Conclusiones

CONCLUSIONES

1. Es posible obtener ADN gendmico en suficiente cantidad y calidad para numerosos tipos

de analisis, a partir de las plumas de los avestruces, y, en general, de cualquier ave.

La técnica de RAPDs es util para la identificacion de marcadores de sexo, especialmente
cuando no se tiene ninguna informacion previa sobre el genoma de la especie.

El sexo de los avestruces puede ser determinado de forma facil, rapida y segura mediante
el analisis por PCR del marcador molecular de sexado descrito en este trabajo.

Los 8 marcadores microsatélites estudiados presentan un elevado polimorfismo,
equivalente al que encontramos en especies de aves silvestres, y son Utiles para la
identificacion individual y la determinacion de relaciones de parentesco en los avestruces.

Con los datos generados por el analisis de los alelos de microsatélites y sus frecuencias se
ha comprobado que las subespecies S. c. australis y S. c. massaicus son, evolutivamente,
las méas cercanas. El grado de divergencia entre las subespecies S. ¢. camelus y S. c.
molybodophanes debe ser estudiado con méas profundidad, incrementando el nimero de
ejemplares analizados.

La falta de homologia de secuencia de regiones de genes muy conservados
evolutivamente confirma la gran divergencia del avestruz de las demas especies, Yy, en
concreto del resto de las aves.

La region entre el Exon 2 y Exdn 3 del gen de la Hormona de crecimiento en el avestruz
presenta una elevada homologia en la region codificante con la secuencia del pollo. En el
Intrén 2 presenta dos SNPs, candidatos a ser marcadores de la subespecie S. c.
molybdophanes.

81



Referencias Bibliograficas

ALDERSON, G.W., GIBBS, H.L., and SEALY, S.G. (1999). Parentage and Kinship studies in an
obligate brood parasitic bird, the Brown-headed cowbird (Molothrus ater), using microsatellite DNA
markers. The Journal of Heredity 90:182-190.

ALl S., AZFER, M.A., BASHAMBOO, A., MATHUR, P.K., MALIK, P.K., MATHUR, V.B.,
RAHA, AK., and ANSARI, S. (1999). Characterization of a species-specific repetitive DNA from a
highly endangered wild animal, Rhinoceros unicornis, and assessment of genetic polymorphism by
microsatellite associated sequence amplification (MASA). Gene 228(1-2):33-42.

ALLERMAN, AR. (1996). Molecular tools for the diagnosis of animal diseases. Veterinary Clinics of
North America: Small Animal Practice 26(5):1223-1237.

AMBADY, S., CARPIO, C.M., and PONCE DE LEON, F.A. (1996). Optimization of RAPD-PCR
conditions in cattle. Animal Biotechnology 7(2):99-112.

ANDERLONI, G. (1998) La cria del avestruz. Editorial Mundi-Prensa, Madrid, 177pp.
ANGERS, B. and BERNATCHEZ, L. (1997). Complex evolution of a salmonid microsatellite locus and
its consequences in inferring allelic divergence from size information. Molecular Biology and Evolution

14(3):230-238.

AOA (1998). American Ostrich Association: http:/Amww.ostriches.org/nutrientcompare.htm

ARMOUR, J.A., NEUMANN, R., GOBERT, S. and JEFFREY'S A.J. (1994). Isolation of human
simple repeat loci by hybridization selection. Human Molecular Genetics 3(4):599-605.

BAGASRA, O. and SESHAMMA, T. (1993). In situ Amplification & Hybridization Protocol.
Biozym®

BENSON, F. (2000). NOPSA member. http:/Amwww.nopsa.com/p0000030.htm

BENTER, T., PAPADOPOULOS, S., PAPE, M., MANNS, M., and POLIWODA, H. (1995).
Optimization and Reproducibility of Random Amplified Polymorphic DNA in Human. Analytical
biochemistry 230:92-100.

BEZUIDENHOUT, C.C. (1999). Studies of the population structure and genetic diversity of
domesticated and wild ostriches. PhD Thesis. Rhodes University (South Africa), 192pp.

BLOUIN, M.S., PARSONS, M., LACAILLE, V.,and LOTZ, S. (1996). Use of microsatellite loci to
classify individuals by relatedness. Molecular Ecology 5:393-401.

BOWCOCK, A.M., RUIZ-LINARES, A., TOMFOHRDE, J., MINCH, E., KIDD, JR. and
CAVALLI-SFORZA, L. (1994). High resolution of human evolutionary trees with polymorphic
microsatellites. Nature 368(31 march):455-457.

BROOKES, AJ. (1999). The essence of SNPs. Gene 234:177-186.

83



Referencias Bibliograficas

BUXADE, C. (1999). Explotaciones cinegéticas y de avestruces Editorial Mundi-Prensa, Madrid.

CARBAJO, E., CASTLLO, F., CASTELLO J.A,, GURRI, A,, MARIN, M., MESIA, J., SALES, J.y
SARASQUETA, D.V. (1997) Cria de avestruces, emues y fiandues. Real Escuela de Avicultura, Arenys
de Mar, Esparia, 425pp.

CARPIO, C.M., AMBADY, S., and PONCE DE LEON, F.A. (1996). Bovine DNA polymorphisms
uncovered by RAPD-PCR. Animal Biotechnology 7(2):125-134.

CAVALLI-SFORZA, L.L. and EDWARDS, A.\W. (1967) Phylogenetic analysis: models and estimation
procedures. American Journal of Human Genetics 19:233-257.

CHENG, H.H. and CRITTENDEN, L.B. (1994). Microsatellite markers for genetic mapping in the
chicken. Poultry Science 73:539-546.

CHENG, H.H., LEVIN, I., VALLEJO, R.L., KHATIB, H., DODGSON, J.B., CRITTENDEN, L.B.
and HILLEL, J. (1995). Development of a genetic map of the chicken with markers of high utility.
Poultry Science 74:1855-1874.

CHUN-I LEE, J. and CHANG, J.G. (1994). Random amplified polymorphic DNA polymerase chain
reaction (RAPD PCR) fingerprints in forensic species identification. Forensic Science International
67:103-107.

CLINTON, M. (1994). A rapid protocol for sexing chick embryos (Gallus g. domesticus). Animal
Genetics 25:361-362.

COOPER, A., MOURER-CHAUVIRE, C., CHAMBERS, G.K., HAESELER, A., WILSON, A.C.
and PAABO, S. (1992). Independent origins of New Zealand moas and kiwis. Proceedings on the
National Academy of Science 89:8741-8744.

CROOIIMANS, R., VAN KAMPEN, A., VAN DER POEL, J., and GROENEN, M. (1993). Highly
polymorphic microsatellite markers in poultry. Animal Genetics 24:441-443.

CUSHWA, W.T. and MEDRANO, J.F. (1996). Applications of the random amplified polymorphic
DNA (RAPD) assay for genetic analysis of livestock species. Animal Biotechnology 7(1):11-31.

DAVIDSON, I., MARAY, T., MALKINSON, M. and BECKER, Y. (1986). Detection of marek’s
disease virus antigens and DNA in feathers from infected chickens. Journal of Virological Methods
13:231-244.

DAWSON, R.J.G,, GIBBS, H.L., HOBSON, K.A., and YEZERINAC, S.M. (1997). Isolation of

microsatellite DNA markers from a passerine bird, Dendroica petechia (the yellow warbler), and their use
in population studies. Heredity 79:506-514.

84



Referencias Bibliograficas

DEEMING, D.C., AYRES, L., and AYRES, F.J. (1993A). Observations on the commercial production
of ostrich (Struthio camelus) in the United Kingdom: Incubation. The Veterinary Record 132:602-607.
DEEMING, D.C., AYRES, L., and AYRES, F.J. (1993B). Observations on the commercial production
of ostrich (Struthio camelus) in the United Kingdom: rearing of chicks. The Veterinary Record 132:627-
631.

DELHANTY, J.D.A. (1989). Rapid chromosomal sexing of birds by direct and short term culture
techniques. The Veterinary Record July 22:92.

DODGSON, J.B., CHENG, H.H., and OKIMOTO, R. (1997). DNA marker technology: a revolution
in animal genetics. Poultry Science 76(8):1108-1114.

DVORAK, J., HALVERSON, J.L., GULICK, P., RAUEN, K.A., ABBOT, U.K,, KELLY, B.J., and
SHULTZ, F.T. (1992). cDNA coning of az- and W- Linked Gene in Gallinaceous Birds. The Journal of
Heredity 83:22-25.

DYANQV, H.M. and DZITOEVA, S.G. (1995). Method for attachment of microscopic preparations
on glass for in situ hybridization, PRINS and In situ PCR studies. BioTechniques 18(5):823-826.

ELLEGREN, H. (1991). DNA typing of museum birds. Nature 354(14 November):113.

ELLEGREN, H. (1992). Polymerase-chain-reaction (PCR) analysis of microsatellites- a new approach
to studies of genetic relationships in birds. The AUK 109(4):886-895.

ELLEGREN, H., PRIMMER, C.R., and SHELDON, B.C. (1995). Microsatellite evolution:
directionality or bias? Nature Genetics 11 Dec:360-362.

ELLEGREN, H. (1996). First gene on the avian W chromosome (CHD) provides a tag for universal
sexing of non-ratite birds. Proceedings of The Royal Society of London 263:1635-1641.

ELLEGREN, H. and SHELDON, B.C. (1997). New tools for sex identification and the study of sex
allocation in birds. TREE 12(7):255-259.

ELLEGREN, H. and FRIDOLFSSON, A K. (1997). Male-driven evolution of DNA sequences in birds.
Nature Genetics 17:182-184.

ELLIS, M.C. (2000). Spot-on SNP Genotyping. Genome Research 10(7):895-897.
ENGLAND, P.R. (1999). statistical analysis of microsatellite DNA data. TREE 14(7):253-256.

ESTEVES, S. (1999). Central do Avestruz, Sao Paulo (Brasil) http://www.centraldoavestruz.com.br

ESTOUP, A, TAILLIEZ, C., CORNUET, J.M., and SOLIGNAC, M. (1995). Size homoplasy and
mutational processes of interrupted microsatellites in two bee species, Apis mellifera and Bombus
terrestris (Apidae). Molecular Biology and Evolution 12(6):1074-1084.

85



Referencias Bibliograficas

FREITAG, S. (1992). Intraspecific mitochondrial DNA phylogeography of the ostrich, Struthio
camelus. Master of Science. University of Pretoria (South Africa), 91pp.

FREITAG, S. and ROBINSON, T.J. (1993). Phylogeographic patterns in mitochondrial DNA of the
ostrich (Struthio camelus). The AUK 110(3):614-622.

FRIDOLFSSON, A K., CHENG, H., COPELAND, N.G., JENKINS, N.A., LIU, H., RAUDSEPP, T.
WOODAGES, T. CHOWSHARY, B., HALVERSON, J. and ELLEGREN, H. (1998). Evolution of
the avian sex chromosomes from ancestral pair of autosomes. Proceedings of the National Academy of
Science 95(14):8147-8152.

FRIDOLFSSON, A K. and ELLEGREN, H. (2000). Molecular evolution of the avian CHD1 genes on
the Z and W sex chromosomes. Genetics 155(4):1903-1912.

GANONG, W.F. (1990). Fisiologia Médica, 122 ed. Editorial el Manual Moderno, México.

GERMER, S. and HIGUCHI, R. (1999). Single-tube genotyping without oligonucleotide probes.
Genome Research 9(1):72-78.

GIBBS, M., DAWSON, D., McCAMLEY, C. and BRUKE, T. (1995). Ten novel chicken dinucleotide
repeat polymorphisms. Animal Genetics 26:443-449.

GIBBS, M., DAWSON, D., McCAMLEY, C., WARDLE, AF.,ARMOUR, JA.L.and BRUKE, T.
(1997). Chicken microsatellite markers isolated from libraries enriched for simple tandem repeats. Animal
Genetics 28:401-417.

GOLDSTEIN, B.D., RUIZ-LINARES, A., CAVALLI-SFORZA, L.L. and FELDMAN, M.W.
(1995A) Genetic absolute dating based on microsatellites and the origin of modern humans. Proceedings
National Academy of Sciences 92:6723-6727.

GOLDSTEIN, B.D., RUIZ-LINARES, A., CAVALLI-SFORZA, L.L., and FELDMAN, M.W.
(1995B). An evaluation of Genetic Distances for use with microsatellite loci. Genetics 139:463-471.

GOLDSTEIN, B.D. and SCHLOTTERER C. (1999). Microsatellites: evolution and applications.
Oxford University Press, New York; 352pp.

GOODMAN, S.J. (1997). Rsr Calc: a collection of computer programs for calculating estimates of
genetic differentiation from microsatellite data and determining their significance. Molecular Ecology
6:881-885.

GOSDEN, J. and HANRATTY, D. (1993).PCR in situ: A rapid alternative to in situ hybridization for
mapping short, low copy number sequences without isotopes. BioTechniques 15(1):78-80.

GRIFFITHS, R. and HOLLAND, P.W.H. (1990). A novel avian W chromosome DNA repeat sequence
in the lesser black-backed gull (Larus fuscus). Chromosoma 99:243-250.

86



Referencias Bibliograficas

GRIFFITHS, R., TIWARI, B. and BECHER, A. (1992). The identification of sex in the starling Sturnus
vulgaris using a molecular DNA technique. Molecular Ecology 1:191-194.

GRIFFITHS, R. and TIWARI, B. (1993). The isolation of molecular genetic markers for the
identification of sex. Proceedings on the National Academy of Science 90:8324-8326.

GRIFFITHS, R. and TIWARI, B. (1995). Sex of the last Spixs macaw. Nature 375:454.

GRIFFITHS, R., DAAN, S., and DIJKSTRA, C. (1996). Sex identification in birds using two CHD
genes. Proceedings of The Royal Society of London 263:1251-1256.

GRIFFITHS, R., DOUBLE, M.C., ORR, K. and DAWSON, J.G. (1998). A DNA test to sex most
birds. Molecular Ecology 7:1071-1075.

GRIFFITHS, R. and ORR, K. (1999). The use of amplified fragment length polymorphism (AFLP) in
the isolation of sex-specific markers. Molecular Ecology 8:671-674.

GURRI, A. (1993). La cria de avestruces Selecciones Avicolas Agosto:533-545.

GURRI, A. (1994). La cria de avestruces en Espafia: visita a una explotacion Selecciones Avicolas
Junio:378-383.

GURRI, A. Y CASTELLO, F. (1994). La cria de avestruces en Italia Selecciones Avicolas
Diciembre:803-809

HAIG, S.M., RHYMER, J.M., and HECKEL, D.G. (1994). Populations differentiation in randomly
amplified polymorphic DNA of a red-cockaded woodpeckers Picoides borealis. Molecular Ecology
3:581-595.

HALVERSON, J.L. and DVORAK, J. (1993). Genetic control of sex determination in birds and the
potential for its manipulation. Poultry Science 72:890-896.

HANCOCK, J.M. (1999). Microsatellites: evolution and applications. Ed. Goldstein and Schi6tterer,
Oxford University Press Inc., New York.

HANOTTE, O., ZANON, C.,PUGH, A, GREIG, C., DIXON, A. and BRUKE, T. (1994). Isolation
and characterization of microsatellite loci in a passerine bird: the reed bunting Emberiza schoeniclus.
Molecular Ecology 3:529-530.

HICKS-ALLDREDGE (1998). Osrich  Reproduction. ~ American  Ostrich  Association
http://ostriches.org/REPRO.HTM

HORVAT, S. and MEDRANO, J.F. (1996). Fine genetic mapping of the region surrounding the high
growth (hg) locus in mouse Chromosome 10: targeting random amplified polymorphic DNA (RAPD)
markers. Mammalian Genome 7:312-314.

87



Referencias Bibliograficas

KAHN, N.W. and QUINN, T.W. (1999). Male-Driven evolution among Eoaves? a test of the
Replicative Division Hypothesis in a heterogametic female (ZW) system. Journal of Molecular
Evolution49:750-759.

KAPALA, M.S.(1996). Ostriches. http://ostrich-emu.com/ostrivia.html

KHATIB, H., GENISLAV, E., CRITTENDEN, L.B., BUMSTEAD, N. and SOLLER, M. (1993).
Sequence-tagged microsatellite sites as markers in chicken reference and resource populations. Animal
Genetics 24:355-362.

KIMWELE, C. N., GRAVES, J. A, BURKE, T. and HANOTTE, O. (1998). Development of
microsatellite markers for parentage typing of chicks in the ostrich, Struthio camelus. Molecular Ecology
7:247-255.

KOCH, J.E., KOLVRAA, S., PETERSEN, K.B., GREGERSEN, N., and BOLUND, L. (1989).
Oligonucleotide-priming methods for the chromosome-specific labeling of alpha satellite DNA in situ.
Chromosoma 98:259-265.

KOMANU, T., TAKEBE, S., TAGUCHI, Y., and SAKAI, H. (1999). Cloning and sequence of cDNA
that encodes Ostrich Growth Hormone. Mem. School B. O. S. T. Kinki University 5:74-81.

KUMARI, P. and KEMP, S. J. (1998) Polymorphic microsatellite markers in the ostrich (Struthio
camelus). Molecular Ecology 7:133-140.

LACOMBE RESEARCH CENTRE (1997). Ostriches
http:/AMaw.ostrichcentre.com/library/reserch.htm

LESAICHERRE, M.L,, LI, S.F., and LEE, H.K. (2000). Separation of polymerase chain reaction
amplified bird genes by capillary electrophoresis. Electrophoresis 21(7):1336-1340.

LESSELS, K. and MATEMANS, C. (1996). Molecular sexing of birds. Nature 383:761-762.

LESSELLS, C.M. and MATEMANS, C. (1998). Sexing birds using random amplified polymorphic
DNA (RAPD) markers. Molecular Ecology 7:187-195.

LEVIN, I, CRITTENDEN, L.B. and DOGSON, J.B. (1993). Genetic Map of the Chicken Z
Chromosome Using Random Amplified Polymorphic DNA (RAPD) Markers. Genomics 13:224-230.

LEVINSON, D. (1995) Bird sexing: surgical vs,DNA. http://keyinfo.com/bird/articles/dna.html

LEWIS (1996). An approach to In situ PCR. PE Applied Biosystemsa .

LONGMIRE, J.L., HAHN, D.C., and ROACH, J.L. (1999). Low abundance of microsatellite repeats in
the genome of the brown-headed cowbird (Molothrus ater). The Journal of Heredity 90(5):574-578.

88



Referencias Bibliograficas

LUIKART, G. and ENGLAND, P.R. (1999). Statistical analysis of microsatellite DNA data. TREE
14(7):253-256.

LYNCH, M. and MILLIGAN, B.G. (1994). Analysis of population genetic structure with RAPD
markers. Molecular Ecology 3:91-99.

MANUAL ONCOR (1994). Chromosome in situ hibridization system. Oncor Inc®.
MINO, D. (1999) Jornadas técnicas Progalter: el avestruz. Selecciones Avicolas, Enero:31.

MULLER, S., FLEKNA, G., MULLER, M. and BREM, G. (1999) Use of canine microsatellite
polymorphisms in forensic examinations. The Journal of Heredity 90(1):55-56.

MUNDY, N.I. and WOODRUFF, D.S. (1996) Polymorphic microsatellite markers in the loggerhead
shrike, Lanius ludovicianus, isolated from a library enriched for CA repeats. Molecular Ecology 5:811-
813.

NAKAMURA, D., TIERSCH, T.R., DOUGLASS, M., and CHANDLER, R.W. (1990). Rapid
identification of sex in birds by flow cytometry. Cytogenetics Cell Genetics 53:201-205.

NEI, M. (1983) Genetic Polymorphism and the role of mutation in evolution. Evolution of genes and
proteins. Sunderland, Massachusetts: Sinauer 165-190.

NESJE, M., ROED, K.H., LIFJELD, J.T., LINDBERG, P., and STEEN, O.F. (2000). Genetic
relationships in the peregrine falcon (Falco peregrinus) analyzed by microsatellite DNA markers.
Molecular Ecology 9(1):53-60.

NEUMAN, K. and WETTON, J.H. (1996). Highly polymorphic microsatellites in the house sparrow,
Passer domesticus. Molecular Ecology 5:307-3009.

NISHIDA-UMEHARA, C., FUJIWARA, A., OGAWA, A., MIZUNO, S., ABE, S., and YOSHIDA,
M. (1999). Differentiation of a Z and W chromosome revealed by replication banding and FISH mapping
of sex-chromosome-linked DNA markers in the cassowary (Aves, Ratitae). Chromosome Research
7(8):635-640.

OGAWA, A, MURATA, K. and MIZUNO, S.(1998). The location of a Z- and W-linked marker genes
and sequence on the homomorphic sex chromosomes of the ostrich and the emu. Proceedings on the
National Academy of Science 95:4415-4418.

PAABO, S., IRWIN, D.M. and WILSON, A.C. (1990). DNA damage promotes jumping between
templates during enzymatic amplification. The Journal of Biological Chemistry 265:4718-4721.

PELLESTOR, F., GIRARDET, A., LEFORT, G., ANDREO, B. and CHARLIEU, J.P. (1995).

Selection of chromosome-specific primers and their use in simple and double PRINS techniques for rapid
in situ identification of human chromosomes. Cytogenetics Cell Genetics 70:138-142.

89



Referencias Bibliograficas

PELLESTOR, F., ANDREO, B. and COULLIN, P. (1998) Assessment of chromosomal heterogeneity
in tumoral cell lines using PRINS technique. Annales de Genetique 41(3):141-148.

PEREZ, J. (1999). La reproduccion del avestruz I1. Mundo Ganadero Nov:70-71.

PLOTSKY, Y., KAISER, M.G., and LAMONT, S.J. (1995). Genetic characterization of highly inbred
chicken lines by two DNA methods: DNA fingerprinting and polymerase chain reaction using arbitrary
primers. Animal Genetics 26:163-170.

PONSUKSILI, S., WIMMERS, K., SCHMOLL, F., HORST, P., and SCHELLANDER, K. (1999).
Comparison of Multilocus DNA fingerprints and Microsatellites in an Estimate of Genetic Distance in
Chicken. The Journal of Heredity 90(6):656-659.

POPESCU, P.C. (1989). Cytogénétique des mammiféres d’élevage. INRA, Paris.

PRIMMER, C.R., SAINO, N., MOLLER, A., and ELLEGREN, H. (1996A). Directional evolution in
germline microsatellite mutations. Nature Genetics 13(4):391-393.

PRIMMER, C.R., MOLLER, A, and ELLEGREN, H. (1996B). A wide-range survey of cross-species
microsatellite amplification in birds. Molecular Ecology 5:365-378.

PRIMMER, C.R., RAUDSEPP, T., CHOWDHARY, B.P., PAPE, M., and ELLEGREN, H. (1997).
Low frequency of microsatellites in the avian genome. Genome research 7:5 .

PRIMMER, C.R. and ELLEGREN, H. (1998) Patterns of Molecular Evolution in Avian
Microsatellites. Molecular Biology and Evolution 15(8):997-1008.

RITCHIE, B.W., NIAGRO, F.D., LUKERT, P.D., STEFFENS, W.L. and LATIMER K.S. (1989).
Characterization of a new virus from cockatoos with Psittacine Beak and Feather Disease. Virology
171:83-88.

ROBINSON, T.J. and MATTHEE, C.A. (1999). Molecular genetic relationships of the extinct ostrich,
Struthio camelus syriacus. consequences for ostrich introductions into Saudi Arabia. Animal
Conservation 2:165-171.

ROGEL-GAILLARD, C., HAYES, H., COULLIN, P., CHARDON, P. and VAIMAN, M. (1997).
Swine centromeric DNA repeats revealed by primed in situ (PRINS) technique. Cytogenetics Cell
Genetics 79:79-84.

ROUS, A., MENDOZA, H., AGUILERA, A., GONZALEZ-GIL, S., LOPEZ-RODAS, V. and
COSTAS, E. (1994). A new spectrofluorometric procedure for sexing birds. The Veterinary Record
October 29:437.

SABO, T.J., KESSELI, R., HALVERSON, J.L., NISBET, I.C.T. and HATCH, J.J. (1994). PCR-based
method for sexing Roseate Terns. The Auk 111:1023-1027.

90



Referencias Bibliograficas

SAIKI, R.H., GELFLAND, D.H., STOFFEL, S., SCHARF, S.J., HIGUCHI, R., HORN, G.T.,
MULLIS, K.B., and ERLICH, H.A. (1988). Primer-directed enzymatic amplification of DNA with a
thermostable DNA polymerase. Science 239:487-491.

SAJANTILA, A., PACEK, P., LUKKA, M., SYVANEN, A.C., NOKELAINEN, P., SISTONEN, P.,
PELTONEN, L. and BUDOWLE, B. (1994). A microsatellite polymorphism in the Von Willebrand
factor gene: comparison of allele frequencies in different population samples and evaluation for forensic
medicine. Forensic Science Int. 68(2):91-102.

SCHLOTTERER, C. and TAUTZ, D. (1992). Slippage synthesis of simple sequence DNA. Nucleic
Acids Research 20(2):211-215.

SHETTY, S., GRIFFIN, D.K. and MARXHALL-GRAVES, J.A. (1999). Comparative painting reveals
strong chromosome homology over 80 million years of bird evolution. Chromosome Research 7:289-
295.

SHOU-HSIEN LI, YI-JIUN HUANG, and BROWN, L. (1997). Isolation of tetranucleotide
microsatellites from the Mexican jay, Aphelocoma ultramarina. Molecular Ecology 6:499-501.

SHRIVER, M., JIN, L., BOERWINKLWE, E. DEKA, R. and FERRELL, R.E. (1995) A novel measure
of genetic distance for highly polymorphic tandem repeat loci. Molecular Biology and Evolution 12:914-
920.

SLATKIN, M. (1995). A measure of population subdivision based on microsatellite allele frequencies.
Genetics 139:457-462.

SMITH, E.J., JONES, C.P., BARTLETT, J., and NESTOR, K.E. (1996). Use of Randomly Amplified
Polymorphic DNA Markers for the Genetics Analysis of Relatedness and Diversity in Chickens and
Turkeys. Poultry Science 75:579-584.

SPINU, M., SPINU, O., and DEGEN, A.A. (1999). Hematological and immunological variables in a
domesticated and wild subspecies of ostrich (Struthio camelus). British Poultry Science 40:613-618.

TAKAGI, N., ITOH, M. and SASAKI, M. (1972). Chromosome studies in four species of ratitae
(aves). Chromosoma 36:281-291.

TAKAHASHI, H., NIRASAWA, K., NAGAMINE, Y., TSUDZUKI, M., and YAMAMOTO, Y.
(1998). Genetic relationships among Japanese native breeds of chicken based on microsatellite DNA

polymorphisms. The Journal of Heredity 89(6):543-546.

TAKEZAKI, N. and NEI, M. (1996) Genetic distances and reconstruction of phylogenetic trees from
microsatellite DNA. Genetics 144:389-399.

TAUTZ, D. (1989). Hypervariability of simple sequences as general source for polymorphic DNA
markers. Nucleic Acids Research 17(16):6463-6471.

91



Referencias Bibliograficas

TAUTZ, D. and SCHLOTTERER, C. (1994). Simple sequences. Current Opinion in Genetics and
Development 4:832-837.

TREFIL, P., BRUNO, M.M., MIKUS, T., and THORAVAL, P. (1999). Sexing of chicken feather
follicle, blastodermal and blood cells. Folia Biologica (Praha) 45:253-256.

VANDERVOODT-JARVIS, C. (1994) Dasana: manual del avestruz. Editorial Brau, 235pp.
VANHALA, T., TUISKULA-HAAVISTO, M., ELO, K., VILKKI, J. and MAKI-TANILA, A.
(1998). Evaluation of genetic variability and genetic distances between eight chicken lines using

microsatellite markers. Poultry Science 77:783-790.

VAN ZYL, P. (1998). Department of Agriculture; Oudtshoorn, South  Africa
http:/Awww.nopsa.com/p0000419.htm

VAN ZYL, P. (1999). Department of Agriculture; Oudtshoorn, South  Africa
http://mww.nopsa.com/p0000465.htm

WAGNER, P. (1986). The ostrich story. Chameleon Press, Cape Town, South Africa. 24pp.

WANG, D.G. and COL. (24 autores mas) (1998). Large-scale identification, mapping and genotyping of
single-nucleotide polymorphisms in the human genome. Science 280(5366):1077-1082.

WARD, W. K., McCPARTLAN, H. C., MATTHEWS, M. E. and ROBINSON, N. A. (1998). Ostrich
microsatellite polymorphism at the VIAS-0S4, VIAS-OS8, VIAS-0S14, VIAS-0S22 and VIAS-0S29
loci. Animal Genetics 29:322-332.

WARDELL, B., SUSWEEKS, J. MEEKER, N.D, ESTES, S.S., WOODWARD, SR. and
TEUSCHER, C. (1993). The identification of Y chromosome-linked markers with random sequence
oligonucleotide primers. Mammalian Genome 4:109-112.

WEBER, J. L. and WONG C. (1993) Mutation of human short tandem repeats. Human Molecular
Genetics 2(8):1123-1128.

WELSH, J. and McCLELLAND, M. (1990). Fingerprinting genomes using PCR arbitrary primers.
Nucleic Acids Research 18(24):7213-7218.

WILLIAMS, J.G.K., KUBELIK, AR, LIVAK, KJ., RAFALSKI, J.A., and TIGNEY, S.V. (1990).
DNA polymorphisms amplified by arbitrary primers are useful as genetic markers. Nucleic Acids
Research 18(22):6531-6535.

ZHOU, H. and LAMONT, S.J.(1999). Genetic characterization of biodiversity in highly inbred chicken
lines by microsatellite markers. Animal Genetics 30:256-264.

92



indice de Tablas y Figuras

INDICE DE TABLAS Y FIGURAS
TABLAS

Tabla 1: Censo de avestruces en diversas regiones del mundo en 1999

Tabla 2: Censo de avestruces y de explotaciones en la UE en 1999

Tabla 3: Aves ratites existentes

Tabla 4: Microsatélites descritos en el avestruz

Tabla 5: Namero de alelos e indices de polimorfismo

Tabla 6: Nuevos alelos en subespecies

Tabla 7: Heterozigosidad y error estandar en poblaciones de avestruces
Tabla 8: Métodos genéticos de sexado: Principales ventajas e inconvenientes

FIGURAS

Figura 1: Evolucion de la cabafa de avestruces en Espafia

Figura 2: Distribucién geogréafica de las subespecies de avestruz

Figura 3: Cromosomas metafasicos de avestruz

Figura 4: Picos de deteccion de alelos amplificados en Osm6

Figura 5: Esquema de la secuencia del alelo 137 de Osm6

Figura 6: Matriz de Distancias Da Yy arbol filogenético de las subespecies
Figura 7: Alineamiento multiple de secuencias GH mediante Clustal V
Figura 8: Polimorfismo individual detectado en un pool de ADN

Figura 9 Evolucion taxondmica de las aves

Figura 10: Divergencia entre el pollo y el avestruz para el gen CHD
Figura 11: Arbol filogenético mediante el analisis del ADN mitocondrial

12
24
46
50
52
65

15
41
51
51
52
56
63
68
68
77

93



Anexos

ANEXO I. SECUENCIA DEL MARCADOR DE SEXO (GenBank)
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.History Clipboard

_1 1: G1 "4106741" [GenBank]

» Fi [ Save E

Add to Clipboard
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__|Hide Brief and LinkBar

Struthio camelus sex marker...

PubMed, Taxonomy

LOocus AF063887 646 bp DNA VRT 22-NOV=-2000
DEFINITION Struthio camelus sex marker sequence.
ACCESSION AF063887
VERSION AF063887.1 GI:4106741
KEYWORDS
SOURCE ostrich.
ORGANISM Struthic camelus
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Archosauria; Aves; Palaeognathae; Struthioniformes; Struthionidae;
Struthio.
REFERENCE 1 (bases 1 to 646)
AUTHORS Bello,N. and Sanchez,A.
TITLE The identification of a sex-specific DNA marker in the ostrich
using a random amplified polymorphic DNA (RAPD) assay
JOURNAL Mol. Ecol. 8 (4), 667-669 (1999)
MEDLINE 99259643
PUBMED 10327659
REFERENCE 2 (bases 1 to 646)
AUTHORS Bello,N. and Sanchez,A.
TITLE Direct Submission
JOURNAL Submitted (07-MAY-1998) Patclogia i Produccio Animals, Facultat de
Veterinaria Universitat Autonoma de Barcelona, Campus Universitari,
Bellaterra, Barcelona (08193, Spain
FEATURES Locatien/Qualifiers
source 1..6486
/organism="Struthio camelus"
/db_xref="taxon:8801"
misc feature 1..646
/note="sex marker sequence"
BASE COUNT 213 a 113 e 108 g 207 t 5 others
ORIGIN
1 ggtctacacc taaggnagtc ccatattctt tcatcttaga tgtaanaatt cggtnccgag
61 aaagcacaca aacttcanat ggtttcttga tgattttatt cattcacgat cacttgtaat
121 aacttacatg tgcaaaattt cacaatacaa aatatactgt attttaaagg actttcacca
181 taatccacct acatgcaatt tttgtaataa gacttattaa atgttcaata ggactttgga
241 gcaccatgat atataaggtc agatgtagag ttgttaactg aagattgaga atattttata
301 aagtgagatt aacagaagge agtagaaaca acgaggaaga cttcaatatt acatgtttgg
361 ccecagettta ctectccccaa aacaaagata cacatgctga aaatggaaat accatcagne
421 aacaacctga aaatcttatt gggatgectgg ccecctatttg actgatgttt ataccattga
481 tgttctgctt gtctttgcaa agacaacttt ttaagttgeca ttattcatte aaaatacaac
541 tgttgtagtt cagcaggtgt tatatatggt aatttcactg ttgtgtgttg aactgattca
601 cagagtatta ccagcacgtt caaatgattt tcaacaggtg tagacc
24
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Anexos

ANEXO Il. CONDICIONES DE AMPLIFICACION Y SECUENCIA DE
CEBADORES DE LOS MICROSATELITES

Se optimizaron las amplificaciones de los microsatélites en dos PCR multiplex, que
unicamente diferian en al temperatura de union del cebador: Para los microsatélites L001,
L012, LO11 y Osml dicha temperatura fue de 58°C, mientras que para L009, L014, Osm2 y
Osm6 la temperatura fue de 60°C. En ambos casos el ciclo térmico de las PCR consistio en
una desnaturalizacidn inicial a 94°C durante 120seg., seguida de 27 ciclos de 30 seg. a 94°C,
30 seg. a 58/60°C y 30 seg. a 72°C, y una extension final de 15 minutos a 72°C.

Las reacciones de PCR se realizaron en un volumen total de 15 pl, que contenian 1,5 ul de
10XPCR buffer, 0,15 pl de dNTP 5 mM, 0,15 ul de cada uno de los 8 cebadores (Cebador a 'y
b de cada uno de los 4 microsatélites) a concentracion 10 uM, 0,45 ul de MgCl, 50 mM, 1,6
U de Taq Polimerasa (GibcoBRL®) y 3 ul de la solucion de ADN gendmico. El resultado de
la PCR se comprobd mediante electroforesis capilar con marcaje fluorescente en un equipo
ABI Prism 310 Genetic Analyzer® (Perkin Elmer).

Cebador  Secuencia 3- 5

LOOla GAACCACATGACCTCAATCAG
L001b GCAGAGCGCTTTGCAATATTC
L00% ACCAAAGCGAGAGAGGCATTG
LO0%b TCAAGCTGTCAGGGCAGCTC
LO1lla ACTGAAGTTTCCTTCTCCCC
LO011b TTCCTGAAGCAACCACAC
LO12a AAAGGAGCAGTGGCTCTAGG
L012b GAGCTCCACAAGAACAGGAC
LO1l4a CCAGTCAGGAGCACCTGTTC
L014b AGAGCAGGGATGACTGTGGC
Osmla AATCTGCCTGCAAAGACCAG
Osm1lb TCCCAGTCTTGAAGTCAGCA
Osm2a AAGCCACGGCAATGAATAAG
Osm2b CCTCAACCATTCTGTGATTCTG
Osm6a TTTGACCATTCAGCATGCAT
Osmé6b AGAACTGCTGCCTTTCCTCA
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