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ABSTRACT. Despite the economical importance of sugarcane, until the present-date no studies have been carried out to evaluate 
sugarcane germplasm from Mexican fields. The objective of this study was to evaluate genetic diversity of, and establish the 
relationship between, 15 different cultivars of sugarcane cultivated in Mexico. AFLP amplification using twelve primers pairs 
resulted in a total of 884 scorable markers of which 489 were polymorphic including 9 that were unique to a particular cultivar. 
The similarity values based en AFLPs ranged from 0.72 to 0.9, with values closer to 1 indicating a high percentage of genetic 
similarity among the cultivars analyzed and suggest that the Saccharum germplasm collection in Mexico present a genetically 
narrow base. This is likely due to the fact that their parental breeding lines used to develop these cultivars are the same or are very 
close to each other. However, analysis identified cultivars that are potentially important source of diverse sugarcane germplasm. 
For example, Mex-73523 and CP 722086 cultivars had not been extensively utilized in the development of other sugarcane 
cultivars and having characteristic of agronomic interest, they can be used as progenitors for the creation of varieties with a wider 
genetic. base. 

  
KEYWORDS. Genetic improvement, AFLP markers, genetic diversity, dendogram. 

RESUMEN. México ocupa el quinto lugar en producción mundial de caña de azúcar. Sin embargo, aún no se cuenta con esquemas 
ni programas de mejoramiento genético apoyados en criterios uniformes que propicien una evaluación completa y eficiente de las 
bases genéticas de las variedades. Por tal motivo, el artículo propone el uso de marcadores AFLP para la caracterización de 15 
variedades del género Saccharum más utilizadas en la producción de caña de azúcar en México, con lo que se analiza además su 
diversidad genética. Fueron utilizadas 12 combinaciones de cebadores, que generaron un total de 884 marcadores, de los cuales 
489 (55.3%), fueron polimórficos. Las distancias genéticas entre variedades van de 0.10 a 0.27 de distancia. Esto indica que los 
genotipos estudiados constituyen una población genéticamente estrecha. El dendograma ubica a la variedad Mex-57473 muy 
cerca de la Mex-79431, tanto, que permite distinguir a ésta última como descendiente de la primera. Este resultado sustenta la 
utilidad de la técnica AFLP para encontrar relaciones filogenéticas entre variedades de caña de azúcar. Las variedades Mex-73523 
y Mex-68P23 se ubican en las ramas más alejadas del dendograma y aparecen como no unidas a otras variedades, lo que posibilita 
el incremento de la variabilidad genética mediante cruzas controladas. Los resultados descritos anteriormente constituyen un 
aporte importante al conocimiento de la diversidad genética de las variedades de caña utilizadas en México. Dichos estudios 
sientan las bases para futuros esquemas de mejoramiento genético. 

PALABRAS CLAVE. Mejoramiento genético, marcadores AFLP,  diversidad genética, dendograma. 
 
Introduction  

Sugarcane account for almost two thirds of the sugar produced worldwide, and is the exclusive source of 
sugar for developing countries. Mexico, in particular, relies on sugarcane as the main crop for its economy 
and the country constitutes one of the largest world producers of sugar obtained from sugarcane, ranking 
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fifth in this context [1]. The cultivated varieties have origin in several countries, however, Mexican varieties 
that have been created represent 60% of the cultivated surface [2].  
Genetic improvement of sugarcane has been based mainly on the production of hybrids by controlled 
pollination techniques [3], the genetic complexity and low fertility of this crop make its traditional breeding 
laborious. Additionally, the fact that most of its economically important characters are quantitative in 
nature, the applicability of simple Mendelian inheritance is limited. Beyond the efforts of botanist to 
describe it as a taxonomic unit, genus Saccharum can be viewed as a complex group with a diversity related 
to ploidy levels superimposed with interspecific or intergeneric hybridization [4].  
 
The characterization and conservation of Saccharum germplasm are both essential for safeguarding the 
future of this crop. In Mexico, a small number of morphological and agronomical characters are being 
evaluated for utilization in breeding programs [5]. These efforts are, however, hampered by the limited 
information available on the genetic diversity and genetic relationships within and among species and 
cultivars in the gene pool. The present classification criteria are not sufficient because of limitations in the 
identification of useful parents for crossing and the registration of new commercial varieties that are closely 
related.  
 
Several methods have been used to investigate the genetic variation of this crop. The traditional ones, which 
combine agronomic and morphologic characteristics, were used in the beginning [6]. Some of the vegetative 
characteristics are influenced by environmental factors, presenting continuous variation and a high degree of 
plasticity, and which many times do not reflect the real diversity of the Saccharum spp. germplasm [7].  
 
This situation has brought up the need of identifying genetic markers that may assist in assessing the genetic 
diversity of sugarcane, and particularly in such important aspects for its breeding as cultivar genotyping, 
progeny hibridity and marker assisted selection.  
 
Over the past decade, a number of molecular techniques, especially DNA-based markers, have been 
developed that can provide information on the genetic diversity in this crop [4, 8, 9, 10]. Amplified 
fragment length polymorphism (AFLP) analysis is a technique through which selected fragments from the 
digestion of total plant DNA are amplified by the polymerase chain reaction [11]. The resulting DNA 
fingerprinting provides a large number of information points per experiment, and is much higher than with 
other types of markers, such RFLP or RAPD [12]. The AFLP technique has been used successively to 
assess the genetic diversity [7, 13, 14], genome mapping [15, 16] and sugarcane breeding [17].  
 
Attempts have been made in the past to examine the diversity of Saccharum spp. in Mexico using 
morphological markers [18]. To the best of our knowledge, there is no report, regarding the extent of genetic 
diversity prevalent in sugarcane cultivars in Mexico, based on molecular markers. Hence, the present study 
was undertaken to investigate the genetic diversity of, and establish the relationship between, different 
cultivars of sugarcane cultivated in Mexico, using AFLP markers. The data presented here are intended to 
complement the ongoing efforts for the improvement of sugarcane germplasm. 
  
Materials and methods  
 
Plant material  
The 15 sugarcane cultivars used in the present study are listed in Table 1. The plant material was collected 
from two stations (Bellavista and José María Martínez) in Jalisco, México, which have in situ collections 
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not dedicated to the commercial production. These 15 cultivars were selected based on the major surface 
percentages cultivated in Mexico, according to the data of the harvests from 1995 to 1998, of the National 
Chamber of the Sugar Industry in Mexico (CNIAA).  

 
Table 1. Collection site of the Saccharum cultivars studied. 

Cultivar Origin Collection source 
Mex 73523 Mexico José Maria Martínez 
CP 722086 Canal Point, Florida; E.E.U.U. José Maria Martínez 
Mex 68P23 Mexico Bellavista 
Mex 801424 Mexico Bellavista 
Mex 79431 Mexico Bellavista 
Mex 57473 Mexico Bellavista 

L 6014 Louisiana; E.E.U.U. Bellavista 
Mex 801420 Mexico José Maria Martínez 
Mex 601428 Mexico José Maria Martínez 
SP 701284 Sao Paulo; Brasil Bellavista 

Co 997 Coimbatore; India Bellavista 
Mex 801410 Mexico Bellavista 
Mex 69290 Mexico Bellavista 
LCP 7810 Selection in Louisiana with seed 

of CP, E.E.U.U. 
Bellavista 

CP 742005 Canal Point, Florida; E.E.U.U. José Maria Martínez 
 
 

Genomic DNA preparation  
 
About 0.2 g of fresh leaf tissue per sample was collected from 20 genotypes of each sugarcane cultivar 
under studi. Collected tissue samples were mixed, immediately frozen in liquid nitrogen and then 
homogenized to a fine powder. 
  
The total genomic DNA was extracted according to the Nucleon Phytopure Kit DNA extraction Protocol 
(Amersham Life Sciences). Isolated DNA was resuspended in 100 µl Tris-EDTA buffer and stored a 4°C. 
DNA concentration was estimated visually by gel-electrophoresis of 10µl of each sample on 1% agarose.  
 
AFLP analysis  

AFLP fingerprinting [11] was performed using the Analysis System I and Starter Primer Kit (GIBCO BRL 
Life Technologies) according to the protocol supplied by the manufacturer. All amplifications were 
performed on an iCycler Thermal Cycler (BIO RAD Laboratories). Both the EcoRI and MseI primers used 
in secondary amplification had three extra “selective” nucleotides at the 3´ end in order to reduce the 
number of amplified fragments. Primer nomenclature follows the GIBCO-BRL Life Technologies Kit, for 
example, the primer E-AGC denotes an EcoRI cohesive primer with the three selective nucleotides 5´- 
AGC-3´. After the addition of an equal volume (10µl) of sequencing dye (98% form amide, 1.0mM EDTA, 
0.25% xylene cyanol, 0.25% bromophenol blue), the samples were heated at 90°C for 3 min and chilled on 
ice. A 9µl aliquot of each sample was electrophoresed on a denaturing 6% polyacrylamide gel containing 
21g of Urea and 10ml TBE5x running buffer (0.89 mM Tris Borate, 20mM EDTA, pH8) at 60 W for 0.5 h, 
in a 38 cm x 40 cm manual sequencing apparatus (BIO-RAD Laboratories). Amplified fragments were 
visualized using the silver staining method [19].  
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Data analysis  
 
AFLP amplification products were scored for their presence (1) or absence (0) in all the primer 
combinations employed. Only polymorphic bands were used in the construction of binary matrix. Genetic 
similarity (GS) was calculated by making a pair wise comparison among the accessions using Jaccard-
similarity coefficient [20]. The formula is given as follows: GSi j = a/a + b + c, where GSi j is the measure 
of genetic similarity between individuals i and j, a is the number of polymorphic fragments that are shared 
by i and j, b is the number of fragments present in i and absent in j, and c is the number of fragments present 
in j and absent in i. This definition of similarity excludes bands, which are absent in both individuals. The 
similarity matrix generated was analyzed by unweighted pair group using the arithmetic average (UPGMA), 
as suggested by Sneath and Sokal [21]. Finally, aphenogram was created using derived genetic distances 
and the robustness was verified by bootstrapping the data 500 times with 25% resampling.  
 
Results  
 
Fingerprinting  
AFLP amplification using the twelve primers pairs resulted in a total of 884 scorable markers (Table 2). 
Single primer pairs produced of 64 (ACG-CTG) to 66 (AAC-CAT) scorable fragments. Figure 1 depicts the 
amplification products from Saccharum genotypes obtained with one of the primer pairs, E-AAG and M-
CTA. Of the 884 total markers, 395 were common to all 15 sugarcane cultivars and 489 were polymorphic 
including 9 that were unique to a particular cultivar. This analysis also indicates that the collection does not 
contain genetic duplicates and facilitated an analysis of the genetic diversity among de sugarcane genotypes.  
 
The maximum number of bands was found to be 88 with the primer combination E-ACT/M-CTC, whereas 
the last number of bands (57) was obtained with primer combination E-AAG/M-CTA (Table 2), thus 
confirming the high multiplex ratio produced by AFLP markers. On average, 40-72% polymorphism was 
detected with each AFLP fingerprinting across all 15 genotypes tested, indicating a middle marker index.  
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Table 2. Markers obtained using 12 primer combinations.  

Primers        Number of     
       amplified  

  Number of    
 polymorphic  

Average of  

EcoRI/ MseI  fragments     fragments  polymorphism  
AAG/CTA 77          35       45  

AAG/CTC 57          32      56  

AAC/CAA 68          33      48  

ACG/CAA 60          33      55  

ACT/CTT 76          51      67  

AAC/CAT 64          26      40  

ACG/CTG 88          64      72  

ACT/ CAG 82          50      60  

AAG/CAC 86          39      45  

ACA/CTG 86          51      59  

AAG/CAG 68          35      51  

ACA/CAG 72          40      55  
Total  884         489      54  
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Figure 1. AFLP profiles of 15 sugarcane cultivars generated by the E-AAG/M-CTA primer combination.  
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Genetic relatedness   
The similarity values based en AFLPs ranged from 0.72 to 0.9, with values closer to 1 indicating great 
similarity.  Based on the markers data, the cultivar “Mex-73523” showed the least affinity with any other 
cultivars (average values of 0.75) despite having arisen from de same breeding program than other “Mex”- 
cultivars.   

 
Figure 2. Dendrogram of 15 cultivars based on UPGMA analysis.  
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The pair-wise genetic distance of the genotypes were calculated, and UPGMA cluster analysis was used to 
describe the phenetic relationships among the sugarcane cultivars. The resultant dendrogram (Figure 2) 
grouped the 15 genotypes into two major groups, I and II. Clustering of different genotypes into strictly 
separated groups was not readily apparent in group I due to high similarity coefficient between the different 
genotypes. However, this group was resolved into three distinct subgroups, A, B and C. Subgroup A 
comprised 6 genotypes of which five belonged to cultivars obtained by genetic selection in Mexico (Mex-
801424, Mex-79431, Mex-57473, Mex-801420 and Mex-601428).  
 
The genotypes SP-701282, Co-997 (subgroup B) and L-6014, are not originated in Mexico, and were very 
probably used as progenitors for the obtaining of some cultivars “Mex” included in the subgroup A. 
Contrarily, the genotypes Mex-801410 and Mex-69290 (subgroup C) were selected starting from other 
cultivars “Mex” without the participation of foreign seeds as progenitors. Group II includes genotypes LCP-
7810 and CP-742005, released from the same (USA) breeding program, are clustered together with a 
genetic distance value of 0.22. LCP-7810 was obtained in a selection of Louisiana (L) with seeds of Canal 
Point (CP). Finally Mex-68P23, CP-722086 and Mex73523 formed independent clusters. 
 
Discussion  
This is the first report on the use of AFLP marker for fingerprinting and evaluation of genetic relationships 
of sugarcane cultivars used in Mexico for commercial production. The number of markers obtained in this 
work (884) is significantly higher than the reported by other authors, for example Janoo et al. [4] evaluated 
386 RFLP polymorphic fragments in 162 sugarcane genotypes, using 12 DNA probes. The major advantage 
of AFLP is its power to identify large numbers of potentially polymorphic loci; this property is referred to a 
“high multiplex ratio” [11, 22]. The percentage of polymorphic AFLP fragments detected in this collections 
of Saccharum cultivars is 54%; this result is similar to the one reported by Lima et al. [7] who obtained an 
average of 50 % polymorphic bands in 79 cultivars of sugarcane and mentioned that for the complete 
genetic analysis of sugarcane a high number of markers it is necessary due to the complex genome of this 
species, as well its polyploid structure and relatively narrow genetic base.  
 
Our study revealed a high percentage of similarity among the cultivars analyzed and suggests that the 
Saccharum germplasm collection in Mexico present a genetically narrow base. This is likely due to the fact 
that their parental breeding lines, used to develop these cultivars, are the same or are very close to each 
other. Theoretically, a hybridization event followed by selfing would be predicted to decrease the number of 
polymorphic loci in subsequent generations by 50% [23]. Thus, one explanation for the high levels of 
similarity within sub-groups and groups is that these lineages have been subjected to a greater degree of 
inter-cultivar gene flow.  
 
To this respect D’Hont et al. [24] report that because of the small number of clones of these species used in 
the primary crosses, the genetic base of modern hybrid varieties appears to be narrow and could be the 
reason for the present slow progress in sugarcane breeding.  
 
However, analysis of AFLP diversity identified genetically unique cultivars that are potentially important 
source of diverse sugarcane germplasm. For example, the dendrogram suggested that Mex73523 and CP 
722086 cultivars have not been extensively used in the development of others sugarcane cultivars and that 
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due to their agronomic characteristics; they can be used as progenitors for the creation of varieties with a 
wider genetic background.   

 
Little is known about the genetic diversity within and between Saccharum cultivars in Mexico that has been 
based only on morphological characteristics. Thus, it can be concluded that estimates of genetic similarity 
(GS) based on molecular markers may provide more accurate information to plant breeders than the 
pedigree method, allowing breeders to perform more efficiently crossings on a short-term basis or to 
strategically designer the breeding program on a long-term basis [7]. As aresult, it is possible to integrate 
molecular analysis into traditional improvement programs that are used in Mexico in order to accelerate new 
high performance hybrid lines production processes.  
 
Acknowledgements  
The authors thank Hector Falomir Cruz (Ingenio Bellavista) and Jose Luis Michel (Ingenio J.M. Martínez) 
for providing plant material. The work was supported by the Consejo Nacional de Ciencia y Tecnología 
(CONACYT) through the FTP 2000 program. A. M. Rodríguez Hernández is a graduate student at Posgrado 
en Procesos Biotecnológicos, U. de G. - CIATEJ, and has been financially supported by CONACyT-
México. 
 
References  
 
1. GEPLACEA (2002) Estimado de balance azucarero mundial, en: GEPLACEA homepage (en línea), noviembre 2001, (citado 

marzo 2002), http://www.geplacea.ion.mx/estadístlestadist.html  
2. CNIIA. (1998). Catalogo de variedades de caña de azúcar, la edición, pp. 13 –17. Comisión Nacional de la Industria 

Azucarera, Córdoba Ver. México  
3. G. Bremer G. (1961). Problems in breeding and cytology of sugar cane. Euphytica, 3:59 – 78.  
4. Jannoo N., Grivet L., Seguin M., Paulet F., Domaingue R., Rao P.S., Dookun A., D'Hont A., Glaszmann J. C. (1999) 

Molecular investigation of the genetic base of sugarcane cultivars. Theor. Appl. Genet. 99:171-184.   
5. Mercado Rodríguez E. (1997). Generalidades de la caña de azúcar, pp. 1-3, S. R. Marín, Z. G. Velázquez, l. J. Rubio,  R. V. 

Enríquez, R. E. Mercado (Eds.), en: Variedades de caña de azúcar, Universidad Veracruzana, Córdoba Ver. México.   
6. Skinner J. C., Hogarth D. M., Wu K.K. (1987). Selection methods, criteria, and indices, pp. 409-453, in: .J. Heinz (Ed.), 

Sugarcane improvement through breeding, Elsevier, Amsterdam.  
7. Lima M.L.A., Garcia A.A.F., Oliveira K.M., Matsuoka S., Arizono H., de Souza C.L., de Souza A.P. (2002). Analysis of 

genetic similarity detected by AFLP and coefficient of parentage among genotypes of sugarcane (Saccharum app.), Theor. 
Appl. Genet., 104: 30 – 38.  

8. Oropeza M. and García E. (1997) Utilization of molecular markers for the identification of varieties of sugarcane (Saccharum 
sp), Phyton, 61: 81 - 85.  

9. Nair N.V., Selvi A., Sreenivasan T.V., Pushpalatha K.N. (2002). Molecular diversity in Indian sugarcane cultivars as 
revealed by randomly amplified DNA polymorphism, Euphytica, 127: 219-225.  

10. Coto O., Cornide M.T., Calvo D., Canales E., D’Hont A., De Prada F. (2002). Genetic diversity among wild sugarcane 
germplasm from Laos revealed with markers, Euphytica, 123: 121-130.  

11. Vos P., Hoger R., Bleeker M., Reijans M., Van de Lee T., Hornes M., Frijters A., Pot J., Peleman J., Kuiper M., Zabeau M. 
(1995) AFLP: a new technique for DNA fingerprinting, Nucleic Acids Res., 23: 4407-4414.  

12. Powell W., Machray G.C., Provan J. (1996) Polymorphism revealed by simple sequence repeats, Trends Plant Sci. 7: 215 – 
222.  

13. Lu Y.H., D'Hont A., Walker D., Rao P.S., Feldman P., Glaszman J.C. (1994). Relationships among ancestral species of 
sugarcane reveled with RFLP using single-copy maize nuclear probes, Euphytica, 78: 7-18.  

14. Besse P., Taylor G., Carroll B., Berding N., Burner D., McIntyre C.L. (1998). Assessing genetic diversity in a sugarcane 
germplasm collection using an automated AFPL analysis, Genetica, 104: 143 – 153.  

15. Da Silva J.A.G., Burnquist W.L., Tanksley S. D. (1993) RFLP linkage map and genome analysis of Saccharum spontaneum, 
Genome, 36: 782 - 791.  

16. Hoarau J.Y., Offmann B., D’Hont A., Risterucci A.M., Roques D., Glazmann J.C., Grivet L. (2001) Genetic dissection of a 
modern sugarcane cultivars (Saccharum spp.). I. Genome mapping with AFLP markers, Theor. Appl. Genet., 102: 84 – 97.  



© 2005, e-Gnosis [online], Vol. 3, Art. 1                                                          Genetic diversity of the most… Rodríguez H. A. et al. 
 

 

ISSN:1665-5745 -10/ 10-                                                               www.e-gnosis.udg.mx/vol3/art1  
                                                                                                                                                                      

17. Cornide MT., Coto O., Calvo D., Canales E., Esquivel F. D., Pérez Dramas G. (2000). Molecular markers for the 
identification and assisted management of genetic resources for sugarcane breeding, Plant Var. Seeds 13: 113-123.  

18. Mejia C.A. (1993). Mejoramiento genético de cultivos clonales (caña de azúcar). Tomo II Memorias del Simposio Nacional 
de la Capacitación y Desarrollo Tecnológico en el Campo Cañero Mexicano. Xalapa. Ver. México.  

19. Bassam B.J., Caetano-Anolles G., Gresshoff P.M. (1991). Fast and sensitive silver staining of DNA in polyacrylamide gels, 
Ann. Biochem., 196: 80-83.  

20. Jaccard P. (1908). Nouvelles recherches sur la distribution florale, Bull. Soc. Vaud. Sci. Nat., 44: 223-270.  
21. Sneath P.H.A., Sokal R.R. (1973). Numerical Taxonomy, Freeman, San Francisco, CA.  
22. Zabeau M., Vos P.(1993). Selective restriction fragment amplification a general meted for DNA fingerprinting,. Patent Appl. 

92402629 (Publ. No. 0534858A1) Europa.  
23. Abdalla A.M., Reddy O.U.K., El-Zik K.M., Pepper A.E. (2001). Genetic diversity and relationships of diploid and tetraploid 

cottons revealed using AFLP, Theor .Appl. Genet., 102: 222-229.  
24. D’Hont A., Rao P.S., Feldmann P., Grivet L., Islam-Faridi N., Taylor P., Glaszmann J.C. (1995) Identification and 

characterization of sugarcane intergeneric hybrids, Saccharum officinarum X Erianthus arundinaceus, with molecular marker 
and DNA in situ hybridization, Theor. Appl. Genet., 91:320-326.  

 


