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RESUMEN GENERAL

Con el fin de conocer los niveles de flujo -génico entre dos especies cultivadas de caiabaza
(Cucurbita’ argyrosperma- ssp. argyrosperma-y C. moschata) 'y su 'pariéﬁte silvestre, C.
argyrosperma ssp. sororia que se desarrolla cerca de las parcelas de cultivo, y su influencia sobre la
diversidad genética de estos tres taxa de Cucurbita; se realizd este estudio en el SO ‘del estado de
Jalisco, México, eri donde la calabaza se cultiva asociada al cultivo principal, él miaiz. Las plantas de
Cuicurbita 'son monéicas, no’ tienen: apomixis 'y requieren de polinizadores' externos, lo cual
posiblemente facilita el flujo génico entre taxa. En la primera parte del estudio‘,'"""pof medio de -
entrevistas directas a los productores en tres municipios de la region, se registraron las précticas de
seleccion y manejo del cultivo, con el fin de entender como podrian afectar éstas a la diversidad
genética de las poblaciones de calabazas. Los agricultores manifestaron estar conscientes de la
posibilidad de hibridacién y flujo génico entre las calabazas cultivadas y entre ellas con el taxon
silvestre. Los campesinos en general seleccionan pocos frutos (5 - 20) para la siembra del siguiente
ciclo, de acuerdo con el tamafio de la parcela. En la seleccion de frutos para la siembra consideran
las caracteristicas tipicas de cada variedad local que utiliza cada agricultor; esto ayuda a mantener la
identidad propia de sus cultivares locales, ain frente al intenso flujo génico que se reporta. El
intercambio de semillas para la siembra se ha llevado a cabo por un gran nimero de productores
(70%) en diferentes intervalos de tiempo, ya sean anuales o mas ocasionales. El 50% del total de los
agricultores entrevistados han dejado de sembrar calabaza, y dos terceras partes de éstos han dejado
de cultivarlas en los ultimos seis afios. Esto puede determinar una rapida pérdida de la base genética
de este cultivo. Por todo lo anterior, al parecer los agricultores por medio de sus practicas culturales
inciden de manera significativa sobre la diversidad genética de las calabazas. En la segunda parte del
trabajo, se exploraron métodos directos de estimacion del flujo génico en las calabazas. El ciclo de
apertura diario de las flores no mostro diferencias significativas entre taxa. La pfesencia de abejas
polinizadoras mostraron regularidad en nimero y tiempo de visitas en los tres taxa de Cucurbita
estudiados. Se usaron polvos fluorescentes como analogos del polen, los cuales fueron movidos por
las abejas entre los tres taxa, permaneciendo el 50 % del polen en cada taxdn, mientras que el resto
se distribuyd hacia los otros dos taxa de Cucurbita. En una tercera fase se estudid la variacién
genética de estas calabazas por medio de electroforesis de isoenzimas, para inferir el papel del flujo

génico en su estructura genética de las poblaciones. Se analizaron 12 loci polimorficos y se calculd




la diversidad genética de 16 poblaciones de Cucurbifa. Resultd una diversidad genética
relativamente alta (heterocigosis esperada = 0.407), con poca diferenciacion entre poblaciones de los
tres taxa (D= 0.081; Fgr = 0.087, Nem = 5.22), 1o :cu.‘aI sugiere niveles altos de flujo génico entre los
tres taxa estudiados de Cucurbita, e indica que el flujo génico es importante para mantener la
diversidad genética de las calabazas. A pesar de los altos niveles de flujo génico encontrados, los
agricultores mantie_neg_ la identidad de cada taxdn, ya que seleccionan. sus variantes propias. Al
reducir la superficie y e! mimero de agricultores. que siembran calabaza, se disminuiré la diversidad
hasta ahora presente. Las condiciones en general dentro de la milpa son propicias para que se-
presente flujo génico entre las variedades transgenicas y variantes Locales y silvestres de calabaza,

por lo que debemos ser muy precavidos con el uso de estos materiales transformados genéticamente.



Capitulo 1
INTRODUCCION

Este estudio forma parte del proyecto interinstitucional titulado “Conservation of Genetic Diversity
and Improvement of érop Production in Mexico: A Farmer-Baséd Approach”, financiado por la
Fundacién Mcknight (USA), dirigido por- el Instituto de Biolbéié de la Universidad Nacional
Auténoma de México y por la Universidad de"‘(falifpmia, en Davis (USA). En este trabajo se estudi6
en forma integral el sistema milpa (asociacion maiz — ﬁ'ij ol — calabaza - quelites) bajo tres objetivos
principales: a) describir y analizar la relacion entre el conocimiento del agricultor, factores
socioeconémicos yla diversidad genética en el agroecosistemna milpa, b) caracterizar la estructura de
la biodiversidad de los cultivos y la magnitud del flujo de genes de las plantas silvestres o parientes
en maiz, frijol y calabaza y c) desarrollar y evaluar métodos de mejoramiento participativo con los
agricultores, para mejorar la productividad de germoplasma criolio a iravés de seleccion masal o
introgresion de germoplasma mej i;:rado o parientes silvestres. |

En el presente trabajo se e;studiaron los procesos que determinan el flujo y estructura génica
de tres taxa de caiabazas, dos cultivadas (Cucurbita argyrosperma ssp. argyrosperma y C.
moschata) y un tipo silvestre (C. argyrosperma ssp. sororia), bajo el escenario de la milpa. La zona
de estudio se ubicé en el SO del estado de Jalisco, en los municipios de Autlan, Ejutla, El Grullo y
El Limén (Fig. 1). En esta region se cultivan‘las dos especies de calabazas referidas y se distribuye-el
pariente silvestre cercano de ambas calabazas, por lo que en esta zona se efectuaron los. estudios
sobre flujo génico. Un quiilto municipio (Amacueca, Jal.) se incluyé en ¢l estudio, pero ﬁnicamente.-
en el analisis de diversidad genética, pues estin ansentes las variantes silvestres. De este municipo se
analizaron dos poblaciones de calabaza originarias de Tepec (Fig. 1), una de las cuales fue de la
especie C. pepo, la cual se usdé como grupo externo y ofra fue una variante de Cucurbita

argyrosperma ssp. argyrosperma.
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Fig, 1. Localidades en donde se realizo el estudio. EC =El Chante, Mpio. de Autlén, EJ = Ejutia,
Mpio. de Ejutla, LC = La Cienega, Mpio. de Ei Limén, LN =Los Naranjos, Mpio. de Ejutla, LP =
Los Parajitos, Mpio. de El Grullo, SJ = San Juan de Amula, Mpio. de El Limén, SL = San Lorenzo, -
Mpio. de Ejutla, SM = San Miguel, Mpio. de El Limén, TE = Tepec, Mpio. de Amacueca,

Las preguntas que se trataron de responder con el estudio fueron:
a) (Qué actividades realizan los agricultores para mantener la diversidad genética en las calabazas
cultivadas (Cucurbita argyrosperma ssp. argyrosperma y C. moschata)?
b) (Como perciben los agricultores el flujo génico entre las calabazas cultivadas y entre éstas y el

taxon silvestre (C. argyrosperma ssp. sororia)?
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¢) ;Cuales son las condiciones existentes del sistetha de milpa, que favorecen o limitan el"fi'ujo
génico entre las especies cultivadas y entre ellas y-el taxén silvestre?

d) ;Como. influyen la fenologia'y la-ecologia reproduictiva de las plantas de calabaza en el flujo
génico dentro y entre los taxa analizadas? ' e '

e) Es afectado:el movimiento del polen por el niimero, tiempo' y preferencias en las ‘visitas de los
polinizadores de las calabazas? | | |
f) ¢ Existe flujo génico entre los tres taxa de calabaza estudiados?

g) ¢ Cuénta diversidad genética‘existe dentro de’las poblaciones de calabdza de cada taxa? -

h) {Como estd distribuida esta diversidad genética entre las poblaciones de-calabaza?
+Las hipétesis que se plantearon en el estudio fueron:-

a) Las actividades relativas a 14 forma de escoger la-semilla para siembra y su intercambio entre -
agricultores afecta la diversidad de las calabazas cultivadas: - ' '

b) La utilizacién de diversas tecnologias pueden influir en la reduccion de la superfcie de siembra de
las calabazas. '

c) La fenologia de floracion de los tres taxa de Cucurbita favorece la introgresion entre ellas.

d). Se carece de discriminacion per parte de:los polinizadores para las tres taxa de Cucurbita, lo 'ciléil ‘
favoréce el flujo génico entre ellas. - ' |

e) Existe poca diferenciacién’ genética entre las poblaciones de Cucurbita, debido. al flujo "génico

entre los tres taxa de Cucurbita. -~
Antecedentes generales

Meéxico es un pais de gran tradicién-agricold, con diferentes condiciones ecologlcas y culturales ba_]o' "‘
las cuales se ha llevado a cabo la agricultura tradicional; Bsta diversidad de habitats y culturas ha.‘
determinado el cultivo de dwersas variantes locales con ‘usos 'y generalmente con fenotlpos
especificos, - propiciando la conservacion de una amplia base genética de las ‘especies cultwadas '
(Bye, 1993; Hernéndez, 1993). Ademé4s, en dichos agroec':osmtemas existe una evolucion dinimica
hacia. nuevos cultivos, favorecida por la presericia ‘de diversas razas o variantés de una misma

especie: (Heméandez, 1973; 1993), incluyendo la presencia de sus parientes silvestres ‘dentro y
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alrededor de los sistemas agricolas (Harlan, 1976). Los parientes silvestres de ias plantas cultivadas
representan un sistema interesante desde el punto de vista agricola y evolutivo, ya-que estas plantas
generalmente almacenan gran cantidad de variacion genética (Doebley, 1992), lo cual podria ser de
interés presente o futuro para los programas de mejoramiento genético (Kirkpatrick-y Wilson, 1988;
Doebley, 1990a), ademas de proporcionar informacion sobre su proceso de domesticacion (Harlan,
1975; Hawkes, 1983; Doebley, 1990b).

El sistema agricola tradicional conocido como “milpa”, en donde se cultivan en forma
asociada maiz - frijol - calabaza o bien, maiz - calabaza, representa un interesante escenario para el
estudio de la diversidad genética de los cultivos participantes, por ser un sistema agricola en donde
generalmente se utilizan variantes locales. Para el caso de las calabazas, es muy comin que se
siembren dos y en algunos casos hasta tres especies juntas. Ademas, en algunas zonas:del pais se
encuentran parientes silvestres de este cultivo que crecen en forma espontinea y natural junto a las
plantas cultivadas, de tal modo que es muy. posible que se realice cruzamiento natural entre los tipos

silvestres y las calabazas cultivadas (Wilson, Lira y Rodriguez, 1994; Lira, 1995). . ..o - .
Historia y origen de las calabazas cultivadas

El género Cucurbita incluye a las calabacitas, calabazas y chilacayotes, como-se'les conocen en
términos generales en México, y a los ayotes y zapallos en Centroamérica y- Sudamérica,.
respectivamente. Es un género de origen Americano, tal y como lo demuestran los hallazgos
arqueologicos en Peri y México (Whitaker y Bird, 1949; Whitaker, Cutler y MacNeish, 1957), y fue
desconocido en el Viegjo Mundo hasta el viaje de Colon a Ameérica en 1492 (Whitaker y Davis,
1962). Este género cuenta con aproximadamente 15 especies (Nee, 1990; Lira, 1995; Memrick, 1995);
cinco de las cuales fueron domesticadas hace menos de 10,000 afios, y se les consideran de las primeras
plantas cultivadas de América, (Whitaker y Bohii; 1950; Whitaker y Cutler, 1965; Merrick, 1995;
Smlth, 1997; Pipemo, Andres y Stothert, 2000). . - .

| . De los taxa de calabaza cultivados, cada.uno tiene un origen geografico distinto. De acuerdo -
coﬁ_ Nee (1990) Cucurbita maxima Duch. .ex Lam. es originaria-de la parte sur de Sudamiérica.
Cucurbita ficifolia Bouché es quizd nativa de la parte central de Ameérica del Sur. Para:C. pepo L. Nee
(1990) ,sugiere como centro de origen la parte norte de México,. para C..argyrosperma Huber. la parie
sur QG Méxicq y para C. mogchata (Duch. ex Lam.). Duch. ex'Poir. 1a parte sur de América Central'y
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parte norte'de Sudamérica (Nee, 1990). Aunque diversos taxasilvestres se han sugerido como posibles
progenitores de las especies:domesticadas de Cucurbita, el origen y las relaciones evolutivas éntre
muchas de estas especies han permanecido inciertos (Whitaker y Bemis, 1965; Decker, 1986; Andres, -
1990; Decker-Walters et al., 1990; Nee, 1990; Merrick, 1995).

Importancia economica del genero Cucurbita.
El género: Cucurbita es importante en los sistemas agricolas. locales: de: México y Latinoamérica,
peéro. generalmente como cultivos secundarios o de un nivel menos importante con respecto a otros
que -son considerados como basicos en la alimentacién humana; como-es el caso del maiz,:trigo,
arroz, sorgo, etc. Sin embargo; las calabazas son ampliamente usadas en la' alimentacién himana
mexicana, asi como en muchas otras areas del mundo (Whitaker:y Bohn,: 1950; Whitaker y Davis,
1962): En México se encuentran en forma.comun-cuatro especies.cultivadas de Cucurbita: C. pepo,
C. argyrosperma, C..moschata'y. C. ficifolia;;con un gran mimero de variantes locales que muestran la
diversidad de cada una de ellas {Lira y Montes, 1992; Lira, 1995}y con ligera presencia de C.imaxima
(Sagarpa, .2001). Su uso se registra desde tiempos precolombinos hasta’ nitestros: dias:(Whitaker y-
Bohn, 1950; Cruces, 1987) y desempefia un papel muy importante en varios.sistemas de cultivo. - En
la produccion de calabazas, un: sistema.muy importante es en’ el ‘que:la ‘planta se-produce en:forma
intensiva y su uso es como hortaliza fresca.(calabacita); y :otro es dentro del sistema tradicional
conocidclrcomo'milpa.--‘ e

Respecto a la importancia econémica de Cucurbita en México, para 1999 se registrod una area
cosechada de 28,675 ha de calabaza tierna (calabacita), 4,566 ha de calabaza madura y 11,309 ha de
calabaza para obtener semilla, las cuales produjeron un total de 419,656, 43,760 v 5,794 tonsladas
de esos productos, respectivamente! (Sagarpa, 2001). Sin embargo, existe una gran-'proclucc'ién‘ que
no. se registra, por ser su-destino el antoconsumo (Montes, 1991). Por otro lado;-C. maxima solo se
encuentra -en: forma natural en.América:del Sur, aunque en: los Altimos afios ‘se ha incrementado la
superficie sembrada en México con variedades mejoradas introducidas, a las que se: les denomina en
forma general como Kabocha. Para 1999 se reporté'una produccion de 30,700 ton. de C. maxima, en
una-superficie cosechada'de 1,347 ha (Sagarpa, 2001). . ... .. -
... BEn las-regiones de Mexico: en. donde se utiliza la milpa y la:calabaza estd presente, el

agricultor: dispone. de. una amplia -variabilidad morfologica (y presumiblemente genética) en este
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cultivo, la cual se manifiesta principalmente en forma, tamaifio ‘y coloracion del fruto, cantidad:de
semillas producidas, calidad y grosor de la pulpa, tolerancia a enfermedades, precocidad en maduracion

del fruto, etc. (Whitaker y Davis, 1962; Lira y Montes, 1992; Lira, 1995).
Uso y valor alimenticio de las calabazas.

El uso de las calabazas en la dieta de la poblacién americana se inicié desde hace 8900 afios (Smith,
1997}, lo cual se ha demostrado por. estudios arqueoldgicos. En diversas excavaciones se-han:
encontrado vestigios de la utilizacién de estas plantas como alimento (Whitaker y Bohn, 1950;
Whitaker, Cutler y MacNeish, 1957; Smith, .1997).- Actualmente su participacion en-la dieta de.la
poblacidn incluye las. partes vegetativas tiemas, -la. flor,: los frutos tiemos. y maduros y.las semillas:
(Cruces, 1987; Lira y Montes, 1994; Lira, 1995).

En México se consume el fruto inmaduro como verdura, mientras. que el fruto maduro-se utiliza
en la reposteria tipica. También sobresale el uso del.fruto- maduro como. forraje, una vez .que se le
extrac la semilla. Las- semillas, - conocidas comiirimente como pepitas, se consumen- en grandes:
cantidades, tostadas y saladas, como. entremeses 0. bocadillos; ademds, son utilizadas'como ‘materia.
prima en. la elaboracion de moles, conocidos como "pipianes" o. "pepianes" (Cruces, 1987; Montes,
1991; Lira y Montes, 1994; Lita; 1995). Por.otro-lado, de las pepitas se extrae aceite que sirve'de base
en la elaboracion de jabones finos (Cruces, 1987). La flor masculina es también utilizada en la cocina
mexicana para preparar diversos guisados, asi como las "quesadillas de flor de calabaza"”, que son muy
comunes en fa parte central y sur del pais; algunas partes: vegetativas tiemnas:(hojas, zarcilios,
primordios vegetales; entre otros) también son apreciadas como verdura (Cruces, 1987; Montes, 1991;
Lira 'y Montes, 1992). Las semillas de las calabazas son el producto alimenticio y comercial més
importante-derivade de estos cultivos; principalmente por sus altos. contenidos de aceites (>43 %),
proteinas .(> 34 %) y fosforo (> 1 %). Por su parte, las partes vegetativas tiernas, las flores y los
frutos tiernos .y maduros, destacan por sus altos contenidos de.calcio y fosforo,-ademasde que las
flores y frutos:también son ricos.en tiamina; riboflavina, niacina .y dcido ascérbico (Esquinas-
Alcazar y. Gulick, 1983).- ' '

En relacion con las propiedades medicinales:que: se le ,atribliyen_ alas calabazas, Hemnandez
(1946) y.Cruces (1987) mencionan que las semillas son utiles como vermifugo-contra la solitaria

(Ascaris sp..y -Tenia sp); 1a pulpa molida es usada- contra irritaciones vy quemaduras de la ‘piel;
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aplicandola sobre la-parte enferma; ademds administrada acomo té, la pulpa de calabaza combate los.

calculos renales. - , ; e T
Fenologia v polinizacion de las calabazas.

Whitaker y Davis (1962) y Robinson y Decker-Walters (1997) indicaron que las especies cultivadas.
-de ‘Cucurbita son plantas: mondicas, ya que presentan flores unisexuales en diferentes partes de la
planta. Para que se realice su polinizacién es:imprescindible la accion-de insectos polinizadores, los
cuales visitan una gran cantidad-de flores, tanto estaminadas como pistiladas, para recolectar néctar'y'
polen que las plantas de Cucurbita ofrecen en cantidades considerables para asegurar su polinizacién
(Hurd, .Linsley y Whitaker,  1971).' Se han registrado- diversas especies de abejas silvestres, de los
géneros Peponapis Robertson y Xenoglossa Smith especialistas en su polinizacion.(Hurd y Linsley,
1964;:Canto-Aguilar y Parra-Tabla, 2000). Existe una asociacion :estrecha entre calabazas y abejas,
tanto adultos:como larvas se alimentan exclusivamente de néctar y polen-de estas plantas, por lo-que
las .abejas hembras han desarrollado pelos modificados en sus patas que usan para’ colectar 'y
manipular grandes cantidades de granos de polen (Hurd, Linsley y Whitaker,:1971)..

- Las flores femeninas y masculinas de la calabaza abren unicamente un dia; desde muy
temprano en- la- mafiana, exponiendo ‘sus estigmas receptivos' y anteras dehiscentes, esto:es
ofreciendo polen y néctar desde las primeras horas de la mafiana; hora en que inician su actividad las
abejas de ambos géneros. Ademas, existe una relacién entre la distribucion geogrifica de las
calabazas silvestres y cultivadas de América y las abejas de estos géneros (Hurd, Linsley y Whitaker,
1971). Al menos, dos especies de los generos Peponapis y Xenoglossa especializadas en la
polinizacion de: las calabazas se encuentran presentes en la zona de estudio de este trabajo (Ayala,
1_9.88:__Bqutista,_ 1997). También es.muy importante la participacion de abejas- generalistas; como
Apis mellifera L. en la polinizacién de las calabazas, tal y como lo sefialan Tepedino(1981), Avila et
al. (1989), Bautista (1997) y Canto-Agnilar y Parra-Tabla (2000)..

. En la etapa de floracion de las cucurbitas. el ambiente juega un-papel muy importante.
Whitaker y Davis (1962) mencionan que los elementos del clima (témperatura y luz ) influyen sobre
la produccion de flores masculinas y femeninas en diversas especies de Cucurbita. En los dias largos
con altas temperaturas se producen mayor numero de flores masculinas, mientras que en los dias

cortos, con bajas-temperaturas se induce la formacién de flores femeninas:en mayor proporcién
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(Robinson y Decker-Walters, 1997). Al respecto, Nepi y Pacini (1993) refieren que la hora de inicio-
de la floracion, tanto en flores masculinas como en femeninas de C. pepo, varia dependiendo dé la
época del afio en que se desarrollan las plantas, ya que en fechas con dias mas largos (mayo-junio)
los machos inician la apertura floral 15 minutos antes que las hembras. En cambio, en fechas més
tardias (agosto-septiembre) esta diferencia no es significativa. Ademas, Nepi y Pacini (1993} en C.
pepo hacen referencia a la gran diferencia entre el mimero_de flores masculinas y el de flores
femeninas, encontrando una relacién de ‘16.5:1. Por su parte, Delesalle y Buchmann (1991)
gstudiando una poblacionés de una cucurbita silvesire (dpodanthera undulata Gray), sefialan que si:
existe sincronizaciéon en el inicio -de apertura entre las flores de diferente sexo. Estos autores
encontraron-una relacion de 20:1, en:mimero de flores estaminadas y pistiladas.

- Por su parte, Scheerens et al, (1987) describen el desarrollo floral y patrones de crecimiento.
en una poblacion de C. foetidissima HBK, encontrando similitud en el tiempo de apertura diaria de
las flores de ambos sexos. Wilson, Lira y Rodriguez (1994) mencionan que las plantas de. C.
argyrosperma spp. argyrosperma, C. moschata {cultivadas) y. C. fraterna L. H. Bailey (silvestre)
presentan una fenologia de floracién muy similar, en relacion al dia y hora de apertura de las flores
masculinas y femeninas. Este fendmeno propicia que se presente una polinizacion cruzada entre la
especie silvestre y:las cultivadas. Por otrolado, el translape .de la fenologia de floracién de la
subespecie cultivada C. pepo ssp. pepo y la silvestre C. pepo ssp. fexana (Scheele) Filov, ha

contribuido al cruzamiento natural entre ambas subespecies (Kirkpatrick y Wilson, 1988).
Distribucion actual de las calabazas cultivadas.

Las calabazas cultivadas estin . actualmente. distribuidas en todas -las regiones tropicales,
subtropicales y templadas del viejo y riuevo mundo. En general, las especies domesticadas presentan
un-patron definido principalmente por la altitud. En México son'cuatro las especies que se-encuentran
distribuidas ampliamente y que se presentan en los sistemas agricolas tradicionales. Su distribucion, es
en forma general, la siguiente: ‘C. argyrosperma y. C. moschata se encuentran en lugares célidos y en
altitudes igual o menores. de 1700 m.sobre el nivel del mar (s.n:m); C. pepo crece en lugares a mayores
altitudes desde los 1000 y hasta 2800 msnm y-C. ficifolia; 1a cual se considera pérenne, se localiza en
altitudes mayores de 1300 m (Cutler y Whitaker, 1961; Whitaker, 1968; Lira, 1995; Merrick; 1995). -

Bajo el sistema de milpa generalmente se siembran dos o mis: especies de calabaza juritas
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(Lira, 1995; Bautista, 1997). La calabaza se siembra junto con el maiz y ambos se cultivan: bajo
diferentes sistemas de labranza del snelo: mecanica, traccién animal y manual; el uso de cada
sistema depende principalmente de la-orografia de las zonas agricolas. Un imiplemento usado en la’
siembra manual es la coa, una pieza de hierro con punta, adherida en un extremo' de una pieza larga
de madera (cabo), la cual se usa en sitios‘inaccesibles a los implementos agricolas de traccion animal
y mecéanica. A-estas parcelas de cultivo se les deniomina “coamiles”. Pero incluso en lugares en
doiide puede usarse traccion-animal, los agricultores prefieren usar la coa para la siembra, por el ‘alto
costo de los animales (bueyes; caballos o mulas), su manutencién y la-rerita en caso-de que no sean’
los duefios de ellos.:
‘Plantas: cultivadas’y sus parientes silvestre en la zona de estudio .
En el SO del estado de Jalisco.éxisten parientes silvestres de diversas plantas cultivadas, entre ellas,
de:las integrantes del sistéma ‘de milpa, los cuales se desarrollan cerca o-a veces dentro de las
parcelas de cultivo. Asi el maiz coexiste con el teosintle (Zea mays spp: parviglhumis lltis &
Doebley), el frijol commin con su forma silvestre (Phaseolus vulgaris-L.). La coexistencia de formas
silvestres y cultivadas en esta regién se presenta en otros cultivos nativos, como el tomate verde o de
cascara (Physalis philadelphica Lam., cultivado y silvestre) y el jitomate cultivado (Solanumi
lycopersicum L.) coexiste con'la forma silvestre [Solanum lycopersicum L. var. ceraciforme (Dunal)
Spooner, Anderson y Jansen, comb. nov., antes Lycopersicon ésculentum var. ceraciforme (Dunal)
A. Gray] y la presencia del chile cultivado (Capsicum annuum L. var annuum). y de la forma
silvestre (Capsicum annuun var aviculare).
Para el caso de las calabazas existe la forma silvestre, Cucurbita argyrosperma ssp. sororia
(L.H. Bailey) Merrick 'y Bates, locaimente denominada “ahuichichi” y “tololonche”;“la cual se
distribuye desde el nivel del mar, hasta' 1300 msnm (Memick, 1991). En la zona de’ estudio se
cultivan dos especies de calabaza,” C. argyrosperma ssp. argyrospermia’-denominada “rayada”,
| “patipona” o “puerquera” y C. moschata, conocida como “tamaloyota”, o “de castilla”, y es comnin
que-los agricultores tradicionales las siembren juntas en la misma parcela en ‘asociacién con el maiz
(Bautista, 1997; Merrick, 1990),




Cruzamiento interespecifico en Cucurbita - - : S

Existen diversos reportes en la literatura sobre la posibilidad de cruzamientos interespecificos dentro
del género Cucurbita. Whitaker y Bohn (1950) muestran las:diferentes posibilidades de cruzamiento
entre todos sus miembros. Bemis y Whitaker en 1965, hacen referencia al cruzamiento de dos
especies silvestres (C. digitata y C. palmata). Wilson (1990} y Lira (1995) hacen un recuento de la
hibridacion entre diferentes taxa de Cucurbita. Por su parte, Garzon, Montes y ‘Becerra (1993)
reportan la transferencia exitosa hacia cultivares comerciales, de C. pepo, de la resistencia a varias
enfermedades virales presente en algunas razas o variedades mexicanas de C. moschata, por medio
de cruzamientos manuales, usando como puente una variedad de C. argyrosperma. Whitaker y
Bemis (1965) y Merrick (1990; 1991) encontraro diferentes: grados de compatibilidad en relacién
con la produccion de progenie viable al realizar cruzamientos manuales entre diversas especies no
domesticadas y las.cinco cultivadas. Por ejemplo, la progenie fue viable al cruzar C. argyrosperma y
C. fraterna por Wilson, Lira y Rodrignez (1994). Las posibilidades de hibridacion entre los tres taxa
estudiados, se sabe que son altas, ya que al realizar cruzamientos entre .los miembros ‘de las
subespecies de C..argyrosperma -se han reportado niveles  altos . de.compatibilidad. Cucurbita
argyrosperma 'y C. moschata se consideran dos especies hermanas o parientes muy cercanos
(Wilson, 1990; Wilson, Doebley y Duvall, 1992). Por lo tanto, son altamente compatibles éntre ellas,
aunque hay reportes de que el nivel de compatibilidad disminuye cuando C. moschata es usada como

progenitor femenino (Merrick, 1990; 1991).
Estimaciones del flujo génico en plantas

Para entender los procesos evolutivos de una especie es importante conocer la estructura genética de
varias de sus poblaciones, la cual ha sido definida comio la distribucién espacial y temporal de alelos
y genotipos en.las poblaciones (Loveless y. Hamrick, 1984).- Esta estructura se manifiesta en
diferentes niveles y patrones de variacion genética, los cuales juegan un papel muy importante para
determinar el potencial evolutivo. de.esa especie. Los patrones de variacién genética estin
fuertemente determinados por el efecto de los cinco prdcesos evolutivos fundamentales: 1) deriva
génica, 2) migracion, 3) sisternas de apareamiento, 4) mutacion y 5) seleccién natural. Es por esto

que para entender la biologia evolutiva de una especie es indispensable conocer su variacidn
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genética (Lewontin, 1974). Los estudios de variacidon genética involucran dos aspectos; el primero se
refiere'a la descripcion de los niveles de variacién mantenida dentro de las poblaciones; y el segundo
concierne a la manera en como-esta repartida esa variacion entre las poblaciones (Clegg y Brown,
1983).

- Conocer la distribucién de la variacion ‘genética en-una especie nos -ofrece informacion-
adicional para entender las interacéiones entre caracteristicas ecologicas y de historia de vida, tales
como los mecanismos de polinizacién, dispersién de semillas y fecundidad, y de como estas
interacciones moldean la estructura genética de las poblaciones (Hamrick, 1983). Los sistemas de
apareamiento y el movimiento de genés se consideran los factores mids importantes en la
determinacion de la estructura genética (Levin y Kerster, 1974; Clegg y Brown, 1983; Loveless -y
Hamrick, 1984). « - ' |

‘EI' flujo -de genes es 'la incorporacién de genes al acervo genético de una - poblaci6n,
procedentes de una o mis poblaciones (Futuyma, 1998). Las poblaciones se diferencian dependiendo
de la ‘magnitud’ y-'direccionalidad del movimiento de genes. Los niveles altos de flujo génico
aumentan el tamafio efectivo de las poblaciones y reducen la diferenciacion local por deriva génica:o
seleccién natural. Por el contrario, si el .ﬂujo de genes es limitado, se reduce ¢l tamafio efectivo de
las poblaciones y aumenta la diferenciacién entre subpoblaciones (Jain y: Bradshaw, 1966; Endler,
1973; Hamrick; 1978; Ellstrand, 1992). Existen dos tipos de métodos para estimar el flujo génico en
plantas: 1) métodos directos y 2) métodos indirectos.

- +17 Métodos directos. Ellos involucran observaciones detalladas de'los movimientos de los
gametos y propagulos de las especies bajo estudio, y tienen la ventaja de que proporcionan datos
ecologicos sobre la dispersién y pérmiten saber bajo- qué condiciones ecoldgicas: opera el flujo
génico. Tienen la desventaja de:que el-dfea geografica y la escala de tiempo en la cual se puede
observar la dispersién es gerieralmente una: fraccion pequefia de la amplitud de distribucién
geografica ‘de la especie, asi: como “del tiempo en‘el cual se ha mantenido ‘el contacto entre
subpoblaciones (Kearns e Inouye, 1993). Estos métodos pueden sobrestimar el flujo génico, ya que
los individuos o gametos inmigrantes no siempre tienen éxito en la reproduccion dentro de su nueva
poblacion (Futuyma, 1998). Ademas, los individuos que se- dispersan fuera de dicha 4rea no son
considerados y la dispersién a larga distancia puede ocurrir esporadicamente y no ser detectada por
-estudios de corto plazo (Elistrand, 1992).

Existen diversas formas de estimar el flujo génico con métodos directos:
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a) Movimiento de polen marcado. Su ventaja radica.en que es la forma mas directa; de
estimar el movimiento de gametos. Su principal desventaja es que los materiales “analogos” que se.
usan para simular el polen-pueden viajar en forma distinta al polen. Este método ha sido usado en
diferentes plantas {Rademaker y de Jong, 1998}, en general con buenos resultados, y también ha sido
usado en plantas cultivadas y sus parientes silvestres mas cercanos, como el estudio en rabano
(Raphanus sativus L.) por Ellstrand y Marshall (1985). En Cucurbita también han mostrado . éxito.
(Ordway et al., 1987; Montes-Hermandez, Dominguez y Eguiarte, s/f). ..

b) Marcaje.de visitantes florales. Esta es otra forma de inferir Ia dispersion del polen en
especies que son polinizadas por insectos n otros animales (Englund; 1993; Karron et al., .1995;
Futuyma, 1998).

c) Marcaje de semillas. Tiene interesantes ventajas, ya que al seguirles la pista a todas las
semillas de las plantas utilizadas como tratamientos de andlisis, se puede detectar la presencia de un
inmigrante en las poblacién (Parra, Vargas y Eguiarte, 1993;:Cain, 2000).

- . d) Marcadores morfolégicos. ‘Al utilizar un caricter morfdlogico dominante, en la: primera
generacic’_m se puede estimar su presencia en la progenie. En el caso del maiz, este método es posible
con el locus xenia, en donde cualquier eolor de grano es dominante sobre el grano blanco (Doebley,
1990a). En melon se ha.utilizado un color domiinante en los cotiledones (Handel, 1982).

e) Poblaciones hibridas (Hedrick, .2000).. Por medio de marcadores morfologicos en las
plantas cultivadas y sus parientes silvestres, es posible detectar poblaciones hibridas. El intercambio
de genes entre ellas ha promovido Ia.convergencia-morfoldgica entre algunas poblaciones cultivadas
y silvestres de diferentes plantas, en las que es posible distinguir fenotipicamente la presencia de
hibridacién intraespecifica, como en el caso del arroz (Langevin, Clay y Grace, 1990), la calabaza
(Wilson, 1990), el frijol (Beebe et al., 1997), el rabano - (Klinger y Elistrand, 1994), la canola
(Jorgensen y -Andersen, 1994), el maiz (Wilkes, 1977), la. vainilla (Nfélsen, 2000) y la alfalfa
(Jenczewski, - Prosperi y Ronfort, 1999). Usando marcadores  citogenéticos, ia recombinacién
intraespecifica entre plantas cuitivadas. y silvestres hace posible que -se presenten cambios en el
cariotipo (por ejemplo, la presencia y ubicacion de nudos cromosdmices), con lo que se ha podido
evaluar la hibridacién entre elios, como en el caso de la canola (Jorgensen y Andersen, 1994), el
trigo (Jiang, Friebe y Gill, 1994) y el maiz (Kato, 1984)... ... ‘

f) Uso de marcadores genéticos. Estos se pueden dividir ‘en dos tipos: uno o pocos lociy

muitilocus (Devlin y Ellstrand, 1990). Los marcadores mas usados.en -estos analisis. han sido las
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isoenzimas. ‘Algunos ejemplos recientes que han aplicado ‘esta técnica son en el sorgo (Arriola y
Ellstrand, 1996), en la calabaza (Kirkpatrick y Wilson, 1988), en el rabano (Goodell et al., 1997,
Klinger v Ellstrand, 1994), en el -girasol (Arias y Rieseberg, 1994), en el betabel (Bartsch et al.,
1999) .y en el jitomate (Rick 'y Holle, 1990). Alternativamente, para estimar directamente la
magnitud del flujo de genes se pueden usar varios loci a través de un anilisis de paternidad. Para
estos estudios generalinente se utilizan marcadores mas variables, como RFLP’s y microsatelites. Un
estudio reciente de este tipo es el del betabel (Beta vulgaris L.) por Desplanque €t al. (1999).

- 2. Métodos indirectos. Estos métodos utilizan observaciones de las freciencias alélicas de las
especies, datos que permiten deducir qué cantidad de flujo génico ha ocurrido para producir los
patrones espaciales observados. Bstos métodos dependen de los modelos de genética de poblaciones
que:predicen qué patrones se observarian en las diferentes etapas de flujo génico (Slatkin, 1999).-
Tienen. la-ventaja de que-las estimaciones-de flujo génico de las ‘tasas promedio: de dispersién es de
muchos afic y ne solamente de un periodo en particular. También pueden detectar tanto la migracién-
a larga distancia, como- episodios raros y masivos de flujo génico, y fenomenos poco comunes de
extincién y recolonizacion (Slatkin, 1985a). Ademads, se puede estimiar el’ nimero promedio ‘de’
inmigrantes intercambiados entre poblaciones locales, tomando comio base la ‘distribucién de
frécuencias de alelos raros o exclusivos (Slatkin, 1985b).. . - -

.. - -Entre los estadisticos indirectos propuestos para estimar flujo génico, se encuentran la Fgr de-
Wright (1951) y sus équivalentes, la Gsr (Nei, 1973), 8 (Weir y Cockerham, 1984) y Rgr- (Slatkin,
1995). La Fgr s¢ calcula a partir de las frecuencias genotipicas de cada locus vy mide la fijacion
relativa de alelos alternativos .en diferentes  subpoblaciones, comparando el promedio de las
heterocigosidades de las subpoblaciones con la heterocigosidad total esperada bajo-apareamiento al
azar/’La magriitud de la-Fgr, por lo tanto; depende del nivel de divergencia entre las subpoblaciones
en las frecuencias alélicas y se deriva de Fsr = (Hy-Hs)/Hr, donde Hs es la prc')pc')rci'c')'n‘prom'edio de’
heterdeigos esperada enlas subpoblaciones y Hr es la proporcién de heterdcigos promedio esperada
a -nivel global (Hartl 'y Clark, 1989; ‘Neigél, 1997). Wright (1951), considerando néutralidad y
equilibrio de alelos para cada locus, demostro que Fst = 1/{4Nem + 1]. De este resultado se 15uede
obtener una estimacion de Nem a partir de la calculada con base en las. frecuencias alélicas, N.m =
1/4[1/Fst - 1]. Este método indirecto tiene la ventaja de incorporar todos los tipos de dispersion
{eventos comunes e inusuales) y el promedio efectivo de la dispersion en el tiempo. El nimero de

migraﬂtes que ingresan a cada poblacion por generacion se denota como N.m, donde N, es el tamafio
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efectivo de la poblacién y m es |a tasa de migracion o la proporcién de una poblacion que migra.por
generacién (Slatkin, 1987, 1993; Hartl y Clark, 1989; Neigel, 1997). La migracién o flujo génico es
un factor importante que puede afectar la composicién genética de las poblaciones, al determinar el
grado en que una poblacion local es una unidad evolutiva independiente de otras poblaciones de la
misma . especie. Si N.m >4.0, el flujo génico es elevado y las poblaciones -evolucionan
conjuntamente, mientras que si Nem <<1.0, puede concluirse que hay poco flujo y cada poblacién
evoluciona de manera independiente (Hartl y Clark, 1989; Neigel, 1997; Hedrick, 2000).

Se pueden efectuar anilisis adicionales para inferir el movimiento de genes, basados en
relaciones espaciales sugeridas por modelos de aislamiento. por distancia. Asi, se pueden estimar las
co_lrela(;iongs entre distancia. geografica y distancia genética y a partir de-ellag se puede describir la
acumulacién.de diferencias-genéticas locales bajo dispersién geogrificamente restringida (Wright,
1951; Slatkin, 1993). Al respecto, Aguirre-Planter, Furnier y Eguiarte (2000) encontraron relaciones
significativas entre flujo génico y distancia geogrifica en Abies religiosa (Kunth) Schitdl. & Cham.
Las poblaciones més cercanas se comportaron de manera casi panmitica entre ellas, mientras que las:
mas lejanas eran muy diferentes. -

. Existen diferentes marcadores que se han utilizado en estudios de diferenciacién genética y
flujo génico entre plantas cultivadas y sus parientes silvestres (Ellstrand, Prentice y:Hancock, 1999;
Jarvis'y Hodgkin, 1999). En una lista de estudios recientes se tienen trabajos con isoenzimas en
Cucurbita (Kirkpatrick y Wilson, 1988; Wilson, 1990; Decker-Walters et al. 1990; Montes ¥
Eguiarte, 2002), frijol (Beebe et al., 1997), algodén (Wendel, Brubaker y Percival, 1992), rabano
(Klinger, Arriola y Ellstrand,.1992), canola (Jorgensen y Andersen, 1994), vainilla (Nielsen, 2000),
alfalfa (Jenczewski, Prosperi y Ronfort, 1999), y maiz (Doebley, 1990a y 1990b). Otros marcadores,
como RAPD’s, se han usade en manzana (Durham y Korban;'1994), girasol (Linder et:al., 1998), y
canola (Jorgengen y Andersen, 1994); mientras que ¢l analisis de ADN de cloroplasto se han usado
en maiz (Doebley, 1990a.y 1990b). Existen casos en. los que se han combinado ambos. tipos de
métodos (directos e indirectos) en un mismo evento. de evalnacion, por ejemplo en canola (Jorgensen
y -Anderscn, 1994) y en alfalfa (Jenczewski, Prosperi y Ronfort, 1999). En estos estudios se muestran
las bondades de comparar y combinar los:resultados.



Hibridacicon entre variantes cultivadas y sus parientes silvestres con variedades transgénicas.

En la ltima década se ha incrementado la atencién a la posibilidad de hibridacién y flujo génico
entre plantas cultivadas y sus parientes silvestres, debido a que representa un camino p'otencial para
el .escape de transgenes a pobléciones naturales’ (Bartsch et al., 1999). De esta manera, los genes

ampulados mediante ingenieria genética (transgénicos) en una planta cultivada pueden ser
uansfendos hacia -sus parientes silvestres, y si ellos confieren una ventaja selectiva directa o
indirectamente (como por interacciones epistaticas), podrian fomentar la formacién de malezas més
nocivas-para la agricultura, al aumentar su adecuacién. Por otro lado la hibridacién de estas plantas
modificadas con los parientés silvestres, les podria reducir a estos tltimos los niveles de diversidad
-genética: (Ellstrand  y- Hoffman, 1990; Kingler, Elam y’ Ellstrand, 1991; Raybould y Gray, 1993;
Kingler y Elistrand, 1994; Darmency, 1994; Dale y Irwin, 1995; Lefol et al., 1995; Hancock, Grumet
y Hokanson, 1996; Ellstrand, 1997; Ellstrand, Prentice y Hancock, 1999; Pascher y Gollmann,
1999). e '

*:Con el uso de-los diversos métodos de estimacién de flujo génico antes expuestos, se
reportan diversos estudios en los que se ha estimado la magnitud de este proceso entre miembros de
una misma especie, pero considerando como una de las poblaciones a las plantas transgénicas. Entre
otros. estudios destacan los realizados en - alfalfa (St. Amand, Skinner y Peaden, 2000), algodén
(Llewellyn y Fitt, 1996), betabel (Bartsch y Pohl-Orf. 1996; Dietz-Pfeilstetter y Kirchner, 1998),
canola (Pauk et al., 1995; Lavigne et al.,, 1998), melén (Hokanson, Hancock y Grumet, 1997),
brocoli (Henzi, Christey y McNeil, 2000), calabaza (Spencer y Snow, 2001) y maiz (Quist y
Chapela, 2001). Existen otros estudios en los que se ha evaluado: el efecto de la hibridacién
intergenérica, como en el caso de la canola transgénica Brassica napus L. con Hirschfeldia incana
(L.) Lagr.-Foss. (Lefol et al., 1995; Lefol, Fleury y Darmency, 1996) y la misma canola con
Raphanus raphanistrum L. (Darmency, Lefol y Fleury, 1998). En la mayoria de estas evaluaciones
se combinan ambos métodos (directos e indirectos), pero todos utilizan algin método molecular para

confirmar la presencia del transgene en la F.




Estructura del estudio y objetivos - . S ‘ L

Esta tesis estd dividida.en cinco capitulos principales. El primero (el presente) es la introduccion
general,,sc_plantea el sistema de estudio en general y los antecedentes de este grupo de plantas en el
contexto particular del tema del flujo génico. En el siguiente capituio se analizan los resultados del
estudio sqbre las practicas que realizan los agricuitores en relacién con la conservacion de la
diversidad genetica de las calabazas cultivadas y sobre la manera en la que perciben el flujo génico.
entre las calabazas cultivadas y su pariente silvestre. La informacién de ese capitulo se basa en los
resultgdos de una encuesta directa (Anexo 1) aplicada a una muestra de 80 agricultores (Anexo 2) de-
tres municipios de la regién del estudio. El tercer capitulo presenta observaciones sobre la historia
natural de la call'abaza y su relacion con las oportunidades que se presentan para-que pueda.efectuarse
tlujo génico entre los tres taxa utilizados en la milpa. En ¢l cuarto capitulo se presenta informacién
sobre la estructura genética de las poblaciones de Cucurbita estudiadas, 1a cual se estimé con base en
un estudio con isoenzimas (Anexo 3). Con base en esta informacién se hacen inferencias sobre los
difer__entf;s'niveles del flujo génico. Por dltimo, en el quinto capitulo se presenta la discusion y las
conclusmncs generales. . .-
Los objetivos partlculares de este trabajo fueron los siguientes: .;
a) Entender las practicas culturales. que realizan los agricultores, para mantener la diversidad
© . genética de sus calabazas cultivadas (Cucurbita argyrosperma ssp. argyrosperma, C. moschata)..
b) D@tefmin_ar como perciben los agricultores el flujo génico entre las calabazas de este
agroecosistema.
é) Evaluar si las condiciones existentes en la milpa son propicias para que pueda darse el flujo
génico entre las especies cultivadas de calabaza y entre ellas y el tax6n silvestre (C. argyrosperma
. 8sp. sororia).
d) Conocer si la fenologia y la ecologia reproductiva de las plantas de calabaza influyen en ¢l flujo
génipp entre los diferentes taxa de calabazas estudiadas.
g) Estudiar cdmo las actividades de los polinizadores -mueven el polen entre las calabazas
estudiadas. ‘
f) Investigar los patrones y niveles de flujo génico entre dos especies cultivadas y una silvestze que

se desarrollan en el sistema milpa.
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g) Describir la distribucién de la variacién: genética 'usando isoenzimas, dentro y entre las
-;poblaciones de calabaza estudiadas. - -

h) Estudiar las relaciones genéticas enfre poblaciones en las tres taxa de calabaza.:
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Abstract

Squashes (Cucurbita spp.) are common components in tradrtronal cropprng systems in Mexrco'
mamly m the agroecosystem known as mrlpa in which squashes are cultivated in association with
maize, the main crop. Thrs study was carried out m three muulcrpalltles of the southwestern regron
of the state of Jahsco, Mexrco, durrng the summer of 2000. Usmg a questronnarre we surveyed 80
farmers on productron and selection practrces of their squash crops, 1n_order to understand how these
factors affect genetic diversity of local squash populations. We derennined 'tha:t'the:{fnosf of the
farmers practrcmg squash cultivation were elderly (mean 60 years old) In the survey alrnost all
farmers mtervrewed (97 5%) had grown squash but only half of them (50 0%) were stlll producmg
squash at the trme of the study The most common factors causing abandonment of squashes
cultrvatron, according to farmers were use of maize herblcrde and the current low pnce of maize. For
sowing the next plantmg cycle, farmers generally select 5 — 20 frults to obtain seeds, The numbers
are markedly few compared with maize and beans from whlch were lmdreds of fruis are used to
obtain seeds for cultivation. Farmers recogmze typrcal characterlstrcs of each cultivated spec1es and
selectlon is directed to mamtarn their 1dent1ty Nearly two thirds of the farmers (62 0%) had
exchanged seeds of squash for plantlng This ‘can increase the genetlc basrs of therr squash
germplasm “The wild gourd (C. argyrosperma ssp. sorona) has 2 w1despread dlstnbutron in the
regron especrally as a weed close to or w1thm crop fields. All of the surveyed farmers were

conscious of the possrble hybndlzatlon between it and their cultivated squashes. Farmers are able to
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distingnish and eliminate this weedy squash and their hybrids.

Introduction

Squash (Cucurbita spp.) is one of the major Crops domesticated in South Mexican‘ and Central
Arnerrcan center (Harlan 1975 Memck 1995) which has spreaded throughout the world (Whitaker
and Bohn 1950 Cruces, 1987) It is cultivated for productron of fresh vegetables (vegetable
marrow, z;ucchrnt types) and mature fruit (cushaw pumpkm types) In Mexico, this crop plays an
1mportant role in different agroecosystems but the most common is betng an integral component of
a traditional crop system, known as "milpa", which consrsts of the assocnatton of matzc-bean-squash
or maize-squash (Lira, 1995). Both immature and mature fruits and seeds of Cucurbita species
provide inexpensive sources of proteins and vitamins for diet of rural and urban families (Esqumas-
Alcazar and Gulick, 1983). In addition, flowers and tender vegetative parts are also apprecrated as
fresh vegetables (Cruces 1987 Lira, 1995). N | _

In Mexxeo four specres of Cucurbzta are. commonly culttvated C argyrosperma Huber ssp
argrosperma C moschata (Duch ex. Lam.) Duch ex. Porr C pepo L. and C fi czfoha Bouche
The ﬁrst three Spectes stand ‘out as an important part in the economy and the feedmg of Mexncan
populatton (L1ra 1995 Lira and Montes 1992). In the last years in the NW of Mexrco some
rrnproved vanetles of the spectes C. maxima Duch. ex Lam have been 1ntroduced, which productlon
is dlrected mamly towards export markets . )

Smce specres of Cucurbita are no apomlcttc monoecrous requtrmg the vrsrts of spec1al1st
wrld bees of genus Peponapis and Xenoglossa in order to set fruit (Hurd Lmsley and Whttaker
197 1; Bauttsta 1997 Canto-Agutlar and Parra-Tabla 2000), there are broad opportunrtles for 1nter—
and 1ntraspec1ﬁc gene flow in Cucurbzta S .

. Phenotyplc d1vers1ty w1th1n landrace populatrons of Cucurbzta such as those found in mllpa
cropplng systems m Mextco- is hrgh 1nclud1ng vanatlons 1n fruit form size and color, number and
size of seeds produced qualtty, color and thtckness of the fn.ut pulp, tolerance to pests, and precocrty
m frult productlon among other traits (Whrtaker and Davis, 1962 Garzon Montes y Becerra 1993
Ltra 1995) In Cucurbzta as well as in other crops, tlns vanat1on 1s favored and mamtamed by
selectlon for specrﬁc tratts by farmers (Altterl and Memck, 1987) Brush Carney and Huaman

(1981) mentton that rural cultures in Peru class1fy and select thelr landraces accordmg to a range of
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criteria, including agronomic, culinary, medicinal and/or ritual aspects. These criteria ‘generate
primarily two types of selective pressures: {1} selection to improve crop yield by selecting
conspicuous traits, and (2) selective aimed to maintain landraces and characteristics within those
populations that are important to the farmer for reasons other than productivity itself (Louette and
Smale, 2000). Cultivation of these landraces according to Brush and Meng (1998), perpetuates local
knowledge about crops and crop production, and this knowledge has served as an important rescurce
for breeders and agricultural scientists in the formal sector.

-Implementation of modern strategies to increase crop productivity, such as use of herbicides; -
and. replacement of .local traditional crops by others has caused reduction of genetic diversity of
erops in-areas with traditional agriculture (Altieri, 1991; Oldfield and Alcorn, 1987). Loss of genetic
diversity may be ‘more important in those areas where the crop originated and was domesticated
(Brush, 1991; Bellon and: Taylor, 1993), because levels of genetic variation . within landrace
populations in those regions commonly are high. In these areas, both wild relatives of cultivated
plants and landraces in general have large amounts of genetic variation (Dobley, 1992), and for this
reason they may be important sources of genetic diversity for cultivated plants and can be the basis
for current or future crop improvement programs (Dobley, 1990; Wilson, 1990).

.- - In western Mexico the ancestors of maize (Z. mays subsp. parviglumis Iltis & Doebley) and
common beans (Phaseolus vulgaris L.) have survived until present, and-they occur usually in small
populations. In this same region two cultivated squash species, C. argyrosperma ssp. argyrosperma
and C. moschata, and the wild type C. argyrosperma ssp. sororia (L.H. Bailey)-Merrick and Bates
grow in sympatry. There is experimental evidence of compatibility among these Cucurbita taxa
(Merrick, 1990), and they are closely related phylogenetically (Wilson, Doebley @nd Duvall, 1992).
High levels of gene flow between them have been detected in this region through population
genetics studies (Montes-and Eguiarte, 2002).

- In order to understand the practices carried out by farmers to maintain genetic diversity of
cultivated squashes, we conducted this study aimed at: 1) evaluating the cultural practices relevani to
maintain genetic diversity of cultivated squashes, and 2) determining how farmers perceive and
maintain distinct squash varieties despite the presence of gene flow. We test the hypothesis that the

farmers’ activities maintain the genetic diversity of cultivated squashes.
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Materials and Methods

This study was conducted in three municipalities of the southwestern area of the state of Jalisco,
Mexico (Table 1). In two municipalities we studied two localities, and one locality in other
municipality. We used two sites because in the largest locality the number of maize farmers is low
. (less to 15), but in both cases, pairs of villages exhibit similar environmental conditions. The three
municipalities were selected based on differences in-environmental characteristics among them, as
arable area, production systems, water resources for agricultural' produetion, topography and crop
types planted besides the maize crop (Martinez-Reding, 1992; INEGI, 2001) [Table 2]. In the three
municipalities, a detailed survey was conducted.to characterize the farmers’ activities and criteria for -
maintaining squash diversity. Through fermal personal -interviews :formal, farmers were asked
questions and responses were discussed with them. Farmers were randomly selected for interviews -
in each municipality from a list of the-Mexican government program-called PROCAMPO (directed
to:support .rural economy). The only requisite to select farmers was ithat they cultivated maize,"
becanse this support is only for maize crop. The total number of interviews was 80:'31 from Autlan,
29 from El Limén and 20 from Ejutla (Table 1). Before the formal survey, the questionnaire was
tested with a sample of five randomly chosen farmers cultivating squash in ‘El Chante. Questions
were clustered into four themes: (1) seed selection practices for next cultivation season, {2) seed
exchange practices among farmers, .(3)-the reasons why some. farmers have stopped cultivating

squash, and (4) local farmers' beliefs regarding gene flow. 3 e
Results

Data obtained from the survey shows that the two spébies. of Cucurbiti are cultivated in association
with maize, the main erop in the study region. Sometimes only one Cucurbita species is’ cultivated,
while, in other cases both Cucurbita species together with maize. Only C. argyrosperma ssp.
argyrosperma was cultivated with maize by 12.8% of the farmers (Table 3), and is referréd to by a
range of different local names: "rayada"”, "buchona”, "patipona" or "puerquera". We did not find any
correlation between the folk taxonomic names and the practical ‘selection:or uses (data niot'shown),
C. moschata was sown alone with maize by 42.3% of all farmers (Table 3), it was more common in

El Chante (Autlan), it is called "calabaza de castilla" and "tamalayota". The two species (C.
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argyrosperma ssp. argyrosperma and C. moschata) were sown together in the same field by about -
half'(44.9%, Table.3) of the fahncrs who were surveyed, with higher frequency in Ejutla (Table 3).

- - Most of the farmers (85.0%j) that still cultivate maize associated with squash are elderly (> 50
years old) [Tables 4, and 5]. In all cases, farmers considered squash -as secondary or tertiary in -
priority, after maize and another crops as vegetables, grass, etc., in spite of widespread squash use as
human food in the: form of immature and mature fruits, and seeds.

. .~ Only two.maize farmers had never planted squash. One was from Autlan:and other from El
Limon. Half (50.0%) of the interviewed farmers had discontinued cultivation of squash sometime in
the last 20 years.(Tables 4, and 6). Out of those who had cultivated squashes it:in the past but were
no.longer growing it nearly, two thirds {64.1%) had stopped producing squashes more than six years
‘ago,: while about one third (35.9%) had stopped in the last-one or two years (Table 6). But those
farmers that had stopped growing squashes, tended to be older (average 61.9 years old = SD 12.46)
than: the farmers who were no longer engaged in squash production (average 57.8 years old + SD
16.1). Among the younger farmers (< 50 years-old), only about one third (31.6%) were still involved -
in squash productibn. In contrast; among older farmers (those over 50 years old), more than half
(55.9%) were still producing squashes. There were some differences in these. patterns. among
municipalities (Table 5). A slight majority (53.3-60.0%) of farmers'in both Autlan and Ejutla were
still engaged insquash production at the time of the study, whereas in El Limon it was less prevalent
(39.3%). But when this practice was viewed in relation to the age of farmers, similar patterns were
found between all three regions. In Ejutla and Autlén, older farmers were four times more likely to-
be growing squash than younger ones, and most of older farmers were still doing so. In El Limén,
very few of the younger farmers were still growing squashes, whereas almost one third of the older
farmers were doing so (Table 5). . |

In some cases farmers left squash. production to concentrate only .on. maize production (Table.
7). This was mainly due to the use of herbicides against weeds associated to maize, practice that was
incompatible with production of squashes. Besides, when growing squash in association with maize,
increases of general labor cost mostly by use of manual control of weeds..In other hand, low prices
of squash seeds and fruits discourage its production (Table 8). Farmers :who were not growing
squash said that growth habit of squash vines causes the maize plants to-lodge and, consequently, it
is necessary to remove squash vines from maize stalks, thus increasing the amount of labor. In

addition, presence of squashes in.milpa restricts the use of agricultural machinery, hand weeding,
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and use of herbicides.

Other farmers have- stopped -cultivation-of ‘maize and, therefore, of squashes, mainly due the-
low prices of maize and the high cost of inputs.such as herbicides, labor, and. fertilizers, as well as
the low productivity levels: of maize. The proportion- of farmers that have stopped planting both
maize and squash is also high in El Limén (60.8%, Table 7). Almost one third of them produce -
maize in monoculture, and 10% of them grow a variety of maize selected for ear husks used in
preparation of “tamales”, which have high price. Additionally, one third of farmers in that village
were sowing high value crops, such-as melon (Cucumis melo L.}, chili pepper (Capsicum annuum -
L.), or tomatoes (Solanum: lycopersicum L. before Lycopersicon esculentum Miller). In Autlan half
of the farmers had shifted from the' traditional milpa cropping system to production of sugar cane
(Scharum .officinale L.y or mescal (dgave angustifolia Haw.), and in Ejutlai only one. farmer had .
bartered the milpa to planting grass for fodder. . .

Most farmers select carefully. fruits for the subsequent growing season of squash cultivation.
First they consider the typical characters of each species (Table 9). Seventy five percent of farmers.
mentioned the following set of traits. which are selecied -for planting  purposes: fruit size, form,
weight, and health. The average number of fruits selected for planting varied, fromi 2 to 30 or more,
with an average of 8.9 + SD 12.3 (Table 10). This variation can be explained in part by the area
destined to milpa production per household; which varied from one to seven hectares. Furthermore,
the quantity. of seeds used to plant Cucurbita is 0.5 kg/ha on average = SD 0.3, which is relatively
low when compared with the amount of seeds quantity that used for maize cultivation (20 kg /ha).
The area for milpa production and number of-fruits selected are not necessarily correlated (data not-
shown), since some farmers use a low number of seeds because their milpa plot is small (1 to 2 has),
but they select a small number of seeds from different squash fruits, rather than selecting many seeds’
from one or few fruits. Only nine.farmers (11.4 %) did not use fruits as units of selection. Instead,
these farmers. take a portion- of the bulk seed;.that. would otherwise be: used for consurtiption or sale
(Table 19).

32 Seed selection:is based exclusively on fruits previously selected: Farmers do not select seeds’
from plants in the field during the cropping season, but they choose the best fruits after harvesting.
Before consumption of mature fruits by households-as either food or fodder, the farmers review fruit
phenotypes and may save sceds from the best phenotypes according to their criteria oa quantity-and

quality of the' product. Most of the farmers (77.9 %) consideréd large seed size and fill, phitip
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embryos as primary traits (Table 9). Almost all the farmers interviewed select both fruits and seeds.
by themselves (97.5%), rather than by involving people external to the household.

.. The amount of seeds that the farmers use for planting squashes per hectare was dependent in
part on the distri_butio‘n of squash. plants within the maize plots (Table 11). If squash seeds are mixed
with .maize seeds; and both crop seeds are sown at same time, its distribution is at random, within
the maize rows, but with higher quantity (= 50%) of squash seeds per ha-on-average. In conirast, the -
quantity of squash seeds was lower when only in a subset of maize rows some furrows of maize are
intrercropped with squash.. Under the latter planting ‘design, squash seeds are typically sown in a
maize row intercalated between some rows of maize alone (generally from five to ten), eight or ten -
days after maize sowing, when maize seedlings are present. Overall, nearly two thirds of the farmers -
(62:8%) mixed squash seeds with maize seeds before sowing (Table 11). However, this practice was
observed to be especially common in Ejutla, where 90.0% of the farmers practice it. In contiast, -
about one third to.over half of farmers in Autlan and El Limén, respectively, preferred to plant :
squﬁ_sh,‘.‘together,-with maize in some rows, separated by rows in which-only maize is planted (Table -
11). These differences in planting practices could be correlated with differences in topography. Most
of the interviewees in Ejutla cultivated hillsides (Table 2}, using the traditional method of slash and
burn, in a crop system called “coamil”. Under this system planting is generally manual, with aid of a:
“coa”; .an iron rod attached to a.piece of wood, used to open a hole in the ground, where seeds of*
maize and squ:dsh are deposited. On other hand, in Autlan and:El Limén most of crops lands are flat
(Table 2), and farmers often use tractors for planting maize and subsequently sow a subset of their-
maize furrol\vs-with squash seeds by hand..

- In relation to the exchange of seed stock among households, 35.9% of the farmers said that -
they have never:exchanged seeds for sowing (Table 12); wheréas 14.1% of farmers stated that it is
necessary to exchange seeds, because if the same seed source population is used over time, yields
decline. We did not observe differences among communities in these beliefs. Time interval for seed
exchange was variable: 18.0% of the total number of farmers that exchanged seeds-perforrned"this
practice every year, while 66.0% exchange seeds only occasionally (Table 13). Among those farmers
who have exchanged seed stock of squash sporadically, the reason for the exchange was reported as
principally due to two reasons: 1) to replenish seed supplies when the previous harvest netied low
seed yield (19.8%. of the farmers that have exchanged seed), and 2) to obtain sources of novel

germplasm  (39.7%). Out of the total number of farmers interviewed, 17.9% sowed seeds from a
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source that differed from: their own seed ‘stock during their last planting cycle invelving squash

production. Most of the seeds are exchanged among neighbors of the samé town (86.4%), and the

rest among other family members inside.of the same villages (12.3%). For each species, the squash

types that were recognized apparently present in those communities before have always be=n the’

same ones, since none of the interviewers reported loss of a particular variety that had originally

been present in their community.

In relation to .farmers’ . perceptions of the potential genetic. interchange between C. -

argyrosperma and C. moschata, nearly half of the farmers (42.3%) believed that the two species are -

not able to hybridize spontanéously mainly because flowering phenology of the two species differs, -

with C. argyrosperma ssp. argyrosperma characteristically flowering considerably earlier than C.

moschata. Nevertheless, 18,0% of thé farmers said that they believe that it is-possible that this®

phenomenon occurs, because; thiere is a time period when staminate and pistillate flowers of both"

species occur simultaneously, and the same bee species visit both types of flowers. In‘addition, 18%
of farmers noted that there is vatiation in the planting date for squash among farmers, and this

variation. makes possible the:coincidence in flowering phenoclogy of the two species.  Some fruits

show ‘morphological characters intermediate between species or with characteristics of thé other

species; and there was 4 .perception -in this group {18%) of farmers that these: fruits could be the’

product -of interspecific hybridization. Nevertheless, those farmers reporting such observations

indicated that the ‘“‘intermediate” type fruits are not desirable for selection of seed ‘stock for-

subsequent planting. .
All of the farmers were aware of the presence of the wild/weedy squash C. argyrosperma
ssp. sororia in their villagés. Half of farmers (50.0%) have experimented the use of its fruit and

seeds as medicine, and seeds for food: El Limén (60.7%) and Ejutla (55.0%) were the villages with

higher participation in-the use-of this wild gourds. Most of farmers (93.6%) pointed out that ‘it is-

possible that C..argyrospernia ssp. Sororia crosses with the cultivated squashes in their fi¢lds. All of

the farmers interviewed coincided in saying that the bitter flavor of some immature squash fruits -

which . they indicated occurred occasionally - is evidence-of possible “mixture” among both"

cultivated and wild types squashes. Bitter flavor is characteristic of the wild types. All-interviewed
farmers reported that their-wives taste the immature. squashes before using them in food preparation.

The farmers indicated that past experience has shown that only one bitter squash would render the

food inedible: This behavior, to test squash fruits, is carried out with less frequency for mafiire.



35
squashes, .because they use only one-or two fruits for cooking, because the-probability of finding it is
low, instead the great nu:rr_lb:er of immature fruit used for cooking, For controlling this weedy plant in
the field it was reported by people. _that‘as soon as they recognize a-wild plant within their squash
plots thgy would remove it; also, fanners would eliminate such plants close to the milpas (mainly by
cutting its bmnches)“. But they recognize that is difficult to eliminate all weedy plants in and around

the milpa, because the few visits.to the milpa for field maintenance.. - -

Discussion

Most of farmers. interviewed were elderly. Furthermore, most farmers said that they carry out:
activities of selection of squash fruits and seeds, because in-all the families included in the survey,
only few members were involved in the agricultural activities to cultivate squashes, and in general in
a}l activities of the field, because there are few m_gmbers-in the family. The:principal cause is that
most young people migrate to-the USA. We .are deeply concerned about the knowledge of :the
traditional cultivation practice associated with these squash- landraces could.;be lost among' the-
younger farmers, because the they do not work and use these plants, as was previously described in
the same general region. of this study.for several species (Benz et al.; 2000).. .

. j:‘,I.I‘___I;V,.Sp'l_Fg of t'hc,‘._r_:.oni"ri_but_ifon of squash in diet. of local farmers in this region, these plants.
occupie anmsxgmﬁcant place in the economy of the households of the farmers. Squash was reported
to occupy on ayerage the thu'dth or; fourth place among other. agricultural commeodities, .after maize.
anc_i_.é_ther crops and cattle raising, because for most of the farmers it is not.a “cash crop”, However,
squashes are still important items in Mexican popular culture: Several reasons are -important-to
explain why people are stopping to grow squashes, including the use of herbicides, change of maize
for other crops, mechanization of farming, among other caﬁges;f; But among the most important is the
low price of maize and an uncertain market for the products derived from squashes.

. With regard to the possibility of intra- and interspecific. hybridization, when both cultivated
Squqsh_ species ocour in the same plot or wi!;hjn neighboring squash plots, the fact that there are
several weeks in which both species are flowering simulianeously, and the same insects visit them
(Bautista, 1997), ,along with the close relationship between them (Wilson, Doebley and' Duval,
1992), suggest that hybridization occurs commonly.

Regarding the reduced mean number of fruits of squash that the farmers select in general for
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sowing and seeds that are used to sow per hectare, population size of squash is small, and this could
represent-a bottleneck, which could result in a serions loss in heterozygosity (Hedrick, 2000), and
therefore, -a loss of the Cucurbita variability. But the cultural practices, in particular the common
practice of exchange of seeds, and the different methods for squash planting that may promote
crossing among plots, probably dectease this potential problem. It is important that farmers select a
part of the total phenotypic diversity of fruits of éach variety, without consider just one ideal fruit
form, fruit size, etc., but with an idea prestablished for each species of Cucurbita. Similar processes
have been described in maize in a nearby region, where the farmers choose many maize ears, with a
ideotype of landraces, but with a range of morphological traits that identify this local landrace own;
there are marked ‘différence with formal plant bréeding where the variance of traits have to be very
limited (Louette and Smiale, 2000).:Selection and maintenance of landraces are more clear in maize
because number and definitions of landraces of maize are very large; in several regions of Mexico
the farmiers sow part of their maize plots with improved varieties, with obvious hybridization among
landraces and improved maize vatieties, but the farmers coriserve their original materials of maize
local varieties (Aghiire; Bellon and Smale, 2000; Louette, Charrier and Berthaud, 1997; Perales,
1998).. .. - S e R ' S |

As we already explained, the exchange of ‘seeds-for planting among farmers could allow
maintenance of thé genetic diversity in these squasties populations and, -consequently serve as a
method by which farmers-can inérease the genetic basis of their squash germplasm. Use and befiefits
of increasing diversity by exchange of seed for planting has been reported iri ‘maize by Aguirre
(1999) and Louette, Charrier and Berthaud (1997) in Mexico, and in local varieties of cowpea in
Africa by Uguru (1998). The belief that the same seed stock should not be planted over successive
seasons or that there is the need to "renew" it because its yield will decline has béen reported’ for
others crops and regions (Wood and Lenné, 1997; Louette and Smale, 2000). But in the central part
of Mexico (States of Mexico; Morélos and Puebld) in a similar stidy, only 7.2% of the interviewed
farmers had exchanged squash seeds for plantifig (Bautista, in preparation). In the case of our study
all the above cultural practices explainin part the high levels of gé'netic variation at isozyme level
and of gene flow found among these same taxa (Montes and Eguiarte, 2002). |

~+ The peimanent contact between the two' cultivated Cicurbita species and the wild relative,
because they share common pollinators and the actions that carry out the farmers may be to maintain

the phenotypic: diversity of squash-landraces (Lira, 1995; Lira and Montes, 1992)" We have shown
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high levels of genetic diversity in these populations and extensive gene flow among these taxa
(Montes_and Eguiarte, in press). But we believe that because of the number of farmers that have
stopped the cultivation of squash in the last 20-years, and more in the last six years, where two thirds
of them have stopped planting squash, the elderly age of the squash farmers and the few number of
seeds for sowing, the-diversity of the squashes present could be-in risk. We think: that a scenery of
dramatic genetic erosion in the near future in Cucurbita at the levél of the region of this study is
present. For éll these reasons we consider that it is very important to promote an effort for a.program

of ex situ conservation-of Cucurbita genetic resources as a germplasm barnk.
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Table 1. Localities, numbers of interviewees, geographic position, and elevation (m} where the
survey was conducted in the state of Jalisco, Mexico. Locality names that will be used throughout

the text are Autlan = E! Chanté, Elleon = San Miguel Hidalgb and San Juan de jimulé, and Ejutia -

= Ejutla and Los Nairgifljbé_. N | , _
Municipality Laocality _ N/ W _ m n
Autln * Bl Chante ~ - 19%43°09° 1 104°12°24 919 3]

El Limén San Miguel Hidalgo 19°51°07"*/104°%04°54 804 19
El Limédn San Juan de Amula  19%49°59”° 7 104%4°42 797 10
Ejutla Ejutla 19°53°56 /1040927 1140 13
Ejutla Los Naranjos 19°54'597 /1 104°%07°36 1102 7

Table 2, Percentage of environmental and production aspects of the municipalities studied.

Attribute Autlan  ElLimén Ejutla
Area of arable land % 61.5% 73.4% 20.6%
Areaunder irrigation%  21.5% 11.3%  3.5%
Rainfedarea% =~ 451%  602%  87.0%
Anmnual mean T°C 23.5 24.8 22.8

Annual mean rain (mm) 9975 - 8873~ 8787

Table 3. Percentage of farmers that had cultivated Cucurbita specieé in the municipalitie}sg studied. -

Autlén El Limén Ejutla

Taxa (n=30) (n=28) {n=20)
Only C. argyrosperma ssp. argyrosperma. . .33 . 393 - 750
Only C. moschata 66.7 35.7 10.0

Both Cucurbita species i _ 300 .. 250 150
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Table 4. Percentage of squash farmers clustered into two age classes that were still engaged in

squash production. -
A’ge class of farmers
< 50 years old © >50 yeérs old

(mean 38.4 £ 6.6) {mean 66.3 + 8.9)
Total that had grown squashat . 24.4 756 |
any time (n = 78) ‘ o
Still growing squash at the time - 154 | 84.6
of the study (n = 39) ‘ o
Stopped squash production 333 66.7

before the study period (n = 39)

Table 5. Percentage of farmers still involved in squash' production at the time of the study rél'_:';ti:\j{q to .

the age of the farmer.

Age class of farmers All farmers =~ - Autlén El Limén ~ Ejutla
{n="178) (n=30) (n=28) (n =20)

< 50 years old 7.7 10.0 3.6 10.0

> 50 years old 423 . 433 357 50.0

Table 6. Percentage of farmers of different ages that have stopped planting squash, before the studjr.

Age class of - 1-2 years ago . 3-6 years ago. 7-10 yearsago 11-20 yedrs ago
farmers {n =13} (n=13) n=9) {(n=4)
< 50 years old 38.5 23.1 333 50.0

> 50 years old 61.5 76.9 66.7 50.0
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Table 7. Percentage of farmers that had stopped planting squash and those that still cultivate maize. -

Age class of  Autlén 'El Limén Ejutla
farmers - (n=30) (n=28) .. (n=20)

Had Sown Had Sown Had Sown
stopped maize stopped maize  stopped maize

< 50 years old 233 10.0 17.9 7.1 5.0 5.0
>S0yearsold  23.3 133 429 32.1 350 30.0

Table 8. Reasons why farmers have stopped to growing squash (number of individuals).

Autlén . ElLimon Ejutla

=14 = (@=17) . @®@=8 -
Herbicides use 3 3 4
Low prices of squash "2 4 1T
Squash increase work and more cost -1 3 1
Machinery use maize " 20 1
Milpa shift to other crops 4 3
Low prices of maize 3 2 . 1




Table 9. Frequency of the traits (as %) used by farmers to select fruits and seed for sowing.

Trait CAA as fruit CMO as fruit Seeds (both species)
Large size 31 62 69
Form 8 10 , 0
Weigth ‘ 12 37 59
Skin color 11 63 N
Healt 71 78 : 53
Skin hard texture 0o 67 0
Skin soft texture 0 77 0
Pulp thickness 0 67 : 0"
Maturation stage 73 78. 0
Pulp dry D 76 0 -
Uniformity 0 0 75
Full size 0 0 74
Plump embryos 0 0 78

CAA = C. argyrosperma ssp. argyrosperma, CMO = C. moschata

Table 10. Percentage of farmers that select different number of fruits for planting.

Autldn E! Limén Ejutla
mn=30) . (n=28) (n=20)
Mixed from many fruits 6.6 10.7 20.0
1to 5 fruits | 10.0 17.8 55.0
6 to 10 fruits e 3330 - 286 10.0 -
11 to 15 fruits 16.7 14.3 : 5.0
16 to 20 fruits 16.7 14.3 10.0
> 21 fruits 16.7 14.3 0

Table 11. Percentage of farmers using different methods for squash planting,

Autlan El Limén Ejutla

(n=30) {(n=28) (n=20)
Sown in mixture with maize seed 433 64.3 90.0
Sown in mixture in rows 533 35.7 10.0

Sown alone in strips 33 0.0 0.0
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Table 12. Percentage of farmers that have exchange squash seeds for planting

Age class of farmers Autlan El Limo6n Ejutla
(n=30) (n=28) {n=20)

50 or fewer yrs old 20.0 14.3 . 100

Over 50 yrs old 40.0 42.9 60.0

Table 13. Percentage of farmers that have exchanged squash seeds at different intervals of time.

Autlan El Limén Ejutla

(n=18) (n=16) (n=14)
Each year 222 18.7 14.3
From 2 to 3 years 16.7 12.6 14.3

Occasionally 61.1 68.7 71.4
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Experlmental analyses of the opportumty for mtrogressmn among three Cucurblta taxa in the
D : ‘ - milpa system

Sail'\‘/'adof‘Mentes-Herﬁaﬁdez , Cesar A. Dommguez and Lu1s E. Egularte

'Programa de Recursos Genetlcos Instltuto Naclonal de Investlgacmnes Forestales Agncolas Y,
Pecuarias (IN]FAP) Apartado Postal 112, Celaya, Guanajuato, 38000. México (e-mail: '
smontes@miranda.ecologia.unam.mx), and *Departamento de Ecologia Evolutiva, Instituto de
Ecologia, Universidad Nac1ona1 Autonoma de Méxmo Apartado Postal 70-275 Méx1co DF.,
04510. México. '

Abstract -

Pollen dispersal -was studied by fluorescent dyes as pollen analogues and' observations on floral -
visitation-in order to examine: the- degree -of cross pollination among two ‘cultivated ‘squashes,
Cucurbita argyrosperma ssp. argyrosperma and C. moschata and their wild relative, C.:
argyrosperma.ssp. sororia, within a crop field in-the state: of Jalisco, western Mexico. The wild

gourd and domesticated subspecies of C. argyrosperma overlapped their blooming period, and both.
initiated ﬂeweﬁng three weeks before C. moschata. For the three taxa, an average of 5% 1 1.1 of the

open flowers per day were female flowers. The three Cucurbita taxa showed similar time in the
diurnal: flower opening and. closing. The most common bee “pollinators (Peponapis azteca,

Xenoglossa gdbif, Augochlora smaragdina and Apis mellifera) were similar in the three taxa in. -
terms of number of visitors and time of visits. Chemical dyes used as pollen analogues were moved-
among the three Cucurbita taxa. Nearly half of the dyes in each taxon was transferred to the other
two taxa, and there were not significant differences among taxa. Dye deposition on stigmas by
pollinators did not depend on distance between the anthers acting as source*of dyes anthers and the

stigmas receiving the dyes. .
Key words: cultivated Cucurbita, hybridization, introgression, pollination, squash, wild gourd.
Introduction

The opportunity for hybridization between crops and their wild relatives depends firstly on the

presence of wild plants viable to cross with the crops under natural conditions. In these cases, if
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crops and weeds exchange pollen, then hybridization is possible. An intermediate situation exists for
those crop specnes that oceur in the vicinity of more distant relauves For these spemes hybndlzatlon ‘
would depend on the level of cross-compatlblhty of the species involved (Grant, 1989; Ellstrand,
Prentice and Hancock, 1999; Jarvis and Hodgkin, 1999). Because many crops have their
evolutionary origins in tropical regions (Smart and Simmonds, 1995), contact with close relatives is
much more Iikely in those regions. Furthermore, a'l'though modern agricultural llﬁ'etholds such as
mechanization are becommg more common in less-developed natlons traditional methods such as
slash and burni are still used. These intensive-labor methods usually mvolvc relatlvely smaller ﬁelds |
(from 1 to 3 has.) surrounded by dense secondary vegetation, thereby increasing contact with wild,
weedy relatives (Ellstrand and Hoffman, 1990; Ellstrand, Prentice and Hancock, 1999; Jarvis an.‘d
Hodgkin, 1999). Transfer of genes:from domesticated crops to related ‘weeds, and from wild type to
landraces through natural hybridization may have a role in the évolution of squash plants (Jarvis and -
Hodgkin, 1999).

In Mexico the traditional agricultural system known. as “milpa”, where com - beans - squash
or coin - squash are cultivated together, generates broad opportunities for gene flow between
landraces (traditional and local crop. varieties) of each crop 'species. In milpa system, farmers
generally sow more than.one landrace in the same or neighboring plots (Lira, 1995; Louette, Charrier
and Berthaud, 1997). Moreover, in some regions it is:common to find the presence of closely related
wild relatives growing near the cultivated plants. Thus it is likely that natural cross-fertilization
between wild and cultivated species occurs, as it has been documented in squash (Kirkpatrick and
Wilson, 1988; Wilson, 1990; Wilson, Lira and Rodriguez, 1994) and in the other crop component .
species of the milpa, maize (Wilkes, 1977; Doebley, 1990) and beans (Escalante et al., 1994; Beebe
etal., 1997). -

In the study zone, the SW of the state of Jalisco, Mexico, the milpa agroecosystem-includes.
maize (Zea mays L. ssp. mays) and two cultivated taxa of squash, Cucurbita argyrosperma Huber
ssp. argyrosperma, and C. moschata (Duch. ex Lam.) Duch. ex Poir., typically planted together-
within the same plots. Growing nearby it is common by possible to find wild relatives of these crop
species, such as teosinte (Z. mays ssp. parviglumis Iltis & Doebley), and the wild gourd C.
argyrosperma ssp. sororia (L. H. Bailey) Merrick and Bates. Cucurbita argyrosperma and C.
moschata are very clese relatives (Decker et al., 1990; Merrick 1990, 1991; Wilson, Doebley and
Duvall, 1992), and there is indirect!evidencé of high levels of gene.flow between them-{Montes:and
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Eguiarte, 2002).

There is experimental evidence of compatibility among these three squash and gourd taxa
(Merrick, 1990, 1991, 1997). In both crosses the average number of seeds per fruit was high -
(Merrick, 1990; 1991; 1997). Interspecific crosses between C. argyrosperma and C. moschata are
capable of producing fertile hybrids, but the seed set was lower than that observed in intraspecific
crosses. Both F; and F; hybrids of the interspecific crosses were highly fertile,  with about 89% of
viable pollen. The reciprocal cress, when-C. moschata was used as female-parent, did not produce -
viable embryos:in Merrick’s (1991) experiments. The cross C. moschata x C. argyrosperina -with C.
moschata as female. parent- is difficult but not impossible to perform; many pollinations are usually
needed for each fruit set, and only few seeds per fruit are typically produced (S. Montes-Hernandez, -
unp_ubli__shed data; Cutler and Whitaker, - 1956;  Bemis and Nelson, 1963; Merrick, - 1991).-
Furthermore, .the farmers said that it is possible to find hybrids of this ecombination in their milpas :
(Merrick and Nabhan, 1984; Zizumbo, 1986; Lira, 1988; Decker-Walters et al., 1990; Lira, 1995;
Merrick, 1995).

. This study was motivated by a concern on the possibility of pollen flow between landraces of -
cu_lt,iﬁated squash, and their wild relatives in order to understand the participation of the wild type in-
the genetic diversity of cultivated squashes. The present study addressed the following questions:
Are there conditions for pollen flow among cultivated squash species and between wild gourd and
cultivated squash within the milpa agroecosystem? How do the reproductive ecology and phenology
of the squash plants influence the levels of gene flow between the cultivated and wild types? Is the
pollen flow among these squash taxa mediated by pollinator activity?. We test the hypothesis that
opportunity for introgression among three Cucurbita will not differ because the patterns-of pollinator
movements are sitnilar in three taxa. If-introgression occurs, we expect that pollen flow between
transgenic cultivated squash and-their wild relatives is possible (Wilson, 1990; Spencer:and Snow,
2001). However, before this risk can be assessed, studies that examine the extent of introgression
between the wild and cultivated plants are necessary (Payne, 1997), given' that- in this ‘genus
introgression is very common (Wilson, 1990); as appears to be the case in maize (Quist and Chapela,
2001).
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Materials and methods

The studied taxa

Squashes (Cucurbita spp.) are among the most important traditionally cultivated plants from South
Mexican and Central America center (Whitaker, Cutler and: MacNeish, -1957; Whitaker and Davis,
1962; Harlan, 1975). Squashes are monoecious plants, with both staminate and pistillate flovers in
different part of the vine, and requiere pollinators to set fruit; as they are never apomictic. Flowers of
both sexes last only one moming. Pollination and floral biology of squashes have béen reviewed by
Whitaker and Davis (1962) and Robinson and Decker-Walters (1997), who found that pollination is
carried out by insects, which in the Americas are mainly specialist bees of the genéra Peponapis-
Robertson and Xenoglossa Smith (Hurd-and Linsley, 1964; 1966; 1967; Hurd, Linsley and Whitaker,
1971), - e e e

Two cultivated squash species were included in this study: C. argyrosperma ssp. '
argyrosperma (CAA), and C: moschata (CMO), which are widely cuitivated in the study area as part
of the-milpa-agroecosystem. The weedy and wild type C. argyrosperma ssp. sororia (CAS) grows
nearby cultivated plots and even within them (Merrick, 1991, 1997; Merrick-et al., 1996; Bantista,
1997). o

Study site

A study-site was established in a maize plot at the village of El Chiante (19°43°09”* N, 104°12°24"
W), at elevation 991 m., in the municipality of Autlan, in the state of Jalisco, Mexico. The owner of
this plot had planted both squash species (C: argyrosperma ssp. argyrosperma and C. moschata) in

association with maize in the rainfall season (June-November). Some plants of wild gourd occurred -
in and around the milpa plot. Fieldwork was carried out from'September to October 1999, when the
squash plants were flowering. The conditions: of the study site were the $ame normally faced by
farmers, since we wanted to analyze the opportunity for gene flow among Cucurbita species in this

type of setting.
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- Floraland insect behavior -

.. Flower anthes:s and pollinators activity were observed dlrectly from early rnomlng (6: 00 a. m) to
._ noon (12:00:a.m.). Pollinator behavior was studied recordlng insect visitors in one stamlnate and one
. :plst1llate flower, during three ‘days-(3-5 October, 1999) for each Cucurbtta taxon. Indmdual
staminate and pistillate flowers: of all three Cucurbita taxa were marked prev1ously (before day) for
.all observations, in order to -recognize them™ easﬂy the day after early rnomlng Insect visits in
marked flowers in the three Cucurbita taxa were recorded during the same time period per day, and
individual insects on open flowers were collected and identified. The number of male vs. female
flowers in anthesis per day during the period of maximum flowering was counted i in four dlfferent

100 m? quadrats, one per day, during four days (27-30 September 1999) within the mllpa field.
Estimation of dye movement

"Fiuorescent.dyes as pollen ranalogues were used to investigate the range and directionality of polien
"ﬂow (orange G methylene blue and light green, Kearns and Inouye, 1993, pp. 136-140; Egmarte et
}aI 1993 Garcm-Franco et al., 1998) on different numbers of staminate flowers ineach Cucurbita
'taxon dunng a set of ﬁve days (24 and 26-29 1999, Table 4). The analogues were’ supplied i in the
mornmg at the startmg pomt of anthesis. A specific color of pollen-analogue was’ assngned to each
Cucurbzta taxon and these taxon-specific colored dyes were used throughout-the course of the study,
in order to samphng the dye movement for each taxan. Location of each female flower in anthesis in
the mllpa was rnarked the same day with flags. of different colors, to identify them the followmg
aﬁemoon After 24 hr we collected all previously marked stigmas from the study: site and checked
under a longwave ultrav1olet llght whether theyr had any colour dye or:not:

N We mapped the posmon of all the open pistillate: flowers«in the milpa plot, recording those
stlgmas that were dyed and those that were. not dyed. Distances:traveled by dye were averaged for
each Cucurbzta taxon per day Because number of staminate flowers on which we put ﬂuorescent':
dyes vaned in each taxon and there were: different numbers of stigmas available per taxon per day,‘
we calculated the number of stlgrnas of each taxon expected to possess dye from dtfferent sources
(taxon) We performed thls calculation for each pair of combinations (nirie comibinations in total) in

the followmg way (number of anthers with a taxon-specxﬁc dye / total number of anthers with all
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colors of dye) x (stigmas that were marked with one particular taxon-specific dye / total number of
stigmas sampled) x (total number of stigmas with all colors of dye).

To investigate the distance traveled by pollen, we-applied fluorescent dyes in all the
staminate flowers of the wild type (C. argyrosperma spp. sororia) in an area of 30 x5 m close to the
road in JE,I'Chon‘te where the wild gourd was abundant. We collected all the flowers in'éach 30 x 5m
interval along the road, up to 130 m in both directions from-area with dyed flowers (north and

south) and checked with UV l:ght whether the stigmas were dyed or not.
Resﬁi;:s
Floral and insect behoyior .

Both subspecies of C. argyrosperma showed similar date of blooming start, which s.ta‘rteoﬂ three
weeks before C. moschata. Cucurbita moschata finished its flowering penod two months Iater than
Athe two subspecies of C. argyrosperma. The total proportion of plstlllate flowers dlffered among the
_three Cucurbita taxa during the five days in which this characieristic was assessed (see below) but
on average pistillate flowers of C. moschata were the most abundant (7. 4%), followed by the wild
C argyrosperma spp. sororia.(29.3%) and C. argyrospérma spp. argyrosperma (23 3%)

- We found an average (in four days) of 43.1 + 18.3 open staminate flowers per day, m a 100
m? plot but only 2.2 + 1.2 pistillate open flowers (5.0%). The three Cucurbita taxa showed gimilar
time in the flower opening and closing, with an average 6:30 ani ‘and 11:40 am, respectlvely _

- The insect poliinators that were most abundant during the’ year of the experlment were
Peponapxs azteca Hurd and Linsley {70.23%), Xenoglossa gabu Cresson (10 96%) [Table 1]
Flowers of C. argyrosperma spp. sororia were targeted by most of the visits of Peponapzs azteca.
For Xenoglossa gabii and X. fulva we: found significant dlfferences in frequency of VISlts among
Cucurbzta taxa. Cucurbita moschata was mote visited by these bee spemes than expected by chance
but the dlfference may be an.artifact due to the low number of visits, in part:cular be ﬁdva (Table
1) Peponap:s azteca, X. gabii and X. fulva are considered as’ spemahsts in mteractlon w:th ﬂowers“
of Cucurbzta species (Hurd, Linsley and Whitaker, 1971) and weré: found i 1n both male and female .
flowers (Table 2). Staminate flowers received miore visits than the plStl]late flowers (442 and 297.

v1srts respectively), but this difference was not significant among pol]mators and Cucurbzta taxa
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(Table 2). The three mentioned bees begin their visits to the squash flowers generally earlier than
others bees (Table 3).

Dye movement

Dyes were carried by bees from marked. anthers fo stigmas-of feniale-ﬂowers, for at least 180 m, the -
maximum. distance. (the most remote point evaluated in.this study} in which we found stigmas dyed
Fig. ).+ . o o e

Durmg ﬁve -days the number.of staminate flowers-used as sources for. the fluorescent dyes -
and the number of . stigmas recelvmg those taxon-specific dyes was variable: (Table-4). The
percentage of dyed stigmas ;dl_‘d,_n,o_t.-v_ary s;gmﬁcantly.amqng the three Cucurbita taxa (F=0.401;p =
0.687) [Table 4]. .
... The, quantlty of dyed stigmas for each taxon depended: either on- pollen. source or pollinator
prcfequl_lge;r_jt_o.,‘partlcul_ar.p__la:r_lt\taxa, ‘begaus_c,all‘combmatlons were significantly different-(Table5). :
The ny_ﬁ;b_e_r,__of_ stigmas. showing. dye from, each taxen, in five days, were. significantly different
among taxa -‘('Ilfaiblg-, 3)."When_evaluated across all taxa and all pollen sources, the number-of dyed -
stigmas ;'W‘fl"_S found to :be significantly di_ffergnt.(Tgble_ 5). Only between 27,.6%, and -50.0% of dyed. .
stigmas were colored by the same taxon source, and C. moschata showed the highest value. The -
| méan percentage of movglme;nt;q_t_,‘ pollen from each taxon to.the three taxa was significantly different
émong Cuéu}bita taxa -(Ta'ble 5).. | , ‘ . .

. Across.C. argyrosperma. spp. argwosperma and C. moschata, dye deposition on stigmas by -
pollmators dld not depend on the distance-between the source-anthers and the stigmas receiving the -
dyes. (Table 6). Cucurbita argyrosperma, spp. sororia.did not fit this general trend as the distances.
wp;e__very;shqrt, in movement from:staminate io-pistillate flowers.(average 1.48 m, + 0.49, range
frﬁm 08 m f0£2.§ ;m)_,_be_cause the C. argyrosperma spp. sororia plants were in a small area close the.
edge in the study -area of the milpa field. When this last taxon was used as dye:source.and ‘dye
receiving; differences were observed: in .the mean distance among the three taxa(F = 25.81,P <.
0.0001; F - 44.89, P < 0.000, respectively) [Table 6]. When C. argyrosperma spp: argyrosperma
and.C. moschata were used as pollen source, no significant differences. were observed in the mean
distance to which.pollinators moved dyes from source anthers: to stigmas of the three taxa (F = 1.62,
- p=0.217and F.= 1.05, p = 0.366; respectively) [Table 6].
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Discussion
Floral and insect behavior

Bees were :abundant in both staminate and pistillate flowers of the three taxa, but - with the
exception - of Xenoglossa gabii and X. fulva - which apparently exhibited a preferéence for C.
moschata, bees species not have clear preference for a particular Cucurbita taxon. On the other
hand, Peponapis azteca showed a slight preference for'C. argyrospérma spp. sororia. However, all
bees visited the flowers of the three ‘taxa,: giving opportunity to pollen: movemsnt among' the
Cucurbita-plants: Several studies have focused on the: participation of bees in pollination in
Cucurbita, and in particular by the Cucurbita -specialist species of the genera PepbnﬁpfS' and
Xenoglossa (Hurd, Linsley, and Whitaker, 1971; Ordway et al., 1987; Merrick, et al., 1996; Merrick,
1997; Canto-Aguilar and Parra-Tabla, 2000). Nevertheless, under the conditions of our study: bees
did not have clear preference for a given taxon of Cucurbita. Besides the specialist pollinators of
Cucuirbita; also'the honey bee (4pis: mellifera) was recorder in most of the flowers, a finding that
coincides with Tesults' reported by Avila éf af. (1989); Tepedino (1981), Merrick et al. (1996);
Merrick (1997) and Bautista (1997). e S o
The larger nuinber of €. moschata plants in the field compared to ‘th;';t of C. argyrosperma
was reflected in the high number of staminate and pistillate flowers ‘of thie first taxon. The larger
number of staminate than pistillate flowers in the thrée taxa coiild allow each pollinator to visit great
number of ‘anthers-before they visited the stigmas. This differences between staminate and pistillate
flowers numbers have been reported in C. pepo (Nepi anid Pacini; 1993) and in other Clicurbitaceae
(Apodanthera undulata Gray) (Delesaile and Buchmann; 1991). In"addition, in A. undulata every
day there was synchronization in the starting of flowering ini both staminate and pistillate flowers.
~ Greater pollen load$ could enhance the potential for fertilization, and the pistillate flower has the
option of being able to select the ‘pollen that ‘is- more compatible-or that develops beiter, This has'
been documented in:other- Cucurbita species, where ‘the load of pollen received by the stigma
influences the vigor ‘of the offspring (Quesada, Winsor and- Steplienson; 1996; ‘Schlichting et al.,
1990). A higher proportion of 'selfed progeny has beén 6bserved in mixéd population 'of ‘theé

cultivated zucchini type C. pepo and the wild gourd C. pepo ssp: ovifera Var. texana (Wilson and
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Payne; 1994); the stigimas chose the genotype which grows the pollen tube faster and that are more
comnpatibility among them. The possibility to select pollen by the stigmas may favor intraspecific
crosses among the three Cucurbita species present in the field. On the other hand, the fact that there
is no difference in the time of the day in which anthesis occurs among taxa favors the movcfnent of
pollen among them, as discussed by Bautista (1997), Merrick et al. (1996), Merrick (1997) for our
Cucurbita taxa, and by Wilson; Lira and Rodriguez (1994) for C. argyrosperma spp. argyrosperma
(cultivated) and C. fraterna (wild gourd). In terms- of frequency of visits to staminéité'ﬂovirérs, our
results contrast with those réported by Merrick (1997). Also, Canto—AguiIar'and PafraéTdbldi(ZOOO) '
found that C. moschata staminate flowers received ‘more visits of Peponapis limitaris than the

pistillate ones.
Dye movement -

The-use of fluorescent powders provides an indirect indication of actual polfen dispersal, and there
aré'reports that fluorescent powdeérs in general terms function well as surrogate pollen in Cucurbita
(Ordway et al., 1987) and other plants (Keams and Inouye, 1993; Eguiarte et al., 1993; Garcia-
Franco et al;, 1998). e | - o

Pollen can be moved for at least 180 m unider the conditions of study. Also, on average; half
of the taxon-spebiﬁc pollen analogues were moved to stigmas of other taxa, indicating that pollen
flow within and among three Cucurbita taxa in a single location may be rampant, as suggested in
populations genetics studies by Montes and Eguiarte (2002).

The relative abundance of pistillate flowers of C. moschata in anthesis per day increased the
possibility of the bee visitations to this species. When we calculated the percentage of stigmas dyed
in each' taxon, there were significant differences among taxa.” Cucurbita moschata exhibited the
highest number of dyed stiginas. Therefore, C. moschatd appeared to have received more bee visits.
Nevertheless, the identity of C. moschata can be maintained because the possibility of fertile
interspecific hiybrids resulting from cross poilination when C. moschata is the female flower is
limited (Merrick, 1991). In contrast, it is relatively easy to produce fertile hybrids between the two
subspecies of C. argyrosperma (Merrick, 1990; 1991). On the other hand, there Was a 's.iight:
preference of pollinators to travel from staminate flowers of C. argyrosperma ssp. sororia to

pistillate flowers of the other taxa.
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. Pollinator flight patterns are influenced by flower density and distribution and by the richness
_of the floral rewards of both pollen and / or nectar (Levin, Kerster and Niedz_lek, 1971; Schmitt,
1983; Harder and Barrett, 1996). Thus, less pollen movement might be expected in large and denge
fields with many flowers where bees tend to forage on the next nearest flower (nearest neighbor) and
remain in a limited foraging area, than in smaller fields where flowers are sparse or distantly spaced
(Levin, Kerster and Niedzlek, 1971; Schmitt, 1983; Ordway et al., 1987; Harder and Barrett, 1996).
~ The pollinator visits and the movement of fluorescent dyes among the three taxa, and the
range.of polien flow reveal that the f)ollinators’ movements may be a key factor in determining the
potential for gene flow among Cucurbita taxa in the milpa. We considered that this high level of
gene flow contributcs‘ to the low genetic differentiation among Cucurbita taxa within . a given
population in the region (Montes-Heméndez and Eguiarte, 2002). But this study also indicates that
there may be large opportunities for hybridization between transgenic cultivated squash and their
wild relatives (Wilson, 1990; Spencer and Snow, 2001). Therefore, we would recomend that, due to

the large diversity of Cucurbita in Mexico, and given the suggestion of Quist and Chapela (2001).of

extensive gene flow among transgenic and maize landraces in Southern Mexico, where a high:

diversity of maize is known to exist, we must be extremely cautious in the use of transgenic squash

plants in Mexico, where the center of origin and diversification of this genus is found, which could"

contaminate wild relatives, landraces of the.same species, and even others related species.
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Table 1. Total nurhber 6f bees that visited staminate and pistillate flowers in three taxa of
Cucubita during three observation days in:eap:h taxon at El Chante, Jalisco state, Mexico.
Results 6f tﬁe G—Test for.Goodness of fit.(G), with correction of continuity (Sokal and
Rohlf, 1995). Expected frequencies are shown in parentheses. CAA = C. argyrosperma ssp. .
argyrosperma, CMO = C. moschata, and CAS= C. argyrospérma ssp. sororia. This taxon

abbreviations are used throughout the text.

~_Pollinatortype . CAA.. -~ CMO .CAS & . G
“Peponapis azteca 177(1714) 133 (1559) 209(191.7) 524 0073
Xenoglossa gabii 17(26.7) © 37(24.3)  27(29.9) 10.08 0.006
X fulva 5 (4.9) 9 (4.5) 1(5.5) 9.12  0.010
Apis mellifera 11 (10.9) 13¢(9.9) 9(12.2) 1.79  0.409
Augochlora smaragdina®  14(11.6)  11(10.5) -~ 10(12.9y 123 0.542
Others . . . 20(185) . 19(168) 17(20.7) 1.09 = 0.579.

Table 2. Total number of bees visitors to both staminate and pistillate flowers; and results
of the G-Test for Goodness of fit (G), with correction of continuity (Sokal and Rohlf, 1995)
for pollinators by flower sex in each three taxa of Cucurbita, during three days. NS = Not

significant difference.

CAA CMO CAS

Pollinator type Q 3 Q 3 ¢ g
Peponapis azteca 81 96 47 86 80 129
Xenoglossa gabii 7 10 13 24 11 16
X fulva 2 3 3 6 1 0
Apis mellifera 4 7 6 7 3 6
Augochlora smaragdina 6 8 4 7 6 4
Others 11 9 7 12 5 12
G 1.336 NS 0.635 NS 4.559 NS
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Table 3. Time of starting and. finishing of activity of différent pollinators in‘three taxa of - |

Cucurbita, in both staminate and pistillate’ flowers {n = 3 flowers per sex flower), ‘during

three days.
; Cucurbita taxa L

Flower sex / Pollinator CAA "+ CMO . CAS o
Staminate .. 'Start End - Start - End Start + End
Peponapis azteca - 7838 10445 - 7:29 1032 7240 10:12
Xenoglossa gabii 651 826 702 952 Til6 0 .10:17

X fulva | 6:58 830 7:09  7:49 ST

Apis mellifera _ _8:23 8520 0849 U912 8120 0 9:20

Augochlora smaragding . $13 . '10:42 . 833 . I1:15. 846 1113 7

Pistillate

Peponapis azteca 7:12 1022 745 1031 719 10:05
Xenoglossa"gabiiﬁ w01 o83 712 0 .9:34 C 704 821
X. fulva 6:37 749 @ 7224, 950 0 710 T2
Apis mellifera 8:12  10:01 ~ 8:10 10:52 8:08  10:17
Augochlora smaragdina 8:57 11:03 9:01 11:02 0:36 11:20

Tabl‘c:_‘4.l Numb_gr :of:‘ ‘stami_nate ﬂowers an, which dycs ‘were applied (&D), total number of .
examined pistillate open flowers in the plot (¥) and percentages of total pistillate flowers

with dye (D) from all sources, for each taxon during five days.

. CAA 0 CMO | CAS -

4D Q . %9D | 4D 2 %D | 4D Q@ %QD’
Total 31 46 4130 83 94 - 4574 | 70. 58 5862
Mean . 62 92 . 4076|166 19.0. 4558 | 14.0 116 4792

SO~ | 303 0.84 1835 | 1438 4.85 1271 | 1194 568 30.23
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Table 5. Number (and percentages). of pistillate flowers' with dye from different taxa after
five days of labeling; and results of the G analysis for Goodness of fit (G), by correction of
continuity (Sokal and Rohlf, 1995).

_ Pollen source
Stigmas dyed CAA CMO CAS |G iR
CAA g (27.6) 4(15.4) 7072y 1132 0.023
CMO 13448)  13(500) - 17(414). |17.78 0.0014
CAS 8 (27.6) 9 (34.6) 17(41.4) _|23.78 0.00009
G 37.14 =11.56 27.14 ' .
P . < 0.00001 0.021 0. 00002

aSlgmﬁcanc&' levels.of the G test in differences between: plstlllate flowers with dye, when
each Cucurbita taxon was used as a source pollen by Cucurb:ta taxa. L
bSlgmﬁcance levelsof the G test in differences betwccn plstlllate flowers of each Cucurbzta-

taxon, d_usted \mthldye from different polien sources. -

Table 6. Average distance in meters ( standar desviation), and results of the analysis of
variance (ANOVA) ‘between the anthers dyed (pollen source) and stlgmas w1th dye, per

taxon of Cucurbita during five days.

Pollen source .
Stigmas dyed | CAA CMO ©  CAS F - [P
CAA.  [87(£5.55)  -13.02(x9.81) 22.61(+13,99) [3.46  |0.055
CMO = |10.61(+7.33) 1122 (+881) 1594(+7.70) |2.09°  |0.135 |
CAS 594 (£149) 7.35(+x2.75) 148 (£049) - 4489  <0.00001 "
F |62 - 105 7 2581 N
P? 0.217 0.366 < 0.00001

*Significance levels of the ANOVA in differences between pistillate flowers with dye, when
each Cucurbita taxon was used as a source pollen by Cucurbita taxa.

®Significance levels of the ANOVA in differences between pistillate flowers of each
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Fig. 1. Percentage of number of staminate and pistillate flowers with dye, from Cucurbita

argyrosperma ssp. sororia wild gourd plants collected at 30 x 5 m intervals in northward and
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southward directions along the road in El Chante, Jalisco, México. n = total number of both

staminate and pistillate flowers found in éach interval area.
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Cultivated squash (Cucurbita argyrosperma ssp. argyrosperma and C. moschata) are
important in the Mexican traditional agroecosystem. They are typically cultivated within maize
fields where adjacent populations of a wild, close relative; C. argyrosperma ssp. sororia; occur.
Consequently, there are ample opportunities for gene flow between domesticated and free-living
Cucurbita populations. We used allozymes to examine genetic variation and gene flow among these
three Cucurbita taxa in the state of Jalisco in Western Mexico. Twelve polymorphic allozyme loci
were used to calculate genetic diversity for 16 populations of Cucurbita. We found high levels of
genetic .vé.riation: polymorphism of 0.96, mean allelic diversity of 2.08 and average expected:
heterozygosity 0.407, and little differentiation among conspecific populations (D = 0.081; Fst =
0.087; Nem = 5.22). These findings indicate that Cucurbita possess a high pollen dispersal potential,
a somewhat surprising result considering they have specialist pollinators. UPGMA analysis of
allozymes suggests the existence of at least two distinct groups-of populations; ori¢ consisting of

both subspecies of C. argyrosperma and another consisting of C. moschata.

. ... Key words: Cucurbita;. Cucurbitaceae; cultivated squash; gene flow; genetic diversity;
genetic structure; wild gourd.
The ecological and cultural conditions under which traditional agriculture is carried out in
- Mexico have helped to preserve large amounts of diversity in locally cultivated species (Bye, 1993;
Hernandez, 1993; Souza et al., 1997). This variation is complemented by the presence of their wild
relatives within the agroecosystems (Harlan, 1976). These wild relatives have many important
influences on their cultivated relatives, and store great amounts of genetic variation (Doebley, 1992;
~ Escalante et al., 199.4_;: Cp_lﬁnga et al.,. 1999), which may be of interest for fufure crop improvement
programs (D.ngley, 1990; Wilson, 1990; Jarvis and Hodgkin, 1999). In addition, they can provide
information on the domestication process (Doebley, 1990), and they represent a potential source of
gene flow with their genetically engineered relatives (-Doébicy,- 1990; Ellstrand and Hoffiman, 1990;
Wilson, 19_90.;.Hjancock, Grumet, and- Hokanson, 1996; Hokansen,. Hancock, and. Grumet, 1997,
Ellstrand, Prentice, and Hancock, 1999): .~ 0 . . 5 & | a
... In Mexico, squas‘h.(Cu;curbimsspp.) is a very important traditional crop and large amounts of
genetic variability have been maintained. 'Cucurbita spp. are of great nutritional and economic

importance for Mexicans; they are used both as an immature fruit (zucchini type) and asa mature
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fruit and as seeds (Whitaker and Bohn, 1950; Lira, 1995; Merrick, 1995). .

-The cultivated species are monoecious, and they are pollinated by various wild specialist
bees, mainly Peponapis spp. and Xenoglossa spp: (Hurd, Linsley and:.Whitaker,: 1971). In' the
traditional mesoamerican agricultural systems, called “milpa”, maize - beans - squash or maize -
squash are cultivated together. In these milpa fields,. it is common to find wild relatives growing near
the cultivated plants. Thus, it is likely that natural cross-fertilization :between wild and cultivated
species occurs, and indeed, such gene flow has been documented in maize (Wilkes, 1977; Dogbley,
1990); beans (Escalante et al., 1994; Beebe et al., 1997), .and squash-(Kirkpatrick and Wilson, 1988;
Wilson, 1990; Wilson, Lira and Rodriguez, 1994).

= In the southwestern part of the state of Jalisco, Mexico, the milpa agroecosystem includes
cultivated maize (Zea mays L. ssp. mays) and two cultivated taxa of squash, C. argyrosperma Huber
ssp.:argyrosperma and C. moschata (Duch. ex Lam.) Duch. ex Poir., growing near their wild
relatives, . Z. mays ssp. parviglumis lltis & Doebley or teosinte, and the wild gourd-Cucurbita
argyrosperma ssp. sororia (L.H: Bailey) Merrick & Bates. .. = -
- - Experimental evidence has revealed that the taxa involved in the present study can be-crossed
to produce fertile seeds (Merrick, 1990, 1991; Wessei-Beaver, 2000). A close relationship® exists
among C. argyrosperma ssp. argyrosperma (mean diversity.[D] = 0.02 [0.00-0.06]) and. C.
a;"gymsperma ssp. sororig populations (D = 0.01 [0.00-0.06]; Decker, 1986), although C. moschata
populations are- more -distant (D = 0.24 [0,16-0.32]; Wilson, 1989; Wilson, Doebley and Duvall,
1992). On the other hand, data.on the genetic. diversity in extant populations indicate a close
rela_tion_ship between C. argyrosperma. ssp. argyrosperma and C.. argyrosperma ssp. sororia
tavprage-D = (.03) and greater differentiation between.C. -argyrosperma ssp. argyrosperma-and C.
mo_sc__:i_zata (average D = 0.22; Wilson, 1989; Merrick, 1991). A study of genetic- diversity in
Cucurbita revealed that C. moschata has greater genetic diversity (mean expected hetcrozygdsity, H
= 0.052) than C. argyrosperma (0.039), although the sample size was small in both species {8 - 20
individuals; with 14 loci] (Decker-Walters et al., 1-990')-.‘ Decker (1986) and Decker-Walters et al.
,_('19.90) present evidence that the two species. have introgressed..In the common zucchini, the C. pepo
L. complex, .genetic diversity and heterozygosity are moderately high: (D = 0.17 and H = 0.089;
Decker and ‘Wilson, 1987) and alleles from the cultivated species have been found in wild
populations. This has been interpreted as evidence of gene -flow among wild and cultivated

populations (Decker and Wilson, 1987; Kirkpatrick and Wilson, 1988; Wilson, 1990).
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Our main objective was to determine the levels of genetic variation within and among taxé of
Cucurbita in Jalisco, Mexico, and to analyze their relationships. Specifically, we assessed (1) the
levels of gene flow within and among, populations of two different species of squash (both of which
are cultivated in the traditional milpa agroecosystem) and a wild type that grows in adjacent fields,
(2) the distribution of allozyme variation within and among populations of the wild and cultivated
squashes, and (3) the genetic relationships among populations of the three taxa.
MATERIALS AND METHODS
Study sites and plant material— For the allozyme analyses, seeds were collected from plots of
cultivated squash in the southwestern part of the Jalisco State ‘in Mexico. In these sites C.
argyrosperma ssp. argyrosperma and C. -moschata are sown together, but the weedy C.
argyrosperma Ssp: sororia is also present, For electrophoretic survey, we used seeds from all three
taxa, and a population of C. pepo as an outgroup. We chose six localities in five municipalities (Fig.
1). The first three taxa were sampled within four of the localities (San Miguel, San Lorenzo, El
Chante y Los Parajitos; Table 1). The CAAR population of C. argyrosperma ssp. argyrosperma and
the C. pepo population were collected in Tepec, outside of the study region in an area where weedy
Cucurbita species are not found (Table 1). In all, we sampled a total of 16 populations including 6 of
C: argyrosperma ssp. argyrosperma, 4 of C. moschata, 5 of the wild type C. argyrosperma ssp.
sororia, and 1 of C. pepo (Table 1). Landraces (traditional and local crop varieties) were sampled
from seeds donated from several local farmers. ‘An average of 4 - 5 fruits per population of wild type
squash were collected haphazardly near the milpas; all of the 'seeds from each population were
combined and 45-50 seeds from each batch were randomly sampled and sown in organic growing
medium (1:1, humus:fertile soil). These seedlings were left to grow in a greenhouse and young leaf
material- harvested for electrophoresis (see below). On average, protein from 45 seedlings per

population, 720 in total, were subjected to elecirophoretic analyses.

Isozyme electrophoresis-- Starch gel horizontal electrophoresis was used to estimate genetic
variation in allozyme loci within and among selected populations of Cucurbita. Young leaf material
of all sampled .individuals was ground with an electric drill, using 3-4 drops of an extraction buffer,
composed of a 3:1 mixture of the Veg Il buffer-of Pitel and Cheliak (1984) and the extraction buffer
of Yeh and-O’Malley (1980). The extract was absorbed on 15 x 2 mm Whatman 1MM filter paper
wicks and stored in an ultracold freezer (-80°C) until electrophoresis. ' -

Several tray-gel buffer systenis were tested to determine which provided the best resoliition
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for each enzyme locus, and several loci of many enzymes were screened to detérinine which were
polymorphic. Alleles and loci were assessed. following the techniques outlined in-earliér studies of
Quqyrb_ita spp. (Decker, 1986; Decker and Wilson, 1987; Kirkpatrick and Wilson, 1988; Decker-
Walters et al., 1990, among others). Putative loci were assigned sequentially, with the most anodally
migrating isozyme designated as 1, the next 2, etc. Likewise, alleles were assigned sequentially with
the. most anodally migrating allele designated as 1, the next 2, etc. Two gel ‘and electrode buffer
systems . were used to assay the following allozymes: phosphoglucose isomerase (Enzyme
commission number (E.C.} 5.3.1.9, PGI, two loci), leucine aminopeptidase (E.C. 3.4.11.1, LAP, one
lgc_esjz:.este;'ase_(E.C. 3.1.1, EST, one locus), and peroxidase anodical (E.C. 1.1.1.7, APX, three loci;
cqfho_dal and anodal), in 11 % starch gels (375 mL) ran in LiOH buffer pH 8(Soltis et al., 1983), at
60 mA fg‘r 6-7 h. We analyzed isocitrate dehydrogenase (E.C. 1.1.1.42, IDH two loci), malate
dehydrogenase (EC 1.1.1.37, MDH one locus), phosphoglucomutase (E.C. 2.7.5.1, PGM, one
.'lolc_us)., _andimal,ie enzyme (E.C. 1.1.1.40, ME, one locus), on the same gels run ‘with a histidine-
citrate buffer pH 6.5 system (Cardy, Stuber and Goodman, 1980), at 30 mA for 7-8 h. Allozyme
markers for '12 enzyme loci for the four taxa were consistent and interpretable.

_Data_analysis-- Allelic. frequencies in .each population were calculated from isozyme
phenotypes Allelic variation within and across all- populations was quantified by calculating the
following statistics for each locus in each population: percentage of polymorphic loci ( p),
polymorphic index (PL;, proportion of polymorphic loci per population); mean number of effective
alleles_, per locus (4), mean obsetved heterozygosity (H;; direct estimate), Hardy-Weinberg expected
heteroz_ygpsity (H,), and the fixation index (F; -Wright, 1965). All estimates were calculated with
BIOSYS (Swofford and Selan_der, 1981).

. The distribution of genetic -variation within and among popu]éfions- ‘was ‘estimated by
ce_lculatix_]g Wright’s (1951) F statistics (Fsr, Fis, and Fip) from variance components using Weir and-
Cockerham’s (1984) estimators 0, £, and F. These tests assume that the populations are in mutation-
drift balance and share the same time of divergence from a common ancestor. Here we derive F-
-statistics both within taxa and among all populations of the three taxa. For the second analyses, we
must. theljefore assume that the three taxa share a recent common ancestor and that the time of
divergence of each taxa from this ancestor is approximately the same, Given the inter-crossability of
the taxa and the high similarity of their isozyme profiles, this is probably a reasonable assumption.

The deviation of fixation index (F) from zero for each locus in each population (in total 192 tests; 12
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foci per 16 populations) was tested using. a chi-square test (Li and Horvitz, 1953), and 95% CI
intervals were estimated by 1000 bootstraps with the program TFPGA (Tools for Poputation Genetic
Analyses; Miller, 1997). For each population in each taxon, the number of loci that exhibited an
excess or deficit of heterozygotes based on Hardy-Weinberg (H-W) expectation was noted.

The rate of interpopulation gene flow within taxa and among all populations was estimated
using the procedure based on Wright’s Fgy, where Fsr = (1/4Nom + 1) (Wright, 1951). This method
estimates Ngm, which is the average number of migrants into a population per generation. In this
case, we ‘used our estimate of © to estimate Nym following Crow and Aoki (1984), N.m = [(1/0)-
1]/4a, where o = (m/n-1), and » = number of ‘subpopulations. The estimate of Nem assumes that
there are equal quantities of migration between all populations. Although this assumption is
probably not satisfied, the fact that we have approximately equal numbers of pop'uia'tions"pcr faxa
and representatives of each taxa in each locality, making this assumption is also reasonable. =~

The genetic divergence between populations was determined using Nei’s genetic distances
(D) [Nei, 1978], which is an index of genetic similarity: Dendograms for all taxa togethieér were
constructed using UPGMA (unweighted. pair group method using arithmetic eans) and the
confidence of each node was tested with bootstraps. The majority of the :ina'lyses were carried out
using the computer program TFPGA (Miller, 1997), unless indicated otherwise. o

- RESULTS
‘Genetic diversity-- We found that the eight erizymes coded for 12 loci (Table 2), all of which

were_polymorphic. The allele frequencies at'éach’locus in each of the ‘16 populations of the foir
Cucurbita taxa studied are given in Table 2. The average effective number of alleles per locus is
2.08 (Table 3). Twenty-two of 31 alleles occurred in all Cucurbita populations (Table 2). Four of the
16 populations harbored a private allele, each oné in a-distifict taxon, including one in the outgroup
taxon, C. pepo. In C. argyrosperma ssp. argyrosperma theré ‘were: five rare alleles, and one
population, CAAL11, had two rare alleles and:a single private allele (Table 2). Mean percentage"df '
polymorphic loci, 7, was slightly higher in C. argyrosperma ssp. sororia (1.0) than in C: moschata
(0.97) or in C. argyrosperma ssp. argyrosperma (0.93; Table 3). On average, 96% of the loci were
polymorphic in each population and the mean expected heterozygosity was 0.407. The miean
expected heterozygosity was higher.again in C. argyrosperma-ssp. sororia (H, = 0,426) and lower in
C..argyrosperma ssp. argyrosperma (H, = 0:391), while the avérage expected hetérozygdsity' in C

moschata was intermediate, 0.416 (Table 3). -



Montes-Hernandez and Eguiarte 71
Of the 192 X tests of the deviation of F from the expected.value per locus per population, 94
loci-population. combinations had an F value significantly different from zero. Of these 94 tests, 39
were positively different from zero, and 55 were negatively different from zero (a <. 0.05 to < 0.005;
Tables 3, 4). Sixty. percent of the populations of C. argyrosperma ssp. sororia, 75% of C. moschata,
and 50% of C. argyrosperma ssp. argyrosperma had average within-population F values that were
significantly negative, indicating an excess of heterozygotes (Table 3). In both subspecies of C.
argyrosperma, the mean F values-averaged across all populations were positive or nearly zero'(0.006
in. C.. argyrosperma ssp. sororia, -0.046 in -C. argyrosperma..ssp. argyrosperma), while -in C.
moschata the average F values were negative (-0.174). The number of loci in each Cucurbita
population with F values significantly different from zero ranged from three in-population CAA7, to
" 11 in, population. CAA6 (Table 3). The average -number of loci that had F values significantly
different from zero was similar in .the three taxa (C. -argyrosperma ssp. sororia = 6.4, C.
argyrosperma ssp. argyrosperma = 5.5, and C. moschata = 6.0; Table 3), although when the F
values were calculated over all 12 loci, only. one populatibn {CMO12) showed a' significant
departure from H-W equilibrium (95% CI;- data not shown}.: The loci that exhibit the greatest
departure from H-W equilibrium were Apx2 (11 populations) and Pgi2 (16 populations; Table 4). -
~ Similarly, analyses of Wright’s F statistics for each locus showed -highly significant
departures from zero for many loci (Table 4). However, values of Fis and Fgr calculated by taxon or
locality are low, implying that there are small deficiencies in homozygotes globally and among
populations. Fis and Fir values were significantly different from zero for nine and eight loci,
respectively; four loci were neg_atively significant for Fis and three for Fir, averaged over all
Cucurbita populations (Table 4). Eleven of the 12 loci had significant Fsr values (Table 4). Table 5
presents F statistics evaluated by taxon (CAS, CAA or CMO) and then by locality (San Miguel, San
Lorenzo, El Chante y Los Parajitos). The analyses by locality included one population of each-taxon
resident in that locality, All of the Fis values were negative except the one calculated for taxon CAS,
and, the taxa of San Lorenzo although none of the values were significantly different from zero.
Neither the Fir values calculated by taxon nor by locality were significantly different from zero. On
the other hand, all of the Fgr values were positive and were significantly different from zero based
on 5% CL
Wright’s Fgr statistics also reflected little genetic differentiation among populations-in C.

argyrosperma ssp. sororia, C. argyrosperma ssp. argyrosperma, C. moschata, and C. pepo (Table
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4). The average Fsr value for all taxa was 0.111 (Table 4), and within-taxon mean values were 0.040
in C. argyrosperma ssp. sororia, 0.096 in C. argyrosperma ssp. argyrosperma, and 0.077 in 'C.
moschata, with an overall average Fgr value for all 15 Cucurbita populations (without the outgroup)
of 0.087 (Table 5). Thus, between 90.3% and-95.9% of the total allozyme variation in a taxon was

found within populations.

Relatedness between populations-- Nei’s genetic distance between populaticns of the three

taxa ranged from 0.024 to 0.228 (Table 6). The range of mean genetic distances was lower betwéen
C. argyrosperma ssp. argyrosperma and C. argyrosperma ssp. sororia = 0.069, than between either
subspecies and C. moschata(Table 6). Clustering of populations based on D shows that individuals
of both subspecies of C. argyrosperma were interlaced and, with thé exception of SL populations,
appear to cluster more closely based on locality than on taxonomic identity (Fig. 2), whileé C.

moschata’s populations form a clearly separate group with a well supported basal node (Fig. 2).

Levels of interpopulation gene flow-+ The values of estimated '‘gene flow for each locus were’
very variable and nearly all were greater than one (Table 4). The average Nom values averaged over
all loci and-taxa was 4.49, but ranged from 0.56 to.19.75 at different loci (Table 4). Within-taxon
values were 5,74 for C. argyrospérma ssp. argyrosperma, 18.85 for C. argyrosperma ssp. sororid,
and 11:54 in C.:moschata (Table 5). Ngn values averaged by locality rangéd from 3.01 in Los
Parajitos to 22.46 in San Miguel (Table 5). Average N.m values over loci within taxa and localities
are high considering the variation among loci (Tables 4, 5). -

DISCUSSION

Levels of genetic variation-- The per population average polymorphism (p = 0.99), allelic
diversity (4 = 2.5), and heterozygosity (H. = 0.409) are high in comparison with values reported for
other outcrossing, pollinator-pollinated, cultivated seed plants (p = 0.34; 4 = 2.67, H, = 0.205;
Hamrick and Godt, 1989, 1997), and are comparable to the highest values reported for cultivated
selfing plants (p.= 0.95; 4 = 1.34; H, = 0.225; Jenczewski, Prosperi and Ronfort, 1999). Our
estimates were also high compared with other-Cucurbita studies. For example,; Decker-Walters et al.
(1990) found p = 19.3; 4 =2.24; H, = 0,068.for C: pepo, and p = 11.5; 4 = 1.43; H, = 0.03% in C.
maxima, -even though other Cucurbitaceae -taxa have higher H. values '(H.'3 = (0.225; Akimoto,
Fukuhara and Kikuzawa, 1999). Nevertheless, we have to point out that our estimates may be
upwardly biased because we used-polyniorphic loci previously reported in other studies.

. Inbreeding-- The main genetic effects of inbreeding within populatioiis is to increase’the
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levels.of homozygosity relative to those expected under conditions of random mating (Brown, 1979;
Hamrick, 1989). Thus, comparisons of genotypic frequencies within populations with those expected
under . H-W._ equilibrium conditions can be used to detect" historical levels of inbreeding or
outcrossing in. natural populations. In our.Cucurbita populations, individual fixation index values
showed. significant departures from H-W in several cases and most values were slightly negative,
indicating a small excess of heterozygotes and little inbreeding (mean Fis'= -0.071; not significantly
different from 0). These results certairily do not rule out the possibility of occasional sélfing, but they
do argue against persistent selfing within these populations.

.. The combination of high genetic diversity within populations, little differentiation among
populatioris, -and high levels of gene flow indicate that these species are‘predominately outcrossing,
Kirkpatrick and Wilson (1988) also found high outcrossing’ rates ‘and- low iribreeding in the
cultivated C..pepo and in the weedy C. texana {Scheele) Gray [ = C. pepo ssp; overifera (L.) Decker

var. texana (Scheele) Filov]. .-

~ Genetic differentation-- There was little genetic differentiation-among the taxa.'Nei’s mean
genetic distance values were low, ranging from 0.046 to 0.122. These distance vilues are’ lower than
other D .estimates for Cucurbita and within the range of values reported for conspecific séed plant
populations {Decker; 1986;: Decker and Wilson, 1987; Wilson, 1989; Merrick; 1991). For-instance,
in south-central Africa:populations of C. moschata a study by Gwanarna, Labuschagne, and Botha
(2000) using RAPD markers reported D values from 0.31 to 0.41. - |
Our values of Wright’s Fgr (average = 0.111) were lower than the reported average for
animal-pollinated outcrossing seed plants (Hamrick; 1989) or for outcrossing-cultivated seed plants
(Hamrick and Godt, 1997) (Fst mean values = 0.187 and 0.234, respectively). Both the D and the
Fgr values- suggest that there is substantial gene flow among popul%itions ‘of 'the three taxa we
studied, .as we will discuss later. ' '

- Our UPGMA analysis shows the existence of two ‘major groups; Cucurbita’ argyrosperma
(including both subspecies, C. argyrosperma ssp. argyrospermi and C. argyrosperma ssp. sororia)
and. C. moschata. However, we. must caution that the bootstrap ‘vahies in the tree are low, likely
caused by. the few differences between -Cucurbita populations. In particular, populations of C.
argyrosperma ssp. argyrosperma and C. argyrosperma-ssp. sororia are more"differentiated by
locality .than taxonomic identity, suggesting' that their taxonomic classification should be

reconsidered. However, it is possible that the similarity of these subspecies at allozyme loci does not
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refiect their differences at other loci determining morphological or reproductive characters important
for species definition or that high levels of gene flow are eroding differentiation between them. This
latter possibility is supported by the observation that the only population of C..argyrosperma that
was clearly differentiated from another ‘population was population CAAS8 of C. argyrosperma ssp.
argyrosperma collected from Tepec. This-population occurs in a locality where the wild. gourd, C:
argyrosperma Ssp. sororia, 1s not present. More genetic analyses and reproductive studies would be
required before a firm conclusion could be reached about the taxonomic status of these. two
subspecies.

The distribution: of allozyme variation in these three Cucurbita taxa includes high genetic
variation within. populations and low divergence among, poplations, consistent with the hypothesis
that the taxa share a recent common ancestor and that there is ongoing gene flow between them. Our
observation of homozygote deficiency in.some populations could be due to high: outcrossing rates or
mating among genetically different individuals in large populations - (disassortative mating) or
because gene. flow. introduces variation . into. populations before random mating balances it.
Cucurbita argyrosperma ssp. sororia, C. argyrosperma ssp. argyrosperma-and C. moschata exist as
extensive populations throughout the Jalisco region; they are often cultivated in adjacent plots, and
the total number of individuals can range from a few hundred to several thousand. Given that several
pollinating bee species move among the plants in. the plots, visiting all Cucurbita taxa
simultaneously (data not shown), high levels of interpopulation and. intertaxa gene flow is not
surprising. .

Gene flow within wild-cultivated plant complex-- Gene flow can be  an important
evolutionary force. A small amount of gene flow is capable of counteracting other evolutionary
forces such as mutation, drift, and selection {Slatkin, 1987). Previous stidies have shown evidence
of gene flow between populations of C. pepo and C. texana (Kirkpatrick and Wilson, 1988),-and C.
argyrosperma with C, fraterna L. H. Bailey (Wilson, Lira and Rodriguez, 1994). The low values of
Fgr reported here suggest that there is,exchange of genes among populations, even among those
located several kilometers apart within the agroecosystem.-Qur very low Fgr estimates: are lowér
than the average reported for outcrossing seed plants (Hamrick, 1989). Jn particular, we found high
rates of gene flow in San Miguel among populations within 1.5 ki of each other. -

The great potential of pollen dispersal is likely to contribute to. the high rates of gene flow
among cultivated and weedy Cucurbita populations. Kirkpatrick and Wilson (1988) found
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outcrossing rates of 5 % in C. pepo and C. texana, at a distance of 1300 m. Arias and Rieseberg
(1994) demonstrated gene dispersal from 2 to 7% at 800 m and 2% at 1000 m in the Helianthus
annuys. crop/weed complex. Jenczewski, Prosperi, and Ronfort (1999) reported evidence for the
occurrence of crop/weed gene flow in Medicago sativa. In addition, in a separate study we found
that 62% of farmers exchange squash seeds among themselves (Montes-Hernandez, Merrick, and
Eguiarte, in prep)..

One might expect local farmers to keep C. argyrosperma ssp. sororia, C. argyrosperma ssp.
argyrosperma and C. moschata distinct by selection of fruits and seeds to sow in the next season.
However, it is. possible that squash farmers could have difficulty in distinguishing among the taxa if
one or more squash fruits are F) or part of the progeny of a cross between a landrace and a weedy
type, particularly with C. argyrosperma ssp. argyrosperma (José Elizondo Anguiano, personal
c_ommgnication, squash farmer from El Chante). - -

" Although genetic variation of many species could be reduced by human activities, some crop
_ species have increased: genetic. variation due to certain selective practices inherent in their cultivation
(Bye, 1993; Hernénde_z, 1993). The continuous presence of wild populations of C. argyrosperma
ssp.l sororia and the milpa tradition of sowing together seeds of C. argyrosperma ssp.-argyrosperma
and C. moschata with com adjacent to these wild populations probably both contribute to the high-
levels of gene flow observed here.

Relevance in the light of release of genetic modified organismis-- Gene flow  between

domesticated plants and their wild relatives may have two potentially harmful consequences, the
evolution of increased weediness and the increased likelihood of extinction of wild relatives. Recent
concern exists for the possibility of gene transfer between. transgenic cultivated species. and their
w1ld relatives (Ellstrand, Prentice and Hancock, 1999). However, before thIS risk can be assessed,

studles that examine the extent of introgression between the wild and transgemc plants are necessary
(Payne, 1997). Our study suggests that crop to weed gene flow regularly occurs between wild and
c_ultilvatéd popuiations of squashes in Mexico, Mexico is the ongin and center of diversity for
Cucurbita, and we need to be extremely cautious in the field testing and wide-scale usage of

transgenic plants of squash in Mexico.
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Table 1.. Accesstons-of Cucurbita used in this study.

Number Taxon

Status Locallty/ municipality Lat. N/Long. W Elevation (m)
1 CAS W - SanMiguel, El Limén (SM) 19°51°07"* /.104°04°54"* - 804
2 CAS W SanMiguel, El Limén (SM) 19°51°07"* / 104%04°54 804
3 CAS - W ‘Los Parajitos, El Grullo (LP) 1952731 /104°13°22”* 996
4 CAS. W ElChante, Autlén (EC) 19°43°09>* / 104°12°24” 919
5 "CAS - ‘W SanLorenzo, Ejutla(SL) = 19°57°04™7103°59°43 1002
6 CAA C~  Los Parajitos, Bl Grullo (LP) 19°52"31"/104°13°22” 996
7 ..CAA € SanLorenzo, Ejutla (SL) 19°57°04°*.£103°59°43>" 1002
8 ‘CAA C-  Tepec, Amacueca (TE) 19%59°44 /103%38°35” ' 1723
9 CAA C San Miguel, El Limén (SM)  19°51°07 / 104°04°54”* 804
10 CAA. C - El:Chante, Autlan (EC) 19°43°09°"/ 104°12'24° -~ 919
11 ‘CAA* € 'LaCienéga, El Limén (LC)  19°50°02" / 104°08°07 847
12 CMO C  SanMiguel, El Limén (SM) 19°51°07°*/104°04°54> 804
13 ~CMO. € . Los Pargjitos, El Grullo (LP) 19%52°31°*/104°13°22”" 996
14 CMQ" C- - 'ElChante, Autlan (EC)  19°43°09°/104°12°24 919 -
15 CMO" C ' SanLorenzo, Ejutla (SL) 19°57°04"* / 103°59°43”* - 1002
16 CPE. C-  Tepec, Amacueca (TE) 19°59°44>* 7 103°38°35” 1723

Note: Number, taxa [(CAS) C. argyrosperma ssp. sororia, (CAA) = C. argymsperma ssp.
argyrosperma, (CMO) C moschata and (CPE)=C. pepo], domestication status, [(W) = wild type
and (C) = cultwated type] ‘and thexr origin in the state of Jalisco, Mexico. Geographic coordmates
and elevat_lo_n (m). iPppu_la,non numbers and taxon abbreviations that will be used to refer to the

populations elsewhere in the text.
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Table 2. Allele frequencies at 12 polymorphic loci for five C. argyrosperma ssp. sororia (numbers
1-5), six C. argyrosperma ssp. argyrosperma (numbers 6-11), four C. moschata (numbers 12-15)

and one C. pepo (humber 16) populations. For population namés refer to Table 1.

- Paopulation '
Locus Allele | 2 3 4 5 6 7 8 9 10 1. 12 13 14 15 16
Apxl 1 037 044 045 0.64 032 026 057 045 058 0.73 0.72 038 047 091 047 0.90
2 063 0.56 0.55 0.36.068 074 043 055 042 027 028 062 0.53 009 053 010
Apx2 1 0.57 0.51 039 059 051 0.50 059 046 06! 0.61 0.44 050 0.65 063 042 0.28
2 0.43 049 061 041 049 050 041 0.54 039 039 0¢.56 050 035 037 0.58 0.72
Apxd 1 0.21 023 027 070 035 028 038 042 045 055 0.30 038 044 059 032 1.00
2 048 0.50 0.73 030 0.65 0.72 0.62 0.58 0.55 045 0.62 0.62 056 041 068
3 0.31 0.27 - ' ST 0.08 '
Peil 1 0.13 0.06 024 014 0.17 029 0.04 0.05 0.0 015 0.03 041 0.09 0.13 050
2 0.87 094 0.76.085 0.83 0.71 096 095 090 0.85 0.97 059 051 1.00 087 0.50
3 0.01 o
Pgi2 1 £ 050 053 051 063 0.37 064 049 049 “0.50 057 0.47 060 050 0.50 0.67 0.50
2 0.50 0.47 049 .0.37 0.63 036 051 051 050 0.43 -0.53 0.40 0.50 0.50 0.33.0.50
Lapl 1 0.12 027 021 023 042 056 0.13 083 038 041 0.15 0.08 .0.06 0./ 0:3 0.03
yi 0.81 0.59 079 0.77 0.58 044 061 0.17 0.62 055 085 046 0.50 0.8% 031 0.7
_ 3 0.07 0.14 ‘ 026 © 046 0.44 0.36 0.90
Esl 1 039 069 075 077 067 0.8 043 042°0.60 -0.95 072 071 0.19 038 037 030
2 061 031 025 023 033 0.9 057 058 040 0.05 028 028 081 062 063 0.70
3 : - « - 0.01
Mel 1 044 037 051 040 049 045 047 035 053 044 055 039 033 027 035 041
7 0.56 0.63 049 0.60 0.51 0.55 053 065 047 056 045 0.61 0.67 0.73 065 0.59
dhl 1 0.41 049 043 0.53 0,57 0.83 042 025 0.56 008 028 034 035, 033 061 048
S 2 0.59 051 0.57 047 043 0.17 058 075 044 092 0.70 066 065 0.67 039 0.52
3 _ S L . 001 o
Iz 1 033 037 '044 0.56 039 031 009 0.14 020 0.15 039 060 065 061 049 037
2 0.67 0.63 0.56 044 0.61 069 077 086 0.80 0.76 0.58 €40 0.35 0.39 0.51 0.63
3 0.14 0.09 003
Peml |1 0.33 039 051 05 037 042 027 044 034 052 0.62 061 0.66 0.66 0.64 0.38
2 0.67 0.61 049 05 0.63 058 0.73 056 0.66 048 0.38 039 0.34 034 036 0.62
Mdht 1 0.27 039 051 038 047 055 022 028 040 023 038 054 047 057 0.51 015
2 0.73 0.61 049 062 053 045 078 072 0.60 0.77 0.62 046 0.53 0.43 049 0.33
3 0.52
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Table 3. Levels of intrapopulaticn allozyme variation in four Cucurbita taxa.

- " ‘Deviation from H-W
Taxon N p A - He - F “Totalno. . . - +
: loci

[.CAS 43 1.0 217 -0.421(0.092) -0.142 %%+
2.CAS 43 1.0 2.17 '0442(0.114) -0.152%**
3.CAS. 403 1.0~ 2,00 0427(0.055) -0.151 ***
4.CAS 40 1.0 2.08 0411 (0.068) -0.212 ***
5.CAS 426 1.0 200 0.433(0.048) 0.268 ***

6.CAA 438 091 200 0.404(0.065) 0.216%***
7.CAA 373 091 217 0406(0.117) -0.144***
8.CAA 433 091 200 0.374(0.124) -0.058 ns
9.CAA 393 1.0° 200 0419(0.087) -0.119**
10. CAA 414 091" 2.08 0356(0.133) -0.072ns"
11.CAA 43 - 091 225 0.390(0.129) -0.102**

12.CMO 408 - 1.0 217 0.457(0.025) -0.322 **+
13.CMO 423" 1.0. 208 0415 (0.094) -0. 242 ***!
14.CMO 379 * 091 192 0.356(0.161) -0. 191 i
15.CMO 373 1.0 . 2.08 0.437(0.075) 0.061ns

m‘-hmqoo-hc\-bMM_:‘aLhoem-b
g ] S g P - N

Wi 2 oy i W W B W - B W

Tl

16.CPE 429 0.92 2.08 0.366 0.215 *+

Note: The values given are means across 12 loci: effective mean number of alleles!locus (A)
percentage of loci polymorphlc (p,a locus is considered polymorphlc if the frequency of the riost
common allele did not exceed 0. 95) ‘mean expected heterozyg051ty (He, Nei s 1978 unblased
'estlmate “with standard devnatlons in parentheses) mean fi xatlon mdex (F) Slgmt' cance of
‘dewatlons of the Fixation 1ndexes from zero (* P<0. 05 ** P <0 01 Sbk-p Q)] 005) was exammed
usnng - X2 test (L1 and Horv1tz 1953) The number and result of tests for devnatlon of genotyplc
.frequenCIes from those expected at Hardy- Wemberg (l—I W) eqmllbrlum are given, where Total No:
‘lom - the number of lom out of 12 for which genotyplc frequenctes mgmt‘ cantly dlffered from H- W
-= the number of loc:| wnth a sngmﬁcant excess of heterozygotes and + = number of locl wnth a

significant deficit of heterozygotes (Ll and Horvntz '1953). For taxon names refer to Table 1]
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four taxa of Cucurbita {(with jackknife means and standard deviation).

) Deviation from H-W po

Locus  fig Fr Fsr | Nem  Total No. - +
Co populations

Apx1 -0.197 ***  _0.018 0.149 *¥* 125 = 7 6 1
Apx2 <0281 % 0251 *%*%  0024%* 8O3 11 10 1
Apxd 0121 %% 0252%%k (149 %% ] 25 3 0 3
Pgil -0.379 ¥+ 0,182 kxk 0,143 ®kk 132 4 4 0
Pgi? -0.827 *** 0789 ®xx  0021% 1024 16 16 0
Lapl ~ 0.139%%  (382%%  0282%% 056 9 27
Estl 0197 %%  0342%x Q8L %* 099 = 6 1.5
Mel 0.158***  0.167*** 0011 1975, 6 2 -4
Idhl -0.042 0.072 0.109 **¥° 179 7 5°.2
Idh2 -0.055 0.054 0.104 *+¥ 189'_"_ 9 5 4
Pgml  -0.009 0.047 0.056 *** 370" 8 4 4
Mdhl ~ 0.250%** 0316 %% . 0.089*** 225 . . 8 0 8
Mean  -0.071 0.048 - 0111 - 449 -
SD 0.093 0.094 0.018 575
95% CI. (-0.25,0.07) - (-0.15, 0.17) {0:05, 0.12)

Note The 51gn1ﬁcance of the dev1at10ns of the F statxstlcs from ZEI0 (* P < 0 05 ** P

< 0 01 Rk P < 0.005) was tested usmg X test (L1 and Horwtz 1953) The number and result of
tests for deviation of genotypm ﬁequenmes from those expected at Hardy—Wemberg (H-W)
equlhbnu:m are given, where Total No populatlons = the number of loci out of 12 for Wthh
genotypic frequenews significantly dlffered from H-W - = the number of loci with a sagmﬁeant
excess of heterozygotes and += number of 1001 w1th a mgmﬁcant deﬁcn of heterozygotes (Li and
Horv1tz, 1953). Confidence mtervals (95%, CI) for means of F StatIStICS values are based on 100.0

bootstrap samples The va1ue of FST for Wthh the CI d1d not mclude zZero is 1nd1cated in bold faee
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Table 5. anht s (1965) F statlstlcs for levels of gene ﬂow (Crow and Aolq s 1984 w1th standard

dev1at10n in parentheses) w1th1n and arnong populatlons of different number and taxa in Cucurb:ta

and Iocahtles Confldence intervals (95%, CI) for means of F statlstlcs values are based on 1000

bootstrap samples. Values for which the CI did not mclude zero are mgmﬁcant and are in bold face

For taxon names refer to Table 1.

Fir

Fgr

Nan =

Group n_ Fg

Total 15 -0.061 0.031 0.087 522 (5.72)
SD 0.0939 0.0935 0.0188
95% CI (-0.25,0.07) (-0.15,0.17)  (0.05,0.12)

Taxon : o S S
CAS (W) 5 0.004 0.044 10.040 18.85 (40.20) -
SD - 0.1056 ~0.1058 0.0137 .
95% C1 (-0.20,0.19) * (-0.17,022) . (0.02,007) . -
CAA (C) 6  -0.042 0.058 0.096 5.74 (7.69)
SD 0.1109 0.1118 0.0285

95% CI (-0.25,0.14)  (-0.15,0.24)  (0.05, 0.15) ,

CMO (C) 4 -0.162 -0.073 0.077 11.54 (19.78)
SD 0.0995 0.0956 0.0259

95% CI (-0.34,0.02)  (-0.25,0.09)  (0.03,0.13)

Locality

San Miguel 3  -0.142 -0.109 0.028 22.46 (35.09)
SD 0.1188 0.1206 0.0085

95% CI (-0.37,0.07)  (-0.34,0.10)  (0.01, 0.04)

San Lorenzo 3 0.075 0.133 0.062 441 (5.19)
SD 0.0852 0.0822 0.0133

95% CI (-0.09,0.22) (-0.02,0.28)  (0.04, 0.09)

El Chante 3 -0.001 0.099 0.099 3.30 (3.24)
SD 0.1067 0.1133 0.0336

95% CI '(-0.22,0.19)  (-0.13,0.29)  (0.04,0.17)

Los Parajitos 3 -0.062 0.061 0.116 3.01 (3.31)
SD 0.10 0.10 0.04

95% CI (-0.25,0.11)  (-0.14,023)  (0.05,0.19)
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Table 6. Matnx of average Nei’s (1978) genetlc dlstance (D range in brackets) for all sampled

populatlons of the four Cucurbzta taxa C. argyrosperma 8Sp. sororza (CAS), C argyrosperma ssp.

argyrosperma (CAA), C maschata (CMO), and C. pepo (CPE)

Taxon
Taxon CAS CAA CMO
CAS 0.0465 ‘ .
(0.024-0.084) :
CAA 0.069 0.0871
{0.025-0.141) (0.027-0.161) ‘
CMO 0.085 0.122 0.0727
(0.046-0.136). {0.058-0.228) (0.035-0.129)
CPE 0.229 0.301 0.237

(0.249-0.328)

(0.221-0.263)

(0.235-0.385)
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‘'Fig. 1. Location of the six localities where the 16 Cucurbita’ popuilations ‘were collected.”

I6¢alities hames refer to Table 1.
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Fig. 2. Dendogram based on UPGMA of allozyme data for four taxa of Cucurbita: C. argyrosperma
ssp. sororia (CAS), C. argyrosperma ssp. argyrosperma (CAA), C. moschata (CMQ), and C. pepo
{CPE), which was used as an outgroup. The numbers in the nodes show the proportion of similar

replicates for 1000 bootstraps. For taxon and localities names refer to Table 1.
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Capitulo V

DISCUSION GENERAL Y CONCLUSIONES

Las cﬁlabaiés han sido uﬁ -ele‘meﬂfo basico en la aliﬁ'lfentaciéln y cult.u.ré del pueblo mex.i:caﬁo
(Whltaker Cutler y MacNelsh 1957 Cruces 1987 Ln‘a 1995). En el capltulo 2 se muestran
dlferentcs préctlcas que reahzan los campesmos sobre las calabazas en el SO del estado de Jallsco
que podnan contnbulr 2 mantcner la leCI'SIdad genetlca y la dlferencuacmn de las calabazas que se
documenta en el capltulo 4. El mtercarnblo de senullas a traves del cual generalmente la nueva
semllla obtemda se mtegra a la reserva de los agncultores dcstmada ala swmbra €s una pract:ca
comun, la cual comparten con otros campesmos de la mllpa en otras partcs de Mcx1co y esta
-practma contnbuye a mantener la d1vers1dad genetlca de los cultlvos (Perales 1998 Agu:rrc 1999
Aguirre, Bcllon y Smale 2000) En la seleccwn de frutos para la swmbra los agncultorcs toman en
cuenta las caractenstlcas tlplcaS de cada vanedad local )2 al parecer, esto contnbuma a exphcar el
-.mantenlmlento de 1a 1dent1dad propta de sus cultlvares locales aun frente al 1ntenso ﬂu_;o genmo que
:se anahzo en los capitulos 3 y 4. Ademas esta pré.ctlca pl‘OplCla que se conserve la base genetlca de
‘estas especxes en con_]unto a mvcl local 0 reglonal como se ha reportado en el maiz y otros cultlvos
:(I_nuctte Chamery Berthaud 1997 Perales, 1998 Brush yMeng, 1998 Louette y Smai; 2000) Los
agncultores entrev1stados en general mamfestaron estar consclentes de la pOSlblhdad de hlbl'ldaCIOIl
entre las calabazas cultivadas, asi como entre éstas y cl taxon sﬂvestre Por todo lo anterlor
consideramos que los ag;ncultores por medio de las dlferentes practlcas culturales empmcas que
reahzan contnbuyen de manera preponderante en mantener la leBI‘SIdad genetlca dc las calabazas.
o En el sistema mllpa eli mlclo de la ﬂorac1on fue comc1dente en los tres taxa de est’udlo, con
‘un 11gero adelanto en C. argyrosperma spp. argyrosperma y . C. argyrosperma spp. sororza
_sugmendo que , el mtercamblo de polen entre ellas es p031ble Las abejas CSpBClallstaS en la
:pohmzacmn juegan un papel muy importante en la produccmn de frutos tal y como lo han reportado
rd1ferentes autores para este genero (Hurd, Lmsley y Whltaker 1971, Ordway et al., 1987 Robmson
‘y Decker—WaIters, 1997 Canto-Agmlar y Parra—Tabla 2000). Asimismo, los polmlzadores VlSItan en
forma. comun a los tres taxa de Cucurbzta tal como fue reportado por Baut1sta (1997) en la mlsma
_reglén de estudlo Se encontraron pocas dxferenmas sxgmﬁcatwas en el nurnero de VlSltaS de los

_pohmzadores entre los dlStlIltOS taxa de Cucurbzta estudiados. No obstante, la presencna de polvos



90
fiuorescentes entre los diferentes taxa presentd difefgnéias significativas entre los taxa, ya que hubo
mayor presencia de ellos en C' mosckara Por lo anterlor cl marcaje de polen y la presencia de
polvos de un taxdn en los otros dos, demuestra que el mtercambm de polen entre los taxa de
Cucurbita es una reahdad como habia s1d0 reportado en el mismo género (Klrkpatnck y WIISOII
1988) aunque en otras espec:les (C pepo y C. texana y locahdades

Al anahzar la estructura y dlversulad gcnetlca de poblacmnes de los tres taxa de Cucurbzta de
la zona dc estucho, se comprobo que Ios niveles de variacién genétlca son altos y que el ﬂujo gemco
entre los tres taxa de Cucurbita dentro de las localldades también es elevado. Asxmlsmo se conﬁrmé
una separacmn genétlca entre las poblacmnes de C. moschata y las dos subespecws de C.
argyrosperma tal vy como 1o habla scnalado ﬁntenormente Wilson (1989 1990) Los valores
encontrados de dwermdad y d1feren<:1ac16n genetlca son altos al cons:derar otros valores promedlo
reportados para pla.ntas de pollmzacmn ablel’ca y medlada por msectos (Hamnck y Godt 1989) y
para plantas cultivadas con caractéristicas 81m11ares a las calabazas (Hamnck y Godt 1997)

T Al con_]untar toda la mformaclon generada és p051blc v1suahzar que las dwersas préctlcas de
los agncultores 1a actividad de los polmlzadores y la blologm ﬂoral de las plantas proplclan altos
mveles d¢ ﬂu_10 gemco que. contnbuyen a mantener la dwermdad gené’uca de las calabazas de
México. Bajo este esccnano las calabazas al 1gua1 que otros cultwos en s1stemas trad1c1onales
(J atvis y Hodgkm 1999), se ven favoremdas con la mtrogresmn entre dlferentes variantes, deb1do al
manejo humano en conjuncién con dlversos factores bidticos, la cual ayuda a que se mantenga su
diversidad genetlca o o - =

Pero 1 nos encontramos con un punto que también es de llamar la atencmn La reduccién tan
drastica del numero de agncultores que swmbran calabaza acentuada en los filtimos seis afios, la
cual ha alcanzido al 66% de agncultores que la han dejado de cultwar de la mltad del total
reglstrado que han suspendido la- siémbra de este cultivo. De contmuar esta tendencia puede traer
consectiencias desastiosas sobie la diversidad genenca de las calabazas en 14 zona de estudlo pues al
reduc1rse la superﬁc:e de swmbra y el niiinero de agncultores que la cultivan se mterrumpen los
procesos que determman el mantenmnento de la dlver51dad Todo lo cnal’ mdlca que se necesﬂa
poner atencmn en este problcma e lmplementar medldas de conservacmn de la d1vers1dad existente.
De ¢ antemano créemos que es muy dificil que desaparezca el cultlvo por su gran arralgo cultural en
Ia zona, tal y ¢omo se Ha reportado en otros cultivos y reglones (Brush, 1991, Pcrales, 1998), pero si

es muy posible que se limite la diversidad Hasta ahora presente, al reducirse el mimero ‘de
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agncuitores que las cultlvan y con poca dlfuswn hac1a las nuevas generacmnes de agncultores
~ La estrategla que se propene para Conservar este recurso, por consmerarla mas conveniente
-para poder llevar a cabo este fin, es el cstablemmlento de un _programa de recoleccion de la
diversidad local para conservarla ex sifu. Esto lo proponemos ya que se considera que pensar en un
programa de conservacién in sztu sena  poco préctlco al estarse reducnendo el numero de productores
y la superﬁme cultlvada de calabaza por. 10 que. la base genétlca a nivel reglonal se esté llmltando y
seria 1mp051ble mantener la misma dindmica existente hasta ahora en un programa de conservacion
de este tipo. Aunado a esto, se debe explorar la posibilidad de estimular una mayor produccion,
.mcrementado los usos hasta ahora repoﬁados y buscar alternatwas para darlc mayor valor agrcgado a
.los poductos generados de las calabazas como la mdustnahzacmn de las scmxllas y ﬁ'utos en
general _. N
Por otro 1_5d0, toda esta informacion aporta bases para asegurar que la posibilidad de que se
presente flujo génico entre las variedades transgénicas y sus parientes silvestres y con variedades
10cales de calabaza es muy grande como habia sido senalado por Wilson (1990), ademas de que se
.ha demostrado que es posible que esta, hlbndlzacmn suceda (Spenccr y Snow, 2001) Por otro. lado,
se tiene el gjemplo reciente, de la pOSlblB contaminacion por un transgene de varledades locales de
malz ‘en una zona de gran dlvchIdad genetlca de malz en Mexico (Quist y Chapela 2001). Aunado
va esto Mexwo es centro de ongen y diversidad de calabazas cultivadas y sxlvestres por lo que se
debe ev1tar en la medlda de las p031b111dadcs las pruebas y uso a gran escaia de plantas transgenicas

de calabaza dentro de su territorio.
CQNCLUSIQNES_

- Las practlcas de cuItlvar C, moschata y. C argyrosperma_juntas, seleccionar los frutos que
,corresponden a cada una de sus variedades, a51 como intercambiar y seleccionar la semilla por parte

de los agricultores, favorecen el flujo génico y la evolucién de estos cultivos.

- La presencia y partlmpacwn del taxon silvestre en la dinamica evolutiva de las calabazas
1ntegrantes de la milpa ayuda a mcrementar la diversidad genética de las plantas cultivadas, lo cual

es posible por el intercambio de genes entre los tres taxa.
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. - El uso de herbicidas para maiz, el incremento de la mano de obra con el uso de las cﬁlabézas en el
maiz y el bajo precm de los frutos y semillas dc las calabazas, han favorecido Ia’ dlsmmucmn dela

superficie de siembra de calabaza.

- El; prec1o reducido del maiz ha contribuido a que se reduzca la superﬁ01e y nimero de agrlcultores
que lo cultlvan y por lo tanto tamblen las calabazas ya que en esta zona toda la calabaza se cultlva

asociada al maiz.

- La ‘disminucién en el mimero de agrlcultores calabaceros y 1a superﬁcw de s1embra ademds de que
1a mayoria de los agucultores mﬂperos §On ancianos, puede afectar la d1vers1dad genetlca reglonal de

este cultivo.

- El intercamibio de semiilas de calabaza para la swmbra favorcce 1a alta diversidad de las calabazas
cultivadas (H, = 0.407), al presentar flujo génico enitre plantas de diferente ongen a pesar de que

sean pocos frutos 1 por parcela 105 que se se1ecc1onan para la smmbra

- Al ‘presentar una mayor coincidencia en el inicio de la floracion entre C. argyrosperma spp.
argyrosperma y C. argyrosperma spp. sororig, adémis de tener un parentesco mids ceércano, se
presenta mayor flujo génico entre estas dos taxa. Los datos de genética de poblaciones apoyan este

escenario.

- Bl periodo de apertura floral por dia y la visita y forrajeo de los insectos son muy similares ex los
tres taxa de Cucurbita, lo que favorece que las mismas abejas visiten a los tres tipos de flores en
tiempos similares. Por otro lado, sobresale la presencia dé las abéjaé esbeciél’istaé en la polinizacién
de calabaza, pri"ncipal"r‘ﬂéhté Peponapis azteca Hurd y Linsley y Xeroglossa ga'bii ‘Cresson, ‘en ‘el

e

sistema milpa.

- El movimiénto del polen es comiin enire 10s tres taxa de estudic y cerca del 50% del polen de cada

taxéon lo comparten con los otras dos taxa de Cucurbita. E
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- Los valores de Fsr y la diferencia genetlca entre poblacnones fueron bajos y, en consecuenola la
Nem mostro valores altos lo que muestra_en conjunto nlveles elevados de ﬂlljo gemco Estos

estadlstlcos variaron entre taxay entre locahdades

- Se deben de emprender acciones tendientes a conservar. ex situ la diversidad genética de estas

plantas.
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Apéndice I. Factores que determinan la produccion y flujo génico en el cultivo de calabaza
(Cucurbita spp.) en el sistema milpa. ' ' '

: " "Encuesta Nim..
I Datos del entrevistado - 3
1:1 Nombre del entrevistado_ - I 1.2 Sexo (M/F)
1.3 Parentesco con el jefe de familia - - - - - 1.4 Edad (afios) ____
1.5 Escolaridad {1iltimo grado de estudlos)‘ - e Ce :
l.6Lugar - .- - 1.7.Poblacién _ ‘ ,
1.8 Municipio . - . L . - -l19Estado - - --
1.10 Latitud . . . L11 Longitud- . .~ - 1.12 Altitud

1.13 ;Cuantas personas dependen economicamente de usted . (incluyendo al productor)'j

1.14 ;En los 1iltimos tres afios, que tan importantes han sido las siguiEntes' actividades, en los ingresos
de su familia y en que periodo las realiza?

Actividad =~ § | -Grado de .. Permdo en que reahza la actmdad .
o ‘ .importancia. S - (meses)

Produccion de calabaza

Produccion de maiz. -

Produccion de otros

Produccion de ganado-u otros animales

Trabajo extrafinca en el pueblo

Trabajos de artesanias

Otros traba]os fuera de su comumdad o
usted u otros-miembros de su familia '

Apoyo de otros familiares que-viven fuera| -
de su comunijdad en la repuiblica mexicana |

Trabajo no-agricola en la-comunidad - -

Apoyo de familiares que viven extranjero |

Nota: 1:= Muy importantes, 2 = Mas 0 menos importantes, 3 = Poco o no importantes |

1.15 {,Cuéntas personas -mas trabajan‘en su casa y- contribuyen al gasto de la misma (1999)?

2 Tipo de propiedad en 1999

a. Privada : ha
b. Ejidal. ha
¢. Comunal : ha
d. Renta : ha
e.- Otras ha




3 Forma y textura del suelo de cada und de sus parcelas
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Ferma

Parcela 1

Parcela 2

Parcela 3

Parcela 4

Parcela 5

Plana

Pendiente suave

Pendiente fuerte

Escarpada

Otra :

Textura

Arenosa

Arcillosa

Lirhosa

Otra

3.1 Tipo de suelo por parcela (nombre comiin empleado por el agricultor)

Parcela 1

Parcela 2.

Parcela 3

Parcelad

Parcela 5

Otras -

-4 Uso actual de la tierra, Ciclo P-V 2000

Cultivo

Superficie

Fecha de
siembra

Cultivo del

ciclo anterior |

Tipo de

asociacion

Produccién
' ' total

Maiz

{Calabaza

Cafia

Mezcal

- Pastos

......

4.1 Si no sembro calabaza este afio, con su maiz, cuando fue la tiltima vez, que sembr6 este cultivo
afio. ‘ S ' ‘

4.2 ;Porqué razén dejo de sembrar calabazas en asociacién (en caso de que ﬁlglina' ."v'ez la ‘hayﬁ

sembrado)
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4.3 Si nunca ha sembrado calabaza asociada con maiz ;Cuales son las razones de que no realice esta

‘asociacion? .

NOTA: A PARTIR DE AQUI SE REGISTRARA LA INFORMACION QUE SEA POSIBLE,

AUNQUE SEA DEL ULTIMO ANQ, CUANDQ SEMBRO CALABAZA,

4.4. Nombre comin del (os) tipo (s) de calabaza (s)'que siembra. _

4.5 Si la calabaza se cultiva asociada, ;Cuéles son los cultivos con los que se asocia?.

Cultivo. |

Variedad del cultivo

.C.P.

4.11. 1¢Porque'?

Superficie | C.A. .| C.M. C.F.
Maiz_
Frijol . . ..
Maiz-fitfjol |~ 7 e
Frutalés - -
Otros -
Otros ' ‘ N
C A= C argyrosperma CM-= C moschata CP=C. pepo CF= C f czfolta o
4.6 ;Cuénta semilla de calabaza utiliza para la siembra?: Kg/ha
4.7 ; Cuénta semilla del cultivo asociado (principal)? Kg/ha
4.8 ;Cuéntos-afios lleva sembrando calabaza en forma continua? afios’
f}.IS_.l (Porque? ‘ -
4.9 Distribucién de semilla en el campo (revielta, surcos, franjas, etc.)
4.9.1 Sies-en'surcos intercalados. ;Cada cuantos sicos la siembra? .
4.9.2 Distancia entre matas 4.5.3 Numero de plantas por mata
4,10 ;Siempre ha sembrado las mismas variedades? (S/N) :
4.10.1 ;,Porqué?
4.11 Las variedades que siembra ahora, ;Cudnto tiempo tiene sembrandolas'? afios
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4 12 Cuando se membran dos 0 mas tipos de calabaza juntas, mod1ﬁca en algo su producclén? SN
4.9. 1 6Porq_ue'7

4.12.2 ;Se cruzan entre ellas? S/N
4:12.3 ;Como se sabe?

5. Origen y manejo de semilla

5.1 Para su 31embra LHa comprado intercambiado o le han regalado semilla de calabaza, sus
familiares, vecinos o miembros de su comumdad o de otros pueblos'? S/N
5.1.1 ;Cuando?

5.1.2 ;Qué cantidad? .. .
5.1.3 ;Porqué?

5.2 Este afio (filtimo que haya sernbrado) (_Ongen dela semllla dé siembra de calabaza”

Propio Otro familiar del mismo pueblo (grado)
Vecinos del mismo pueblo - De otro pueblo (nombre)
Mercadodelpueblo - -~ -~ - Mercado de la ciudad _
Casa comercial (pueblo) -~ L Casa comercial (ciudad)
Otros o - L "

5.3 ; Por qué utilizé este tipo de semilla?

5.4 Bn caso de sembrar la semilla propia. o
5.4.1 ;Cuantos afios tiene con ella? ‘ : afios
5.4.2 Costo de 1a semilla C - S Co ~_ Kg/ha
5.5-¢Recuerda usted algunos otros t1pos de calabaza queise sembraban antes aqui (en su pueblo) yyasse
perdieron? o ;Qué se siembren en rnuy poca cantldad? S/N -

5.5.1 ;Como le llamaban? '

5.5.2 (,Sabe usted porque se perdleron'?' o ;Porqué se siembran rnuy poco? S/N
5 5 3 ;Cuél es larazén? - -




6: Actividades agricolas
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6.1 En caso de emplear herbicidas- para el control de malezas, en el cultlvo pnnc:1pal, (,Que t1po usay

cuando 10 aplxca‘?

6.1.1 ;Qué cantidad de herbicida aplica? /ha
' /ha
6.2 En caso de usar fertilizante, que tipo usa y en que cantidad. o
Fertilizante quimico - kg/ha
2 - kg/ha-
Estiércol ‘kg/ha
Abono verde ~_keg7ha
Otro: o kg/ha
6.3 ;Sisu cultivo presenta plagas, como las controla y que ‘cantidad emplea'? L
Control quimico (producto y cantidad), /ha
. /ha
Control biolégico (producto y cantidad) - fha
Otros - /ha
6.4 ;Si su cultivo presenta alguna enfermedad, como la controla y que cantldad emplea‘? : N
Control quimico (producto y cantidad) oy _/ha-
L /ha
C_o‘ntrpl bioldgico (producto y cantidad) /ha
Otros  /ha
7 Destino de la produccion
7.1 Fruto inmaduro-o'tierno .
7.1.1 Autoconsumo familiar kg
7.1.2 Vendido dentro del puebleo . . . —
Cantidad kg
. Precio ' $/kg
7.1. 3 Vendido fuera del pueblo
Cantidad _ kg
~_Precio Sikg
7.2 Fruto maduro
7.2.1 Autoconsumo familiar kg
7.2.2 Consumo animal {propios): kg
7.2.3 Vendido dentro del pueblo . '
~ Cantidad kg
- Precio _ $/kg
7.2.4 Vendido fuera del pueblo =
Cantidad kg
Precio $/ha




7.3 Semilla producto comercial

7.3.1 Autoconsumo familiar -~ . - . NP kg
7.3.2 Consumo animal (propios) kg
7.3.3 Vendido dentro del pueblo
Cantidad _ kg
Precio $/kg
7.3.4 Vendido fuera del pueblo S '
Cantidad ' kg
Precio $kg
7.4 Semilla para siembra - - ' . :
7.4.1.Uso propio o ke
7.4.2 Compartida (para regalar) _ kg
7.4.3 Vendido dentro del pueblo o A _
Cantidad | | | kg
.+ Precio - , $/kg
7.4.4 Vendido fueradel pueblo =~ - .. - - _ L - L
Cantidad . e ke
Precio - - $/kg
7.5 Otras partes de la planta (flor, tallo. eic) e ST '
7.5.1 Autoconsumo familiar : ke
7.5.2 Consumo animal (propios) .. . .- L ‘ kg
7.5.3 Vendido dentro del pueblo . TS L
Cantidad | | | kg
 Precio —
7.5.4 Vendido fiera del puebo 3
" Cantidad - ) kg
Precio ‘ o $ikg

7.6 Proporcién o cantidad que represent6 la venta de calabaza (frutos o semlllas) en relacién con cl
cultivo principal. (1/2, 1/3, parte, etc.) o

7. 7 Si la cantidad antenor es lmportante iPor qué mucha gente no siembra o ha dc_]ado de produclr
calabaza? ~ :

8. Seleccidn de frutos y semillas para sembrar
8.1 ;Cudntos frutos de calabaza seleccmna para sembrar el prox1mo c1cio (afio)

8.1.1 ;Por qué ese mimero?

8.2 ;Qué caracteristicas debe presentar el fruto? ‘ L .
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8.2.1 ;Por qué?

8.3 ;Qué caracteristicas debe presentar la semilla?

8.3.1 ;Por que?

8.4 ;Qué miembro de la familia se ocupa de realizar la seleccion de estos productos?

8.4.1 ;Cuénto tiempo lleva reallzando esta actividad?
8 4 2 (,Por que'?

9 Actividades que realizan las.mujeres en el cultivo de las calabazas .
9.1 Seleccion de semilla para la Slembra

9.2 Siembra de la calabaza

9.3 Cuidado de la planta
9.4 Extraccién de scmilla
9.50tras

9.6 Alguna de las caracteristicas de las calabazas (fruto o semilla) que 51embra han 51d0 seleccionadas
por sugerenma de su esposa 0 mama S/N 9.6.1 (,fCuale:s‘7

9.6.2 ;Por queé? _

10. Alternativas de mejoramiento

10.1 Le gustaria trabajar dentro de su parcela, en conjunto con técnicos e mvestlgadores para obtener
nuevas técnicas de mejoramiento y de produccion de la calabaza? S/N

10.1.1 ;Por que?

10.2 ;Estaria dispuesto a probar nuevas variedades de calabaza que le suguiriera el técnico? S/N?

10.2.1 ;Por qué?
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10.3 ;Cémo productor, que caracteristicas le gustaria que tuviera una nueva variedad de calabaza que
le presentara un técnico? : :

Mas precoz
Tardia

Con mayor mimero de ﬁ'utos
Frutos mas grandes
Sabor mas dulce del fiuto -
Color de la pulpa mas fuerte _
Mas cantidad (mimero) de sémillas
Menos semillas y mas pulpa -
Otras ,

11. Plantas silvestres

11.1 Existe alguna planta de calabaza silvestre, dentro o cerca’ de sus cultwos‘? S/N '
11.1.2 Nembre : e L
11.1.3 Significado _-
11.2 ; Tiene alguin uso esa planta sﬂvestre‘? S/N
11.2.1 (,Cuéles'? :

113 g,Se encuentra en su parcela esta planta (dentro o en las orillas) S/N
11.3.1 3Desde cuando esta ahi esa planta? :

11.4 ; Su presencia es en-todo el terreno? S/N._.
11.4.1 ;Por qué? .

11.5 t,Ehmma esta planta?, S/N
11.5.1 ;C6mo lo hace? R : -
11.6 ;Ha observado que la calabaza que siembra €s afectada cuando la silvestre estd en el terreno" S/N

11.6.1 ;Cdémo se nota?

11.7 ;Cree usted que se cruzan las calabazas que siembra, con las silvestres? S/N
11.7.1 ;Por qué?.

11.7.2 ;Es bueno o malo que se crucen?
11.7.3 ;Por qué?

11.8 ;Varia el inicio y época de floracién de las calabazas cultivadas y silvestres? S/N
11.8.2 ;En que se nota?
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11.9 Al ver una planta de calabaza, en su terreno o fuera de el, ;Como se conoce que es una planta
silvestre?. ;Qué no se haya sembrado? ;En qué son diferentes? (mim. de hojas, de flores, de frutos,
semillas, etc.)

11.10 ;Qué le gustaria que tuvieran sus calabazas que siembra, de lo que tienen las silvestres (de lo
anterior) '

11.11 ;Bs diferente la forma de las calabazas silvestres que crecen cerca del cultivo? S/N
11.11.1 ;En que se nota?

11.11.3 ;Por qué sucede esto?
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Apéndice II. Padron de égricﬁlt'dres qué'integraron la muesira a la cual se I aplic6 la encuesta, en
tres municipios de estudio, con el fin de describir el conocimiento empirico del cultivo de las
calabazas y su relacion con la conservacion de la diversidad de este cultivo.

El Chante, mpio. de Autlan, Jal

Muliicipio de Ejutla, Jal.

| 'Munic.ip'io de EI Limén, Jal.

Javier Cobian Pizano
Vicente Preciado Arias
Fausto Chavez Ballesteros
Guillermo Montafio Zamora

- Guadalupe Rincén Medina®
, Baldoviano Alvarado®
. Alfredo Rincén Ramos®
Juan Gonzalez Corona®

Adelelmo,Garcia Cobin”
Rocio Lucero Michel Michel®
Jestis Partida Renter{a®

 José Ennquez'Rodnguez. o

Juan Partida Reynaga "'Guadalupe Santana Corona® ‘Luis Garcia Guardado®
Javier Aguilar Corona Manuel Santana Navarro®  Fortunato Sanchez Mancilla®
Pedro Rivera Alvarez . Enedino Michel Rangel® Salvador Ortega Cobian®
Nicéforo Garcia Mendoza Luciano Esparza Medina® ' Camila Quintero de Osono
Andrés Blanco Barboza Pedro Saldafa Mora™ i osé Partida Rentena
Carlos Sahagtin Corona - Juan Michel Chavez* Mlguel Qumtero

Luis Quiles Alfaro Jorge Diaz Michel® ~ Samuel Pérez Pelayo®
Salvador Martinez Gonzélez - Abel Hernandez Moran® Pedro Renteria Pérez®
Jestis Cuevas Covarrubias Francisco Escobar J.imf':nez}L3 . Alejandro Rodriguez Navarrete
Carlos Villafafia Gomez Rosario Martinez Hueso® Nicolas Zamora PérezC
Felipe Padilla Corona . Lazaro Corona Velazco® José Mares Zepeda

Juan Sénchez Alfaro " Ramén J, Michel Uribe® Gabriel Zamora Rojano”
Faustino Ortiz Villa Juan Sandoval Ramirez® Trinidad Santana Lc':pezD
Alfredo Sahagiin Enedino Gonzélez Diaz® Luis Mares Galindo®

José Herndndez - Alfonso Michel Padilla® Leén Zamora Rojano®
Angel Pefia Garcia * Elias Michel Uribe® Leonor Mares Zepeda”

Ma. Guadalupe Cisneros Rodrlguez Joel Soltero GonzétlezD :
José Elizondo Angu1an0 - Luis Michel OrtegaP”

Fermin Anguiano Corona ‘Marcelino Ramos Torres”
José Inés Fletes Diaz Raiil Michel Michel®

Irineo Gonzélez Corona " Ruben Ortega Cuevas®
José Jiménez Niifiez - . Efrén Aguilar Gonzalez”
Armando Lépez Gutierrez " José Rojano Parra”

Gabriel Radilio Gonzalez * Rosa Santana Figueroa”
Pedro Rosales Garcia - " Leovigildo Zamora Ramos”
Pablo Rubio Plazola o '
Javier Anaya Aguilar

*SVecinos de Los Naranjos y Ejutla, municipio de Ejutla, Jal. respectwamente
CP Agricultores de San Juan de Amula y San Miguel, municipio de El Limén, Jal., respectivamente.



Apéndice III. Recetas de bufferq y tinciones
de las isoenzimas.

BUFFER DE EXTRACCION

Buffer YO mas Buffer VEG II-(3:1)
Buffer YO
Tris Acido Citrico ~ 10 ml
Tris, free base L 57 g
Ac. citrico - T 083¢g
NADP (TPN) ' 005¢g
NAD (DPN) 005g
Acido ascérbico 0018 g
EDTA ', 0034g
Suero Albumine bovino 0.1g

Z-Mercaptqetaiﬁol : . 033 ml

Aforar a 100 ml y ajustar pH7.0 con Ac1do

citrico.
Buffer VEG T

Acido Boérico 031g
Tergitol 1789 _ 2.0 ml
PEG 8000 . ' 20g
PVP 40 " - 710g
PVP 360 - 1.0¢g
Acidoascérbico © 088 ¢
NAD (DPN) Y 002g
Suero albumina bovino ~ 0.1g
Pyrdoxal 5-P 0.005 g
Sacarosa 027¢g
Cisteina—HCL - 0.19g

2- Mercaptoetanol O 66 ml

Aforar a 100 ml y ajustar pH7 1 con NAOH.
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Sistema # 8 LiOH (Soltis et al., _1983)
 Buffer del Gel (pH 7.6)
1Y0.042 M, Tris, freebase- 504 g o

2)0.007 M, Ac. Citrico: _
Monohidratado .47 g

Anhidro 1.35g
3)0.004 M, LiOH 0163
 4)0.025M, Ac.Bérico ~ 1.56g

'Aforar a 1000 ml y ajustar pH 7 6 con HCl

.- IM
Buffer del Electrodo (pH 8 0)
] 1)0039M LiOH 164y
.2)0 263 M, Ac. Bérico 16 23g

Aforara 1000 ml y ajustat pH 8 con NaOH o
4 HCI

.S‘iét’. ‘Histidina-Citrato (Cardyetal, 1980)

Buffer del Electrodo (pH 6.5)

0.065 M L-histidina

0.007 M, Ac. Citrico: .
Monchidratado 1.5g
Anhidro 1.34¢

110.088'g

Aforar a 1000 ml y aJustar pH 6. 5 con ch
citrico.

 Buuferdel Gel. |

1 parte del Buffer del elctrodo y 3 partes de
agua destilada.



EST, E.C, 3.1.1.1
(Esterasa)

- ai-Naphtylacetate 1% 3.0ml
- Agua destilada 40.0 m]
- Buffer de fosfatos pH 6.0 3.0ml

Pesar Fast Blue RR Salt 75 mg

Dejar incubando a temperatura ambiente, por
60 min.

LAPE.C. 3411.1)
(Leucina aminopeptidasa)

- Buffer 0.2 M Tris - Maleato

,pHS5.2 50 ml
- L-Leucina -naftilamida

HCI 2.5% 1.0 ml
Pesar Fast Black K Salt 100 mg

Incubar en obscuridad a 37°C durante 30 min

y posteriormente afiadir el Fast Black K Salt, -

ya disuelto en 5 ml de agua destilada. Dejar
incubar hasta que aparezcan las bandas.

MDH (EC, 1.1.1.37)
(Malato Deshidrogenasa)

-0.05M, Tris- HC1,pH 8.5 50 ml
- NAD (Nicotine adenine diphosphato)

1 ml
- 1 M DL-Malato pH 7.0 1 ml
-PMS 1% 0.4ml
-MTT o NBT 1% 1.0 ml
PGI(EC. 5.3.3.9)

(Fosfogluco isomerasa)

-0.1 M, Tris- HC1, pH 7.5 50 ml

- Glucosa 6 fosfato

deshidrogenasa (10u/ml) 3.0ml
- 1.0 M, MgCl; (10%) 1.0 ml
- TPN (NADP) 1% 1.0 ml
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-PMS 1% 0.5ml
-MTT 1% |  1.0ml

Pesar D Fructosa 6 fosfato,
sal disédica 20 mg.

Dejar mcubando a 37°C hasta que aparezcan
las bandas )

IDH (E.C.1.1.1.42)
(Isocitrato deshidrogenasa)

l)OZM Tris- HCl,pH 8.0 25ml

-1.0M, MgClz(lO%) o 1ml
- TPN (NADP) 1% 0 Iml
-PMS 1% 0.2ml

MTT1% . . 05ml
2)02 M, Tris- HCI, pH8.0 25 ml

Calentar hasta que hlerva y se dlsuelva
bien el agar, entonces mezclar Dy 2)

Pesar:
- Ac. ISOCltl’lCO (Sal tnsodlca) 200 mg
- Agar L 036g

Dejar: incubando a 37°C hasta qiie apafezéa.n
las bandas. .

" (Enzima Milica)

-0.5 M, Tris- HCl, pH 8.0 40 ml

- I M DL-Malato pH 7.0 5ml

- 1.0 M, MgCl; (10%) 1.0 ml
- TPN (NADP) 1% 1.0 ml
-PMS 1% 1.0 ml
-MTT 1% , 0.2 ml

Incubar en obscuridad a 30°C, hasta que
aparezcan las bandas.
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APX (E.C. LLLT)
(Peroxidasa anoddica, catédica)

 Affadir: | . S
- Dimetilformamida 7.0 ml
- Agua destilada : .90 ml
- Per6éxido de hodrogeno 3% 1.0 ml.
- Cloruro de calcio 1% O mi

- IM Acetato de sodio pH 5.0 = 5.0 ml
Pesar 3-amino-9-ethilcarbazole 100 mg

Incubar a femperatura amblente Para la
cat6dica usar la rebanada inferior. .

PGM (E. C. 2.7.5.1)

(Fosfogluco mutasa)
-1M Tris-HCl,pH8 ~~ 5.0mi
- Agnadestilada 40 ml
- 1.0 M, MgClL (10%) | LOml

- Glucosa 6 fosfato_
deshidrogenasa ( 10u/m1) 3.0ml

-TPN(NADP)1% ~ 1.0ml
 -PMS 1% 0.3 ml
-MTT 1% (o NBT) 1.0ml

Pesar a- D glucosa 1-fosfato 75 mg’ |

Dejar incubando a 37°C hasta que aparezcan
las bandas.



