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Resumen 
 

Jatropha curcas L. es una planta de la familia Euphorbiaceae cuya importancia 

económica actual radica en que el aceite de sus semillas es de alta calidad para la 

fabricación de biodiesel. Derivado de esto, se está convirtiendo en un cultivo 

extensivo del que existen ya varios millones de hectáreas sembradas en Asia, 

África y América Latina, lo que implica retos tecnológicos porque no es una planta 

totalmente domesticada, se carece de variedades seleccionadas y de procesos 

agronómicos. Se conoce poco sobre su biología y ecología, así como sobre la 

diversidad genética y el origen geográfico de sus poblaciones. Estudios realizados 

con germoplasma asiático, africano y sudamericano han encontrado baja 

diversidad genética, pero no existen estudios sobre diversidad fenotípica y 

genotípica en poblaciones de Mesoamérica, de donde probablemente es nativa. 

Considerando que en el Estado de Chiapas existe la mayor extensión sembrada 

con J. curcas en México, en la presente investigación se caracterizaron 

poblaciones de distintas regiones del estado y de otros sitios del sur de México. La 

investigación inició con un análisis sobre la sustentabilidad de la producción de 

biodiesel de J. curcas, así como sobre su centro de origen y diversidad. Asimismo, 

se hizo una revisión de la información disponible sobre variación genética de la 

especie para identificar oportunidades de investigación. Con la finalidad de 

caracterizar la diversidad de las poblaciones, se utilizaron como marcadores 

caracteres con valor adaptativo directo (ácidos grasos de la semilla), así como 

marcadores moleculares neutros AFLP (polimorfismo en la longitud de fragmentos 

amplificados de ADN, por sus siglas en inglés). 

Los estudios químicos mostraron que el contenido de aceite de la semilla en 135 

accesiones de 38 sitios varió entre 8.02% y 54.28%, siendo los ácidos grasos 

mayoritarios el ácido oleico (18:1) y linoleico (18:2); la proporción de ácidos grasos 

insaturados varió entre 74.5% y 83.7%. Un estudio con plantas clonadas crecidas 

en jardín común mostró que tanto el contenido de aceite como los ácidos grasos 

son altamente heredables (h2
bs 70.3% y h2

bs𝑥 88.1%, respectivamente), por lo que 

son útiles como marcadores químicos para estimar la diversidad genética de la 

especie. Un análisis de componentes principales mostró que los ácidos grasos 

que contribuyen más a la varianza son: esteárico, oleico, linoleico, metilpalmítico, 
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gadoleico y ricinoleico. Las poblaciones fueron clasificadas en diez grupos, 

mostrando elevada variación genética en poblaciones de esta especie en 

Mesoamérica. Un análsis discriminante separó las poblaciones de acuerdo a su 

origen geográfico, lo cual se verificó con una prueba de Mantel. Usando el 

algoritmo de Monmonier se identificaron dos barreras genéticas entre las 

poblaciones. Los resultados se discuten a la luz del significado evolutivo de la 

composición de ácidos grasos de la semilla de esta especie tropical. 

Los estudios de genética molecular encontraron 152 marcadores útiles con 

polimorfismo global de 81% y heterocigocidad de 0.192. La población más diversa 

fue la denominada “Fronteriza” por ser colindante con Guatemala, ubicada en la 

depresión central de Chiapas (He: 0.245, I: 0.378). Un análisis de conglomerados 

reveló el más alto coeficiente de disimilitud basado en accesiones reportado hasta 

ahora, lo que evidencia la elevada diversidad del germoplasma de Chiapas. Para 

analizar la estructura genética de las poblaciones se realizó un análisis de 

varianza molecular (AMOVA), encontrando que la mayor parte de la variación 

estuvo dentro de poblaciones (87.8%), seguida por la variación entre poblaciones 

(7.9%). El valor de ΦST fue de 0.121 indicando diferenciación moderada entre 

poblaciones, aunque un AMOVA espacial (SAMOVA) detectó mayor 

estructuración (ΦST = 0.176). Para entender la estructura fina de poblaciones, se 

realizó un análisis de datos con estadística Bayesiana. El número de poblaciones 

genéticas (K) fue de 5, con ancestría mezclada en la mayoría de los individuos, 

excepto en la población “Soconusco” (también colindante con Guatemala, pero en 

la costa de Chiapas), donde hubo solo una pequeña fracción de los alelos 

observados en otras poblaciones. En contraste, el SAMOVA agrupó a las 

poblaciones en cuatro unidades. Para corroborar los hallazgos, se buscaron 

posibles barreras genéticas, determinando que la principal barrera separa a 

Fronteriza del resto de poblaciones. Los resultados se discuten con base en la 

posible ancestría de las poblaciones.  

Finalmente, se integraron los resultados en una discusión general sobre los 

marcadores fenotípicos y neutros utilizados, destacando la relevancia de los 

hallazgos en los ámbitos científico y productivo. 
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Abstract 
 

Nowdays, the importance of the Euphorbiaceous plant Jatropha curcas L. lies in its 

high-quality seed oil, ideal for the manufacture of biodiesel fuel. As a result, an 

extensive cultivation has already reached several million hectares in Asia, Africa 

and Latin America, and implies certain challenges since it is not a fully 

domesticated plant, and there are not agronomic process and selected varieties for 

its cultivation. In addition, little is known about its biology, ecology, genetic diversity 

and geographic origin of its populations. Despite the growing body of knowledge on 

J. curcas, there are no studies on phenotypic and genotypic diversity in populations 

of Mesoamerica, from where it is probably native. 

Whereas the greatest extension of J. curcas sown in Mexico is located in the state 

of Chiapas, this investigation describes the characteristics of the populations in 

different regions of this state and other sites in southern Mexico. 

The present dissertation starts with a reflection on the sustainability of biodiesel 

production from J. curcas; then the basic aspects of the species, such as its center 

of origin and/or diversity, were discussed. The state-of-the-art of the genetic 

variation research of the plant was reviewed in order to identify research 

opportunities. To broadly understand the diversity of populations, we used two 

types of markers: direct adaptive value characteristics, such as fatty acids in the 

seed, and neutral molecular markers such as amplified fragment length 

polymorphisms (AFLP). 

The results of the chemical study showed that the contents of seed oil in 135 

accessions from 38 sites ranged from 8.02% to 54.28%, with the most abundant 

fatty acids being oleic acid (18:1) and linoleic (18: 2); the proportion of unsaturated 

fatty acids ranged from 74.5% to 83.7%. A study with cloned plants grown in a 

common garden experiment showed that both the oil content as well as the 

proportion of fatty acids were highly inheritable, making them useful as chemical 

markers to estimate genetic diversity. An analysis of principal components showed 

that the compounds contributing most to the variance were stearic, oleic, linoleic, 

methylpalmitic, gadoleic and ricinoleic acids. The Mesoamerican populations 

surveyed were classified into ten groups, all of them showing a high genetic 

variation. A discriminant analysis separated populations according to their 
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geographical origin, which was verified with a Mantel test. Using the Monmonier 

algorithm, two genetic barriers were identified between the populations. The results 

are discussed according to the putative evolutionary significance of the seeds fatty 

acid composition for this tropical species. 

In the molecular study, 152 useful markers were found with a global polymorphism 

of 81% and a heterozygosity of 0.192. The most diverse population was that called 

"Fronteriza", adjacent to Guatemala, located in the central depression of Chiapas 

(He: 0.245, I: 0.378). A conglomerate analysis revealed the highest coefficient of 

dissimilarity based on accessions reported so far, which demonstrates the high 

diversity of Chiapas germplasm. In order to detect a genetic structure, an analysis 

of molecular variance (AMOVA) was performed, finding that most of the variation 

was located within populations (87.8%), followed by variation between populations 

(7.9%). The ΦST value was 0.121 indicating a moderate differentiation between 

populations, although a spatial AMOVA (SAMOVA) detected a stronger structure 

(ΦST = 0.176). In order to survey the fine structure of populations, a Bayesian 

analysis was additionally performed. The number of genetic populations (K) was 5, 

with mixed ancestry in most individuals, except in the Soconusco population (also 

adjacent to Guatemala, but on the coast of Chiapas), where there was only a small 

fraction of alleles shared with other populations. In contrast, the SAMOVA grouped 

the populations into four units. To corroborate these findings, a search was 

conducted for possible genetic breaks, and determined that the principal barrier is 

that separating "Fronteriza" from the other populations. The results are discussed 

with reference to the possible ancestry of the populations. 

The results were finally integrated into a general discussion on the phenotypic and 

neutral markers used, highlighting the relevance of the findings in the scientific and 

productive realms. 
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1 

INTRODUCCIÓN 
 
Jatropha curcas L. es una planta de la familia Euphorbiaceae conocida en la 

región mesoamericana como “piñón”. Sus semillas son tóxicas para los mamíferos 

y tienen diveros usos tradicionales; entre ellos su uso medicinal, el cual podría 

tener una antigüedad de dos milenios en el sur de México (Leonti et al., 2003). 

Aunque su principal utilidad es como cerco vivo de las fincas agrícolas, esta 

especie ha ganado importancia económica en la última década debido a la 

extracción de aceite de sus semillas para la fabricación de biodiesel (Gubitz et al., 

1999; Openshaw, 2000; Pramanik, 2003; Fairless, 2007; Escobar et al., 2008). 

Diversos autores han destacado las características ventajosas que J. curcas tiene 

sobre otras oleaginosas, particularmente su rápido crecimiento y desarrollo 

(Sujatha et al., 2005), su adaptación a suelos con fertilidad marginal (Jones y 

Miller, 1992; Heller, 1996; Henning, 1997; Carels, 2009; Behera et al., 2010) y su 

tolerancia al estrés hídrico, lo que le permite crecer en sitios semi-áridos (Henning, 

1997; Zhang et al., 2008; Abou-Kheira y Atta, 2009; Maes et al., 2009). Además, 

tiene capacidad para controlar la erosión del suelo (Reubens et al., 2011) y 

potencial para la fitorremediación (Mangkoedihardio et al., 2008; Kumar et al., 

2008). 

 

J. curcas se está convirtiendo rápidamente en un cultivo extensivo (Achten et al., 

2007; Fairless, 2007), y se proyecta que para el año 2015 habrán sembradas 

alrededor de 15 millones de hectáreas en el mundo, principalmente en el sur de 

Asia y en América Latina (Renner y Zelt, 2008). Lo anterior implica grandes retos 

tecnológicos, sobre todo si se considera que no es una planta totalmente 

domesticada, que carece de proceso agronómico, que no tiene material genético 

seleccionado, que no hay conocimiento preciso sobre su potencial productivo ni de 

su fenología, y se desconoce su número de variedades. 
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Paralelo al interés de aprovechamiento económico de la planta como cultivo, está 

el interés científico sobre la biología y ecología de la especie, la diversidad 

genética y el origen geográfico de las poblaciones actualmente distribuidas en 

muchos lugares tropicales de América, África y el sur de Asia. Aunque no hay 

consenso acerca del origen de esta especie, investigadores sugieren que la región 

mesoamericana (México y Centroamérica) es el centro de origen (Heller, 1996; 

Openshaw, 2000; Ranade et al., 2008), mientras que otros postulan a Sudamérica 

(Martin y Mayeux, 1984; Basha y Sujatha, 2009; Carels, 2009). De lo que no hay 

duda es que Mesoamérica es el centro de diversificación del género Jatropha 

(Dehgan y Webster, 1979; Martínez et al., 2002) y que el germoplasma de esta 

región ha sido la fuente para el establecimiento de plantaciones en África y Asia 

(Heller, 1996). 

 

El estudio de la variación genética en poblaciones junto con el análisis de la 

variación fenotípica son dos prioridades de investigación en J. curcas, ya que en 

conjunto contribuirían a la identificación de loci asociados a características 

cuantitativas de interés productivo. Aunque existe un creciente cuerpo de 

conocimiento relativo a la diversidad de J. curcas, se detectaron dos carencias 

importantes de información en la literatura revisada: a) la mayoría de los reportes 

de diversidad se basan en un enfoque de accesiones o individuos (Basha y 

Sujatha, 2007; Gupta et al., 2008; Ranade et al., 2008; Sun et al., 2008; Abdulla et 

al., 2009; Basha et al., 2009; Kumar et al., 2009; Subramanyam et al., 2009; 

Tatikonda et al., 2009; Ikbal et al., 2010; Pamidiamarri et al., 2010; Shen et al., 

2010; Umamaheswari et al., 2010; Wen et al., 2010), faltando estudios con 

enfoque de poblaciones, y b) se han estudiado principalmente accesiones 

asiáticas, aunque en menor grado también sudamericanas (Hartmann-Neto et al., 

2006; Oliveira et al., 2006; Rosado et al., 2010) y africanas (Basha et al., 2009; 

Ambrosi et al., 2010; Ricci et al., 2011), por lo que hacen falta estudios del 

germoplasma mesoamericano. Por otra parte, poca atención se ha puesto al 

estudio de la composición de ácidos grasos de las semillas como marcadores 

químicos para estimar la diversidad genética. Estudios con este tipo de caracteres 

permitirían contar con información básica a la vez que se pueden utilizar para la 

selección de genotipos para la siembra. 
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Los estudios realizados con germoplasma colectado en el Viejo Mundo y en 

Sudamérica han encontrado baja diversidad y una base genética reducida (Sun et 

al., 2008; Popluechai et al., 2009; Rosado et al., 2010; Ricci et al., 2011). El 

entendimiento de la diversidad genética y de la estructura de las poblaciones en el 

posible centro de origen y/o diversidad, Mesoamérica, permitirá identificar material 

genético útil en el futuro mejoramiento de la especie. Por ejemplo, posibilitaría el 

diseño de cruzas entre plantas de grupos genéticamente distanciados. 

 

Considerando que en el Estado de Chiapas existe la mayor extensión sembrada 

de cercos vivos tradicionales de J. curcas en México, la presente investigación se 

centró en el estudio de la diversidad en poblaciones de dicho Estado. 

 

Un análisis conceptual y proposicional (Ford, 2000) ayudó a identificar los axiomas 

y a proponer los postulados de la presente investigación. Los axiomas son 

proposiciones que se asumen verdaderas y que son la base de un estudio. No 

obstante, se redactan de manera tal que puedan ser retados o respaldados por la 

investigación que se lleva a cabo. El reto a un axioma no es directo ni completo, 

sino a través de sus postulados correspondientes y a través de más de una 

investigación (Ford, 2000).  

 

El trabajo se fundamentó en tres axiomas propuestos a partir de la literatura 

revisada: 1) Jatropha curcas L. es nativa de Mesoamérica; 2) J. curcas es una 

planta en proceso de domesticación; 3) En la región mesoamericana, J. curcas es 

propagada principalmente por la vía clonal. 

 

El primer axioma se basó en la revisión de investigaciones sobre sistemática y 

fitogeografía del genéro Jatropha (Dehgan y Webster, 1979; Dhegan, 1984; 

Dhegan y Schutzman, 1994) y en general de la familia Euphorbiaceae (Wurdack et 

al., 2005; Martínez-Gordillo et al., 2002; Steinmann, 2002). En esas 

investigaciones se ha postulado que J. curcas es la especie más primitiva o 

plesiomórfica del género Jatropha, idea que se ha robustecido con investigaciones 

recientes basadas en datos moleculares (Sujatha et al., 2005; Basha y Sujatha, 
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2007; Ganesh-Ram et al., 2008); asimismo, se encontró que el género está 

dividido en dos subgéneros (Curcas y Jatropha) y diez secciones (Dehgan y 

Webster, 1979; Dhegan, 1984). Una hipótesis filogenética bastante robusta es que 

las especies del subgénero Curcas, y específicamente las de la sección Curcas, a 

la cual pertenece J. curcas, se originó primero que el subgénero Jatropha (Dhegan 

y Schutzman, 1994). En dicha reconstrucción filogenética el clado más 

plesiomórfico estuvo formado por especies de la sección Curcas: J. curcas, J. 

andrieuxii, J. bartlettii, J. hintoni, J. mcvaughii, J. pseudocurcas y J. yucatanensis, 

las mayoría de las cuales son endémicas de México y todas son endémicas de 

Mesoamérica (dos especies de la sección Curcas son de África: J. afrocurcas y J. 

macrophylla, y una de la India: J. villosa; Heller, 1996). El axioma 1 de la presente 

investigación descansa en el hecho que Mesoamérica alberga a la mayoría de los 

parientes silvestres de J. curcas y que es el centro de diversificación del género 

Jatropha (cerca de 100 de 175 especies son nativas de dicha región, además tan 

solo en México existen entre 35 y 39 especies estrictamente endémicas; Martínez-

Gordillo et al., 2002; Steinmann, 2002). 

 

Respecto del segundo axioma se puede argumentar que, a diferencia de otras 

especies de Jatropha, el "piñón" no forma poblaciones, en ecosistemas naturales. 

Esta planta se cultiva, tanto en América como en el Viejo Mundo, como cerco vivo, 

y, ocasionalmente, como planta de traspatio (Anzueto y De MacVean, 2000; 

Openshaw, 2000; Jongschaap et al., 2007; Toral et al., 2008). En algunos casos 

se han encontrado plantas en distintos tipos de vegetación natural, pero los 

autores que los reportan mencionan que probablemente se trata de plantas 

derivadas de semilla que han “escapado” de sistemas de cultivo (Heller, 1996). En 

los recorridos de campo en la costa del Pacífico Sur de México que el autor de 

esta tesis ha hecho no se han encontrado poblaciones en condiciones silvestres. 

La situación descrita podría ser un indicio de domesticación de esta planta, ya 

que, en general, las especies vegetales domesticadas no son exitosas 

reproductivamente sin manejo antrópico (Elias y McKey, 2000). Otro síntoma de 

domesticación, es la existencia en México de genotipos cultivados o fomentados 

no tóxicos, con ausencia total o con niveles mínimos de ésteres de forbol y otras 

moléculas tóxicas (Martínez-Herrera, 2007; Martínez-Herrera et al., 2010; 



 10 

Parawira, 2010), existen genotipos no tóxicos en varios estados de México, 

aunque la mayor parte del germoplasma es tóxico (Ovando et al., 2009). Sin 

embargo, la planta no muestra el llamado "síndrome de domesticación", que 

incluye modificaciones morfológicas y fisiológicas (Poncet et al., 1998; Pujol et al., 

2005; McKey et al., 2010). Esto último probablemente se debe a que el uso 

tradicional histórico de J. curcas ha sido como cerco vivo y más limitadamente 

como medicinal y alimento, en varios estados de México se consumen semillas 

tostadas de las variedades no tóxicas, incluso en el norte de Veracruz forma parte 

de la gastronomía tradicional local (Makkar et al. 1998; Martínez-Herrera et al., 

2010). Por su uso como cerco vivo es reproducida vegetativamente, por lo que es 

probable que tenga habilidades para reproducirse por organogénesis superiores a 

las de sus relativos silvestres, aunque no se encontraron investigaciones sobre 

este tema. La comparación fitoquímica entre J. curcas y otras especies 

relacionadas silvestres también podría arrojar luz sobre el grado de domesticación, 

como se ha demostrado en otros taxa (Lindig-Cisneros et al., 2003). Debido a lo 

anteriormente expuesto y puesto que no existen "variedades" mejoradas 

genéticamente por cualquier método, varios autores consideran que esta especie 

está en proceso de domesticación (Achten et al., 2010; Divakara et al., 2010). 

 

Con relación al tercer axioma, las observaciones del autor en el campo en el sur 

de México y en Centroamérica señalan que los agricultores de esta región sólo 

propagan a la planta de manera vegetativa. En el mismo sentido, Granados-

Galván (2008) menciona que aunque las semillas germinan fácil y rápidamente, 

los cercos vivos de J. curcas, los cuales pueden implicar cientos de kilómetros de 

siembras lineales en Chiapas, se propagan exclusivamente por medios clonales.  

Recientemente se han iniciado viveros en Chiapas, otros Estados de México y en 

Guatemala para propagar "piñón" mediante semillas, pero estas plantas están 

siendo sembradas en plantaciones de monocultivo fácilmente identificables. En 

Centroamérica los cercos vivos de "piñón" son establecidos a partir de estacas 

enraizadas (Budowski, 1987). 

 

Las hipótesis del proyecto fueron redactadas en forma de declaraciones a ser 

investigadas, como se enlista a continuación: 
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1) Existe variación genética en poblaciones de J. curcas de Chiapas detectable 

mediante métodos basados en el ADN de la planta. 

 

2) Existen diferencias en la composición química de la semilla dentro y entre 

poblaciones de J. curcas de Chiapas. 

 

3) En general, la diversidad genética en poblaciones de J. curcas de la región 

mesoamericana es más elevada que la del germoplasma del Viejo Mundo. 

 

Cada una de las hipótesis se redactó considerando los axiomas, los cuales 

representan hechos que potencialmente pueden favorecer la diversificación 

infraespecífica en J. curcas de Chiapas, pero que también pueden restringirla. 

 

El hecho que las poblaciones de Chiapas se encuentren en el centro de diversidad 

del género Jatropha representa la posibilidad de encontrar mayor diversidad 

genética que la de poblaciones de otras regiones del mundo donde J. curcas es 

una especie exótica. Los centros de diversidad son sitios donde la evolución ha 

tenido más tiempo para dirigir a las especies, mediante cambios genéticos, a 

adaptarse a una variedad de ambientes (Carels, 2009). Un centro de diversidad 

contiene un gran número de razas o variedades de una especie cultivada 

(CONABIO, 2006).  

 

Por otra parte, el hecho que J. curcas sea una especie en proceso de 

domesticación puede implicar menor diversidad genética si los agricultores han 

realizado una selección intensiva (Doebley et al., 2006). Por el contrario, la 

simpatría de J. curcas con sus relativos silvestres en su centro de diversificación 

puede ser una situación favorable para el intercambio genético entre individuos y 

conducir a la producción de nuevos genotipos sobre los cuales puede operar la 

selección natural y antrópica (Jarvis y Hodgkin, 1999). 

 

Finalmente, la propagación clonal de J. curcas en la región mesoamericana podría 

suponer una restricción de la diversidad genética. La ausencia de recombinación 
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sexual bajo clonalidad exclusiva conduce a la pérdida de diversidad (Obeso, 

2002). Debe considerarse que todos los procesos de domesticación son graduales 

y mixtos, es decir, la reproducción sexual y clonal de las plantas se presenta al 

mismo tiempo en las primeras etapas de la domesticación de plantas que 

finalmente se propagan clonalmente, lo que introduce cierto grado de variación en 

las poblaciones (McKey et al., 2010); además, también se puede producir 

variación a través de la fijación de mutaciones somáticas o por medio de variación 

epigenética heredable (Gerrish y Lenski, 1998). 

 

El objetivo de la presente investigación fue analizar, bajo el enfoque de la genética 

de poblaciones, la variación infraespecífica de J. curcas de distintas regiones del 

Estado de Chiapas y, con fines de comparación, de otros sitios del sur de México. 

La finalidad fue generar conocimiento para dar respuesta a la pregunta global 

siguiente: ¿Cuánta variación genética, caracterizada mediante caracteres 

neutrales y adaptativos, existe en poblaciones del centro de diversidad de J. 

curcas, considerando que es una especie en proceso de domesticación y 

propagada clonalmente?  

 

La investigación dio inicio con una reflexión acerca de la sustentabilidad de la 

producción de biodiesel de J. curcas, como se presenta en el Capítulo 2 de esta 

tesis. 

 

A continuación se hizo una discusión acerca de aspectos básicos de la especie, 

como su centro de origen y/o diversidad. Asimismo, se hizo una revisión del 

estado del arte del estudio de la variación genética de la planta para identificar 

oportunidades de investigación. Esto se describe con amplitud en el Capítulo 3.  

 

Con la finalidad de conocer de manera amplia la diversidad de las poblaciones, se 

utilizaron dos tipos de marcadores: caracteres con valor adaptativo directo, como 

son los ácidos grasos de la semilla, y marcadores moleculares neutros como los 

polimorfismos en la longitud de fragmentos de DNA amplificados (AFLP). 
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En el Capítulo 4 se presenta el estudio químico, el cual analizó poblaciones de J. 

curcas de Chiapas, así como de las regiones costeras de Oaxaca, Guerrero y 

Michoacán. Se estudiaron las plantas tanto in situ como sus clones cultivados en 

jardín común.  

 

En el Capítulo 5 se expone el estudio molecular basado en los AFLP, el cual 

incluyó solo poblaciones de Chiapas. 

 

Finalmente, se integran los resultados en una discusión general sobre los 

marcadores fenotípicos y neutros utilizados, destacando la relevancia de los 

hallazgos en los ámbitos científico y productivo. 
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2 

IMPORTANCIA DE JATROPHA CURCAS EN 
LA PRODUCCIÓN SUSTENTABLE DE 

BIODIESEL 
 
El presente capítulo de la tesis analiza la importancia global actual que tiene 

Jatropha curcas (el “piñón”) para la producción de biodiesel. Se arguye que el 

origen fotosintético del biodiesel es suficiente para justificar su investigación como 

combustible renovable, no sólo como simple desarrollo tecnológico, sino 

situándolo como un elemento a tener en cuenta en la llamada crisis energética 

global, teniendo en cuenta la multitud de factores que afectan la sustentabilidad de 

su uso. En ese sentido, se plantea que el súbito interés mundial por la producción 

de biodiesel con base en J. curcas, puede conducir a prácticas no sustentables. 

Por lo mismo, se propone dar atención a cuatro aspectos mínimos por su 

importancia en la sustentabilidad de la cadena productiva cultivo de 

piñón/consumo de biodiesel: a) el área destinada al cultivo, b) el uso de insumos 

en el cultivo, c) los procesos de conversión del aceite a biodiesel, y d) el destino 

final del biocombustible. 

 

Esta discusión fue publicada en la revista Sustainability (ISSN 2071-1050, editorial 

MDPI) en el año 2009. La cita completa es: 

 

Ovando-Medina, I, F. Espinosa-García, J. Núñez-Farfán and M. Salvador-

Figueroa. 2009. Does biodiesel from Jatropha curcas represent a sustainable 

alternative energy source? Sustainability 1: 1035-1041. 
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1. In troduction 

Thc consumpt ion of tossil fucls , aboye all petroleum and mineral coal, has been the foundation of 

the eeonomk growth and lhe betterrnent 01' genera l levcls 01' wel l-being for Ihe so-ca llcd lead ing 

economies throughollt the last eentury. At the same time, in the periphera l economies, like those of 

Lat in America, a phenomenon has becn presented 01' production 01' materia l primarily for exportation 

and to a lesscr extcnt for internal transformation and consumption. There are two cssential concerns 

whieh put al risk the viabi li ty ofthe model of growlh based on export and/or excessive consumpt ion of 

energy, both rclated with lhe laek ofsustainabi lity in sa id model: Ihe apparent decreasing avai lab ility 

of fossil fucl s and lhe notable increasc in greenhollse gasses in the atmosphere caused most probably 

by human act ivity. 

With regard to the proven and potentia l reserves of petro leum in tbe \Vorld, undoubted ly lhere exists 

a decline in Ibe former since the decade of 1970- 1980 [1 -31, although apparenl ly Ibis is not 

significant [4,5]. During 2008 Ihe internationa l prices of petroleum rose to hi storica lly hi gb levels, a 

situation ut ilized as an argument for the near-tcnn emptying of the fuel reserves and for plann ing for 

the so-caBed cnergy transit ion, which includes, among other topies, the in vestigation and use of 

alternati ve sources of energy. Neverthcless, at the beginning of 2009, said prices fel l substantia lly, 

which indicates thal Ihe pricc does not depend exc lusivcly on the ava ilabi lity of petro leulll, but also 011 

mu ltiplc financia l and gcopo líti ca l interests [5j. Over Ihe potentia l reserves (poss ible and probable), 

the cxp lorat ion in various parts of Ihe world [5 ,6J and the app licat ion of new teehnologies [7-9] shows 

that it w ill be poss ible lo extract petrolcum at compet iti vc costs for al least all oflhe 2 1st century. 

On the other hand , thc significant emissioll 01' earban dioxide (and other greenhouse gasses) inlo the 

atmosphere by the eombuslion of pctro leum in various human activities and its repercussion on globa l 

climate is a fact which only in the last two decades has been taken inlo accollnt [ IOJ , but which 

recently has becol1le a preoecupation even for petro leum exporting countries (5]. Proposa ls ex ist to 

reduce the emissions of C02, wh ich include Ihe design and use 01' more efficient machines and 

processes. \Vithoul eonsideri ng if Ihe foregoing may be achieved, Ibe environmell lal economy 

postu lates that tcehnolog ica l so llltions do nol ex ist ati i,!!illi/ulll for the problems of the environmcnl, 

and the sceond law ofthermodynamics !eaches that no completcly eHicient machines can ex ist. 

The two di sell ssed preoccupmions llave driven lhe investi gmioll of altemati vc sourees of energy, of 

wbich lbcre exists a large list [IIJ , althollgh, since the sllbslitlltes most akin to petro leum are sought 

after, Ihe opt ions most prominent in lhe las! decade are Ihe I¡ qu id biofucJs, specitica ll y 

ethanol [12J and biodiescl [13-15] ; dIese also llave the advantage of being of photosynthetic origin 

(simple or complex sugars in the case of ethanol and greases or oi ls in the case ofbiodiesel) and, also, 

renewable, as part ofthe carbon cyele . 

This present essay is focused on the biodiescl produet from the oil of Ihe tropica l plant Ja/roplw 

clIrcas L. (Euphorbiaceae) . There are a lot of oleaginous plants with potenlia l for prodllcing biodiesel , 

but J. curcas is frequent ly mentioned as the besl option. Among severa l advantageous eharacteristies 

of Ihi s species is impol1ant to llnderl inc it s adaplabi lity to marginal so ils and environments L l 3J. 
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renewablc, as part ofthe carbon cycle. 

This presenl essay is foclIsed 0 11 lhe biodiescl produet from the oil of Ihe tropi cal planl Jalropha 

ClIrcas L. (Euphorbi aceae) . There are a lot of oleaginous plant s wilh potcntial for prodllc ing biodi esel , 

bul J. curcas is frequently menlioned as tbc besl oplion. Among several adva lllageous characleri slics 

ofthi s specics is importan! to lInderlinc il s adaplabi lity to marginal so ils and environmenls [ 13]. 
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2. Rega rding t he SustainabiIHy of Biodiese l 

Frolll Ihe aboye, one eoncludes thal governlllents and energy eompanies are not formll lating 

profollnd ehanges in the model of eonsumption of petroleum fue ls, bul only teehnologieal so lutions for 

(a) extending as mueh as poss ible the ex traetion of petrolelllll al- non-prohibitive eosls, (b) minimizing 

Ihe emissioll ofCO}, and (e) substitut ing for petroleum wilh liquid biofucls. 

Fllrtherlllore, biodiescl eannot rep laee petro leulll, in the firsl place because il canllol be produced, 

without eausing environlllenta l damages grea ler than those for whieh it inlends to give a so lution L 16), 

on a sea le simi lar lo that 01' petroleulll, in accordanee \Vilh lhe prescnl and projceted dcmand; in Ihe 

second place bceause from biodiescl is not possible to extrae! Ihe multitude of by-produets \Vhieh are 

produeed by Ihe petrochemieal induslry. 

One fae! \Vhieh cxcmplifies Ihe eonlradicliol1 between a preoceupation wilh eo.o cmissiol1s into the 

atmosphere and Ihe plan (Q eontinue lhe model of eeonomie devclopment is lhal Ihe leading 

economies, prineipally the United States, postu late that biofuels, in particu lar biodiescl, wi ll permil a 

reduetion in imports of pelro leulll l17], while Ihe peripheral eeonomies, espceially Ihose located in 

tropical zones, plan for Ihe production ofbiodiese l for exporl [181 lo eountries like Ihe Uniled Slales 

and China, which are Ibe largesl emitters OfC02 into Ihe atmosphere. Another pattern in growth is the 

re-ex portalion ofbiodi esel ll91, the vegelable oil is exported lo one country, eonverted inlo biodiesel, 

and lhen re-exponed lO another eOllnlry. 

In any case , Ihe pholosynlhelie origin of biodiesel is su fficient lo justify ils investigation as a 

renewable fuel , nol on ly as a simple leehnologiea l devclopment, bul a lso s ituating il as an elemenl lo 

play ils part in the so-ea ll ed global eeolog iea l crisis (sellslI lranzo llO]), taking into aecounl Ihe 

1l111 ltitude of factors whieh affeel Ihe sustainability of ils lIse. ]n Ihis sense, Ovando el al. [2 1 J. pul 

forward Iha( Ihe rising world interesl in biodiescl , spec itiea lly Ihat produeed from ;'piiión" (J. ell reas), 

can lead lo non-sustainable praclices. For Ihi s reason , they propose giving attenlion lo at least four 

aspeets for their importanee in sustainab ilily of Ihe producti on proeess of ··piñón"· consumplion of 

biodiese l: (a) Ihe arca dedicated for cultivalion, (b) lhe use of inpllts in Ihe cultivation, (c) Ihe 

proeesses for converting vegelablc oí l lo biodiesc\, and d) the fina l destinatíon of the biofue l. 

Aellten el al. [22] performed a qua litalive eva luation of lhc future sustainabi lity of cultivating 

1. Curcas, toellssing 011 tbe environmenta l impacts and soe ioeconomie aspeets; they determined Ibal 

the cultivation is sll stainable when praetieed in margina l or degraded lands, bUI not \Vhen fel1ilc areas 

are dedieated whích could se rve lo cultivate foodsluffs or olbe .. crops \Vilh greater profilabi lity. One 

log ica l eonc lusion from the work of Aehlen el al. is Ihat if areas of forest are clear-eul lo eonvel1 them 

inlo ·'piñón·· eu ltivation, lhe sustainability oí" the proeess is nonexistent. Neverthcless, it is possible to 

use areas considered as agrieu ltural ly 11i gh quality, ir only one takes advantage of Ihe periphery of Ihe 

principa l crops. It has been ealeu lated , for example, Ibal in Ihe Mexiean state of Chiapas, Ihe 

eulti vati on of "piñón" eould oecupy a maximum of 230,000 hectares on Ihe perimeters of the 

eu ltivaled areas or used for cattle-grazing [211. It \Vas Illcnlioned befare that biodiese l cannol 

sllbstitute for petroleum, not even for di escl , at lhe actua l and projected levels 01' consu mption; tor 

example , Ibe Nationa l Mission far Biodiesel in India has proposed Ihe planting, by Ihe year 2020, of an 

arca of ten mi ll ion beelares \Vilh J. cllrcas lo produce 7.5 miUion tons of biodiesel caeh year; Ibis 

volume represenl s only 20% of the demand for diese l in tbat country [3]. To su bstitutc biodiesel for 
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2. Rega rding t he Sustaina bmty of Biodiese l 

From Ihe abo ve, one concllldes Ibal govemments and energy companies are nol formll laling 

profound changes in tbe model of eonsumption of petroleum fue ls, bul only leehnologieal so lutions for 

(a) eXlending as mueh as possible Ihe extrae lion of pelrole lllll al non-probibitive eosls, (b) minimizing 

Ihe emiss ioll Of C02, and (e) substihll ing to r petrolcum with liqu id biofucls. 

FlIrthernlOrc, biodiescl eannol rep lace pClro leum, in the firsl place beeause il eannol be produeed, 

withou! caus ing envirol1menla l damages grealer Ihan Ihose for whieb il inlends to give a so lulion (161, 

on a sca le similar lo Ibal of petro leum, in accordance with lhe present and projected demand; in Ihe 

seeond place because [rom biodiescl is 110l possible to extracl Ihe mu ltilude of by-produels \Vhieh are 

produced by Ihe pelrochemiea l induslry . 

Dne tael which exemplities Ihe contradi ctiol1 belween a preoceupation with CO.2 cmiss iol1s iJ1Io the 

atmospberc and Ihe plan lO eontinue the model of eeollomie devclopmenl is that Ihe lead ing 

economies, principally Ihe Un iled Stales, postu lale lhal biofucls, in particu lar biodiescl , wiIl permj( a 

reduetion in imporls of pelroleum [17], whi le Ihe periphera l economies, espceially Ibose loeatcd in 

tropical zones, plan lo r Ihe produetion ofbi od iese l tor exporl (18J lo cOllntries like Ihe Uniled State s 

and China, which are tbe largest emitte rs ofC02 inlo lbe almosphere. Another pa tt em in growth is the 

re-exportali o ll of biodiesel (19], Ihe vegelable oil is exported to one cOlllllry, converted into biodiescl, 

alld thell re-exported lo another COUlllry. 

In any case , Ihe pbotosynlheli e origin of biodiescl is suffi e ie lll lo juslify ils investigation as a 

renewable fuel , not on ly as a simple technologica l devclopment, but a lso s ituating il as an clement lo 

play ils part in Ihe so-call ed global eeolog ieal crisis (:mlslf lranzo (20J), taking into aecolllll Ihe 

l1lu ltil11de of faetors \Vhi ch affeet Ihe sustai nabiJity of its use. In Ibis sen se, Ovando el al. [2 11, put 

lo rward Ihal Ihe ri sing world inleresl in biodiescl , spee iti cally Ihat produced from ;'piílón" (1. cllrcas), 

can lead lo Ilon-susla inab lc pracliccs. For thi s reaSOIl , Ibey propose giving attenlioll lo al leasl four 

aspec ts ror their importance in sus tainabi lil y of lhe production proeess of "piñón"-eollsumptioll of 

biodiese l: (a) Ihe area dedicated for eultivalion, (b) Ihe use of inputs in the cu ltivalion. (e) the 

processes for eonverting vegetab le oi l to biodiescl, and d) lbe tina l deslinalion of Ihe biofue!. 

Ac hlen el al. [22] performed a qua lilali ve eva luation of the future susla inab ility of ell ltivating 

J. éuréas, tocllss ing 011 Ihe environmental impaets and soc ioeconomie aspec ts; they dctermined tha! 

Ihe eulti vation is sllsta inable when practiced in margina l or degraded lands. bul not when fertile areas 

are dedicated which eould se rve to eullivalc toodslu tTs or otller erops \Vilh greater profitabi lity. Dne 

log ieal eone lusion from the work of Achten el aJ. is thal if areas of tores l are clear-Ctll lo eonvel1 Ibem 

into "piílón" eu ltivat ion, Ihe suslainab ility of lhe process is Ilonexislent. Neve rtheless, it is possible to 

use arcas eons idercd as agricu lturalJ y bigb qua lity, if ollly one takes advantage of the periphery or Ihe 

principal erops. It has been ea leula ted, ror example, thal in Ihe Mcxican slale or Chiapas, Ihe 

eultivalion 01' "p iílón" could oceupy a max imum of 230,000 hectares on Ihe perimelers of the 

eultivaled areas or used for cattlc-grazing (21 J. lt \Vas mentioned bctore that biod iese l eannol 

subslitute for pctroleum, 110t even for di escl , al lhe actua l and projeeted levels or eonsll lllplioll ; lor 

example, the Nati ona l Miss ion ror Biod iesel in India has proposcd Ihe planling, by the year 2020, ofan 

area of tcn mili ion heetares \V ilh 1. ('lIrcas lo produce 7.5 miUion lons of biodiescl each yea r; Ibis 

vo lume rcprescllI s only 20% of the dcmand to r diese l in th al country [3j. To substitute biodicscl lor 
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lhe actua l demand for diescl in Mexico ( 17.4 mi li ion metri c tons l23J) would require close to 23 

mi ll ion heclares planted with 1. curcas, which is equi valent lo more than 90% oflhe culti vab le ground 

surface. In Ibis country there is a recen! legislation thal promotes Ihe investigalion and use of biofucls 

l24]; however, Ihe cOlTesponding bylaw has not ye( been pub lished. 

To minimize the use of fossi l energy and improve Ihe energy ba lance il is required Ihal Ihe 

culti vation no! include ¡he use of chemical ferti lizers, since Ihese represen! an clevaled level of energy 

consumpüon. The data sbows Ihat 45% of commercia l energy used in global agricu ltural produclion is 

due lO Ihe consumpt ion 01" chcmica l re rti lizers [25]; for thal reason, implemenling a bioenergy 

clllti vat ion consuming a hllge quanliry of energy is, at the least, contradictory. For example, according 

lo Ihe same author, ammonia, Ihe principa l source o f ni trogenous fert ili zers, is prodllced from natural 

gas, and the petrochemjcal industry, which synthes izes il , consumes 1.2% of fossil fllcls extracted on 

Ihe globalleve l. 

The posl-harvest processes for lhe majority of agroindustria l prodllCIS imply a hi gh consllmption 01" 

energy deri ved from Ihe use of indispensable mac hines; dOllbt less, in Ihis case one shou ld pay spec ial 

anention lo Ihe energy cfficiency of tbe machines for sepa rating Ihe husk o f Ihe seed, Ihe extracrion of 

lhe oil and Ihe conversion lo biodiesel. In Ih is way, Ibe husk can be used f"or fucl lo beating Ihe 

cau ldrons if one oplS tor extracli on of oil by exlrusion by heal, or for heating Ihe transeslerificalioll 

reactors for eonversion lo biod iesel. Rega rding Ihis lasl, it is greatly re levanl lo mention lhat altbough 

the reaction 01" lransesle rifical ion has a high yie\d levcl (80%, that is lo say thal 800 mL of biod iescl 

are oblained from every l ile r of"vegetable o il), the use of methano l reduces Ihe energy ga in. Methanol, 

whi ch industria ll y is obtained from Ihe disl ill ation of pelroleulll, requires a proporlion of 200 mL for 

each lile r 01" processed oil. Among Ihe a lternati ves one eneounters lhe use oí" ethanol, which deri ves 

from Ihe I"ennentat ion of sugar, a lthough il has the inconvenience Ihat on production it is dissolved in 

waler witll a disli ll ation yie lding a maximum of96% alcobol lo 4% water. The conve rsion ofvegelable 

oi l lo biodiesel is favored by Ihe absence ofwater, or by minimal qllanl iti es thereo l". The production of 

completcly anhydrolls ethanol raises both cosls and cnergy consumption. 

Olhe r topic requ iring attention is Ihe con ten! of toxic substances of Ihe 1. curcas seed. Severa l toxic 

lllolecu les ha ve been report ed in Ihe seed [26-28], bul Ihe prole in curc in and tbe phorbo l esters are Ihe 

mosl haza rdous for human and anima l healtb . After Ibe oil extraction, Ihe seed cake sti ll conlains Ihose 

subslances, represenling a potenl ia l ri sk for lhe 1. ellreas biodi escl workers l29]. The poten tia l of 

phorbol esters as carc inogens is known [30]. Although non-tox ic genotypes of'·piñón" ex isl in seve ra l 

parts of Mexico or improved non-Ioxic varielies could be oblaincd (by convenliona l breed ing or by 

transgenic melhods), loxic genolypes are being used rOl" eSlablishing extensive plantalions around Ihe 

world. However, a dilcmma ex isls: if non-tox ic ge notypes are llsed, problems \Vith pesls could be a 

limitalion, as Ihe plant-herbi vores inleraction wou ld be substanl ia lly modified. Altematives lo use the 

press cake are Ihe phys ica l or enzymalic deloxification to r using as fodder, and the composling for 

using in the same plantation. 

3. Conc1usions 

The aspects mentioned on ly refer lo cha llenges lo the suslainabilily of production , which can be 

ovcrcomc by means of lechno logical devclopmenl , whi le the tme cba llengc is a refl ect ion over tbe 
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Ihe actua l demand for diescl in Mexico (17.4 mi LI ion metri c lons l23J) \Vould require clase lo 23 

mi li ion hectarcs planled wilh 1. CUI"cas, which is equi va lenl lo more than 90% oflhe culti vab le ground 

surface. In Ibis country lhere is a recent legislalion that promoles Ihe investigalion and use ofbiofuels 

l24J; however, Ihe corresponding bylaw has nol yet been publisbed. 

To minimize ¡he use of fossi l energy and improve Ihe energy ba lance il is required Ihal Ihe 

cll lti va tion no! include the use of chemical ferti lizers, since Ibese represent an clevaled leve l of energy 

consumption. The data sbows lhat 45% o f cOLnmerc ia l energy used in global agri cu ltural production is 

due 10 Ihe consumpt ion 01" chemica l fert ilizers [25J; for thal reason, implemenling a bioenergy 

cultivat ion consuming a huge quaJlIity of ellergy is, al lbe leasl, conlradictory. For example, according 

lo Ihe same au thor, ammonia, Ihe principa l source o f ni lrogenous ferti lizers, is prodllced from natural 

gas, and lbe petrochemjca l industry, which synlhes izes il , consumes 1.2% o f fossil fuels exl raeted on 

lhe global leve l. 

The posl-harvest processes for Ibe majority of agroindusl rial products imply a high consumplion 01' 

energy deri ved from the use of ind ispensable mac hines; doubt less, in thi s case one should pay spee ial 

anention to the energy efficiency of Ibe mac hines for separaling the husk o f Ihe seed, lbe extraction o f 

Ihe oil and Ihe conversion lo biodiesel. ln Ihi s way, Ihe husk can be lLsed for fue! lo beating the 

cau ldrons if one oplS fo r extrac lion al' oil by extrusion by heal, or for heating the transeslerifi calioll 

reactors for convers ion lo biod iesel. Regarding Ihis last. il is greatly relevanl lo mention lhal altbough 

Ihe reaction o f lranseslerifi calion has a high yie ld leve! (80%, Iha! is lo say Ihal 800 mL of biodiesel 

are oblained from every liler ofvegetable o il), the use ofmetbanol reduces tbe energy gai n. Methanol. 

wbich industria ll y is obta ined from Ihe disti ll ali on 01" petroleum, requires a proporlion 01' 200 mL to r 

each liler 01' processed oi !. Among Ihe alternati ves olle encounlers the use of ethanol, which deri ves 

frolll lhe rermenlat ion of Sllga r, allhollgh it bas (he inconvenience Ihat 011 production il is di ssolved iJl 

water witb a disli ll ati on yielding a maximulll of96% alcobol lo 4% water. The convc rs ion ofvegclable 

oil lo biodiese l is favorcd by lbe abscnce of water, or by minimal quanlities thereof. Tbe product ion of 

completely anh ydrolls ethano l raises both cosls alld cnergy conslllllption. 

Other topic requiring atlention is Ihe conlen l of tox.ic substances of Ihc 1. curcas seed. Severa l toxic 

molccu les ha ve been reported in Ibe seed l26-28J, bul Ihe protcin curcin and tbe phorbo l cstcrs are Ihe 

mosl haza rdous for human and anima l hea ltb . Afler tbe oil extraction, Ihe seed cake still conlains ¡hose 

subslances, representing a potenlial ri sk fo r Ihe 1. ClI rNIS biodiescl workers [29]. The potenlia l of 

phorbo l esters as carcinogens is knowll [30]. Allhough non-tox.ic genotypes or "piñón" cx isl in seve ral 

parts of Mexico or improved non-tox ic varieties cou ld be oblained (by convenlional breeding or by 

transgenic melhods), loxic gCllOlypcs are being uscd for cSlabli shing cxlcnsive plantations arollnd lhe 

world. However, a dilcmma ex isls: ir non-tox ic ge nolypes are used, problems with pesls could be a 

limitation, as Ihe plant-herbi vores interaction would be substanli ally modified. Altc11lativcs to use Ihe 

press cake are Ihe phys ica l or enzymalie detoxification to r using as todder, and lhe composl ing for 

using in ¡be same plantat ion. 

3. Conc1usions 

The aspects mcntioned on ly refer lo challcnges lo Ihe sllslainabilily of prodllction, which can be 

overcome by lllcans of lecbnological deve lopmenl, whjlc the Ime cballenge is a rcílection ovcr the 
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viability of the model of ex porting periphera l econollli es vs. leading econolllics in lbe consumption o f 

fuel: namely, Iba! given that Ihe transpon of biodiescl by whatever means enlai ls Ihe consumption of 

cncrgy, ¡hen in order lo Illaxilllizc the energy effi c iency of the process, tbe prodllclion of biodiesel 

derived from '·piñón" ShOll ld have a focus on loca l use in the rural environment, or in urban areas c lase 

to the sites for cultivation and induslrializalion of 1. CI/rcas, more than any exp0l1 foc us. The energy 

ba lance tor a biofue! is a comparison of the encrgy con lained in the fue! with lhe energy requ ired lo 

produce, process, and distribule il. 

It does nol mean tba! ¡he propasa! tends toward the so-ca ll ed "Arcadi an eco logy" (sellsJ/ 

lranzo [20]) , but l!li s could provide rural communities with energy to stimu late processes o f 

improvement which al presenl they do nol possess, whether dlle lo lack of services or energy products 

or dlle lo Ihe bigb costs of Ihese; for example, in SOllle cases it would improve tbe preservalion of 

foodstuffs al lower temperatures. Since transporting biofllelS across la rge dislanees is nol a susla inab le 

resu lt , tJle produclion for expon , and laler re-exp0l1, sbould be limiled. 

Our crilicism lo current approac hes for Ihe production and consumplion of 1. curcas biodiescl is 

nol in tended lo di squa lify Ihe cfforls of many peop le, bu! to conlribute to a more susta inable 

productivc chain. Of coursc, as Khan and Islam [3 1J cxp lain, sustainabi lity is no! achicving on ly by 

minimiúng risks and remediating problcms engendcred by Ibe introduction o f a given process or 

technology, bul visualizing fllture potentia l prob lcms, thal is, having Ihe time as main variable. 
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viability of lhe model of ex porting peripberal economies vs. leadi ng economies in Ibe consumplion of 

fuel: namely, tbal given lhal Ihe lransport of biodi esel by whalever means enlail s Ihe consllmplion of 

energy, l!len in a rder lo maximize Ibe energy effi ciency of Ibe process, Ibe prodllction o f biodiescl 

derived from '·pii'ión" shou ld have a fOCllS on local use in Ihe rura l cnvironment, or in llrban areas c lose 

lo Ibe siles for cultivati on and indusl rializati on 01' J CI/rcas, more Ihan any ex porl focus. The cncrgy 

ba lance tú r a biofue l is a compa ri son of Ihe energy con lained in Ihe fue l wilh Ihe energy required lo 

produce, process, and distri bulc il. 

It does nol mean thal ¡he proposal tends toward the so-ca ll ed "Areadi an eco logy" (sewm 

lranzo [20J) , bul Ihi s cOll ld provide rural coml1lunities wilh energy lo stimu lale processes of 

improvemenl which al prcsenl they do nol possess, whelher due lo lac k of services or energy products 

or due lo Ihe bigh cosls of Ihese; for examplc, in some cases il would improve lbe prese rvalion 01' 

túodstu ffs al lower lempcratures. Since transporting biofucls across la rge di slanees is nol a susta inable 

result , Ihe produclion for export, and laler re-ex poI1, shou ld be limüed. 

Our eriticism lo curren! approaches for Ihe producti on and consumplion of 1. cl/rcas biodi escl is 

nol in tended lo di squa li fy Ihe efforl s of many people, but lo conlribute lo a more sustainable 

productivc chain . Of coursc, as Khan and Islam l3 1J ex plain, susla inabi lity is not ac hicving only by 

mi nimizing ri sks and remediating problcms engcndercd by lhe in lrod uction o f a given process or 

technology, but visualizing fll ture pOlent ia l prob lcms, Ihal is, hav ing Ihe ti me as main va riable. 
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ESTADO DEL ARTE DE LA INVESTIGACIÓN 
EN VARIACIÓN GENÉTICA DE JATROPHA 

CURCAS 
 
En este capítulo de la tesis se sintetizan los avances de la investigación de la 

diversidad genética de J. curcas, discutiendo previamente el origen geográfico de 

la especie. A partir de esto se identificaron prioridades de investigación, que 

incluyeron la colecta y caracterización de germoplasma alrededor del mundo. 

Estas comprenden la más probable región de origen, el estudio de la variación 

genética usando marcadores morfológicos, químicos y moleculares, el uso de 

información del genoma de otras Euphorbiaceae, y el mejoramiento genético del 

cultivo para incrementar la producitividad de aceite. 

 

Esta revisión fue publicada en la revista Scientific Research and Essays (ISSN 

1992-2248, editorial Academic Journals) en el año 2011. La cita completa es: 

 

I. Ovando-Medina, F. J. Espinosa-García, J. S. Núñez-Farfán and M. Salvador-

Figueroa. 2011. State of the Art of Genetic Diversity Research in Jatropha curcas. 

Scientific Research and Essays 6  (8): 1709-1719. 
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Review Paper 

State of the art of genetic diversity research in Jatropha 
curcas 

l. Ovando-Medina1
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, J. S. Núñez-Farfán3 and M. Salvador-Figueroa1 
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Jatropha curcas (Euphorbiaeeae) is a mesoameríean plant. However, till date, it is extensívely grown in 
tropical and subtropical regíons of the world. The seeds have high oi! content , whíeh can be 
transformed into biodiesel. In the present review, the geographieal origin of J. curcas is diseussed, 
then , advanees 01 researeh in the genetie diversity are summarized and eontrasted. Proposed luture 
research in this speeies include: (a) the eollection and eharaeterization 01 germplasm around the world , 
including the eenter 01 origín , (b) the study 01 the genetie variation within the eontext 01 population 
genetics, using morphological , ehemíeal and molecular markers, (e) the use 01 genome inlormation 
from other Euphorbiaeeae, and subsequently (d) erop breeding to in crease oil produetivity. 

Key words : Jatropha. Mexico, molecular markers, populalion genelics. 

INTRODUCTION 

Jatropha curcas L. , also known in Soulhern Mexico and 
Guatemala as '"Piñón~ (pronounced Pinyon) , is a 
euphorbiaceous planl wilh many uses across the world 
and a great potential in several fields. This planl is 
probably nalive to Mesoamerica; however, it currently 
exists as a crop in both Ihe Old and Ihe New World, wilh 
excellent adaplation lo both tropical and subtropical 
conditions. It is a multí-use species , lor example, diflerent 
parts 01 the plan! are used lor medicine or lor 
pharmacological studies (Marroquín el al.. 1997; 
Panigrahi et aL , 1984), as live fences (AnzuelO and De 
MacVean, 2000) and, principally, to extraet oíl Irom ils 
seeds lo produce latty acid methyl eslers or biodiesel 
(Gubitz el aL , 1999; Fairless. 2007; Marlin and Mayeux, 
1985; Openshaw. 2000: Pramanik , 2003; Takeda, 1982). 

J. curcas has several advanlages over olher 
oleaginous species, because il is fast growing (Sujatha el 
aL , 2005) , easily adapts lo marginal lands (Jones and 

'Corresponding aulhor. E-mail: isidro.ovando@unach.mx. Tel : 
+52+9626427972. 

Miller, 1992), lolerales drought and, therefore, can be 
grown in semi-arid areas (Henning. 1997). lis oil is 
inedible and loxie lo human beings and animals (Joubert 
el al.. 1984) and hence the ralional production 01 
biodiesel from J. curcas would nol compele with human 
lood security (Ovando-Medina el aL, 2009a). 

During ¡he last three decades, many reports have 
mentioned the potenlial 01 this planl lor diesel fuel 
produetion and studies have been earried out in dilferenl 
parts of the world lO establish new plantalions. However. 
scientific research has been fragmented and only 
reeently have instilutional programs been se! up. 
Allhough more Ihan 300 articles, either or no! peer 
reviewed, concerning J. curcas exisl in journals and 
internel, mos! 01 Ihem are concenlrale on the socio
eeonomic aspect 01 J. curcas as a crop and on the 
energy-source potential 01 the plan!. There are excellenl 
reviews on these lopics (Divakara el al. , 2010; Gubilz el 
aL , 1999; Heller, 1996; Openshaw, 2000; Parawira, 
2010) , however, ¡he genetic aspects 01 Ihe plant are 
barely mentioned. 

This review highlights the advances in the genetie 
research 01 J. curcas and identifies priorities lar researeh 
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Jatropha curcas (Euphorbiaceae) is a mesoameriean plant. However, till date, it is extensively grown in 
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INTRODUCTION 

Jatropha curcas l., also known in Southern Mexieo and 
Guatemala as "Piñón" (pronouneed Pinyon) , is a 
euphorbiaceous plant with many uses aeross Ihe world 
and a greal potential in several fields. This plant is 
probably native lo Mesoameriea; however, il eurrentiy 
exists as a erop in both the Old and Ihe New World, wíth 
exeellent adaplalion lo bolh tropical and sublropical 
conditions. It is a multí-use speeies , lor example, different 
parts of the planl are used for medicine or for 
pharmacological sludies (Marroquín el al.. 1997; 
Panigrahi et aL , 1984) , as live fenees (Anzueto and De 
MaeVean, 2000) and, principally, to extract oil from its 
seeds to produce fatty acid methyl esters ar biodiesel 
(Gubilz el aL , 1999; Fairless. 2007; Martín and Mayeux , 
1985: Openshaw. 2000; Pramanik, 2003; Takeda, 1982). 

J. curcas has several advanlages over other 
oleaginous species, because il 15 last growing (Sujatha el 
aL , 2005) , easily adapts lo marginal lands (Jones and 

*Corresponding aulhor. E-mail: isidro.ovando@unach.mx. Tel : 
+52+9626427972. 

Miller. 1992). lolerales droughl and, therefore, can be 
grown In semí-arid areas (Henning. 1997). lis oil is 
inedible and toxic to human beings and animals (Joubert 
et al.. 1984) and hence Ihe rational producl ion 01 
biodíesel from J. curcas would nol compete with human 
lood seeurity (Ovando-Medina et al.. 2009a). 

During ¡he last Ihree decades, many reports have 
mentioned Ihe potenlial of Ihis planl for diesel luel 
production and studies have been earried out in differenl 
parts 01 the world lo establish new plantations. However. 
scientific research has been fragmented and only 
reeently have institutional programs been sel up. 
Although more than 300 articles, either or no! peer 
reviewed, concerning J. curcas exísl in journals and 
internel, mos! 01 them are concentrale on the socio
economic aspecl 01 J. curcas as a crop and on the 
energy-source polenlial 01 the plan!. There are excellenl 
reviews on these topies (Divakara et aL , 2010; Gubitz el 
al. , 1999; Heller, 1996; Openshaw, 2000; Parawira, 
2010) , however, ¡he genetíc aspeets 01 Ihe plan! are 
barely mentioned. 

This review highlighlS the advanees in the genetic 
researeh 01 J. curcas and idenlilies prioríties lar research 
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in the immediate lulure. 

THE DEBATE ON THE ORIGIN OF J. CURCA S 

Euphorbiaceae is a panlropical lamily wilh three 
sublamilies: Acalypho ideae, Crotonoideae and 
Euphorbioideae (Webster, 1994; Wurdack el al. , 2005). 
The genus Jatropha, with 66 representatives in the Old 
World, is panlropical loo. The center 01 diversity 01 ¡he 
genus Jatropha is the Mesoamerican region (Mexico and 
Central America) , which is illustrated by the lact Ihat 
more than 100 out 01 175 species 01 Jatropha are native 
lo thal region (Dehgan and Webster, 1979). In addition, in 
Mexico Ihere are 41 native species, 01 which 31 are 
strictiy endemic (Jiménez and Martinez, 1994). Several 
species 01 Jatropha are native to Soulh America. 

It is possible ¡hat J. curcas originales in Mesoamerica 
and many authors coincide wilh this idea (Abdulla et al. , 
2009; Ambros i et al. , 2010; Basha and Sujatha, 2007; 
Basha el al., 2009; Dehgan and Webster, 1979: Ginwal 
el al., 2005; Heller, 1996; Kumar et al. , 2009; Un el al. , 
2010; Openshaw, 2000; Parawira, 2010; Saikia el al. , 
2009; Sudheer-Pamidiamarri et al. , 2009; Tatikonda el 
al., 2009: Umamaheswari et al. , 20 10; Zubieta et al., 
2009). Nowadays this species is distributed throughout 
!he tropical world as a result 01 European cOlonialism, the 
plant was introduced to Caribbean islands, Alrica and 
Southeast Asia where it is grown as a hedge plan!. 
Nevertheless, there are disagreements and some aulhors 
considering 8razil as the origin 01 J. curcas, as suggested 
by Anuda el al. (2004). Bomlim-Gois et al. (2006) and 
Oliveira et al. (2006) . Melo el al. (2006) recommend the 
extensive culture 01 J. curcas in Ihat South American 
country lor the reason that '·il is a species native 01 Brazil~ 
and Martin and Mayeux (1984) mention the State 01 
Ceara, in Brazil , as the centre 01 origin 01 the plan!. In the 
same way , 8asha el al., (2009), Sudheer-Pamidimarri et 
al. (2009b) and Sudheer et al. (2010b) menlion that this 
plant is a na¡ive 01 South America. Basha and Sujatha 
(2007), in the introduction 01 Iheir paper, declare Iha! J. 
curcas is a native 01 Mexico and ¡he Central American 
region , bul in their linal comments Ihey said Ihat, up til! 
date, the "true·' centre 01 origin 01 J. curcas has nol been 
established. Other aulhors preler a more conservative 
poinl 01 view slating tha! the origin 01 the plant is "tropical 
America" (Ambrosi el al. 2010; Divakara el al. , 2010; 
Ganesh-Ram el al. . 2008; Ranade et al. , 2008). 

In 1979, Dehgan and Webster suggested tha! J. curcas 
was ¡he most primitive lorm within the Jatropha genus, 
because it posses morpholog ical characlers shared by 
both subgenera , Curcas and Jatropha, including 
palmately lobed leaves, arborescent habit, presence 01 a 
co-Ilorescence and occasional hermaphroditic Ilowers; 
supported by comparative microscopic examinal ion 01 
several anatomical and morphological leatures (Dehgan 
and Craig, 1978: Dehgan, 1980, 1982) and interspecilic 
hybridizations demonstrating ¡he abili ty 01 the species lo 

interbreed as maternal parent with species 01 ¡he two 
subgenera (Dehgan, 1984; Sujatha and Prabakaran, 
2003). It is reasonable , therelore , to deduce ¡hat, il ¡he 
Mesoamerican region is the centre 01 diversity 01 Ihe 
genus and il J. curcas is Ihe most plesiomorphic species 
in the Jatropha genealog ical tree , then il mus! be a 
Mesoamerican originative species. 

However, a cen ter 01 diversity not necessarily is a 
center 01 origino An additional complication in determining 
the center 01 origin 01 J. curcas is ils presence. "in the 
wild'·, in South America. Further, Ihe ex istence 01 Alrican 
species 01 Jatropha, represents an opportunity lo explain 
the diversifical ion 01 the genus by vicariance (Dehgan 
and Webster, 1979). Dehgan and SchUlzman (1994) 
analyzed the evolution 01 32 morphological characters in 
77 New World Jatropha spedes. Their results revealed a 
morphological continuum lrom South lO North, with 
Southern species possessing the most prim itive 
characteristics (arborescent habit, presence 01 a co
Ilorescence, monoecy, diploidy, ten uniseriate and 
connate stamens, three locules and three style 
branches). Although they did no! include geographic 
data, they postulated tha! the curren! distribution 01 
Jatropha is as a result 01 the separalion 01 Ihe andenl 
continent 01 Gondwana (ca. 100 millions 01 years ago - m. 
y. a.) and ¡he subsequent spreading 01 Jatropha in Alrica 
and America. In summary, anolher possibility is thal ¡he 
center 01 origin 01 J. curcas was South America, from 
where it spread lo Mesoamerica (alter the closure of Ihe 
Isthmus 01 Panama, ca. 3 m. y. a. ), a site with optimal 
conditions lor its diversilication. 

A more accurate conclusion may only be drawn Irom a 
complete revision 01 !he Old and New World Jatropha 
species using both morphological and molecular 
characters, and conducting phylogeographic research on 
J. curcas in ¡he American continen!. 

MORPHOlOGICAl AND CHEMICAl DIVERSITV IN 
THE SPECIES 

Due lo the interest 01 scholars and governments in Ihe 
use 01 J. curcas as a crop lar biodiesel production, many 
programs aimed al the collection and seleclion 01 elite 
genolypes have been undertaken (Openshaw, 2000; 
Ovando-Medina et al., 2009b; Sujatha et al.. 2005) , and 
an underslanding 01 the degree 01 genetic variation in 
native populat ions 01 J. curcas is critical lor the success 
01 such programs. 

There are a lew recognized varieties 01 J. curcas in Ihe 
world and their differentiation is based upon the size or 
the content 01 toxic molecules (phorbol esters and curcin) 
within the seed. However this classilication has an 
element 01 arbitrariness. For example, three varieties are 
Irequently menlioned by researchers: Ihe Cape Verde 
variety tha! has spread all over the world, the Nicaraguan 
variety with lew but larger fruits and a non·toxic Mexican 
variety that only has traces 01 phorbol esters in Ihe Iru it 
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in the immediate lulure. 

THE DEBATE ON THE ORIGIN OF J. CURCA S 

Euphorbiaceae is a pantropical lamily with three 
sublamil ies : Acalypho ideae. Crotonoideae and 
Euphorbioideae (Webster. 1994; Wurdack el al. , 2005). 
The genus Jatropha, with 66 representatives in the Old 
World, is pantropical too. The center 01 diversity 01 the 
genus Jatropha is the Mesoamerican region (Mexico and 
Central America) , which is illustrated by the lact that 
more Ihan 100 out 01 175 species 01 Jatropha are native 
lo that regíon (Dehgan and Webster , 1979). In addition, in 
Mexico Ihere are 41 native species , 01 which 31 are 
strictiy endemic (Jiménez and Martinez. 1994). Several 
species 01 Jatropha are native to South America. 

It is possible that J. curcas originales in Mesoamerica 
and many authors coincide wilh this idea (Abdulla et aL , 
2009: Ambrosi et aL , 2010; Basha and Sujatha, 2007; 
Basha el al., 2009: Dehgan and Websler, 1979: Ginwal 
el al.. 2005; Heller, 1996; Kumar et aL , 2009; Un el aL , 
20 10; Openshaw, 2000; Parawira, 2010; Saikia el aL , 
2009; Sudheer·Pamidiamarri et al. , 2009; Tatikonda el 
aL, 2009; Umamaheswarl et aL , 20 10; Zubieta et aL , 
2009). Nowadays this species is distributed throughout 
Ihe tropical world as a result 01 European colonialism. Ihe 
plan! was introduced to Caribbean islands, Alrica and 
Southeast Asia where it ís grown as a hedge plant. 
Nevertheless, there are disagreements and some authors 
considering Brazil as the origin 01 J. cureas, as suggested 
by Arruda el al. (2004). Bomlim-Gois et al. (2006) and 
Oliveira et al. (2006). Melo el al. (2006) recommend the 
extensive culture 01 J. cureas in ¡hat Soulh American 
country lor the reason Ihat "il is a species nalive 01 Brazil~ 
and Martin and Mayeux (1984) mention the State 01 
Ceara, in Brazil , as the centre 01 origin 01 the plant. In the 
same way , Basha el al.. (2009), Sudheer-Pamidimarri et 
al. (2009b) and Sudheer et al. (2010b) mention ¡hat this 
plan! is a native 01 South America. Basha and Sujatha 
(2007). in the introduction 01 their paper, declare ¡ha! J. 
curcas is a native 01 Mexico and ¡he Central American 
region, but in their linal comments they said that, up till 
date, the "true·· centre 01 origin 01 J. cureas has no! been 
established. Other authors preler a more conservative 
point 01 view stating tha! the origin 01 ¡he plant is "tropical 
America'· (Ambrosi el al. 2010; Divakara el aL , 2010: 
Ganesh-Ram el al., 2008; Ranade et aL , 2008). 

In 1979. Dehgan and Webster suggested tha! J. cureas 
was the most primil ive lorm within the Jatropha genus, 
because it posses morphological characters shared by 
both subgenera, Cureas and Jatropha. including 
palmately lobed leaves, arborescent habit, presence 01 a 
co~llorescence and occasional hermaphroditic Ilowers; 
supported by comparative microscopic examination 01 
several anatomical and morphological leatures (Dehgan 
and Craig, 1978; Dehgan. 1980, 1982) and interspecilic 
hybridizalions demonstrating ¡he abili!y 01 the species lo 

interbreed as maternal parent with species 01 ¡he two 
subgenera (Dehgan, 1984; Sujatha and Prabakaran, 
2003). It is reasonable. therelore. to deduce Iha!, il ¡he 
Mesoamerican region is the centre 01 diversily 01 ¡he 
genus and il J. curcas is ¡he most plesiomorphic species 
in the Jatropha genealogical tree , then il mus! be a 
Mesoamerican orig inative species. 

However, a center 01 diversily nol necessarily is a 
center 01 origino An additional complication in delermining 
the cenler 01 origin 01 J. cureas is ils presenee. "in the 
wild", in South America. Further, the ex istenee 01 Alriean 
species 01 Jatropha, represents an opportunity to explain 
the diversification 01 Ihe genus by vicariance (Dehgan 
and Webster, 1979). Dehgan and Schulzman (1994) 
analyzed the evolution 01 32 morphologieal charaeters in 
77 New World Jatropha species. Their resulls revealed a 
morphological conlinuum lrom South lo North, with 
Soulhern species possessing the most primitive 
charaeteristics (arborescent habil. presenee 01 a co
Ilorescenee. monoecy, diploídy, ten uniseriate and 
connate stamens, three locules and three style 
branches). Allhough they did nol include geographic 
data. Ihey postulated thal the current distribution 01 
Jatropha is as a result 01 the separation 01 the ancien! 
continenl 01 Gondwana (ea. 100 millions 01 years ago ~m. 
y. a.) and ¡he subsequent spreading 01 Jatropha in Alriea 
and America. In summary, anolher possibility is Ihal ¡he 
center 01 origin 01 J. curcas was South America, Irom 
where il spread lo Mesoamerica (alter the closure 01 the 
Isthmus 01 Panama, ca. 3 m. y. a. ), a site with optimal 
condltions lor its diversilication. 

A more accurate eonelusion may only be drawn lrom a 
complete revision 01 ¡he Old and New World Jatropha 
species using bolh morphological and molecular 
characters, and conducling phylogeographic research on 
J. curcas in the American continent. 

MORPHOLOGICAL AND CHEMICAl DIVERSITV IN 
THE SPECIES 

Due lo the interest 01 scholars and governments in the 
use 01 J. curcas as a crop lor biodiesel production, many 
programs aimed al the colleetion and seleelion 01 elite 
genolypes have been undertaken (Openshaw, 2000: 
Ovando-Medina et al., 2009b; Sujatha et al. . 2005) , and 
an understanding of Ihe degree 01 genetic variation in 
nalive populations 01 J. cureas is critical lor the success 
01 such programs. 

There are a lew recognized varieties 01 J. eureas in the 
world and their differentiation is based upon the size or 
the eontent 01 toxic molecules (phorbol esters and curcin) 
within the seed. However this classif ication has an 
element 01 arbitrariness. For example, three varieties are 
Irequenlly menlioned by researchers: Ihe Cape Verde 
variety tha! has spread all over the world, the Nicaraguan 
variety with few but larger Iruits and a non-Ioxic Mexican 
variety that only has traces 01 phorbol esters in the Iruit 
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(Heller. 1996; Henning, 1997; Sujatha et al .. 2005). 
Recently, some commercial varieties have been 
released. These include SDAUJ1 , Irom an Indian 
program 01 seleclion 01 germplasm (Basha and Sujatha. 
2007) and JMAX, derived 01 Guatemalan germplasm 
(www.sgbioluels.com). Comparative agronomic sludies 01 
such varieties have not been reported. In addition , Ihere 
is limited inlormation wi!h regard to Ihe number 01 
introductions and the genetic diversity 01 J. curcas 
populations grown in diHerent parts 01 the tropics. 

In various sludies. some pOlentially important variations 
in Piñón trees have been delected, however, Ihe initial 
variations in Iruit and seed yield 01 Ihe candidate trees 
were lound lO be insignilicant when Ihe plants were 
grown on a common sile, ind icating low genetic 
variabilily. Sakaguchi and Somabhi (1987) lound no intra
specilic morphological variations between lorty J. curcas 
clonal lines Irom dilleren! locations in Thailand. Other 
records 01 systemalic provenance trials have en
countered limiled morphological and chemical variabilily 
(Heller , 1991 , 1996; Sukarin el aL , 1987). Conversely, 
Kaushik et al. (2007) reported the variability in seed traits 
and oil conten! 01 24 accessions 01 J. curcas collected 
Irom dillerent zones 01 India. There were signilicant 
differences (P<0.05) in seed size, 100 seed weighl and 
oi! content between accessions. However, the coellicient 
01 variation was higher lar phenotype than genolype, 
indicating a predominant role 01 the environment. Similar 
results were lound by Sunil el al. (2008) and Mishra 
(2009) , who selecled promising accessions 01 J. curcas 
Irom India, correlaling morphological characteristics 
(plan! heighl, collar height and Ihickness. number 01 
primary branches, petiole length, number 01 Iruits per 
cluster . pedicellength and seed yield) with the oil content 
01 Ihe seed. Gohil and Pandya (2008, 2009) sludied 
lourteen characters in Indian accessions linding 
moderale genelic diversity and none 01 Ihe morphological 
variables had heritability 01 over 75%. In another Sludy 01 
Indian accessions, Saikia et al. (2009) compared 34 
sources. linding moderale varialion in planl height, slem 
girth, branches per plant and seed weight. 

In general. il appears ¡ha! the environmenl has a 
predominant role in ¡he morphological variation among 
provenances, which could be inlerpreted as a narrow 
genetic base 01 J. curcas, al least in !he Old World 
germplasm. Conlrary to this idea. Ginwal el al. (2005), 
studying plants Irom Central India, observed that 
characteristics 01 seed morphology, germination and 
seedling growth were highly variable and signilicant 
among sources. and were under strong genetic control 
(broad sense heritability values over 75%). 

Studies concerning chemical varialion have been 
locused on the seed oil content, with mini mal attention to 
other molecules potentially uselul as markers lor the 
eslimation 01 genetic diversity. Makkar el al. (1998) 
compared the conten! 01 toxic compounds 01 lour types 01 
J. curcas, which originated lrom Nicaragua, Cape Verde , 
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Nigeria and Mexico. The concentrations 01 phorbol esters 
in the kernels 01 Cape Verde, Nicaragua and Nigeria 
types were 2.70, 2.17 and 2.30 mg/g, respectively. 
whereas kernels 01 non-Ioxic Mexican Iypes had a very 
low concentralion (0.11 mg/g); bul the variation among 
sites was not evaluated. 

Ferrao and Ferrao (1984) lound variations in Asian 
clones ranging Irom 23 lO 43%" based on the complele 
seed. Heller (1996) reported that Ihe crude lal content 01 
seeds lrom ten dilferenl origins ranged Irom 28.4 lo 
42.3% (Mean = 35.6%). Ovando-Medina et al. (2009b) 
investigated variations in seed oil conten! belween 
populations 01 J. curcas Irom the coastal zone 01 Ihe 
Mexican Stale 01 Chiapas. Results showed Ihal seed oil 
content varied lrom 12.09 lo 44.28%, apparently related 
lo Ihe aridily 01 Ihe sites , with the higher con!ents 
corresponding to zones with lower rainlall. Ginwal el al. 
(2004) reported similar associations between oi! conten! 
and rainlall. The variation in oil contenl can be generated 
by genetic and environmental tactors. including rainfall 
and soil lertility (Escobar el al. , 2008; Mishra, 2009), 
however. several aUlhors have reported high heritability 
values lor !his characteristic , 99% (Kaushik el aL , 2007), 
89.7% (Gohil and Pandya, 2009) , >75% (Ginwal el al. . 
2004) and 70.3% (Ovando-Medina et aL , In Press) . 

There are reports on the composition 01 J. curcas oi! 
(Iauy acids, sterols and other molecules). but researchers 
have concentrated on the potential 01 the oil as lood/leed 
or as biocide (Adebowale and Adedire. 2006; Martínez
Herrera el al. , 2006). Limited attention has been paid to 
Ihe chemical diversity as indicalor 01 genetic variation. An 
exception is the work 01 Wang el al. (2008), who 
compared Ihe oil content and latty acid composition in 
samples 01 J. curcas collected Irom three regions 01 
China and one Irom India. They lound 12 lalty acids and 
reported diflerences among accessions, concluding Ihat 
attention should be given to these chemical markers in 
the inlroduction 01 germoplasm to thal counlry and in Ihe 
breeding 01 J. curcas. 

There are Iwo main explanations lor the genetic 
diversity (estimated with morphological and chemical 
characters) lound in Old World Jatropha accesions, the 
lirst. as Ginwal el al. (2005) and Saikia et al. (2009) 
suggesled. is related lO the lact ¡hat this species grows 
over a wide range 01 climatic conditions and populations 
must have experienced marked differences in selective 
pressure in their nalural habita!. The problem with Ihis 
postulate is thal Jatropha populations are relalively new 
in Asia and Aldca. The second explanation is thal Ihe 
variation was introduced with the seeds lrom tropical 
America. cenluries ago. 

RECENT ADVANCES IN MOLECULAR STUDIES OF J . 
CURCA S 

Convenlional methods have shown that morphological 

(Heller. 1996; Henning, 1997: Sujatha et al.. 2005). 
Recently, some commercial varieties have been 
released. These include SDAUJ1 , Irom an Indian 
program of selection 01 germplasm (Basha and Sujalha, 
2007) and JMAX. derived 01 Guatemalan germplasm 
(wWN.sgbioluels.com). Comparative agronomic studies 01 
such varieties have not been reported. In addition, there 
is limited information with regard lo Ihe number 01 
inlroductions and the genetic diversity 01 J. eureas 
populations grown in diHerent parts 01 Ihe tropics. 

In various sludies. some potentially important variations 
in Pii'ión trees have been detected, however, the inilial 
variations in fruit and seed yield of Ihe eandidale trees 
were lound lo be insignilieant when Ihe planls were 
grown on a common site, indicating low genetic 
variability. Sakaguchi and Somabhi (1987) lound no intra
specilic morphological varialions belween lorty J. eureas 
clonal lines Irom differenl locations in ThaHand. Other 
records 01 systemalic provenance trials have en
countered limited morphological and chemical variability 
(Heller, 1991 , 1996; Sukarin et al. , 1987). Conversely, 
Kaushik el al. (2007) reported the variabllity in seed traits 
and oil conten! 01 24 accessions 01 J. eureas collected 
lrom different zones 01 India. There were significant 
differences (P<0.05) in seed size, 100 seed weigh! and 
oil content between accessions. However, the coefficient 
01 variation was higher lar phenotype than genolype. 
indicating a predominant role 01 the environment. Similar 
results were lound by Sunil el al. (2008) and Mishra 
(2009) , who selecled promising accessions 01 J. cureas 
Irom India, correlaling morphological characteristics 
(plant heighl, collar height and thickness, number 01 
primary branches, petiole length, number 01 fruits per 
cluster. pedicellenglh and seed yield) with the oil con tent 
01 Ihe seed. Gohil and Pandya (2008, 2009) studied 
lourteen characters in Indian accessions linding 
moderale genetic diversity and none 01 Ihe morphological 
variables had heritability 01 over 75%. In another study 01 
Indian accessions, Saikia et al. (2009) compared 34 
sources. finding moderate variation in planl height, stem 
girth. branches per plant and seed weight. 

In general , il appears ¡ha! Ihe environmen! has a 
predominant role in the morphological variation among 
provenances, which could be interpreted as a narrow 
genetie base 01 J. eureas, al least in Ihe Old World 
germplasm. Contrary to this idea. Ginwal el al. (2005) , 
studying plants lrom Central India. observed that 
characteristics 01 seed morphology, germination and 
seedling growth were highly variable and significant 
among sources, and were under slrong genelic control 
(broad sense heritabiJity values over 75%). 

Studies concerning chemical variation have been 
locused on the seed oil content, with mini mal aUention to 
other molecules potentiaJly uselul as markers lor the 
eslimation 01 genetic diversily. Makkar el al. (1998) 
compared Ihe content 01 toxic compounds 01 tour types 01 
J. eureas, which originated Irom Nicaragua, Cape Verde , 
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Nigeria and Mexico. The concentralions 01 phorbol esters 
in Ihe kernels 01 Cape Verde, Nicaragua and Nigeria 
types were 2.70. 2.17 and 2.30 mg/g, respectively, 
whereas kernels 01 non-Ioxic Mexican Iypes had a very 
low concentralion (0.11 mg/g); bul the variation among 
siles was not evaluated. 

Ferrao and Ferrao (1984) lound varialions in Asian 
clones ranging !rom 23 lo 43%" based on the complete 
seed. Heller (1996) reported that ¡he crude lal contenl 01 
seeds from ten dilferenl origins ranged Irom 28.4 lo 
42.3% (Mean = 35.6%). Ovando·Medina et al. (2009b) 
investigated variations in seed oil conten! between 
populations 01 J. eurcas Irom the coastal zone 01 Ihe 
Mexican Slate 01 Chiapas. Results showed that seed oil 
content varied Irom 12.09 to 44.28%, apparentiy related 
lo Ihe aridily 01 the siles. with the higher contents 
corresponding lo zones with lower rainfall. Ginwal el al. 
(2004) reported similar associations between oH canten! 
and rainlall. The variation in oil conten! can be generaled 
by genetic and environmental lactors, including rainfall 
and soil lertilily (Escobar el al. , 2008; Mishra, 2009), 
however. several authors have reported high heritability 
values lor this characteristic , 99% (Kaushik el al. , 2007), 
89.7% (Gohil and Pandya, 2009) , >75% (Ginwal el al., 
2004) and 70.3% (Ovando-Medina el al., In Press) . 

There are reporls on the composition 01 J. eureas oil 
(fally acids, sterols and olher molecules) , but researchers 
have concentrated on the potential 01 the oil as 100dJleed 
or as biocide (Adebowale and Adedire. 2006; Martínez
Herrera el al. , 2006). Limiled attention has been paid to 
the chemical diversity as indicator 01 genelic variation. An 
exception is the work 01 Wang et al. (2008) , who 
compared the oil contenl and latty acid composition in 
samples 01 J. eureas collecled lrom three regions 01 
China and one Irom India. They lound 12 latly acids and 
reported diflerences among accessions, concluding Ihat 
atlenlion should be given to these chemical markers in 
the introduclion 01 germoplasm to Ihat country and in Ihe 
breeding 01 J. cureas. 

There are two main explanations lar Ihe genetic 
diversity (estimated with morphological and chemical 
characlers) lound in Old World Jatropha accesions, the 
lirst. as Ginwal el al. (2005) and Saikia et al. (2009) 
suggested, is related to the lact that this species grows 
over a wide range 01 climalic condilions and populations 
must have experienced marked differences in seleclive 
pressure in ¡heir natural habitat. The problem with this 
poslulate is thal Jatropha populations are relalively new 
in Asia and Alrica. The second explanation is tha! the 
variation was introduced with the seeds Irom tropical 
America. centuries ago. 

RECENT ADVANCES IN MOLECULAR STUDIES OF J . 
CURCA S 

Convenlional melhods have shown that morphological 
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Figure 1. Evolution 01 the investigations on Jalropha curcas genetic diversity. published in indexed journals the last fiftheen years, by 
region 01 origin 01 the germpfasm analyzed. 

characteristics are uselul lo eslablish phylogenetic 
relationships al Ihe genus level. but are insufficient to 
deline genetic diversity and relationships among 
accessions 01 J. curcas, due 10 ¡he strong inlluence 01 the 
environment on traits like seed weight, seed protein and 
oil conten! (Heller , 1991 , 1996; Sakaguchi and Somabhi, 
1987: Sukarin el al., 1987). II is , therefore, clear Iha! 
evaluation 01 genetic variation is more leasible using 
neutral molecular markers (Basha and Sujatha. 2007). 
Convenlionally. the identilication 01 markers linked lo 
uselul Iraits has been based on complete linkage maps 
and hybridization experiments. However, allernative 
methods. such as the construction 01 partíal maps and 
combination 01 pedigree and marker inlormalion, are also 
uselul in idenlifying marker/trait associations (Korzun, 
2003). 

Molecular markers have been employed lor 
determining genetic diversity in species 01 family 
Euphorbiaceae, especially in Hevea brasiliensis (Willd. ex 
A. Juss.) Müll.Arg. (Lakawipat el al. , 2003) and Manihot 
esculenta Cranz (Asanle and Offei, 2003). 

The number 01 J. curcas molecular marker studies has 
increased remarkably in the last ten years (Figure 1), 

however, there are limitations, for example, there are only 
a few reports aboul the use 01 AFLPs to analyze genetic 
varialions in populat ions 01 J. curcas. 

Isoenzymes 

Among the variely 01 molecular marker systems, 
isoenzymes are a good option lor rapid evaluation 01 
planl materials because ¡he analysis is simple, fas! and 
cheaper Ihan DNA-based methods. Unfortunately, 
besides Sathaiah and Reddy (1985), who used 
isoenzymes to determine phylogeny 01 Jatropha and 
Ricinus, only one report mentioned the use 01 isozymes 
in Jatropha. Bomlim-Gois el al. (2006) compared Ihe 
isoenzymes 01 15 accessions 01 J. curcas lrom lour 
States 01 Brazil. Peroxidase, esterase and glutamate 
oxaloacetate transaminase expressions were used lo 
estímate genetic similarities between genotypes. They 
observed dilferences in electrophoretic profiles 01 
accessions lor Ihe difIeren! enzymatic systems bul Ihey 
did not find extensive divergence, except in Ihe genotype 
named JCUFLA001 , which presented only 55% 01 
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Figure 1. Evolulion 01 the investigalions on Jatropha curcas genetic diversily. published in inde)(ed journals lhe lasl fiflheen years, by 
region 01 ongin 01 the germplasm analyzed. 

characteristics are uselul lo establish phylogenetic 
relationships al ¡he genus level. but are insuff icient to 
define genetic diversity and relationships among 
accessions 01 J. curcas, due lo Ihe strong inlluence 01 the 
environment on traits like seed weight , seed prolein and 
oi! contenl (Heller. 1991 , 1996; Sakaguchi and Somabhi, 
1987: Sukarin el al. , 1987). It is , therelore , clear tha! 
evaluation 01 genetic variation ís more feasible using 
neutral molecular markers (Basha and Sujatha. 2007). 
Conventionaily. the identilication 01 markers linked lo 
useful traits has been based on complete linkage maps 
and hybridization experiments. However, alternatíve 
methods. such as the construction 01 partíal maps and 
combination 01 ped igree and marker inlormation. are also 
uselul in idenlilying marker/trait associations (Korzun , 
2003). 

Molecular markers have been employed lor 
delermining genetic diversity in species 01 lamily 
Euphorbiaceae, especially in Hevea brasifiensis (Willd. ex 
A. Juss.) Müll.Arg. (Lakawipat el al. , 2003) and Manihot 
esculenta Cranz (Asante and Offei. 2003). 

The number 01 J. curcas molecular marker studies has 
increased remarkably in the lasl len years (Figure 1), 

however, there are limitations, lor example, there are only 
a lew reports about the use 01 AFLPs lo analyze genetic 
variations in populalions 01 J. eureas. 

Isoenzymes 

Among the variety 01 molecular marker systems, 
isoenzymes are a good option lor rapid evaluation 01 
plant materíals because the analysis is simple, fas! and 
cheaper ¡han DNA-based methods. Unfortunately, 
besides Sathaiah and Reddy (1985), who used 
isoenzymes to determine phylogeny 01 Jatropha and 
Ricinus, only one report mentioned ¡he use 01 isozymes 
in Jatropha. Bomlim-Gois el al. (2006) compared ¡he 
isoenzymes 01 15 accessions 01 J. cureas lrom lour 
States 01 Brazil. Peroxidase, esterase and glutamate 
oxaloacetate transaminase expressions were used lo 
estimate genetic similarities between genotypes. They 
observed differences in electrophoretic proliles 01 
accessions lor Ihe dilferen! enzymatic systems bu! they 
did no! l ind extensíve divergence, except in the genotype 
named JCUFLA001 , which presented only 55% 01 
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Figure 2. Frequency 01 use 01 markers lo study genetic diversity in Jatropha curcas extracled Imm a survey in 
publ ic scienl ilic databases. 

similarity with ¡he res! 01 ¡he biological malerials tested. 

DNA-based markers 

A number 01 DNA markers are being used lO study 
Jatropha curcas germplasm around ¡he world. However, 
¡he melhod 01 fingerprinting mos! frequently used is ¡he 
random amplified polymorphic DNA, RAPO (Figure 2). An 
exhaustive revision 01 studies on molecular markers 
yielded two types: (a) those exploring the usefulness of 
markers lo elucidate phylogenetic relations in Ihe genus 
Jatropha, and (b) Ihose studying the variabili ty in 
accessions 01 J. curcas Irom different origins. with ¡he 
long term goal 01 marker-assisled germplasm improve
ment. There are also a lew reports with a population 
genetics approach. 

Studies 01 the lirst type have shown that J. curcas can 
hybridize with other species 01 Jatropha, lor example 
Sujalha and Prabakaran (2003) used RAPO markers lo 
conlirm hybridity between J. curcas and Jatroph 
integerrima. By using the primers OPA-04 and OPA-OS, 
they identilied live Iragments specific to J. curcas. 

Sudheer-Pamidiamarri et al. (2009) , using RAPO and 
AFLP markers, indicated the relaledness between J. 
curcas and J. integerrima. The two markers showed 
comparable resul ts in elucidating ¡ha! J. curcas is closely 

related to J. integerrima, which could be the possible 
reason 01 their intercrossing. In another study, Sudheer
Pamidimarri el al. (2009) locused on the understanding 01 
phylogenetic relationships between seven species 01 
Jatropha, sequencing a nuclear ribosomal ONA ITS 
(nrONA ITS). Their resul ts indicated close relationship 
between J. curcas and J. integerrima. Sudheer el al. 
(2010a) reported a phenogram 01 several Jatropha 
species using SSR markers, showing a grouping more 
congruent with results 01 RAPO and AFLP than wilh 
nrONA IT8. 

On the conlrary, other studies showed noclose 
relat ionship between !he two species. The genetic 
relationships 01 eight species 01 Jatropha were assessed 
by Ganesh-Ram el al. (200S) using RAPO markers. They 
selected the primers OPA~04, OPF-11 and OPO-14 (Irom 
Operon Technologies, USA) lor Ihe linal screening due lo 
their high polymorphism detection. The main phenogram 
revealed three cluslers: five Jatropha curcas accessions 
were separated from the rest 01 Jatropha; a second 
cluster was formed by Jatropha ramanadensis, Jatropha 
gossypifolia, Jatropha podagrica, Jatropha tanjorensis. 
Jatropha vil/osa and J. integerrima. the las! cluster 
consisted only 01 Jatropha glandulifera. On average, J. 
integerrima had a genetic distance 01 0.525 with respee! 
to J. curcas, indicating a lack 01 close relatedness 
between them. Inlrageneric relations within Jatropha 
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pUbl ic scienlific dalabases. 

similarity with Ihe res! 01 ¡he biological materials lested. 

DNA-based markers 

A number 01 DNA markers are being used lO study 
Jatropha curcas germplasm around ¡he world. However. 
the method 01 fingerprinting mos! frequently used is ¡he 
random amplified polymorphic DNA, RAPO (Figure 2). An 
exhaustive revision 01 studies on molecular markers 
yielded two Iypes: (a) ¡hose exploring ¡he usefulness 01 
markers lo elucidate phylogenetic relations in ¡he genus 
Jatropha, and (b) Ihose sludying the variability in 
accessions 01 J. curcas lrom differenl origins. wilh Ihe 
long term goal 01 marker-assisled germplasm improve
ment. There are also a lew reporls with a population 
genelics approach. 

Sludies 01 Ihe lirsl type have shown thal J. curcas can 
hybridize with olher species 01 Jatropha, lor example 
Sujalha and Prabakaran (2003) used RAPO markers lo 
confirm hybridily belween J. curcas and Jarroph 
integerrima. By using ¡he primers OPA-04 and OPA-OS, 
Ihey identilied !ive Iragments specilic lO J. curcas. 

Sudheer-Pamidiamarri el al. (2009), using RAPO and 
AFLP markers. indicated Ihe relatedness between J. 
curcas and J. integerrima. The two markers showed 
comparable resulls in elucidating tha! J. curcas is closely 

relaled lo J. integerrima, which could be ¡he posslble 
reason 01 ¡heir intercrossing. In another study, Sudheer
Pamidimarri el al. (2009) locused on the underslanding 01 
phylogenetic relationships between seven species 01 
Jatropha. sequencing a nuclear ribosomal ONA ITS 
(nrONA ITS). Their resul ts indicaled close relationship 
belween J. curcas and J. integerrima. Sudheer el al. 
(2010a) reported a phenogram 01 several Jatropha 
species using SSR markers, showing a grouping more 
congruent wilh resulls 01 RAPO and AFLP than with 
nrONA ITS. 

On ¡he contrary. olher studies showed noclose 
relal ionship between the two species. The genetic 
relal ionships 01 eight species 01 Jatropha were assessed 
by Ganesh-Ram el al. (200S) using RAPO markers. They 
selected ¡he primers OPA-04, OPF-11 and OPO·14 (Irom 
Operon Technologies. USA) lar Ihe final screening due lo 
Iheir high polymorphism deteclion. The main phenogram 
revealed three cluslers: live Jatropha curcas accessions 
were separated from the rest 01 Jatropha; a second 
cluster was lormed by Jatropha ramanadensis, Jatropha 
gossypifolia, Jatropha podagrica, Jatropha tanjorensis. 
Jatropha vil/osa and J. integerrima. Ihe last cluster 
consisted only 01 Jatropha glandulifera. On average, J. 
integerrima had a genetic distance 01 0.525 with respect 
lo J. curcas, indicating a lack 01 close relatedness 
between them. Inlrageneric relations within Jatropha 
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were explored by Senlhil-Kumar el al. (2009), who 
compared ISSR markers 01 nine species. A cluster 
analysis separated Ihree distincl cluslers: The lirst one 
comprising all accessions 01 J. curcas, Ihe second cluster 
including J. tanjorensis, J. gossypifolia, J. podagrica and 
J. maheshwarii, and Ihe lasl cluster containing J. vil/osa, 
J. multifida, J. integerrima and J. g/andu/ifera. 

Unlortunately, these researchers did not include out
groups (wild relatives) in the studies, and used phenetic 
instead 01 parsimonious (phylogenetic) methods. 
Nevertheless, these resulls support the view 01 Oehgan 
and Webster (1 979) in their classical article on the 
laxonomy 01 genus Jatropha, in which they concluded 
Iha! J. curcas is Ihe most plesiomorphic species in Ihe 
genus. Ganesh-Ram et al. (2008) concluded thal the 
molecular distinctness 01 J. curcas accessions as 
revealed by Ihe lormation 01 a distincl cluster also 
supports Ihe view tha! J. curcas is Ihe most primilive lorm 
01 Jatropha. There is a generalized view Ihat J. curcas is 
the maternal parent 01 the natural hybrid J. tanjorensis, 
however, Basha and Sujatha (2009) demonstrated, using 
consensus chloroplast microsatelli te primers tha! J. 
gossypifolia is the malernal parent. 

Studies 01 the second Iype include that 01 Sujatha et al. 
(2005). who used RAPO analysis lo determine the 
similarity index between toxic Indian accessions and non
toxic Mexican genolypes. 01 ¡he 120 primers tested, 
amplilicalion was observed with 95 primers. The number 
01 bands per primer varied between one and 13: Ihe 
maximum polymorphism was generated with primers 
from OPJ and OPM series while no polymorphism was 
detected with primers Irom OPL series. The similarily 
index between the two genotypes based on 435 bands 
scored was 96.3%. The polymorphism generated wilh 
these primers served as relerence fingerprinls lor 
dislinguishing Ihe non-toxic variety Irom the loxic Indian 
cullivars. 

Inler Simple Sequences Repeals or ISSRs are olher 
marker 1001 with a great potential to analyze geneUc 
diversily in J. curcas but , similar to SSRs, a previous step 
is needed lo selecl primers lor Ihe blank sequen ces. 
Hartmann-Neto el al. (2006) selected ISSR primers lo 
evaluale their potenlial as markers in accessions 01 J. 
curcas Irom the Meio-Norte region in Brazil. They lound 
live primers (UBC 816, USC 821 , UBC 822, UBC 830 
and UBC 880) tha! resulted in acceptable levels 01 
polymorphism and robustness 01 bands. Genolypes used 
lo test the primers were collected !rom Teresina-Pi and 
Nova Porleirihna. Palmieri and Maia (2006) used 
bioinformatic tools lo idenlily microsatellite markers lor J. 
curcas and Ricinus communis Irom genomic sequences 
01 R. communis available Irom public dalabases. 

RAPOs and ISSRs are perhaps ¡he mosl developed 
molecular markers used lor J. curcas. lo explore genetic 
diversity in accessions 01 germplasm banks. Oliveira el 
al. (2006) investigated the genetic similarities between 24 
accessions 01 J. curcas from diflerenl origins 01 Brazil, 

using ¡he RAPO lechnique wilh 14 10-bp random 
primers. The amplification yielded 36 polymorphic 
Iragments, with maximum similarity between genotypes 
01 83% and Ihe highest divergence 01 90%, indicating Ihe 
existence 01 high genelic diversity. Nevertheless, mos! 
sludies 01 Ihe genetic variation 01 J. curcas have lound 
only modesl levels 01 diversity (Sujalha el al. , 2005) even 
with Brazilian provenances (Bomlim-Gois el al. , 2006), 
lor tha! reason il is necessary to explore a broader range 
01 biological material and lO use highly repealable 
melhods. The main constrainl 01 the RAPOs is its low 
reproducibility (Korzun , 2003). 

Basha and Sujatha (2007) evaluated the genetic 
diversity 01 J. curcas germplasm from India and a non
toxic genotype lrom Mexico using RAPO and ISSR 
techniques. Wilh Ihe aim lo describe Ihe genetic structure 
01 J. curcas germplasm in India, 43 accessions lrom 
diflerent locations were analyzed. Thal study was one 01 
Ihe most complete attempts al assessing the genetic 
diversity in J. curcas using molecular markers, and Ihe 
development 01 SCAR markers lO distinguish Indian 
accessions lrom ¡he Mexican genotype. The study 
identified polymorphic RAPO markers thal distinguished 
between these two geographically isolated genotypes bu! 
the polymorphism detecled with 400 RAPO and 100 
ISSR primers was low (42.0 and 33.5%, respeclively), 
indicating a narrow genetic base 01 the studied 
accessions. Furthermore, the intra-popula!ion variation as 
delermined by RAPO primers was 36.0%, similar to Ihe 
genetic variation detecled between populations. SCAR 
markers developed included a Iragmenl 01 543 bp 
(Gen8ank EF012272), which is specilic lo Indian 
accessions, and a Iragment of 1096 bp named ISPJ2 
(GenBank EF012273). presenl exclusively in the Mexican 
genotype. 

Sudheer-Pamidimarri el al. (2009b) evaluated the 
eflicacy 01 RAPO, AFLP and microsatellites in the 
detecUon 01 polymorphism in J. curcas lrom India, wilh 
the subsecuent objective 01 developing a methodology lor 
marker assisted selecl ion. They lound genelic similaril y 
indices 01 0.92 and 0.90 wilh RAPO and AFLP, 
respeclively, between Indian accessions and a non toxic 
variety Irom Mexico. Seven out 01 12 microsalellile 
markers resulted polymorphic. In general, they detected 
low genelic variation in Indian germplasm 01 J. curcas. 

Accessions lrom China have a narrow genetic base 
loo, the main explanalion resides in Ihe lacl Ihal Ihe 
species could have been introduced lo Alrica and Asia in 
reduced amounls as vegetative propagules. Sun et al. 
(2008) studied Ihe genetic relationships 01 58 J. curcas 
accessions localed in the South China Botanical Garden; 
they used microsatell iles and AFLP. Only one ou t 01 17 
microsalellite markers was polymorphic with two alleles , 
and Irom 70 generated AFLP Iragments only 14% were 
polymorphic. In another sludy 01 Ch inese germplasm, the 
polymorphism was 27'% and Ihe Jaccard's similarity 
coefficients ranged between 0.866 and 0.977 (that is. 
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were explored by Senlhil·Kumar el al. (2009), who 
eompared ISSR markers 01 nine species. A cluster 
analysis separated three distinct clusters: The lirst one 
comprisíng all accessions 01 J. curcas, Ihe second cluster 
including J. tanjorensis, J. gossypifolia, J. podagrica and 
J. maheshwarii, and the las! cluster contaíning J. vil/osa, 
J. multifida, J. integerrima and J. gfandulifera. 

Unlortunately, these researchers did not include out
groups (wild relatives) in the studies, and used phenetic 
instead 01 parsimonious (phylogenelic) melhods. 
Nevertheless. these results support the view 01 Oehgan 
and Webster (1979) in their elassieal article on the 
laxonomy 01 genus Jatropha, in which they coneluded 
Iha! J. curcas is Ihe most plesiomorphic species in Ihe 
genus. Ganesh-Ram el al. (2008) concluded tha! the 
molecular distinctness 01 J. curcas access ions as 
revealed by ¡he lormation 01 a distinct cluster also 
supports the view tha! J. curcas is the mos! primitive lorm 
01 Jatropha. There is a general ized view that J. curcas is 
the maternal parent 01 the natural hybrid J. tanjorensis, 
however, Basha and Sujatha (2009) demonstrated, using 
consensus chloroplast microsatelli te primers tha! J. 
gossypifolia is the maternal paren!. 

Sludies 01 the seeond type include thal 01 Sujatha et al. 
(2005) . who used RAPO analysis lo determine the 
similarity index between toxic Indian aeeessions and non
toxic Mexiean genotypes. 01 the 120 primers tested, 
amplilieation was observed with 95 primers. The number 
01 bands per primer varied between one and 13: the 
maximum polymorphism was generated with primers 
Irom OPJ and OPM series while no polymorphism was 
deteeted with primers Irom OPL series. The similarity 
index between the two genotypes based on 435 bands 
seored was 96.3%. The polymorphism generated with 
these primers served as relerence lingerprinls lor 
distinguishing the non-toxic variety Irom Ihe toxic Indian 
eultivars. 

Inler Simple Sequences Repeats or ISSRs are olher 
marker 1001 with a great pOlential to analyze genetic 
diversity in J. curcas but , similar lo SSRs, a previous step 
is needed to select primers lor the blank sequences. 
Hartmann-Neto et al. (2006) selecled ISSR primers to 
evaluale their potential as markers in accessions 01 J. 
curcas from Ihe Meio-Norte region in Brazil. They lound 
live primers (UBC 816, use 821, USC 822, use 830 
and use 880) tha! resulted in acceplable levels 01 
polymorph ism and robustness 01 bands. Genolypes used 
lO test the primers were collected from Teresina-Pi and 
Nova Porteirihna. Palmieri and Maia (2006) used 
bioinlormatic tools lo identily mierosatellite markers lor J. 
curcas and Ricinus communis !rom genomic sequences 
01 R. communis available lrom publíc databases. 

RAPOs and ISSRs are perhaps ¡he most developed 
molecular markers used lor J. curcas. lO explore genetic 
diversity in aecessions 01 germplasm banks. Oliveira el 
al. (2006) investigated Ihe genetic similarities between 24 
accessions 01 J. curcas Irom different origins 01 Brazil, 

using Ihe RAPO teehnique with 14 10·bp random 
primers. The amplifieation yielded 36 polymorph ic 
Iragments, with maximum similarity between genolypes 
01 83% and the highest divergence 01 90%, indieating the 
exislence 01 high genelic diversity. Nevertheless, mos! 
studies 01 Ihe genetic variation 01 J. curcas have lound 
only modest levels 01 divers ity (Sujatha el al.. 2005) even 
with Brazilian provenances (Bomlim-Gois el al.. 2006) , 
lor that reason il is necessary lo explore a broader range 
01 biological material and to use highly repeatable 
methods. The main constraint 01 ¡he RAPOs is ils low 
reprodue ibility (Korzun , 2003). 

Basha and Sujatha (2007) evaluated the genetic 
diversity 01 J. curcas germplasm Irom India and a non
toxic genotype Irom Mexico using RAPO and ISSR 
techniques. With the aim to describe the genetic structu re 
01 J. curcas germplasm in India, 43 accessions lrom 
diflerent locations were analyzed. That study was one 01 
the most complete attempts al assessing the genelic 
diversity in J. curcas using molecular markers, and the 
development 01 SCAR mar"kers lo distinguish Indian 
accessions Irom the Mexican genotype. The study 
identilied polymorphic RAPO markers tha! distinguished 
between Ihese two geographically isola!ed genotypes bu! 
the polymorphism delected with 400 RAPO and 100 
ISSR primers was low (42.0 and 33.5%, respeclively) , 
indicating a narrow genetic base 01 !he studied 
accessions. Furthermore, the inlra-popula!ion varialion as 
determined by RAPO primers was 36.0%, similar lo !he 
genetic variation detected between populations. SCAR 
markers developed included a Iragmenl 01 543 bp 
(Gen8ank EF012272). which is specil ic lo Indian 
accessions, and a Iragment of 1096 bp named ISPJ2 
(GenBank EF012273). presenl exclusively in Ihe Mexiean 
genotype. 
Sudheer~Pamidimarr i et al. (2009b) evaluated the 

efficacy 01 RAPO, AFLP and mierosatellites in the 
delection 01 polymorphism in J. curcas Irom India. with 
the subsecuent objective 01 developing a melhodology lor 
marker assisled selection. They found genetie similarity 
indices 01 0.92 and 0.90 with RAPO and AFLP, 
respectively, belween Indian accessions and a non tox ic 
variety lrom Mexico. Seven out 01 12 microsatellile 
markers resulted polymorphic. In general, they detecled 
low genetic variation in Indian germplasm 01 J. curcas. 

Accessions Irom China have a narrow genelic base 
loo, the main explanation resides in ¡he lac! Iha! ¡he 
species could have been inlroduced lo Alríea and Asia in 
reduced amounts as vegetative propagules. Sun et al. 
(2008) studied the genetic relationsh ips 01 58 J. curcas 
accessions located in Ihe South China Botanical Garden; 
they used mierosatell ites and AFLP. Only one out 01 17 
mierosatellite markers was polymorphic with two alleles , 
and Irom 70 generated AFLP Iragments only 14% were 
polymorphic. In another study 01 Chinese germplasm, the 
polymorphism was 27% and ¡he Jaccard's similarity 
coeffícients ranged between 0.866 and 0.977 (Iha! is, 
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Table 1, Comparison 01 genetic diversity in Jauopha curcas Irom several parts 01 the World studied with molecular markers. 

Genetic diversity {1-Jaccard's 
Type 01 Region similarit~ index} marker used Aeference 

Minimum Maximum Mean 
India 0.05 
India 
India 0.03 
India 0.16 
India 0.04 
India 0.08 
India 0.11 
India 0.00 
India 0.00 
China 0.03 
China 0.02 
Brazil 0.17 
India. Nigeria. Thailand 0.07 
Mexico. Asia. Alrica 0.08 
Mexico, SoulhAmerica. Asia. Africa 0.01 
Indonesia. China. Grenada. Soulh America 0.08 
China, Indonesia 0.06 
China. Indonesia. Thailand 0.05 

genelic diversilies as low as 0.03 to 0.14). using AFLP 
markers (Shen el al. , 2010a). 

To Ihe contrary, two invesligations report a high genetic 
variation in J. eureas Irom India. Ranade el al. (2008) , 
evalualed Ihe genetic diversity of accessions 01 J. eureas 
from four regions 01 India using RAPO's and directed 
amplificalion 01 minisatelliles. An important difference in 
relation to the other studies of Asian J. eureas is the 
evaluation 01 uwild" accessions. They lound that, allhough 
the species is no! a native, it exhibiled a high genetic 
diversity; Ihe methods used were sullicienl lO diflerentiale 
genotypes 01 diflerent provenances, with wild accessions 
Irom the Norlh East region being clearly dissimilar to the 
rest. However, it should be noled Ihal even in the 
probable centre 01 origin there are no wild populations 01 
J. curcas and therefore Uwild" should be clearly delined. 
Oeghan. ciled by Heller (1996) mentioned the existence 
01 plants from seeds ~escapedn lo natural environmenls 
Irom Uve lences or other domeslicaled lorms 01 culture. 
However, the exlremely high varialion (similarities 
between 0.04 and 0.96 wilh RAPO and between 0.14 and 
1.00 with minisatellites; three accessions were more 
dissimilar with respect to olher J. eureas ¡han one 01 ¡he 
out groups) is not in agreement with the phenotypic 
variations in Old World accessions. The same authors 
recommend ¡he application 01 more than one method on 
widely collected germplasm 01 J. eureas. 

Tatikonda el al. (2009) used AFLP's lo assess the 
diversity in a collection 01 J. eureas from six states 01 
India with ¡he long term goal 01 selecting appropriate 
"elite~ accessions lor plant improvement through conven 
tional and molecular breeding approaches. The study 
was chielly centered in the robustness 01 the method 01 
analysis (polymorphism inlormation content, marker 

0.51 

0.57 
0.37 
0.37 
0.46 
0.59 
0. 19 
0.80 
0.14 
0.15 
0.67 
0.27 
0.52 
0.23 
0.45 
0.21 
0.49 

0.28 RAPO-ISSR Basha and Sujatha (2007) 
0.12 AFLP Pamidimarri el al. (201 Oa) 
0.30 AFLP Talikonda el al. (2009) 
0.27 ISSR Umamaheswari el al. (201 Oa) 
0.20 RAPO Kumar el al. (2009) 
0.27 RAPO Ikbalet al. (2010) 
0.35 ISSA-RAPO Gupta el al. (2008) 
0.09 RAPO Abdullaet al. (2009) 
0.40 RAPO Subramanyam el al. (2009) 
0.085 AFLP Shen el al. (2010b) 
0.085 ISSR Cai el al. (2010) 
0.42 RAPO Oliveira el al. (2006) 
0.17 RAPO Popluechai el al. (2009) 
0.30 RAPO-ISSA Basha el al. (2009) 
0.12 SSR Ambrosi el al. (2010) 
0.27 EST-SSR Wen el al. (2010) 
0.135 SRAP Shen el al. (201 Oa) 
0.27 ISSR Ouan and Guo (2010) 

index and resolving power) and secondarily in the genetic 
variation 01 the collection. Results showed Ihat 680 out 01 
770 Iragments generated were polymorphic, revealing 
high diversity among genotypes Irom the State 01 Andra 
Pradesh. Similarity coefficients ranged Irom 0.43 to 0.97, 
which could denote a broad genetic base 01 J. eureas in 
India. These results imply Ihat Asian accessions 01 J. 
eureas are almost as diverse as their Guatemalan 
counterparts. On another hand. they tried lo correlate 
genetic data with phenotyp ic characteristics as oil conten! 
and seed weight, but no significant trends were observed. 

A research group 01 Plant Research International 
(Wageningen Universi!y) started a program 01 global 
evaluation 01 the diversily 01 J. eureas, including 
accessions 01 Guatemala. In preliminary results, they 
found low genetic diversity in African and Asian 
genotypes in contrast lo the high variation in Guatemalan 
materials, detected by AFLP (Montes-Osorio el al. , 2008, 
Van Loo et al. , 2008). Studies lo correlate genetic 
markers with oil content and quality are on go ing with 
promising results. 

In Table 1, we compare Ihe genetic diversily found in 
the molecular studies reporting Jaccard's index. There is 
a lack 01 agreement between the results 01 diversily 
analysis oblained for a common region. which appears lO 
depend on the type 01 marker used; lor example, in India 
mean diversity can be as low as 0.09 (Abdullaet al., 
2009) or as high as 0.40 (Subramanyam et al. , 2009), 
bolh analyzed with RAPO. AFLP analysis appears to 
detect moderate levels 01 diversity (Pamidimarri et al. , 
2010a; Shen el al. , 2010b; Tatikonda el al. , 2009), 
whereas SSRs are the most stringent markers lor the 
detection 01 variability (Ambresi et al.. 2010; 8asha el al. , 
2009; Sudheer el al. , 2010b; Wen et al. , 2010; Zubieta el 
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Table 1. Comparison 01 genetic diversity in Jattopha CUfC8S Irom several parts 01 the World studied with molecular markers. 

Region 
Genelic diversity (I-Jaccard's 

similarity index) Type of 
marker used Reference 

Minimum Maximum Mean 
India 
India 
India 
India 
India 
India 
India 
India 
India 
China 
China 
Brazil 

0.05 0.51 

India, Nigeria. Thailand 
Mexico, Asia, Alrica 
Mexico, SoulhAmerica, Asia, Alrica 
Indonesia, China, Grenada, South America 
China, Indonesia 
China. Indonesia. Thailand 

0.03 
0.16 
0.04 
0.08 
0.11 
0.00 
0.00 
0.03 
0.02 
0.17 
0.07 
0.08 
0.01 
0.08 
0.06 
0.05 

genetic diversities as low as 0.03 to 0.14), using AFLP 
markers (Shen et al., 2010a). 

To the contrary. two invesligations report a high genetic 
variation in J. eurcas Irom India. Ranade et al. (2008), 
evaluated the genetic diversity 01 accessions 01 J. eureas 
Irom lour regions 01 India using RAPO's and directed 
amplilication 01 minisatellites. An important difference in 
relation to the other studies 01 Asian J. cureas is the 
evaluation 01 ~wild" accessions. They lound that, although 
the species is no! a native, it exhibited a high genetic 
diversity; the methods used were sullicient lO diflerentiate 
genotypes 01 diflerent provenances, with wild accessions 
lrom the North East region being clearly dissimilar to the 
rest. However. it should be nOled Ihat even in the 
probable centre 01 erigin there are no wild populations 01 
J. eureas and therefore ~wildn should be clearly delined. 
Oeghan. ciled by Heller (1996) mentioned the existence 
01 plants Irom seeds ~escaped~ lo natural environmenls 
Irom live lences or other domestica!ed lorms 01 culture. 
However, the extremely high variation (similarities 
between 0.04 and 0.96 with RAPO and between 0.14 and 
1.00 with minisatellites: three accessions were more 
dissimilar with respect to other J. cureas Ihan one 01 ¡he 
out groups) is not in agreement with the phenotypic 
variations in Old World accessions. The same authors 
recommend the application 01 more Ihan one method on 
widely collected germplasm 01 J. eureas. 

Tatikonda el al. (2009) used AFLP 's lO assess the 
diversity in a collection 01 J. cureas !rom six stales 01 
India with the long term goal 01 selecting appropriate 
"elite~ accessions lor plant improvement through conven 
lional and molecular breeding approaches. The study 
was chielly centered in the robustness 01 the method 01 
analysis (polymorphism inlormation content, marker 
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index and resolving power) and secondarily in the genetic 
variation 01 the collection. Results showed that 680 out 01 
770 fragments generated were polymorphic, revealing 
high diversity among genotypes Irom the State 01 Andra 
Pradesh. Similarity coellicients ranged Irom 0.43 lo 0.97, 
which could denote a broad genetic base 01 J. eureas in 
India. These results imply that Asian accessions 01 J. 
eureas are almost as diverse as their Guatemalan 
counterparts. On another hand. !hey tried to correlate 
genetic data wilh phenotypic characteristics as oil conten! 
and seed weighl, bul no slgnificanl trends were observed. 

A research group 01 Plant Research Internat ional 
(Wageningen Universily) starled a program 01 global 
evaluation of the diversity 01 J. eureas, including 
accessions 01 Guatemala. In preliminary results. they 
lound low genetic diversity in African and Asian 
genolypes in contrast lo the high varialion in Guatemalan 
materials, detecled by AFLP (Montes-Osorio el al. , 2008, 
Van Loo el al., 2008). Studies lo correlate genetic 
markers with oil content and qualily are on going with 
promising results. 

In Table 1, we compare the genetic divers ily lound in 
the molecular studies reporting Jaccard's indexo There is 
a lack 01 agreement between the results 01 diversily 
analysis obtained lor a common region. wh ich appears lo 
depend on the type 01 marker used; lor example, in India 
mean diversity can be as low as 0.09 (Abdullaet al., 
2009) or as high as 0.40 (Subramanyam et al. , 2009). 
both analyzed with RAPO. AFLP analysis appears lo 
detect moderate levels 01 diversity (Pamidimarri el al. , 
2010a; Shen el al. , 2010b; Tatikonda el al. , 2009) , 
whereas SSRs are the mos! stringent markers lor the 
detection 01 variability (Ambrosi el al.. 2010; Basha el al., 
2009; Sudheer el al. , 201 Ob ; Wen el al. , 2010; Zubieta el 
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al.,2009). 
In general, studies have shown a low genetic variation 

in J. curcas Irom differen! provenances using both 
morphological and molecular melhods, which is no! 
common in an allogamous species like J. curcas. 
Possible explanations lor this phenomenon could be the 
lac! thal mosl 01 studies were done with materials Irom 
India, Alrica and South America while germplasm Irom 
the most probable centre 01 origin remains little explored. 
Planls lrom ¡he Mesoamerican region have been used 
mainly lor comparative purposes. According lO Basha 
and Sujatha (2007), low variabili ly 01 samples Irom India 
could be due to the few introductions 01 '"Piñón~ tha! have 
spread across Ihe country; Ihis could be true also lor 
olher Old World countries where J. curcas was 
introduced centuries ago. Another possible explanation is 
that people lrom rural areas propagate the plan! mainly 
through vegetative propagation . 

Population genetics studies are important beca use they 
determine not only the degree 01 diversily but also how 
tha! variation is distributed (among regions, among 
populations or within populations). The great majority 01 
investigalions are locused on the diversity among 
individuals (that is , accessions) and a few are centered 
on populations. For example, Wen el al. (2010) obtained 
a genetic diversity index 01 0.557 in average, sludying 
populations 01 Indonesia, China and South America, 
which represen l a broad genetic stock. However, the total 
gene diversity was higher than the gene diversity within 
groups, which means tha! mosl 01 diversily is not wilhin 
populations. A value 01 Gst 01 0.186 indicated a 
significant diflerentiation between geographical regions 
and a gene Ilow index 01 2.18 indicated that an elevated 
flow 01 genes (pollen or individuals) could have occurred 
in the pas!. Ambrosi et al. (2010) reported values 01 Fst 
tan analog 01 GsO 01 0.200 rellecting large genetic 
differentialion among the geographic groups 
(populations) studied (America, Asia and Alrica). Never· 
theless, when Bayesian methods lO study the structure 01 
populalions were applied, a high genetic homogeneity 
was observed wilhin each population. Furthermore, Cai 
el al. (2010) lound moderate differentiation belween 
Chinese populations, with an Fst 01 0. 127 and Ihe mos! 01 
variation (87%) within groups. Xiang e! al. (2007) 
reported a Gst 01 0.294, in populations 01 Yunnan, China. 
Another study 01 Chinese populations revealed a Gst 01 
0.539 (He el aL , 2007). Values 01 differentiation among 
populalions greater Ihan 0.25 can be considered very 
high while values higher ¡han 0.5 should be taken with 
caution , since il means ¡hat populations are isolated 
between Ihem. 

FUTURE RESEARCH SUGGESTIONS 

In conclusion , based on this review 01 current knowledge, 
lurther or conlinued research is needed in the lollowing 

areas: 

Germplasm banks 

The majority 01 programs thal promote " Piñón~ as a crop 
have several common objeclives: selection 01 candidate 
plus phenotypes, establishment 01 seed production 
areas, evaluation, establishment 01 state-ol-Ihe-art 
nurseries and progeny ¡rials 01 high yielding plants. To 
ach ieve such objectives, the establishment 01 germplasm 
banks is an essential lirst step. Presently, germplasm 
collections 01 J. curcas contain a reduced number 01 
accessions and represent only a fraction 01 the potential 
01 India, Alrica and South America. There are no 
collections covering the loremosl part 01 the germplasm 
lrom Ihe center 01 origin 01 the species. An exhaustive 
collection in Soulhern Mexico and Central America is 
needed along wilh a systematic monitoring 01 
domesticated populations 01 J. curcas across ¡he tropics. 
Nol only tradi tional germplasm bank.s, where the entire 
plan! or seeds are conserved ex situ, but also 
micropropagated plantlets stocks and DNA banks are 
needed. These two last suggestions will lacilitate the 
international interchange 01 materials. 

Population genetics studies 

Allhough the study 01 accessions is valuable lor the 
selection 01 elite individuals, is required to analyze the 
genetic varialion with a locus on populations using 
morphological , chemical and molecular markers. 

Morphological markers 

The genus Jatropha is morphologically diverse (Dehgan, 
1982), but J. curcas apparently is no!. However, the leal 
architecture, number and arrangement 01 primary veins 
and anatomy 01 the petiole and the line structure 01 the 
Ilower have not been studied in accessions. Those 
characters could exhibit sufficienl diversity to the intra
specilic level. It is importan! to mention that Ihe 
morphology, in contras! with the neutral molecular 
markers, has an adaptive value: lor thal reason , the sludy 
01 genetic diversity needs a combination 01 markers. 

Chemical markers 

Several studies have been carried out on the 
phytochemistry 01 J. curcas (Van Den Berg et al. , 1995; 
Makkar el aL, 1998) but have not focused on the degree 
01 variation among dilferent provenances 01 J. curca.s. 
This kind 01 study could provide useful inlormation, in 
particular the level and composition 01 lalty ac ids 01 the 
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al.,2009). 
In general, studies have shown a low genetic variation 

in J. curcas lrom difieren! provenances using both 
morphological and molecular melhods, which is no! 
common in an allogamous species like J. curcas. 
Possible explanations lor this phenomenon could be the 
lac! thal mos! 01 studies were done with materials Irom 
India. Alrica and Soulh America while germplasm Irom 
¡he most probable centre 01 origin remains lillle explored. 
Plants lrom ¡he Mesoamerican region have been used 
mainly lor comparative purposes. According lo Basha 
and Sujatha (2007), low variability 01 samples lrom India 
could be due to the lew introductions 01 '"Piñón~ tha! have 
spread across Ihe country: Ihis could be true also lor 
o!her Old World countries where J. curcas was 
introduced centuries ago. Another possible explanation is 
¡ha! people Irom rural areas propagate ¡he planl mainly 
through vegetative propagation . 

Population genetics studies are important beca use they 
determine not only the degree 01 diversity but also how 
tha! variation is distributed (among regions, among 
populations or within populations). The great majorily 01 
investigalions are locused on the diversity among 
individuals (that is, accessions) and a lew are centered 
on populations. For example. Wen el al. (2010) oblained 
a genetic diversity index 01 0.557 in average, studying 
populalions 01 Indonesia, China and South America. 
which represen! a broad genetic stock. However, the total 
gene diversity was higher than the gene diversity within 
groups. which means tha! mos! 01 diversily is not wi!h in 
populations. A value 01 Gst 01 0.186 indicated a 
significant differentiation between geographical regions 
and a gene Ilow index of 2.18 indicated that an elevated 
Ilow 01 genes (polien or individuals) could have occurred 
in the past. Ambrosi et al. (2010) reported values 01 Fst 
{an analog 01 GsO 01 0.200 rellecting large genetic 
differentialion among the geographic groups 
(populations) studied (America, Asia and Alrica). Never
theless, when Bayesian melhods lo study the strueture 01 
populations were applied, a high genetie homogeneity 
was observed wilhin each population. Furthermore, Cai 
el al. (2010) lound moderate differentiation belween 
Chinese populations, with an Fst 01 0.127 and ¡he mos! 01 
variation (87%) within groups. Xiang e! al. (2007) 
reported a Gst 01 0.294. in populations 01 Yunnan . China. 
Another study 01 Chinese populations revealed a Gst 01 
0.539 (He el al. , 2007). Values 01 differentiation among 
populations greater Ihan 0.25 ean be eonsidered very 
high while values higher ¡han 0.5 should be taken with 
caution, since il means ¡hat populations are isolated 
be!ween them. 

FUTURE RESEARCH SUGGESTIONS 

In conclusion, based on this review 01 current knowledge , 
lurther or continued research is needed in the lollowing 

areas: 

Germplasm banks 

The majority 01 programs tha! promote " Piñón~ as a crop 
have several common objectives: selection 01 candidate 
plus phenotypes, establishment 01 seed production 
areas, evaluation, establishment 01 state-oHhe-art 
nurseries and progeny Irials 01 high yielding plants. To 
ach ieve such objectives, the establishment 01 germplasm 
banks is an essential lirst step. Presently . germplasm 
collections 01 J. curcas contain a reduced number 01 
accessions and represen! only a Iraction 01 ¡he potential 
01 India, Alriea and South America. There are no 
collections covering Ihe loremos! part 01 the germplasm 
lrom Ihe center 01 origin 01 the species. An exhaustive 
collection in Soulhern Mexico and Central America is 
needed along with a systematic monitoring 01 
domesticated populations 01 J. curcas across Ihe tropics. 
Nol only traditional germplasm banks, where the entire 
plan! or seeds are conserved ex situ, but also 
micropropagated plantlets stocks and DNA banks are 
needed. These two last suggestions will lacilitate the 
international interchange 01 materials. 

Population genetics studies 

Although the study 01 accessions is valuable lor the 
selecl ion 01 elite individuals, is required to analyze !he 
genetic variation with a locus on populations using 
morphological , chemical and molecular markers. 

Morphological markers 

The genus Jatropha is morphologically diverse (Dehgan. 
1982), but J. curcas apparently is not. However, the leal 
arch itecture , number and arrangement 01 primary veins 
and anatomy 01 the petiole and the line structure 01 the 
Ilower have not been studied in accessions. Those 
characters could exhibit sufficient diversity to the intra
specilic level. It 15 importan! to mention that the 
morphology, in contras! with the neutral molecular 
markers. has an adaptive value: lor tha! reason, the sludy 
01 genetic diversity needs a combination 01 markers. 

Chemical markers 

Several studies have been earried out on the 
phytochemistry 01 J. curcas (Van Den Berg et al.. 1995; 
Makkar et al. , 1998) but have not loeused on the degree 
01 variation among different provenances 01 J. curca.s. 
This kind 01 study could provide uselul inlormation, in 
particular the level and composition 01 lally acids 01 the 
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seed oil. 

Molecular markers 

As menlioned in Ihis review, molecular markers are 
powerlul lools lo characlerize J. curcas accessions and 
increased ellort is required lo achieve comparable resulls 
01 genetic variation between regions. AFLPs , lor their 
high reproducibility, moderale cosl and lor yielding the 
highesl number 01 polymorphic loci, and SSRs, because 
01 their being co·dominant and moderate in cosl, are the 
techniques recommended lor J. curcas. An agreement 
between J. curcas researchers Irom dillerent parts 01 the 
world would be highly desirable in order to use some 
common basic lechniques in the analysis 01 diversily in 
Ihe species and in the type 01 plan! malerials lo be 
sludied: we emphatically recommend ¡he use 01 
vegeta!ive parts instead 01 seeds, because the plan! is 
allogamous and the origin 01 the paternal parent is 
unknown. Financing 01 those projecls could come, in par!, 
Irom internalional agencies and lrom local governments. 

Genomics and bioinformatics 

Even taking inlo accounl Ihe relatively small genome 01 J. 
curcas (C:0.4 16Xl09 bp; Carvalho et al. , 2008) it would 
be difficult lrom the eeonomie point 01 view lo develop a 
projeel to sequence Ihe genome 01 J. curcas. Few groups 
are working in Ihis area, for example Lin el al. (2003) 
reported the cloning and expression 01 Ihe gene 01 curein. 
Until now, only the ehloroplas! genome sequencing has 
been reported (Asif et al., 2010). A private en terprise has 
announeed the completion 01 !he sequence 01 J. curcas 
genome (www.sgbiofuels.com). bu! no informalion exists 
lo date in public databases. It is possible ¡ha! geno me 
sequencing will be started lar other economieally 
importan! Euphorb iaceae. Valuable inlormalion will be 
obtained lo understand many processes in J. curcas 
using bioinfarmatics lools. 

Breeding 

No reports are available so lar on breeding J. curcas for 
productivily. There is an immediate need lo systematize 
researeh lor widening the genetie base 01 J. curcas 
Ihrough seleetion 01 superior genetic stocks , 
mutagenesis, transgenesis and inter-specifie 
hybridization. 

CONCLUSION 

Programs launched in several tropical countries for 
inlroduction 01 J. curcas lor oil production, have had 
limiled suceess due lo poor seed and oil yields. Breeding 
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lor productivily has been restrieted by the laek 01 genetie 
inlormation; lor thal reason il is necessary to evaluate ¡he 
genetic diversity in domesticated populations Irom ¡he 
Mesoamerican region and Irom olhers parts 01 Ihe so 
called ~J. curcas belr. The understanding 01 the genetie 
slructure 01 populations 01 J. curcas will allow us lo have 
genetic material available lor luture improvement 01 this 
important bioluel species. 
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Breeding 
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produclivity. There is an immediate need lo systematize 
research lor widen ing the genetíc base 01 J. curcas 
Ihrough seleclion 01 superior genelic Slocks, 
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CONClUSION 

Programs launched in several tropical countries lor 
introduction 01 J. curcas lor oil production, have had 
limited success due lo poor seed and oil yields. Breeding 
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lor productivity has been restricted by Ihe lack 01 genelic 
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4 

VARIACIÓN GENÉTICA EN JATROPHA 
CURCAS DE MÉXICO ESTIMADA CON 

ÁCIDOS GRASOS DE LA SEMILLA 
 

En este capítulo de la tesis se presenta el estudio de la diversidad química de 

ácidos grasos de la semilla de J. curcas del sur de México. La mayoría de las 

muestras provinieron del Estado de Chiapas debido a que en este estado existe la 

más vasta extensión de cultivo tradicional de "piñón" en México. Además de 

abordar aspectos básicos como la utilidad de los ácidos grasos como marcadores 

químicos de diversidad genética, el grado de variación, las relaciones entre 

poblaciones, y las implicaciones adaptativas de la composición de ácidos grasos, 

se encontró información que podría ser de utilidad en el aprovechamiento 

económico de la planta. Esta incluye la identificación de genotipos con cantidad y 

calidad de aceite incrementados.  

 

Este artículo fue publicado en el Journal of Oleo Science (ISSN 1345-8957, 

editorial Japan Oil Chemists’ Society) en el año 2011. La cita completa es: 

 

I. Ovando-Medina, F. Espinosa-García, J. Núñez-Farfán and M. Salvador-

Figueroa. 2011. Genetic Variation in Mexican Jatropha curcas L. Estimated with 

Seed Oil Fatty Acids. Journal of Oleo Science 60 (6): 301-311. 
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Abstrael: The genl'tie di\'ers ily of i\ll'soarm'rican populations of Ilre biofuel planl jutropJw e/ucus, using the 
fatt)" acids of lhe seeds as ehemieill markl'rs WilS studied. The oil eonlent of tht ""holl' seed in 135 aeeess ions 
frOIll 38 s ites \'aried belween 8.020% and 54.28 %, The prevalent fatty acids were oleic acid (18:1 ) ,md 
linoleie aeid (18:2), and Ihe proportion of unsatunlted fati)' acids \ 'aried belwe¡' n 74.5% and 83.7%. A study 
witl! cloncd plants grown in cOlllmon garden showed that boll! Ihe euntent of oil as ""1'11 as the proportion of 
fally acids are highly inherilable, IhercCore thesc ehemieal nHlrkers are \'alid for esti mating Ihe genetie 
di\'l'rsit~' of Ihe species. An analysis of principal eomponents showed that the fal1y acids that contri bu te 
more to Ihe \"arinnee are slearie, oleie, linolcie, meth)' lpa lmitie, gadoleie a nd ricinolcie, The popu lations 
""ere classilied in Il'n g roups when the data ""ere analyzed for falt~' acids by analys is of dllSlers, s]¡owing lhe 
cleva ted genetie \'a riation in natural poplllalions of Ihi s rrath'c species of Mesoameriea , A diseriminanl 
:m alys is separated Ihe populalions in lleeordanee \\i lh their geographie origin, wh.ieh was \'erified with II 

ManlelleSI. Using Ihe Monmonier'! algorilhm two genetie barriers be twel'n Ihe populations wen' identified , 
The n'slllt s are diseussed in Iighl oflhcir microe\'ollltionary sign ifiea nee. 

Ke)' words: sccd oil , JIII/"ophü, Mesoameriea, Mexico, genctie diversi ty 

1 INTAODUCTION 
Jalropha cUJ"cas L. is perhaps current ly the plan! of 

greatest importante ror Lhe e:-."traction of oil ror tite fabrica 
líon of biodiesel. Val'ious aUl hors have mentioned t.he ad
vantageol1s characteristics of l.his planl fmm Ihe family E:u
phUIUiaL:~al!, i!l L:ulLljJari:sull wi¡h Ul.her uleagi!luus plauls, 
highlighting pan iclllarly it:; adaptation 10 rnarginal emiron
ments1 - • • 

AI1.hough there L" no consenSllS about tllC origin of litis 
species, many researchers poil11 10 lhe Mesoamcrican re
gion (1Ilexico ami Central Arnerica):'1s its center of origin~ - ;' , 
while others mention South America8. ~ I ; bm lhere is no 
d01lUl lila!. /llesoamerica L" Ihe cent.er of diversiflc.1lion of 
thc gcnus Jatrop/w'"'and thal lhis regíon held Lhe somce 
material for cSlablL"lunent of prescnl populations in Ardea 
and Asia. to.'lol'cover, only in Mexico do domesticate<l gello
types exist of low ol' 1I1111 loxidtyll Ul. 

In Lhe last dccade, Ihe IIUlllber of st.udics and publicil
t.iOIlS on J, CIII"COS !lave grown geornetl'ically, !Irivell by tlle 
growing inter~sl of governmenlal agencies in many parts of 
1.he world, bul abo\'e all in Soutlleasl Asi;>.., in tite tultiva-

lion of tite plant . Notoriously, tlle majority of thcse rcports 
used Asian accessiOlls to study lhe agronomic pcrformallte, 
t.he genelic variation through molecular markers, anel of 
course, tlle content and composillon of lhe seed oil ,c, 'S' . To 

a lesser extenl, accessions fmm South Ameriea 19·.!O 'and 
frUIll Afrj¡;a!'hav~ UCtll sl.lH.l iE;:u. Whl;!ll samplcs frU!ll rhE;: 

Mesoamerican region have bcen usecl, il has bee.n only for 
cornparison. On lhe other hand, IiUle atlention has been 
paiel lO Il'1e composition of faUy acids oC the seeels as chern
ical markers for estimaling rhe genetie diversily of Lhis 
plllnt; instead, Lile sl.udies llave been focused on det.c11llin
ing Lile prop0l1ion of sat.lITaled or unsaluratcd ral ty acids 
chrc t.o lheir imporlance in lhe proeluclion of biodiesel, as 
foodsl uff ami for IIsase in industria! pl'ocesses...l ~', wil h 
1 he excepl ion of lhe work of Wang el (l1."~I , who s111died 

some aceessions of J. W.rcas introduce<! in China. 
In the present stud) lile conten\. of oi! in t,he seeds was 

investigated along wilh il s composition of fmty acids in 
Mexic:ml poplllations of J. CIl ,.C(/.~ , wilh t,he purpose of esti
mating t,he level of chemical varialion and relating this Wilh 
its evolulion::lly meaning. 
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{Ionbl Iha! Mesoamerica IS lhe cent.e r 01 diversific..1tioll of 
thc gCl1us Ju/ropI1U1"'and tltat this regían held lhe somce 
material for eSlabli~hmeHI of prcsent populalions in Africa 
:J..nd Asia. Morcovcr, only in IIl(!xico do domes1 icated geno~ 
t:ypcs exisl of 10w 0 1' 1I11U IOxi!::ity lO 1~1. 

In lhe laSI decade, lhe number oC sl.udies and ¡mulica
tions 0 11 J ('W'el /S have grO\m geometl'ically, dnven by I ¡le 

growing lllteresl, of governmelllal agetlcies in many pans of 
l.he IVol'ld, b111 abcwe aIl in So1l1.hcasl Asia. in lhe cultiva-

tion of the ]llam. Notoriously, the ma,¡on ty of these reports 
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2 EXPERIMENTAL PROCEDURES 
2.1 Sample collectlon 

Plants of J. curc(1.~ were st.udiC!d in lhe t.'1csoamerical\ 
region, covering a total of 38 sitcs which were a p"ion' 
grouped int.o 6 populalions from areas ÍJl lhe somh and 
southeast. of Mexieo, and in Guatemala (Table 1, Fig. 4 ). 
Ead! populat.ion was represent.ed by al. least. Uve u'ees in 
the stage of seed productionüainy season, Augusl-Sep 
tember of 2008) , from which were collected close 1.0 lOO g 
of seed from eaeh plant. Cunings of 80 cm in lenglh were 
also eo11ecled. whieh \Vere rootcd in a greenhouse ami t¡¡k
en in as 135 aceessions of the BaJlk of Jall'Oplw in the 
Center fo r Biosciences al. the Aul.ollomous University of 
Chiap .. 1s (Thpachula, Chiapas. Mexicol . 

2.2 Extraction of oi! and preparation of FAMEs 
The seeds fmm eaeh site \Vere dried at room tempera

t.ure ror alleas130 days. unti! ¡hey possessed less than 2% 
moist.ure. The \Vhole seeds(¡ncluding seed coat., endospenn 
and embryo )were crushed in a mOltar washed wilh hex
ane, homogenized, ami sampled in triplicate 10 g of the re
stiltin¡l paste [or detennining the content of oi!. Tlle meth
od utilizcd was Soxhlet 920.39 of the Assodation of Omelal 
Analylical Chemists"71. To prepare Fatty Acid Methyl Es
ters (FM1Es), the method of Ichihara el a!?"was [ollowed 
-with modifications. In a screw-top test tube previously 
\Vashed \\'ith hexane and dried for 2 11 at 300'C, 2 mL of 
n-hexane were inlrodllced anel '10 mg of cruele oi! \\'ere 
added. The sealed test tubes were brollght to 40'C in a 
balh of water for I min and 200 p L of a so/mion oI metha
nolic NaOH 2.0 M were added. These \\"ere agit.aled ÍJl VOI"

lex fuI' 2 mili, rclllfl1ed tu !leal fuI' 1 miJ\ ;II!O..l ¡;entrifll.\:cd al 
5000 rpm fo r 10 minut.es. The upper hexallc phase W:lS 

sepru'ated comaining t.he prepared FA~'IE s. 

2.3 Determination 01 the composition 01 fally acids by 

gas chromatography 
The fauy M:ids lI'ere alml}~L.ed by gas cllromatograplty/ 

mass spectrometry (Chromat.ograph Agileu! 6S90) t iujed
ing 0.5 () L of Lhe FAMEs [rom each accession illt.o a col
umn of int.ermediat.e polarity (Equit:y.I , Supelto 2S0-l 6-U, 
30 mx250 pmx O.30 pm), wit!! the fo110l'I1n.o1 program of 
!.emperatures: IOOt. 25t min J to 2oot , 2.S'C nún 1 to 
230't per one minute, 1Ot: min 1 to 2S0t ) . Tite chro
rna t.ograph \Vas oper:tted using helitilll as ~arrier gas (7.48 
ps.i). Tite injec tor was programmed in mode Split. 60:1 1.0 a 
!.emperature of 280t . A selec tive mass det.ector was t!Se!1 
(Agilpnl fifl7~ Npt,\\'m'k) n l\Pr:J1Nl:Jl ~ vnl1;¡gp M inl1iz:Jlinn 

of 70 eV, \\ith a tempemlure int.erface of280t. Sean mooe 
and mass r;'\nk of SO lO 550 mfz. The eompounds from each 
one of t.ile samples were identified by compmlng Iheir mass 
spectra \\1th (,hose of Librmy of the National Il\stitllt e of 
Standards ami Technology (NIST()S). The coneelll rali01I of 
each compolllld was obtaille:d comparing its abundance 
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wilh that of the internal standard. melhyl est.er of llOnadec
anoie acid. and considerÍlIg lhe tolal concentmtion of t.he 
[at ty acids as 100%. Tite relative proport.iolls fOl" eaeh com
pound were reporl.ecl in ~rcentage. 

2.4 Study in common garden with cloned plants 
To study ir lhe CO!1llXlsition alld proponíon of faUy acids 

iH t.he oH of J. curtas oí Mesomnerica are fixed characlers. 
15 accessions clonally reproduced and sÍlllated in lhe Bank 
of Jal/'O}Jha. were evaluated under similar cond it ions (culti
vated during a year in rain-fed andosol approximately 2500 
mm raifall in the 2008-2009 cyde-. avera~e alUUlal temper
ature of 30t , wilho·.1l agronomic managemen tJ . The 
plants initiat.ed their flowering in May 2009 ami the pro

duction of seeds iJI Jt~y, so lhal 100 g of see<:ls were eol
leete<:1 from t.hree clones per accession during Augusl.Sep
tember of 2009. The prcp.1ration of samples, e:..1.raelion of 
oi!, obt.aining of F'AMEs .. nd chromatogmphic analysis were 

made lInder the CDndit ions described above. 

2.5 Sta!istlcal analys¡s 
The data for oil content were processed Ihrough mi anal

ysis of variance. The propon ion of saturated/ullsaturated 
{alty acids was compared between sites, anel an explora
Lion \Vas made for possible l'earson correlations (u 0.05) 
between the altitude amllatitude of Ihe colleetion sites and 
t.he contenl ami eomposit.ion of lhe oils. For this, lhe soft
ware XLStaV!} 201 0.3.03 (AddinSoft, USA) was uti lized. 

\Vith lhe data derived from plams cloned anel grOWIl in 
eonunoll g~rden lhe broad sense heritabilÍly was st udied 
for the fany acids ami the oil c01l1ent, milizlng the online 
suf(.wale PBSwl.© 1.02.':!! :. Wilh lhe data uf prUjJuniuJls fUI" 

fally adds in seeds colleeted fmm lile si! es, allalyses of 
principal com]lonent.s, discriminam ami clusters (ulilizing 
Eudidean distances alld grouping by average linkage) \\,ere 
made. These rumlyses Iyere dOlle \\ilh XLStat© 2010.3.03. 

Isolation by distance W:lS test.eel t.hrough lhe correL1tion 
of malrices of Euelidaan ami geographic distances using 
lile ~Iant.el test wit.h 10000 permulations. Tite gcographiC 
distances were obtained by means of lat ilude/longilude of 
tite sites, using GenAIEx 6.0J<J '. To Lest the exist.ence of 
possible genet.ie; barriers bet.ween populations Ihe software 
Banier 2.2<1 'was uti!ized, correlating a Fisher dL~tanee ma
trix, as genera.led in a diserinúnant analysis, w1t.1I n matrix 
of average decimal ge~graplú(; dislances of eaeh popula
tion. 

3 RESUlTS 
3.1 Content and composltion 01 the seed oil 

The quamity of oil in the seed of Mesoameriean J . c1.tr

C(¡.~ by individual variad between 8.02 and 54 .28% , while 
the v;l riatiOll per sile was bet ... "een 12.09 and 44.27% (Ta-

J. Oleo Sci. 60, (6) 301-311 (2011 ) 
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2 EXPERIMENTAL PROCEDURES 
2.1 Sample collection 

Plants of J rllrcus ","ere sl.udied in lhe Mesúamericml 
region. covering a total 01" 38 siles whicl! were a p,·ion" 

grouped il110 6 popullllions from areas in the south and 
somheast of Mexico, ami in Guat.emala(Table 1. Fig . 4 ) . 
Each popultltion was represenl.ed by al. lrust. Jive trees in 
lhe s tage of seed prodnct ion (ra iny season, Allgust.-Sep
tember of 2008) , from which were coHecled dose to lOO g 
of seed from e[lch plant. Cuuings of 80 cm in lenglh were 
also collected, which were rooted in a greenhollse amI tak
en in as 135 accessions of the Bank of Jall"O]Jho in tile 
Center fo r Biosciences al t.he Autollomolls Unin"rsity of 
Chiap .. 1s (Thpachula, Chiapas. ~1e"ico). 

2.2 Extraction of oi! and preparalion of FAMEs 
The seeds from cad\ siw were dried al. room t.empera

t.ure for alleas130 days, unlil they possessed less lhtln 2% 
moislure. The whole seoos (¡Ilduding seed coat., endospe nll 
and embryo )werc crllshed in u mOltar washed \\·ith hex
ane, Ilomogenized, ami sampled in tliplicale 10 g of the re
stJ.lting paste fo r detcnnining the contenl of o i!. Thc meth
od ulilizcd \Vas Soxhlet 920.3~ of the Assouation of OfflCial 
Analytical ChenustsC

'1 I . To prepare Fatty A,cid :"lethyl Es
ters (FMIEs) , lhe method of ¡chillara el a!.""was followcd 
·\\ith 1Il0dil1cations. In a screw·top test tube previously 
\Vashed with hcxane and dried fo r 2 h al 300t, 2 mL of 
n-hexane were introdueed anel ·10 mg oC c rude oi! were 
added. The sealed test tubes \Verc brollght to 40'C 1Il a 
baLh of water for 1 min and 200 p L of a solution of metha-
1I0lie NaOH 2.0 M \Vere added. l11ese \\·pre agitaled Ul VOI"
tex fUI· 2 mili , feLUmcd [u !u~a(, fuz· ! min aud \.:eutrirugctl al 

5000 r pm fo r 10 mumtes. The upper hex;IIlC phase was 
sepm·ated com:lining the preparcd FAMEs. 

2.3 Delermination 01 lhe composi tion of fally acids by 
gas chromatography 

Tite fally acids were rumlyzed by gas chromatographyl 
mass spectrOlilctry rChromatograplt Agihmt 6810) , h\jec!
ing 0.5 Ó L of Lite FAMEs from each accession hIto a col-
1I1ll11 of intermcdia¡,e polnrily (Equit.y-l, Supeleo 2:S0.j (j-U, 
30 tri x 250 11m xO.30 pm) , \Vith Ihe following program of 
¡emperatmes: IOOt, 25t: min I 10 200t, 2.5t mili j 10 

1230·C per olle minute, IOt min 1 10 250t ). Tite chro
mat.ograph \Vas optw.lt.ed LLsing Itelium as ~arrier gas (7.48 
psi). Tlle injector was progmmmcd in mo<lc Split. 60:1 1.0 a 
¡emperatmc or 280t . A selC!ctive mass d~lcctor was tille!! 
(Agitl'111 il!)7~ NI'J,\\'Cork l 0 I'f'r:o!JPfl :l1;¡ vfl¡l:lgl' nf iOlli74'l.lioll 

of 70 cV, \\itl1 ~ temper,lture interface of280t, Sean mode 
ami m.ass mnk of 50 to 550 mIz. Tite compollnds from oach 
one of rhe samples \Vere identified by comparing tlteir mass 
speCIT;l Wilh tltose of Libnuy of lhe Natiunal hlstilut.e of 
St.andanls :llLd Teclmology (NIST!l8). The concent rali01J of 
each compound was obtain~cl comparing its abllndanc¡> 
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wilh that of the inwrnal standard, melhyl ester of l1únadec
anoic acid, and cOJ\sideril\g lhe tot.al concentrarion of t.he 
fal ly tldds as 1 Oü(lo . Tlle relat.ive propúTtions fo r cacll COln

pOllnd werc reported in percentage. 

2.4 Sludy in common garden with c!oned plants 
To study ir lile com¡:osition al tc! proponíon of ftl!.ty acids 

iB I.he oi! of J . cur("os of ¡"'lesomnerica tire lixed chMacters, 

15 accessions clonall~' roproduced and situaled III lhe Bank 
of Jalropha were cmlualed under simil.1r conditions Cculti 
vated during ayear III rain-red andosol approximately 2500 
mm raifall in the 2008-2009 cyde-, average annual Icmper
atUf e of 30t, witho·Jt agronomic mallagemen t ) . The 
pltlnts initiated theíl" f10wering III May 2009 ami the pro
duction of seeds in July, so lhat 100 g of see(ls were col
lectcd from t.hree clones per accession dming AuguSt-Sep
Icmber of 2009. The prep..1mtion of smnplcs, exlraction of 
oi!, obt.aining of I"AMEs .. nd chroma1.ographic analysis were 

made under tite comlitions descnbed above. 

2.5 Statistical analysls 
Tlle data ror oil COllLent \\"erc processed through an anal

ysis of variance. Tlle propon ion of stlturatecLlunsaturated 
fally acids \\~dS compared bet\\"een sites, and:m explora
tion \Vas made fo r possible Pearson correlations (u 0.05) 
betwecn Ihe altitude ami latitude of Ihe collection sites and 
lhe content ami comJXIsition of lhe oils. For this, lhe soft
ware XLStatl!} 201 0.3.03 (AddinSoft, USA) was mihzed. 

Witit lite data derivecl froIU plants doneel aJ)(1 grOWIl in 
conunon ¡¡arden lhe broad sense heritability w;'\s sl udied 
for Ihe rHlty acids and lhe oil coment, milizing the online 
SUfl,W<!It! PB.'3Jarl[) 1.02.':1' . With u \~ data uf ¡JZ"UIJUrLiuJIS fur 

fatty acids in seeds collccted from t!re sil es, analyses of 
pnlJclpal components, discriminilnt ami clusters ( lllilizing 
Ellchdean dist.ances Hlld grouping by average linkageh\'ere 
made. Thesc rumlyses \Vere dOlle wlth XLStat© 2010.3.03. 

Isolation by distance was testeel t.hrough lile correl.1tion 
of mal rices of Eudidl'.a n ami geographic dL"tances using 
I1Je lIlantel test witJI 10000 permlltations. Tite geographic 
distmlces were obtained by meal\S of lal itlldellongitllde of 
Lite sites, using GenAIEx 6.0I'J' . To test the existence of 
possilJle genel.ic bal"riers belween populatiOlls llre software 
Barrier 2.2 H 'was L1lilized, correlaling a Fishcr dL"t.ance ma
Lrix, as gencliIled in a dL"criminmLt ana!ysis, w1t.1I a matrix 
of average decimal geogra ph.ic distanees of each popllla
LiolL. 

3 RESULTS 
3.1 Contenl and composition of Ihe seed oil 

Tite Quantity of oi! in lhe seed of Mesoamcricall J. en/"
("(¡.~ by individual varied ]¡el;weell 8.02 and 5·1.28%, while 
tite \'ariation per sitc \Vas betwecn 12.09 ami 44.27% (Ta-

J. Oleo Sci. 60. (6) 301-3 11 (20 11 ) 
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Va rillliol1 01 FatI)! Acids in Mexicall }mroplw cl/rca.~ 

Table I Location data. oil contcnt sccd and propon ion or llnsaturatcd rally ¡¡cid, in <lCccsslons o r }alrop"a el/r

cas L. trum 38 sitcs in the Mcsuamerican reglon. 

r Opulalion 

CoaslorChiapas 

CoaslorChiapas 

Coas! ofChiapas 

Coa~! ofChiapas 

Coas! orChiapas 

Coas! ofChiapas 

Coas! ofChiapa~ 

CoaslorChiapas 

CoaslofChiapas 

Coas! ofChiapas 

Cenler of Chiapas 

Cenler ofChi~pas 

Cenler ofChillpas 

Cerl1er of Chiapas 

Ccnlcr of Chiapas 

Ccn1er of Chbpas 

Ccn1er of Chiapas 

Cerl1er of Chiapas 

Cer11er ofChi~pas 

Cenler ofChillpas 

Cerller ofChiapas 

Center of Chi~pas 

Ccnler of Chbpas 

Ccn1er of Chiapas 

Cerl1er of Chiapas 

Ccnler of Chiapas 

Cenler ofChilrpas 

Cerller ofChiapas 

Cenler ofChiapas 

Cer11er of Chi~pas 

Guatemala 

O:l.."3ea 

Oaxuca 

Oaxaca 

Oaxaca 

Guerrero 

Gw:rrero 

Michoacan 

SilC 

ACA 

CAC 

HUX 

MAP 

re 
SC H 

TAr 

TON 

ARR 

rlJ 

BERR 

C IN 

JIQ 

OCZ 

TYL 

TUX 

eCR 
r U! 
RV 

veR 
VCO 

v lr 
VLR 

C HI C 

CDCU 

COM 

LACO 

LAGOS 

RIZ 

IXT 

GUA 

ECO 

ZIM 

rA 

PIN 

eor 
ACA P 

ArA 

Nwnbcr of 
accessions 

5 

1 

5 

5 

5 

5 

5 

, 
5 

4 

4 

4 

J 

4 

J 

3 

5 

5 

5 

2 

5 

J 

4 

5 

4 

5 

J 

4 

5 

5 

Latitude I Longi1ude 

15. J 040/-92.3511 

14.590 11-92.5941 

15.0401/-92.2922 

15.25401-92.5384 

14.4371 /-'J2.257l! 

14.3957/-92.1032 

14.54531-92 .1925 

16.0343/-93.5078 

t 6. 114 tI-'J3.63.59 

15.5551/-92.5956 

16.47601-93 .1625 

16.4113/-93.4265 

16.4004/-93 .3922 

16.46231-93.2372 

16.2269/-93.49 18 

16.4233f-'H.0670 

16.0664/-92.-1104 

16.1569/-92 .1747 

16.0993/-93 .0453 

16. 18311-93.0454 

16.1169/-93.1563 

t 6.1482/-93 .157& 

16.1924f-92 .2057 

15.4465/-92.1672 

15.4050J-92 .00 11 

15.391 8f-92.080 1 

15.5029/-91.5422 

15.5034/-91.5437 

15.5794/-92.2884 

16.4722/-92.5463 

14.3627/-90.2908 

15.43391-96.3386 

15.5056f-96.00 15 

16.1125/-97 .44 76 

16.1931/-97 .5355 

16.3747/-(1).0074 

16A996P JI).468l! 

19.0424/-102.2210 

Alti1ude 
(mas]) 

51.0 

472.0 

23 .0 

34.8 

5.4 

24.3 

74.4 

12.0 

~3 . 0 

79.0 

895.8 

574.8 

533 .3 

803 .3 

689.0 

894.0 

537.5 

51 1.0 

560.7 

830.0 

579.0 

564.0 

1304.0 

587.R 

700.8 

677.4 

635 .0 

631 .0 

56[ .0 

813 .0 

1245.6 

61.8 

66.0 

37.8 

263 .7 

8.5 

19.2 

312.4 
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Secd Oil 
Con1ent (%) 

37 .22 

25 .13 

37.11 

39.88 

33.59 

34.65 

32 .23 

39.29 

40.2.'5 

33 .80 

35.76 

17.51 

40.69 

19.99 

14 .18 

12.20 

12.09 

37 .71 

43 .12 

18 .9Q 

26.21 

31 16 

21 14 

14.52 

26.76 

27 .12 

44.27 

30.04 

27 .9{) 

32 .17 

31 .88 

2)1.41 

22.39 

32 .00 

25.24 

24.77 

24 .73 

29.33 

Unsaluraled 
Falty Acids (%) 

78.96 

82.29 

14.52 

79.62 

RI .OS 

78.31 

78.91 

83.42 

82 . .'50 

79.99 

82.85 

80.44 

79.69 

82. 10 

77.84 

78.72 

R3.02 

78.22 

81 .02 

77.69 

77.72 

7R.43 

83 .78 

R3.44 

82.71 

83.10 

79.25 

80.26 

81.77 

77.31 

RO.97 

80.44 

79.55 

80.71 

1\1 .96 

79.46 

80.49 

77.97 
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" ~lri(/{iOIl 01 FatT)' Acids ill Mexic(l1I Jmroplm {'W"C(f.~ 

Tabll' I Localion dala. oil conlenl sced and proporlion uf unstl tumtcd ftl tty aeid, in aeecssions of Ja/roplm CI/T

eas L. fro m 38 sitcs in ¡he Mcsoameriean regíon. 

POpublion 

Coast ofChiapas 

Coasi ofChiapas 

Coast ofChiapas 

Coast of Chiap~Ls 

CoaslofChi<¡pas 

Coasl ofChiapa~ 

('oaslofChiapas 

CoaslofChiapas 

CoaslofChiapas 

CoaslofChiapas 

Cenler of Chiapas 

Ccnlcr ofChiapas 

CCL1ler of Chiapas 

CerLler of Chiapas 

Ccnlcr of Chiapas 

C .. nler of Chiapas 

Cenlcr of Chiapas 

CerLler of Chiapas 

Ccnlcr ofChiapas 

CCL1ler of Chiapas 

Ccnler ofChbpas 

CCllIl."r uf Chi:.pas 

Ccnler of Chiapas 

Cl."nler uf Chiapas 

CerLler ofChiapas 

Cenlcr of Chiapas 

Ccnler ofChi:tpas 

Cenh:r of ChiaplLS 

Cenh.,r ofChiapas 

Ccnl/:r ofChiapas 

Guatl!mala 

03.'(3ca 

O a'(3ca 

Oaxaca 

Oax:tca 

Guerrero 

GUl'rrero 

r.,·l icho3dn 

Sile 

ACA 

CAC 

HUX 

MAr 

re 
SCH 

TAP 

TON 

ARR 

rl! 

BERR 
CIN 

JIQ 

OCZ 

TY L 

TUX 

CC R 

rUJ 
RV 

VCR 

veo 
VIF 

VL R 

CHI C 

CoCU 

CQM 

LACa 

LAGOS 

RIZ 

IXT 

G UA 

ECO 

Z IM 

rA 
PIN 

car 
ACA P 

ArA 

Numbcr of 
an'l!ssions 

5 

2 

5 

5 

5 

5 

5 

, 
5 

4 

4 

4 

J 

4 

J 

J 

5 

5 

5 

2 

5 

J 

4 

5 

4 

5 

J 

4 

5 

5 

Lalilude f LongillJd~ 

15.1040/-91.3511 

14.590 11-92.5941 

15.0402/-92 .2922 

15.25401-92.5384 

14,437 lf-<J2.257!! 

14 .3957/-92 _1032 

14.5-1531-92 .192 5 

16.034]/-93.5078 

16. 1141/-93.63j9 

15.5552/-92 .5956 

16.4760/-93.1625 

16.4113/-93.4265 

16.4004/-93.3922 

16.46231-93 _2372 

16.2269/-93 .4918 

16.4233/-93.0670 

16.0664/-92.-1104 

16. 15691-92 .1747 

16.0993/-93 .0453 

16. 18311-93.(1454 

16. 11691-93.1563 

16. 1482/_93.15715 

16. 1924/-92 .2057 

15.4465/-92.1672 

15.4050J-92 .00 12 

15.391 81-92 .0801 

15.5029/-9 1.5422 

15.5034/-91.5437 

15.5794/-92.28&4 

16,4722/-91.5463 

14.J627J-90.2908 

15.4339/-96.3386 

15.5056/-96.00 15 

16. 1125/-97 .44 76 

16. 1931/-91.5355 

16.3747/-99.0074 

16,49961-99.46Sll 

19.0424/-102.2210 

Altitudc 
( llla~l ) 

51.0 

472.0 

23.0 

3-1.8 

5.4 

24.3 

74.4 

11.0 

53 .0 

79.0 

895 .8 

574.8 

533.3 

803 .3 

(¡IS') .(1 

894.0 

537.5 

511 .0 

560.7 

830.0 

579.0 

564.0 

1304.0 

587.8 

100.8 

(¡ 77.4 

635 .0 

631 .0 

561 .0 

813 .0 

1245.6 

61.ll 

M.O 

37.8 

263 .7 

' .5 

19.2 

312.4 
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$ecd Oil Unsaluralcu 
('onU,nt (%) Fatty Acids (%) 

37.22 78.96 

25. 13 82_29 

37.11 74.52 

39.88 79.62 

33.59 81.05 

34.65 78.31 

32.23 7ll.91 

3919 

40.15 

33 .80 

35.76 

11 .51 

40.69 

19.91) 

14 .18 

12.20 

12.09 

37.71 

43 .12 

18.9Q 

26.21 

31.16 

21.14 

14.52 

26.76 

27 .12 

44.27 

30.04 

27 .90 

32 .17 

31.88 

2)1.41 

22 _39 

32 .00 

25.24 

24 .77 

24 .73 

29.33 

83.41 

82.jO 

79.99 

82.85 

80.44 

79.69 

82. 10 

77.84 

78.72 

IB.02 

78.22 

81 .02 

77.69 

77.72 

78.43 

83 .78 

83.44 

82.71 

8].10 

79.25 

80.26 

81 .77 

77.] I 

80.97 

80.44 

79.55 

80.71 

81 .96 

79.46 

80.49 

77.97 

303 
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ble 1) , which was significam (F =8.205. P < F O.OOOJ). It 
lI'as fOll!ld Lhat. lhe oil COnte.nt is negati\'ely correlmed with 
lhe :l ltit.ude al which flte planfs lI'ere growing (Fig . la) . 
There was no signil1cam eorre.laliOH with lhe latiltides of 
collection sites. 

Eleven transesleri1ied fatty acids were fouJld: Decrulok: 
Acid (Caplic Aeid 10:0), Telradec.anoic AC!d (lI.Iyristic Acid 
14:0), HexadecrulOic acid (Palmitic Acid 16:0) , 9-Hexadec
enoie Aeid (Palmi toleie Acid ¡ o: 1), 14-~'let hyl Hexadecano
ie Acid (Methyl P~lmitic Acie! 17:0) . Oeladecanoie Acid 
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(Slearie Ac:id 18:0) , 9-0ctadeeenoic Acid (Oleie Acid 18:1). 
7~H ydroxy,9-0el.ade(''e.no i c Acid (Ric.:inolcie Acid 18: 1) . 

9, 12-0ctadecadienoic Acid, (Linoleic acid 18:2) , EicosrulOic 
Acid (Arachidie Acid 20:0) . Eieosel\oie Acid (Gadoleic Acid 
20:1 ). In addilion, seve.rHI a c cessio n s showed 
3-0etyLOxirane-Oetanoic Acid ( 16:0) and I o r Decanedioic 
Acid (11 :0, Sebacic Acid. Die¡¡rboxylie) , \\'hich eould be in

lermcdiary produets Gf synthesis or degradation of othcr 
rally acids. 

The mOSl abundan rally acids IVere oleid average 
38.7% ), linoleic (;we rage 40.7% ) . pal milic (average 
12.8% ) ancl stearic (6.19(, in average) . The proponion of 
unsaturatee! raUy acids varied between 59.14 ane! BG. 76%, 

considering Ihe individuals, while t.he varialion per sile was 
bet.wecll 74.5 anel 83 ,8% , which was signifi crull (F = 1,633, 
P=0.029; Table 1) . The proportion of lInsatunlled fauy 
acids is weakly bm posilivcly correlated with Ihe altilude 
(Fig . 1b) . There was 110 signiftcan!. eonelat.ion wilh l he 1al 

illlde of the sites. The oil content ami tlle unsaturated fatty 
acid proportion are ncgativcly eorrelaled (Fig. 1 e ). 

3.2 Most informatlve and heritabi!ity 01 c haracters 
The principal eom]lonents a nalysis (peA) showed lhat 

lhe variables slearic, oleic anel linoleie aciels eontributeel 
mainly lo lile first principal eomponent ; eonsequcmly. 
t,hose variables can be consielereel lhe most infon ualive of 
lhe variation dcteeted (Table 2). The study wilh doneel 
plams showed t hal almost all faUy aciels had ver}' high 

broa<1 sense herilabilities (around 00 %) , cxeepl fo !" lhe 
ease oí palmitolcic acid, of whic]¡ it. was not possible lO e.s
limat.e lhe heritability, since slatistieally significam d iffer
t;!!I!;t;!S bclweeu gC!IUI'y~e:; WCle !IUI delcded; w!len~as l.l I C 

T¡lbl(' 2 Comributiol1s of lhe variables (%) to lhe firsl 

two princi pal eomponents (Fl and F2). 

Variable F l F2 

Myrislic Acid ( 14:0) 0.033 0.463 

PahnilicA~id (16:0) 6.767 10.802 

Palmiloh:ic Acid (16: 1) 0.504 17.875 

MClhyl- Palmitic Acid (17 :() 1.28S 17.468 

Slearic AcüJ ( 18:0) 18.666 0.493 

Oleic Acid ( 18: 1) 24.353 6.621 

Linolcic Acid ( 18:2) 31.988 3.672 

Arachidic Acid (20:0) 4.817 0.45 2 

Gadulci~ A.::id (20: t ) 2.690 23.049 

Capric Acid (10:0) 0 .874 0.595 

Ricinolcic AciJ ( 18: 1) 1.77 7 18.33 2 

Sccd Oil Conll:nl (%) 6.234 0. 176 

130lJ va lucs correspondo f Uf cach variabl e. to Ihe f3ctor fur 
which ti"" squared cos ino:' is the larg.:s1. 
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ble 1) , wh.ich \\'as signHler.nt (F =8.205, P< F O.OOOl). It 

was fou!ld lha! Lhe oil coment L~ neg.."lti\'ely corrclated with 
lhe altitude al II'h.ich t he plant.s were growing (Fig. 1 a ). 

There Kas no sigllificam corre.latioH wilh the latimdés of 
coUection sites. 

Eleven f.ransesterilied ratty acids were fouud: Decru!oic 
Add (Caplie Acid 10:0), Tetradec.anoic Ac:d (Myrisrk Acid 
14:0), Hexadecanole ac:id {Palmitic Acid 16:0}, 9-Hexadec

enoic Acid (Palmitoleic Acid 16: 1) . I 'I-r..lelhyl Hexadecano
le Acid (Melllyl Palmilic Acld 17:0}, Ocladeeanoic Acid 
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al Sccd oi l conle nl VS. a lti lude, b) Unsatllra ted 

fatly aeids vs a ltitlldc . e) Unsaluralcd fatly acid 

vs sccd oil conlcn!. 
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(Ste:tric Acid 18:0), 9-0cl.adeeenoic Acid (Olcle Acid 18:1 ), 
7-Hydroxy,9-0ctadc(:enoie Acid (Rieinoleic Add 18: 1), 
9.1 2,O¡;tadecadienoie Acid. (Linoleic acid 18:2) , EieosaJlOie 
Acid (Arachidic Acid 20:0), Eicosel\oic Acid (Gadoleic Acid 

30 : 1). lu addilioi\. several ac c essio l\s showcd 
3-0ctyl,OxiraI\e--Octanoic Acle! ( 16:0) ami I o r Dcc:tnedioic 
Acid ( 11 :0, Sebacic Acid, Dicarboxylic ), \\'hich could be in
lcrmediary products Gf symhesis or (tegradation of olller 

fally acids. 

The most abu ndan ratly acids \Vere oleidrove rage 
38.7% ), !inoleie (avern¡1,e 40 .7% ). palmiti e (ave rage 

12.8% h nd stea rid 6.1% in average ). The proponion of 
umatllrawd rally acids varied bet:ween 59. 14 anel SG. 7G9I" 
considering Ihe individuals, while Ihe varialion per site \Vas 

bet.ween 74.5 ancl83.8%, whleh \Vas s igniI'Jcllill (F == 1.633, 
P == 0.029; Table 1) . TIlf! proportion of unsat.uraled f:tny 
rodds is wf!akly bm posilively correlaled with lhe a ltilude 
(Fig. 1b) . 'fhere was no signinca.nt eOITclation with lhe lal

ilude of Ihe sites. The oil content and the lInsaturated fati}' 
acid proportion are ncgatively correlated ( Fig. 1 e l_ 

3.2 Mos! informatlve and heritab¡lily 01 eharaeters 

The principal com])onents analysis (peA) showed thnt 
Lhe variables slearie, oleic ancllinoleic acids contributed 
mainly to Lile fi rst principal component; cOllsequemly, 
Lhose varinbles can be considered Ihe most infO!"lnativc of 
Lhe variaUon detected (Table 2 ) _ Thc study wilh c10ned 
plams showecllhat almost all fally acids had very high 

broa{1 sense hcritabilities (aro\llld 90% ) , cxcePI fo !" Ihe 
case of palmilOlcic acid, of which il. \Vas n Ol Jlossible 10 es
Limare Ihe heritalJilit.y, since slaustically signilic..1lll differ
CU(;CS u elwec.J \ gCHl)IY;,JeIi wI;:re HuI dc!.eded: wl!cn;a~ l.IU! 

Table 2 ContriblltiollS of the variables (%) lO the first 

IwO principal componcnls (F l and F2) . 

Vari~bll' F1 F2 

Myrisl ie Acid ( 14:0) 0.033 0.463 

P~lrnj¡!c Arid (16:0) 6.767 10.801 

l'~hlHloldt Atid (16: 1) 0.504 17.875 

Mc¡hyl-Pa lmitie Acid (17:() 1.188 17.468 

Stearic Add \18:0) 18.666 0.493 

Old!: Acid ( 18: 1) 24.353 6.ú21 

Linolcic Acid ( 18:2) 31.98!i 3.672 

Arachidü: Acid (20:0) "¡.817 0.451 

GlIdol~;c Acid (10: 1) 2.690 23 .049 

C~pric Acid tI 0:0) 0 .874 0.595 

Ricinolcic Acid ( 18: I ) 1.777 18.332 

$ced Oil Cont~nt (%) 6.234 0. 176 

l30 ld vahJcs correspond, for ,-,¡¡eh variabll'. to thL' f3ctor for 

whkh th.: sqllar.:d eosire is th~ largcsl. 
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Va rillliol1 01 FatI)! Acids in Mexicall Jmroplw cllrca.~ 

Table J Estlmation or the broad scnse heri tability or the char
<lctcrs studicd. 

V~n~bk: Vo V, h) .. (%) 

MYRISTI C 0.0056 0.0063 89.23 

PAlMlTlC 29.8427 30.4945 97.86 

rAlMITQlEIC 0.0000 0.5984 0.00 

MPAlMlTlC 0.0028 0.0031 92.08 

STEARIC 9.7004 10. 1895 95.20 

OlEl e 24.0714 25.2182 95.45 

LlNOlE1C 36.01:'10 37.2547 96.68 

ARACH ID1C 0.0509 0.0515 98.82 

GADOlEIC 0.0032 0.0037 86.48 

R1CINOlEI C 0.0089 0.02 15 4 1.35 

01lCONTENTS 17.9423 25.5240 70.30 

V(J: Gcnotypic variation: v r : Phcnotypic vanation: 

h\ .: broad scns.: hcritability, in pcrcentagc, 

oil content had heritability of70% (Table 3). 

3.3 Description 01 lhe variation 
Having confirmed the high heritability of falty acids of 

tite seed, we described the genetic variation using these 
characters as chemical markers. The analysis oI ascending 
hierarchical classiftcatioll grouped the 135 accessions into 
10 groups , as shown in Ihe dendrogram oI Fig, 2, where lhe 
dotted line indicales the limil for the formaliOll of groups. 
In general, il was observed tha! accessions are grollpe<1 ac
l,:unli.t\g lu L1u;! ir g~ugl"aJ.lhkal u1"Í¡.:iJ\, bu!. ~UJu~ ¡hal bdu!\g 

to a same tOWIl or localiry are in a d ifferent. group. 
h is llote\\'onhy rhal tite groups 1, U aml![[ with OIlC, one 

and fOIlf accessions of rhe Coast. of Chiapas, respectivclY, 
are clearly separatecl [rom t.he ot.hcr accessions, inducling 
those of tite rest of 1.lte ment.ioned populalion, Le. Lhey 
were outliers( Fig, 2) . Groups IV lO VIU contained acces
sions frOIll lite Cemer of Chiapas ¡tnd popuLations of Guale
mala, Oaxaca, Guerrero allCI 3 acccssions of Michoacáll , 
:tlong with some accessions from th~ Cwst of Chiapas. 
GrOllps IX and X contain(.'(! allllOst. ~xdllsively ilcccssions 
fmm tlle Coast of Chiapas, extept Z[~11 (Qaxal~a ) al1d Af'A2 

:ll1d ArA5 (r.'¡¡tl\oacán). 
The gen(>(Íl~ variat.ion enCOllntcred tall be consi(lered 

higll given t.haL lile !ine formillg groups stood aL a Euclide
:m distancc of 7.5, while t.he maximUlll dista.nc~ uet.ween 
grn \\ps wa~:1:1 1\\ a([(!il ir1!l , ti , ... vmiat.io\\ within da~sf's :l('_ 

c:ounted fo r only 10.7%, while tlt~ variatiOll among dasses 
was 80.3%. 

Discriminant. analysis, it. s howed Iha! lhe frrSI t,\\,o faclOrs 
explain 89% of Ihe vmiation and Separat.etl lhe accessions 
int.o Ihree major groups in t. hc bidimenSIonal geometric 
space: the accessions of Mi c:!toacáu, Ihe Coast, of Chiapas 

and Center of Chiapas; accessions of the other poplllations 
were mixed with Ihose of the last IWO poplllations (Fig, 
3a). To conJirm the trends in spalial location, the cent.roids 
were plotted fo r each poplllation (FIg. 3b), cOllflrming that 
t.he population of Michoaeán is isolated ami Lhal those of 
Chiapas are clearly far apan. The centroids of the l)Opula
Lions of Guat.emala and Guerrero overlap Lhe Center of 
Chiapas. The Oaxacan poplllalion is reLaled to that of Guer
re ro. 

3.4 Isolation 01 populations 

To evaluate t.he apparCI1l ranking of accessions accord
ing LO t.ltei r origin, a ~lant.ell.esl of assodation was per
formed , \\'it.h significam l'esults (( r (AB) == - 0.082 ); r< 
0.000 L», which indicates t!tal llterc was a correlation be
\\\'een ge.netic distance (Euclidean ) and geographic dis
tance in Idlometers. Isolation \\'as a lso ShO\\-l l by lite exis
lence of genetic barners de.tceled \\itJl Barrier verso 2.2. 
Tite major barriedah eparat.es t.he poplllation of Cent mi 
Chiapas of Ihe rest. of the populations, and the second bar
rier (b) isolat.es Ihe poplllation of Micltoacán (Fig. 4), 

4 OlSCUSSI0N 
The storage of oils in seeds is a genenl lizecl feature in 

I,iglwr phmts, whi('h RPrvp ~s ~ ""\\l"f"f' ()f f' !w r gy fOI" t.I"\f' 

emuryo during Ihe hcterotroplüc st.age "'· . This stage is Cnt

cíal iJl the success or faHure of tite embryo to germinaw, 
emerge and establish its~lf as a new plant ~'\ and lherefore, 
Ihe content of lile cndosperm, at leasl in parl, determines 
reprodllttive Sllccess or·l1lness~ of the plm\1.. As ¡1 reSllh, 
tile lot.al cont ent and composition of seed oH ShOllld be 
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Table 3 Estumltion or the broad scnse heri tability or the dmr
;lctCrs stud ied. 

Variable V" V, hl 
.. t%) 

MYRISTIC 0.0056 O.Ü063 89.23 

rAlMITI C 29.8427 JO.4945 97.86 

rALMITQLEIC 0.0000 0.59114 O.M 

MPAlMIT IC 0.002 8 0.0031 92.08 

STEARIC 9.7004 10. 1895 95.20 

OLE le 24.0714 25.2182 95.45 

LlNOlEIC 36.0nlQ 37.2547 96.68 

ARACHIDIC 0.0509 O.ü5IS 98.82 

GADOLEIC 0.0032 0.0037 86.48 

R1CINOl EIC 0.0089 0.0215 4 1.35 

OILCONTENTS 17.9423 25.5240 70.30 

Vu: Gcnulypk variation: VI': rhcnolypic variation: 

h\.: broad scns~ hcrilabililY. in pcrcenl3gc. 

oH content had heritability of 70% (Table 3). 

3.3 Description 01 the variation 
Having confirmed t,he high heritability of fany acids of 

the sced. \Ve described the genetic variation lIsing these 
eharacters as ehemic..11 markers. The analysls of ascendillg 
hierarchical dassillcation groupcd the 135 acccsslons mto 
10 grollpS, as sho\Vn in Lhe dendrogram of Fig. 2 , w!tcre the 
doUed Ime inc1icales the limit for t,he formnt ion of gI"oups. 
In general, il was obselyecl thal accessions al"!! grollpe<1 ae· 
I,;unlillg LU Llld..!· geugraphil:al uJigil!, uul ~Oiuc I.hal uclul!g 

lo a same lown or lvea!ily are in a different grolll). 
!t IS Ilote\\·olthy Ulat the groups 1, 11 and [[! with Olle, one 

anel fOUT accessions of the Coast, of Chiapas, respeclively, 
are c1early separa1ed from t,he otller accessions, induding 
those of the rest of Lhe ment.ioued poplIlalion, Le. l!ley 
were olltliers (Fig. 2). GrOllps IV to VI!! coutained acces· 
sions from tlle Cenl er of Chmpas ami popuLation.s oC Guate
mala, Oaxaca, Guerrero amI 3 acccssions of ~lichoacá ll , 

a.long wiLh som~ ¡¡ccessions from !.ht" CC'[¡SI of Clli¡¡pas. 
Groups IX and X contaizu.'{1 almost exclusively actessions 
from tlle Co¡¡st of Chiapas, f'_,(cepl Z¡~11 (O<lXaca);uld APA2 

ami APA5{Mic:helilcán ). 
Tite genet.ic variatioll cncountcred can be tonsidere!! 

higit giveu ¡hal Ihe Ene formillg groups st.ood al a Elu.:lide
an dista.nte of 7.5, whHe ¡he II1;L'(irllUm cl ist.a.Jlct" uelween 
grnllp!! wa.~ :n !JI Rdrlilinn , th '" vanatinn within (·I:l!!~f'.~ :w_ 

COllllted fo r only 10.7%, wllile Lhe variatioll amon,g cIasses 
was 8\1.3%. 

DiscrimimlHt imalysis, it showed Iha! lhe fIrSI two l'aclOrs 
expL1in 89% of tllc varial ion and sep .. 1rat.ed lile accessions 
¡nlO Ihree major groups in t.lte biclinHlllslonal geomctrlc 
space: lile access.ions of ~U c.hQacá ll, lile COMa of Clliap;)s 

ami Center of Chiapas; accessions of the other populat.ions 
\\"crc nllxed with those 01' the last two populations (Fig. 
3al. To con!irm the trcnds in spalial location. tile centroids 
\Vere ploLted for each population (Ag. 3b), cOlúlrming 1l1at 

Lhe population of W choaeán is isolatcd and thal those of 
Chiapas are clearly far apart. The centroids of lhe j)Qpula 
lions of Guatemala and Guerrero overlap the Center of 
Chiapas. The Oaxaean population is reLated to lhat of Guer
rero. 

3.4 Isolation 01 populations 

To cvaluat.c lhe apparc:m ranking of accessions accord
II\¡:: 10 tllei r origin, a ~bnt.el tesl of assodation was per
formed , with significant resu!ts « r (AB ) '" -0.0821; r< 
O.OOO l» . which IIldicalcs thal lhere \Vas a corre!ation be
lween genetie dist:ance (Euclit!ca n) am! geograplllc dis
rallce irl kilometers. Isolat.ion was a lso s!to\\·n by lile exis
rence of genelic baniers ddectec1 \\'IU1 Barrier verso 2.2. 
Tite major balTier (ahepar;1t.es the populalion of Central 
Chiapas of lhe rest of the populalions, and Ihe seconc1 bar
n cr(h 1 isolal.es lhe populatioll of Michoac[lfI (Flg. 4 ) . 

4 DISCUSS10N 
The slOrage of oils in see{ls is a generalized fea1Ure in 

highl'f plilnts, whidl Rl'rVP:l ~ a Sflll1"f'f' nr P!w rgy for 1.1',,' 
embryo during lite hel erolrophic S1.age '"'. This stagt! is cm
cial irl Lhe SUl:cess or failure of the e.mblTO lo germinate, 
emerge ami establisll ilsc lf as a new planl ·l1 , and Llle refore, 

Lhe content of the endospenu, al leasl in part, det.ermines 
reprodtU';tive sllccess or "ntlicss· of lhe plan!. As a reslIil , 
lhe lotal cant en\. aud eOlllpositioJl of sped oil should be 
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rig. 2 Dendrogwm of Eudide:H1 dis!ances for 135 accesiones de Ja/mpl/{! CII/'caS L. ín ¡he Meso:lIllcrielHl region based 
on Ihe proport íon of 11 fa lly ileids in ¡he seed. Thc box shows Ihe len groups. which were fOOlled, ¡¡nd ¡he num
ber of acecssiolls in eaeh of ¡hem. 

considered characlers subjecI t.o ml!nral selection. The 
presen! study. in a microevolutionary and 1101 phylogenetic 
context, showed tila!. the varia! ion in oi! contenl and raLly 
acid compos!! ion of lhe seed ill populm ions of J. cv /'cas in 
Mesoanlerica is very higll (Table 1) anrl t 1ml lhe chemical 
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markers \Ised are highly herit.ahlc (Table 3) . 

4.1 Pattern of total oi! cantent 
The qllantity of oil é.et.e.muned by siles (between 12 and 

44 'X> oC ¡Ile. IllasS of ¡he whole seed) is consist.en!. with pre-
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rig. 2 Dendrogmm 01" Eudideall distantes for 135 accesiones de Jatmp/w cl/rcas L. in Ihe Meso:JnlericlI l1 reg ion bascd 
on Ihe proponian of JI rally ac ids in Ihe secd. Thc box shows Ihe ten groups. which werc fOOllCd. ¡¡nd Ihc IlUrll

bcr of aecessions in each 01" Ihem. 

cOllsidcrcd characters subject 1.0 na!unll selectioll. Tite 
present study, in a microevoluuona.ry and not phylogenetic 
com e:\1 , 5110\\'e<l tila! tile variat.ion in oí! cOJllen! ami faH}' 
acid compositio ll of tlle see<! UI popllla! iOllS of J . Cll rcus in 
~l eso:ll l)Pri ca is very high (Table l )and 11m! lile chemical 
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rllarkers t1sed are highly herit.ahle (Table 3). 

4 .1 Pattern of total oi! content 
The qllamity of Di! riet.emú!led by siles (betw eeu 12 and 

44 'Xl of lIle IIla5S of l ile whole seed) is consisten! with pre-
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rig. 3 Discriminanl anlllysis of 135 acccssions of .Jal
rop/¡a cllrca.~ L. from SIX Mcsoalllerican papu la
¡ions. based on ¡he proportion 01' fa tty acids in 
lhc seed: a) dislribulion in lhe bidimension al 
geomclric spacc based in faClors 1 and 2, b) dis
tribllti on based 011 lhe eenlroids. 

vious report s for lhis species , e ithcr cultivated in As ia or 
Afriea ~' -"" or eollccl ed in lIle ~ I esoal\leri can region ' " " . 
Similarly, the fa el thal Lhere is a pattern of negative OOITe

liluon wi1.h allitude conlinn lhe fllldings of Pant el (/1.:I\\vho 
delcnnined tite vilriation in yicld ami oil content of Indian 
accessions of J. el/ reas in two soil conditi{)ns and tJlf(;!e ill
titudina l ranges, Iimling lhal there is a highcr conrell1 of oil 
when lhe plam is fOllnd in non-amble soils and low eleva
!.ion. 

!l. has bcen documenled I1ml \.he re is (:Ql\sklerable va.ria
!.ion in oil contenl of Ihis spedes 1 hat can be generated hy 
genet.ic and enviromnenlal fa clúrs , ind uding minfall alld 
soil fe rli!ity'" :17 , . Hl'!:ller" re porl ed lhat. variabilily in thi s 
charaCleristic might he influenced by Ihe Oligin of t.hc ae
r-p~~inn~ ~11 1(lil' , 1 !lnd gpn .... ly pp-,, "vi rculTllf-nt. illl p r~ f' linlls 

Contrary lO this, Kaushik el (¡l. I!I rep0l1ed I hat tl ,e oi! eon
t.ent of twenty-four 3ceessions uf Indirul J e1.l/"CG.s had 3 
broad sense he ritrlhilit,y of 99% , implying a limited innu
ence of the environment. Ho\\'ever, lhey a lso report.cd a 
variation of cmly iO % aJllon,\!; accession.s and very low coef
ficienLS of phenolypic ami g<:! nolypic variation, which COll-

Fig.4 Map show ing lhe siles of eoll ecl ion of Jalropllll 
CIII"C(/S eva!oated in thcir compasili on of o il from 
Soulhcrn Mc"ico and from Guatcmala, and Ihe 
Iwo main genelie barriers (¡ines ";¡ " and "b" in 
ycllow) found by Ihe a lgorithm of Monmonier 
(Barrier vcrs. 2.2), as based on Fisher distances 
01' fau y ¡lcid composition oflhe seed. Map kind
Iy prcpared by Francisco Javier Pi:rcz Racancoj . 

firnls Lhe narro\\' genelic basis of J. curcas in Asia. In the 
same Wily, Gohil and Pandya11'reported 89. 7% of broad 
sense herilability for t.his character. 

Unlike the explanation of Ihat phenomenon fo!" Asían ac
cessions, where 1. eu rcas \\~IS introduced a fe \\' centuries 

ago and where lhe variat iol\ might be due \O s t.rong cnvi
lU¡lJm~Hl.al e frC C1 S l,y IlaviJ¡g iI mUlU\\' g l.!He Lic base<t'\ i ll 

j\lesoamerican populalions lhe reason cOllld be the selC!c
lion of genotypes adapt.ed 10 adverse conditio lls (higher 
lemperalure) wilh increased produClion of e nergy s lIb
srances for lhe ell1bryo dming germinalion. This inereases 
seedling vi.gor amllhu!>, the limess of I.hc spccies. 

lt is not.ewon hy lha1 I.he oil contenl is a characte ristic 
lhal had a higlt he ritability (70,\,¡ ) , while i1 had a high coef
licien! of genolypic varia1.ion amI 32% of variation among 
accessions (Tables 1 amI 3 ), whi.d \ sllows Ihal popu];\t.ions 
in Mesoameriea, where mÚSI likeJy J . C111'CQS is a nat.ive o f, 
are more variable Ih.111 in other parts of t.lle world. 

Although there 11.1\'e been delerrniml.tÍl:ms of t.he oil (:on

lem in higher planls fOI" a long time, perh.1ps I1I!'!: !irs\. st:udy 
Lo look fOl" relatioll shms hetween ecologica l parame 1.e rs 
and aecuJl\ulatÍl:Il\ of oil was t.lla1. of Levin" , who st.udied 
111 1' rp lMinl\sl)ip hf'lwPf'l1 n il ('(mIPn1 ~nd Ihp 11:1hit. :md 

habil ,1l of over a t.hou~and sp{.'Cies of angiospernlS, Ilnding 
lhat the oi! eontenl , em lulionarily, has inc reased with the 
development of woody slems al\d shade tolerance , ami 
tllere is no relation to lhe la1itudinal origino In lhe case of 
Ihe tropical se mi-domesticaled plan!. J curt(t.s, in lhis 
sludy there was no signiflcanl correhlt.ion \\1lh latilllde of 
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rig. 3 Di ... criminanl a nll !y ... is of 135 access io n ... o f. Jal
roplw cureas L. fram ... ix Mcsoamcricall popu la

lions. bascd on Ihe proportion of fally ac ids in 
the sccd; a) di ... lribulion in Lhc bid im en ... ional 

gcomctrie "'pace bascd in faClors 1 and 2, b) dis
tributi on based on Ihe eelltroids. 

"ious reports for lhi8 species, eiuler cultil'aled in Asia ur 
Africar., "'or coUeclecl in Ihe ~l esmunencan region " " . 
Similarly, the fael thal Lltere is ti paltern of Ilcgativc COlTe
laLion \\"il h a ltitude conlinll the findiugs of P¡ml el (/1."-; '11'110 

delcrJlllllcd the variation in yic!cl ami oH cmuem of [ndian 
accessions of J. evrcas in t.wo soi! COl lditimlS ami three a1-
t.itwUllal mnges, !i.mling lhal lhere lS a higher conrell1 of oil 
II'hell Lite plam is foulld in non-amble soils ami 101\' elcva
¡jOIl. 

11. has beell dOCUlllcll1ed tltal Ihere is considerable varia
¡jGlI in oi! conlenl ofthis s¡)úcics lh.;H í:all be general NI by 
gcnctic ami cnvironmell1.al f¡¡ í:10!"S, inducling rrunfall :md 
soil fenility"'¡'. Heller" reponed l!ial variabilily h\ lhis 
t:hill";lc\.eristic migh¡ be hlfluell(:('d by Ihe Oligin of Ihe ac
",p~~ir>J1~ ~nl(lil',1 :'I1,r! gPJ1 ... typp-pnvimmllrnl iIl1 Pr~,..tiol\~ 

COlltrary to litis, Kaushik e( al .l~ reporled lhat the oil con
tcm of twcnty-four <lccessions of Indian J cu/"ca..s had a 
bread sense heritahilil y of 99% , implying a Iimitecl innu
ence of Ihe t<.!lvironment. Ho\\'ever, Ihey also reporled a 
variat.ion of only iO % alllOHg acces!>ions mK.J very low l'Oer
Ikients of phenOlypic ami genolypic vari'ltiol1, whicll con-

Fig, 4 Map showing Ihe si tes of eoll cC( lon of JallVplU/ 
CIII"ClIS eva!uated in Ihe ir composition of o il from 
SOllt hc rn Mcxico and from Guatemala, and Ihe 
lWO main gClIe lic barriers (hnes "a" and ·'b·' in 
ye ll ow) tound by ¡he a lgorithm of M onmoni er 

(Barrier ver .... 2.2), as based on Fishcr dis lances 

of fall y acid composition oflhe sccd. Map kind

Iy prcparcd by Francisco Javier Pcrcz Racancoj. 

fmus Lhe narrow genetic basis of J. C'1ln;as in Asia. In the 
same way, Gohil ami Pandya"NI'reportcd 89.7% o[ broad 
sense heritability ror Ihis characler. 

Unlike the explanation of Ihat phenomenon [or Asian <le
cessions, where J. el/reas was inu·ocluced a [ew centuries 

ago antl whcre the variatioll might be due \O strong envi
rUlulleHl.aJ efflo!l:IS IJ,Y j ¡¡wi.ng a n 'UTU\\· geHetil: lJase"'¡, JJ I 

r.'lesoalllerican populatiol1s the rcason eould be ¡he selcc
lion of genolypes adapl,ed lo aclverse conditio l1s(Jugher 
Lemperalurehvith Incl"eased producllon of Cllergy sub
Slances for the embl'yo chuing germinalioll. TIlis mercases 
seedlillg vigor ami Lhu;:, the limess of ¡j¡e species. 

lt is 110teworthy Lh:11 ¡jle oi! com enl IS a chamcteristic 
lhal Il.LId a high hentability (70% ), while il had a high cocf
licien!. of genolypie variat.ion «nd 32% of varialion among 
actessions (Tables 1 and 3 ) , wlúí:!I sholVs lhal, pO¡mlaliotl.s 
h\ Mesoamenca, whe!"e mOSl Iikely J. ('"/j1"CllS is a Ilalive oC, 

are fIIore varia hle l!llm in otller parts of 1.1 \C worlcl. 
AlIhough there lI.we bp.en de1.crmi.nations of ¡,he oil (:on

¡cm in higher plants fOI" a long time, pf'.rilap~ lhe frrsl sllltly 
10 look for ret\l.iollsh :p~ be twee¡1 ecologital parMnet.ers 
ami accUlllulatiotl of nil was I.ha! of Levin'\ ,who studicd 
111t> l"t>IMinnsllip hPTWPI' 1l oil ( 'mllPI11 ~nd 11,," h.1hil ;md 

habi1a! oC oyer a t,hou;:and species of angiospemlS, !i.ncling 
Lha\. r.lle oi! coment , e\'olulionarily, has inereased wilh the 
clevelopmenl of woody slems ami shade tolerallce, and 
Lhf"!re is no re!atiotl 10 ¡j¡e laritudin.al origino In Ihe ('ase of 
Ihe Iropi cal se mi·clomeSIic:aled plan\. J f'l.Irf'as , in this 
srudy 1 here was no s¡grüficant correlaLiotl \\'ilh lill illlcle of 
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coHect ion sites. In a t. horough review, 110 reports were 
found whic:h exanúne Llús re.lalionship, Jlossibly conform
iHg 10 lhal posltilat.ed by Levin. The high Oll cont.enl is also 
consist,el1l. wilh Lhe h}l Xll hesis of Levin because J. CH r("as 

can be cOllsidered a woody tree shrub. Tú Lest t.he h}l Xllh
esis oí variat.ion accord iHg 10 lhe habil S of growth, it \\'ould 
be 01" greal. scient ilic imeresl LO kilo\\' I he correlation be
!.\\·een t.lte acclllllulalion of seed oil :md tite tlegree oí st.em 
lignilkalion of lhe 175 spedes of genus Jalropha. 

4.2 Pattern in the fatty acid composillon 
Except. for ricinoleie acid, which is cha racteristic of Rici

nus commulliA~ L., aH other fatty acids have been reponed 
fO I" J. Cl/reos; allhough this fatty acid has been repoI1.ed 
recenUy in lhe species J. rJoss.1JpiJolia ruIel other Euphor
biaeeae"'-'I. Eit.her way. il was only found in ~even of t.he 135 
aceessions sludied and its heritability was 10w(Table 3) : 
howe\'er, t. he peA revealed Ihal it is a relatively informa
t.Í\'e variable by having the h41hesl percemage ofvaliability 
in the second principal componenl (Table 2) . 

The faUy acid prof¡]e is consistent with that reponed in 
oth er sludies, whieh repo r t t he same fou r mai n fally 
adels:' J I u "'.foil , Behenic(22:0)and Iino!enic( 18:3)fatty ae
ids, which have been reponed fo !" J. cu~cas~~ were not 
found in the evaluated accessions. The proportion oC un
saturatcd fally acids is an important variable in Ihe biodie
sel manufaeml"Íng, since qua lity standards indieale it must 
be minimized<6 l. lnte restinSly, this study found thal oí! con
tenl aJ\(llhe proportion of unsaturaled fatty adds a re neg
atively correlated. IVltieh, if confirmed in a larger smdy of 
gel1ct.ic association \\ith oulSl"anding genOlypús, will pennÍ! 
g",u~l.il: uU[Jl"Uvl.!1l1elll fUI" im.:n,a:;e tl uil yie ltl whilt;: de(,:lea:;

ing Ilusalurat.ed fally adds. 
To date grcal progress has been made in molecular un

derstanding oí Lhe origin of t.lte fauy acic1s iu seeds ami 
t heir diversification meehanisms ' 7. -"! l . However, il. L" Sllf
prising how lit.l le au.ention has been given 1.0 lhe selection 
faclOrs 111m drive l.he evolution of lhe falt)' add composi
!.i on of seeds. In t. his regard, LillCl er'~'suggested t.hat t.he 
temperalure of genniuatiou is an im¡Xlrtant sclecli \'e agent 
t.haL causes the sced oils of plants native to h¡gh latitudes 
(01' altitudes)to have a higher proporliOIl of unsaturated 
fatty acids that pl.1nt.s in lower latitudes/altitudes. The ex
p!anation is lhal in cooler environments (Iugil latitudes alId 
alt it udes) the cata!)olism of U1tSauln\ted falt:y acids is more 
feasible compared 10 salUnlled, thus Ihe secds wit.h more 
unsat:urat.(.'(! fat.ly adds germÍltat.e and grow faster at lower 
I.Plllpf'rallll"f'S, iIWrf'il<¡ing tlw;r film'ss , PVf'H :tI. lhp px¡wnsp 
of havi llg less total energy available. 0 11 t.he olhe r hancl, in 
warm cnvironments, sucil as tile tropical, seeds witil more 
satllrated faHy acids are selectively favorecl because lhey 
llave more encrgy ami they do not need t.o germinate 
quickly, since t.he conditions in lhe tropies are more or less 
st.able lhroughout the ye;lr. 
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However, although lhe proportion of unsaturated faH.y 

acids was posilive ly correlated with lhe ah.i tude of Ihe 
sites, lhe fally acid eomposition of J. CW'CCl$ seems LO be 
il! tl isagreemenl \\'ith Lhe 11~'pothesis dcsCribed, because, 
being a t ropical species, select.ion has favored a great.er 
propoltiol\ of tlllsaturated rally adels. 

The same author mentions that l.he lack of association 
bet Weel\ germillation t.emperalure a lld lhe proponion of 
Hllsaturaled faUy adds in one species eould be due 10 the 
lack of genetic variatian in oH composition, whieh, as cle
scribed in litis paper, is nOI the case of J. clIrcas. 

Ihsed 011 tite forcgoing, it. is hypothesized that , iJI I.he 
case of J . cureas, soB :llOist:ure has exel1.ed se1ect.ioll pres
SHTe to select a higher propoI1ion of tUlsaturated fat.ty ac
icls. It is \\"eJl documented that this species is tolerant LO 

drought., although adapl ing lo d ifferenl envirOlillwnts, from 
hUlllid LO semi-aricl; however, lhe plant is susceptible 10 

flooding, for eXlllllple, according 10 Dehgan ,'\,. Sdllltzman'''' , 
J. r;urC(1,~ is found in SDUlh Amelica in seasonaJly (hy t rop
ical a reas, bul i.s completely abscnt in the always wet Ama
zon region. In the MeSD..1merican tropical region, the onset 
oI fl owering ami seed production coincides \\"ith the onset 
oI the rain}" season, so sccds, which do 1l0t exhibit dorman
ey, shoulel germinate qllickl}", usually wit hin five days (ror 
wluch Lhey require lti~her proportion of unsaturatcd fatty 
adels) and establish themselves as seeellings before soil 
moisture lcvels increase to waterlogging. 

4.3 Patterns of diversity of Mexican J. curcas 
The analysis of clusters showed lhal genetic diversiry oí 

j\leSo.1merican J. c!I.)"ca.s L" hiSh , as shown by t,he 7.5 muroS 
uf Eudi\lt;:¡lIl dlliwll l:l! l.haL !lIarke~1 l li t;: lilllo< uf fUH llaliull uf 

lhe 10 clusters (Fig. 2); unfortunalely, lhere a re no report.s 
of similar works lvith whicJl LO compare t.lte variation llsing 
íatt.y adels as marke rs. Exce pl for lhe work of Wang el 
al.~ I , \\'110 cOlllpared the oil eontent ami fatly add compo
si tian in samples of J, ClIrcas collecled fmm t.hree regions 
of China ami India, flllding 12 falt"y adds and reporting dif
íerences bet.ween aecessions, They conc1uded t.lta! atten
lion should be given lO lhese chemieal markers lO intro
duce !l e\\' Chinese ge rmplasm and fo r the gún e ti c 
improvement. of the plan\.. 

Disl::riminant analysÍ5 separated t.lte populations more a l' 
less according lo their geQgraphical origin (Fig . 3); t.lti.s was 
ehecked with t.lte Mantel test , whidl indicaled a correlatiOIl 
hetwee.n chemica1 and geograplucal distance, In contrast. to 
lhese results, Kaushik pt al. 110' evaluated 24 a(."(:cssions of J, 
rllrr{/s frmn Indi~ In p~l~hlish lhp gpnrri{' variahilily, wh,'rf' 
lhe pal.lern of c1ustering in t.he Ellclidean cluster alIalysis 
reve:lled t 11al geographiC diversity does nOl necessarily 
represent. tile genetil:: diversity. 

In our study two genetic harriers could be idemified (Fig. 
4) t.ha.t separat.ed IXl]lulal ions oí t.lte Gent.er of Chiapas and 
t-.1icJloacán. Possihle explanat ions are relat.ed to the exis-
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f'ollec tion sites . 1n a (horough review, no reports lIlere 
found which exanúne tlús relatlonship. possibly conform
Ulg 10 tllat posluL"l1.ed by Levin. The high 011 con1.enl is amo 
cansistelll with lhe hypothesis of Levin bccausc J. CWTas 

can be considered a \\·oody tr~ shrub. To (es( the hypo1.h
esis of vari."ltion according 10 lile habils of growth, il would 
he of grellt scient ific interesl lo knoll' 1 he cOITcl:ltlon be-
1\\·een Ihe acculllulalion of seed oil :lnd (he degree oí st.em 
Iig¡üf¡cat.ion of lhe 175 species of gemls Jalroplw. 

4.2 Paltern in Ihe fatty acid composilion 
Excep( for rici.noleic acid. which is chararterislic of Rici

/lUS cOr/ulluuis L. , .111 otiler fatty acids Im\"e been reported 
fo r J. CII"ca.~; allhough l hL" ratty acid has been reporled 
rccenUy in lhe species 1. rfossypifo/ia and other Euphor
biaceae"'"". Eithcl· way. it was only found in .,even of the 135 
accessions stmlied and its heritability was 10w(Table 3); 

however, tile peA revealed tilat it is a relatively inf0!1lla
tive variable by having lhe h~hest pcrcemage ofvaliabili(y 
in Ihe second pnncipal component (Table 2). 

The faU)' aCld profile is cOllsistent witl! that reported in 
other studlCS, which repo r t t he same lou l" main raUy 
acids:' jj u '" +1). Bchenic {22:0hnd lino!enid 18:3) fatty ac
ids, wluch have been reponed fo r J. cw·cas·~ w{:re not 
found in lhe evaluated accessiolls. The proporlion of un
saturaled rally acids is an important variable in the biodic
sel manufacturing, since qu."llity slandarels melicale it must 
bc. nunimized<lll. Inte restingly. this study found lhut oü con
tent and lhe proportion of lIn5atural ed fatty aClds a re neg
atively correlated. IVltich, if confinned in iI. larger study of 
genetic associalioll with oUl.standill,{! genotypes, v.'Íli pel111it 
gl:¡¡~lil: iHll)l"Uvcllle!l1 fUl" il\l:rca:;cd uil yildd ,,"hill: dl:t.:lc;m

iJlg ullsatllratec1 raHy ac1cm. 
To datc great progress has been made U\ molccular un

derslanding of lltc ori¡:: in of tlle fally aciels in seeds ami 
lheir divcrslficatioll Il\echamsms'~ " '. Ho \\'cver, il IS SUf

prising ho\\' lin!e altentiOIl has been givcll Ul tltc sclectioll 
faclors thal dnve lhe evollluoll oflhe fally acid composi
tion of seeds. In this regard. LinderWsuggestcd (hal (he 
temperatllre of genllinalion is an importall1 sck'Cth'e agent 
¡hat causes t.he seed oiL<¡ of plalllS Ilalive to high L"l(jlurles 
(or altil,udesho have a highc.r proponion of lInsatllrated 
fauy adds t.hat plallt.S in lower latitudes/altitudes. The ex
planation is t.hal in !:ooler emironments (higll latitudes am! 
ahitlldcs) tl\l~ tatabolislll of U1lSillllraLetl f:l1ty adels is more 
feasible !:omparcd 1.0 saturated, (.!tus lhe seeels willt lIIore 
IInsatura!.(.'{! Can), aci{L<¡ ge.rmina!.!! ami grow fil!¡¡~r 1'11 lower 
! .NI1Jlf'rat·m·f'~, i nNf'.1Ring IliPir tirnf'~~ , f'Vf'1I ,\1. ¡Ju' ...... T>f'n"" 

of Itavill.g less total cnergy availrlble. On t.he olher h¡md, iJl 
warm environments, such as lhe tropical, seeds with more 
sa(ura(.ed faH)! aí:ids are sele/'lively favorcd becausc tlley 
have more encrgy and t.hey do nOl I\eed 10 germinat !' 
quickly, si l\ee (he eondiliol!S in lhe tropics Me more or less 
stllble l!troughollt lhe year. 
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However, al1.hollgh lhe Jlropor(ioll of uns.almated fa11.)' 

aeíds was positively corn~lated will! lhe a ]¡jlude of the 
sites. Lhe fatty add compositioll of J C1n ·CCl.~ seems 10 b~ 
il! disagreement \\itll lhe h:vpothesis described , because, 
being a tropical sp(~cies, seled.ioll h:ls favored a great.er 
proponion of unsallu-a¡e<1 fatry adds. 

The sam~ aulilar m~n("ions 111m fhe !ack of associatio ll 
between germinatiQll t.empera!ure and the propon ion of 
umaturalcd fatly adds in one species could be dile lo tile 
lack of genetic vaJialion in oH composition, which, as de
scribcd in thL" pape l". is not (he case of J. Cl/TCUS. 

Based on tite fOl"egoing, it. is hyporhesized that, in t.he 
case of J. r;¡¡rcas, soil ~nois t ure has eXClted sc.lection prcs
s1lfe 10 selecl il higher proportion of llll&"lturated faUy ac
iels. It is well documented that. lhis species is 101erant lO 
drou,ght., allhollgh adapting lO different envirolilllents, from 
1I11mid 10 semi-arid: howe\'er, lhe plam is susceptible 10 

ftooding, for eXiUllple. aCI~Orc1iI\!l 10 Dehgan.i/,. Schutzman"''1 , 
1. ClLrr;a.~ is found in S~U1h Arnelica in seasonally dry t rop
ic."ll arc.as, but is completely abscnt in lhe always wet Ama
zon reglon. In lhe ~leso.."lmericrm tropical reg ion, lhe OI1SCt 
of t!owenng ami seed produclion coincides \\·ith the OI1SCt 
of tlle rainy seasoll, so secds, w!ueh do Ilot exhibit dorman
ey, should germinate quickly, IIsually within five days (fo r 
which lhey require hi~her propOItion of lIIlSaturatcd fatly 
acids l and estab!ish themsclves as seedlings before soil 
1lI0isture levels increasc to waterlogging. 

4.3 Patterns of diversity of Mexican J. curcas 
The ana!ysis of clusters showcd tlml genelic diversilY of 

Mesoamerican J, ("t1)"CUS is hi.gh, as showll by the 7.5 IIluts 
uf Euditl l:<l.1l Úllilalll:C IJlal marked IJIl' lilll: uf fUl"! na liull uf 

Lhe 10 clusters (Fig. 2); wúortunately, the!"c are 1\0 reports 
of similar \Yorks wilh whicJl 10 compare tlw vanation using 
{al t.y acids as markef3. E:xcepl for (he \Vork of \Vang e l 

al."' ·, wilo comparec1 Ihe oH coment and {aHy add compo
sition in samples of J carcas collected from tJlree regions 
or China ami India, fmding 12 falty acids and repOIting dif
ferences bet.wecn aceessiolls Tltey conelllc1cd t.lla! al tcn
lioll s]¡ould be givel\ 10 lhese chcmieal markers 10 intro
duce I\C!W Chincse germplasm and [or Ihe gcneti c 
illlprovemem of f he plant.. 

Discriminam ana.lysis separated !.he poputations more 01· 

less according f.O flicu· gCQgm phical origin (Fig. 3); lllis was 
chcckecl Wilh l.he Mantel test , whil::h indie;ated a corrclation 
belwce.n chcmie;a1 ¡"¡¡Id gcograplúcal disfance. In contrast tO 

lhese results, Kaushik ('1 al. "'evalllalcd 24 a(:(:cssions of J . 
"11 ¡r{/.~ frmn l!ldi~ In f>~I~hlish llw gf'nl'ti,· vilri~hility, w!"i,'n> 

lhe pa1tern or c.Iustering in t.he Eudidean cluster analysis 
revcaJcd lhat geographic c1iversity uoes 110t necessarily 
represen!. tlle genetlc divcrsity. 

In Qur s1\1dy I"WO genetic barrie.!"s !:ould be itlenl1Jk>d (Fig. 
4) t.hál sep .. "lraf.f'c1 pOjll.llalions of tJ H~ Genter of Chiapas and 
1I1ic.llOiicán. Possible e){planations a re relaled to lhe exis-
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!.ence 01" t.he mOllntaín chaín "Sierm l\'ladre del Sur" whic:h 
fllnclions as a geogmphic: b[¡rríe.r; lhe pOPlllalion of Center 
of Chiap<1s is the only one tJ¡at is LO lhe Non h oC this mOlln
tain chaÍl1. Other pússible re.ason is lhe geogmphical re
moteness úl" the popll!alÍon in l\'¡¡choM:án from lhe resl of 
the populations. Studies with molecular markers based on 
DNA may provide information aboUl t he rale of gene no", 
bel we€n popu!alÍons and confinn or rejec!. 1 he! exist.ence of 
t.lte genelÍc barnees mentioned in Mesoamerican 1. C"l/reas. 

5 CONCLUSION 
The reslllts of lhe work showed that lhe variation in lhe 

oil conten\. and eleven fatty acid was vely high with herita
bilitíes of about 90%. which demonslrate lhal they are 
useflll markers in esti mating lhe genetíc diversity of J 
ell.l"(:a.~ , The populations of J ellrcas fromlhe /llesoamen
can regíon represent val llable genelic reSO'lrces for lhe fu
ture establishment of extensive plantation~ of Ihis oil pro
ducinil plrull. 
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t.ení:e of t.h~ mOllntaU\ chain "Sierra Madre del Snr" whid\ 
fun clions as a geogmphic b:tr!ie r; the population of Cent er 
of Chia¡k1S is tite muy one fhat is 10 thCl NOIlh oC this 1\\01ln
tain chaul. Ollter possible reason is tite geographical re
mOleness of fhe papulation Ul ¡\.¡jchoacán from tile re!>l af 
fhe populations. Smdies \\~Ih molecular rnarkers based 01\ 
ONA may provide húormat:ion abo\l1 the rale of gene now 
hel ween populations amI COJlÍÍ.ml or rejecll he! existence af 

tite genelie barriers mCIl!.ioned in IIlesoamerican J. clI rcas. 

5 CONCLUSION 
The results of Ihe work showed I.ha1 the variation in tile 

oil conten\. amI eleven ratty add was vely high with herila
bililies of aboU1. 90(.\',. whic:h dcmonSlrale t.hal thcy are 
useful markers in esti lllali ng lhe genNic: eliv~rsily of J 
C¡IIY:O.~ , The pOJlulations of J Cllrca.s from lhe Mesoameri
c:an region represent valuable genetic l"eSO'lH:es fO I" t,he fu

ture cS1abIL~hment of extenslve pIantatioJl'> of this oH pro
ducing plant. 
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5  

DIVERSIDAD GENÉTICA EN POBLACIONES 
DE JATROPHA CURCAS DE CHIAPAS, 

MÉXICO, CARACTERIZADA CON AFLPs 
 

En este capítulo de la tesis se describe el estudio de la diversidad genética en 

poblaciones domesticadas de J. curcas de Chiapas, mediante marcadores 

polimórficos en la longitud de fragmentos amplificados (AFLP), un método de 

muestreo del ADN genómico. Aunque existe una literatura creciente acerca de la 

diversidad genética de esta especie, el aquí presentado es el primer estudio con 

un enfoque poblacional que se realiza dentro de la más probable región de origen 

del "piñón" (Mesoamérica). Después de listar los descriptores de diversidad 

genética de cinco poblaciones de J. curcas en Chiapas, se realizó un análisis de 

conglomerados que reveló el más alto coeficiente de disimilitud entre accesiones 

reportado hasta ahora (Jaccard = 0.893). Tanto un análisis de varianza molecular, 

como una variante que usa datos espaciales de dicho análisis, detectaron 

moderada estructura genética de las poblaciones, con la mayor variación ubicada 

dentro de las poblaciones (87.8%). Un análisis bayesiano mostró que la mayoría 

de los individuos tiene ancestría mezclada, excepto los de la población 

"Soconusco". Se detectaron dos barreras genéticas; la más importante de ellas 

separa a la población "Fronteriza" del resto de poblaciones, indicando un posible 

papel de la Sierra Madre de Chiapas como barrera geográfica. La elevada 

variación genética encontrada sugiere que la región mesoamericana podría ser un 

centro de diversidad de J. curcas. 

 

Este manuscrito está en corrección en la revista Diversity (ISSN 1424-2818, 

editorial MDPI). 
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Abstract: Jatropha curcas L. has become an important source to produce oil 
for biodiesel fuel. Most genetic studies of this plant have been conducted with 
Asian and African accessions, where low diversity was encountered. There are 
no studies of this kind focusing in the postulated region of origin. Therefore, 
five populations of J. curcas were studied in the state of Chiapas, Mexico, using 
amplified fragment length polymorphism (AFLP) markers. One hundred and 
fifty-two useful markers were obtained: overall polymorphism = 81.18% and 
overall Nei’s genetic diversity (He) = 0.192. The most diverse population was 
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Border [He: 0.245, Shanon’s information index (I): 0.378]. A cluster analysis 
revealed the highest dissimilarity coefficient (0.893) among accessions reported 
until now. An analysis of molecular variance (AMOVA) revealed that the 
greatest variation is within populations (87.8%), followed by the variation 
among populations (7.88%). The PhiST value (0.121) indicated moderate 
differentiation between populations. However, a spatial AMOVA (SAMOVA) 
detected a stronger genetic structure of populations, with a PhiST value of 
0.176. To understand the fine structure of populations, an analysis of data with 
Bayesian statistics was conducted with software Structure©. The number of 
genetic populations (K) was 5, with mixed ancestry in most individuals (genetic 
migrants), except in the Soconusco, where there was a tiny fraction of 
fragments from other populations. In contrast, SAMOVA grouped populations 
in four units. To corroborate the above findings, we searched for possible 
genetic barriers, determining as the main barrier that separating the Border from 
the rest of the populations. The results are discussed based on the possible 
ancestry of populations. 

Keywords: AFLP, biodiesel, populations, genetic structure, differentiation. 
 

1. Introduction 

Jatropha curcas L. is a shrubby plant, which has seeds with a high content of oil 
capable of being transformed into biodiesel. This plant grows well on marginal soils and 
is drought resistant [1,2]. Moreover, it has been shown that this species has the capacity 
to control soil erosion [3, 4] and potential for phytoremediation [5,6]. It is expected that 
in 2015 about 13 million hectares will have been planted with J. curcas in tropical 
regions of Asia, Africa and America [7]. It is widely distributed throughout the tropics, 
in Central and South America, Asia and Africa. Nevertheless, many studies mention that 
its center of origin is Mesoamerica [8-10]. For a discussion about the debate of the 
center of origin, see our review article [11]. In Mexico, J. curcas is known as Piñón and 
can be found as living fences in various states, both on the Pacific slope, as well as along 
the Gulf of Mexico [12]. Seeds of this plant are toxic due to their high content of 
phorbol esters, but in Mexico there are a few non-toxic varieties used as food in some 
rural areas [7,13,14].  

 
Researchers are studying many aspects of the biology of this species across the world, 

including its genetic diversity. Recently, the nuclear [15] and chloroplast [16] genomes 
of this species were sequenced, thus facilitating the identification of genes of productive 
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interest, such as those related to the synthesis and accumulation of oil. Complementary 
to this, the study of genetic variation in populations with analysis of the phenotypic 
variation will contribute to the identification of loci associated with quantitative traits of 
agronomic interest. The understanding of the genetic diversity and structure of 
populations of J. curcas in their postulated center of origin will permit to identify 
genetic material useful for future improvement of the species. For example, it will be 
possible to design crosses between plants from groups genetically distanced. 

 
Most genetic studies of this plant have been conducted with Asian and African 

accessions, with low diversity found therein. Furthermore, most Mexican germplasm 
studied for these purposes has been limited to varieties with low or no toxicity at all 
[10,17-22]. The results of these studies, although based on individual accessions, not 
populations, suggest that the center of diversity is in Mesoamerica. However, there are 
no molecular studies focusing on this region. 

 
The state of Chiapas, southern Mexico, has a huge population of J. curcas distributed 

over most of its territory. Previous studies have shown that populations of J. curcas from 
Chiapas have a high variability in oil content and fatty acid composition [23], in toxic 
compounds of the seed [7] and in floral characteristics (data collected by the authors, 
Unpublished). Genetic relationships of these populations are still unknown. It should be 
noted that, while J. curcas is a semi-domesticated species (there are not “true” wild 
populations and is cultivated as fence, although, apparently, it does not exhibit the 
domestication syndrome), interchange of germplasm only exists at the local level and 
not between regions of the state [24]. 

 
Genetic diversity of this species is influenced by some aspects of its biology (J. 

curcas is a diploid, n = 11, with a genome relatively small, 416 Mb [25]; it is 
monoecious producing male and female flowers in the same inflorescence [26]; a small 
proportion of its reproduction is via apomixis [26,27]). Ecological aspects are also 
important, for example, its main mating system is by xenogamy or cross-pollination 
[27], being pollinated by insects [28]). Anthropic management of populations can affect 
diversity since J. curcas is a plant in process of domestication and it is propagated 
mainly clonally. Based in the antecedents, we propose the follow postulate: the genetic 
diversity in J. curcas populations in the Mesoamerican region is more elevated than 
those reported of Old World germplasm. Since there are no studies of these plant 
populations in Mesoamerica, the present work aims to study the genetic diversity of 
populations of J. curcas of the state of Chiapas, Mexico, using AFLP molecular 
markers. 
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2. Experimental Section 

2.1 Plant material.  

One hundred and thirty-four individuals of J. curcas were collected from living 
fences in five populations of Chiapas, Mexico: Soconusco, Isthmus, Center, Frailesca 
and Border. Individuals were entered as accessions to the Germplasm Bank, in the 
Center for Biosciences at the Autonomous University of Chiapas (CenBio-UNACH, 
abbreviation in Spanish). 

The criteria to group plants from different sites in determinate populations were 
climate (annual mean precipitation and temperature) and soil residual humidity (Table 
1). Those sites are clearly differentiated in the mentioned criteria [29-33]. 

2.2 Isolation of total DNA. 

Total DNA extraction was performed by the method described by Doyle and Doyle 
[34] and modified in the Research Laboratory CenBio-UNACH; young leaves were 
collected, transported on ice to the laboratory, were washed with sterile water and ethyl 
alcohol 70%, and kept at -30 °C until processing.  An amount of 0.2 g of leaves was 
ground with liquid nitrogen with 60 µg of polyvinyl pyrrolidone and 1 mL of buffer 
CTAB (hexadecyltrimethylammonium bromide 0.1% w/v, 5mm EDTA, 1.5M NaCl, 50 
mM Trizma Base pH adjusted to 8 with HCl and 2 - mercaptoethanol 0.1% v / v). 
Extractions were made with chloroform-isoamyl alcohol and precipitation with 
isopropanol. The extracted DNA was purified with a mixture of phenol: chloroform: 
isoamyl alcohol (25:24:1). The integrity of the DNA, dissolved in 60 µL milli-Q water, 
was verified by gel electrophoresis on 1% agarose and quantified spectrophotometrically 
at 260 nm (GBC Cintra 10e™ spectrophotometer, Australia). 

2.3 AFLP Analysis.  

AFLP was performed with the procedure proposed by Invitrogen™ (AFLP™ Core 
Reagent Kit, USA) using 500 ng of total DNA restricted with enzymes EcoRI and MseI 
and changing the time of ligation of adapters to 4 hours. In the pre-amplification primers 
used were: 5'-GACTGCGTACCAATTC + C-3', complementary to the EcoRI adapter, 
and 5'-GATGAGTCCTGAGTAA + C-3' to the adapter MseI in a reaction mix 
containing: 5 µL of the restricted and ligated products, 2 µL MgCl2 25 mM, 0.5 µL 
dNTP mix 10 mM, 5 U of Taq DNA polymerase, 4 µL 10 X buffer and 10 pmol of each 
primer, adjusted to 25 µL with milli-Q water. The pre-selective amplification was 
conducted at an initial temperature of 92 °C for 2 minutes, 40 cycles at 92 °C for 2 
minutes, 1 minute at 38 °C for alignment and 2 min at 72 °C extension, 1 cycle of final 
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extension at 72 °C for 10 minutes and finally at 4 °C indefinitely. The selective 
amplification was performed using primers 5'GATGAGTCCTGAGTAA+CAT3' for the 
adapter MseI 5'GACTGCGTACCAATTC+CAT3' for EcoRI adapter, which was labeled 
with the fluorogenic D2WellRed™ (Genoma Lab™, USA), under conditions previously 
described. 

Table 1. Jatropha curcas L. accessions collected in the state of Chiapas located in the 
Germplasm Bank of the Center for Biosciences-University of Chiapas, Mexico. 

Locality Number of 
Accessions 

Latitude 
(North) 

Longitude 
(West) Population Environmental Data 

Arriaga 16 16°11.231' 93°54.816' Isthmus Coast of Chiapas. Climate Aw0 
(w), warm sub-humid with 
summer rains; mean annual 

precipitation of 1500 mm; mean 
annual temperature: 29 °C; five 
months with soil humidity; 50 m 

a.s.l. 

Pijijiapan 6 15°55.561' 92°59.842' Isthmus 
Tonalá 6 16°03.430' 93°50.782' Isthmus 

Acapetahua 5 15°10.300' 92°35.100' Soconusco Coast of Chiapas. Climate Aw2 
(w) Ig, most humid of the warm 
sub-humid tropical; mean annual 
precipitation of 2500 mm; mean 
annual temperature: 28 °C; eight 
months with soil humidity; 150 

m a.s.l. 

Cacahoatán 8 14°59.022' 92°19.433' Soconusco 
Huixtla 8 15°05.115' 92°29.146' Soconusco 
Mapastepec 10 15°25.505' 92°53.854' Soconusco 
Puerto Chiapas 13 14°43.742’ 92°25.935' Soconusco 
Suchiate 9 14°40.057’ 92°10.071' Soconusco 
Berriozabal 3 16°47.562’ 93°16.191' Center Central Valleys of Chiapas. 

Climate Aw0(w)(i)g, semi-warm 
sub-humid with summer rains; 

mean annual precipitation of 900 
mm; mean annual temperature: 

22 °C; five months with soil 
humidity; 800 m a.s.l. 

Jiquipilas 7 16°40.012’ 93°39.242' Center 
Ocozocuatla 3 16°46.243’ 93°23.641' Center 

La Concordia 5 16°06.663’ 92°41.035' Frailesca Central Valleys of Chiapas. 
Climate Aw1(w)(i)g, warm sub-
humid with summer rains; mean 
annual precipitation of 1200 mm; 
mean annual temperature: 25 °C; 
five months with soil humidity; 

600 m a.s.l. 

Villa Corzo 3 16°10,171’ 93°16,059' Frailesca 
Villa Flores 3 16°19,475’ 93°20,976' Frailesca 
Revolución 
Mexicana 

3 16°09.675’ 93°04.742' Frailesca 

Pujiltic 8 16°16.430’ 92°17,850' Frailesca 
Ciudad 
Cuauhtémoc 

7 15°40.473’ 92°00.129' Border Central Valleys of Chiapas. 
Climate Aw1(w)(i)g, warm sub-
humid with summer rains; mean 
annual precipitation of 1400 mm; 

six months with soil humidity; 
mean annual temperature: 28 °C; 

700 m a.s.l. 

Comalapa 7 15°39.030’ 92°08.170' Border 
Rizo de Oro 4 15°57.981’ 92°28.824' Border 

Source of environmental data: [29-33]. 
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The amplified products were resolved by capillary electrophoresis in a CEQ8000™ 
(Beckman Coulter™, USA) sequencing equipment, for which a 2 µl sample and 0.125 µl 
standard 400 bp -labeled with the fluorogenic D1WellRed™ (Genoma Lab™)- were 
mixed, adjusting to 25 µl with sample loading solution (SLS). The electrophoretic 
conditions were: capillary temperature 50 °C, denaturation temperature 90 °C, an 
injection voltage of 2.0 kV and separation voltage of 5.0 kV, for one hour. To determine 
the size of the fragments, the electropherograms were calibrated with molecular weight 
marker (calibration curve fitted with cubic model, with correction to the mobility of 
marker AE.Ver2; confidence level >99%). The electropherograms obtained were taken 
into account only when the peaks obtained good resolution and if the correlation 
coefficient of the marker was at least 0.99, with cubic correction. Moreover, to accept 
the minor peaks, the intensity of its signal had to have at least 2% of the intensity of the 
second highest peak in the electropherogram in question. The findings were made in 
duplicate and were accepted only when the repetitions have the same result. 

2.4 Statistical analysis.  

Data from the electropherograms were transformed into a matrix: presence (1), 
absence (0) of the fragments, using the CEQ Genetic Analysis System© software 
version 9.0. We performed a cluster analysis of the populations, built with the 
coefficient of Nei’s genetic identity. 

Genetic diversity within each population was measured by calculating the percentage 
of polymorphism (% P), effective number of alleles (Ne), Shannon index of information 
(I) and expected heterozygosity or Nei’s genetic diversity (He), using the program 
GenAlEx© version 6.3 [35]. The format of data selected was Binary (Diploid). Results 
were compared with those yielded by the program AFLP-SURV 1.0© [36], using the 
approach of Lynch and Milligan [37] and the Bayesian method with non-uniform prior 
distribution to compute allelic frequencies [38]. 

To determine the degree of differentiation within and between populations and 
between regions, an analysis of molecular variance (AMOVA) was performed, with 
100000 permutations using the program Arlequin© version 3.11 [39]. Results of 
AMOVA were compared with those obtained with the software SAMOVA 1.0© [40]. 
SAMOVA runs were made for 2 to 10 groups to find the number of homogeneous 
populations, using the PhiCT value as indicator. 

Genetic structure of the populations was searched using the software Structure© 
version 2.3.2 [41]. The program was run with 30,000 iterations, 50,000 iterations after 
burn-in and 10 repetitions of each number of genetic populations (K1-K9). It was 
assumed, as prior information for the populations, a migration rate of 0.001, so that the 
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option was selected USEPOPINFO with the model of ancestry Admixture Model 
(GENSBACK = 3, MIGPRIOR = 0.001) proposed by Falush et al. [42]. The value of K 
was estimated following the procedure described by Evanno et al. [43].  

In order to find possible isolation by distance, a test of the Mantel correlation between 
Nei’s genetic distance and geographical distance was performed with 10,000 
permutations using the program GenAlEx© version 6.3.  

Finally, possible genetic barriers were searched for using the program Barrier© 
version 2.2 [44], found with the Monmonier algorithm based on Fst genetic distances 
generated in AFLP-SURV 1.0, using the Bayesian method with non-uniform prior 
distribution to compute allelic frequencies [36,38]. To estimate the robustness of 
barriers, the analysis was performed using one hundred bootstrapped distance matrices. 
Considering the potential genetic discontinuities according to the differences among 
regions, five barriers were initially searched for, but only the two more robust (more 
than 50% of bootstrap support) were plotted. 

3. Results and Discussion 

3.1. Genetic Diversity 

Two hundred and nine AFLP markers were obtained from electropherograms. Figure 
1 shows a typical electropherogram of an accession of J. curcas. After elimination of six 
monomorphic fragments and a process of pruning of data (to avoid fragment size 
homoplasy), by the methods proposed by Lynch and Milligan [37] and Vekemans et al. 
[45], remained 152 useful markers for diversity analysis. 

 
Polymorphism rates were found ranging between 71.7% and 92.1%, while the 

average polymorphism was 81.1%; the effective number of alleles (Ne) was between 
1.181 and 1.398 with an average of 1.303; the Shannon diversity index (I) ranged from 
0.202 to 0.378, the average was 0.306; the genetic diversity of Nei (He) ranged from 
0.121 to 0.245 with an average of 0.192. These results reveal high genetic diversity in 
the populations studied. The population with greatest genetic diversity was Border and 
the least diverse was Soconusco (Table 2). 

 
Parameters of genetic diversity obtained with AFLP-SURV 1.0 were slightly 

different, but with the same tendency. For example, the most diverse population, Border, 
had a value of He of 0.271, while the least diverse, Soconusco, had a He value of 0.123. 
Global gene diversity within populations was 0.207. 
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Figure 1. Electropherogram of a typical sample of J. curcas from Chiapas obtained by 
capillary electrophoresis. The marker of molecular size, 400 bp labeled with the 
fluorogenic D1WellRed®, is showed in red. PCR products were resolved in a 

CEQ8000® (Beckman Coulter®) sequencer. 
 
 
 
 
 
 
 
 

 

Table 2. Genetic diversity parameters of 134 accessions of J. curcas of 
Chiapas, Mexico, grouped in five populations. 

Population N Na Ne I  He %P 

Soconusco 53 1.434 1.181 0.202 0.121 71.71% 

SE  0.073 0.021 0.018 0.012  

Isthmus 28 1.842 1.328 0.335 0.208 92.11% 

SE  0.044 0.026 0.018 0.013  

Center 13 1.480 1.347 0.331 0.213 73.68% 

SE  0.071 0.027 0.021 0.015  

Frailesca 22 1.684 1.263 0.285 0.173 84.21% 

SE  0.059 0.024 0.018 0.013  

Border 18 1.697 1.398 0.378 0.245 84.21% 

SE  0.058 0.027 0.019 0.014  

Mean 26.8 1.628 1.303 0.306 0.192 81.18% 

SE 0.508 0.028 0.012 0.009 0.006 3.77% 

N: number of individuals; Na: number of different alleles; Ne: effective number of alleles; I: Shannon 

Information Index; He: Expected heterozygosity; % P: percentage of polymorphism; SE: standard error. 
 

Very little research on genetic diversity of J. curcas has had a focus on populations 
[22,46,47]. Ambrosi et al. [22] analyzed plants from different geographical regions, nine 
accessions of Jalisco, Mexico, and 17 commercial varieties from South America, Asia 
and Africa, using SSR markers. They found higher diversity values than those obtained 
in this investigation (Ne average of 1.843, an average of I of 0.661 and He average of 
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0.345), being the Mexican population the most diverse. Wen et al. [46] used EST-SSR 
markers to study populations from Indonesia, South America, Grenada and China, 
reporting average Ne values of 1.686, an average of I of 0.557 and He average of 0.381. 
Another study, with ISSR markers, analyzed a total of 219 accessions from China and 
five from Myanmar, divided into seven populations and obtained Ne average of 1.317, 
an average of I of 0.292 and He average of 0.190 [47]. In a study with ISSR markers 
with 158 individuals from 8 semi-wild populations of Yunnan, China, were found 
polymorphism of 55.04%, Ne average of 1.382, He average of 0.217 and a mean of I of 
0.317 [48]. Another study in China (nine populations) reported He average of 0.235 and 
a mean of I of 0.376 [49]. 

 
Table 3. Comparison of genetic variation in Jatropha curcas collected in different parts 

of the world. 

Collection site 

Maximum 
dissimilarity 

between 
accessions 

Mean 
dissimilarity 

between 
accessions 

Molecular marker 
used Reference 

India 0.51 0.28 RAPD-ISSR Basha y Sujatha [17] 
India N.R. 0.12 AFLP Pamidiamarri et al. [18] 
India 0.57 0.30 AFLP Tatikonda et al. [53] 
India 0.37 0.27 ISSR Umamaheswari et al.[54]  
India 0.37 0.2 RAPD Kumar et al. [55] 
India 0.46 0.27 RAPD Ikbal et al. [56] 
India 0.59 0.35 ISSR-RAPD Gupta et al. [57] 
India 0.19 0.09 RAPD Abdulla et al. [58] 
India 0.8 0.40 RAPD Subramanyam et al. [59] 
China 0.14 0.08 AFLP Shen et al. [20] 
China 0.15 0.08 ISSR Cai et al.[47] 
Brazil 0.67 0.42 RAPD Oliveira et al. [60] 
Brazil 0.86 0.11 RAPD SSR Rosado et al. [61] 

India, Nigeria, Thailand 0.27 0.17 RAPD Popluechai et al. [21] 
Asia, Africa, Mexico 0.52 0.30 RAPD-ISSR Basha et al. [10] 
Asia, Africa, South 
America, Mexico 

0.23 0.12 SSR Ambrosi et al. [22] 

Africa, Asia, 
Mesoamerica 

0.55 0.30 SSR Sato et al. [15] 

China, Indonesia, 
Suriname, Tanzania, 

India 

0.00 0.00 AFLP, RAPD, 
DAMD 

Yi et al. [62] 

Indonesia, China, 
Granada, South 

America 

0.45 0.27 EST-SSR Wen et al. [46] 

China, Indonesia 0.21 0.13 SRAP Shen et al. [63] 
China, Indonesia, 

Thailand 
0.49 0.27 ISSR Duan y Guo [64] 

Chiapas (Mexico) 0.89 0.72 AFLP This study 
N.R.: Not reported. 
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Although individual-based trees are not useful to infer population structure or other 
population attributes [50,51], we compared the Jaccard’s dissimilarity index of our 
accessions with those of other studies (Table 3). According to Bonin et al. [52], 
coefficients of similarity are accepted band-based metrics of diversity for dominant data. 
It is important to note that the type of marker used can bias values of diversity index. For 
example, the use of SSR markers has the advantage of obtaining observed 
heterozygosity values, but entails the risk of overestimating the diversity indexes, 
especially when using a low number of markers due to the high allelic variability in the 
sequences of SSR [48]. 

 
Cluster analysis among the 134 accessions showed a Jaccard’s dissimilarity 

coefficient of 0.893, indicating high genetic diversity. That value is over the 0.360 
reported by Basha and Sujata [17], which analyzed 42 accessions of different 
geographical locations of India and a non-toxic variety of Veracruz, Mexico, using 
RAPD- ISSR markers. However, Tatikonda et al. [53] found a maximum dissimilarity 
coefficient of 0.570, which indicated relatively high percentage of diversity, in studying 
48 accessions from India with AFLP markers. 

 
3.2 Differentiation of populations.  
 
The populations were grouped into two regions: 1) the coast of Chiapas (Soconusco 

and Isthmus), and 2) the central part of the state (Center, Frailesca and Border). 
AMOVA detected that the highest proportion of variation was found within populations 
(87.8% of the total molecular variation, Table 4). 

 
Phi statistics, which are equivalent to F statistics [65,66], indicated the presence of 

structuring and possibly genetic barriers. PhiST differentiation index (analogous to Fst 
and Gst indexes) had a value of 0.121, which was significant, indicating moderate 
differentiation (12.1% of total genetic variation is due to differentiation among 
populations). The significant value of PhiCT showed that 4.3% of global genetic 
variation is due to differentiation among regions. 

 
 
 
 
 
 

  



 57 

Table 4. Analysis of molecular variance of Jatropha curcas populations collected in 
Chiapas, Mexico. 

Source of Variation 
Degrees of 
Freedom 

Sum of 
Squares 

Estimated 
Variance 

Variation 
(%) 

Differentiation 
Indexes 

Significance 

Among Regions 1 119.09 0.868 4.29 PhiCT = 0. 0429 p < 0.000 

Among Populations 3 166.69 1.593 7.88 PhiSC = 0. 0823 p < 0.000 

Within Populations 129 2290.81 17.75 87.83 PhiST = 0. 1217 p < 0.000 

Total 133 2576.59 20.21 100%   

PhiCT: Measure of genetic differentiation among regions for the total populations; PhiSC: Measure of 

genetic differentiation among populations within a region; PhiST: Measure of genetic differentiation among 

populations. 

 
Wen et al. [46] obtained Gst of 0.18 indicating a significant differentiation between 

geographical regions studied in Indonesia, China and South America. Ambrosi et al. 
[22] reported values of Fst of 0.20 reflecting large genetic differentiation among the 
geographic groups studied (America, Asia and Africa). Furthermore, Cai et al. [47] 
found moderate differentiation between populations with a Fst of 0.12.  Xiang et al. [48] 
reported a Gst = 0.2944, in populations of Yunnan, China. Another study among 
populations of China, revealed Gst = 0.539 [49]. Index values of differentiation among 
populations greater than 0.25 are very high and higher than 0.5 should be taken with 
caution, since it means that populations are so different that they could even are in the 
process of speciation, which is not likely to be happening with J. curcas. Contrary to the 
values of He, the Fst values calculated with different types of molecular markers are 
frequently proportional [67]. Compared to these investigations, the degree of 
differentiation found in Chiapas populations is lower, which could indicate that previous 
to anthropic management the species had a high gene flow through pollen and seed 
dispersal [68]. 

 
The spatial analysis of molecular variance showed that the maximum partitioning of 

the genetic diversity is obtained when sites are arranged in four groups (PhiCT = 
0.15021, p < 0.000): 1) Villa Flores, 2) Ciudad Cuauhtémoc, Comalapa, Jiquipilas, 
Ocozocuautla and Rizo de Oro, 3) Arriaga, Tonalá, Acapetahua, Cacahoatán, Huixtla, 
Mapastepec, Puerto Chiapas, Suchiate, Berriozabal, Pujiltic, La Concordia, Villa Corzo 
and Revolución Mexicana, 4) Pijijiapan. By this arrangement, the program SAMOVA 
1.0 detected a stronger genetic structure of populations, with a PhiST value of 0.176 
(Table 5). According to the International Plant Genetic Resources International [69], 
PhiST values below 0.05 indicate small genetic differentiation, between 0.05 and 0.15 
indicate moderate differentiation, between 0.15 and 0.25 the differentiation is high and 
over 0.25 is very high.  
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Table 5. Spatial analysis of molecular variance of Jatropha curcas collected in 
Chiapas, Mexico. 

Source of 
Variation 

Degrees of 
Freedom 

Sum of 
Squares 

Estimated 
Variance 

Variation 
(%) 

Differentiation 
Indexes 

Significance 

Among Groups 3 245.10 3.188 15.02 PhiCT = 0.150 p < 0.000 

Among Populations 16 340.97 0.560 2.64 PhiSC = 0.031 p < 0.000 

Within Populations 114 1992.39 17.47 82.34 PhiST = 0.176 p < 0.000 

Total 133 2578.47 21.22 100%   

        
The program SAMOVA 1.0 defines groups of populations that are geographically 

homogeneous and maximally differentiated from each other [40]. SAMOVA maximizes 
the proportion of total genetic variance among groups (PhiCT) and minimizes the 
variance among populations within groups (PhiSC) to obtain the most probable 
grouping. A constraint of SAMOVA, as its authors recognize, is that the algorithm 
assign populations to groups based in the adjacency taking into account linear 
geographic distances, without consider ecological factors. For example, grouped 
populations of the coast of Chiapas with those of Frailesca, which are geographically 
adjacent, but there is a mountain chain between them. A method considering “real” 
geographic distances (resistance distances) is needed. A resistance distance or circuit 
take into account all possible pathways connecting populations pairs [70]. 

 
The study of the genetic relationships among the populations showed that populations 

Frailesca and Isthmus are the closest, and that despite the geographic proximity between 
the Border and Frailesca populations, the Border was the most distant of all (Figure 2). 
In this case, the similarity coefficient was 0.96; this result shows that most genetic 
variation is within populations rather than between populations, as shown by the above 
results of AMOVA and SAMOVA. 

 
Since the populations showed moderate differentiation among them, possible 

isolation by distance was looked for, and the outcome of the Mantel test of correlation 
between the Nei genetic distance and geographic distance proved to be not significant 
with a value of r2 = 0.00146 and p = 0.056, but it would be interesting to make this test 
with resistance distances, rather than linear distances. Therefore, the existence of genetic 
barriers, and not the isolation by distance, may be the reason for the differentiation 
found in the populations of J. curcas in Chiapas. 
 
 
 
 



 59 

Figure 2. Dendrogram constructed with the coefficient of genetic identity of Nei from 
AFLP data of five populations of Jatropha curcas of Chiapas, Mexico. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3 Structure of populations.  
 
The study of genetic structure revealed five genetic groups (K = 5) using the package 

Structure© with a migration rate of 0.001 and a model of ancestry admixed. The five 
groups identified using Structure© are consistent with the declared geographical 
populations, as can be concluded from Figure 3. The five colors used represent the five 
groups identified by Structure©. Each individual is represented by a vertical bar. The 
proportion of a color in the bar indicates the proportion of alleles coming from one of 
the five groups identified by Structure© in that individual genotype. Results should be 
interpreted with caution because although Structure© it is a valuable tool to study 
individuals whose population of origin is unknown, the program is not designed to 
describe relationships between populations [71]. 

 
Mixed ancestry was found in most individuals (probably genetic migrants), except in 

Soconusco, where there was a small fraction of alleles from other populations. This 
clearly shows that Soconusco is source of migrant bands for populations of both Coast 
of Chiapas and Central Valleys of Chiapas, with the exception of Border where most 
migrants belong to Center and Frailesca. To explain the origin and spreading of J. 
curcas individuals in Chiapas, we must take into account the study of the natural 
distribution in time and space, which is based on the biogeography and also considers 
the processes that led to such a distribution [72].  
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Figure 3. Genetic structure of five populations of J. curcas of Chiapas, Mexico. 

Obtained with the software Structure©  2.3.2. with 30000 burn-in, 50000 replications 
after burn-in and 10 runs for each K (K 1-9). Ancestry model: GENSBACK = 3, 

MIGPRIOR = 0.001, Admixture Model. Map kindly prepared by F. Pérez-Racancoj 
(University of Chiapas). 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
Within the biogeography there is a school of thought, which raises centers of origin of 

species (sympatric speciation), from which they are scattered at random, crossing 
preexisting barriers and colonizing new areas, this is called dispersalism. On the 
contrary, vicariance theory assumes that populations are separated or fragmented by the 
formation of geographical barriers leading to allopatric speciation [73]. On an 
infraspecific level, it is likely that individuals of the Soconusco population, with patterns 
of differentiated bands, have been dispersed in the past into other populations, prior to 
anthropic management and the emergence of significant barriers. The other possibility is 
that populations of J. curcas in Chiapas had patterns of similar fragments, which then 
differed after the rise of the Sierra Madre, and those genes that best adapted to areas on 
each side of the barrier persisted. To determine with more certainty the origin of 
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populations, phylogeography studies are needed for this Mesoamerican plant, using 
conserved markers such as mitochondrial or chloroplast. 

 
The loci of Border (in blue) and those of Center (in yellow) were found in very low 

proportions in populations of the Coast of Chiapas, and despite the proximity, migrant 
alleles from Border and Center were found in low proportions in Frailesca. Despite the 
closeness between Soconusco and Border, there is scarce exchange of alleles between 
these populations, suggesting the existence of a genetic barrier. These two facts suggest 
that the alleles of Border could have come from Guatemala and then dispersed into 
Chiapas via two likely pathways, Soconusco and Border. It is possible that in Border, 
individuals with alleles in blue found appropriate conditions for their reproductive 
success. However, it is necessary to perform population genetic studies in Guatemala. 
The high diversity in Chiapas is remarkable, contrary to the homogeneity results found 
in the populations studied by Ambrosi et al. [22]. 

 
Figure 4. Map of five populations of Chiapas showing the two main genetic barriers (a 
and b yellow lines) found by the Monmonier algorithm (Barrier © vers. 2.2), based on 

Fst distances. Thickness and the number on the side of the barriers indicate the 
percentage of bootstrap support. Map kindly prepared by F. Pérez-Racancoj (University 

of Chiapas). 
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To corroborate the above findings, we searched for possible genetic barriers and 
found that both Border and Soconusco are isolated from the rest. The main barrier 
isolates the Border (yellow line “a” in Figure 4). It is clear that the Sierra Madre is a 
strong physical barrier between the populations of Soconusco and the Border, and is 
possibly the main cause of differentiation found among populations, keeping them 
separate right from the emergence of this mountain chain. The Sierra Madre mountain 
chain arose probably from the medium Miocene to the early Pliocene (between 13 and 
4.5 million years ago –m.y.a.-) [73,74], while J. curcas probably exists from more than 
70 m.y.a. [75]. 

 
The second most important barrier (65% of bootstrap support) separates Soconusco 

from the Isthmus, although apparently on the coast of Chiapas there are no major 
geographical barriers separating these two populations, so it may be the climate, which 
could be taking this role. Soconusco has an average annual precipitation of 2500 mm, 
relative humidity of 79.4% and average annual temperature of 27 °C [32]. Its climate is 
Aw2 (w) Ig [33], which corresponds to the most humid of the warm sub-humid tropical 
climates. For its part, the Isthmus has a climate type Aw0 (w), which corresponds to a 
warm sub-humid with summer rains climate. In this region is recorded an average 
annual precipitation of 1500 mm, with less than one hundred days of rain per year [33]. 

 

4. Conclusions 

High genetic diversity was found within and among populations of J. curcas in 
Chiapas, the highest being found among individuals. The population with greatest 
diversity was Border and the least diverse was Soconusco. Depending of the method of 
analysis, from moderate to high differentiation was detected among populations, which 
is attributed to the existence of genetic barriers between populations. If the dissimilarity 
among accessions is considered, in Chiapas this species has greater genetic diversity 
than in other parts of the world. Results showed that the Mesoamerican region could be 
a center of diversity of this plant. It is possible that previous to anthropic handling of J. 
curcas its genetic base was sufficiently broad to avoid the erosion of the diversity by the 
process of domestication and by the clonal propagation. 
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6 

DISCUSIÓN 
 

La investigación científica parte de la observación del contexto para identificar 

problemas teóricos a estudiar y resolver, convirtiendo incluso los problemas 

prácticos en objetos de estudio teóricos. Por esa razón esta investigación inició 

con un ensayo acerca de los problemas de sustentabilidad de la producción de 

biodiesel a partir de J. curcas.  

 

Se identificó que existen dos preocupaciones esenciales que ponen en riesgo la 

viabilidad del modelo de crecimiento basado en la exportación/consumo excesivo 

de energía, ambas relacionadas con la carencia de sustentabilidad de dicho 

modelo: el aparentemente mermado stock disponible de combustibles fósiles y el 

incremento notable de gases de efecto invernadero en la atmósfera, muy 

probablemente ocasionado por las actividades humanas (Karl y Trenberth, 2003). 

Esto ha impulsado la investigación de fuentes alternativas de energía, de las 

cuales existe una lista grande (Douglass, 2005), sin embargo, debido a que se han 

buscado sustitutos parecidos al petróleo, las opciones que más han destacado en 

la última década son los biocarburantes líquidos, específicamente el etanol 

(Pimentel y Patzek, 2005) y el biodiesel (Gubitz et al., 1999; Openshaw, 2000; 

Pramanik, 2003). 

 

El origen fotosintético del biodiesel es suficiente para justificar su investigación 

como combustible renovable, no sólo como simple desarrollo tecnológico, sino 

situándolo como un elemento a tener en cuenta en la llamada crisis ecológica 

global (sensu Iranzo, 1993). Se identificó que, en el caso de J. curcas, se debe dar 

especial atención al área destinada al cultivo, al manejo de las plantaciones, 

incluyendo el germoplasma usado y los insumos externos, a los procesos de 

conversión del aceite a biodiesel, y, especialmente, al destino de consumo final del 

biocombustible. 
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A partir de este contexto, la investigación se centró en el germoplasma de J. 

curcas y se identificó que existen al menos tres enfoques sobre el manejo del 

material de siembra para las futuras plantaciones de "piñón". Un primer punto de 

vista es que deberían conocerse y caracterizarse a varios niveles, incluyendo el 

molecular, los genotipos locales y aprovechar la variación natural para establecer 

plantaciones con varios genotipos que presenten características deseables, 

independientemente de su toxicidad. Estos podrían ser propagados por varias 

vías, incluyendo la micropropagación. Otra vía es la selección de unos cuantos 

genotipos élite (Sunil et al., 2008; Mishra, 2009) para su clonación (Sujatha et al., 

2005; Datta et al., 2007) y siembra extensiva, promoviendo la siembra de súper 

variedades únicas, preferentemente las no tóxicas o de baja toxicidad. Los 

interesados en este enfoque consideran que los recursos genéticos son la materia 

prima para el mejoramiento por hibridación convencional y asistido por 

marcadores, inclusive interespecífico, es decir, entre J. curcas y otras especies de 

Jatropha (Popluechai et al., 2009). El enfoque final considera imperativa la 

producción de plantas transgénicas élite (Gressel, 2008; Sujatha et al., 2008) que 

expresen proteínas que les confieran ventajas o para bloquear la síntesis de los 

ésteres de forbol, los cuales confieren la toxicidad a las semillas. Recientemente 

se ha reportado la transformación genética exitosa de J. curcas (Li et al., 2008; 

Trivedi et al., 2009). 

 

Independientemente del enfoque que se elija (o una combinación de ellos), es de 

primordial importancia conocer la diversidad de las poblaciones de J. curcas en la 

región mesoamericana, sea o no el centro de origen. Respecto a este último 

aspecto, lo descrito en la Introducción de esta tesis y lo revisado en el Capítulo 3 

muestra que aún no pueden hacerse conclusiones sólidas sobre el centro de 

origen. Lo anterior, a pesar de que autores como Carels (2009) aportan 

argumentos valiosos que postulan a la región tropical de Sudamérica como el 

centro de origen. 

 

Al tratarse J. curcas de una planta en proceso de domesticación [para revisiones 

al respecto ver a Carels (2009) y Achten et al. (2010)], los estudios de diversidad 

se han realizado con germoplasma cultivado como cercos vivos o como plantas de 
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traspatio. Las plantas domesticadas presentan lo que se conoce como síndrome 

de domesticación, que incluye pérdida de latencia en las semillas, germinación 

epigea favorecida, pérdida de capacidad de dispersión, gigantismo en la parte u 

órgano de interés y reducción o desaparición de metabolitos tóxicos (Poncet et al., 

1998; Pujol et al., 2005). Aunque J. curcas ha sido cultivada como cerco vivo o 

como planta medicinal durante siglos por los agricultores mesoamericanos (Leonti, 

2003; Granados-Galván, 2008), no muestra con claridad este síndrome, excepto 

por la existencia de genotipos no tóxicos en varios sitios de Mesoamérica 

(Martínez-Herrera et al., 2007, 2010). 

 

En general, los estudios de diversidad infraespecífica utilizando germoplasma de 

Asia (particularmente de India) y África (como se documenta en el Capítulo 3) han 

encontrado baja variación genética usando marcadores moleculares, lo cual no es 

común en una especie alógama (Bhattacharya et al., 2005; Rosado et al., 2010). 

No obstante, se ha detectado moderada variación usando caracteres fenotípicos 

(Kaushik et al., 2007; Saikia et al., 2009; Yi et al., 2010). La falta de variación en el 

germoplasa del Viejo Mundo puede explicarse por posibles introducciones 

limitadas de J. curcas provenientes de Mesoamérica, y a partir de las cuales fue 

propagada clonalmente y luego distribuida. Incluso, un trabajo reciente (Yi et al., 

2010) reportó variación fenotípica, pero ausencia total de variación molecular en 

poblaciones de J. curcas de África, Asia y Sudamérica, aún cuando se usaron 

varios marcadores moleculares, dominantes y codominantes. Una posible 

explicación a la presencia de variación fenotípica es la existencia de fenómenos 

epigenéticos. Llama la atención que también el germoplasma de Sudamérica 

tenga baja diversidad molecular. En ese sentido, Rosado et al. (2010) encontraron 

limitada diversidad en J. curcas de Brasil, usando microsatélites. Esos datos 

indican que Sudamérica no es un centro de diversidad actual de J. curcas y que 

existe la posibilidad de que en dicha región la selección artificial de los materiales 

actualmente cultivados haya sido intensiva. 

 

Un punto importante es que la mayoría de los estudios de diversidad se han 

realizado con individuos y no con un enfoque de poblaciones. Por esa razón se 
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estudió la diversidad química y molecular de poblaciones de J. curcas de Chiapas, 

como se describió en los Capítulos 4 y 5 de esta tesis. 

 

 

Variación en el contenido y composición del aceite de la semilla 
 

El almacenamiento de aceites en las semillas es una característica generalizada 

en plantas superiores, ya que son fuente de energía para el crecimiento del 

embrión, antes de que este fotosintetice (Pujar et al., 2006). Esta etapa es crucial 

en el éxito o fracaso del embrión para germinar, emerger y establecerse por sí 

mismo (Bewley y Black, 1994). Por lo tanto, el contenido del endospermo 

determina, al menos en parte, el éxito reproductivo de las plantas y este debería 

estar sujeto a la acción de la selección natural. 

 

Como se describe con detalle en el Capítulo 4, se encontró que la variación en el 

contenido de aceite y la composición de ácidos grasos de la semilla en 

poblaciones de J. curcas en Mesoamérica es muy alta y que dichos marcadores 

químicos son altamente heredables. 

 

La cantidad de aceite determinada varió entre 12% y 44%, lo cual es consistente 

con reportes previos para esta especie, ya sea cultivada en Asia o África (Heller, 

1996; Pant et al., 2006), o colectada en la región mesoamericana (Makkar et al. 

1998; Martínez-Herrera et al., 2010). Se ha documentado que esta variación es 

generada tanto por factores genéticos como ambientales, como la precipitación y 

la fertilidad del suelo (Heller, 1996; Escobar et al., 2008; Mishra et al., 2007). Sin 

embargo, otros estudios mostraron limitada influencia del ambiente y alta 

heredabilidad del contenido de aceite (Kaushik et al., 2007; Gohil y Pandya, 2008). 

En nuestro estudio fue puesta a prueba la hipótesis de que el ambiente influye en 

el contenido de aceite en J. curcas de Mesoamérica, encontrando que este 

carácter tiene alta heredabilidad (70%), alto coeficiente de variación genotípica y 

32% de variación entre accesiones. Es decir, aunque este carácter sea fijo tiene 

una alta variabilidad entre poblaciones. La razón de lo anterior podría ser la 

selección de genotipos adaptados a condiciones variables. 
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Es conocido que existen relaciones entre el contenido de aceite y el hábito y 

hábitat de las angiospermas (Levin, 1974). Evolutivamente, la cantidad de aceite 

de la semilla se incrementó con el desarrollo de tallos leñosos y con la tolerancia a 

la sombra, sin haber relación con el origen latitudinal (Levin, 1974). En nuestra 

investigación se tuvieron poblaciones ubicadas en un rango latitudinal reducido, lo 

que puede ser la causa de que no se encontrara correlación entre la cantidad de 

aceite y la latitud de los sitios de colecta. 

 

La temperatura de germinación es un importante agente selectivo que causa que 

los aceites de la semilla de plantas nativas de altas latitudes o altitudes tengan 

mayor proporción de ácidos grados insaturados (Linder, 2000). La explicación es 

que en ambientes fríos el catabolismo de ácidos grasos insaturados en más 

factible que el de los saturados, así las semillas germinan y crecen más rápido a 

menor temperatura, incrementando su adecuación, aún a costa de tener menor 

energía total disponible para el embrión. Por el contrario, en ambientes calurosos, 

como los tropicales, las semillas con más ácidos grasos saturados son favorecidas 

poque tienen más energía disponible y no necesitan germinar rápidamente, ya que 

las condiciones en los trópicos son más o menos estables a lo largo del año. J. 

curcas es una especie tropical para la que no aplica la hipótesis de Linder, ya que, 

si bien la proporción de ácidos grasos insaturados estuvo positivamente 

correlacionada con la altitud de los sitios de colecta, en general la selección ha 

favorecido un mayor proporción de ácidos grasos insaturados (oleico y linoleico). 

Entonces se podría postular que, en el caso de J. curcas, la humedad del suelo ha 

ejercido presión de selección para una mayor proporción de ácidos grasos 

insaturados. Está bien documentado que la especie es tolerante a la sequía, 

aunque también se adapta a ambientes que pueden ir de húmedos a semi-áridos; 

sin embargo, es susceptible al exceso de agua (Dehgan y Schutzman, 1994). En 

la región tropical mesoamericana el inicio de la floración y producción de semillas 

coincide con el inicio de la temporada de lluvias; las semillas germinan y se 

establecen rápidamente (para lo cual requieren una alta proporción de ácidos 

grasos insaturados) antes de que la humedad se incremente hasta la inundación. 

Para probar la hipótesis de que la humedad del suelo es un agente selectivo de la 

proporción de ácidos grasos, se requieren estudios de germinación de semillas de 
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genotipos con distinta composición de aceite (obtenidas por autopolinización para 

evitar variación genética no controlada) en medios con un gradiente de actividad 

de agua. Los genotipos con mayor proporción de ácidos grasos insaturados 

germinarían con mayor velocidad y en más cantidad en los medios con elevada 

actividad de agua que los genotipos con más ácidos grasos saturados. 

 

 

Variación genética detectada mediante AFLP 
 

Pocas investigaciones sobre diversidad genética de J. curcas han tenido un 

enfoque de poblaciones (Ambrosi et al., 2010; Wen et al., 2010; Cai et al., 2010), 

las cuales han encontrado baja a moderada diversidad. En el presente estudio se 

encontró alta variación y moderada estructuración (ver Capítulo 5 para detalles). 

Aunque los métodos de agrupación basados en individuos no son útiles para 

inferir estructura u otros atributos poblacionales, se comparó el índice de 

disimilitud de Jaccard de las accesiones de Chiapas con lo reportado en otros 

estudios, encontrando el valor más alto (0.893) reportado hasta ahora. 

 

Puesto que las poblaciones mostraron moderada diferenciación entre ellas, se 

exploró la existencia de aislamiento por distancia, aunque la prueba de Mantel 

resultó no significativa al correlacionar las distancias genética y geográfica. Este 

resultado contrastó con el estudio de ácidos grasos, ya que un análisis 

discriminante encontró que las poblaciones de J. curcas del sur de México están 

separadas acorde a su origen geográfico, lo cual se verificó con una prueba de 

Mantel, encontrando correlación entre la distancia química y geográfica. La falta 

de consenso entre dichos resultados puede tener dos posibles explicaciones, una 

biológica y otra técnica. La primera es que los marcadores moleculares AFLP al 

ser neutrales pueden no estar reflejando la diferenciación real entre poblaciones; 

mientras que los caracteres químicos, como ya se argumentó, son adaptativos y 

tienen mayor poder de discriminación de poblaciones. La segunda explicación 

tiene que ver con el número de poblaciones estudiadas en cada caso, ya que el 

estudio molecular se enfocó en las poblaciones de Chiapas, mientras que en el 

estudio de ácidos grasos se incluyeron, además, poblaciones de otros sitios de 
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Mesoamérica (Guatemala, Oaxaca, Guerrero y Michoacán). Considerando lo 

anterior, se compararon los resultados de ambos estudios, pero solo para 

poblaciones de Chiapas. El objetivo fue conocer el grado de consenso entre la 

ordenación producida por la matriz de datos de AFLPs (marcadores neutrales 

binarios) y la obtenida a partir de datos de proporción de ácidos grasos 

(marcadores adaptativos contínuos). Para esto se hizo un Análisis de Procrustes 

Generalizado, utilizando el software InfoStat 2008 (Di Rienzo et al., 2008). Debido 

a que los datos de AFLPs fueron numerosos (154 variables o bandas) se hizo una 

reducción previa de variables por análisis de coordenadas principales. Se encontró 

que hubo 68.9% de consenso entre la ordenación con datos genéticos y 

fenotípicos, lo cual puede considerarse bastante alto. 

 

El estudio de estructura genética reveló cinco grupos genéticos, mediante el 

software Structure, los cuales son consistentes con las poblaciones geográficas 

declaradas a priori. Se encontró ancestría mezclada en la mayoría de los 

individuos, excepto en la población Soconusco, donde solo hubo una pequeña 

fracción de alelos de otras poblaciones, aunque parece ser fuente de alelos a las 

demás poblaciones, excepto Fronteriza. Asimismo, cuando se buscaron posibles 

barreras genéticas se encontró que la principal de ellas aisla a la población 

Fronteriza, mientras que la segunda más importante separa a las poblaciones 

Soconusco e Istmo. 

 

Para explicar la falta de intercambio de alelos entre Fronteriza y Soconusco, las 

cuales son colindantes con Guatemala y cercanas geográficamente en línea recta, 

se propone que la Sierra Madre ha funcionado como una fuerte barrera física entre 

ellas desde su emergencia. La Sierra Madre de Chiapas surgió probablemente 

desde el Mioceno medio hasta el Plioceno temprano, hace entre 13 y 4.5 millones 

de años (Aguayo y Trápaga, 1996; Burkart, 1978). Por otra parte, J. curcas puede 

tener una antigüedad aproximada de 70 millones de años (Dehgan y Schutzman, 

1994; Carels, 2009), considerando que es la especie más plesiomórfica de su 

género y que Jatropha existe de manera natural tanto en el Viejo como en el 

Nuevo Mundo, por lo que debió existir antes de la separación de África y 

Sudamérica (hace aproximadamente 65 millones de años; Carels, 2009). Esto 
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último hace pensar en que el posible centro de origen de J. curcas sea el antiguo 

continente de Gondwana, pero persiste la duda debido a que el clado más 

primitivo del género Jatropha está formado por especies endémicas de 

Mesoamérica (ver la Introducción de esta tesis). 

 

Dos explicaciones de la diferenciación entre Soconusco y Fronteriza son posibles, 

dependiendo del centro de origen de la planta. Por un lado, si J.curcas se originó 

en Mesoamérica, las poblaciones existentes en el Este de Chiapas fueron 

separadas por el surgimiento de la Sierra Madre y han evolucionado 

diferenciadamente. Por otro lado, si la especie es nativa de Sudamérica solo pudo 

arribar a Chiapas después del cierre del Istmo de Panamá (hace 

aproximadamente 3 millones de años), por lo que las poblaciones colonizaron 

Chiapas por al menos dos vías de entrada desde Guatemala: por ambos lados de 

la Sierra Madre. Para probar esas dos hipótesis se requieren estudios adicionales 

que incluyan muestras de Centro y Sudamérica, usando marcadores conservados 

o de lenta evolución como el ADN mitocondrial o de cloroplasto, al mismo tiempo 

que se analicen marcadores hipervariables o de rápida evolución como los 

microsatélites. El ADN conservado puede ayudar a discernir las relaciones 

filogeográficas de J. curcas de las Américas y a identificar posibles patrones de 

distribución de linajes. Los microsatélites revelarían dónde las poblaciones 

tendrían un origen reciente, ya que donde no haya alta variación alélica 

probablemente las secuencias hipervariables no han tenido tiempo suficiente para 

evolucionar a nuevos alelos. 

 

El resultado anterior coincide con el del estudio químico en la identificación de 

discontinuidades o barreras genéticas. La principal de ellas separa las poblaciones 

del centro de Chiapas del resto de poblaciones, mientras que la segunda aisla a la 

población de Michoacán. Las posibles explicaciones se relacionan con la 

existencia de la Sierra Madre del Sur, que funciona como barrera geográfica; la 

población del centro de Chiapas es la única que está al Norte de dicha cadena 

montañosa. Otra posible razón es la lejanía geográfica de la población de 

Michoacán del resto de poblaciones. 
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La segunda barrera encontrada con datos AFLP separa la población Soconusco 

de Istmo. Aunque aparentemente no hay barreras geográficas que las dividan. El 

clima podría estar funcionando como barrera, ya que el clima de Soconusco es 

mucho más húmedo que el de Istmo (García, 1973; CNA, 1998). No obstante, esta 

discontinuidad no fue validada por los datos de ácidos grasos, por lo que habría 

que colectar datos de otro tipo de caracteres adaptativos (morfología y fisiología 

floral, por ejemplo) para verificar o desechar la hipótesis del clima de la costa de 

Chiapas como barrera ambiental. Un experimento de interacción genotipo-

ambiente, cultivando plantas de Soconusco en Istmo y viceversa, ayudaría a 

identificar si la selección natural o antrópica ha sido lo suficientemente intensa 

como para influir en el desempeño de las plantas. 

 
 

Consideraciones finales 
 

La investigación tuvo dos aportaciones, por un lado se encontró que J. curcas 

colectada en la región mesoamericana tiene alto nivel de variabilidad química y 

molecular, comparada con el germoplasma del Viejo Mundo y de Sudamérica. 

Esto apoyaría la hipótesis de que Mesoamérica podría ser el centro de diversidad 

de esta especie. Asimismo, se encontró estructuración genética de las 

poblaciones aunque la variación está ubicada mayoritariamente dentro de las 

mismas. 

 

Por otra parte, se encontró información que puede servir en el aprovechamiento 

económico de la planta como cultivo. Por ejemplo, se identificaron grupos de 

individuos con cantidad y calidad de aceite incrementados (cap. 4, p. 43-44); se 

halló que el contenido de aceite y la proporción de ácidos grasos insaturados 

están correlacionados negativamente, situación que facilita el mejoramiento 

genético para disminuir los ácidos grasos saturados sin disminuir la cantidad de 

aceite; se encontró que existe una débil pero significativa correlación negativa 

entre el contenido de aceite y la altitud del sitio de colecta, lo cual coincide con lo 

reportado por Pant et al. (2006) y, que de confirmarse con un estudio de 
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asociación con genotipos sobresalientes cultivados en un gradiente altitudinal, 

podría ayudar a diseñar planes de siembra de J. curcas. 

 

Los resultados del estudio molecular permitirán diseñar planes de mejoramiento 

genético utilizando el germoplasma de Chiapas. Se pueden realizar cruzamientos 

usando como parentales individuos de poblaciones divergentes para tener máxima 

variabilidad en la descendencia, por ejemplo entre Soconusco y Fronteriza. Al 

realizar cruzas entre genotipos divergentes se puede poner a prueba la hipótesis 

de obtención de heterosis o vigor híbrido en la descendencia (Mayo, 1987). 

Además, al generarse poblaciones segregantes para caracteres de interés 

productivo (cantidad de frutos, semillas y/o aceite, calidad de aceite, tolerancia a 

diferentes fuentes de estrés, etc.), se podría dar seguimiento con métodos 

moleculares a los parentales y a la descendencia buscando marcadores asociados 

y estudiando su herencia. El objetivo a largo plazo sería realizar mejoramiento 

genético y/o selección asistidos por marcadores moleculares. 

 

En la presente investigación se aportan datos que contribuyen a identificar los 

marcadores mencionados. Por ejemplo, se identificaron bandas AFLP privadas o 

específicas para algunas poblaciones (Cuadro 1). 

 
Cuadro 1. Patrón de bandas AFLP encontradas en cinco poblaciones de Jatropha curcas L. de Chiapas, 

México. 

Tipo de banda Población 
Istmo Soconusco Fronteriza Centro Frailesca 

Bandas diferentes (No.) 140 109 130 113 128 
Bandas frecuentes (No.)1 118 76 130 113 99 
Bandas privadas (No.)2 6 2 1 0 2 
Bandas comunes localmente (No.)3 16 8 16 8 13 

1Bandas con frecuencia >= 5% 
2Bandas únicas de una población 
3Bandas encontradas en 50% o menos poblaciones 
 

Los individuos de la población Istmo denominados ARR3 y TON7 tienen el 

fragmento de 189 pb, el individuo PIJ1 tiene de manera exclusiva las bandas de 

282 pb, 342 pb y 344 pb, y el individuo ARR6 tiene las de 320 pb y 369 pb. En la 

población Fronteriza solo el individuo COM13 tuvo una banda privada (181 pb). En 

la población Frailesca la planta PUJ7 tuvo el fragmento de 204 pb y la CCR3 el de 
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309 pb. Finalmente dos individuos de la población Soconusco tuvieron bandas 

privadas: PC8 (198 pb) y SCH7 (351 pb). Dichas bandas, aunque no son útiles en 

el estudio de relaciones genéticas entre poblaciones, podrían ser candidatas para 

monitorearse en la descendencia de cruzas con el fin de conocer si se heredan 

junto con algún carácter de interés.  

 

Relacionado con lo anterior están los fragmentos AFLP que en esta investigación 
se encontraron asociados, débil pero significativamente, a la cantidad de aceite de 
la semilla. Para esto se hizo un análisis de componentes principales conjuntando 
los datos moleculares con los fenotípicos, siguiendo lo propuesto por Van-Loo et 
al. (2008), y se identificaron las bandas que presentaron correlación 
estadísticamente significativa con las variables Contenido de Aceite de la Semilla y 
Porcentaje de Ácidos Grasos Saturados. Posteriormente se hicieron análisis de 
regresión múltiple teniendo como variable dependiente a las características 
fenotípicas y como variables explicativas a las bandas mencionadas (Cuadro 2).  
 
Cuadro 2. Efectos de bandas AFLP en el contenido de aceite de la semilla de Jatropha curcas L. de Chiapas, 

México, obtenidos por análisis de regresión múltiple. 

Parámetro Valor Desviación 
típica t de Student p 

Intersección 32.665 2.512 13.001 < 0.0001 
Banda 120 pb 5.619 3.804 1.477 0.146 
Banda 121 pb 0.239 2.620 0.091 0.928 
Banda 129 pb 5.214 2.265 2.303 0.025 
Banda 131 pb -6.114 2.395 -2.553 0.014 
Banda 163 pb 0.843 3.055 0.276 0.784 
Banda 172 pb 5.579 4.368 1.277 0.207 
Banda 174 pb 10.754 10.032 1.072 0.289 
Banda 175 pb -9.731 10.833 -0.898 0.373 
Banda 179 pb -7.562 5.097 -1.484 0.144 
Banda 180 pb -3.248 2.395 -1.356 0.181 
Banda 292 pb -2.452 4.553 -0.538 0.593 
Banda 349 pb -21.115 8.022 -2.632 0.011 

Banda 375 pb -7.360 8.403 -0.876 0.385 
 

Los resultados mostraron que no hubo correlación estadísticamente significativa 
para la variable ácidos grasos saturados (lo cual es un indicador de calidad de 
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aceite para la fabricación de biodiesel), pero sí la hubo para el contenido de aceite 
(Cuadro 2). 
 
El modelo obtenido con la regresión permitió obtener valores predichos de 

contenido de aceite para los individuos estudiados, los cuales se compararon 

mediante regresión lineal simple con los datos observados en el estudio químico 

(Figura 1). Se encontró una asociación débil (coeficiente de determinación r2 de 

0.462), sin embargo, es una muestra de que podrían resultar de utilidad estudios 

de selección genómica que utilicen marcadores moleculares densos (de miles de 

loci), como los polimorfismos de un solo nucleótido obtenidos mediante 

secuenciación masiva (Goddard, 2009; Crossa et al., 2010; Jannink et al., 2010). 

 

 

 

 

 

 

 

 

 

 

 

 
 
Figura 1. Correlación entre el contenido de aceite determinado en semillas de Jatropha curcas L. colectada en 

Chiapas, México y el contenido de aceite predicho con un modelo de regresión múltiple basado en 13 
marcadores AFLP. 

 

Las bandas privadas o específicas de poblaciones, así como aquellas asociadas al 

contenido de aceite deberían ser aisladas, secuenciadas y convertidas a 

marcadores robustos de tipo regiones amplificadas de secuencia caracterizada 

(SCAR, por sus siglas en inglés). La disponibilidad de marcadores SCAR facilitaría 

la identificación de genotipos eventualmente mejorados, ya que funcionarían como 

etiquetas específicas. 
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Los resultados de la presente investigación muestran que es posible que la base 

genética de J. curcas de la región mesoamericana, específicamente de Chiapas, 

haya sido lo suficientemente amplia previo a su manejo antrópico como para que 

la propagación asexual y el proceso de domesticación no hayan erosionado la 

diversidad intraespecífica. 
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