
nuclear DNA content within S. radiatum accessions 
(Table 1) ranged from 1.82 to 2.10 pg per nucleus 
(average value = 1.99 pg ± 0.06). Nevertheless, the 2C 
nuclear DNA content estimated within various accessions 
were found to be not statistically different. In C. 
sesamoides accessions (Table 2), nuclear DNA content 
ranged from 1.01 to 1.09 pg/nucleus (average value = 
1.05 ± 0.06 pg). The average DNA content of S. radiatum 
was found to be slightly lesser than two-fold the one 
measured in C. sesamoides. Indeed, the chromosome 
numbers for S. radiatum and C. sesamoides are 
respectively 2n = 64 and 2n = 32 (Nakamura and Sato, 
1956; Bedigian, 2004; Bedigian and Adetula, 2004). The 
great difference in nuclear DNA content observed 
between the two species under study could be explained 
by their phylogenetic distance and highly support their 
botanical classification in two distinct genera. Similar 
results were reported in Digitaria sp. landraces where 
nuclear DNA amounts of the two wild species Digitaria 

ciliaris (Retz.) Koeler and Digitaria lecardii (Pilg.) Stapf. 
classified in other sections of the genus Digitaria, were 
1,3 to 1,4 fold higher than that observed for cultivated 
species (Adoukonou-Sagbadja et al., 2007). The 2C DNA 
content we have measured in S. radiatum differ from the 
one reported by Hiremath et al. (2001) using Feulgen 
microspectrophotometry method. In contrast, it is worth 
noting that flow cytometry and Feulgen microspectro-
photometry analysis when applied for the determination 
of nuclear DNA content of Capsicum species provided 
very similar values (Edouardo et al., 2003). However, it 
has been reported that variation in DNA content could 
often relate to polyploidy, aneuploidy, variation in the 
amount of heterochromatin, occurrence of super-
numerary chromosomes (B chromosomes), deletion or 
duplication of chromosomes segments and variation in 
the copy number of repeated sequences (Poggio et al., 
1998; Achigan-Dako et al., 2008). According to Dolezel 
and BartoŠ (2005), the precise detection of intraspecific 
variation in genome size is not a trivial task even if 
genome size variation were reported in species such as 
Arabidopsis thaliana (L.) Heynh. (Schmuths et al. 2004) 
and Festuca pallens Host (Šmarda and Bures, 2006).  

Environmental factors may also have an important 
impact on genome size. Altitude and latitude were used 
as proxies for abiotic influences putatively acting on 
genome size (Achigan-Dako et al., 2008). Positive, 
negative or polynomial relationships have been described   
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Table 1. Relative DNA content revealed with S. radiatum accessions. 
 

Accession number Collecting site Status 
2C DNA content (pg) 

Mean ± SD CV 

Sr01 Abomey-calavi  Wild 1.95 ± 0.00 0.03 
Sr02 Atanwignan I Wild 2.02 ± 0.03 1.70 
Sr03 Atanwignan II Wild 2.10 ± 0.00 0.18 
Sr04 Bellefoungou Cultivated 1.88 ± 0.03 1.50 
Sr05 Bonou Wild 2.07 ± 0.02 0.96 
Sr06 Cotiakou Cultivated 1.94 ± 0.03 1.33 
Sr07 Dangbo Wild 1.95 ± 0.11 5.45 
Sr08 Djougou Cultivated 1.95 ± 0.03 1.54 
Sr09 Foli  Wild 2.09 ± 0.02 1.18 
Sr10 Foumbéa Cultivated 2.03 ± 0.02 0.78 
Sr11 Gbétébou I Cultivated 2.00 ± 0.01 0.50 
Sr12 Gbétébou II Cultivated 1.97 ± 0.04 1.78 
Sr13 Gboa Wild 2.07 ± 0.02 0.81 
Sr14 Houébossou I Wild 2.05 ± 0.02 1.00 
Sr15 Houébossou II Wild 1.99 ± 0.06 2.98 
Sr16 Hounti Wild 1.98 ± 0.04 1.99 
Sr17 Ikpinlè Wild 1.96 ± 0.02 1.04 
Sr18 Kawado Cultivated 1.95 ± 0.03 1.61 
Sr19 Kilibo Cultivated 1.91 ± 0.04 2.12 
Sr20 Koudokpoé Wild 1.95 ± 0.05 2.58 
Sr21 Koupagou  Cultivated 2.00 ± 0.01 0.67 
Sr22 Monkassa Wild  1.82 ± 0.05 2.52 
Sr23 Okounfo Cultivated 1.94 ± 0.01 0.33 
Sr24 Pam Pam Cultivated 2.01 ± 0.04 2.07 
Sr25 Péporiyakou Cultivated 1.99 ± 0.08 4.28 
Sr26 Pobè Wild 1.96± 0.01 0.30 
Sr27 Savè Cultivated 1.98 ± 0.07 3.60 
Sr28 Sèdjè-Dènou Wild 2.00 ± 000 0.23 
Sr29 Sèmèrè Cultivated 1.92 ± 0.03 1.44 
Sr30 Sérou Cultivated 2.06 ± 0.05 2.42 
Sr31 Sokounhoué I Wild 2.03 ± 0.04 1.77 
Sr32 Sokounhoué II  Wild 2.01 ± 0.04 2.07 
Sr33 Tanguiéta Cultivated 2.01 ± 0.04 1.95 
Sr34 Tchaourou I Cultivated 2.01 ± 0.01 0.36 
Sr35 Tchaourou II Cultivated 2.01 ± 0.02 0.85 
Sr36 Tékparou Cultivated 1.95 ± 0.01 0.56 
Sr37 Toumè I Cultivated 1.97 ± 0.09 4.52 
Sr38 Toumè II Cultivated 1.90 ± 0.07 3.61 
Sr39 Toumè III Cultivated 1.97 ± 0.01 0.39 
Sr40 Toumè IV Cultivated 2.03 ± 0.03 1.47 

Mean value 1.99 ± 0.06 2.96 
 
 
 
(Knight et al., 2005). Indeed, effects of a geographical 
gradient on DNA content in cultivated maize, Festuca 
pallens, Arabidopsis thaliana and Lagenaria siceraria 
(Mol.) populations sampled at different altitudes have 
been reported (Bennett, 1985; Poggio et al., 1998; 
Šmarda and Bures, 2006; Schmuths et al., 2004; 
Achigan-Dako et al., 2008). In this study, no correlation 

between DNA content and the geographical origin of 
accessions could be observed. In S. radiatum which was 
found both in the wild and as a cultivated plant, the 
analysis of variance based on the geographical origin or 
the status of accession clustered all the acessions in one 
single group. The homogeneity of the group was 
indicated by a non-significant F-value (F = 0.836) intra- 
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Table 2. Relative DNA content revealed with C. sesamoides accessions. 
 

Accession number Collecting site Statu 
2C DNA content (pg) 

Mean ± SD CV 

Cs01 Yataninga Wild 1.02 ± 0.00 0.44 
Cs02 Odochere Wild 1.04 ± 0.02 1.92 
Cs03 Barei Wild 1.05 ± 0.03 2.95 
Cs04 Koutadjèbou Wild 1.01 ± 0.09 8.91 
Cs05 Dangoussar Wild 1.09 ± 0.022 0.012 
Cs06 Sakarou Wild 1.07 ± 0.02 2.12 
Cs07 Sinawongourou Wild 1.05 ± 0.02 1.71 
Cs08 Kassakpéré Wild 1.05 ± 0.03 2.39 
Mean value 1.05 ± 0.06 5.46 

 
 
 

Table 3. Number of AFLP amplicons and corresponding rate of polymorphism for the two species under study. 
 

Species  Primer combination 
Number of 
amplicon 

Number of polymorphic 
amplicon 

Percentage of 
polymorphism 

S. radiatum 

Eco AAG/ Mse CTC 104 16 15 
Eco ACG/ Mse CAG 214 27 13 
Eco ACG/ Mse CTA 111 17 15 
Eco AGG/ Mse CTC 64 3 5 

     

C. sesamoides 

Eco ACT/ Mse CAT 113 35 31 
Eco AAG/ Mse CTC 52 20 38 
Eco ACG/ Mse CAG 59 22 37 

 
 
 
specific variation within accessions of each species.  

These results indicate a noticeable stability of the 
genome size of both species, independently of the geo-
graphical origin of accessions. Genome size uniformity 
has been already reported in many crops such as 
soybean (Greilhuber and Obermayer, 1997) and ground-
nut (Temsch and Greilhuber, 2000). However, a more 
detailed analysis is needed which will integrate multiple 
parameters such as rainfall, soil type and temperature in 
order to properly monitor the relationship between 
genome size and ecological distribution of both S. 
radiatum and C. sesamoides. 
 
 
Estimation of intraspecific genetic diversity  
 
To our knowledge, this study is the first  attempt  to  apply  
AFLP markers to the study of genetic diversity in S. 
radiatum and C. sesamoides. Of the nine primers 
combinations used for both species, four and three 
combinations showing reliable PCR results respectively 
for S. radiatum and C. sesamoides were selected for use 
on the full set of samples. For S. radiatum, 493 amplicons 
were obtained among which 63 were found to be 
polymorphic. The percentage of polymorphic amplicons 
generated by each primer combination ranged from 3 to 
27%.  The   average   of   polymorphic   amplicons   in  S. 

radiatum accessions reached 12.77%. The genetic 
similarity index calculated using Dice’s index varied from 
0.15 to 0.85 in this species.  

In C. sesamoides samples, a total of 224 amplicons 
was obtained, from which 77 were found to be 
polymorphic. The percentage of polymorphic amplicons 
was 34.37% and this value ranged from 20 to 35%, 
depending on the primer combination. The genetic 
similarity index calculated using Dice’s index ranged from 
0.16 to 0.82. The variation of genetic similarity within S. 
radiatum and C. sesamoides accessions is approximately 
the same. The high level of genetic similarity obtained for 
both species indicated a rather low intraspecific genetic 
diversity (Table 3). Likewise for S. radiatum, the gene-
rated dendrogram based on genetic distance using the 
neighbor-joining approach of the UPGMA method 
clustered accessions independently from their geo-
graphical origin and status (wild or cultivated). For a 
genetic similarity value of 0.66, three different clustering 
groups were found (Figure 5). Groups I and II clustered 
both cultivated and wild accessions. Besides, these 
clusters also grouped together accessions from both 
northern and southern parts of the country. The third 
group was made of one single wild accession sampled at 
Sèdjè-Dènou, a village located in the southern part of 
Benin. Indeed, our results indicate a high degree of 
genetic similarity between wild and cultivated accessions.  
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Figure 5. Dendrogram generated for S. radiatum accessions using UPGMA cluster analysis based on Dice’s index 
estimates for AFLP data.  

 
 
 
No correlation could be found between the geographical 
distribution and the clustering of accessions revealed by 
AFLP analysis (Figures 5 and 6). Possible occurrence of 
seed exchanges via producers and local markets may 
account for this low genetic diversity. Similar results were 
reported for S. indicum in Central Asia and they were 
explained by the exchange of sesame seeds between 
very distant regions (Kim et al., 2002). In contrast, a high 
genetic variability was reported for sesame accessions 
from Turkish, China, Japan and India (Kim et al., 2002; 
Ercan et al., 2004). The distribution of genetic diversity 
for a given plant depends not only on intrinsic characters 
resulting from its evolution, such as its reproductive 
biology but also on ecological and geographical factors 
and often on human activities (Ramanatha and Hodgkin, 

2002). When a long distance exists between accessions 
and a narrow genetic diversity is detected, it is probable 
that few genetic changes have occurred during the 
evolution and diversification process of the species. 
According to Tiang et al. (2003), for a wide range of plant 
species, the mating system plays a critical role in the 
determination of the patterns of genetic variation both 
within and between populations. In our study, both 
species use only sexual reproduction. S. radiatum and C. 
sesamoides are autogamous and such species are 
known for their low intraspecific and high interspecific 
diversity (Hamrick et al., 1991). Nevertheless, apomixis, 
an asexual propagation through seeds, contributed to 
genetic fixation (Berthaud, 2001; Hörandl and Paun, 
2007) with a lower genetic diversity among populations 
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Figure 6. Dendrogram generated for C. sesamoides accessions using UPGMA cluster analysis based on Dice’s index 
estimates for AFLP data.  

 
 
 
where it occurred. Then it constitutes a lagging factor for 
genetic recombination. However, genetic diversity has 
been reported within apomicts species such as 
Tripsacum (Berthaud, 2001), mangousteen Garcinia 
mangostana L. (Ramage et al., 2004) and Paspalum 
dilatatum Poir. (Miz and de Souza-Chies, 2006). Then 
apomixis might be an explanation for the paradox of such 
a narrow genetic diversity in a species which is strictly 
propagated through sexual reproduction. However, the 
existence of such a phenomeneon in Sesamum still 
needs to be evidenced. Moreover, the sample size is 
small for investigating adequately a possible correlation 
of genetic diversity with ecogeographic origin of the 
species accessions. Therefore, it will be useful to 
increase the sample size through seeds collection survey  

to better assess the genetic diversity of the two species.  
 
 
Conclusion  
 
Our results on the genetic characterization of S. radiatum 
and C. sesamoides clearly indicate a great stability in 
genome size and a low intraspecific genetic diversity. No 
genetic structuration and genome size variation could be 
found among accessions studied. In the future, the 
development of more specific and discriminative 
molecular markers such as microsatellites will facilitate a 
more precise analysis of intraspecific genetic diversity. 
More research work is needed in order to confirm the 
impact of pedoclimatic parameters on  the  genome  size,  
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and to elucidate the possible role of long distance 
pollinator in the dispersal of seeds. Widening of study 
area to the bordering countries (Niger, Nigeria and Togo) 
where the species are also consumed could lead to 
better understanding of the genetic diversity and the 
mode of propagation of the two species. 
 
 
REFERENCES 
 
Abukutsa-Onyango MO (2004). Crotalaria brevidens Benth. In Plant 

Resources of Tropical Africa 2. Vegetables, Grubben GJH, Denton 
OA (eds). Backhuys Publichers: Leiden, Wageningen/CTA, 
Netherlands; pp. 229-231. 

Achigan-Dako GE, Fuchs J, Ahanchede A, Blattner FR (2008). Flow 
cytometric analysis in Lagenaria siceraria (Cucurbitaceae) indicates 
correlation of genome size with usage types and growing elevation. 
Plant Syst. Evol., 276: 9-19. 

Adoukonou-Sagbadja H, Wagner C, Dansi A, Ahlemeyer J, Daïnou O, 
Akpagana K, Ordon F, Friedt W (2007). Genetic diversity and 
population differentiation of traditional fonio millet (Digitaria spp.) 
landraces from different agro-ecological zones of West Africa. Theor. 
Appl. Genet., 115: 917–931. 

 Adugna W, Labuschagne MT, Viljoen CD (2006). The use of 
morphological and AFLP markers in diversity analysis of linseed. 
Biodiver. Conserv. 15: 3193-3205. 

Attibayeba NME, Nsika-Mikoko E, Serina NKJ, Dianga JGC, 
Mandoukou-Yembi F (2010). Description of Different Growth Stages 
of Sesamum indicum L. using the Extended BBCH Scale. Pak. J. 
Nutr., 9(3): 235-239. 

Bedigian D, Adetula OA (2004). Ceratotheca sesamoides Endl. In: 
G.J.H. Grubben and O.A. Denton (eds.), PROTA 2: Vegetables. 
PROTA, Foundation, Wageningen, the Netherlands/Backhuys 
Publishers, Leiden, the Netherlands/CTA, Wageningen, the 
Netherlands, pp. 175-177. 

 Bedigian D (2004). Sesamum radiatum Thonn. ex Hornem. In: G.J.H. 
Grubben and O.A. Denton (eds.), PROTA 2: Vegetables. PROTA, 
Foundation, Wageningen, the Netherlands/Backhuys Publishers, 
Leiden, the Netherlands/CTA, Wageningen, the Netherlands, pp. 
465-467.  

Bennett MD (1985). Intraspecific variation in DNA amount and the 
nucleotypic dimension in plant genetics. In: Freeling M (ed) Plant 
genetics, UCLA symposium on molecular and cellular biology, Alan R 
Liss, New York, pp. 283-302  

Berthaud J (2001). Apomixis and the management of genetic diversity; 
In: The flowering of Apomixis: From mechanisms to genetic 
engineering. Savidan Y, Carman JG, Dresselhaus T (Editors). 
Chapter 2. pp. 8-23. 

Brasileiro-Vidal AC, Melo-Oliveira MB, Carvalheira GMG, Guerra M 
(2009). Different chromatin fractions of tomato (Solanum 
lycopersicum L.) and related species. Micron, 40: 851-859. 

Carr J, Xu M, Dudley JW, Korban SS (2003). AFLP analysis of genetic 
variability in New Guinea impatiens. Theor. Appl. Genet. 106: 1509-
1516. 

Dansi A, Adjatin A, Adoukonou-Sagbadja H, Adomou A, Faladé V, 
Yedomonhan H, Akpagana K, de Foucault B (2009). Traditional leafy 
vegetables in Benin: Folk nomenclature, species under threat and 
domestication. Acta Botanica Gallica, 156 (2):183-1999. 

Dansi A, Adjatin A, Adoukonou-Sagbadja H, Faladé V, Yedomonhan H, 
Odou D, Dossou B (2008). Traditional leafy vegetables and their use 
in the Benin Republic. Genet. Resour. Crop Evol. 55: 1239-1256. 

Dice LR (1945). Measures of the amount of ecologic association 
between species. Ecology, 26: 297-302 

Dolezel J, Bartos J (2005). Plant DNA flow cytometry and estimation of 
nuclear genome size. Annals of Botany 95: 99-110. 

Dolezel J, Bartos J, Voglmayr H, Greilhuber J (2003). Nuclear DNA 
content and genome size of trout and human, Cytometry, 51A: 127-
128. 

Dolezel J (1997). Application of flow cytometry for the study of plant 
genomes. J. Appl. Genet. 38(3): 285-302. 

 
 
 
 
Edouardo AM, Monika B, Irma E, Johann G, Freidrich E, Armando TH 

(2003). Analysis of nuclear DNA content in Capsicum (Solanaceae) 
by flow cytometry and Feulgen densitometry. Ann. Bot., 92: 21-29. 

Emshiller E, 2002. Ploidy levels among species in the’ Oxalis tuberose 
alliance’ as inferred by flow cytometry. Ann. Bot., 89: 741-735. 

Ercan A, Taskin M, Turgut K (2004). Analyisis of genetic diversity in 
Turkish sesame (Sesamum indicum L.) populations using RAPD 
markers. Genet. Resour. Crop Evol., 51: 599-607. 

Francisca IS, Eyzaguirre P (2007). African leafy vegetables: their role in 
the world health organization’s global fruit and vegetables initiative. 
AJFAND, 7(3): 1-17.  

Gaudeul M, Taberlet P, Till-Bottraud I (2000). Genetic diversity in an 
endangered alpine plant, Eryngiumalpinum L. (Apiaceae), inferred 
from amplified fragment length polymorphism markers. Mol. Ecol. 9: 
1625-1637.  

Greilhuber J, Obermayer R (1997). Genome size and maturity group in 
Glycine max (soybean). Heredity, 78: 547–551. 

Hamrick JL, Godt MJW, Murawski DA, Loveless MD (1991). 
Correlations between Species Traits and Allozyme Diversity: 
Implications for Conservation Biology. In: Genetic & Conservation of 
Rare Plant, Holsinger KE (Editor). Oxford University Press, p. 230  

Hernan EL, Petr K (2007). Genetic relationship and diversity in a 
sesame (Sesamum indicum L.) germplasm collection using amplified 
fragment length polymorphism (AFLP). BMC Genetics, 7(10): 1-10. 

Hörandl E, Paun O (2007). In: Patterns and sources of genetic diversity 
in apomictic plants: implications for evolutionary potentials. Chapter 
X: Genetic diversity in apomictic plants. pp. 170-194. 

Kim D, Zur G, Danin-Poleg Y, Lee S, Shim K, Kang C, Kashi Y, 2002. 
Genetic relationships of sesame germplasm collection as revealed by 
inter-simple sequence repeats. Plant Breed. 121: 259-262. 

Knight CA, Molinari NA, Petrov DA (2005). The large genome constraint 
hypothesis: evolution, ecology and phenotype. Ann. Bot., 95: 177–
190. 

Konan BA, Datté JY, Offoumou AM (2006). Action of the aqueous 
extract of Sesamum radiatum Schum. & Thonn. (Pedaliaceae) on the 
cardiovascular system of mammalians: Hypotensive effect. Curr. 
Bioactive Compound, 2: 263-267. 

Lysák MA, Doležel J (1998). Estimation of nuclear DNA content in 
Sesleria (Poaceae). Caryologia, 52: 123-132. 

Lysák MA, Rostková A, Dixon JM, Rossi G, Doležel J. 2000. Limited 
genome size variation in Sesleria albicans. Ann. Bot. 86: 399-403. 

Martin P, Amon A, Lelley T, Heberle-Bors E (1995). Evaluation of 
Sensitivity of Flow Cytometry in Detecting Aneuploidy in Wheat Using 
Disornic and Ditelosornic Wheat-Rye Addition Lines. Cytometry, 21: 
387-393. 

Martinez CP, Arumuganathan K, Kikuchi H, Earle ED (1994). Nuclear 
DNA content of ten rice species as determined by flow cytometry. 
Jpn. J. Genet. (69): 513-523. 

Miz BR, de Souza-Chies TT (2006). Genetic relationships and variation 
among biotypes of dallisgrass (Paspalum dilatatum Poir.) and related 
species using random amplified polymorphic DNA markers. Genet. 
Resour. Crop Evol., 53: 541-552. 

Muminovic J, Melchinger A, Lubberstedt T (2004). Genetic diversity in 
cornsalad (Valerianella locusta) and related species as determined 
by AFLP markers. Plant Breed., 123: 460-466.  

Neuman P, Lysák MA, Doležel J, Macas J (1998). Isolation of 
chromosomes from Pisum sativum L. hairy root cultures and their 
analysis by flow cytometry. Plant Sci., 137: 205-215. 

Poggio L, Rosato M, Chiavarino AM, Naranjo AC (1998). Genome size 
and environmental correlations in Maize (Zea mays spp. mays, 
Poaceae). Ann. Bot. 82: 107-115. 

Ramage CM, Lillian S, Cameron PP, Bernard JC, Roderick AD (2004). 
Genetic diversity revealed in the apomictic fruit species Garcinia 
mangostana L. (mangosteen). Euphytica, 136: 1-10. 

 Ramanatha R, Hodgkin T (2002). Genetic diversity and conservation 
and utilization of plant genetic resources. Plan Cell, Tissue Organ 
Culture, 68: 1-19. 

Rohlf FJ (2000). NTSYS-pc version 2.2: Numerical Taxonomy and 
Multivariate Analysis System; Exeter Software, New York.  

Schmuths H, Meister A, Horres R, Bachmann K (2004). Genome size 
variation among accessions of Arabidopsis thaliana. Ann. Bot. 93: 
317-321. 



 
 
 
 
Shoaib A, Arabi MIE (2006). Genetic diversity among Syrian cultivated 

and landraces wheat revealed by AFLP markers. Genet. Resour. 
Crop Evol. 53: 901-906. 

Šmarda P, Bures P (2006). Intraspecific DNA content variability in 
Festuca pallens on different geographical scales and ploidy levels. 
Ann. Bot. 98: 665-678. 

Soleimani VD, Baum BR, Johnson DA (2002). AFLP and pedigree-
based genetic diversity estimates in modern cultivars of durum wheat 
[Triticum turgidum L. subsp. durum (Desf.) Husn.]. Theor. Appl. 
Genet.104: 350-7.  

Steel GD, JH Torrie (1980). Principle and procedures of statistics 2nd 
ed. Mc Graw-Hill, New York. 

Tara SC, Bhat KV, Bharadwaj C, Tiwari SP, Chaudhury VK (2006). 
AFLP analysis of genetic diversity in Indian soybean [Glycine max 
(L.) Merr.] varieties. Genet. Resour. Crop Evol. 53: 1069–1079. 

Temsch EM, Greilhuber J (2000). Genome size variation in Arachis 
hypogaea and A. monticola re-evaluated. Genome, 43: 449-451. 

Tiang T, Yang Z, Shuguang J, Suhua S (2003). Genetic diversity of 
Hibiscus tiliaceus (Malvaceae) in China assessed using AFLP 
markers. Ann. Bot., 92: 409-414. 

Uptmoor R, Wenzel W, Friedt W, Donaldson G, Ayisi K, Ordon F 
(2003). Comparative analysis on the genetic relatedness of Sorghum 
bicolor accessions from Southern Africa by RAPDs, AFLPs and 
SSRs. Theor. Appl. Genet., 106: 1316–1325. 

 
 
 
 

Adéoti et al.         14275 
 
 
 
Vos P, Hogers R, Bleeker M, Reijans M, Van de Lee T, Hornes M, 

Frijters A, Pot J, Pelemen J, Kuiper M, Zabeau M (1995). AFLP: a 
new technique for DNA fingerprinting. Nucleic Acids Res. 23: 4407-
4414. 

Westphal E, Embrechts J, Ferweerda JD, van Gils-Meeus HAE, 
Mustsaers HJW, Wesphal-Stevels JMC (1985). Cultures vivrières 
tropicales avec références spéciales au Cameroun. PUDOC, 
Wageningen, the Netherlands. 

Xu DH, Wahyuni S, Sato Y, Yamaguchi M, Tsunematsu H, Ban T 
(2006). Genetic diversity and relationships of Japanese peach 
(Prunus persica L.) cultivars revealed by AFLP and pedigree tracing. 
Genet. Resour. Crop Evol.  53: 883–889. 

Zhang LH, Ozias-Akins P, Kochert G, Kresovich S, Dean R, Hanna W 
(1999). Differentiation of bermudagrass (Cynodon spp.) genotypes by 
AFLP analysis. Theor. Appl. Genet., 98: 895–902. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

View publication statsView publication stats

https://www.researchgate.net/publication/259557944

