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Editorial - The State of the World’s Animal Genetic Resources: a
milestone in the FAO’s animal genetic resources programme

The State of the World’s Animal Genetic
Resources for Food and Agriculture has been
published in draft version'. This report is the
result of a process that was initiated in 2001.
The core of the information for The State of
the World’s Animal Genetic Resources for Food
and Agriculture was provided by the
169 governments that submitted Country
Reports. In each of these countries a team of
experts including the National Coordinators
for the Management of Animal Genetic
Resources, and the National Consultative
Committees, contributed to the development
of the Country Reports. This process was
supported by a team of regional trainers and
facilitators. A number of international
organization contributed reports on their
activities related to animal genetic resources
management. Thematic studies on the state
of the art in certain subject areas were
commissioned by FAO and prepared in
collaboration with other organizations. A
team of Country Report analysts, authors
and reviewers contributed to the
development of the report.

The draft report will be presented to the
Fourth Session of the Intergovernmental
Technical Working Group on Animal Genetic
Resources?’, finalized in the light of
comments received by government
delegations, and launched at the First
International Technical Conference on
Animal Genetic Resources in Interlaken,
Switzerland, in September 2007.

As part of The State of the World's Animal
Genetic Resources, draft Strategic Priorities for
Action have been developed on the basis of
the country needs expressed during the
process, and drawing on other consultations
and studies. The Strategic Priorities for Action
are intended to be a rolling global action plan
with an initial time horizon of ten years,
comprising measures for the sustainable use,
development and conservation of animal
genetic resources for food and agriculture at
national, regional and global levels. They will
be discussed by the Working Group,
reviewed and potentially adopted at the
International Technical Conference.
Consensus on how best to address priorities
for the sustainable management of animal
genetic resources and to raise awareness and
appreciation of their various roles and values
will boost the implementation of actions at
country level.

The finalization of The State of the World's
Animal Genetic Resources and the adoption of
The Strategic Priorities for Action provide a
unique opportunity to reflect on the past
achievements of the Global Strategy, and to
obtain a clear vision for planning future
work and cooperation in the medium and
long term. This will be a major achievement
of the Global Strategy, and milestone for the
work of the Commission on Genetic
Resources for Food and Agriculture in the
area of animal genetic resources.

The Editors

Thttpy/fwww.fao.org/ag/againfo/programmes/en/genetics/documents/AH473e00.pdf

*http./fwww.fao.org/ag/cgrfa

Shttp./fwww.fao.org/ag/againfo/programmes/en/genetics/angroent2006.html



Editorial - L’état des ressources zoogénétiques dans le monde: un
événement marquant dans le programme de la FAO pour les

ressources zoogénétiques

Une ébauche' de 1'état des ressources
zoogénétiques dans le monde a été publiée. Ce
rapport est le résultat d'un processus initié en
2001. L'information essentielle contenue
dans 1’état des ressources zoogénétiques dans le
monde pour l'alimentation et 'agriculture a été
fournie par les 169 gouvernements qui ont
soumis leurs Rapports Nationaux. Dans
chacun de ces pays une équipe d’experts, y
compris les Coordinateurs Nationaux pour la
Gestion des Ressources Zoogénétiques et les
Comités Consultatifs Nationaux, ont
contribué a la préparation des Rapports
Nationaux. Ce processus a recu 'appui
d’une équipe régionale de formation et
facilitation. Certaines organisations
internationales ont contribué avec des
rapports sur leurs activités sur la gestion des
ressources zoogénétiques. La FAO a réalisé
avec la collaboration d’autres organisations
des études thématiques sur la situation
actuelle dans certains domaines spécifiques.
Une équipe d’analystes, auteurs et réviseurs
a contribué a la rédaction du Rapport
National.

L’ébauche du rapport sera présentée lors
de la quatriéme session du groupe de travail
technique intergouvernemental sur les
ressources zoogénétiques??, et elle sera
corrigée suite aux commentaires des
délégations gouvernementales regus lors de
la premiere conférence technique
internationale sur les ressources
zoogénétiques qui aura lieu a Interlaken, en
Suisse, en septembre 2007.

Faisant suite aux besoins exprimés
pendant ce processus, ainsi qu’aux

consultations et études postérieures, un
document provisoire a été élaboré sur les
priorités stratégiques d’action qui fait partie de
I'état des ressources zoogénétiques dans le
monde. Ces priorités stratégiques d’action
deviendront un plan d’action principal avec
un horizon temporel de dix ans qui tiendra
compte des mesures nécessaires pour
|'utilisation durable, le développement et la
conservation des ressources zoogénétiques
pour l'alimentation et I'agriculture aux
niveaux national, régional et mondial. Ce
document sera discuté par le groupe de
travail, revu et potentiellement adopté lors de
la conférence technique internationale. Le
consensus sur comment faire face aux
priorités pour la gestion durable des
ressources zoogénétiques et prendre
conscience et apprécier ses différents roles et
valeurs encouragera la mise en oeuvre des
actions au niveau national.

La finalisation de 1'état des ressources
zoogénétiques dans le monde et I’adoption des
priorités stratégiques d’action fourni
'opportunité unique d’illustrer les exploits
atteints dans le passé avec la stratégie
mondiale ainsi qu'une vision claire sur le
mode de planifier le travail futur et la
coopération a moyen et long terme. Cela
représente aussi I'exploit le plus important de
la stratégie mondiale et un défi pour le
travail a réaliser par la commission sur les
ressources pour l'alimentation et I'agriculture
dans le domaine des ressources
zoogénétiques.

Les Editeurs

Thttpy/fwww.fao.org/ag/againfo/programmes/en/genetics/documents/AH473e00.pdf
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Editorial - EIl Estado Mundial sobre los Recursos Zoogenéticos: un
hito en el programa de la FAO para los recursos zoogenéticos

El Estado Mundial sobre los Recursos
Zoogenéticos ha sido publicado en version
borrador'. Este informe es el resultado de un
proceso iniciado en 2001. La informacién
esencial contenida en el Estado Mundial sobre
los Recursos Zoogenéticos para la Alimentacion
y la Agricultura ha sido proporcionada por
los 169 gobiernos que han entregado sus
Informes Nacionales. En cada uno de estos
paises un equipo de expertos, que incluye a
los Coordinadores Nacionales para la
Gestion de los Recursos Zoogenéticos y a los
Comités Consultivos Nacionales, ha
contribuido al desarrollo de los Informes
Nacionales. Este proceso ha contado con el
apoyo de un equipo regional formado por
extensionistas y capacitadores. Algunas
organizaciones internacionales
contribuyeron con informes sobre sus
actividades sobre gestion de recursos
zoogenéticos. La FAO llevé a cabo en
colaboracion con otras organizaciones
estudios tematicos sobre la situacién actual
en ciertas areas especificas. Un equipo de
analistas, autores y revisores contribuyeron a
la redaccién del Informe Nacional.

La version borrador del informe sera
presentada durante la Cuarta Session del
Grupo de Trabajo Técnico
Intergubernamental sobre Recursos
Zoogenéticos??; dicha version se corregird a
la luz de los comentarios recibidos por parte
de las delegaciones gubernamentales durante
la Primera Conferencia Técnica Internacional
sobre Recursos Zoogenéticos que tendra
lugar en Interlaken, Suiza, en Septiembre
2007.

En base a las necesidades expresadas
durante este proceso, asi como a posteriores
consultas y estudios, se ha desarrollado un
documento provisional sobre las Prioridades
Estratégicas de Accion que es parte del Estado
Mundial sobre los Recursos Zoogenéticos. Se
considera que estas Prioridades Estratégicas de
Accion deberan convertirse en un plan de
accion principal con un horizonte temporal
de diez anos que incluird medidas para el
uso sostenible, el desarrollo y la conservacion
de los recursos zoogenéticos para la
alimentacion y la agricultura a los niveles
nacional, regional y mundial. Este
documento serd debatido por el Grupo de
Trabajo, revisado y potencialmente adoptado
durante la Conferencia Técnica
Internacional. El consenso sobre como hacer
mejor frente a las prioridades para la gestion
sostenible de los recursos zoogenéticos y
tomar conciencia y apreciar sus distintos
roles y valores incentivard la implementacion
de las acciones a nivel nacional.

La finalizacion del Estado Mundial sobre los
Recursos Zoogenéticos y la adopcion de las
Prioridades Estratégicas de Accion proporciona
una oportunidad tnica de ilustrar los logros
alcanzados en el pasado con la Estrategia
Mundial, y obtener una visién clara sobre
coémo planificar el trabajo futuro y cooperar
a medio y largo plazo. Este seré el logro mas
importante de la Estrategia Mundial y un
reto para el trabajo que llevara a cabo la
Comisioén sobre Recursos Genéticos para la
Alimentacion y la Agricultura en el area de
los recursos zoogenéticos.

Los Editores
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La raza bovina autoctona espaiiola Pajuna: Situacion
actual y programa de recuperacion®

A. Luque', M. Valera®, P.]. Azor’, F. Goyache*, E. Rodero® & A. Molina’

'Asociacion de Criadores de Ganado Vacuno de Raza Pajuna (GRAPA),
Partido Rural de Sigiiela s/n, Apto. Correos 159, 29400 Ronda, Milaga, Espaiia
’Departamento de Ciencias Agroforestales, EUITA, Universidad de Sevilla,

Crtra. de Utrera Km. 1, 41013 Sevilla, Espafia

‘Departamento de Genética, Universidad de Cordoba, Campus Universitario de Rabanales, Edificio
Mendel, Crtra. Madrid-Cddiz, km. 373a, 14071 Cérdoba, Esparia

‘Area de Genética y Reproduccion Animal, Serida-Somid, 33203 Gijén, Espaiia

*Departamento de Produccion Animal, Universidad de Cordoba, Campus Universitario de
Rabanales, Crtra. Madrid-Cordoba, km. 373a., 14071 Cérdoba, Esparia

Resumen

La raza bovina Pajuna es una raza
autoéctona andaluza que estd al borde de la
extincién. Su aptitud es mixta carne-trabajo
y es posiblemente la raza espafiola més
rustica, al ser capaz de adaptarse a los
medios marginados, aprovechando los
escasos recursos de las sierras andaluzas, que
no pueden ser utilizados por otras razas mas
carniceras.

El cruzamiento indiscriminado con razas
especializadas, la mecanizacién del campo y
la pérdida del hébitat de explotaciéon han
llevado esta raza a una situacién de
inminente desaparicién, con sélo
300 animales puros, relegados en la mayoria
de los casos a meros vientres para el cruce
industrial en vacadas mixtas.

En el presente articulo describimos la
situacion actual y las causas que la han
llevado a esta situacién, asi como las
actuaciones de la Asociaciéon de Criadores
(GRAPA), creada en el afio 2001, dentro de
un programa de preservacion y
recuperacion. Estas razones se pueden
resumir en la localizaciéon de todos los
efectivos existentes, el analisis de la
estructura demografica de la poblacion, la
actualizacion de su estandar racial y
creacion del Libro Geneal6gico, la
caracterizacion genética, y determinacion del

nivel de variabilidad intra e interpoblacional
a partir del polimorfismo de loci moleculares
microsatélites como a través de la
variabilidad de la regién control del ADN
mitocondrial.

Summary

The Pajuna is a cattle breed native to
Andalusia in Spain. It is an endangered
breed exhibiting both meat quality and draft
animal attributes. The Pajuna breed is
possibly the most resilient bovine breeds in
Spain. This breed is adapted to adverse
conditions, taking advantage of the limited
resources of the Andalusian mountains
which cannot be used by other breeds.
However, massive crossbreeding with other
breeds, the mechanization of rural areas and
the loss of its habitat have led this breed to
the brink of extinction. At the moment there
are 300 pure animals, most of which are
females destined for industrial crossing in

Este trabajo ha sido financiado gracias al proyecto
INIA RZ 02-007. Caracterizacion socioeconémica,
productiva y genética de la raza bovina Pajuna:
Bases para el desarrollo de estrategias para su
preservacion, conservacion y desarrollo sostenible

AGRI 2006, 39: 1-14



Recuperacion de la raza bovina Pajuna en Esparia

mixed farms. The present work is intended to
describe the causes of this situation. The
Association of Breeders (GRAPA), created in
2001, is working towards a program of
preservation and recovery for this breed and
accordingly the following steps have been
taken. The existing population of Pajunas
has been identified, and an analysis made of
its demographic structure allowing for the
establishment of a breed standard and the
creation of a studbook. We have also
genetically characterized this breed. The level
of inter- and intra-population variability has
been determined using polymorphism of
microsatellites loci and D-loop region of the
mitochondrial DNA (mtDNA).

Palabras clave: Peligro de extincion, Razas
bovinas, Libro Genealdgico, Variabilidad
genetica, Nivel de pureza, Reacciones de PCR
muiltiple, Diversidad genotipica, Coeficiente de
consanguinidad.

Introduccion

La raza bovina Pajuna, es una de las razas
bovinas andaluzas consideradas en
inminente peligro de extincion debido
principalmente al cruzamiento con otras
razas selectas (Molina et al., 2005). El

RD 1682/1997, de 7 de noviembre, en el que
se actualiza el catalogo oficial de razas de
ganado de Espafia, la considera como una
raza de proteccion especial. También se le
conoce por Serrana, debido a ser considerada
como la raza de las sierras andaluzas, y
como Castellana.

Por su gran rusticidad, es capaz de
adaptarse a los medios mas dificiles (en
terrenos escarpados y frios de alta montafia,
a veces nevados y frecuentemente
compartiendo pastos con rebafios caprinos
y/o cinegéticos), aprovechando los escasos
recursos de los medios marginales, siendo
explotada de forma extensiva para carne,
contribuye por un lado a la conservacion de
estas zonas y por otro al mantenimiento de la
poblacién humana, siendo un claro ejemplo
de desarrollo sostenible (Luque et al., 2001).

Es conocida por la calidad de su carne
roja, aunque los antiguos pastencos, que son
canales de becerros de seis a ocho meses,
criados a hierba y 140 kg. de peso vivo, ya no
son comerciales y son vendidos a cebaderos
(Luque et. al., 2003).

Tradicionalmente era explotada por su
aptitud trabajo en las zonas costeras de
Mélaga a Almeria y en la Sierra de la
Axarquia (Mélaga), donde aun quedan
gafanes, siendo pieza clave de sus
economias rurales en las que era explotada
para labrar sus huertas, alimentdndose de los
rastrojos, estercolando las tierras de labor y
dando a su vez un becerro, pero debido a la
mecanizaciéon del campo, actualmente solo se
enganchan toros para romerias. Se surtian de
ganaderos que pasaban desde otofio hasta
final de la primavera en Sierra Morena,
Sierras de Cazorla, Segura y Villas y Serrania
de Ronda, Alcornocales, Grazalema e incluso
el valle de Alcudia en Castilla la Mancha
(donde se apreciaba su aptitud trabajo en las
minas), y trashumaban en el estio hacia las
Alpujarras y Sierra Nevada. En la actualidad
no se llevan a cabo estas practicas de manejo
(Figura 1).

Material y Métodos

Se han localizado todas las explotaciones que
poseian algtin animal de raza Pajuna y se ha
abierto el Libro Genealégico de la raza,
incluyendo a los animales en los diferentes
registros en funcioén del nivel de pureza. Para
ello ha sido necesario discriminar entre los
animales que se pueden considerar
etnozootécnicamente puros de los animales
que presenten una mayor o menor influencia
de otras razas, utilizando el patrén de la
raza propuesto por Herrera et al. (1996).

La estimacion del tamafio efectivo de la
poblacién (Ne) se obtuvo siguiendo las
férmulas de Latter-Hill y de Wright. El
modelo de Latter-Hill (Latter, 1959; Hill,
1972, 1979) viene representado por la
siguiente ecuacion:
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donde M y F representan el nimero de
machos y de hembras en edad reproductiva
por afio; L es el intervalo medio entre
generaciones, expresado en afios; Xij es el
tiempo de vida de la progenie de sexo j del
padre de sexo i.

Esta ecuacion tiene en cuenta la
distribucion observada del tamafio de
progenie. Sin embargo si asumimos que todos
los individuos tienen la misma posibilidad,
durante una unidad de tiempo dada, de
contribuir a la siguiente generacioén, la
distribucion del tamafio de progenie se
aproxima a una distribucién de Poisson
(Kimura and Crow, 1963) quedando la
ecuacion de Ne como la de Wright (1931):
Ne=(4MLFL)/(ML+FL). El incremento de
consanguinidad por generacion puede
aproximarse a 1/(2Ne).

Se ha realizado la valoracion
etnozootécnica a una prospeccion de
38 ganaderias y 618 animales (584 hembras y
34 sementales), lo que representa la mitad de
las hembras reproductoras y todos los
sementales funcionales en la actualidad. Esto
permiti6 la inclusién en el libro geneal6gico
de 22 machos y 295 hembras puras. Se
realizaron 6 medidas zoométricas a
71 animales adultos (8 machos y
63 hembras). La caracterizacién morfolégica
y faneréptica fue llevada a cabo en
352 animales siguiendo la metodologia
propuesta por Jordana y Ribo (1991) y
Rodero et al., (1994), que incluye 30 variables
cualitativas.

Para la caracterizaciéon genética de la raza
Pajuna, el analisis de la variabilidad intra e
interpoblacional y la eleccion del panel de
marcadores mas eficaz para el control de
filiaciéon en esta raza, se han genotipado
51 animales, utilizado 31 microsatélites
recomendados por el grupo de expertos de la
FAO (1999) e ISAG para estudios de
diversidad genética en bovino. Ademas de

2+(F/ My o' (X,)+2(F/ M)o(X,,, X,)+0*(X,)|

los 51 animales pajunos analizados, en
determinados analisis se han utilizado las
frecuencias alélicas de 25 animales de raza
Berrenda en Negro, 25 de Berrenda en
Colorado y 14 animales de raza Cardena
Andaluza (Rodero, 2003).

El procesado de las muestras se ha llevado
a cabo segtin técnicas estdndares puestas a
punto en nuestro laboratorio de genética
molecular. Para su amplificacién se han
agrupado en reacciones de PCR mdltiple
(Azor et al., 2003). Las frecuencias alélicas se
han calculado mediante recuento directo.

La variabilidad genética que se mantiene
en la poblacién actual se ha estimado
mediante diferentes parametros (diversidad
alélica, heterocigosidad observada y
esperada, el nimero efectivo de alelos y la
diversidad genotipica). Para conocer la
estructura genética de las subpoblaciones de
la raza Pajuna, hemos estimado los
estadisticos-F de Wright (F, F, y F,). Asi
mismo hemos estimado la distancia genética
de Reynolds (Reynolds et al., 1983), una
distancia que se ha mostrando muy
adecuada para la diferenciacién de
poblaciones que han divergido hace muy
poco tiempo. Finalmente se ha realizado un
andlisis de la posibilidad de asignar los
distintos individuos analizados (genotipos) a
sus respectivas poblaciones. Para ello se ha
utilizado el procedimiento de maxima
verosimilitud con remuestreo bootstrapping
(Paetkau ef al. 1995, 1997).

El coeficiente de consanguinidad ha sido
estimado de forma indirecta a partir de las
heterocigosidades observadas y esperadas del
grupo de marcadores genéticos siguiendo la
metodologia propuesta por Nei y Kumar
(2000).

Para la estimacion del parentesco
molecular entre los diferentes individuos, se
ha utilizado el estimador R (total relatedness
estimate) definido por Wang (2002), a partir
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Figura 1. Rebario de vacas de raza Pajuna en su medio ambiente tipico.
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de los estimadores PHI y DELTA (Lynch and
Ritland, 1999, Li et al., 1993).

Con respecto al anélisis del ADN
mitocondrial en la raza Pajuna, se ha
realizado la amplificacion de la region D-loop
utilizando los oligonucleétidos y el protocolo
publicados por Loftus et al. (1994) para su
posterior secuenciacion en 9 individuos de
raza Pajuna seleccionados para encontrar la
mayor diversidad posible de origenes. Para la
amplificacién de esta region del ADN
mitocondrial se ha seguido la metodologia
expuesta por Cymbron et al. (1999),
mediante PCR con oligonucleétidos
disefiados por estos autores, denominados
AN4 (marcado) y AN3 permiten la
amplificaciéon de un fragmento de 375 pares
de bases de la region de control del ADN
mitocondrial bovino. Asimismo se han
obtenido de GenBank las correspondientes
secuencias de 10 individuos de raza
Limousin (ntmeros de acceso AF336502-11),
12 de raza Charolais (niimeros de acceso
AF336523-33 y U51817), 11 de raza Brown
Swiss (nimeros de acceso AB079362-4,
AF16072-78 y AF034438), 2 de raza Retinta
(ntmeros de acceso AF531410-11), y 11 de
raza N'Dama (ntmeros de acceso
AF336656-63 y U51837-9). Con ello se
pretende conocer el grado de influencia del
ganado africano mas representativo
(N’Dama), y alguna de las razas europeas
genotipadas que mas presencia han tenido
en tiempos recientes en el area geografica en
la poblaciéon Pajuna.

Resultados y Discusion

Evolucién censal y situacion actual

Segun la escasa bibliografia disponible, sus
censos han disminuido de forma vertiginosa
en los dltimos afos, bajando desde un par de
miles de hembras de raza pura (Aparicio,
1960; Sanchez-Belda, 1984) a varios cientos
(Rodero et al., 1992). Los resultados
obtenidos han permitido estimar un censo
total de la raza de 1367 cabezas de ganado
vacuno con base genética de raza Pajuna,

con distintos niveles de pureza, distribuidos

en 106 ganaderias de 9 provincias (todas las

andaluzas y Ciudad Real), y un tamafio
medio de 12 cabezas/explotacion. Estos

censos son aparentemente muy superiores a

los recogidos en la bibliografia mas reciente

(Rodero 1999; Sanchez-Belda, 2002), o a las

310 hembras reproductoras con once machos

que estiman las bases de datos EAAP y FAO,

si bien hay que tener en cuenta que estos
altimos solo incluian animales puros en
ganaderias con censos resefiables.

Estas 106 explotaciones pueden ser
clasificadas en:

* 19 ganaderias con algtin semental de raza
Pajuna (cria en pureza aunque también
pueda realizar cruce industrial) y un
censo total de 416 animales.

* 27 ganaderias dedicadas al cruce
industrial (exclusivamente sementales de
razas cérnicas especializadas y madres
con fuerte base genética Pajuna) y un
censo de 719 animales.

* 53 ganaderias de otras razas que cuentan
en su cabafia con alguna cabeza de
ganado pajuno de distinta procedencia
(208 animales pajunos).

* 7 Domadores o gafianes, con un censo de
24 animales que no se aparean (adultos no
reproductores).

Destaca que s6lo 19 ganaderos poseen al
menos un semental de raza Pajuna (menos
del 18% del total), cuentan con 333 hembras
reproductoras (36% del total de la raza), de
las que 121 son del nivel A (38% del total de
este nivel y 10,7% del total de la raza).
Debido a que la reposicion es realizada con
novillas de raza Pajuna, el nivel de hembras
puras en este ntcleo es el mas numeroso,
superior a la media de toda la raza que es del
25%.

Solo dos ganaderias poseen maés de
cincuenta cabezas. Este hecho hace que los
ingresos de esta explotacion tengan que
complementarse con otras actividades, lo que
implica que hoy dia la explotacion del
vacuno Pajuno sea una actividad a tiempo
parcial poco especializada. Del censo total de
animales reproductores de raza Pajuna con
un nivel aceptable de pureza (1 133 hembras
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reproductoras y 34 toros), tan sélo 287 vacas
de vientre y 22 sementales se encuadran en el
nivel A (animales puros).

En cuanto a la distribucion, segian
nuestros resultados, a pesar de que su habitat
tradicional ha sido muy amplio,
practicamente todas las serranias y sierras
andaluzas, en la actualidad est4 restringida a
nucleos muy reducidos en la Sierra Norte de
Sevilla y Sierra Morena Cordobesa, en las
Alpujarras Granadinas (animales todos
cruzados), Sierras de Cazorla, Segura y
Villas e inmediaciones, y animales en
vacadas mixtas de la Serrania de Ronda y
Sierra de Grazalema (Figura 2). También
hemos detectado reductos en la Axarquia
malaguefia y un rebafio en Almadén
(Ciudad Real).

Segun su localizacién geogréfica y flujo de
genes hemos distinguido cinco zonas de
influencia claramente diferenciadas. Estos en
la practica se estdn comportando hoy dia
como nucleos aislados, sin flujo genético
entre ellos:

. Nacleo de Jaén (La Carolina y Sierras de

Cazorla, Segura y las Villas).

. Ntcleo de Ronda (Sierra de Grazalema,

Parque de los Alcornocales y Serrania de
Ronda). También llamado ntcleo de
Malaga.

. Ntcleo de Granada (Cara Norte de Sierra

Nevada, Guiejar-Sierra, Alpujarras y
Almeria).

Los nucleos Jaén, Ronda y Granada
coinciden con tres 4reas geograficas mas o
menos bien delimitadas y separadas entre
ellas por zonas no ganaderas de campifia.

. Equidistante entre las tres, en la Sierra de

la Axarquia, se sittia un cuarto ndcleo,
donde la cria de ganado es casi
testimonial y es la tnica que adn
selecciona para aptitud trabajo (Enganche
o gafianes).

. Por ultimo, localizamos un ntcleo

disperso que denominamos Otros, muy
heterogéneo en cuanto a localizaciéon
geogréfica y sistemas de explotacion,
formado por animales sueltos insertos en

Figura 2. Localizacion de los principales niicleos geogrificos de ganaderias de raza Pajuna, en

el sur de Esparia.
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vacadas mixtas, que por distintos motivos

han terminado fuera de su ubicacién

habitual.
En la tabla 2 se presenta el tamafio efectivo
de cada Ntcleo utilizando los censos de la
tabla 1 y asumiendo que no existe flujo
genético entre los Nucleos y tampoco
restricciones al movimiento dentro de cada
uno de ellos. Seria por tanto la situaciéon
equivalente a la existente en poblaciones
pequenas mantenidas para la preservacion
en pequefios ntcleos aislados.

El tamafio efectivo determina los niveles
de deriva genética y consanguinidad y por
tanto la pérdida de variabilidad en las
pequefias poblaciones. Es de mucha
importancia la posibilidad o no de flujo de
reproductores entre nicleos y ganaderias.
Asi, el concepto de tamarfio efectivo de la
poblacion (Ne) es importante para

comprender los efectos de la variacién en el
namero de machos y de hembras y del
tamafio de familia sobre la deriva genética y
la consanguinidad. En funcion de este Ne la
raza Pajuna se encuentra en “peligro
sostenido” .

Estos resultados son equiparables a los
estimados por la EAAP (Ne=16), en donde se
estima un incremento por generacién del
3,13% de consanguindad.

Se denota que un bajo nimero de machos
reduce el tamafio efectivo de la poblaciéon
drasticamente. Asi mismo se puede observar
como de seguir el actual aislamiento entre
nucleos la situacion seria irreparable en muy
pocas generaciones.

Las causas por las que ha llegado a la
situacion en que se encuentra, son
basicamente tres (Molina et al., 2003): El
cruce indiscriminado con otras razas

Tabla 1. Distribucion estimada del niimero de animales reproductores por niicleo y nivel de pureza.

Machos Hembras
Zona/Nivel de pureza A B Total A B C  Total Ganaderos
Jaén 3 1 71 54 37 162 17
Ronda 5 0 50 43 28 121 24
Granada 6 3 105 272 365 742 38
Otros 2 0 41 16 3 60 14
Axarquia 6 8 14 20 17 11 48 13
Total 22 12 34 287 402 444 1133 106

Tabla 2. Niimero efectivo e incremento de consanguinidad esperada en la poblacion de animales

Pajunos considerando cuatro niicleos aislados.

Jaén Granada Malaga Otros
0 A:15 3 5 5 2
N° machos B: 1 0 1 0 0
A:110 47 21 29 13
N° hembras  B: 99 35 36 35 3
C: 65 15 34 15 1
N total 100 97 84 19
Nm 3 6 5 2

Nh 89,5 74 71,5 16,5

Ne 11,6 22,2 18,7 7,1

AF 4,3% 2,3% 2,7 7,0%

Nm: Namero de machos; Nh: numero de hembras; Ne: Tamafio efectivo; AF: Incremento de

consanguinidad por generacién.
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foraneas (que ha hecho que en algunas
explotaciones con vocacion cruce industrial,
no quede ninguna vaca clasificada en A),
falta de criterios de seleccién o criterios
obsoletos (aptitud trabajo aunque puede
tener cierta demanda para tirar de las
carretas en las romerias) y el desplazamiento
de la actividad ganadera en estas zonas por
otras mas comodas o rentables (ganado
caprino o cinegético y turismo rural
principalmente).

Caracterizacién morfoldgica de la raza
Pajuna

Segtin nuestros resultados la raza Pajuna es
ortoide, mediolinea, de piel basta, de capa
castafla con oscurecimientos centrifugos y
particularmente bociclara, capa de toros méas
oscura que hembras y abundante pelo rojo
encendido en testuz, mucosas oscuras, de
subhipermétrica a subelipométrica, con pesos
medios de 375 kg las hembras a 600 kg los
machos, variando mucho segin la
alimentacion recibida, segiin dos modas:
Ganado de piara o domado; de esta forma,
encontramos ejemplares aislados insertos en
vacadas mixtas en pastos de buena calidad, o
criados en pesebre y domados para tiro, que
alcanzan 550 kg. las hembras y 1 000 kg. los
machos. Se corresponden con el morfotipo
ambiental (Aparicio, 1960), asi, las
extremidades son largas para poder
defenderse en las zonas escarpadas donde
suele pastar, aunque en los animales
seleccionados para tiro, el indice de
compacidad aumenta, cabeza voluminosa, y
cuerna de seccién circular en gancho abierto,
blancos por la base y negros o caobas por la
punta, escaso diametro bicostal, cruz
destacada, ensillado frecuente y de escaso
desarrollo muscular, grupa de longitud
media, cerrada posteriormente y tendente a
la horizontalidad (Figura 3).

El analisis estadistico determiné unos
elevados coeficientes de variacién y unas
significativas diferencias entre Ntcleos para
la mayoria de las variables zoométricas. En
cuanto a los caracteres morfolégicos y

fanerdpticos, se detectaron diferencias
significativas en 14 de las 30 variables
analizadas. Estas diferencias son reflejo por
una parte del aislamiento reproductivo entre
las ganaderias de cada Nucleo y por otra a
una selecciéon de la reposicion buscando un
tipo de animal diferente (y probablemente
también a diferente influencia de otras razas
en el pasado). El anélisis claster determiné
un mayor agrupamiento entre los Ntcleos de
Jaén y Mélaga y una mayor diferenciaciéon en
el de Otros. Asi mismo el porcentaje de
agrupamiento correcto en el anélisis
discriminante fue del 71%, siendo el Nucleo
de Granada con un 82% el que presenta una
mejor definicion, y el de Ronda (52%) el
peor.

Las diferencias significativas observadas
son indicativas de unas mayores diferencias
fanerépticas que zoométricas, y que éstas se
acusan mas entre nicleos que entre sexos, y
entre animales seleccionados para aptitud
carne o trabajo. Este resultado coincide con
Aparicio (1960), Sanchez-Belda (1984) y el
propio estandar de la raza que distingue dos
zonas de produccion primaria y secundaria,
o de piara y domado respectivamente.

Caracterizacion genética de la raza
Pajuna

Estimacion de la variabilidad genética
poblacional a partir del polimorfismo de los
microsatélites del ADN

Todos los microsatélites utilizados han sido
polimérficos. Se han encontrado en esta raza
220 alelos en el total de los marcadores
amplificados, siendo el namero medio de
alelos encontrados por locus de 7,1. Se ha
determinado el namero de alelos especificos
de cada nucleo, es decir, los alelos que se han
encontrado en animales de un nticleo que no
se han visto en los demads. Se ha visto que
hay grandes diferencias en este niimero de
alelos (Malaga=7, Granada=20, Jaén=47).
Puesto que las diferencias encontradas
pueden estar condicionadas por el tamafio
muestral, se hace necesario corregir
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Figura 3. Macho y hembra tipicos de la raza Pajuna.
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calculando para ello la riqueza alélica de
acuerdo con la correcciéon de El Mousadik y
Petit (1996). En este caso los valores de
riqueza alélica en los tres ntucleos han sido
practicamente similares (4 alelos).

Los valores de diversidad genética dentro
de ntcleos (H,) han sido ligeramente
inferiores en la mayoria de los loci y en el
total de todos ellos (0,703) que los valores
obtenidos de diversidad genética total
(H,=0,716), lo que indica una pérdida de
heterocigotos en las subpoblaciones con
respecto a la poblaciéon en conjunto. En
cambio, el valor de D, (diversidad génica
entre los niicleos) obtenido para el total de los
loci no ha sido muy elevado (1,2 %),
mostrando un escaso peso en las diferencias
entre nucleos en relacion con las diferencias
entre individuos.

En la poblacién global se observa un
mayor numero efectivo de alelos (Nea=3,7)
(Selander, 1976) con respecto a las
subpoblaciones (3,13 a 3,5) lo que informa de
una pérdida de variabilidad como
consecuencia de la subdividision de una
poblacion en pequefios nicleos (efecto
Wahlund). En cuanto a la diversidad
genotipica (Stoddart y Taylor, 1985) se ha
obtenido un valor medio de 3,61 para el
conjunto de los loci estudiados en la
poblacién global.

El coeficiente de consanguinidad estimado
de forma indirecta a partir de las
heterocigosidades observadas y esperadas de
los 31 microsatélites de ADN analizados
siguiendo la metodologia propuesta por Nei
y Kumar (2000), ha sido del 2,99 %. Este
valor (al igual que el de las propias
heterocigosidades) muestra una situacion de
variabilidad genética lo suficientemente alta
para que si se corrigen los problemas que se
han iniciado (falta de rentabilidad,
aislamiento geogréfico y sanitario,
envejecimiento de la poblacién, dificultad de
obtener machos reproductores, etc.) la raza
no tenga problemas en superar la situacién
actual.

En los casos en que no existen registros
genealdgicos (como ocurre en la raza Pajuna)
estd cobrando protagonismo el llamado

“parentesco molecular” basado en los
marcadores genéticos como los microsatélites
(Lynch and Ritland, 1999). Para la
estimacion de este parentesco molecular
entre los diferentes individuos se ha utilizado
el estimador R (Total Relatedness Estimate)
definido por Wang (2002), a partir de los
estimadores PHI y DELTA (Lynch and
Ritland, 1999, Li et al., 1993). Este andlisis se
ha realizado tanto en la poblacién global,
como para cada una de las subpoblaciones
analizadas mediante ADN (Jaén, Granada y
Malaga). Segtin nuestros resultados en la
poblacion global se ha obtenido un
parentesco medio de 4,54%, con un 36,94 %
de los apareamientos con un parentesco
superior a cero (media del 12,28%).

Cuando realizamos este anélisis bajo el
supuesto de un flujo genético exclusivamente
dentro de cada ntcleo (el 46,82% de los
posibles apareamientos corresponden a
parejas dentro del mismo ntcleo geografico),
se observa que el parentesco medio ha sido
l6gicamente superior al de la poblacién total
(cruzamientos dentro y entre grupos
geograficos) con una R promedio del 6,36% y
un 43,72% de los apareamientos
consanguineos (parentesco medio del
14,55%). En este caso el nicleo que posee un
mayor coeficiente de parentesco molecular
ha sido Granada (R=8%) y el menor Mélaga
(R=1,35%). Asi mismo han sido Granada y
Malaga los niacleos que han presentado
mayor y menor porcentaje de apareamientos
consanguineos con un 57,14% y el 3,00%
respectivamente.

Cuando se estudian los apareamientos
entre animales procedentes de distintos
nucleos geograficos, el promedio para el
parentesco molecular resulta sensiblemente
menor (media de 2,93%) que en el anterior
apartado, lo que demostraria el escaso flujo
que ha existido entre estos. Los nticleos mas
distantes genéticamente y que l6gicamente
presentan menor porcentaje de parentesco
han sido Jaén x Malaga (2,01%) y
Malaga x Granada (2,13%), coincidiendo con
los resultados obtenidos en la estimacién de
las distancias genéticas calculadas a partir de
los microsatélites de ADN. Asi mismo,
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presentan los menores porcentajes de
apareamientos consanguineos con un 25% y
30% respectivamente.

Medida de la variabilidad entre y dentro de
niicleos de la raza Pajuna

Se ha obtenido un valor medio de 0,026 para
el F (defecto o exceso de heterocigotos en
cada uno de los nacleos), 0,052 para

F,. (defecto o exceso de heterocigotos en la
poblacién global) y 0,027 para F,, (nivel de
diferenciacion genética). Este altimo valor
indicaria la proporcién de variacion genética
debida a la subdivisién de la poblacion, es
decir, muestra que casi el 3% de la
variabilidad genética total se debe a la
diferencia existente entre los ntcleos, el resto
(97%) seria debida a la diferencia entre
individuos dentro de los grupos (P<0,05).
Mediante la determinacioén del flujo de genes
entre los 3 principales Nucleos de la raza
mediante el ndmero de migrantes por
generaciéon (Nm, Wright, 1969) se ha visto
que ha sido en general bajo.

En la figura 4 se representa la distancia de
Reynolds (Reynolds et al., 1983), una
distancia que se ha mostrado muy adecuada
para la diferenciacién de poblaciones que
han divergido hace muy poco tiempo. Segtin
nuestros resultados la poblacién bovina
Pajuna estd perfectamente diferenciada del
resto de razas analizadas. Cuando este
andlisis se realiza incluyendo los diferentes
nucleos de esta raza, el resultado muestra
una baja distancia lo que indica que no se
constituyen grupos bien diferenciados desde
el punto de vista genético.

El anélisis de asignacién de los distintos
individuos analizados (genotipos) a sus
respectivas poblaciones ha mostrado una
buena discriminacién cuando se utilizan los
31 marcadores utilizados ya que en el peor
de los casos (en el ntcleo de Granada)
contamos con una probabilidad del 71,4% de
asignar correctamente un animal. En el
nucleo de Jaén esta probabilidad es del
81,25% y en el caso de la poblacion de
Malaga del 100%. La probabilidad global de
asignar correctamente un individuo fue del
80,39%. Tomando todos los ntcleos de la
raza Pajuna como una tnica poblacién, la
probabilidad de asignaciéon de los animales a
esta poblacion ha sido del 98%. Para el caso
de la asignacion de los individuos a las
poblaciones de Berrenda en Colorado,
Berrenda en Negro y Cérdena las
probabilidades han sido del 92% para las dos
primeras y del 100% para la dltima.

El verdadero valor de este estudio esta en
intentar determinar si el genotipado con el
panel de microsatélites seria de utilidad para
resolver aquellos casos en los que el historial
del animal y/o la etnologia no son capaces
de resolver la adscripcion a una determinada
raza (o el determinar el grado de pureza de
un grupo de animales). En ningtn caso
pensamos que debe utilizarse para adscribir
animales de los que se desconoce totalmente
su historial y su morfologia (Molina et al.,
2003). La informacién proporcionada por
marcadores moleculares neutros de tipo
microsatélite describe similitudes entre
poblaciones debidas a antecedentes comunes.
Ponzoni (1997) establece que la informacién
de marcadores moleculares neutros permite
asegurar que poblaciones cuya apariencia y

G: nacleo de Granada

J:nacleo de Jaén

M: ntcleo de Malaga

BC, BN, C: Barrenda en Colorado

Barrenda en Negro y Cérdena, respectivamente

Figura 4. Arboles de distancias genéticas (Reynolds et al., 1983) entre los niicleos de la raza Pajuna y

las otras razas.
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rendimientos son similares, son en realidad
diferentes, pero no que poblaciones cuya
apariencia y rendimientos son diferentes
sean genéticamente iguales.

Estimacion de la variabilidad presente en la
region control de la replicacion del ADN
mitocondrial

El analisis de las 53 secuencias obtenidas
mostré 26 sitios polimorficos, configurando,
a su vez, 26 haplotipos diferentes para el
conjunto de individuos analizados (5 en la
raza Pajuna). La raza Pajuna presenta
claramente haplotipos de ADN mitocondrial
de tipo europeo. Sin embargo, los haplotipos
que presenta esta raza son mayoritariamente
tnicos (presenta 4 haplotipos singulares que
no comparte con otras razas), lo que
descartarfa una introgresion directa via
hembra de las razas bovinas centroeuropeas
estudiadas en las razas andaluzas y,
especialmente, en la raza Pajuna. Mas bien,
los datos aportados en el presente analisis
sugieren un origen ancestral comdn de la
raza Pajuna respecto de las razas europeas
(introgresiéon de ganado bovino que se llevo a
cabo en Europa a partir de los lugares de
domesticacion del medio Oriente en tiempos
prehistorico (Loftus et al.; 1994; Bradley et al.,
1996; Troy et al., 2001) y un desarrollo
auténomo respecto de ellas, si bien el grado
de diferenciacién entre el ganado europeo
siempre debe entenderse como reducido.

Segtn nuestros resultados existiria una
mayor lejania entre la raza N'Dama y el
resto de las razas (entre un 1,6 y un 2,1%),
mientras que entre las razas europeas es
siempre inferior al 1% siendo la mayor entre
las razas Limusin y Retinta (0,9%) y la menor
entre la raza Pajuna y la Charolesa (0,3%).
Por otra parte, la variabilidad intra raza
presenta, en general, valores similares a las
distancias entre razas, lo que caracteriza la
existencia de una importante variabilidad
dentro de cada poblacion. Esto hace que la
distancia media entre razas (dA), que tiene
en cuenta la variabilidad intrapoblacional,
sea cero para todas las parejas de razas

europeas, mientras que la dA de la raza
N’Dama respecto de cualquier otra raza
europea ha sido del 1,1-1,2%.

Conclusiones

Si atendemos exclusivamente al ntimero de
animales con cierto nivel de pureza la
situacion podria no ser considerada grave,
pero si atendemos a los criterios de la EAAP
(ntmero de animales puros, la evoluciéon
censal, el porcentaje de cria en pureza etc.)
estd claro que la situacion de esta raza es de
extrema gravedad. No obstante, segtin
nuestros resultados, esta raza ha mostrado
un perfil genético definido y una entidad
genética propia y un alto nivel de
variabilidad genética. Ello permitira su
recuperacion si se solucionan los problemas
que la han llevado a la situacién en la que se
encuentra (aislamiento geografico y
sanitario, falta de rentabilidad de las
explotaciones, aislamiento genético de los
nucleos que la componen, etc.). En este
sentido las medidas iniciadas por la
Asociacién de Criadores estan siendo muy
positivas para la recuperacion y
consolidacion de la raza.

La especial importancia que tiene
controlar la endogamia y el papel
fundamental que tiene en el tamafio efectivo
de la poblacion el desequilibrio en el ratio
semental/vaca, nos obliga a que el plan de
conservacion que se establezca garantice que
cada semental establezca un flujo de genes a
los demaés nucleos, y deje un nimero minimo
de descendientes en él, y que haya
descendencia en cada ntcleo de sementales
de todos los nucleos.

Por altimo, las tres causas que hacemos
responsables de la situacion de la raza tienen
un trasfondo social, la despoblacién rural es
un hecho, las actividades ladicas tipo
cinegética o turismo rural requieren menor
esfuerzo para obtener mejores resultados, y
otras actividades ganaderas mas rentables,
por lo que para invertir esta situacion es
necesario no sélo aumentar la renta de los
ganaderos, sino profesionalizar sus sistemas
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de explotacion con mejoras de las
condiciones de trabajo y lograr la producciéon
de un producto estandarizado y comercial,
convirtiendo a los ganaderos en auténticos
empresarios con vision de futuro, que
animen a las nuevas generaciones a
continuar con la actividad.
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en tres razas bovinas cubanas
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Resumen

En el presente estudio se presentan los
primeros resultados de la determinacion de
la estructura genética de tres poblaciones de
ganado bovino autéctono cubano: Criollo de
Cuba, Cebtt Cubano y Siboney de Cuba,
para los loci de seis proteinas lacteas
(CASA1, CASAB, CASA2, CASK, LAAy
LGB). Se analizaron un total de

150 individuos (50 por cada raza), mediante
analisis de ADN por PCR-RFLP. Se
calcularon las frecuencias alélicas para cada
locus asi como condiciones de equilibrio de
Hardy-Weinberg. Fueron identificados los
alelos CASA1C y LAA# como evidencia de la
presencia de genes de Bos indicus en las tres
poblaciones cubanas. Se comprob¢ la
existencia de elevada variabilidad en cada
poblacién lo que constituye un elemento
importante para trazar estrategias de
mejoramiento y/o conservacion genética.

Summary

The present study shows the first results of
the genetic structure determination of three
populations of Cuban autochthonous bovine
livestock: Criollo de Cuba, Cebtt Cubano and
Siboney de Cuba, for the six major milk
proteins loci (CASA1, CASAB, CASA2,
CASK, LAA and LGB). A total of

150 individuals (50 for each population)
were analysed, by means of DNA analysis by
PCR-RFLP. The allelic frequencies were

Miguel Servet 177, 50013, Zaragoza, Esparia

calculated for each locus as well as
conditions of Hardy-Weinberg equilibrium.
The CASA1® and LAA* alelles were
identified as evidence of the presence of Bos
indicus genes in the three Cuban populations.
It was proven that the existence of high
variability in each population constitutes an
important means to establish strategies for
improvement and/or genetic conservation.

Abreviaturas:

CASAT: o -caseina.
CASAB: B-caseina.
CASA2: -caseina.
CASK: x-caseina.

LAA: o-lactoalbumina.
LGB: B-lactoglobulina.

Palabras clave: polimorfismo, PCR-RFLP.

Introduccion

La seleccién en la especie bovina se ha
basado principalmente en la mejora de
caracteres cuantitativos como leche, grasa y
proteinas controlados por multiples loci. Si
ademds tenemos en cuenta que para
conseguir mejorar estos caracteres se actta
principalmente controlando los machos y
que las medidas se hacen en individuos
adultos, resulta sencillo entender que el
progreso genético es lento y costoso.

Los avances producidos acerca del estudio
de la importancia de algunos genes sobre

AGRI 2006, 39: 15-24



Caracterizacion genética del ganado Cubano

caracteres productivos, permite en este
momento priorizar lo que podriamos llamar
“caracteres cualitativos” relacionados
especialmente con la calidad. Por otra parte,
determinados marcadores se consideran
herramientas fundamentales para conocer
genes de interés econémico como los
denominados QTLs (Rodriguez-Zas et al.,
2002) de aplicaciéon directa en los programas
de mejora a través de la Seleccion Asistida
por Marcadores (MAS) (Boichard, 1998;
Kenelly et al., 2000; Lara et al., 2002; Grisat et
al., 2002; Brunner ef al., 2003).

Las proteinas de la leche han sido muy
investigadas en paises del continente
Americano, por su gran potencial de uso en
este tipo de Seleccion Asistida por
Marcadores, asi como para la caracterizaciéon
y diferenciacion de poblaciones. (Golijow et
al., 1999; Kemenes et al., 1999; Lara et al.,,
2002).

Las proteinas lacteas bovinas incluyen
cuatro caseinas (o, B, o, k- caseinas) y dos
proteinas séricas (o-lactoalbtimina y
B-lactoglobulina), cada una de las cuales
muestra como minimo dos variantes
genéticas (Eigel et al., 1984). Se han
publicado numerosos estudios de asociacién
de algunas de estas variantes con las
caracteristicas tecnolégicas de la leche
(Ng-Kwai-Hang et al., 1986; Grosclaude,
1988; Aleandri et al., 1990; Formaggioni et
al., 2000). También han sido identificadas
variantes genéticas de dichas proteinas que
son tipicas de razas especificas. Asi la
variante A de la a-lactoalbimina se
considera como marcador racial de ganado
B. indicus (Threadgill y Womack, 1990).

El genotipo de las proteinas lacteas hoy
puede determinarse a partir de distintos tipos
de muestras de las que se puede obtener
ADN vy por distintas técnicas de genética
molecular (PCR/RFLP, SSCPs, SNPs,...)
puede determinarse el genotipo de todos los
animales sin distincion de sexo, edad o
estado fisiologico. Esto supone una gran
herramienta pues podemos obtener la
informacion de los machos desde su

nacimiento o incluso en estado embrionario
(Osta, 1994).

En el area de Centroamérica y el Caribe
no existe abundante informacién referente a
la caracterizaciéon por técnicas molecular de
rebafios autéctonos. Recientemente se han
publicado trabajos de caracterizacion de
diferentes ganados criollos de Latinoamérica
que contribuyen al conocimiento del
potencial genético de los mismos y brindan la
posibilidad de realizar estudios de
comparacién con sus ancestros europeos
(Bonvillani et al., 2000; Veli et al., 2004). En
Cuba se han desarrollado estudios de
polimorfismo bioquimico a nivel proteico
(Fernandez, 1980; Pérez-Beato y Fernandez,
1981; Pérez-Beato y Granado, 1981; Ronda et
al., 1981; Gutiérrez et al., 1989), en las razas
bovinas precursoras de nuevos cruzamientos.

En Cuba se ha trabajado para
incrementar la potencialidad productiva
lechera del ganado bovino existente en el
pais y para desarrollar paralelamente una
explotacién adecuada a las condiciones
tropicales. Para ello, se han mantenido
nucleos de animales identificados como razas
autoctonas resistentes al ambiente calido y
himedo del trépico como el Criollo de Cuba
(Bos taurus) y el cebt Cubano (Bos indicus), y
se han logrado cruzamientos que combinan
la rusticidad de este ganado resistente y las
cualidades productivas de razas importadas.
El Siboney de Cuba (5/8 Holstein-3/8 Cebu)
es un ejemplo de este altimo.

Estas poblaciones autdéctonas suponen
una fuente de informacién genética que hoy
es desconocida y que resulta esencial para los
estudios de caracterizacion genética asi como
para los estudios de diferenciacion y
evolucion con otras poblaciones.

El objetivo de este trabajo ha sido
determinar la estructura genética de las
razas Criollo de Cuba, Cebta Cubano y
Siboney de Cuba a través de los loci de seis
proteinas lacteas (ois,-caseina, B-caseina,
ois,-caseina, k-caseina, o-lactoalbtimina y
o-lactoglobulina).
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Materiales y Métodos

Un total de 150 muestras pertenecientes a las
razas Criollo de Cuba, Cebt y Siboney de
Cuba fueron analizadas en el presente
estudio. De cada raza se tomaron

50 muestras intentando que la seleccion se
realizara al azar. Todas estaban ubicadas en
dos empresas genéticas del oeste de La
Habana. De las razas cebt y Criollo el total
de las muestras provenian de hembras en
edad reproductiva, mientras que del Siboney
se tomaron, ademads de las hembras, ocho
machos de los que se encontraban en prueba
de progenie.

El ADN fue extraido de sangre periférica
(Osta, 1994) y de semen en el caso de los
individuos machos de la raza Siboney (Lien
et al., 1993). Las muestras de ADN fueron
tipificadas usando el método PCR/RFLP.
Concretamente para la amplificacion se
utiliz6 el procedimiento propuesto por los
siguientes autores: o, -caseina (Lien et al.,
1993), B-caseina (Medrano y Sharrow, 1991),
o, ,-caseina, K-caseina y a-lactoalbimina
(Osta, 1994) y B-lactoglobulina (Medrano y
Aguilar-Cordova, 1989). Para ello se prepard
una mezcla de reaccién que contenia:

50 mM KCl, 10 mM Tris-HCI (pH 8.8),

1,5 mM MgCl,, 0,1% de Triton X-100,

0,2 mM de dNTPs, 75 pmol de cada uno de
los oligonucleétidos especificos para cada
caso y una unidad de la Taq Polimerasa
(Promega) en un volumen final de 50 pl.

La digestion fue realizada con distintos
enzimas de restricciéon (Tabla 1). Para cada
reaccion se tomaron 10 pl del producto PCR
en un volumen final de 15 ul, con 1U de cada

enzima, 1,5 ul de buffer especifico para cada
una de ellas y se complet6 el volumen con
agua desionizada. Las reacciones de
digestion se llevaron a cabo incubando las
mezclas de reaccién a 37°C durante 3h
(Osta, 1994). Los fragmentos de restriccion
fueron separados en geles de agarosa al 3%
en buffer TBE 0,5x y tefiidos con bromuro de
etidio (0,5 mg/ml).

Para la caracterizacion genética de cada
una de las poblaciones se utiliz6 el programa
BIOSYS-1 (Swofford y Selander, 1989).

Resultados y Discusion

Variacion intra-raza. Analisis de loci
individuales

El anélisis de los loci de las proteinas lacteas
en las poblaciones estudiadas muestra la
presencia de los alelos mas frecuentes en la
mayoria de las poblaciones bovinas. Todos
los loci fueron polimorficos en las tres razas
excepto el locus CASA2. En todos los casos
los loci fueron dialélicos. Las frecuencias
alélicas se muestran en la tabla 2. A
continuacién pasamos a comentar los
resultados para cada uno de los loci
individualmente.

ocsl—casez’na

El locus CASA1 mostr6é dos alelos CASA1® y
CASA1S, con elevadas frecuencias génicas,

diferentes en las tres razas. El alelo CASA1¢
presenté una frecuencia muy elevada (0,95)

Tabla 1. Enzimas de restriccion para cada fragmento de proteina amplificado.

Locus Enzima
CASA1 Hphl
CASB Mspl
CASA2 Mnll
CASK HindIIl
LAA Mspl
LGB Haelll

Animal Genetic Resources Information, No. 39, 2006
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en el ganado Cebu, e inferior en Siboney
(0,64) y en Criollo (0,58). Estas altas
frecuencias no son comunes en las razas del
género Bos taurus, y nuestros resultados son
diferentes a los encontrados en la mayoria de
las razas pertenecientes a dicho género,
donde el alelo més difundido es el CASA15,
con frecuencias muy cercanas a 1,0 (Osta,
1994; Erhardt, 1993 y 1996; Ikonen et al.,
1996). Existen algunas excepciones como
Jersey, Guernsey, Normande, Italian Brown,
Reggiana y Mondenese con valores inferiores
a 0,75-0,85 (Grosclaude et al., 1976).
Similares a estos resultados fueron los
obtenidos en 10 razas de ganado autdctono
portugués por Beja-Pereira et al., (2002) en
las que la frecuencia del alelo CASA1® varian
entre 0,58 y 0,80. Litwificzuk y Krél (2002)
en un estudio llevado a cabo en ganado de
carne (Limousine, Hereford y Simmental)
encontraron frecuencias alélicas similares a
las observadas en Bos indicus para el locus
CASAL.

Los valores de frecuencias para el alelo
CASAI1C tanto en el Criollo Cubano como en

el Siboney confirman la presencia de genes
Bos indicus en su genofondo. En el primero es
una evidencia de que en algtin momento este
fue cruzado con ganado Cebt y en el
segundo son el resultado de la presencia del
Cebt en la creaciéon de la raza. Asi, se puede
considerar este alelo como marcador del
ganado acebuado cubano.

B-caseina

Las tres razas estudiadas mostraron dos
alelos en el locus CASB, siendo el alelo mas
frecuente CASB” (0,90 a 0,69, tabla 2). Estos
resultados coinciden con los descritos por
Escoda et al., (1981) quienes encontraron
frecuencias muy elevadas del alelo CASB* en
la raza Carora venezolana y en un grupo de
animales Cebu, en el cual este alelo estaba
practicamente fijado (v=0,99). Nuestros
resultados son similares a los obtenidos por
Osta (1994) en razas espafolas con una
frecuencia del alelo CASB® baja (de 0,03 a
0,10), excepto en Parda Alpina en que la

Tabla 2. Frecuencias alélicas de las proteinas licteas osi-caseing, B-caseina, ou-caseing, k-caseina,
o—alactoalbiimina, B-lactoglobulina en tres razas bovinas cubanas.

Grupo genético

Variantes Criollo de Cuba Siboney de Cuba Cebti Cubano
CASA1

B 0,42 0,36 0,05
C 0,58 0,64 0,95
CASB

A 0,90 0,69 0,90
B 0,10 0,31 0,10
CASA2

A 1,00 1,00 1,00
CASK

A 0,70 0,78 0,84
B 0,30 0,22 0,16
LAA

A 0,39 0,44 0,40
B 0,61 0,56 0,60
LGB

A 0,30 0,20 0,24
B 0,70 0,80 0,76
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frecuencia de CASB® fue algo superior (0.37).
Van Eenennaam y Medrano, (1991) y
Litwinzuk y Krol, (2002) encontraron valores
similares en ganado Holstein. La diferencia
entre las variantes A y B de esta proteina ha
sido muy estudiada ya que el alelo (CASBP)
proporciona a la leche caracteristicas idéneas
para la produccién de quesos (Jacob y
Puhan, 1992).

o_-caseina
s2

Para este locus el alelo CASA2* resulté fijado
en las tres razas cubanas analizadas, como
ocurre en la poblaciéon espanola Rubia
Gallega (Osta et al., 1995). Estos mismos
autores sefialaron que en las razas Parda
Alpina, Asturiana de los Valles y Frisona el
alelo CASA2# fue muy frecuente (0,93-0,99),
observandose valores ligeramente superiores
en razas autéctonas francesas Montbeliarde
y Vosgienhe (Grosclaude et al., 1988).
Resultados similares han sido descritos por
Ikonen et al., (1996) y Erdhardt en el mismo
afo, quienes encuentran el alelo A
practicamente fijado en las razas Ayrshire
Finlandesa (v=0,991) y Limpurger alemana
(v=0,984).

K-caseina

La tipificacion del locus CASK mostré dos
alelos en las tres razas estudiadas. El alelo
predominante fue CASK*, con valores de
frecuencias de 0,70 en Criollo, 0,78 en
Siboney y 0,84 en Cebt (Tabla 2). La mayor
frecuencia del alelo A ha sido una
caracteristica comtn en la mayoria de las
poblaciones de ganado de leche estudiada
(Zardowny y Kuhnlein, 1990; Osta, 1994).
Escoda et al., (1981) describieron frecuencias
elevadas de la variante A en ganado Cebu
(n=0,90) y Lara et al. (2002) encontraron
frecuencias de 0,78 en ganado Pantaneiro.
En distintos estudios de caracterizacién de
razas bovinas se ha observado que el alelo
CASK® presenta mayores frecuencias en
razas originadas de Bos taurus que en las de

Bos indicus (Backer and Manwell, 1980,
Golijow et al., 1996, Del Lama y Zago, 1996,
Tambasco, 1998, Kememes et al., 1999, de
Lama et al., 2002). En las poblaciones
cubanas analizadas aqui este alelo aparece
con valores de 0,30 en Criollo y 0,22 en
Siboney, las que se encuentran en el rango de
0,34 a 0,49 descrito para la mayoria de las
razas Bos taurus y de 0,07 a 0,09 en razas Bos
indicus.

En el ganado Cebu investigado hasta el
momento predomina la variante A de esta
proteina, con valores de frecuencia elevadas
(0,84) (Escoda et al., 1981), con lo que
concuerdan nuestros resultados. Beja-Pereira
et al. (2002) encontraron en ganado
autéctono portugués el alelo CASK* mas
frecuente en 8 de las 10 razas analizadas; en
las razas Mirandesa y Marinhoa el alelo
CASKP® mostr6 frecuencias de 0,75 y 0,95,
respectivamente, lo cual atribuyen a la deriva
genética dada por la dispersion geografica de
esos rebafios.

o-lactoalbiimina

Las frecuencias génicas observadas son
intermedias en las tres razas (0,56 a 0,61,
tabla 2). La frecuencia tan alta del alelo
LAA# (n=0,39-0,44) es un indicio de la
presencia de genes Bos indicus (Eigel et al.,
1984), en la creacién de nuestro ganado
autoctono. El alelo LAA# fue descrito como
marcador racial en el cruce Cebu
Cubano-Holstein Friesian por Pérez-Beato y
Granado (1981). Se conoce que, aunque el
Criollo proviene de animales de la especie
Bos taurus introducidos en el continente en
1493, ha ocurrido el mestizaje del Criollo
Cubano con el Cebt, fundamentalmente
procedente de Jamaica, hecho que estd
evidenciado por la presencia del cromosoma
sexual acrocéntrico caracteristico de la
especie Bos indicus (Sanchez et al., 1977). Esta
es una diferencia sustancial con el ganado
autéctono espafnol donde se ha descrito esta
proteina como monomorfica para la variante
B (Osta et al., 1995). Igualmente, es una
diferencia con otros ganados bovinos Criollo
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del continente americano, pues se ha
determinado con evidencias paleontoldgicas,
evolutivas, bioquimicas, citogenéticas y
moleculares que el Criollo Argentino no
presenta esta caracteristica propia del Bos
indicus, lo que sugiere que la introgresion de
dichas razas en el ganado argentino no tuvo
una influencia importante en su constitucion
genética (Bouzat et al., 1999). En el rebafio
Siboney analizado, se detect6 la presencia del
alelo LAA#, elemento 16gico si tenemos en
cuenta que esta raza es el resultado de
sucesivos cruces que se han estabilizado en el
5/8 Holstein- 3/8 Cebt, y que en este altimo
también encontramos el alelo LAA* (n=0,40).
Consideramos que este es un elemento tipico
que caracteriza y distingue nuestro ganado
autoctono de las razas lecheras europeas que
presumiblemente le dieron origen,
evidenciando una vez mas la presencia de
genes Bos indicus en nuestras razas, por lo
que se puede utilzar tambien la variante A
de la a-lactoalbiimina como marcador racial
para la caracterizacion del ganado cubano.
Esto concuerda con el hecho de que en
algunas de las razas explotadas en Espafia,
estudiadas por Osta en 1994, todos los
animales presentaron el alelo LAAP. Sin
embargo, s6lo dos animales incluidos en un
test de comparacién internacional
promovido por la ISAG, mostraron variaciéon
como heterocigotos. Estos animales se
correspondieron con la especie Bos indicus.
En un estudio genémico de las proteinas de
la leche, Threadgill y Womack en 1990,
demostraron la presencia del alelo LAA#*
como caracteristica de los rebafios
acebuados, y mas especificamente en la raza
Brahman asiética.

B-lactoglobulina

El alelo LGB? de esta proteina aparece con
frecuencias similares en los tres rebafios
analizados (Siboney: 0,80, Cebu: 0,76 y
Criollo: 0,70, tabla 2). En el caso del Criollo,
estos valores fueron semejantes a los
descritos por Pérez-Beato y Fernandez
(1981).

Similares han sido los resultados
encontrados por otros autores en razas
espafolas, europeas y norteamericanas
(Osta, 1994; Ng-Kwai-Hang et al., 1990; Van
Eenennaam y Medrano, 1991). También en
poblaciones venezolanas (Escoda et al., 1981)
se describe el alelo LGBP como el mas
frecuente de esta proteina en el ganado Cebu
(n=0,93) y en siete de las 10 razas autdctonas
portuguesas analizadas por Beja-Pereira et
al., (2002). Litwificzuk y Krél (2002)
encontraron mas frecuentemente la variante
B, pero en razas especializadas en la
produccién de carne (Hereford, 0,703 y
Simmental, 0,621), solamente en la raza
Limousin fue el LGB* el alelo ligeramente
mas frecuente (n=0,650).

En el caso de esta proteina no es posible
establecer diferencias entre razas de origenes
diferentes por no haber identificado en la
literatura suficientes resultados que nos
permitan evaluar la prevalencia de una
variante u otra en ganado cebt.

Al realizar el analisis de los genes de las
proteinas lacteas, Threadgill y Womack en
1990 encontraron que el alelo LGBP (en
homocigosis) aparecié en todos los animales
estudiados de las razas Jersey y Hereford, asi
como en el 50% de los animales de la raza
Brahman.

Se debe tener en cuenta el aspecto
importante a considerar de esta proteina,
para su empleo como marcador para la
mejora, debido al efecto que se le atribuye al
alelo LGBP sobre la calidad de la leche.

Diversidad genética de las proteinas
lacteas en las poblaciones cubanas

Para los loci de las proteinas lacteas
analizadas se ha estudiado un conjunto de
pardmetros como medida de la estructura
genética de estas poblaciones. Los valores de
heterocigosidades medias observada (Hobs) y
esperada (Hesp), nimero medio de alelos
(A), porcentaje de loci polimérficos (P, ) e
indice de fijacién (F): que se muestran en la
tabla 3. En las tres razas se observan mas
individuos heterocigotos que los esperados
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segtn las condiciones de equilibrio de
Hardy-Weinberg, lo cual puede ser un
indicio de la seleccion ejercida sobre los
rebafios estudiados que originen indices de
consanguinidad (F) con valores negativos;
aunque estos no son significativamente
diferentes de cero.

Cinco de los seis loci analizados resultaron
ser polimoérficos en las tres razas, aunque en
el Cebu el porcentaje de loci polimorficos es
inferior debido a que el locus o, -caseina
presenta el alelo C practicamente fijado. El
nimero medio de alelos por locus coincide en
los tres rebafios, sin que aparezcan alelos
diferentes en ninguno de ellos. Esto se debe a
que los métodos de deteccién de las variantes
genéticas de las proteinas lacteas analizadas
son especificos para la diferenciacién entre
dos alelos determinados, lo cual no permite
la identificacion de alelos raros.

Utilizando los valores de las frecuencias
alélicas se determinaron las posibles
desviaciones de las proporciones de
Hardy-Weinberg, donde la mayoria de los

loci para las tres razas se encuentran en
equilibrio. No obstante, el ganado Cebt
analizado no estd en equilibrio para el locus
CASB (P<0,001) con un exceso de
homocigotos A. El Siboney aparece en
desequilibrio para los loci LGB (P<0,05)
debido a un exceso de homocigotos B y
LAA (P<0,001) en el cual los individuos
heterocigotos se encuentran en exceso. Estos
resultados se confirman al analizar los
valores de coeficientes F, donde coinciden los
loci en desequilibrio (Tabla 4).

La falta de equilibrio en el rebafio Cebu
Cubano en el locus B-caseina puede ser un
elemento que confirme el efecto de la
seleccion ejercida sobre algun alelo por estar
relacionado con algtn caracter productivo a
favor del cual se esté seleccionando. Asi,
existe la posibilidad de que se haya
incrementado la presencia de ciertos alelos
que no sea posible detectar por el método
empleado, y que estén afectando las
condiciones del equilibrio en esta raza. En la
raza Siboney se observa mayor namero de

Tabla 3. Valores de heterocigosidades medias observada (Hobs) y esperada (Hesp), niimero
medio de alelos (A), porcentaje de loci polimorficos (Po.ss) y coeficientes de fijacion (FC) en tres
razas bovinas cubanas para los loci de las proteinas ldcteas.

Cebu Siboney Criollo
Hobs 0,230 (0,100) 0,355 (0,103) 0,344 (0,086)
Hesp 0,211 (0,076) 0,340 (0,074) 0,334 (0,081)
A 1,8 (0,2) 1,8 (0,2) 1,8 (0,2)
Poos 66,7 % 83,3% 83,3%
EFC -0,09 -0,04 -0,03
Tabla 4. Valores de coeficiente de consanguinidad por locus.
Valores de F por locus
Cebt Siboney Criollo
CASA1 -0,042 0,019 -0,044
CASB 0,645*** 0,018 0,109
CASK 0,053 -0,005 -0,126
LAA -0,250 -0,529*** -0,032
LGB -0,227 0,406** -0,028
**P<0.05.
***Pp<0.001.
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loci en desequilibrio, donde las desviaciones
pueden tener su origen en el hecho de que los
animales son provenientes de un
cruzamiento y que por los efectos de la
seleccion natural hayan sobrevivido los
individuos maés resistentes y adaptados de la
poblacién, posiblemente los heterocigotos
(Kidd et al., 1980), insertado en esta
poblacién también se observan valores de
heterocigosidades mas elevados.

Conclusiones

En las poblaciones bovinas estudiadas existen
alelos cuyas frecuencias génicas permiten
establecer un patrén racial molecular,
caracteristico para cada una de ellas y que
pueden ser utilizados como marcador de las
razas provenientes de B. indicus.
Consideramos que existe una alta
variabilidad genética en el Criollo de Cuba,
en el Cebti Cubano y el Sibonmey de Cuba,
importante para el disefio y control de los
programas nacionales de seleccién genética.
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Summary

The Krishna Valley breed of cattle is a
draught breed able to withstand extremely
hot, humid climatic conditions and which
has the capacity to undertake heavy work in
the black cotton soil in the valleys of the
Krishna river in India. Their home tract is
restricted to a few taluks (divisions within a
district) of the northern parts of Karnataka.
The distinguishing morphological features of
the breed are the presence of a
black-coloured muzzle and black shades
dispersed over the body with the lower half
of the scrotum also being black in colour. The
average values for height, body length and
chest girth are 116.4+1.2, 128.4+2.0 and
144.7+2.0 cm in cows; and 150.5+0.5,
146.0+3.0 and 191.0+1.0 cm in bullocks,
respectively. The cytogenetic investigation
revealed the normal characteristics of cattle
chromosomes (2n=60). The microsatellite
alleles occurred at frequencies of

0.0208 (ILSTS005) to 0.7604 (ETH152) with
the polymorphism information content (PIC)
values in the range of 0.3856 (ETH152) to
0.7725 (ILSTS034). The breed has a relatively
long productive life as the number of
calvings can go up to twelve. As the number
of animals of this breed remaining is only in
the order of a few hundred, conservation
measures are to be taken to avoid the
extinction of this valuable germplasm.

Resumen

La raza bovina Krishna Valley es una raza
de animal de tiro que se enfrenta con

Chennai 600 007, Tamil Nadu, India

condiciones climéticas extremas de calor y
humedad y posee la capacidad de trabajar
bien sobre el suelo de algodén negro de los
valles del rio Krishna en la India. La zona de
procedencia se restringe a algunos taluks
(subdivisién dentro de un distrito) en la zona
norte de Karnataka. Los principales rasgos
morfolégicos de la raza son la presencia de
bozal negro y estrias negras sobre el cuerpo
con con la mitad inferior del escroto negro.
La media de los valores de altura, longitud
corporal, y circunferencia en las vacas han
sido de 116,4+1,2, 128,4+2,0 y 144,7+2,0 cm;
y de 150,5+0,5, 146,0+£3,0 y 191,0£1,0 cm en
machos. La investigacion citogenética
muestra caracteristicas normales en los
cromosomas bovinos (2n=60). Los alelos de
microsatélites estdn presentes en frecuencias
de 0,0208 (ILSTS005) hasta 0,7604 (ETH152)
con valores de informacién contenida de
polimorfismo (PIC) entre 0,3856 (ETH152) y
0,7725 (ILSTS034). La raza posee una vida
productiva larga ya que el nimero de partos
puede llegar a doce. Teniendo en cuenta que
el nimero total de animales de esta raza es
tan solo de unos centenares, las medidas de
conservacion se hacen necesarias para evitar
la extincién de este valioso germoplasma.

Keywords: Krishna Valley cattle, Characters,
Conservation, Performance, Karyotype.

Introduction

The Krishna Valley breed of cattle is well
known for its draught qualities and is used
exclusively in the black cotton soil in the
valleys of the river Krishna. It was also
reported to be present in adjacent river areas

AGRI 2006, 39: 25-37
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such as Ghataprabha and Malaprabha in the
Karnataka and Maharashtra states in India
(Anonymous, 1926). The breed was
distributed in the districts of Satara, Sangali
and Solapur in the Maharashtra and
Belgaum, Bijapur and Raichur districts of
Karnataka (Nivsarkar et al., 2000). But a pilot
survey conducted recently by Ramesha et al.
(2001) indicated a shift in the breeding tract
of this breed from Maharashtra and
Karnataka to northern Karnataka alone.
Only a few hundred true to type animals are
now found in and around the villages of the
Jamkhandi, Mudhol and Athani taluks
(divisions within a district) of northern
Karnataka. With the background described,
this paper demonstrates the importance of
the breed in the black cotton soil, its
characteristics with regard to physical,
cytogenetic and molecular markers and its
population status with respect to
conservation measures required for the

breed.

Origin and History

During the last two decades of the
nineteenth century, some of the kings of the
Southern Mahratta country (which lies in the
watershed areas of the rivers Krishna,
Ghatapabha and Malaprabha), tried to
evolve a powerful bullock for agricultural
purposes for use in the sticky black cotton
soil (Joshi and Phillips, 1953). According to
Singh and Singh (1936), Ongole cattle were
undoubtedly the breed, which played the
most prominent role in the evolution of
Krishna Valley cattle. It was claimed that Gir
and possibly Kankrej cattle from Gujarat
state, Ongole cattle from Madras Province
(now the areas in Andhra Pradesh state) and
local cattle having Mysore-type blood were
used to evolve the Krishna Valley breed. The
king of Sangli, at one time a well-known
breeder of Krishna Valley cattle, contributed
substantially in making judicious use of all
these strains to produce the desired type of
animal. Though there was a wide variation
in the characteristics, the massive size of the

resulting animals was the chief dominating
factor which attracted the attention of the
cultivators.

Breeding Tract and Status

Ramesha et al. (2001) in their survey reported
that the breeding tract of this breed was
restricted to a few villages of the Jamkhandi,
Mudhol and Athani taluks of northern
Karnataka. In a recent visit made by the
authors during February 2005, less than fifty
animals were found in and around the
villages of Jamkhandi in Bagalkod district (a
part of the breeding tract). This finding is in
agreement with Ramesha et al. (2001) who
found only a few hundred animals in the
entire breeding tract. The animals of this type
were also scattered scarcely in other taluks
such as Mudhool, Bilagi, Bagalkod and
Badami of Bagalkod districts. Good
specimens of Krishna Valley cattle are
available in Mudurakhandi, Kallolli and
Savalagi villages in Jamkhandi taluk.

The marked decline in the number of
Krishna Valley cattle marks a critical and
alarming situation, which is evidenced by the
shrinking size of the breeding tract and
confinement of these animals to only a few
regions of northern Karnataka. One of the
main reasons for this is the lack of
availability of breeding Krishna Valley bulls
resulting from the preference of farmers for
the Khillari breed of cattle which is more
attractive and also massive in appearance.
Not much effort had been made to preserve
the Krishna Valley draught breed. The other
possible reason could be the mechanization
of agricultural operations in a few areas.
Furthermore, most of the farmers had started
selling their Krishna Valley animals due to a
continuous drought prevailing in the tract.
But few doses of semen samples have been
preserved in the Semen Bank in
Hassarghatta, Bangalore, in the National
Dairy Research Institute, in Adugodi
(Figure 1), and in Bangalore and Central
Semen Collection Centre, in Dharwad in
Karnataka state.
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Figure 1. Krishna Valley bullock which was used as a bull for collection of semen and
subsequently castrated.

Figure 2. Krishna Valley animals maintained in a Goshala (a non-governmental organization).

Animal Genetic Resources Information, No. 39, 2006
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The herd size of Krishna Valley cattle
found in villages ranges from one to three.
The Krishna Valley animals are not
maintained in situ in any government
organizations or livestock farms. The Indian
Council of Agricultural Research (ICAR) has
recently taken steps to conserve the Krishna
Valley germplasm through the National
Bureau of Animal Genetic Resources in
Karnal, Haryana. Interestingly, in one of the
Goshalas (non-governmental organizations
maintaining different breeds of livestock in
India) situated in Bangalore, more than
25 Krishna Valley cattle are maintained and
are effectively acting as the real conservation
centre (Figure 2). The breeding of the cattle is
carried out through artificial insemination
with semen of the same breed; but no genetic
improvement measures are undertaken for
Krishna Valley cattle.

Ecological Settings

The home tract of Krishna Valley cattle is the
plateau east of the Western Ghats. The tract

Figure 3. Krishna Valley cow.

extends over an area lying between latitudes
15°8° and 17°8° N and longitudes 74° and
78°E (Ramesha et al., 2001). The altitude
ranges from 1800 to 2500 feet above mean
sea level (MSL). The soils of the area fall into
three categories viz. red soils in the hills,
widely distributed and highly fertile black
soils and light gray soils.

In general, the climate is dry. The cold
and dry season lasts from the middle of
October to the middle of February. The
summer season extends from February to
June. During the months of April and May;, it
is considerably hotter. The rainy season
usually occurs from June to the middle of
October. The annual rainfall ranges from
30 to 50 inches.

Land Holding and Agriculture

The land holding capacity of the farmers
ranges from two to ten acres and some
farmers do not use the land for agriculture.
Canal irrigation is employed in most places
and some areas are rain fed and make use of
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bore well irrigation. Among the agricultural
crops grown in the area, wheat is the major
crop followed by the others such as sorghum,
sugarcane, sunflower, cotton, turmeric and
maize. Banana plantations can also be found
in the breeding tract of Krishna Valley cattle.

Morphological Characters

The morphological characters are quite
varied among individuals, as the breed is a
mixture of three distinct breed types viz., Gir,
Ongole and the local cattle of the Mysore
type. However, certain distinct
characteristics can be observed among the
animals of this breed which distinguish them
from other breeds. The coat color in calves is
generally greyish white, although a few dark
gray-colored calves are also present. The
adult animals are also greyish white in color
(Figure 3), usually with darker shades on the
fore- and hindquarters in males. The cows of
Krishna Valley breed are light gray in color,
but sometimes brown-coloured and black
and white-colored females are also seen. The

face of the breed is narrow. The forehead is
wide and concave. The muzzle is always
black in color this being one of the
distinguishing features of Krishna Valley
cattle. The eyes are wider and the eyelids
black in colour. The ears are short, erect,
horizontal and pointed, but not drooping.
The head is surmounted by short, slate-
coloured, curved horns usually emerging in
an outward direction from the outer angles
of the poll and slightly upwards and then
inwards with a mild twist. The tip of the
horns is generally blunt. The neck is short
and thick giving a massive appearance. The
dewlap is pendulous and well developed.
The Krishna Valley is a medium-sized
animal with a short body having a moderate
hump. The hump in bulls and bullocks is
large and black in colour. The barrel is large
and well developed (Figure 4). The chest is
wide with a well-sprung rib cage which is
deep and capacious. The sheath is pendulous
in males and the lower half of the scrotum is
characteristically black in colour. The udder
in the female is medium-sized with short
teats and fore teats are longer than hind. The

Figure 4. A pair of Krishna Valley bullocks-ploughing the agricultural field.

Animal Genetic Resources Information, No. 39, 2006
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Figure 5. Krishna Valley male youngstock with typical light grey-coloured coat and short

ears.

tail is long, fine and tapering, extending to
the hock joint with the switch being black in
colour. The legs are short, thick, muscular
and powerful. Black-coloured markings can
be found in front of the knee joint and a
black coloured patch can also be seen near
the fetlock and pastern regions (Figure 5).
The bullocks are powerfully built for hauling
heavy loads of agricultural produce.

In general, the Krishna Valley is quite
distinguishable from other breeds of cattle in
South India with their typical horn pattern,
characteristically black-colored scrotum and
muzzle and black patches over the knee and
fetlock joints.

Body Measurements

Body measurements were taken from

44 animals in the breeding tract. The mean
and standard error of various body
measurements of the Krishna Valley calves,

young stock and adult animals are shown in
table 1.

The values are in a slightly higher range
than those noticed by Ramesha et al. (2001)
who estimated the height, body length and
heart girth in Krishna Valley cattle as 106.96,
113.20 and 136.96 cm in cows and 121.4,
129.4 and 144.8 cm in bulls respectively.
Other characteristics of the horn such as
spread at mid-point, distance between tips
and horn circumference at base varied
between cows and bullocks indicating the
variation existing in the orientation of the
horns. The thickness of the skin (single-fold)
was found to be 3.9+0.3 mm in cows and
7.1 mm in bullocks.

Performance Characteristics

Reproduction

Krishna Valley cows have a relatively long
productive life as demonstrated by cows
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with more than nine calvings being found in
the villages. They were also reported to have
had twelve calvings from a single cow
during her life time. According to Ramesha
et al. (2001), there were regular calvers with
an inter-calving period of 13 to 14 months.

The age at first estrus was reported to be
between three and three and a half years
and the age at first calving was from four to
four and a half years. The lactation period
varied from five to eight months. No
twinning was reported in this breed. Other
reproductive problems such as dystochia,
retained placenta, abortions and stillbirths
have not been reported in the breed.

Production

The milk yields of Krishna Valley cows are
not particularly high as they are mainly used
for their draught qualities, but the average
daily milk yield was 3.17+0.53 kg (n=12) as
reported by farmers with the minimum yield
of 1.5 kg to a maximum of 8 kg.

Utility

The breed is well adapted to suit the
extremely hot, humid climate prevailing in
the breeding tract and has the distinct
quality of pronounced pulling power. As a
result it is used for ploughing in black cotton
soil, carting and sugarcane hauling. The
bullocks are able to perform hard work in
black cotton soil for a relatively long period,
i.e. between 10 am and 5 pm with only a
single break. Ramesha et al. (2001) reported
that a pair of bullocks could carry loads of
up to two tonnes over shorter distances and
one tonne over longer distances for up to
eight to ten hours a day at a speed of 4 km
per hour. As the females produce less milk,
sometimes they are also used for ploughing
and carting. Because of their adaptability
and high tolerance for strenuous work, the
breed is suitable for profitable use in remote
areas where transportation and
mechanization facilities are unavailable.

Since these animals have a medium-sized
body and short and powerful legs, they are
best suited for ploughing inside the vineyards
and carting heavy loads of sugarcane in the
hard, marshy, black cotton soil during rainy
seasons.

Husbandry Practices

Breeding

The majority of the cows of this breed were
run with local bulls and a few with Khillari
breed bulls. In the breeding tract, only
natural service was practiced and there was
no supply of frozen semen from the Krishna
Valley breed for use in artificial insemination.
In addition the local farmers also did not
favour using the breed. At present, no
Krishna Valley bull is available in the villages
for the farmers to service their cows, but
artificial insemination with Khillari semen is
done through local veterinary dispensaries
and hospitals, as per the desire of the
farmers.

Feeding

Usually the female calves are allowed to
suckle up to two to three months of age,
while male calves may suckle for up to five to
six months. After two to three months of age,
the calves are hand-fed with green fodder
and after five months, they are sent for
grazing. The animals are sent out around

8 am for grazing and remain in the grazing
area until 5 pm in the evening. A few
farmers feed their cows with two kilograms
of concentrate mixture. The bullocks are well
cared for by the farmers. Wheat bran,
sugarcane tops, sunflower oil cake, carrot
leaves and other agricultural by-products
from maize, sorghum and other crops are fed
to the animals. Apart from this, the local
grasses from the banks of the river belts are
the grazing source for these animals. Efforts
had been made by the Department of
Animal Husbandry towards fodder
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development through the supply of
NB-21 (Napier x Bajra hybrid).

Other practices

The males are castrated when they attain
three years of age, using a locally made
wooden castrator, and after one year, they
are trained for carting and other work.
Temperamentally, the males of Krishna
Valley are vicious and difficult to control.
Though the Krishna Valley is a draught
breed, twice daily milking is carried out by
the farmers at 6 to 7 am in the morning and
6 to 7 pm in the evening.

The breed does not have any cultural
relationship with the local people, but during
the Karunmae Pournima festival, these
animals are accorded special ritual attention.
There are two other important festivals to
note, these being the Ugadhi, Maha

Shivaratri (Babaladhi festival) during
February and March and Shiva Jayanthi
which takes place in May. The animals are
brought to the shandies (seasonal market)
and kept for sale. During these festivals, a
livestock fair is conducted and good
specimens are also awarded prizes. One such
pair of Krishna Valley bullocks which
claimed the best bullock award for the past
three years consecutively is shown in
Figure 6. The Krishna Valley breed is hardy
and well adapted to the local climatic
conditions.

Karyology

Blood samples were collected from a total of
12 animals including five males and seven
females and subjected to short-term
lymphocyte culture using standard protocol.
About 20 complete metaphase plates were

Figure 6. A pair of Krishna Valley bullocks won the best animal award consequently for 3 years
in livestock fair (also seen darker shades over the body, legs and lower half of the scrotum and

typical horns).

Animal Genetic Resources Information, No. 39, 2006
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examined from each animal and the diploid
chromosome number was found to be

60 (2n=60) in the Krishna Valley breed of
cattle. All the chromosomes were acrocentric
except the X chromosome which was the
largest metacentric, confirming the normal
characteristics of cattle chromosomes. The
metaphase chromosome spread and its
karyotype have been presented in

figures 7 and 8.

Microsatellite Markers

The molecular characterization was carried
out in a sample of 50 unrelated Krishna
Valley cattle in the breeding tract using five
different microsatellite (ILSTS005, ILSTS054,
ETH152, ETH225, and HEL001) markers as
suggested by the FAO (1996). The PCR
(Polymerase Chain Reaction) amplified
products were resolved through a 6%
denaturing polyacrylamide gel and sizing
was done using the 10 bp DNA ladder

marker. The Krishna Valley cattle revealed
an average allele number of 4.4 out of

5 microsatellite loci screened. The number,
size and frequency of alleles, polymorphic
information content (PIC) and expected
heterozygosity of microsatellite loci in
Krishna Valley breed of cattle are presented
in table 2. Representative gels stained with
silver nitrate bearing the microsatellite alleles
(bands) are shown in figure 9. These
microsatellite alleles occurred at frequencies
of 0.0116 (ILSTS054) to 0.7660 (ETH152).
The polymorphism information content (PIC)
values were in the range of 0.3722 (ETH152)
to 0.6954 (ILSTS005). The overall mean for
expected heterozygosity was found to be
0.6516.

Conclusion

The Krishna Valley breed is a medium-sized
draught breed and performs well exclusively
in black cotton soil areas where other breeds

Figure 7. Metaphase chromosome spread of Krishna Valley bull (2n=60, XY).
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Figure 8. Karyotype of Krishna Valley bull.

Figure 9. Microsatellite alleles (bp) on silver-stained polyacrylamide gel in Krishna
Valley cattle.
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do not. The animals appear to have a
relatively long productive life of up to

12 calvings and are able to thrive well in hot
climatic conditions. However the status of
the population is very alarming and it
requires immediate attention to develop and
implement a conservation strategy. Without
such an intervention the breed is likely to
become extinct within a few years.
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Résumé

Cette étude a été menée dans les élevages
périurbains et au niveau des marchés a bétail
de Ouagadougou avec pour objectif de
caractériser sur le plan phénotypique les
petits ruminants de race locale “Mossi”.

314 animaux (202 ovins et 112 caprins)
repartis chez 25 producteurs ont été
concernés. Les mesures corporelles suivantes
ont été effectuées: le poids vif (PV), le
périmeétre thoracique (PT), la hauteur au
garrot (HG), la hauteur a la croupe (HC) et la
longueur de la diagonale du corps (LDC).
Ont été également enregistrées la présence ou
non de cornes, de barbiche, la couleur de la
robe (blanc, noir, noir et blanc, brun,
blanc-brun) et la structure du poil (ras et dur,
ras et lisse, long et dur, long et lisse).

Les résultats ont mis en évidence entre les
variables corporelles mesurées, des
différences liées au sexe en fonction de 1'age.
Les ovins locaux de type “Mossi” sont
eumétriques avec un PV moyen a l'age
adulte de 23,3+5,0 kg et une HG de
59,3+5,5 cm. Chez les caprins, le PV moyen
est de 20,244,5 kg et la HG est de
48,4+4,1 cm.

Ce sont des types génétiques a robes
multicolores avec cependant une
prédominance de la couleur “noir et blanc”
chez les ovins, “blanc-brun” chez les caprins.
Le poil est généralement “ras et dur” chez les
ovins et “ras et lisse” chez les caprins. Le

port des oreilles est “dressé et court” chez les
caprins et “tombant et court” chez les ovins.
La grande variabilité notée pour la
couleur de la robe et le PV chez les individus
de ces races indique de grandes possibilités
d’amélioration génétique par sélection.

Summary

This study was conducted in peri-urban
flocks and in livestock markets around
Ouagadougou in order to collect data on the
morphologic characteristics of the small
ruminant local breed known as “Mossi”.
Three hundred and fourteen animals

(202 sheep and 112 goats) belonging to

25 owners were studied. The morphological
parameters measured included body weight,
heart girth, height at withers, rump height
and diagonal body length. Also recorded
were the presence or not of horns, wattles
and beards, fleece colours (white, black,
black and white, brown, brown and white)
and hair structure (short and coarse; long
and coarse; short and smooth; long and
smooth).

The results showed age-dependant sexual
differences in the body dimensions
measured. Indigenous small ruminants can
be classified as medium sized if they have a
mean body weight of 23.3+5.0 kg and a
mean heart girth of 59.3+5.6 cm for sheep.
For goats, mean body weight should be

AGRI 2006, 39: 39-50
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20.244.6 kg and mean heart girth, 48.4+4.1
cm. With reference to fleece colour, they can
be classified as multicoloured, being
predominantly black and white for sheep
and brown and white for goats. Hair
structure is generally short and coarse with
short lopping ears in sheep, and short and
smooth with dressed short ears in goats.
The apparently wide range of animal
colours and mean body weights observed in
this study is indicative of the breeds and
indicates great potential for selection for
improvement within these breeds.

Mots clés: Ovins, Caprins, Génétique, PV, PT,
HG, HC, LDC, Robe.

Introduction

Le Burkina Faso est un pays
soudano-sahélien dont I'économie est basée
principalement sur les cultures et les produits
de I'élevage. Ces deux spéculations
représentent 1'essentiel des activités
socio-économiques de la population. En effet,
'agriculture emploie plus de 86% de la
population. Les effectifs du cheptel sont
importants: bovins: 4 700 000, volaille:

22 000 000, ovins: 6 600 000, caprins:

8 400 000 (STC-PDES/MEF, 1998, MRA,
2000), faisant du Burkina Faso le 2°™ pays
d’élevage de I’ Afrique de I'Ouest.

Les animaux exploités sont de races
locales avec de faibles performances de
production (Bambara, 2003). Sur le plan
pathologique, dans tous les types d’élevage
de petits ruminants, la situation zoo-sanitaire
est caractérisée par la persistance de diverses
maladies comme la clavelée, la variole
caprine...(Doulkoum et Paré, 2003).

Au plan génétique, a ce jour, on dispose
de trés peu de données permettant de
caractériser de manieére fiable et définitive, les
différentes races et types génétiques locaux.
En outre, la pratique de modes d’élevage
inappropriés a souvent contribué a
"absorption de certaines races locales dont la
connaissance sur le plan génétique est encore
trées sommaire (Lombo, 2002). L’amélioration

de la productivité des races animales ou le
maintien de la diversité génétique peut
permettre aux éleveurs de sélectionner les
animaux ou de créer de nouvelles races afin
de faire face aux modifications de
I'environnement et a 'émergence de
nouvelles maladies. Cela nécessite au
préalable une connaissance plus approfondie
de nos races a travers leur caractérisation
génétique (Ouragh, 1997, MRA, 2002). Des
données existent sur la chevre du Sahel
(Sanfo, 2000), sur le zébu Peul et sur le
Taurin (Belemsaga, 2002), mais a ce jour, ces
recherches n’ont pas encore concerné les
races locales de petits ruminants (moutons et
chevres) du plateau central, communément
appelé type “Mossi”.

La présente étude vise a établir quelques
données ethnologiques des ovins et caprins
“Mossi”, comme base de définition d"une
stratégie d’amélioration génétique par
sélection et/ou croisement en vue d"une plus
grande utilisation pour les besoins des
populations.

Site de I'’Etude

Les marchés a bétail enquétés dans le cadre
de ce travail sont ceux implantés par le
Ministere des Ressources Animales et situés
autour de la ville de Ouagadougou.

L’étude a été menée dans la province du
Kadiogo (plateau central du Burkina Faso)
localisée entre les latitudes 12°22 Nord et le
1°31 de longitude Ouest. La zone appartient
au domaine soudano-sahélien, avec un
climat de type Nord soudanien (Guinko,
1984). Elle est caractérisée par une longue
saison seche (novembre a mai) et une saison
des pluies allant de juin a octobre (600 a
800 mm/an).

La température annuelle moyenne est de
33°C, avec des minima de 18°C a 20°C
(décembre/janvier) et des maxima de 37°C a
42°C (mars/avril).

La végétation de la zone est celle de
savanes arborées a arbustives avec des strates
herbacées dominées par des graminées
(Pennisetum, Cenchrus, Aristida, Brachiaria
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Figure 1. Chevre Mossi.

Figure 2. Troupeau de chevreaux Mossi.

Animal Genetic Resources Information, No. 39, 2006
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Figure 3. Brebis Mossi.

etc.) et des ligneux (Combretum micranthum,
Lanea microcarpa, Parkia biglobosa, Vitallaria
paradoxa, etc.).

Matériels et Méthodes

Les animaux

L’étude a concerné des ovins et des caprins
de race locale “Mossi” dont 1'dge est compris
entre 10 jours et 9 ans (Figure 1-5). Au total,
314 animaux ont fait 1'objet de mensurations
(202 ovins et 112 caprins).

Méthodologie d’enquéte sur le terrain

La méthodologie a consisté d’abord a faire
un recensement des éleveurs suivis d'un
entretien avec ces derniers. Cet entretien
consistait a leur expliquer le but de ce travail
et comment 1'équipe allait procéder.

Le travail proprement dit s’est effectué en
trois phases: la premiere phase a concerné la
notation des renseignements sur 1'age (mois)
des animaux selon 'avis du berger et la

dentition, ensuite la deuxiéme phase a
consisté a noter les caractéres visibles tels que
la structure du poil (a: Court et dur; b: Court
et lisse; c: Long et dur; et d: Long et lisse), le
port de l'oreille (a: dressé long; b: dressé
court; c: tombant long; et d: tombant court),
la présence ou non de barbiche ou de corne
et la couleur de la robe (1: blanc; 2: noir;

3: noir et blanc; 4: brun; et 5: blanc brun) et
enfin dans la derniere phase, il s’est agi des
mesures de: la hauteur au garrot (HG) (cm),
du périmetre thoracique (PT) (cm), de la
longueur de la diagonale du corps (LDC)
(cm), la hauteur a la croupe (HC) (cm) et le
poids vif (PV) (kg) a I'aide d'un meétre ruban.
Ces mesures ont été faites selon le procédé
décrit par Katongole et al. en

1994 (Figure 6).

Analyse des données

Les données ont été saisies sur le logiciel
Excel 5.0, ce qui a permis d’exprimer les
résultats sous la forme de moyenne + Ecart
type pour les parametres mesurés (PV, HG,
HC, LDC, PT) et de fréquence pour les
parametres observés (structure du poils, port
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de I'oreille, couleur de la robe et la présence
ou non de corne et de barbiche). Les tests de
régression linéaire avec le logiciel Statistica
version 6.1. ont servi a apprécier les relations
entre PV, HG et PT.

Résultats

Structure des troupeaux
échantillonnés

Le tableau 1 montre la structure des
troupeaux ovins et caprins “Mossi” étudiés.
La population ovine de I'échantillon est
composée del54 males (76,2%) et 48 femelles
(23,8%).

Quant a la population caprine, elle est
composée de 77 femelles (68,7%) et 35 males
(23,8%). Contrairement aux ovins, les
femelles caprines sont numériquement plus
importantes que les males au sein des
troupeaux.

Figure 4. Bélier Mossi.

Mesures corporelles
Chez les caprins

Les résultats des mesures corporelles
effectuées chez les caprins en fonction de la
classe d’age et du sexe sont résumés dans le
tableau 2.

Chez les ovins

Les résultats des mesures corporelles
effectuées chez les ovins en fonction de la
classe d’age sont résumés dans le tableau 3.
Il ressort de ces deux tableaux
(Tableaux 2 et 3) que les différents
parametres mesurés varient avec 1'age des
animaux. Ces parametres augmentent avec
I'age jusqu’a 12 mois d’age; mais a partir de
25-36 mois, cette variation semble s’estomper
et les différents parametres sont sensiblement
constants. Le constat est légerement différent
concernant le sexe ou les males mesurent

Animal Genetic Resources Information, No. 39, 2006
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Figure 5. Bouc Mossi.

Légende

LDC: Diagonal length: Longueur de la Diagonale du Corps
PT: Heart girth: Périmetre Thoracique

HC: Rump height: Hauteur a la Croupe

HG: Wither height: Hauteur au Garrot.

Figure 6. Position des mesures corporelles effectuées (d’aprés Katongole et al., 1994).

plus que les femelles et ce, au niveau de les caprins mais la différence n’est pas
toutes les classes d’ages chez les ovins. significative.
Les figure 7 donne un apercu du poids des Les équations de régression linéaire

ovins et des caprins aux différents age-types. ~ multiples suivantes ont été trouvées entre le
Il ressort que les ovins sont plus lourds que poids vif et le PT, la HG:
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Figure 7. Evolution du poids des animaux (ovins et caprins) en fonction de I'age.

Pour les ovins:
y (kg) = 0,35 PT (cm) - 0,11 HG (cm) + 4,48
(r=0,81 et P<0,05).
Pour les caprins:
y (kg) = 1,33 PT (cm) - 0,93 HG (cm) - 0,23
(r=0,88 et P<0,05).

La HG et le PT expliquent mieux le poids
vif avec des coefficients de corrélation
significatifs.

Couleur de la robe et structure du poil

Le tableau 4 résume la fréquence (%) des
différentes couleurs de la robe et de la
structure du poil notées sur 'ensemble des
animaux.

La couleur de robe dominante chez les
ovins est le noir-blanc avec une fréquence de
50%, suivie du blanc et du blanc-brun avec
respectivement 26,7 et 22,3%. Le noir et le

brun sont tres peu rencontrés (0,5% chacun).

Par contre, chez les caprins, la couleur
dominante est le blanc-brun avec 39,3%

suivie du brun (28,6%) et du noir blanc
(27,7%).

Quant a la structure du poil, le pelage est
majoritairement court et dur chez les ovins
(96,0%). A I'opposé, le poil est ras et lisse
chez la plupart des caprins (85,7%). La
structure “ras et dur” est présente chez
11,6% des animaux de cette espece.

Fréquences de présence de barbiches,
de cornes et du port de I'oreille en
fonction de ’espece et du sexe des
animaux

Le tableau 5 donne les fréquences
d’observation de la barbiche, des cornes et de
celle du port de l'oreille en fonction de
I'espece et de la classe d’age chez les
animaux.

La barbiche est complétement absente
chez I'espece ovine alors qu’on la retrouve au
niveau des deux sexes chez les caprins
(25,7% chez les males contre 11,7% chez les
femelles). Les cornes sont présentes chez les

Animal Genetic Resources Information, No. 39, 2006
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Tableau 1. Structure des troupeaux ovins et caprins échantillonnés.

Espéces
Caprins Ovins

Variables Males Femelles Males Femelles
Nombre animaux 35 77 154 48
Proportion par classe d’dge (%)

0-12 mois 82,9 37,7 54,5 25

13-24 mois 5,7 15,6 31,2 25

25-36 mois 8,6 26,0 12,3 18,8

> 36 mois 2,9 20,8 1,9 31,3

deux sexes de toutes les especes avec
cependant des fréquences variables. La
présence des cornes chez les males est
observée dans 97,5% et 94,3% des cas
respectivement chez les ovins et les caprins.
Cette fréquence est de 14,6% chez les
femelles ovines alors qu’elle est de 100% chez
les femelles caprines.

Le port “dressé court” de 'oreille est tres
marqué chez les caprins (82,9% chez les
males et 90,9% chez les femelles). L’aspect
“oreilles tombantes courtes” prédomine chez
les ovins avec une fréquence de 92,9% chez
le male et 43,8% chez les femelles. Cinquante
(50) pour cent des femelles ovines présentent
des “oreilles tombantes longs”.

Discussions

La premiere observation importante qui
ressort de cette étude est relative a la
structure du troupeau. On note une
supériorité numérique des caprins femelles
par rapport aux caprins males. Cela peut
étre lié a la quasi-absence de 'activité
d’embouche caprine dans la zone d’étude:
or, 'embouche concerne quasi exclusivement
les males. Il s’ensuit que leur proportion dans
le troupeau reste tres élevée. Ce qui n’est pas
le cas chez les ovins ou I'embouche ovine est
I'un des premiers objectifs des éleveurs de
cette espece. Les males sont donc
prioritairement orientés vers cette
spéculation, ce qui diminue leur nombre au
sein du troupeau. Il y a aussi le fait que les

males soient utilisés a d’autres fins a un age
précoce et que les femelles passent un temps
plus long dans les troupeaux comme constaté
par Tama et al., (1994) sur les caprins du
Nord-Cameroun. Ces données corroborent
celles de Tamboura et Berté (1994) dans la
méme région.

Par contre la situation est toute autre chez
les ovins ot il y a plus de méles que de
femelles. Cette situation s’explique d"une
part, par l'intensité de I'activité d’embouche
ovine dans la région centre et d’autre part,
par le fait que certains marchés a bétail de la
place étaient concernés par I'enquéte. La
vente concerne quasi exclusivement des
individus de sexe male.

Les résultats obtenus quant au poids vif
(PV) et aux parametres morphologiques sont
comparables a ceux trouvés par Katongole et
al (1994). Les males sont généralement plus
lourds et leurs parametres morphologiques
supérieurs, comparés aux femelles au-dela de
12 mois d’age et ce pour les deux espeéces.

L’age affecte les différents parametres
étudiés. Ce constat rejoint celui fait par
Katongole et al (1994) sur les caprins Tswana
et Sanfo (2000) sur la chévre du Sahel
Burkinabé. En considérant la classe d’age de
25 - 36 mois comme I'age adulte et en se
basant sur le poids vif (PV) et la hauteur au
garrot (HG), on peut classer les petits
ruminants de race locale “Mossi” dans le
type génétique de petit format avec un poids
vif moyen de 20,2+4,5 kg chez les caprins et
23,3+5,0 kg chez les ovins. Les hauteurs
moyennes au garrot sont de 48,4+4,1 cm
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Tableau 4. Fréquences (%) des différentes couleurs de la robe et de la structure du poil chez les ovins et

caprins Mossi.

Especes

Caractéristiques Ovins Caprins
Couleur de la robe (%)

Noir 0,5 4,5

Noir et blanc 50,0 277

Brun 0,5 28,6

Blanc brun 22,3 39,3

Blanc 26,7 0,0
Structure du poil (%)

Court et dur 96,0 11,6

Court et lisse 4,0 85,7

Long et dur 0,0 1,8

Long et lisse 0,0 0,9

Tableau 5. Fréquences (%) de présence de barbiches, de cornes et du port de l'oreille en fonction de

'espéce et du sexe des animaux.

Especes
Ovins Caprins
Caractéristiques Males Femelles Males Femelles
Barbiche 0,0 0,0 25,7 11,7
Cornes 97,5 14,6 94,3 100,0
Oreilles dressées court 1,9 4,2 82,9 90,9
Oreilles dressées long 0 2,1 14,3 3,9
Oreilles tombantes court 92,9 43,8 2,9 2,6
Oreilles tombantes long 5,2 50,0 0,0 2,6

chez les caprins et de 59,3+5,5 cm. La grande
variabilité du poids vif a I’dge adulte aussi
bien chez les ovins (18 a 32 kg) que chez les
caprins (14 a 30 kg) indique qu’on pourrait
améliorer le poids de ces races par sélection
rigoureuse de sujets adaptés (Tama et al.,
1994).

Cette étude a par ailleurs révélé une
gamme assez variée de couleur de la robe
aussi bien chez les ovins que chez les caprins.
Chez les caprins, la grande variation de la
couleur de la robe et de la structure du poil
indique que cette race n’a pas encore été
purifiée par sélection.

La couleur de la robe dominante est le
“noir blanc” chez les ovins. Ce résultat est

semblable a celui rapporté au Passoré et au
Yatenga (Sanou, 1997) sur des ovins croisés
Bali Bali x Mossi.

Quant a la structure du poil, elle est
“court et lisse” et cela est proche du résultat
obtenu par Tama et al (1994) sur les caprins
du Nord-Cameroun.

Comme le signalent Katongole et al.
(1994), la tendance relativement dominante
de la robe blanche, seule ou en association
avec d’autres couleurs, pourrait constituer
un caractere d’adaptation des animaux aux
importantes fluctuations de l'intensité de la
lumiere et surtout aux importants écarts de
températures observés dans le plateau
central du Burkina Faso.
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Les cornes sont présentes dans les deux
sexes chez les caprins avec une fréquence
tres proche de 100%. Ce résultat est différent
de celui de Tama et al (1994), ce qui serait
certainement lié a la faible taille de notre
échantillon.

Le port de I'oreille dressé court est
dominant. Cette observation est différente
des résultats obtenus par Katongole et al
(1994) au Botswana ot les caprins présentent
de longues oreilles. Quant a la faible présence
de barbiche, elle est conforme au résultat
obtenu par Tama et al (1994).

Conclusions

Au terme de cette étude, il ressort que les
petits ruminants de race locale “Mossi” sont
de petits formats. Ce sont des types
génétiques multicolores avec cependant une
prédominance de la couleur “noir et blanc”
chez les ovins, “blanc-brun” chez les caprins.
Le pelage est généralement “court et dur”
chez les ovins et “court et lisse” chez les
caprins. Les barbiches ne sont présentes que
chez les caprins alors qu’il y a présence de
cornes chez toutes les espéeces au niveau des
deux sexes. Le port de l'oreille est
généralement “ dressé et court ” chez les
caprins et “tombant et court” chez les ovins.

La grande variation observée dans la
couleur de la robe chez ces animaux dans
cette étude, indique que ces types génétiques
offrent de grandes possibilités d’amélioration
génétique par sélection. Il a par ailleurs été
noté une grande variation du poids vif chez
les deux especes, ce qui offre la aussi des
possibilités d’amélioration génétique par
sélection basée sur ce parametre.

Cette étude préliminaire sur la
caractérisation génétique des petits
ruminants de race locales se poursuivra des
études bio-moléculaire afin de permettre une
caractérisation plus fine de la race locale,
pré-requis a I'amélioration génétique.

Références bibliographiques

Bambara X. 2003. La politique
d’intensification des productions animales au
Burkina Faso. In Journées de Santé Animale.
Théme: Intensification des Productions
Animales et Pathologies associées.
Bobo-Dioulasso, 22 -23 mai.

Belemsaga D.M.A. 2002.
Caractérisation génétique de la race somba.
These 3°™ cycle en physique nucléaire.
Faculté des sciences et techniques de Dakar.

Doulkom B. & M. Paré. 2003.
Situation Zoo-sanitaire du cheptel et
politique de santé animale dans le cadre de
l'intensification de productions animales.
Journées de Santé Animale. Theme:
Intensification des Productions Animales et

Pathologies associées. Bobo-Dioulasso,
22-23 mai.

Guinko S. 1984. Végétation de la
Haute-Volta. These de doctorat es sciences.
Université de Bordeaux III. Tome I, pp. 394.

Katongole ]J.B.D., B. Sebolai &
Madinabe. 1994. Morphological
Characterisation of the Tswana goat. In
Small Ruminant Research and
Developpement in Africa. Proceeding of the
third Biennal Conference of the african Small
Ruminant Research Network. UICC,
Kampala, Uganda, 43-47.

Lombo M. 2002. Le point sur les
ressources génétiques dans les sept pays
membres du CIRDES. Mémoire de fin
d’étude présenté en vue de I'obtention du
diplome d’ingénieur agronome, option
élevage. Université du Bénin.

MRA. 2000. Plan d’Action et
Programme d’Investissement du secteur de
I'élevage au Burkina Faso.

MRA. 2002. Proposition d’axes pour
I'élaboration d’une politique d’amélioration
génétique des animaux au Burkina Faso.
Rapport provisoire, pp. 66.

Animal Genetic Resources Information, No. 39, 2006



Caractérisation des petits ruminants de race “Mossi” au Burkina Faso

Ouragh L., M. Ouassat &
M. Machmoum. 1997. Polymorphisme des
protéines sanguines chez 1'ane (Equus asinus)

au Maroc. Revue Elev. Méd. Vét. Pays trop.,
1997, 50 (2).

Sanfo R., A.J. Nianogo &
H.H. Tamboura. 2000. Profil
morpho-biométrique, évolution pondérale et
indices de productivité de la chevre du Sahel
au Burkina Faso. Sci. Et tech, vol 24, n 2,
68-76.

Sanou M. 1997. Amélioration des
performances de croissance chez les ovins
croisés bali-bali Mossi. Rapport de fin
d’Etude Présenté en vue de I'obtention du
Dipléome de Technicien Supérieur option
Elevage, pp. 57.

STC-PDES/Ministére de 1’Economie
et des Finances. 1998. Documents du cadre
de politique économique 1998-2000. Rapport
d’activités, Ouagadougou, pp. 56.

Tama A.C.N., D. Bourzat,
P.S. Zafindrajaona & J.J. Lauvergne. 1994.
Caractérisation génétique des caprins du
Nord-Cameroun. In Small Ruminant
Research and Developpement in Africa.
Proceeding of the Biennal conference of the
African Small Ruminant Research Network.
UICC, Kampala, Uganda, 55-62.

Tamboura H. & D. Berté. 1994.
Systeme traditionnel d’élevage caprin sur le
plateau central du Burkina Faso. In Small
Ruminant Research and Developpement in
Africa. Proceeding of the Biennal conference
of the African Small Ruminant Research
Network. UICC, Kampala, Uganda. 93-97.



Germplasm characteristics and conservation of Tongcheng pig:
A case study for preservation and utilization of Chinese

indigenous pig breeds

B. Fan', Z.L. Tang', S.P. Xu?, B. Liv', Z.Z. Peng' & K. Li"**

'Laboratory of Molecular Biology and Animal Breeding, College of Animal Science and Technology,
Huazhong Agricultural University, Wuhan 430070, P.R. China
*Tongcheng County Pig Breeding Farm, Animal Husbandry Bureau of Tongcheng County,

Tongcheng 437400, P.R. China

‘Department of Gene and Cell Engineering, Institute of Animal Science, Chinese Academy of

Summary

The paper describes the breed characteristics,
production performance including
reproduction, growth, carcass and meat
quality traits of the Tongcheng pig, one of
the indigenous pig breeds suitable for a
hybrid maternal line in central China. Based
on the field investigation and data statistics
from the farm recordings, the Tongcheng pig
has early sexual maturity indicators, and the
average litter size is 8.5 for first parity and
9.3 and 11.3 for the second and subsequent
parities respectively. In a three-way crossing
project launched recently, using the
Tongcheng pig as the maternal parent and
Landrace or Yorkshire pigs as the paternal
parent, the performance testing results
showed that Tongcheng pigs had a lower
growth and meat production performance
than these commercial pigs, but had superior
meat quality. The production performance of
the two crossing groups
Landrace/Yorkshire/Tongcheng pigs) (LYT)
and Yorkshire/Landrace/Tongcheng pigs)
(YLT) were improved in comparison to their
parent lines, and the results further indicated
that the LYT cross is a tri-crossing style
convenient for farm and village areas in
central China. Meanwhile, effective
management measures taken towards
Tongcheng pig preservation, and a genetic
diversity evaluation on the Tongcheng pig

Agricultural Sciences, Beifing 100094, P.R. China

were reviewed. This paper offers the
Tongcheng pig as a case study for the
maintenance and utilization of indigenous
pigs in China, which is rich in pig breeds but
is also confronting the pig resource crisis.

Resumen

El articulo describe las caracteristicas de la
raza porcina Tongcheng, asi como los
rendimientos de produccién, la
reproduccion, crecimiento, calidad de la
canal y la carne. Se trata de una de las razas
indigenas porcinas adecuadas para lineas
hibridas maternas de la zona central de
China. En base a las investigaciones de
terreno y los datos estadisticos obtenidos en
granja, la raza Tongcheng presenta sintomas
de madurez sexual precoz, gran nimero de
partos y una media de camada de 8,5 al
primer parto y entre 9,3 y 11,3 a partir del
segundo parto. Como demuestran los
resultados de un reciente test llevado a cabo
dentro de un proyecto con tres vias de cruce,
utilizando como parental materno la raza
Tongcheng y la raza Landrace, y la

*Corresponding Author: Dr Kui Li, Lab. of Molecular
Biology and Animal Breeding, College of Animal
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Characteristics and conservation of Tongcheng pig

Yorkshire como parental paterno, la raza
Tongcheng presenta un crecimiento y
rendimiento de produccién de carne inferior
a las otras razas comerciales, pero la calidad
de la carne resulté superior. Los resultados
de produccién de dos cruces con

Landrace x (Yorkshire x Tongcheng) (LYT) y
Yorkshire x (Landrace x Tongcheng) (YLT)
resultaron mejorados en comparacién con
sus lineas parentales. Ademads, resulté que el
cruce Landrace x (Yorkshire x Tongcheng)
era el méds conveniente de todos en granja y
para las zonas centrales de China. Mientras
tanto se revisaron las medidas efectivas de
manejo de la raza y el tipo de conservacién y
evaluacion genética de la diversidad. Este
articulo presenta un estudio de caso de la
raza Tongcheng para el mantenimiento e
utilizaciéon de porcinos indigenas en China,
pais que posee numerosas razas porcinas
pero que al mismo tiempo se enfrenta a una
crisis en materia de recursos genéticos.

Keywords: Exotic pig breeds, Synthetic pig
lines, Morphometric characteristics, Production
performance, Growth traits, Carcass traits, Meat
quality.

Introduction

The Tongcheng pig is one of the well-known
indigenous pig breeds which are generally
used as maternal parents in crossbreeding
programs in central China. It has the
distinctive morphological characteristics of
“two black ends and a wide white belt in the
middle, with a small white spot on the head’,
and was recognized as the Huazhong
Two-End-Black pig with six other pig breeds
of the same origin but having different
names which are distributed in Hubei,
Jianggxi, Hunan and Guangxi Provinces
(Zhang et al., 1985; Ding et al., 2004). During
a large scale investigation into indigenous
domestic animal resources launched by the
Ministry of Agriculture from the late 1970s to
the middle of the1980s, the Tongcheng pig
was classified as the Central China Type, one

of six pig types in China classified according
to their geographic localities, and was also
described in detail in Pig Breeds in China
(Zhang et al, 1985). Because of its
advantageous specificities such as superior
meat quality, high heterotic vigor capacity
and strong fitness under extensive
management, the Tongcheng pig was
entered into the first of the key lists of
indigenous pigs to be conserved in China in
2000.

With the introduction and popularization
of exotic pig breeds and synthetic lines such
as Duroc, Landrace, Large White and PIC
pigs since the 1980s, most of indigenous pig
breeds have been confronting critical
challenges. Since indigenous pigs have lower
growth rates and less lean meat percentage
than these commercial breeds, local farmers
are reluctant to raise these pigs and would
rather rear commercial pig breeds, two-way
crosses or three-way crossbred pigs. In the
past two decades, a significant number of
indigenous pig breeds have declined
dramatically in population size, especially
the numbers of unrelated sires, and some
have even already become extinct. It was
estimated that four pig breeds had
disappeared, 31 breeds were on the verge of
endangerment and 71% of total indigenous
pig breeds were in potential crisis (Ma et al.,
2002). Having the advantageous specificities
mentioned, the preservation of the
Tongcheng pig has been taken into
consideration and effective measures have
been put into practice by local animal
husbandry departments. At the present time
the population size of the Tongcheng pig and
sire numbers remain relatively high,
compared to other indigenous pigs. It is
estimated that there are 30 pure sires from
15 unrelated ancestral lines, which are raised
in the Tongcheng County Pig Breeding
Farms and six breeding stations in towns and
villages. In addition, there are about
10 000 pure dams in total in Tongcheng
county. Eighty breeding dams are reared in
the Tongcheng County Pig Breeding Farm,

6 000 dams are in the breeding farms of
villages and preservation regions, and others
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Figure 1. Main reproduction areas of Tongcheng
pig.

are kept by private holders. Until now less
systematic studies on the Tongcheng pig
have been reported. It was the purpose of
this paper to present the characteristics of,
and appropriate preservation measures for,
the Tongcheng pig, and offer reasonable and
effective measures for conservation and
utilization of indigenous pigs.

Origins

The Tongcheng pig’s main areas of origin are
the highland areas of Tongcheng county
(29°02' to 29°24’N; 113°17' to 114°03’E), and
it is also distributed throughout Chongyang,
Pugqi, Tongshan, Xianning and other counties
in Hubei Province, a central district of China
(Figure 1). Tongcheng county is adjacent to
the Jianghan Campagna and the Dongting
Lake, and has mild weather and abundant
rain fall that contribute to the large areas of
fertile cultivation. Crops are cultivated two
or three times annually, rice being the most
important crop followed by potato, rape,
soybean and corn. The plentiful green forage
and agriculture byproducts offer an ideal
condition for pig breeding and production.
The Tongcheng pig has a long history of
domestication in central China. Recorded in
the Tongcheng County Annals, half of local
commercial taxes came from pig husbandry
in the time of the Ming Dynasty of AD 15,
which indicated that pig farmers were very
prosperous at that time. The Tongcheng pig
was also highly praised for its delicious meat
flavor and once chosen as a tribute for

Figure 2. Profiles of a sow of Tongcheng pig.
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Figure 3. Frontal view of a Tongcheng pig.

emperors during the Ming and Qing
Dynasties (Ding et al., 2004).

Morphometric Characteristics

The Tongcheng pig is also named the
“Two-End-Black’ pig because of its black and
white coat color (Figure 2). The hair on the
head, neck and tail end is black. There is a
small patch of white hair on the head, which
is called the “white star” by local farmers
(Figure 3). Some animals whose white hair
extends from the head to the nose are called
‘broken forehead’. The head is moderate in
size and the wrinkles on the face are
plentiful and deep, looking like the Chinese
character ‘One Thousand’, while some others
resemble the Chinese character ‘One’
because of the deep lateral wrinkles on their
foreheads. The nose is commonly pale red
and called “cuticolor English mouse’, while
some are black and named “iron mouse’. The
long ears hang low. The length of the neck is
medium and the neck links to the shoulder
firmly. The four limbs and trunk are covered
by white hair. Some animals have black or

several black cob spots on the trunk, which
are called “waist flower” or ‘back flower” in
response to different positions. The back and
waist are sunken in the majority of pigs. The
abdomen is big and dropped and most sows
walk with their teats brushing against the
ground. The hip is sloped. The color of the
skin covered with white hair is mostly pale
red.

The average body height of an adult boar
is 72 cm, body length is 140 cm, heart girth is
115 cm and body weight is 132 kg. The
respective indices are 70 cm, 134 cm, 123 cm
and 146 kg for adult dams (Source from the
Breeds of domestic animal and poultry in Hubei
Province, Second edition, 2004).

Production Performance

In comparison to commercial pig breeds, the
Tongcheng pig matures sexually relatively
early. The boars first begin exhibiting sexual
behaviour (Figure 4) at about 40 days and
have normal mating ability at the age of

100 days. However, the optimum body
condition for the first mating for boars is



Fan et al.

55

Figure 4. Piglets of Tongcheng pig.

Figure 5. A nursing sow of Tongcheng pig.
usually achieved at 6-8 months of age, or A field investigation into the reproductive
40-50 kg body weight. The female gilts performances of 4 685 litters in 2001 showed
display the first estrous signs at the age of an average litter size of first parity for the
90 days or so, and the optimum body Tongcheng pig of 8.5 and an average litter
condition for the first mating is usually size for the second and subsequent parities of
achieved at 6-8 months or 45-50 kg body 9.3 and 11.3, respectively with and some elite
weight.
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Table 1. Reproduction traits of Tongchen pig dams.

Numbers Mean
Trait of litters value + SE C.V%
Total number born First parity 104 8.8+0.3 33.9
Multiparities 237 11.1+£0.2 26.1
Number born alive First parity 99 7.2+0.3 46.7
Multiparities 234 10.1+0.2 247
Litter weight born (kg) First parity 26 6.7+0.4 33.9
Multiparities 172 8.0£0.2 27.7
Body weight per piglet born (kg) First parity 26 0.7+0.0 247
Multiparities 168 0.8+0.0 20.5
Litter weight at 21 days (kg) First parity 12 22.3+1.7 25.9
Multiparities 82 25.8+0.7 24.6
Litter weight at 60 days weaning (kg)  First parity 65 68.1+2.5 30.0
Multiparities 239 89.1+1.5 26.9
Body weight per piglet at 60 days (kg) First parity 64 9.7+0.3 20.3
Multiparities 490 9.1+0.1 27.7
Number alive at 60 days First parity 40 7.2+0.3 28.5
Multiparities 309 8.8+0.1 29.1
Rearing rate (%) First parity 43 87.9+2.4 17.5
Multiparities 314 89.1+0.8 15.8

Source: The breeds of domestic animal and poultry in Hubei Province, First edition, 1986.

dams able to go up to 25 (Figure 5). The
useful life of breeding dams is usually

5-7 years. The detailed reproduction traits of
Tongcheng dams are shown is table 1
(Source from the Breeds of domestic animal and
poultry in Hubei Province, First edition, 1986).

Growth Traits

The Tongcheng pig is good at consuming
fresh and coarse fodder such as roughage
and agricultural byproduct, so it is especially
suitable for being farmed under extensive
management in village and countryside
areas. Raised on a low nutritional diet, the
body weight of Tongcheng pigs can reach
65-75 kg at the age of 8-10 months. Generally
speaking, 75 kg is a convenient body weight
for slaughter, since Tongcheng pigs mostly
increase flare fat and loose fat without
increasing their proportion of lean meat after
75 kg is reached.

A performance testing scheme was
carried out at the Tongcheng County Pig
Breeding Farm by our research group in
2003, with the objective to make full use of
the economic crossing of the Tongcheng pig.
The pigs were surveyed under conditions of
access to unlimited water and unrestricted
feed, with their diet containing 16.05% crude
protein and 3.12 MJ/kg digestible energy
during the growing-finishing period, and
some of the resulting major growth
performance indices, including the age at
75 kg body weight, average daily gain and
feed-to-gain ratio, are shown in table 2. With
regard to these four measures, the
Tongcheng pig achieved lower scores than
Landrace or Large White pigs. It is also
clearly shown that the growth performances
of the three-way crossing groups
(Landrace/ Yorkshire/ Tongcheng pig and
Yorkshire/Landrace/Tongcheng pig) using
the Tongcheng pig as the maternal parent,
have been improved.
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Table 2. Growth performances of Tongcheng pig compared with Landrace, Yorkshire and three-way

crossbred pigs.
Sample size Age(day) 2 ADG;(g)P ADG2(g)c FCRd
Tongcheng pig 33 200.1+4.2 348.245.8 449.4+21.4 5.0
Landrace 30 169.7+3.2 522.247.4 862.9+14.8 3.1
Yorkshire 32 173.9+£3.4 501.3+7.7 790.5+17.2 3.3
LYT 33 167.2£3.6 544.8+9.6 849.4+17.1 3.1
YLT 34 163.9+3.3 559.2+7.7 807.6+17.0 3.2

aAge: the days from birth to marketing, Tongcheng pig is 75 kg and other four groups are 90 kg at

marketing.

PADG;, Average daily gain whole term (from birth to marketing).
cADG2, Average daily gain during the trial (from days at 25 kg body weight for Tongcheng pig, 30 kg

for other four pig groups to marketing).
dFCR, Feed conversion rate during the trial.

Carcass Traits

Following a middle to high nutritional level
feeding schedule and at a body weight of

75 kg, 33 Tongcheng pigs were slaughtered
in Tongcheng County Meat Packing Plant for
carcass performance testing. Meat
production performances comprising more
than twenty traits were measured in
accordance with the national guidance on

technical standards of performance testing
for lean meat type breeding pigs in China
(GB8467-87). The seven important measures
of the Tongcheng pig are shown in table 3
and are compared with Landrace and Large
White pigs and two other three-way
crossbred pigs. The Tongcheng pig has
inferior pork production performance as
shown by some traits such as carcass length,
average backfat thickness and longissimus

Figure 7. The Longissimus muscle area and backfat thickness of Tongcheng
pig (255#) in comparison to Landracex(YorkshirexTongcheng pig) (878#).
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muscle area, but it displays strong fat deposit
inclination in areas such as flare fat and
loose fat content (Figure 6, Figure 7). The
carcass performances of the three-way
crossing groups was to some extent higher
than that of the Tongcheng pig.

Meat Quality Traits

The Tongcheng pig has superior meat quality
exhibiting desirable flavor, juiciness and
tenderness. Meat quality testing of

33 Tongcheng pigs was conducted according
to the national guidance on technical
standards of performance testing for lean
meat type breeding pigs (GB8467-87),
following the carcass testing implementation.
Meat quality measures including seven traits
of Tongcheng pigs are shown in table 4, and
compared with Landrace and Large White
pigs and two other three-way crossbred pigs.
Water binding capacity, intramuscular fat
content and pork tenderness in the
Tongcheng pig surpassed those of the
commercial pigs, which might be a major
reason for the superior meat quality of the
indigenous pig. The meat quality measures of
the three-way crossing groups fell between
those of the Tongcheng pig and the
commercial pig breeds, which indicated that
a crossing style based on the Tongcheng pig
as the maternal and commercial pigs as the
paternal parents was effective for meat
quality improvement.

Conservation Measures

The state-owned pig breeding farm engaged
in the preservation of the Tongcheng pig was
first established in 1957. Tongcheng county
was approved to be the key conservation
region in Hubei Province in 1982. In 1998 the
Tongcheng Pig Standard was put into effect
and these standards contribute to the pure
pig verification, selection and grading
measures for the breeding herd. In 2000, the
Tongcheng pig entered into the first national

indigenous domestic animals conservation
lists in China.

In order to take effective measures for the
preservation of Tongcheng pigs, conservation
farms and protectorates have been set up
simultaneously since the early 1980s. At the
present time there are eight boars in
Tongcheng County Pig Breeding Farm each
of which came from different ancestral line.
In addition, there are 80 breeding dams in
this state-owned farm. Selection approaches
such as equal offspring numbers selected
from each pedigree and long generation
interval are implemented for these breeding
pigs. In addition, there are five major natural
countryside protectorates including Wuli,
Magang, Guangdao, Sizhuang and Daping
in Tongcheng county. In these conservation
regions, pure Tongcheng pigs and two-way
crossing dams are retained, while three-way
crossbred pigs and commercial pig breeds are
banned. Boars can be introduced and
exchanged frequently among these
conservation farms and protectorates. The
performance testing for these boars is
evaluated regularly, and the elite boars in the
protectorates are registered by local
departments of animal husbandry and
transferred to conservation farms, mating
stations and Al stations for preservation and
wide-ranging utilization.

The number of pure boars available is
important for the effective conservation of
domestic animals. It is estimated that there
are 30 breeding boars in Tongcheng county,
which came from 15 different heredities with
two individuals representing each heredity.
Eight of them are reared in the County Pig
Breeding Farm, and the other 22 boars are
retained in mating stations and Al stations in
towns and the countryside. The annual
allowance for each boar is about 125 US$
which is offered by local departments of
animal husbandry.

There are 80 dams in Tongcheng County
Pig Breeding Farm and others distributed
amongst small pig breeding farms in towns
and the countryside, key conservation
villages and private owners. To reduce the
cost of conservation, dams are allowed to be
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mated with commercial boars for the first
five parities, and the resulting crossbred
offspring sold. Pure herd mating can be
carried on after five parities for the renewal
of the conservation population. The annual
allowance for each dam is about 50US$ . In
order to encourage farmers to raise pure pigs
in conservation regions, some preferential
terms were afforded to local farmers, for
example, free services for disease treatment
and artificial insemination, and the facilities
for piglet marketing (Xu and Wu, 2001).

To facilitate the management of
Tongcheng pig information including
numbers, distribution locations and the
production performance and inbreeding
situation, computer software for an
indigenous pig conservation information
management system was designed and
applied in Tongcheng County Pig Breeding
Farm (Huang et al., 2005). A standard
individual ear tagging system is also in place,
which is similar to that of the national
breeding pig genetic evaluation program in
China (www.cav.net.cn).

Crossing Utilization

Using Tongcheng pigs as the maternal
parent, two-way crossing testing was
implemented with Large White, Landrace
and Duroc pigs as the paternal parent. The
mean heterosis estimates were 20% and 30%
for the growth rate of piglets and weaning
litter weight, respectively. The heterosis
estimates of three-way crossing were
13.2-16.5%, 13% and 50% for litter size,
rearing rate and weaning litter weight,
respectively (Xu and Wu, 2001).

Being considered for high hybrid vigor,
coat color and environmental fitness, the
Tongcheng pig was introduced into the
breeding process of the Hubei White Pig.
During the crossbred testing launched in
Huazhong Agricultural University from 1973
to 1978, the Landrace X (Yorkshire x
Tongcheng pig) was confirmed to be a
superior cross combination model. From
1978 to 1986 through a series of systematic
breeding measures using successive
generation selection, sib selection and
selection index, the two new lines of Hubei
White Pig III and Hubei White Pig IV were

Figure 8. The two-way crossing sow of Yorkshire x Tongcheng pig.
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Figure 9. The three-way hybrid pig Landrace x (Yorkshire x Tongcheng pig)

named ‘Eqing No. I'.

developed (Peng et al., 1986). In the
following years, selection measures were
further focused on improving growth rate
and backfat thickness, and the VII maternal
line of Chinese lean meat type was then
formed.

In order to develop hybrid pigs suitable
for villages and mountain areas operating
under a low level nutritional feed diet and
extensive management system while
maintaining their fine meat quality, a
crossbreeding project was started in
Tongcheng County Pig Breeding Farm in
2000, which was a co-operative research
project and was sponsored by the
Department of Animal Genetics and
Breeding (Huazhong Agricultural
University), Tongcheng County Pig Breeding
farm and the Youth League Committee of
Hubei Province. There are five experimental
groups including three pure groups of
Tongcheng pig, Landrace, Yorkshire, and
two three-way cross combinations of
Landrace % (Yorkshire x Tongcheng pig) and
Yorkshirex (Landracex Tongcheng pig) .
Growth traits measures were obtained

during the fatting-finishing term, and carcass
traits and meat quality traits were measured
for Tongcheng pigs at 75 kg body weight and
for the other four groups at 90 kg. The
performance testing results showed that the
production traits of three-way crossbred pigs
were improved, and they were superior to
the Tongcheng pig in terms of growth and
carcass traits and were better than the
Landrace and Yorkshire pigs in terms of
meat traits (Figure 8, Figure 9).

Landrace x (Yorkshire x Tongcheng pig)
exceeded Yorkshire x (Landrace xTongcheng
pig) in terms of body conformation and
carcass traits.

Genetic Diversity Evaluation

Molecular markers have been developed and
applied widely in the studies of genetic
diversity for domestic animals, and greatly
contribute to the rational conservation and
utilization of indigenous pigs. Huang and
Zhou (1989) analyzed the genetic
relationships of six pig breeds with the
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Figure 6. Carcass (left side) of Tongcheng pig (255#) in comparison to
Landrace (1020#), Yorkshire (640#), Landracex(YorkshirexTongcheng Pig)
(878#) and Yorkshire x(LandracexTongcheng Pig) (470%#).

common appearance of “Two-End-Black’
using blood polymorphic markers, and
suggested that these pigs are of one origin
though they had different names. Recently,
based on polymorphism analysis of ten blood
protein loci, the genetic heterozygosity of the
Tongcheng pig was 0.345 and it has the least
distance from the Huainan Pig (Xiao et al.,
2004).

Revealed by DNA fingerprint and RAPD
analysis, the Tongcheng pig was found to
have higher genetic homogeneity than
Qingping, Large White or Hubei White pigs,
and had the least relationship with Hubei
White pig (Jian 1998). The results from
microsatellites detection demonstrated that
the Tongcheng pig had a heterozygosity of
0.7489 and had a closer relationship with the
Qingping pig, another pig breed in Hubei
Province (Fan et al., 1999). Recently, the
national project ‘Measure of Genetic
Distances Among Indigenous Pig Breeds in
China’, started by the Ministry of Agriculture
in 2000, has been completed. The Tongcheng
pig had a mean genetic heterozygosity of

0.82 on the basis of 25 microsatellite loci and
could be classified into the New Huazhong
Type, while surprisingly it was far from
other “Two-End-Black” pig populations
(Zhang et al., 2003). Furthermore, Yang et al.
(2003) presented the phylogenetic
relationships of indigenous pigs using the
near-complete mtDNA sequencing, and the
Tongcheng pig was shown to have the
closest relationship with Yushan Black Pig.

Conclusions

The Tongcheng pig represents a good
maternal line in crossing programs and
provides valuable breeding material for the
development of new swine breeds, lines and
cross combinations. The current measures on
conservation and utilization play important
roles for the maintenance of the Tongcheng
pig, and their implementation would also be
advisable for the preservation of other
indigenous pig breeds in China.
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Characterization of Punjab Brown chicken
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National Bureau of Animal Genetic Resources, P.O. Box 129, Karnal, 132 001 Haryana, India

Summary

A survey was conducted in the native tract
of the Punjab Brown breed of chicken to
study management practices, as well as
morphological, performance and egg quality
parameters. The study covered the three
districts of Gurdaspur district in Punjab, and
Ambala and Yamunanagar districts in
Haryana, and included 532 birds and

61 families. Twenty-six microsatellite loci
were used to assess genetic variability. The
Punjab Brown is a multi-purpose breed,
yielding good quality meat and eggs. Birds
are reared in the backyard system and
shelter is provided only during the night in
the form of small enclosures mostly made up
of mud and sometimes of wood. Average
flock size is 8.7. Plumage colour is mostly
brown and the pattern is usually solid but is
sometimes spotted or striped. Males in
particular have black spots/stripes on their
neck, wings and tail. The comb is red, of
single type and erect in position. The average
weight of cocks and hens is 2.15+0.94 and
1.57+0.04 kg respectively. Hens start laying
eggs at the age of about five to six months.
Clutch size is about four to five. Average egg
production is around 60-80 eggs per year.
Eggshell colour is mostly light brown and
average egg weight is 46.0+1.91g. The
average weight of shell, albumin and yolk
were 5.4+0.21, 24.4+0.63 and 16.2+0.48¢g
respectively. Yolk index, albumin index and
Haugh units were 0.41+0.005, 0.10+0.006
and 82.80+0.98 respectively. A total of

218 alleles were observed. The number of
alleles per locus varied from 4-14. The mean
PIC value for all the loci was 0.744.
Twenty-four loci were found to be neutral
(P<0.05) using Ewens Watterson test of

neutrality. The exact test revealed that 15 loci
deviated from Hardy Weinberg Equilibrium.
The population has not undergone any
recent bottleneck as revealed by quantitative
and graphical qualitative tests.

Resumen

Se ha llevado a cabo una encuesta en la zona
originaria de la raza avicola Punjab Brown
para estudiar las practicas de manejo y los
parametros morfolégicos y de rendimiento y
calidad de los huevos. El estudio se realizé en
tres zonas: Gurdaspur (Punjab), y Ambala y
Yamunanagar (Haryana) con 532 aves y

61 familias. Se utilizaron 26 microsatélites de
loci para averiguar la variabilidad genética.
La raza Punjab Brown es tanto de carne
como de huevos. Las aves se crian en sistema
de corral y se encierran solo durante la noche
en jaulas fabricadas la mayoria de las veces
con barro y a veces de madera. La media de
los grupos es de 8,7 animales. El plumaje es
mayormente marrén y casi siempre
uniforme, aunque a veces puedes tener
manchas o estrias. Los machos suelen tener
manchas negras en el cuello, las alas y la
cola; la cresta suele ser rojiza, de forma tnica
y en posicién erecta. La media de peso de los
machos y hembras resulté de 2,15+0,94 y
1,57+0,04 kg, respectivamente. Las hembras
empiezan a poner huevos a los 5-6 meses de
edad y el tiempo de incubacion es de

4-5 dias. La media de produccion de huevos
es de 60-80 huevos por afio. El color de la
cascara suele ser marrén. La media del peso
de los huevos es de 46,0+1,91 gr. El peso
medio de la céscara, albumen y yema fueron
de 5,4%0,21, 24,4+0,63 y 16,2+0,48 gr,
respectivamente. El indice de yema, albumen
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y de unidades Haugh fueron de 0,41+0,005,
0,10+0,006 y 82,80+0,98, respectivamente. Se
estudiaron un total de 218 alelos. El ntiimero
de alelos por locus vari6 entre 4 y 14. La
media del valor PIC para todos los loci fue de
0,744. Se encontraron 24 loci neutrales
(P<0,05) utilizando el test de neutralidad
Ewens Watterson. El test revel6 que 15 loci se
desviaban del Hardy Weinberg Equilibrium.
La pobalcién no ha encontrado
recientemente ningtin problema, tal como
demuestran la cantidad y calidad gréfica de
los tests.

Keywords: Chicken, Punjab Brown,
Management practices, Morphological
characters, Performance traits, EQg quality
parameters, Microsatellites.

Introduction

Rural poultry were the major source of
production of eggs and meat in India about
two to three decades ago. Backyard poultry
farming was an important practice in rural
areas, using indigenous or desi birds. These
birds are of a scavenging type and require
very little input for their survival and
production. Growth rate and egg production
are very low, but the birds are hardy and
adapted to low input conditions. Increasing
demand for poultry products and the
consequent commercialization of the poultry
industry has resulted in a rapid decline in the
number as well as the purity of local breeds
of birds. Rearing of few birds (5-20) in the
backyard system adds significantly to the
nutrition and economy of rural people. The
eggs and meat of indigenous chicken are
preferred over that of commercial birds due
to their characteristic flavor, and
consequently they fetch a higher price.
Native chickens are known to be good
foragers, efficient mothers, require less care
to grow and are, therefore, most suited for
raising under village conditions. These birds
do however need special attention to be paid
to their conservation and improvement.
Many of the Indian chicken breeds exist as

names in the literature but there is no
information on their characteristics and
performance. There is a need to define
existing chicken populations/breeds and to
develop improvement and conservation
programs so as to benefit rural people. The
Punjab Brown is one such breed, and is
found in northern India. Although
Mahapatra and Panda (1981), Bhat et al.
(1981), Acharya and Bhat (1984), Ayyagari
(2000), Singh and Johari (2000) and Singh
and Singh (2000) have reported on this
breed, no detailed information exists.
Therefore, an attempt has been made in this
study to characterize and evaluate Punjab
Brown breed in its native tract.

Materials and Methods

A survey was conducted in the Gurdaspur
district of Punjab, and the Ambala and
Yamunanagar districts of Haryana covering
a total of 15 villages (10 in Punjab and 5 in
Haryana). 532 birds (336 in Punjab and 196
in Haryana) maintained by 61 families (34 in
Punjab and 27 in Haryana) were observed.
Data on management practices,
morphological characteristics and body
weights were recorded. Performance
parameters were recorded by interviewing
the farmers. Eggs were collected for the
purpose of studying quality parameters. Eggs
were weighed and then broken out onto a
level surface. The height of the thick albumen
and yolk were measured with a spherometer.
Egg yolks were weighed after separation
from albumen. Shell thickness was measured
with micrometer. Average body weight, and
egg, albumin, yolk and shell weights were
measured. Student’s t - test was used to
study the differences between birds of
Punjab and Haryana area. Albumin index,
yolk index and Haugh units were estimated
as:
e Albumen index=Height of
albumen/Average width of albumen.
* Yolk index = Height of yolk/Average
width of yolk.
* Haugh unit = 100 log (H + 7.57 - 1.7 W®%)
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where H = Height of albumen and
W = Weight of egg.

Blood samples were collected from
44 unrelated birds from the breeding tract.
The DNA was isolated using standard
laboratory protocol (Sambrook et al., 1989).
The 26 microsatellite primers were selected
based on their location, size and
polymorphic information content (Table 1).
The primers were tagged with Hex and Fam
dyes. The genotyping was performed using
ABI Avant 3100 Automated DNA Sequencer
and Gene Mapper software version 3.0. The
statistical analysis was performed using
Popgene software (Yeh et al., 1999). The
mutation drift equilibrium test was applied
using all the three models of microsatellite
evolution using Bottleneck software version
1.2.02 (Cornuet and Luikart, 1999). The
exact test for deviation from HWE was also
carried out as implemented in Genepop
software version 3.4 (Raymond and Rousset,
1995).

Results and Discussion

Distribution

Birds of the Punjab Brown breed are found
in rural areas of Punjab and Haryana
(Figure 1). They are used for both meat and
egg production. In Punjab, these birds are
maintained by progressive farmers as well as
by poor families. While the former keep the
birds for home consumption, the latter sell
live birds/chicks and eggs as part of their
livelihood. In Haryana, birds are generally
maintained as a cash reserve by a few
low-income families located in one part of
the village. These birds are also found in the
slums on the outskirts of cities with their
owners doing good business because of the
readily available market.

Flock size and composition

The number of birds per household mostly
varied from 3 to 15. Average flock size was

ARMME & BASHYIRE

e ——
S

PUKIRTAS

NEISERL RN FRADESE

UTTRRANIT AR

LTTAR PRATHCSI

LEEELIIRY

Animal Genetic Resources Information, No. 39, 2006



Characterization of Punjab Brown chicken

Table 1. Details of microsatellite primers.

Annealing

Locus Forward and reverse primers temperature  Dye Chr. no.

HUJ002  CATCTCACAgAgCAgCAgTg 55 FAM 17
gAATCCTggATgTCAAAgCC

HUJ003 gACAgCAAggATTAACCTgAg 55 FAM 1
gITCITggAgACTgTTAgTTgg

LEI120 CgTAACACATgCAACTCAATg 55 FAM 15
TTAgAATgAAAAggCTgTTCC

LEI122 AATCCCTATAgAACTTTgTgC 55 HEX 4
gATCITACTggATTACCATTC

LEI147 TCAggCCTCTTgAACTCAgg 55 HEX 2
gCTATTAAgATACCTCAgCTC

LEI155 gTACgTgTAgCTCggCTCACC 55 FAM 24
gTCCgTgCATggCTCCgCTC

LEI166 AAgCAAgTgCTggCTgTgCTC 55 HEX 3
TCCTgCCCITAgCTACgCAC

LEI174 ATCATACATGTTCTAggegCTg 55 HEX 1
AAAggeCATTCCCgCATgAg

LEI64 TggTTgTCTCAATACAACggTC 55 HEX 7
CTgTAAAgATTTCTCAgAAACAg

LEI74 AAACgTCTgCCITCATgCgAg 55 FAM 26
CATCAATTAgAgCgAAgCCTC

LEI80 gITAgAgCCATACAgAAACTTC 55 HEX  E46C08W18
ATCACACAAgCTTTCTITCCTg

LEI82 TATCCATACAGTACCCTCCTg 55 HEX 5
CCTITAgCTggCTCAgTggATg

LEI90 TAgTgCAgCCCTATggAgCg 55 HEX 23
ggTgAgTgTgCgTTACACgC

LEI98 CAgTITAgCAgAgATTTTCCTAC 55 FAM 14
TgCCACTgATgCTgTCACTg

MCW176  AAAgAgAAgTATAAAACATgCC 55 HEX 6
TCCATTCTTggCAgTgCATAg

MCW213  CTgTTCACTTTAAggACATgg 55 FAM 13
gACAAgTCAACAACTTgCCAg

MCW217  gATCTTTCTggAACAgATTTC 50 FAM 18
CTgCACTTggTTCAggTTCTg

MCW228  ¢ATCTCTgCATTACAAgCATg 55 FAM 10
TTgCTgACCTgCTCATgCAAg

MCW250 CAgAATTTAgAgACTgTCTAC 55 FAM 6
ATACgegTAgCTCTgTTgCAAg

MCW261 gTAgTAgCAgCTACACCAgAg 55 FAM 3
gAgCAgTTCATATgAAgTgCAg

MCW262 gATCCAggCTTTAAgAAgAge 55 HEX E46C08W18
gATCTTgTACATgCCAgCAC

MCW266 gATCCCCATgCgCACAC 55 HEX 19
TTgCTACACTTCCACCITTgg

MCW305 TCAgAAACAAAgCAggAgCTg 55 FAM 8

TgACATCTTTCAAACZAZACC

(Table 1 to be continued ....)
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(... Table 1 to be continued)
Annealing
Locus Forward and reverse primers temperature ~ Dye Chr. no.
MCW317 ACTTgTTggCTgCITgAgATg 55 HEX  E46C08W18
ATgCATgCATTCACAgAAAgC
MCW328 ATggAAACAgATggAgCTggC 55 FAM 27
CTCCAATCCCAggCTCCAAC
MCW84  TTTgAAgggATgCTgCATgCA 50 HEX 9
CTgATTTgCAgCTTgeCTgAg
8.7 and was larger in Punjab (9.8) than in Management practices
Haryana (7.3). On average, a flock in Punjab
consisted of 24.7% chicks, 17.6%cocks and The birds are reared in a backyard system.
57.7%hens while that in Haryana consisted Shelter is provided mostly during night.
of 49.5, 9.7 and 40.8 % chicks, cocks and About 10% of farmers keep the birds
hens respectively. Most of the flocks were of  confined both during the day and at night.
mixed type consisting of indigenous birds of ~ Enclosures are small, mostly made of mud
varying colors. About 60 to 70 % of birds (68%). About 30% were made of bricks and
were of Punjab Brown type. Flocks of pure 2% of wood. Most of the enclosures were
Punjab Brown birds were very few (2-3%). single storied and only about 2% were

Figure 3. Punjab Brown hen.
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multistoried. Some of the farmers have even
made provision for birds below the mangers
of cattle or buffalo. Chicks are kept under a
basket made of bamboo sticks.

Birds are set free in the morning and
scavenge the whole day in the vicinity of the
farmer’s house. The birds return to their
enclosures in the evening. Hens come in as
required to lay eggs. Farmers feed whole
grains (wheat, broken rice, etc.) in morning
and evening only. Kitchen waste is fed to the
birds in a routine manner. Eggs for hatching
are put on paddy husk on the floor or in a
basket. About 40% of farmers usually and
15%sometimes set eggs for hatching at home
while others purchase chicks. The broody
hen is made to sit on the eggs, and then it is
covered with a basket. Sometimes the hen is
made to sit in an earthen pot or ‘Hara’ which
is covered with a stone and placed in one
corner of the room meant for family
members. During the hatching period of
21-22 days, the hen is regularly fed grains
and water. Birds are not vaccinated against
any disease.

Morphological characteristics

The plumage colour is mostly brown
(Figures 2 to 6). Some black or white
coloured birds with a golden colour on their
neck, wings and tail are also available. The
pattern is usually solid but sometimes it is
spotted or striped. Males in particular have
black spots/stripes on their neck, wings and
tail. The neck is darker in colour
(brown/golden) than the rest of the body.

Table 2. Adult body weights (kg).

The skin is white and the shanks are yellow.
The ear lobes are mostly brown but
sometimes white or grey depending upon the
plumage colour. The wattles are red, large
sized in males and small in females. The eye
ring is red as is the comb which is single type
and erect in position. Very few hens have a
floppy comb. The beak is yellow but in many
birds the upper part of the beak turns black
with age.

Performance

The overall average weight of cocks and hens
was 2.15+0.94 and 1.57+0.04 kg, respectively
(Table 2) and the differences were
statistically significant (P<0.001). These
weights were on the low side of those
reported by Mahapatra and Panda (1981).
The weights of cocks as well as of hens in the
two regions were not significantly different.

Hens start laying eggs at the age of about
five to six months. Clutch size is about four
to five. They lay about 15-20 eggs in one
laying period of around 25-30 days, then the
hen becomes broody and incubates eggs for
21-22 days. After hatching, it broods the
chicks for 30-45 days and then the hen enters
its next laying cycle. Each laying cycle takes
about three months and in a year a bird
undergoes a maximum of four laying cycles.
Average egg production is around 60-80 eggs
per year. Hatchability is about 60-80 % on a
total egg basis and is lower in summer
compared to that in winter. Mortality up to
one month ranges from 10 to 30 %.

Punjab Area Haryana Area Overall*
Cock Mean 2.18+0.11 (36) 2.09£0.10 (15) 2.15+£0.94 (51)
Range 1.2-45 1.5-3.0
Hen Mean 1.70+0.04 (67) 1.40+0.05 (56) 1.57+0.04 (123)
Range 1.2-27 0.8-28

(') No. of birds.
*Differences significant P<0.001.
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Table 3. Egg quality parameters.

Parameter Haryana Area (29) Punjab Area (8) Overall (37)
Egg wt (g) 44.79+1.5 49.02+1.5 46.00+1.2
Shell wt (g)* 5.02+0.3 6.39£0.3 5.41£0.2
Albumin wt (g) 23.9940.8 25.2841.2 24.36+0.6
Yolk wt. (g) 15.79+0.6 17.36+0.7 16.24+0.5
Shell thickness (mm)** 0.32+0.0 0.35+0.0 0.33+0.0

() No. of eggs.
*Differences significant P<0.01.
** Differences significant P<0.05.

Egg characteristics

A light brown shell colour was most frequent
(60.7%) followed by brown (25%) and dark
brown (14.3%). Average egg weight was
46.0+1.19g (Table 3) and did not differ
significantly in birds from the Punjab and
Haryana areas. Average egg weight of

Figure 4. Punjab Brown cock.

Punjab Brown birds was more than the egg
weight of 30-35g generally found in desi
birds and was similar to that of the Brown
Nicobari (45g, Padhi et al., 2004) and
Kadaknath (44.2g, Annual Report,
2001-2002) breeds. Average weight of shell,
albumin and yolk were 5.4+0.21, 24.4+0.63
and 16.2+0.48g respectively. The shell was
strong and average thickness was
0.33+£0.007mm. Eggshell weight
and thickness were significantly
higher in the Punjab area (6.4g and
0.35mm) than those of the
Haryana area (5.0g and 0.32mm)
while albumin and yolk weights
were not different. The consistency
of albumin was thick. Yolk was
yellow in colour in the majority of
eggs (53.6%) followed by deep
yellow (39.3%) and light yellow
(7.1%). Yolk index, albumin index
and Haugh units were 0.41+0.005,
0.10+£0.006 and 82.80+0.98
respectively. Blood spots were
absent in both albumin and yolk.
Meat spots were absent in yolk but
were present in albumin of about
18% of eggs.

Egg composition

On average, an egg contained 35.3,
52.9 and 11.8 % yolk, albumin, and
shell and shell membranes
respectively. The percentage of
yolk, albumin and shell ranged

Animal Genetic Resources Information, No. 39, 2006
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from 31 to 42, 45 to 58 and 9 to 17
respectively in different eggs.

Multi-locus genotyping

A total of 218 alleles were observed in 26
microsatellite loci. The number of alleles per
locus varied from 4-14, with a maximum (14)
in locus LEI 120 and LEI 82, and a minimum
(4) in LEI 90, MCW 84 and LEI 174. The
minimum effective number of alleles was
found to be 1.8 in HUJ 002 (Table 4). The
microsatellite loci used in the study were
hypervariable and to test the deviation from
Hardy-Weinberg proportions, Exact test
(Guo and Thompson, 1992; Charkraborty
and Zhong, 1994) was employed. The
analysis revealed 15 out of 26 microsatellite
loci deviated from Hardy Weinberg
proportions. The observed heterozygosity
was less than the expected heterozygosity in
20 of the 26 loci. The mean overall
heterozygosity over all loci was quite high
(0.602) as compared to the commercial

strains of poultry, which is usually 0.54 and
0.26 for broiler and layers respectively
(Croojmans et al., 1996). The mean F value
was found to be 0.191, which was
significantly different from zero. This
suggests that the Punjab Brown population is
a closed population with little gene flow. The
deviation from the Hardy-Weinberg
equilibrium can be attributed to non-random
mating among the individuals of the
population and or due to selection. The
Ewens Watterson test of Neutrality
(Watterson, 1978) revealed 24 out of 26 loci
to be neutral and thus selection as the cause
of a decrease in observed heterozygosity is
ruled out. Thus the only plausible reason for
the difference between observed and
expected heterozygosity is non-random
mating among the individuals of the
population.

To test the null hypothesis of mutation
drift equilibrium, three quantitative tests viz.
Sign, Standardized difference and Wilcoxon
Rank (Cornuet and Luikart, 1996) were
applied using all three models of

Figure 5. Punjab Brown chickens in front of enclosure.
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Characterization of Punjab Brown chicken

Figure 6. Hen brooding chicks.
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Figure 7. Normal L-shaped curve of alleles (proportion
and frequency) in the Punjub chicken.

Table 5.Test for Null Hypothesis under three microsatellite evolution models.

Model of microsatellite evolution

Test IAM TPM SMM

Sign Test (No. of loci with Expected 15.49 15.44 15.27
heterozygosity excess) Observed 22* 19 6
Standardized differences test (T2 values) 3.401* 0.499 -5.323
Wilcoxon Rank Test (Probability of 0.00001*  0.15158 0.99853

heterozygosity Excess)
*Bottleneck (rejection of null hypothesis of mutation drift equilibrium).
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microsatellite evolution. The Infinite Allele
Model (IAM) revealed heterozygosity excess
and rejected the null hypothesis. The null
hypothesis was accepted for both two-phase
model (TPM) and stepwise mutation model
(SMM). The values for these tests are given in
Table 5. The TPM and SMM are the most
suitable models for microsatellite evolution
and the population can be considered in
mutation drift equilibrium. The mode shift
graphical test (Luikart et al., 1998) also
accepted the null hypothesis and the
population showed normal L shaped
distribution (Figure 7). Thus, the Punjab
Brown has not experienced any recent
genetic bottleneck.
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Summary

The camel population in India is facing a
severe decline which demands that
immediate steps are taken to ensure its
conservation. Characterisation is an integral
part of the conservation program. The
Polymerase Chain Reaction-Randomly
Amplified Polymorphic DNA profile of
unrelated camels of the Bikaneri (29),
Jaisalmeri (30) and Kachchhi (18) breeds
were analyzed. Reproducible polymorphic
bands with varying frequencies among the
three breeds of camel were obtained with
five oligonucleotide primers. A total of

75 bands were amplified, of which 27 (36%)
were polymorphic. The probability of
obtaining identical fingerprints was observed
to be the lowest in primer GC-10 (5.7%)
followed by OP-08 (8.7%), GT-10 (11.3%),
G-2 (15.5%) and G-1 (80%). Breed
informative bands were amplified. The
maximum genetic variability was observed in
the Bikaneri (0.80+0.05) followed by the
Kachchhi (0.84+0.06) and the Jaisalmeri
(0.87+£0.05) breeds. The inter-breed genetic
distance estimates indicated a closer
relationship in the Bikaneri-Kachchhi camels,
(0.075), followed by the Jaisalmeri-Kachchhi
(0.106) and Bikaneri-Jaisalmeri (0.132)
breeds. A similar genetic relationship was
observed when the degree of population
subdivision was measured between the
Bikaneri-Kachchhi (0.529),
Jaisalmeri-Kachchhi (0.558) and
Bikaneri-Jaisalmeri (0.566) breeds.

Resumen

La poblaciéon de camélidos en la India se
enfrenta con un declive importante que
requiere iniciar con una rapida intervencion
en vistas de su conservaciéon. Un parte
integral del programa de conservacion esta
representado por la caracterizacion. Se ha
analizado el perfil de ADN polimérfico
amplificado casualmente de la cadena de
reaccion de polimerasa en camélidos sin
relacion tales las razas Bikaneri (29),
Jaisalmeri (30), y Kachchhi (18). Las bandas
poliférmicas reproducibles con frecuencias
variantes entre las tres razas we obtuvieron
con cinco oligonucleotidos primarios. Un
total de 75 bandas fueron amplificadas, de
las cuales 27 (el 36%) resultaron
polimérficas. La probabilidad de obtener
huellas idénticas fue inferior en el primer
GC-10 (5,7%), seguido por OP-08 (8,7%),
GT-10 (11,3%), G-2 (15,5%) y G-1 (80%). Las
bandas de informacion de raza fueron
amplificadas. El méximo de variabilidad
genética se observo en la raza Bikaneri
(0,80+0,05) seguida por la raza Kachchhi
(0,85+0,06) y la Jaisalmeri (0,87+0,05). La
distancia genética estimada entre razas
indica una relacion estrecha entre las razas
Bikaneri y Kachchhi (0,075), seguida por
Jaisalmeri-Kachchhi (0,106) y
Bikaneri-Jaisalmeri (0,132). Se observé una
relacién genética similar cuando el grado de
subdivisién de la poblacion fue medido entre
Bikaneri-Kachchhi (0,529),
Jaisalmeri-Kachchhi (0,558) y
Bikaneri-Jaisalmeri (0,566).

Keywords: Characterisation, RAPD, Camelus
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dromedaries, Statistical analysis, Genetic
distance, Similarities.

Introduction

Conservation of livestock species is a matter
of global concern. The characterisation of
livestock breeds at the phenotypic and
molecular genetic level has become essential
to establish the current status of the different
livestock species and breeds available in
different agro-climatic zones of the country
and the world. India had the third highest
camel population in the world until 1999,
but due to a severe decline in the camel
population since then it has slipped to sixth
position (FAOSTAT data, 2005). The
population of camels in India numbers
632 000. Rajasthan state has the highest
population of 498 000 followed by Gujarat
with 53 000 and Madhya Pradesh with
8 000. There has been 29.65% decline in the
overall population in the last five years
(Livestock Census, 2003). This is an alarming
situation requiring immediate attention to
ensure conservation of the breeds. India has
four main breeds of camel, these being the
Bikaneri, Jaisalmeri, Kachchhi and Mewari.
The Bikaneri breed is well known for the
draught potential whereas the Jaisalmeri
breed is known for race potential and long
distance travel. The camels of the Bikaneri
and Jaisalmeri breeds are adapted to the
climatic conditions of the Thar desert where
the temperature gets very high during the
summer and very low in winter. The Mewari
breed is known for the production of milk
and is adapted to the hilly terrains of the
Mewar area in Rajasthan. The Kachchhi
breed has a medium level of milk production
and draught capabilities, and is adapted to
the marshy land of the Ran of Kachchh in
Gujarat state (Rathore, 1986).

The phenotypic characteristics of different
camel breeds have been already described
(Rathore, 1986). Significant differences exist

between the breeds in the production of hair
(Sahani et al., 1996), milk (Sahani et al.,
1998), draught potential and speed and
stride (Rai ef al., 1992) etc. However, no
significant breed differences could be
detected by cytogenetic (Sahai and Vijh,
1993) and biochemical studies (Tandon et al.,
1997a, b; Tandon, 1998).

PCR-RAPD (Polymerase Chain Reaction,
Randomly Amplified Polymorphic DNA) has
the potential to distinguish between strains
of almost any organism without prior
knowledge of its DNA sequence utilizing
short random primers of arbitrary sequences
(Welsh & McClelland, 1990; Williams et al.,
1990). It has been used to distinguish strains
of mouse (Welsh et al., 1991), breeds of cattle
(Kemp & Teale, 1992; Chung et al., 1995)
and sheep (Kantanen et al., 1995), lines and
breeds of chicken (Plotsky et al., 1995), meat
of different species (Min et al., 1996) and for
the detection of genetic variation in camel
(Shereif and Alhadrami, 1996; Mishra et al.,
1998). PCR-RAPD was therefore used in the
present investigation to study the genetic
variation within Indian camel breeds and to
estimate the genetic distances between them.

Materials and Methods

Camel (Camelus dromedarius)

Blood samples were collected from the
Bikaneri (Figure 1), Jaisalmeri (Figure 2) and
Kachchhi (Figure 3) camels maintained at
the National Research Centre for Camels
(NRCC) in Bikaner, India. The Centre
maintains ~270 camels, Bikaneri

(~120 camels), Jaisalmeri (~100 camels) and
Kachchhi (~50 camels). Pedigree records are
available since the year 1960. Almost every
fourth year breeding males were procured
from the breeding tracts of the respective
breeds to avoid inbreeding in the centre’s
herd. The DNA was isolated using the
method utilized by Davis et al., (1986).
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Figure 1. Adult Bikaneri male camel.

PCR-Random Amplification of
Polymorphic DNA

The PCR amplification reactions were
carried out in 50 ul reaction volume in 0.5 ml
thin walled PCR tubes. The composition of
PCR reaction was template DNA ~100 ng,
primer ~5.0 pmol, each dNTP- 2.5 mM, Tag
DNA polymerase- 2.5 U, Tag polymerase
buffer 10X- 5.0 ml (10 mM pH 9.0 Tris HCI,
1.5 mM MgCl, 50 mM KCl and 0.01%
gelatin). The PCR cycling conditions
comprised initial denaturising at 94°C for

5 minutes, followed by 40 cycles of 94°C for
one minute, 36°C for 45 seconds and 72°C
for one minute. Final extension was carried
out for five minutes at 72°C.

A total of six arbitrary short
oligonucleotide primers reported to be
informative in camel (Shereif and
Alhadrami, 1996; Mishra, 1998) were used.
The primer sequences were G-1 (5" GTG
ACG TAG G 3'), G-2 (5 TCG CGA GCT G
3), GC-10 (5GCC GTC CGA G 3'), GT-10

(5 GTG ATC GCA G 3'), OP-08 (5 GTC
CAC ACG G 3) and C-7 (5 GCG AGC GTC
CC 3).

Statistical analysis

Standard statistical analysis was used for
analysing the PCR -RAPD data to obtain the
RAPD characteristics with reference to the
average number of bands (e) and standard
error (Nei and Li, 1979; Wetton, 1987;
Lynch, 1990), the mean population
frequency of a band (q) (Jeffreys and Morton,
1987), the mean probability for a band to be
present in the heterozygous state (h)
(Georges et al., 1988), the probability that all
bands of animal x are also present in animal
y (but later may have additional bands) (Pg)
(Morsch and Leibenguth, 1994) and the
probability of two camels exhibiting identical
fingerprints (no additional bands) (Pi)
(Morsch and Leibenguth, 1994). The within
breed similarity as band frequency (W) and

Animal Genetic Resources Information, No. 39, 2006
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Table 1. PCR-RAPD profile and frequency distribution of RAPD alleles in the polymorphic loci
among different camel breeds.

Number of bands Polymorphic bands and their frequencies
Size
Primer Total range (kb)  Size (kb) Bikaneri  Jaisalmeri = Kachchhi
GT-10 17 0.40-3.10 1.51 0.14 0.37 0.24
1.02 0.64 0.83 0.35
0.93 0.64 0.97 0.94
0.87 0.64 0.40 0.94
0.67 0.00 0.43 0.29
0.50 0.04 0.93 0.18
0.41 0.75 0.97 0.94
GC-10 15 0.60-2.90 1.45 0.21 0.04 0.22
1.32 0.10 0.43 0.06
1.24 0.83 0.61 0.61
1.00 0.21 0.04 0.22
0.95 0.72 0.82 0.94
0.83 0.03 0.32 0.22
0.77 0.17 0.18 0.11
0.71 0.24 0.54 0.17
G-2 18 0.30-3.30 2.19 0.75 0.67 0.81
2.00 0.42 0.17 0.75
1.07 0.54 0.50 1.00
0.48 0.04 0.71 0.19
0.36 0.25 0.71 0.19
OP-08 16 0.60-3.50 2,51 0.86 0.83 0.67
1.17 0.80 1.00 0.83
1.08 0.07 0.92 0.25
1.00 0.47 0.50 0.67
0.82 0.47 0.42 0.67
0.80 0.67 0.67 0.83
G-1 9 0.57-2.00 0.57 0.33 0.00 0.00
C-7 3 0.80-2.00 0.00 - - -
band sharing rate (W*), between breed Results and Discussion

similarity as band frequency (Bf) and band

sharing rate (B*) (Kuhnlein et al.,1989), the .
genetic distances based on band frequency RAPD Polymorphism

(DY) and band Sharing rate (DS) .(Kuhplein et The PCR-RAPD profile of camel genomic
al.,1989), the population subdivision index S,

‘(L(}jmd;,199f0) andl t?e moclioi(fii.ec‘i Wright's number and size range of the bands scored
Index tgp O population subdivision are presented in table 1. The primers, GT-10,
(Lynch,1991) were calculated to estimate the GC-10, G-2, OP-08 and G-1 amplified a total

genet%c vrf\riation in the populations and of 75 bands, of which 27 (36%) were
genetic distances between them.

DNA with the primers used along with the

polymorphic. The proportion of the
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Figure 2. Adult Jaisalmeri male camel.

polymorphic bands was the highest with the
primer GC-10 (53.33%) followed by

GT-10 (41.18%), OP-08 (37.5%),

G-2 (27.78%) and G-1 (11.11%). Since the
RAPD technique is known to be sensitive to
the amplification parameters (Williams et al.,
1993), the amplifications were repeated for a
total of 54 samples spread over all

primer- breed combinations.

Highly reproducible RAPD patterns were
obtained in all combinations with the camel
genome under precise conditions. The
reproducibility of RAPD patterns in camel
populations/breeds has also been reported
by Shereif and Alhadrami (1996) and Mishra
et al. (1998).

A varying number of scorable bands
(3-18) were amplified in the three breeds of
camel. The average number of bands and the
degree of polymorphism differed
significantly with the primer as well as with
the breed (Table 1). Since RAPD markers
have been shown to follow Mendelian
inheritance and are dominant-recessive
(Williams et al., 1990; Kemp and Teale, 1992;

Rothuizen and Wolferen, 1994, Elo et al.,
1997; Liu et al., 1998), the presence of a band
in an individual indicates the presence of at
least one dominant allele, while absence
indicates homozygosity for recessive alleles
(Wei et al., 1997).

The analysis of RAPD patterns for breed
differentiation was carried out considering
only the clearly resolved bands. The primers
GT-10 and OP-08 amplified a total of 17 and
16 bands, respectively. Shereif and
Alhadrami (1996) used the above two
primers and reported amplification of
4-16 DNA bands in the size range of
0.3~2 kb in association with five other
decamer primers. The present results are
quite consistent with that of Shereif and
Alhadrami (1996) except for the size range of
0.3~3.5 kb. This could be either due to the
differences in resolution under the 5%
vertical non-denaturing polyacrylamide gel
electrophoresis used in the previous study
and the 1% horizontal agarose gel
electrophoresis used in the present study or
due to differences in the breeds. PCR-RAPD

Animal Genetic Resources Information, No. 39, 2006
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Table 2. Data from PCR-RAPD of camel breeds from five oligonucleotide primers.

Primer Breed n € +SE N q h Py P;
GT-10 Bikaneri 28 12.86+0.28 1398 0.72  0.44 0.34  0.108
Jaisalmeri 30  14.90+0.17 16.02 0.74  0.41 034  0.107
Kachchhi 17 13.8840.26 1492 074 041 037  0.125
GC-10 Bikaneri 29 9524025 1082 0.65  0.52 030  0.077
Jaisalmeri 28  9.96+042 1158 0.63  0.54 0.22  0.041
Kachchhi 18 9.83+0.32 1130 064 053 0.25  0.055
G-2 Bikaneri 24 14961024 16.09 074 041 034  0.106
Jaisalmeri 24 15754023 1694 074 041 032  0.094
Kachchhi 16 15.94+0.06 16.60 080  0.33 052  0.265
OP-08 Bikaneri 15 13.33+0.23 1449 072 044 0.33  0.099
Jaisalmeri 12 14.33+0.19 1541 074 041 035 0.117
Kachchhi 12 14.0840.26 1564 0.68  0.48 023  0.045
G-1 Bikaneri 12 833+0.14 877 078  0.36 0.65 0417
Jaisalmeri 12 9.00£0.00  9.00  1.00  0.00 1.00 1.00
Kachchhi 12 9.00£0.00 9.00 1.00  0.00 1.00 1.00

n: Sample size, X:Average number of bands, SE: Standard error, € : Number of judged positions;
q: Mean population frequency of a band; h: Mean probability for a band to be present in
heterozygous state; Py .Probability that all bands of animal x are also present in animal y;

Pi: Probability of obtaining identical fingerprints.

of indigenous camel breeds amplified 5 to
15 bands with the same primers (Annual
Report, NRCC, 1997-1998), which is similar
to the number of bands amplified (3-18) in
the present investigation.

RAPD characteristics

The RAPD patterns of three camel breeds
were characterised by distinguishable
polymorphic bands in the size range of

0.36 to 2.51 kb (Table 1). The characteristics
of RAPD patterns for the camel breeds from
five oligonucleotide primers are presented in
table 2. The mean population frequency of a
band (q) was found to vary with the primer.
The lowest value of q was observed for the
three camel breeds in the primer GC-10
(0.64) followed by primer OP-08 (0.71),
GT-10 (0.73), G-2 (0.76) and G-1 (0.93).
Accordingly, the mean heterozygosity was
the highest in the primer GC-10 followed by

rest of the primers in same sequence. The
average band sharing rate (Pb) was observed
to be very high (0.92, 0.93 and 0.93) in the
three camel breeds, which is in agreement
with the findings of Shereif and Alhadrami,
(1996). The higher values of the average
band sharing rate (0.92-0.93) and the mean
population frequency of a band (0.63-1.00)
with low levels of heterozygosity

(0.00 to 0.54) indicated reduced variability of
the RAPD marker loci in the three breeds of
camel. This might be due to the limited
genetic variability in the species. The
probability of two random camels exhibiting
identical fingerprints (Pi) was observed to be
lowest (4.1 x10?) in the Jaisalmeri breed with
primer GC-10. Pooled over breeds, the
primer GC-10 was found to give the lowest
Pi value (5.7 x10?). Hence, the above primer
could be of great use in establishing
individual identity and differentiating the
camel breeds.



Mehta et al.

Breed specific/Informative bands

All five primers generated RAPD patterns,
which could be used to discriminate between
the three breeds of camel (Table 1). The
amplification of a DNA band having
significantly less frequency (<0.10) in one
breed and a very high frequency (>0.90) in
other breed(s) could be of considerable use in
distinguishing the camel breeds. The primer
GT-10 amplified two bands (0.67 kb and
0.50 kb) with variable breed specificity. The
0.67 kb band was not scored in all camels
belonging to the Bikaneri breed, whereas it
was present with the frequency of 0.43 and
0.29 in the Jaisalmeri and Kachchhi breeds,
respectively. The 0.50 kb band was observed
with a frequency of only 0.0357 in the
Bikaneri breed, whereas it was present with
a very high frequency (0.93) in the Jaisalmeri
but with a relatively low frequency (0.18) in
Kachchhi breed indicating probable
specificity for the Jaisalmeri breed.

The primer GC-10 revealed the highest
polymorphism among the primers used,

Figure 3. Adult Kachchhi male camel.

which demonstrated four breed informative
bands as the differences in the frequencies of
these bands among the three breeds were not
sufficient to designate them as breed specific.
The 1.45 kb band had a frequency of only
0.04 in the Jaisalmeri breed as compared to
0.21 and 0.22 in the Bikaneri and Kachchhi
breeds, respectively. The 1.32 kb band was
observed in the Kachchhi breed with a very
low frequency of 0.06, whereas this band
was present with the frequencies of 0.43 in
the Jaisalmeri and 0.10 in the Bikaneri. The
1.00 kb band had exactly the same frequency
as that of the 1.45 kb fragment in the three
breeds.

These frequencies were traced back to the
camels in respective breeds and it was
observed that in the Bikaneri and Jaisalmeri
breeds the same camels exhibited the 1.45 kb
and 1.00 kb fragments indicating the
probable existence of a linkage between the
two loci. However, in the Kachchhi breed,
the camels exhibiting the 1.45 kb fragment
were different from those exhibiting the
1.00 kb fragment, which was probably due

Animal Genetic Resources Information, No. 39, 2006
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to segregation in this breed. The 0.83 kb
fragment was observed with a frequency of
only 0.03 in the Bikaneri, whereas it was
observed with a frequency of 0.32 and

0.22 in the Jaisalmeri and Kachchhi breeds,
respectively.

In primer G-2, the 0.48 kb band was
present with a frequency of 0.71 in the
Jaisalmeri breed as compared to 0.04 in the
Bikaneri and 0.19 in the Kachchhi breed. In
primer OP-08, a fragment of 1.08 kb had the
frequency of 0.92 in Jaisalmeri, 0.07 in
Bikaneri and 0.25 in Kachchhi camels.
Primer G-1 amplified only one polymorphic
band of 0.57 kb size, which was present only
in the Bikaneri breed with a frequency of
0.33.

The frequencies of RAPD alleles in the
Kachchhi breed presented an interesting
feature. Except for the 1.07 kb band in
primer G-2, most of the bands which
exhibited probable specificity for the Bikaneri
or Jaisalmeri breed were present with the
frequency of about 0.2 in the Kachchhi
breed.

Within-breed genetic similarity

Within-breed genetic similarity was
estimated as band frequency (Wf) and band
sharing (W*) for the three breeds (Table 3).
The Jaisalmeri breed exhibited the highest
within-breed similarity, pooled over primers,
with band frequencies of 0.87+0.05 and band
sharing of 0.93+0.02. This degree of similarity
within the Jaisalmeri breed was observed in
all primers, except G-2, when considered
individually and estimated as band
frequency.

The Kachchhi camels exhibited less
genetic similarity as compared to the
Jaisalmeri when estimated as band frequency
(0.84£0.06) and band sharing (0.93+0.02)
with pooled over primers and when primers
were considered individually and estimated
as band frequency. The lowest within-breed
similarity among the three breeds of camel
was observed in the Bikaneri breed as

0.80+0.05 (band frequency) and 0.92+0.01
(band sharing).

This within-breed genetic similarity
reflects the history of breeding, selection and
population size of the concerned genetic
group. In the present study the within-breed
genetic similarity was of a very high order.
The genetic variability exhibited was the
highest in the Bikaneri breed followed by the
Kachchhi and Jaisalmeri breeds, which could
be attributed to the difference in the
population of the breeds in their respective
breeding tracts. The population of camels in
the breeding tract of the Bikaneri, Jaisalmeri
and Kachchhi breeds was 239 000,

127 000 and 53 000 respectively (Livestock
Census, 2003). Shereif and Alhadrami,
(1996) reported a higher genetic similarity
based on band frequency in a local camel
breed of U.A.E. Higher within breed
similarity was also expected from the
observed lack of intrabreed variation in
cytogenetic (Sahai and Vijh, 1993) and
biochemical studies (Tandon et al., 1997a, b;
Tandon, 1998).

Between-breed genetic similarity

Of the five random oligonucleotide primers,
four (GC-10, GT-10, G-2 and OP-08) were
used for the estimation of between-breed
genetic similarities as they amplified at least
one polymorphic band in each of the three
breeds. The primer G-1 did not amplify any
polymorphic band between the Jaisalmeri
and Kachchhi breeds and thus it was
excluded from further analyses (Table 1).

The between-breed genetic similarity was
estimated as band frequency (Bf) and band
sharing (B*) based on the method described
by Kuhnlein et al. (1989). It is evident from
the genetic similarity data of each primer
that Bikaneri-Kachchhi exhibited highest
between-breed similarity followed by
Jaisalmeri-Kachchhi and Bikaneri-Jaisalmeri
in terms of Bf and B®. The pooled primer
information verified identical relationships
between breeds in both types of estimates
(Bf and B¢). The overall between-breed
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genetic similarity is of very high order and it
indicates low levels of genetic variation
among the three breeds of camel (Table 4).

Genetic distance between breeds

Genetic distance between the three breeds of
camel was estimated using four primers for
the reasons explained above. The genetic
distance estimates pooled over primers
indicated the lowest genetic distance
between Bikaneri-Kachchhi (D=0.0745,
Ds=0.011) followed by Jaisalmeri-Kachchhi
(D=0.1060, D*=0.0220). The
Bikaneri-Jaisalmeri breeds had the highest
genetic distance (D=0.1315, D¢ =0.0245)
among the breed pairs studied (Table 4).

Estimation of genetic similarity within and
between breeds and genetic distance among
different breeds of livestock is an important
application of the DNA based genetic
markers. The above information is of
immense importance in breed
characterisation and conservation studies as
well as in selection programmes as it is
essential for efficient sampling and
utilization of germ plasm resources and for
making decisions regarding choice of parents
(Smith et al., 1990; Nienhuis and Sills, 1992).
In the present investigation, two measures of
genetic relatedness i.e. genetic similarity and
genetic distance were estimated as band
frequency and band sharing.

The within breed similarity estimated as
band frequency (0.63-1.00) showed a much
greater variability than band sharing
(0.86-1.00), though both estimates revealed
higher within breed genetic similarity in
camel breeds. The between breed genetic
similarity estimated as band frequency
(0.803-0.959) and band sharing (0.860-0.935)
indicated close relationships among the
camel breeds. The genetic distance, which is
the second measure of genetic relatedness
among the camel breeds, when measured as
band frequency, presented a wider range
relatively (0.042-0.219) as compared with
the band sharing estimates (0.001-0.042). The
band frequency estimates can therefore be

considered as better measures of the genetic
relatedness within and between breeds.

Population subdivision

The three camel populations were considered
as three sub-populations of a single breed
and the degree of subdivision was measured
as S; (Lynch, 1990) and F, (Lynch, 1991).
The pooled over primers differences among
the Sij values of the three breeds (0.978, 0.98
and 0.99) were observed to be very small.
However, when the population subdivision
was estimated by the modified Wright's
index of F, values the differences among the
three populations (0.529, 0.558 and 0.566)
widened (Table 4).

The values of S, per primer were in the
range of 0.962-0.999, which indicated that
the tested sub-populations are nearly
homogeneous. It was considered that the
similarity index might underestimate the
population heterozygosity, especially if
alleles are rare (Lynch, 1991). The modified
Wright's index of population subdivision
(F;) was therefore used. The values obtained
were in the range of 0.511-0.608, which
indicated an existence of heterozygosity
among the three camel populations/breeds.

Thus, the PCR-RAPD technique could
discern the underlying genetic variation
among Indian camel breeds which was
otherwise difficult to quantify (Sahai and
Vijh, 1993; Tandon et al., 1997a, b; Tandon,
1998). Due to automation, ease, cost
effectiveness and capability to estimate the
genetic distance and other related
parameters in Indian camel breeds, the
technique could be utilized for the
characterisation of camel populations which
in turn might act as backbone for in situ
conservation of different camel breeds whose
populations are facing a severe decline.
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The Legal Framework for the Management

of Animal Genetic Resources

Ingrassia A., D. Manzella & E. Martyniuk (Eds)

Many international meetings dealing with
the development of Farm Animal Genetic
Resources (FANGR) recognized the
importance of legal and policy frameworks
for the sustainable management of these
resources. These legal and policy frameworks
are far less developed for FAnGR than in
plant genetic resources mainly because of the
fact that such concerns received the attention
for farm animals at much later stage than for
plants but also due the complexity of the
subject in animals as compared to plants.
This publication does well in capturing our
state of knowledge and what needs to be
done in the arena of legal frameworks for the
management of FAnNGR. The book includes
six chapters and five annexes.

The Introduction gives a historical
background on FAO Global Strategy for the
Management of FAnNGR, different aspects of
biodiversity and the global status of FAnGR.
The second chapter dwells in details on
existing legal instruments related to FAnGR,
e.g. Convention on Biological Biodiversity
(CBD), World Trade Organization (WTO),
Office International Epizootics (OIE), Codex
Alimentaris, and Agenda 21 etc. Chapter
three details relevant regional and regulatory
framework of the European Union that is
one of the most developed regional
frameworks. Chapters 4, 5 and 6 review
national frameworks and assess and policies
and strategies and assess national legislation
in place for different countries in the world.
This information is mainly obtained from
National Country State of Animal Genetic
Reports submitted to FAO and from
questionnaires.

Annex I provides a useful list of countries
membership to international instruments

Published by FAO, Legislative Study

Via delle Terme di Caracalla Rome, Italy

Published in 2005, pp. 156
ISSN: 1014-6679; ISBN: 92-5-105433-9

relevant to AnGR, Annex II summarizes
National Legislative Framework Relevant to
AnGR Management, Annex III presents the
questionnaire used, Annex IV gives
definitions of terms related to the
management of AnGR and Annex V gives
legal terminology. The book ends with a
bibliography list of 41 references.

The book may be considered as a baseline
of our present knowledge on the legal
aspects in the management of AnGR and is a
very useful reference for those working in the
field of AnGR especially policy makers and
legislators.
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Application of Gene-Based Technologies for Improving
Animal Production and Health in Developing Countries

H.P.S. Makkar & G.]. Viljoen (Eds)

Animal Production and Health Section, Joint FAO/IAEA
Springer Publisher, P.O. Box 17, 3300 AA Dordrecht, The Netherlands

Modern biotechnology has potential for
solving many problems associated with
animal productivity and health and offers
exciting opportunities for enhancing
agricultural productivity. At present the
focus is, however, on the issues and problems
of significance for livestock producers in the
developed world.

In order to fully realize the benefits of this
technology in developing countries, there is a
need to identify, characterize arid apply
appropriate gene-based technologies for
these regions.

These proceedings present peer reviewed
state-of-the-art papers describing the
achievements in the areas of animal breeding
and genetics, animal nutrition, animal
health, and environment, ethics, safety, and
regulatory aspects of gene-based
technologies; achievements which could be
realized using these modern scientific tools to
maximise the benefits from the ‘livestock
revolution’ that is taking place; and the
constraints in the use of gene-based
technologies and their specific research needs
in developing countries.

This book will help in bridging the wide
gap between developed and developing
countries, in the development and use of
gene-based technologies, and to elucidate the
current and future roles of such technologies
in the developing world. It is a good
reference source for researchers, students
and policy-makers alike.

Published in 2005, pp. 793
ISBN: 10 1-4020-3311-7



Assessing Quality and Safety of Animal Feeds
Published by FAO, Animal Production and Health, Paper no. 160
FAOQ, Via delle Terme di Caracalla 1, 00100 Rome, Italy

This publication provides the most recent
information on the impact of animal feeds on
food quality, food safety and the
environment and thus improves the basis for
managing such risks, which are increasingly
at the centre of public and individual
consumer attention.

Feed analysis provides information for
farmers to optimize nutrient utilization in
animal feeds; for feed compounders to
prepare feed mixtures suitable for different
animal production systems; for researchers to
relate animal performance to feed
characteristics; and for plant breeders to
optimize the nutritive value of new varieties.
This book brings together six reviews on
these subjects from the FAO Electronic
journal AGRIPPA in printed form.

1. The keynote article by Mueller-Harvey
describes current procedures for feed
analysis and procedures to improve
standards. Standard and widely accepted
methods are described together with
recent developments in feed analysis.
Topics covered include: sample
preparation, analysis of major
components and of secondary plant
products (tannins, mycotoxins and other
contaminants).

2. The paper by Gizzi and Givens considers
the importance of quality and safety for
the compound feed manufacturer, the
farmer and the policy maker. Data
variability also results from differences in
the methodologies used to obtain the
information.

3. The paper by Makkar describes the
potential of the in vitro gas production
method for evaluating nutritional quality
of feed resources for ruminants. This
technique enables selection of a feed or
feed constituent for high efficiency of
microbial protein synthesis in the rumen
along with high dry matter digestibility.

Published in 2004, pp. 155
ISBN: 92-5-105046-5

4. D'Mello covers the microbiology of animal
feeds, including forages, cereal grains,
oilseed by-products and compound feeds.
Major adverse effects arise in farm
animals due to the production of
mycotoxins by certain species and strains
of these fungi.

5. In a second article, Dr D’Mello reviews
the range of contaminants and toxins
arising from anthropogenic and natural
sources.

6. The final paper by Hughes and Heritage
explores the developing controversy
surrounding the use of antibiotics as
growth promoters
Further articles will be published from

time to time and can be read on-line at:

www.fao.org/agrippa .
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Sustainable Grazing, Nutritional Utilization and Quality of

Sheep and Goat

Molina Alcaide E., H. Ben Salem K. Biala & P. Morand-Fehr (Eds)

Options Mediterraneennes Serie A: Séminaires Méditerranéens

Proc. of the 1* Joint Seminar of the FAO-CIHEAM Sheep and Goat Nutrition
and Mountain and Mediterranean Pastures Sub-Network

Published by CIHEAM, Apdo 202, 50080Zaragoza, Spain

The first joint seminar of the FAO-CIHEAM
Sheep and Goat Nutrition and Mountain and
Mediterranean Pastures Sub-Networks, was
held in Granada (Spain), from 2 to 4 October
2003 and was organised, under the auspices
of the Spanish Ministry of Science ;and
Technology, by CSIC FAO and CIHEAM.

The international coordinators of
FAO-CIHEAM Networks on Sheep and Goat
and on Pastures and Fodder Crops decided
to combine the 10th Seminar on Sheep and
Goat Nutrition with the 12th Meeting of the
Sub-Networks on Mountain and
Mediterranean Pastures and organized the
first joint seminar.

This joint seminar focused on topics
related to sustainable grazing, nutritional
utilization and quality of sheep and goat
products. Sessions dealt with sustainable
management for quality pastures, nutritional
manipulation and product quality,
management of grazing animals for pastures
and non-conventional foods evaluation.
Furthermore, three round tables were
organised to discuss the following topics:
traceability of products in grazing systems,
alternative methods to control pathogens in
grazing animals and indicators of sustainable
systems.

Ninety-six participants from 20 countries
attended the seminar (Algeria, Belgium,
Bulgaria, Czech Republic, Denmark, France,
Greece, Israel, Italy, Mexico, Morocco,
Poland, Portugal, Slovakia, Spain, Sweden,
Switzerland, Tunisia, UK, USA) as well as
representatives or scientists from CIHEAM
and FAO. A total of 70 papers were

Published in 2005, pp. 466
ISSN: 1016-121-X; ISBN: 2-85352-321-7

presented and discussed, including
introductory papers, oral presentations and
posters, sixty-three of which have been
selected to be published in these proceedings.



Time for Action. Protecting Animal Genetic Diversity

for Food and Agriculture

FAO, Animal Genetic Resources Group,

Via delle Terme di Caracalla 1, 00100 Rome, Italy

Produced in five languages (Arabic, Chinese,
English, French and Spanish) this brochure
summarizes:

* The domestic animal diversity under siege.

Thousands of farm animal breeds have
been developed over millennia to thrive in
specific locations. Today, many countries
are losing these genetic resources, which
are critical for both food security and
sustainable development.

FAO estimates that industrial livestock
operations are growing twice as fast as
traditional mixed farming systems and six
times as fast as traditional grazing
systems. As a result, only a limited
number of species and breeds now
provides most of the world’s livestock
production.

At the same time, the livestock industry is
under pressure to manage animal wastes,
decrease emissions from intensive
livestock production and reduce the
release of greenhouse gases.

* The rate of loss of animal biodiversity
Currently more than 20 percent of the
breeds documented with population
figures have been identified as being at
risk of extinction. During the last five
years 60 breeds were lost - an average of
one breed per month. Many others have
yet to be formally identified and may
disappear before anything is known about
them.

* The importance of protecting the
diversity
Livestock keepers need a broad gene pool
to draw upon if, they are to improve the
characteristics of their animals under
changing conditions. Traditional breeds,
suited to local conditions, survive times of
drought and distress better than exotic

breeds and, therefore, frequently offer
poor farmers better protection against
hunger.

Consumers in the developed world - and
increasingly also in developing countries -
care about product origins and
production conditions. They are creating a
demand for high-quality niche products
including indigenous breeds raised in
traditional ways.

National priorities for action

The Report on Strategic Priorities for
Action, discussed in 14 sub-regional
consultations, summarizes reports
prepared by individual countries.

Action at international level
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Buffalo Production and Research

A.Borghese (Ed.)

FAO Regional Office for Europe, Inter-regional Cooperative Research Network

This publication summarizes the state of the
art on buffalo and the activities performed by
the Network that is part of the FAO
European System of Cooperative Research
Networks for Agriculture (ESCORENA).
ESCORENA is composed by 13 networks, six
of which include other regions in addition to
Europe. In 1992 FAO decided to assign some
funds in order to establish a Buffalo Research
Network for countries where buffalo
research occupied a secondary role
compared to research on cattle.

The main objective of the Network is to
develop a system of cooperation among
research institutions from buffalo-producing
countries of Europe and the Near East with a
view to providing scientific and professional
support to the buffalo production sector in
general, and to small subsistence farmers in
particular. The Network collects and
analyses data on production systems, buffalo
reproduction and marketing of buffalo
products, and disseminates this information
through meetings, workshops and the
“Buffalo Newsletter”. Short to medium-term
objectives include the collection of data on
animal genetic diversity, reproduction and
the establishment of performance recording
systems.

The Group acts as a forum for the
exchange of research results and as a
coordinating body for research on buffalo
reproduction and biotechnology. The Group
has identified major issues affecting buffalo
reproduction and the efficiency of buffalo

on Buffalo
Published in 2005, pp. 315

production and adopted a programme of
cooperative research in the following fields:
1. Reproduction and biotechnology.

2. Farming systems.

3. Buffalo products.

4. Genetic resources.



Editorial Policies and
Procedures

The mission of the Animal Genetic Resources
Information Bulletin (AGRI) is the promotion
of information on the better use of animal
genetic resources of interest to food and
agriculture production, under the Global
Strategy for the Management of Farm Animal
Genetic Resources. All aspects of the
characterization, conservation and utilization
of these resources are included, in accordance
with the Convention on Biological Diversity.
AGRI will highlight information on the
genetic, phenotypic and economic surveying
and comparative description, use,
development and maintenance of animal
genetic resources; and on the development of
operational strategies and procedures which
enable their more cost-effective management.
In doing this AGRI will give special attention
to contributions dealing with breeds and
procedures capable of contributing to the
sustainable intensification of the world’s
medium to low input production
environments (agro-ecosystems), which
account for the substantial majority of the
land area involved in livestock production;
the total production of food and agriculture
from livestock; and of our remaining farm
animal genetic resources.

Views expressed in the paper published in
AGRI represent the opinions of the author(s)
and do not necessarily reflect those of the
institutions which the authors are affiliated,
FAO or the Editors.

The suitability of manuscripts for
publication in AGRI is judged by the Editors
and reviewers.

Electronic publication

AGRI is available in full electronically on the
Internet, in addition to being published in
hard copy, at:

<< http:/ /www fao.org/dad-is>>

Types of Articles

The following types of articles are published
in AGRIL

Research articles

Findings of work on characterization,
conservation and utilization of farm animal
genetic resources (AnGR) in well described
production environments, will be considered
for publication in AGRI. Quality photographs
of these genetic resources viewed in the
primary production environment to which
they are adapted, accompanying the
manuscripts are encouraged.

Review articles

Unsolicited articles reviewing
agro-ecosystems, country-level, regional or
global developments on one or more aspects
of the management of animal genetic
resources, including state-of-the-art review
articles on specific fields in AnGR, will be
considered for publication in AGRI.

Position papers

Solicited papers on topical issues will also be
published as deemed required.

Other published material

This includes book reviews, news and notes
covering relevant meetings, training courses
and major national, regional and international
events and conclusions and recommendations
associated with the outcomes of these major
events. Readers are encouraged to send such
items to the editors.

Guidelines for Authors

Manuscript submission

Manuscripts prepared in English, French or
Spanish with an English summary and



another summary in either French or
Spanish, should be submitted to AGRI
Editor, AGAP, FAO, Viale delle Terme di
Caracalla, 00100 Rome, Italy. Additionally
the manuscript must be sent as a WinWord
Electronic Mail attachment to
agri-bulletin@fao.org. Photographs, coloured
or black and white, and figures must be
always sent by mail.

Manuscripts should be typed
double-spaced and with lines numbered in
the left margin. All pages, including those of
references, tables etc., must be consecutively
numbered. The corresponding author is
notified of the receipt of a manuscript.

For manuscripts that are accepted after
revision, authors are encouraged to submit a
last version (32" disc format) in Word 6.0 for
Windows of their revised manuscript along
with the printed copy.

Preparation of the manuscript

The first page of the manuscript must include
the running head (abbreviated title), title,
names of authors, institutions, full addresses
including postal codes and telephone number
and other communication details (fax, e-mail,
etc.) of the corresponding author. The
running head not exceeding 45 characters
plus spaces, should appear at the top of page
1 of the manuscript entirely in capital letters.
The title of the manuscript is typed in upper
and lower case letters. The title should be as
brief as possible not exceeding 150 characters
(including spaces) with species names when
applicable. Authors, institutions and
addresses are in upper and lower case italics.
There is one blank line between the title and
the authors. Addresses are typed as footnotes
to the authors after leaving one blank line.
Footnotes are designated numerically. Two
lines are left below the footnotes.

Headings

Headings of sections, for example Summary,
Introduction, etc., are left-justified. Leave two
blank lines between addresses footnotes and
Summary and between the heading Summary

and its text. Summary should not exceed
200 words . It should be an objective
summary briefly describing the procedures
and findings and not simply stating that the
study was carried on such and such and
results are presented, etc. Leave one line
between the summary text and Keywords
which is written in italics as well as the
keywords themselves. All headings of
sections (14 regular) and sub-sections

(12 regular) are typed bold and preceded
and succeeded by one blank line and their
text begins with no indention. The heading
of a sub-subsection is written in italics, and
ends with a dot after which the text follows
on the same line. Keywords come
immediately after the summaries. They
should be no more than six, with no “and”
or “&”.

Tables and figures

Tables and figures must be enclosed with the
paper and attached at the end of the text
according their citation in the document.
Photos will not be returned

Tables

Tables, including footnotes, should be
preceded and succeeded by 2 blank lines.
Table number and caption are written, above
the table, in italics (12) followed by a dot, then
one blank line. For each column or line title or
sub-title, only the 1st letter of the 1st word is
capitalized. Tables should be numbered
consecutively in Arabic numerals. Tables and
captions should be left justified as is the text.
Use horizontal or vertical lines only when
necessary. Do not use tabs or space-bar to
create a table but only the appropriate
commands.

Figures

Figures including titles and legends should be
preceded and succeeded by two blank lines.
Figure number and title are written, below the
figure, in italics (12) and end with a dot. The
term figures includes photos, line drawings,



maps, diagrams etc.

All the submitted diagrams, must be
accompanied with the original matrix of the
data used to create them. It is strongly
advised to submit diagrams in Word 6.0 or
Excel 5.0. Figures should be numbered
consecutively in Arabic numerals.

References

Every reference cited in the text should be
included in the reference list and every
reference in the reference list should have
been mentioned in the text at least once.
References should be ordered firstly
alphabetically by the first author’s surname
and secondly by year.

e Example for reference in a periodical is:
Kohler-Rollefson, 1. 1992. The camel
breeds of India in social and historical
perspective. Animal Genetic Resources
Information 10, 53-64.

e When there are more than one author:
Matos, C.A.P., D.L. Thomas, D. Gianola,
R.J. Tempelman & L.D. Young. 1997.
Genetic analysis of discrete reproductive

traits in sheep using linear and nonnlinear
models: 1. Estimation of genetic
parameters 75, 76-87.

For a book or an ad hoc publication, e.g.,
reports, theses, etc.:

Cockrill, W.R. (Ed.). 1994. The Husbandry
and Health of the Domestic Buffalo. FAQO,
Rome, Italy, pp 993.

For an article in the proceedings of a
meeting:

Hammond, K. 1996. FAO’s programme
for the management of farm animal
genetic resources. In C. Devendra (Ed.),
Proceedings of IGA/FAO Round Table on
the Global Management of Small
Ruminant Genetic Resources, Beijing,
May 1996, FAO, Bangkok, Thailand, 4-13.
Where information included in the article
has been obtained or derived from a
World Wide Web site, then quote in the
text, e.g. “derived from FAO. 1996” and
in the References quote the URL standard
form:

FAO. 1996. Domestic Animal Diversity
Information System, http.//www.fao.org/
dad-is/, FAO, Rome, Italy.

~
For all future manuscript dispatch and correspondence regarding
AGRI, please use the following mailbox:
agri-bulletin@fao.org
Thanks for the collaboration
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Normes et regles éditoriales

L’objectif du Bulletin d"information sur les
ressources génétiques animales (AGRI) est la
vulgarisation de I'information disponible sur
la meilleure gestion des ressources génétiques
animales d’intérét pour la production
alimentaire et agricole, d’apres les
recommandation de la Stratégie mondiale
pour la gestion des ressources génétiques des
animaux domestiques. Tous les aspects
relatifs a la caractérisation, la conservation et
l"utilisation de ces ressources seront pris en
considération, suivant les normes de la
Convention pour la Biodiversité.

AGRI désire diffuser de I'information sur
la génétique, les enquétes phénotypiques et
économiques et les desciptions comparatives,
I"utilisation et la conservation des ressources
génétiques animales, ainsi que toute
information sur le développement de
stratégies opérationnelles et de normes qui
puissent permettre une meilleure gestion de
la relation cotit/ efficacité. C’est pour cela que
AGRI prendra spécialement en considération
toutes les contributions référées aux races et
aux normes capables de permettre une
intensification durable des milieux
(agroécosystemes) a revenus moyens et bas
dans le monde; qui comprennent la majeur
partie des terres consacrées a 1'élevage, a la
production totale des aliments et I'agriculture
provenants de 1'élevage; et tout ce qui reste
comme ressources génétiques des animaux
domestiques.

Les opinions exprimées dans les articles
publiés dans AGRI appartiennent seulement
aux auteurs et donc ne représentent pas
nécessairement 1’opinion des instituts pour
lesquels ils travaillent, la FAO ou les éditeurs.

L’opportunité ou non de publier un article
dans AGRI sera jugée par les éditeurs et les
réviseurs.

Publication électronique

En plus de sa version imprimée, la version
totale de AGRI se trouve disponible sur
Internet, sur le site:

http.//www.fao.org/dad-is/

Types d’articles

Les articles suivants pourront étre publiés sur
AGRI:

Articles de recherche

Seront prises en considération pour leur
publication sur AGRI les études sur la
caractérisation, la conservation et |'utilisation
des ressources génétiques des animaux
domestiques (AnGR) accompagnées d'une
bonne description du milieu. On encourage
les auteurs a envoyer des photographies de
bonne qualité qui montrent les races en
question dans leur milieu naturel de
production.

Révisions

Occasionnellement, des articles contenant une
révision des agroécosystemes, au niveau
national, régional ou mondial, avec un ou
plusieurs aspects se rapportant a la gestion
des ressources génétiques animales, y
compriss les mises a jour des différentes
zones de AnGR, seront pris en considération.

Articles spécifiques

Ponctuellement, des articles sur des thémes
spécifiques pourront étre demandés pour la
publication d’éditions spéciales.

Autre matériel pour publication

Ceci comprend la révision de livres, nouvelles
et notes de réunions importantes, cours de
formation et principaux évenements
nationaux, régionaux et internationaux; ainsi
que les conclusions et recommandation par
rapport aux objectifs des ces principaux
évenements. Les auteurs sont priés d’envoyer
ce genre de matériel aux éditeurs.



Guide pour les auteurs

Présentation du manuscript

Les articles se présenteront en anglais,
francais ou espagnol, avec un résumé en
anglais et sa traduction en frangais ou en
espagnol; ils seront envoyés a I'éditeur de
AGRI, AGAP, FAOQ, Viale delle Terme di
Caracalla, 00100 Rome, Italie. En outre,
l'article devra étre envoyé par courrier
électronique comme document attaché en
version WinWord a agri-bulletin@fao.org. Les
photographies, en couleur ou en blanc et
noir, seront toujours envoyées par courrier
normal.

Les manuscripts se présenteront a double
interligne et avec le numéro correspondant a
chaque ligne sur la marge gauche. Toutes les
pages seront numérotées, y compriss celles
avec les références bibliographiques, les
tableaux, etc. L’auteur recevra une lettre lui
donnant bonne réception de son document.

Lorsqu’un article, apres sa révision, sera
accepté, on demandera a l'auteur d’envoyer la
version finale révisée sur disquette (format
31/2”) en Word 6.0 x Windows, ainsi qu'une
copie sur papier.

Préparation du manuscript

Sur la premiére page du manuscript on
indiquera le titre de l'article en abrégg, le titre
et noms des auteurs, des institutions, les
adresses completes (y compris code postal et
numéro de téléphone); ainsi que tout autre
moyen de contact tel que télécopie, courriel,
etc. avec 'auteur principal. Le titre abrégé ne
devra pas dépasser 45 caracteres, plus les
espaces nécessaires, et s’écrira sur la partie
supérieure de la page 1 du manuscript en
majuscules. Le titre en entier du manuscript
sera écrit en majuscules et minuscules; il
devra étre aussi bref que possible, sans
dépasser 150 caracteres (y compris les
espaces nécessaires), et avec l'indication des
noms des especes. Les noms des auteurs, des
institutions et les adresses seront en italique
et en lettres majuscules et minuscules. On
laissera un espace en blanc entre le titre et les

noms des auteurs. Les adresses seront
indiquées comme de bas a pied de page pour
chacun des auteurs apres avoir laissé un
espace en blanc apres les noms. Chaque note
de bas de page sera numérotée. On laissera
deux espaces en blanc apres les adresses.

Titres

Les titres de chaque chapitre, par exemple
Résumé, Introduction, etc. seront alignés a
gauche. Laisser deux espaces en blanc entre
les notes de bas de page avec les adresses et
le Résumé, et entre le titre Résumé et le texte
qui suit. Le résumé ne devra pas dépasser les
200 mots. Il s’agira d'un résumé objectif
faisant une bréve description des processus
utilisés et des résultats obtenus, et non pas
une simple présentation du travail réalisé
avec une description générale des résultats.
Laisser un espace en blanc entre la fin du
texte du résumé et les mots clés, qui seront
écrits en italique ainsi que le titre Mots clés.
Les mots clés seront au maximum six et il ne
devra pas y avoir de et ou &. Tous les titres
principaux de chapitre (14 regular) et
sous-chapitre (12 regular) seront en gras avec
un espace en blanc avant et apres. Le texte
commencera sans retrait. Un titre a I'intérieur
d’un sous-chapitre s’écrira en italique, suivi
d"un point, avec le texte a continuation.

Tableaux et figures

Les tableaux et les figures iront a la fin du
texte en suivant I'ordre d’apparition dans le
texte. Les photographies ne seront pas
dévolues aux auteurs.

Tableaux

Les tableaux, y compris les notes de bas de
page, devront avoir un espace en blanc avant
et aprés. Le numéro du tableau et le titre
s’écriront sur la partie supérieure en italique
(12) avec un point a la fin et un espace en
blanc en dessous. Sur chaque colonne, titre
d’en-téte ou sous-titre, seulement la premiere
lettre du premier mot sera en majuscule. Les
tableaux et leur titre seront alignés a gauche,



ainsi que le texte. Les lignes verticales et
horizontales seront utilisées seulement si
nécessaire. Ne pas utiliser les "tabs" ou la
barre d'espacement pour créer un tableau.

Figures

Les figures, y compris les titres et les
légendes, seront précédés et suivis de deux
espaces en blanc. Le numéro de la figure et le
titre s’écriront sur la partie supérieure en
italique (12) avec un point a la fin. Sous la
rubrique figure on trouvera les
photographies, les graphiques, les cartes, les
diagrammes, etc. Dans le cas des
diagrammes, la matrice originale avec les
données utilisées pour son élaboration devra
étre envoyée. On recommande 1'utilisation de
Word 6.0 ou Excel 5.0 pour la présentation
des diagrammes.

Références

Toute référence présente dans le texte devra
apparaitre sur la liste des références, et
chaque référence de la liste aura été citée au
moins une fois dans le texte. Les références
iront en ordre alphabétique du nom de
l'auteur, suivi de I'année.
e Exemple dans le cas d'une référence sur
une revue:
Kohler-Rollefson, 1. 1992. The camel
breeds of India in social and historical
perspective. Animal Genetic Resources
Information 10, 53-64.

Lorsqu’il s’agit de plus d'un auteur:
Matos, C.A.P., D.L. Thomas, D. Gianola,
R.J. Tempelman & L.D. Young. 1997.
Genetic analysis of discrete reproductive
traits in sheep using linear and nonnlinear
models: 1. Estimation of genetic
parameters 75, 76-87.

Dans le cas d'un livre ou d’une
publication ad hoc, par example un
rapport, une thése, etc.:

Cockrill, W.R. (Ed.). 1994. The Husbandry
and Health of the Domestic Buffalo. FAQO,
Rome, Italy, pp 993.

S'il s’agit d'un acte d"une réunion:
Hammond, K. 1996. FAO’s programme
for the management of farm animal
genetic resources. In C. Devendra (Ed.),
Proceedings of IGA/FAO Round Table on
the Global Management of Small
Ruminant Genetic Resources, Beijing, May
1996, FAO, Bangkok, Thailand, 4-13.
Lorsque l'information contenue dans
I'article ait été obtenue ou dérive d"un site
World Wide Web, il faudra mettre le texte
entre guillemets; par example “tiré de la
FAO. 1996” et indiquer dans les
Références la forme standard URL:

FAO. 1996. Domestic Animal Diversity
Information System, http;//www.fao.org/
dad-is/, FAO, Rome, Italy.

/

Pour tout envoi de manuscripts ou correspondence au sujet d’AGRI, vous étes
prié d’utiliser I’adresse suivante:

agri-bulletin@fao.org

Merci pour votre collaboration




Reglas y normas editoriales

El objetivo del Boletin de Informacién sobre
Recursos Genéticos Animales (AGRI) es la
divulgacion de la informacién sobre una
mejor gestién de los recursos genéticos
animales de interés para la produccion
alimentaria y agricola, siguiendo la Estrategia
Mundial para la Gestion de los Recursos
Genéticos de los Animales Domésticos. Todos
los aspectos referidos a la caracterizacion, la
conservacion y el uso de estos recursos seran
tomados en consideraciéon, de acuerdo con el
Convenio sobre la diversidad biolégica.

AGRI publicara informacién sobre
genética, encuestas fenotipicas y econdmicas
y descripciones comparativas, uso, desarrollo
y conservacion de los recursos genéticos
animales, asi como sobre el desarrollo de
estrategias operacionales y normas que
permitan una gestion mas eficaz de la relacion
costo/eficacia. Por ello, AGRI prestara
especial atencion a las contribuciones
referidas a razas y normas capaces de
contribuir a la intensificacién sostenible de los
medios (agroecosistemas) con ingresos
medios y bajos en el mundo, que
comprenden casi la mayor parte de las
tierras dedicadas a la produccién ganadera;
la produccion total de alimentos y
agricultura provenientes de la ganaderia; y
el resto de los recursos genéticos de animales
domésticos.

Los puntos de vista expresados en los
articulos publicados en AGRI son solamente
las opiniones de los autores y, por tanto, no
reflejan necesariamente la opinién de las
instituciones para las cuales trabajan dichos
autores, de la FAO o de los editores.

La oportunidad o no de publicar un
articulo en AGRI sera juzgada por los editores
y revisores.

Publicacion electronica

Ademas de su publicacion impresa, la version
integra de AGRI se encuentra disponible
electronicamente en Internet, en el sitio:

www.fao.org/dad-is/

Tipos de articulos

Seran publicados en AGRI los siguientes tipos
de articulos:

Articulos sobre investigacién

Se tomaran en consideracion para su
publicacién en AGRI los estudios sobre la
caracterizacién, conservacion y uso de los
recursos genéticos de los animales domésticos
(AnGR) con una buena descripciéon del
entorno. Se agradecera el envio de fotografias
de calidad que presenten a las razas en
cuestion en su ambiente natural de
produccion.

Articulos de revision

Se podran tomar en consideracion
ocasionalmente aquellos articulos que
presenten una revisién de los
agroecosistemas, a nivel nacional, regional o
mundial, con el desarrollo de uno o mas
aspectos referidos a la gestion de los recursos
genéticos animales, incluidas las revisiones
sobre el estado actual de las distintas areas
de AnGR.

Articulos especificos

Se solicitaran puntualmente articulos sobre
temas especificos para ediciones especiales.

Otro material para publicacion

Incluye la revisién de libros, noticias y notas
referidas a reuniones importantes, cursos de
formacién y principales eventos nacionales,
regionales e internacionales, asi como
conclusiones y recomendaciones relacionadas
con los objetivos de estos principales eventos.
Se invita a los lectores a enviar este tipo de
material a los editores.



Guia para los autores

Presentacion del manuscrito

Los articulos se presentardn en inglés, francés
0 espafiol, junto con un resumen en inglés y
su traduccion en francés o espafiol, y se
enviaran al editor de AGRI, AGAP, FAO,
Viale delle Terme di Caracalla, 00100 Roma,
Italia. El articulo deberd ser enviado en
version WinWord en fichero adjunto por
correo electrénico a agri-bulletin@fao.org.
Las fotografias, color o en blanco y negro, se
enviaran siempre por correo normal.

Los manuscritos se presentardn con doble
espacio y con el nimero correspondiente a
cada linea en el margen izquierdo. Todas las
paginas serdn numeradas, incluidas las de las
referencias bibliogréficas, cuadros, etc. El
autor recibira una notificaciéon sobre la
recepcion de su documento.

En el caso de aceptacién de un articulo
después de su revision, se solicitara al autor
una version final de su articulo revisado en
disquete (formato 31/2”) en Word 6.0 x
Windows, asi como una copia impresa del
mismo.

Preparacion del manuscrito

En la primera péagina del manuscrito se
indicara el titulo abreviado del articulo, titulos
y nombres de los autores, instituciones,
direcciones completas (incluido cédigo postal
y nimero de teléfono); asi como otros medios
de contacto tales como fax, correo
electronico, etc. del autor principal. El titulo
abreviado no debera sobrepasar los

45 caracteres mas los espacios
correspondientes, y aparecerd en la parte
superior de la pagina 1 del manuscrito en
mayusculas. El titulo entero del manuscrito
se escibird en mayusculas y mintsculas.
Dicho titulo debe ser lo mas breve posible y
no sobrepasar los 150 caracteres (incluidos
los espacios necesarios), con los nombres de
las especies, si necesario. Los nombres de los
autores, instituciones y direcciones se
escribirdn en cursiva y en letras maytsculas
y mintsculas. Se dejard una linea en blanco

entre el titulo y los nombres de los autores.
Las direcciones se escribiran como notas de
pie de pagina de cada autor después de dejar
una linea en blanco entre los nombres y
éstas. Cada nota de pie de pagina con la
direccién serd indicada numéricamente. Se
dejaran dos lineas en blanco después de las
direcciones.

Titulos

Los titulos de cada seccién, por ejemplo
Resumen, Introduccién, etc., serdn alineados
a la izquierda. Dejar dos lineas en blanco
entre las notas de pie de pagina con las
direcciones y el Resumen y entre el titulo
Resumen y el texto que sigue. El resumen no
deberéd exceder de 200 palabras. Debera ser
un resumen objetivo que describa
brevemente los procesos y logros obtenidos, y
no una presentaciéon de cémo se ha llevado a
cabo el estudio y una descripcién genérica de
los resultados. Dejar una linea en blanco
entre el final del texto del resumen y las
palabras clave, que se escribiran en cursiva
asi como el titulo Palabras clave. No deberan
ser mas de seis y no deberan contener “y” o
“&”. Todos los titulos principales de capitulo
(14 regular) y subcapitulo (12 regular) seran
en negrita e iran precedidos y seguidos de
una linea en blanco. El texto correspondiente
empezard sin sangrado. Un titulo dentro de
un subcapitulo se escribira en cursiva e ira
seguido de un punto con a continuacion el
texto correspondiente.

Cuadros y figuras

Los cuadros y las figuras se incluiran al final
del texto siguiendo el orden de cita dentro del
mismo. Las fotografias no seran devueltas a
sus autores.

Cuadros

Los cuadros, incluidas las notas de pie de
pagina, deberan ir precedidos y seguidos por
dos lineas en blanco. El nimero del cuadro y
su titulo se escribiran en la parte superior en
cursiva (12) con un punto al final y seguido



de una linea en blanco. En cada columna o
titulo de encabezamiento o subtitulo, sélo la
primera letra de la primera palabra ira en
maytscula. Los cuadros iran numerados de
forma consecutiva con niimeros arabes. Los
cuadros y sus titulos se alinearadn a la
izquierda, asi como el texto. Se utilizaran
lineas horizontales o verticales sélo cuando
sea necesario. No utilizar tabuladores o la
barra espaciadora para crear un cuadro.

Figuras

Las figuras, incluidos los titulos y leyendas,
irdn precedidas y seguidas de dos lineas en
blanco. El nimero de la figura y el titulo se
escribirdn en la parte superior en cursiva (12)
con un punto al final. La palabra figura
incluye las fotografias, los gréficos, los mapas,
los diagramas, etc. En el caso del diagrama se
enviard la matriz original con los datos
utilizados para crearlo. Se recomienda
encarecidamente la utilizaciéon de Word 6.0 o
Excel 5.0 para la presentacién de los
diagramas.

Referencias

Toda referencia presente en el texto debera
aparecer en la lista de referencias y, de la
misma manera, cada referencia de la lista
debera haber sido citada por lo menos una
vez en el texto. Las referencias deben ir en
orden alfabético del apellido del autor,
seguido por el afio.

Ejemplo en el caso de una referencia de
una revista:

Kohler-Rollefson, 1. 1992. The camel
breeds of India in social and historical
perspective. Animal Genetic Resources
Information 10, 53-64.

Cuando se trate de més de un autor:
Matos, C.A.P., D.L. Thomas, D. Gianola,
R.J. Tempelman & L.D. Young. 1997.
Genetic analysis of discrete reproductive
traits in sheep using linear and nonnlinear
models: 1. Estimation of genetic
parameters 75, 76-87.

En el caso de un libro o de una
publicacién ad hoc, por ejemplo informes,
tesis, etc.:

Cockrill, W.R. (Ed.). 1994. The Husbandry
and Health of the Domestic Buffalo. FAQ,
Rome, Italy, pp 993.

Cuando se trate de un articulo dentro de
las actas de una reunion:

Hammond, K. 1996. FAO’s programme
for the management of farm animal
genetic resources. In C. Devendra (Ed.),
Proceedings of IGA/FAO Round Table on
the Global Management of Small
Ruminant Genetic Resources, Beijing,
May 1996, FAO, Bangkok, Thailand, 4-13.
Cuando la informacién contenida en el
articulo haya sido obtenida o derive de un
sitio World Wide Web, poner el texto entre
comillas; por ejemplo “sacado de la FAO.
1996” e indicar en las Referencias la
forma estandar URL:

FAO. 1996. Domestic Animal Diversity
Information System, http.//www.fao.org/
dad-is/, FAO, Rome, Italy.

/
Se ruega enviar los manuscritos o la correspondencia relativa a AGRI a la
direccion siguiente:
agri-bulletin@fao.org
Gracias por su colaboracion
-






