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RESUMEN 
El trigo candeal (Triticum turgidum spp. durum) es un cereal importante en la 

alimentación humana y constituye la materia prima para la elaboración de pastas y otras 

comidas tradicionales. En Argentina el cultivo ocupa el sur de la provincia de Buenos 

Aires de clima sub-húmedo/semiárido, inviernos marcados y temperaturas mínimas 

variables en fecha e intensidad. Las heladas de julio a noviembre afectan el cultivo en 

estadío vegetativo y reproductivo. 

El germoplasma cultivado de candeal en nuestro país esta reducido a unas pocas 

variedades de hábito primaveral, con escaza descripción de los determinantes de la 

fecha de floración y del comportamiento frente a bajas temperaturas. La complejidad 

del carácter ha limitado la efectividad del mejoramiento tradicional. El análisis de 

secuencias de ADN y de expresión génica abre nuevas perspectivas. Se identificaron 

genes en trigo pan que intervienen en la determinación de la longitud del ciclo y en los 

procesos de aclimatación y adquisición de tolerancia a heladas.  

El objetivo de este estudio fue determinar la variabilidad en la tolerancia a bajas 

temperaturas en una colección de trigo candeal en etapa vegetativa y reproductiva y 

caracterizar genes candidatos. Se evaluaron 72 accesiones a campo en tres ambientes 

(Cabildo 2008, Cabildo 2009, Barrow 2009) donde se registró días a espigazón y se 

cuantificó el porcentaje de daño en hoja y en espigas (blanca, deformada y afectada por 

zonas). Se observó correlación entre ambientes para la variable días a espigazón. El 

daño en espiga varió entre máximos de 45% en Barrow y 12% en Cabildo hasta un 

mínimo de <1% en ambos, siendo la espiga afectada por zonas la forma de daño más 

frecuente.  

Un set de 32 genotipos se seleccionó para evaluar floración, tolerancia a helada en 

condiciones controladas y para análisis molecular. Se observaron diferencias en la 

respuesta a vernalización y fotoperíodo y variación en los genes involucrados. De los 32 

genotipos, 28 mostraron el alelo primaveral VRN-A1 y los restantes el alelo invernal 

vrn-A1. Sólo una accesión presentó requerimiento estricto de vernalización. Se 

reconocieron hábitos de crecimiento primaveral, invernal y facultativo. El estudio de 

expresión de VRN-A1 mostró inducción por vernalización en todos los materiales y 

estadíos. En condiciones no vernalizantes, los materiales facultativos mostraron una 
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expresión más tardía de VRN-A1, mientras que en el genotipo invernal no se detectó 

expresión. En cuanto al fotoperíodo, ocho genotipos presentaron el alelo de 

insensibilidad en el locus  Ppd-A1 y 24 el alelo de sensibilidad. En todos los genotipos 

excepto en dos, la evaluación fenotípica coincidió con la caracterización molecular del  

promotor de Ppd-A1. 

Las evaluaciones de tolerancia a heladas en cámara basadas en el porcentaje de daño en 

hoja, discriminaron genotipos tolerantes y susceptibles destacándose dos líneas que 

corresponden al un material invernal y a uno primaveral. En cuanto a los genes de 

respuesta a frío, se obtuvieron secuencias de TdDREB-A1 y TdCBF14. En el primer 

caso se identificaron polimorfismos cuya combinación originó seis haplotipos, uno de 

los cuales resultó específico del material invernal tolerante. En TdCBF14 se encontró un 

polimorfismo asociado a tolerancia a frío en cebada. El análisis de expresión de genes 

COR en ocho genotipos mostró diferencias entre materiales y tratamientos, aunque la 

relación entre los polimorfismos moleculares y la tolerancia requieren de experimentos 

adicionales.  

La integración de la información obtenida representa un aporte a la caracterización de 

los recursos genéticos de trigo candeal, de utilidad al momento de elegir los materiales 

con ciclos más apropiados para cada sitio de cultivo.  
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ABSTRACT 
Durum wheat (Triticum turgidum spp. durum) is an important cereal for human 

consumption and constitutes the raw material for pasta manufacturing and others 

traditional foods. Cultivation in Argentina comprises the South of Buenos Aires 

province where the climate is sub-humid/semi-arid, hard winters and variable minimum 

temperatures in date and intensity. Frost days from July to December can affect the crop 

both during vegetative and reproductive stage.  

Cultivated germplasm in our country is reduced to a few varieties with spring habit, 

with scarce description about determinants of flowering date and performance under 

low temperatures. The complex inheritance of this trait has limited the effectiveness of 

traditional breeding programs. The analysis of DNA sequences and gene expression 

opens new perspectives. Genes involved in cycle length, cold acclimation and the 

acquisition of frost tolerance has been identified in bread wheat. 

The objective of this study was to determine the variability in the tolerance to low 

temperatures in a durum wheat collection at vegetative and reproductive stage and to 

characterize candidate genes.   

Seventy-two accessions were field evaluated in three environments (Cabildo2008, 

Cabildo2009, Barrow2009) where ear emergence date was registered and percentage of 

damage in leaves and spikes were quantified (white spikes, deformed spikes and 

affected by zones). Days to ear emergence showed to be correlated across environments. 

Ear damage varied between maximum values of 45% in Barrow and 12% in Cabildo up 

to a minimum of <1% in both environments, being the spike affected by zones the most 

frequent class of damage.  
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A set of 32 genotypes was selected to evaluate flowering date and frost tolerance under 

controlled conditions and for molecular analysis. Differences at vernalization and 

photoperiod response together with allelic variability at the involved genes were 

observed. Within the 32 accessions, 28 showed the VRN-A1 spring allele and the others 

the winter vrn-A1allele. Only one accession presented a strict vernalization requirement. 

Spring, winter and facultative growth habits were observed. 

The study of VRN-A1 gene expression showed vernalization induction in all the 

materials and stages. Under not-vernalized conditions, the facultative materials showed 

delayed expression of VRN-A1 whereas in the winter genotype expression was not 

detected at all. 

Regarding photoperiod response, eight genotypes presented the allele of insensitivity at 

the locus Ppd-A1 and 24 genotypes possessed the allele of sensitivity. In all the 

genotypes except in two, the phenotypic evaluation coincided with molecular 

characterization of the Ppd-A1 promoter.  

The evaluation of frost tolerance at growth chamber based on the percentage of leaf 

damage, discriminated between tolerant and susceptible genotypes where two lines, one 

winter and one spring were prominent.  

Concerning the genes involved in cold response, sequences of TdDREB-A1 and 

TdCBF14 were obtained. In the first case, polymorphisms were identified and their 

combination generated six haplotypes, one of them showed to be unique for winter 

tolerant material. A polymorphism detected in TdCBF14 has been previously associated 

with cold tolerance in barley. The analysis of expression of gene COR in eight 
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genotypes showed differences across genotypes and treatments, although the relation 

between molecular polymorphisms and cold tolerance requires additional experiments.  

The integration of the obtained information represents a contribution to the durum 

wheat genetic resource characterization that hopefully facilitates the choosing of the 

best performance genotypes at each site.   

 

 

 

 

 



114 

 

REFERENCIAS  

Acevedo Vergara R., Araya Mourgues F., Cabello Holley M.C., Herrera Barros G., Leyton 

Buccicardi G., Toro Torres M., Vasquez Toro R., Zerené Zerené M. 2008. Estudio de la 

competitividada de la cadena de trigo candeal. Fundación Chile. Fundación para la 

Innovación Agraria.  

Agarwal M., Hao Y., Kapoor A., Dong C.H., Fujii H., Zheng X., Zhu J.K. 2006. A R2R3 

type MYB transcription factor is involved in the cold regulation of CBF genes and in 

acquired freezing tolerance. J. Biol. Chem. 281: 37636–37645.  

Akhtar M., Jaiswal A., Taj G., Jaiswal J., Qureshi M., Singh N. 2012. DREB1/CBF 

transcription factors: their structure, function and role in abiotic stress tolerance in plants. J. 

Gen. 91: 385-395. 

Allen M.D., Yamasaki K., Ohme-Takagi M., Tateno M., Suzuki M. 1998. A novel mode of 

DNA recognition by a beta-sheet revealed by the solution structure of the GCC-box binding 

domain in complex with DNA. EMBO J. 17: 5484-5496.  

Alonso Peral M.M., Oliver S.N., Casao M.C., Greenup A.A., Trevaskis B. 2011. The 

promoter of the cereal VERNALIZATION1 gene is sufficient for transcriptional induction 

by prolonged cold. PLoS ONE 6(12): e29456.  

Andersen J.R. y Lübberstedt T. 2003. Functional markers in plants. TRENDS Plant Sci. 8: 

554-560. 

Badawi M., Danyluk J., Boucho B., Houde M., Sarhan F. 2007. The CBF gene family in 

hexaploid wheat and its relationship to the phylogenetic complexity of cereal CBFs. Mol. 

Genet. Genomics 277: 533–554. 

Båga M., Chodaparambil S.V., Limin A.E., Pecar M., Fowler D.B., Chibbar R.N. 2007. 

Identification of quantitative trait loci and associated candidate genes for low-temperature 

tolerance in cold-hardy winter wheat. Funct. Integr. Genomics 7: 53–68. 



115 

 

Beales J., Turner A., GriYths S., Snape J.W., Laurie D.A. 2007. A pseudo-response 

regulator is misexpressed in the photoperiod insensitive Ppd-D1a mutant of wheat 

(Triticum aestivum L.). Theor. Appl. Genet. 115:721–733. 

Benedict C., Geisler M., Trygg J., Huner N., Hurry V. 2006a. Consensus by democracy. 

Using meta-analyses of microarray and genomic data to model the cold acclimation 

signaling pathway in Arabidopsis. Plant Physiol. 141: 1219-1232.  

Benedict C., Skinner J.S., Meng R., Chang Y., Bhalerao R., Huner N.P., Finn C.E., Chen 

T.H., Hurry V. 2006b. The CBF1-dependent low temperature signalling pathway, regulon 

and increase in freeze tolerance are conserved in Populus spp, Plant Cell Environ. 29: 

1259-1272. 

Bentley A.R., Turner A.S., Gosman N., Leigh F.J., Maccaferri M., Dreisigacker S., 

Greenland A., Laurie D.A. 2010. Frecuency of photoperiod-insensitive Ppd-A1a alleles in 

tetraploid, hexaploid and synthetic hexaploid wheat germplasm. Plant Breed. 130: 10-15.   

Börner A., Korzun V., Worland A.J. 1998. Comparative genetic mapping of loci aVecting 

plant height and development in cereals. Euphytica 100:245–248. 

Bräutigam M., Lindlöf A., Zakhrabekova S., Gharti-Chhetri G., Olsson B., Olsson O. 2005. 

Generation and analysis of 9792 EST sequences from cold acclimated oat, Avena sativa. 

BMC Plant Biol. 5: 18. 

Bridger G.M., Falk D.E., McKersie B.D., Smith D.L. 1996. Crown freezing tolerance and 

field winter survival of cereals in eastern Canada. Crop Sci. 36: 150-157.   

Briggle L.W. y Curtis B.C. 1987. Wheat worldwide. In wheat and wheat improvement. 

E.G. Heyne (ed.) 2nd edition, ASA, CSSA, SSSA Madison, WI, USA. pp: 1-32.  

Brule-Babel A.L. y Fowler D.B. 1988. Genetic control of cold hardiness and vernalization 

requirement in winter wheat. Crop Sci. 28: 879-884. 



116 

Bullrich L., Appendino M.L., Tranquilli G., Lewis S., Dubcovsky J. 2002. Mapping of a 

thermo-sensitive earliness per se gene on Triticum monococcum chromosome 1Am. Theor. 

Appl. Genet. 105: 585-593. 

Campoli C., Matus-Cádiz M.A., Pozniak C.J., Cattivelli L., Fowler D.B. 2009. 

Comparative expression of Cbf genes in the Triticeae under different acclimation induction 

temperatures. Mol. Genet. Genomics 282: 141-152.  

Canella D., Gilmour S.J., Kuhn L.A., Thomashow M.F. 2010. DNA binding by the 

Arabidopsis CBF1 transcription factor requires the PKKP/RAGRxKFxETRHP signature 

sequence, Biochim. Biophys. Acta. 1799: 454–462.  

Carbajo H.L., Gualati A., Jensen C.A., Loewy T. 2001. Cápitulo I: Área de cultivo. Trigo 

candeal, Manual Técnico. Chara Experimental Integrada INTA-Barrow.    

Chen A., Gusta L.V., Brûlé-Babel A., Leach R., Baumann U., Fincher G.B., Collins N.C. 

2009. Varietal and chromosome 2H locus-specific frost tolerance in reproductive tissues of 

barley (Hordeum vulgare L.) detected using a frost simulation chamber. Theor. Appl. 

Genet. 119: 685-694. 

Chen J.Q., Dong Y., Wang Y.J., Liu Q., Zhang J.S., Chen S.Y. 2003. An AP2/EREBP-type 

transcription-factor gene from rice is cold inducible and encodes a nuclear-localized 

protein. Theor. Appl.  Genet. 107: 972-979. 

Chinnusamy V., Ohta M., Kanrar S., Lee B., Hong X., Agarwal M., Zhu J.K. 2003. ICE1: a 

regulator of cold-induced transcriptome and freezing tolerance in Arabidopsis. Genes Dev. 

17: 1043-1054. 

Chinnusamy V., Zhu J., Zhu J.K. 2007. Cold stress regulation of gene expression in plants. 

Trends Plant Sci.12: 444-451.   

Chu C.G., Tan C.T., Yu G.T., Zhong S., Xu S.S., Yan L. 2011. A novel retrotransposon 

inserted in the dominant Vrn-B1 allele confers spring growth habit in tetraploid wheat 

(Triticum turgidum L.). Genes Genom. Genet. 1: 637- 645. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Ohta%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kanrar%20S%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20Bh%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20X%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Agarwal%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20JK%5Bauth%5D


117 

 

Clement J.M.A.M. y Van Hasselt P.R. 1996. Chlorophyll fluorescence as a parameter for 

frost hardiness in winter wheat. A comparison with other hardiness parameters. Phyton-ann. 

Rei Bot. 36:29-42.  

Cockram J., Chiapparino E., Taylor S.A., Stamati K., Donini P., Laurie D.A., O'Sullivan 

D.M. 2007. Haplotype analysis of vernalization loci in European barley germplasm reveals 

novel VRN-H1 alleles and a predominat winter VRN-H1/VRN-H2 multi-locus haplotype. 

Theor. Appl. Genet. 115: 993-1001. 

Corbesier L., Vincent C., Jang S., Fornara F., Fan Q., Searle I., Giakountis A., Farrona S., 

Gissot L., Turnbull C., Coupland G. 2007. FT protein movement contributes to long 

distance signaling in floral induction of Arabidopsis. Science 316: 1030-1033. 

Crosatti C., Nevo E., Stanca A.M., Cattivelli L. 1996. Genetic analysis of the accumulation 

of COR14 proteins in wild (Hordeum spontaneum) and cultivated (Hordeum vulgare) 

barley. Theor. Appl. Genet. 93: 975–981. 

Crosatti C., Soncini C., Stanca A.M., Cattivelli L. 1995. The accumulation of a cold-

regulated chloroplastic protein is light-dependent. Planta 196: 458-463. 

Danyluk J., Houde M., Rassart J., Sarhan F. 1994. Differential expression of a gene 

encoding an acidic dehydrin in chilling sensitive and freezing tolerant gramineae species. 

FEBS Letters 344: 20-24. 

Danyluk J., Kane N.A., Breton G., Limin A.E., Fowler D.B., Sarhan F. 2003. TaVRT-1, a 

putative transcription factor associated with vegetative to reproductive transition in cereals. 

Plant Physiol. 132: 1849-1860. 

Danyluk j., Perron A., Houde M., Limin A., Fowler B., Benhamou N., Sarhana F. 1998. 

Accumulation of an acidic dehydrin in the vicinity of the plasma membrane during cold 

acclimation of wheat. The Plant Cell 10: 623-638. 

Dexter S.T., Tottingham W.E., Graber L.F. 1932. Investigations of the hardiness of plants 

by measurement of electrical conductivity. Plant Physiol. 7: 63-78. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Vincent%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jang%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fornara%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fan%20Q%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Searle%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Giakountis%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Farrona%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gissot%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Turnbull%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Coupland%20G%22%5BAuthor%5D


118 

 

Dhillon T., Pearce S.P., Stockinger E.J., Distelfeld A., Li C., Knox A.K., Vashegyi I., 

Vágújfalvi A., Galiba G., Dubcovsky J. 2010. Regulation of freezing tolerance and 

flowering in temperate cereals: the VRN-1 connection. Plant Physiol. 153: 1846-1858. 

Di Rienzo J.A., Casanoves F., Balzarini M.G., Gonzalez L., Tablada M., Robledo C.W., 

InfoStat versión 2012. Grupo InfoStat, FCA, Universidad Nacional de Córdoba, Argentina. 

URL http://www.infostat.com.ar 

Díaz A., Zikhali M., Turner A.S., Isaac P., Laurie D.A. 2012. Copy number variation 

affecting the photoperiod-B1 and vernalization-A1 genes is associated with altered 

flowering time in wheat (Triticum aestivum). PLoS ONE 7(3): e33234.  

Distelfeld A., Tranquilli G., Li Ch., Yan L., Dubcovsky J. 2009a. Genetic and molecular 

characterization of the VRN2 loci in tetraploid wheat. Plant Physiol. 149: 245-257. 

Distelfeld A., Li C., Dubcovsky J. 2009 b. Regulation of flowering in temperate cereals. 

Curr. Opin. Plant Biol. 12: 178-184. 

Dubcovsky J., Lijavetzky D., Appendino L., Tranquilli G. 1998. Comparative RFLP 

mapping of Triticum monococcum genes controlling vernalization requirement. Theor. 

Appl. Genet. 97: 968–975. 

Dubcovsky J. y Yan L. 2003. Allelic variation in the promoter of Ap1, the candidate gene 

for Vrn-1. En: Pogna N. (ed.) Proceedings of the 10th international wheat genetics 

symposium, vol 1. Paestum, Italy, pp 243–246. 

Dubcovsky J., Chen C., Yan L. 2005. Molecular characterization of the allelic variation at 

the VRN-H2 vernalization locus in barley. Mol. Breed. 15: 395–407. 

Dubcovsky J., Loukoianov A., Fu D., Valarik M., Sanchez A., Yan L. 2006. Effect of 

photoperiod on the regulation of wheat vernalization genes VRN1 and VRN2. Plant Mol. 

Biol. 60: 469–480. 



119 

 

Dubouzet J.G., Sakuma Y., Ito Y., Kasuga M., Dubouzet E.G., Miura S., Seki M., 

Shinozaki K., Yamaguchi-Shinozaki K. 2003. OsDREB genes in rice, Oryza sativa L., 

encode transcription activators that function in drought-, high-salt- and cold responsive 

gene expression. Plant J. 33: 751–763. 

Duggan B. L. y Fowler D. B. 2006. Yield Structure and Kernel Potential of Winter Wheat 

on the Canadian Prairies. Crop Sci. 46:1479–1487. 

Engels C. 1994. Nutrient acquisition by plants and its limitations by low temperatures in 

maize, en K. Dörffling, et al. (eds.). Crop adaptation to cool climates. COST 814 workshop. 

ECSP-EEC-EAEC, Brussels. Pp: 503-510. 

Feldman M., Lupton F.G.H., Miller T.E. 1995. Wheats. Triticum spp. (Gramineae- 

Triticinae). In: Smartt J. y Simmonds N.W. (eds), Evolution of crop plants. Longman 

Scientific & Technical Press, London, pp: 84–192. 

Fernández Long M.E, Barnatán I.E., Spescha L., Hurtado R., Murphy G. 2005. 

Caracterización de las heladas en la región pampeana y su variabilidad en los últimos 10 

años. IX Congreso Argentino de Meteorología. Buenos Aires, 2005. 

Ferrandiz C., Gu Q., Martienssen R., Yanofsky M.F. 2000. Redundant regulation of 

meristem identity and plant architecture by FRUITFULL, APETALA1 and CAULILOWER. 

Development 127: 725-734. 

Fischer, R.A.1985. Number of kernels in wheat crops and the influence of solar radiation 

and temperature. J. Agric. Sci. 105: 447-61. 

Flood R.G. y Halloran G.M. 1984.The nature and duration of gene action for vernalization 

response in wheat. Ann. Bot. (Lond.) 53: 263–368.  

Fowler D.B. y Carles R.J. 1979. Growth, development, and cold tolerance of fall-

acclimated cereal grains. Crop Sci. 19: 915-922. 



120 

 

Fowler D.B. y Gusta L.V. 1979. Selection for winterhardiness in wheat. I. Identification of 

genotypic variability. Crop Sci. 19: 769-772.  

Fowler D.B. y Limin A.E. 2004. Interactions among factors regulating phenological 

development and acclimation rate determine low-temperature tolerance in wheat. Ann. Bot. 

94:717–724. 

Fowler D.B. y Limin A.E. 2007. Progress in breeding wheat with tolerance to low 

temperature in different phenological developmental stages. En: H.T. Buck et al. (eds). 

Wheat  Production in Stressed Environments, pp: 301-314.     

Fowler D.B., Gusta L.V., Tyler L.V. 1981. Selection for winterhardiness in wheat. III. 

Screening methods. Crop Sci. 21: 896-901.  

Fowler D.B., Limin A.E., Wang S.Y., Ward R.W. 1996. Relationship between low-

temperature tolerance and vernalization response in wheat and rye. Can J Plant Sci 76: 37–

42. 

Fowler D.B., Breton G., Limin A.E., Mahfoozi S., Sarhan F. 2001. Photoperiod and 

temperature interactions regulate low-temperature-induced gene expression in barley. Plant 

Physiol. 127: 1676–1681. 

Fowler S. y Thomashow M.F. 2002. Arabidopsis transcriptome profiling indicates that 

multiple regulatory pathways are activated during cold acclimation in addition to the CBF 

cold response pathway. Plant Cell 14: 1675–1690. 

Foyler C.H., Lelandais M., Kunert K.J. 1994. Photooxidative stress in plants. Physiol. Plant 

92: 696-717. 

Francia E., Rizza F., Cattivelli L., Stanca A.M., Galiba G., Tóth B., Hayes P.M., Skinner 

J.S., Pecchioni N. 2004. Two loci on chromosome 5H determine low-temperature tolerance 

in a Nure (winter) x Tremois (spring) barley map. Theor. Appl. Genet. 108: 670–680. 



121 

 

Francia E., Barabaschi D., Tondelli A., Laidó G. , Rizza F., Stanca M.A., Busconi M., 

Fogher C., Stockinger E.J., Pecchioni N. 2007. Fine mapping of a HvCBF gene cluster at 

the frost resistance locus Fr-H2 in barley. Theor. Appl. Genet. 115: 1083–1091. 

Frederick J.R. y Bauer P.J. 1999. Cap.3: Physiological and numerical components of wheat 

yield. En: Satorre E.H. y Slafer G.A. (eds.). Wheat: Ecology and Physiology of Yield 

Determination. Food products press, New York, pp: 45-66. 

Frederiks T., Christopher J., Borroll A. 2004. Simulation of radiant frost-as pertaining to 

winter cereals post head emergence. International Controlled Environment Meeting. Marzo, 

14–17, 2004, Brisbane, Australia. En hppt://ncr101.montana.edu/meeting _past.htm  

Frederiks T.M., Christopher J.T., Harvey G.L., Sutherland M.W., Borrell A.K.  2012. 

Current and emerging screening methods to indentify post-head-emergence frost adaptation 

in wheat and barley. J. Exp. Bot. 63: 5405-5416. 

Fricano A., Rizza F., Faccioli P., Pagani D., Pavan P., Stella A., Rossini L., Piffanelli P., 

Cattivelli L. 2009. Genetic variants of HvCbf14 are statistically associated with frost 

tolerance in a European germplasm collection of Hordeum vulgare. Theor. Appl. Genet. 

119: 1335–1348. 

Fu D., Szucs P., Yan L., Helguera M., Skinner J.S., von Zitzewitz J., Hayes P.M., 

Dubcovsky J. 2005. Large deletions within the first intron in VRN-1 are associated with 

spring growth habit in barley and wheat Mol. Genet. Genomics 273: 54–65. 

Fuller M.P., Fuller A.M., Kaniouras S., Christophers J., Frederiks T. 2007. The freezing 

characteristics of wheat at ear emergence. Europ. J. Agron. 26: 435-441. 

Galiba G., Vágújfalvi A., Li Ch., Soltész A., Dubcovsky J. 2009. Regulatory genes 

involved in the determination of frost tolerance in temperate cereals. Plant Science 176: 12–

19. 

Ganeshan S., Vitamvas P., Fowler D.B., Chibbar R.N. 2008. Quantitative expression 

analysis of selected COR genes reveals their differential expression in leaf and crown 

http://www.amazon.com/s/ref=ntt_athr_dp_sr_1?_encoding=UTF8&field-author=E%20H%20Satorre&search-alias=books&sort=relevancerank
http://www.amazon.com/s/ref=ntt_athr_dp_sr_2?_encoding=UTF8&field-author=Gustavo%20A%20Slafer&search-alias=books&sort=relevancerank


122 

tissues of wheta (Triticum aestivum L.) during an extended low temperature acclimation 

regimen. J. Exp. Bot. 59: 2393-2402. 

Ganeshan S., Denesik T., Fowler D.B., Chibbar R.N. 2009. Quantitative expression 

analysis of selected low temperature-induced genes in autumn-seeded wheat (Triticum 

aestivum L.) reflects changes in soil temperature. Environ. Exp. Bot. 66: 46–53. 

García del Moral L. F., Rharrabti Y., Villegas D., Royo C. 2003. Evaluation of Grain Yield 

and Its Components in Durum Wheat under Mediterranean Conditions: An Ontogenic 

Approach. Agron. J. 95:266–274. 

Gilmour S.J., Zarka D.G., Stockinger E.J., Salazar M.P., Houghton J.M., Thomashow M.F. 

1998. Low temperature regulation of the Arabidopsis CBF family of AP2 transcriptional 

activators as an early step in cold-induced COR gene expression. Plant J. 16: 433–442. 

Golovnina K.A., Kondratenko E.Y., Blinov A.G., Goncharov N.P. 2010. Molecular 

characterization of vernalization loci VRN1 in wild and cultivated wheats. BMC Plant Biol. 

11: 168. 

Goncharov N.P. 1998. Genetic resources of wheat related species: The Vrn genes 

controlling growth habit (spring vs. winter). Euphytica 100: 371–376. 

Gororo N.N., Flood R.G., Eastwood R.F., Eagles H.A. 2001. Photoperiod and vernalization 

responses in T.turgidum x T.tauschii synthetic hexaploid wheats. Ann. Bot. 88: 947-952.  

Gracés-Claver A., Fellman S.M., Gil-Ortega R., Jahn M., Arnedo-andrés M.S. 2007. 

Identification, validation and survey of a single nucleotide polymorphism (SNP) associated 

with pungency in Capsicum Spp. Theor. Appl. Genet. 115: 907-916. 

Griffith M. y McIntyre H.C. 1993. The interrelationship of growth and frost tolerance in 

winter rye. Physiol Plant 87: 335-344. 

Griffith M. y Yaish M.W.F. 2004. Antifreeze proteins in overwintering plants: a tale of two 

activities. Trends Plant Sci. 9: 399-405.  



123 

 

Griffith M., Lumb C., Wiseman S.B., Wisniewski M., Johnson R.W., Marangoni A.G. 

2005. Antifreeze proteins modify the freezing process in planta. Plant Physiol. 138: 330–

340. 

Griffiths S., Dunford R.P., Coupland G., Laurie D.A. 2003. The evolution of CONSTANS-

like gene families in barley, rice, and Arabidopsis. Plant Physiol. 131: 1855–1867. 

Gustafson P., Raskina O., Ma X., Nevo E. 2009. Wheat evolution, domestication, and 

improvement. In: Carver B.F. (ed.),Wheat: science and trade. Wiley, Danvers, pp 5–30. 

Hasegawa P.M., Bressan R.A., Zhu J.K., Bohnert H.J. 2000. Plant cellular and molecular 

responses to high salinity. Ann. Rev. Plant Physiol. Plant Mol. Biol. 51: 463-499. 

Hayes P.M., Chen F.Q., Corey A., Pan A., Chen T.H.H., Baird E., Powell W., Thomas W., 

Waugh R., Bedo Z., Karsai I., Blake T. y Oberthur L. 1997. The Dicktoo Morex 

population: a model for dissecting components of winter hardiness in barley. In: Li, P.H. 

and Chen, T.H.H. (eds.) Plant Cold Hardiness: Molecular Biology, Biochemistry and 

Physiology. Plenum Press, New York, pp. 77–87. 

Hemming M.N., Fieg S., Peacock W.J., Dennis E.S., Trevaskis B. 2009. Regions associated 

with repression of the barley (Hordeum vulgare) VERNALIZATION 1 gene are not required 

for cold induction. Mol. Genet. Genomics 282: 107- 117. 

Hemming M.N., Peacock W.J., Dennis D.S., Trevaskis B. 2008. Low-temperature and 

daylength cues are integrated to regulate FLOWERING LOCUS T in barley. Plant Physiol. 

147: 355-366. 

Holková L., Prášil I.T., Bradáčová M., Vitámvás P., Chloupek O. 2009. Screening for frost 

tolerance in wheat using the expression of dehydrin genes Wcs120 and Wdhn13 at 17 ◦C. 

Plant Breed. 128: 420–422. 

Hon W.C., Griffith M., Mlynarz A., Kwok Y.C., Yang D.S.C. 1995. Antifreeze proteins in 

winter rye are similar to pathogenesis-related proteins. Plant Physiol. 109: 879-889. 



124 

 

Huang A., Jin L., Liu J. 2007. Molecular cloning and functional characterization of a 

DREB1/CBF-like gene (GhDREB1L) from cotton. Sci. China C. Life Sci. 50: 7–14. 

Huang T., Böhlenius H., Eriksson S., Parcy F., Nilsson O. 2005. The mRNA of the 

Arabidopsis gene FT moves from leaf to shoot apex and induces flowering. Science 309: 

1694-1696. 

Imaizumi T. y Kay S.A. 2006. Photoperiodic control of flowering: not only by coincidence. 

Trends Plant Sci. 11: 550-558.  

Ingram J. y Bartels D. 1996. The molecular basis of dehydration tolerance in plants.  Ann. 

Rev. Plant. Physiol. Plant. Mol. Biol. 47: 377-403. 

Iqbal M., Shahzad A., Ahmed I. 2011. Allelic variation at the Vrn-A1, Vrn-B1, Vrn-D1, 

Vrn-B3 and Ppd-D1a loci of Pakistani spring wheat cultivars. Electron. J. Biotechnol. 14 

(1). En: http://dx.doi.org/10.2225/vol14-issue1-fulltext-6. 

Ishibashi M., Kobayashi F., Nakamura J., Murai K., Takumi S. 2007. Variation of freezing 

tolerance, Cor/Lea gene expression and vernalization requirement in japanase common 

wheat. Plant Breed. 126: 464-469. 

 Iwaki K., Nishida J., Yanagisawa T., Yoshida H., Kato K. 2002. Genetic analysis of Vrn-

B1 for vernalization requirement by using linked dCAPS markers in bread wheat (Triticum 

aestivum L.). Theor. Appl. Genet. 104 (4): 571-576.  

Jaglo-Ottosen K.R., Gilmour S.J., Zarka D.G., Schabenberger O., Thomashow M.F. 1998. 

Arabidopsis CBF1 overexpression induces COR genes and enhances freezing tolerance. 

Science 280: 104–106. 

Jaglo- Ottosen K.R., Kleff S., Amundsen K.L., Zhang X., Haake V., Zhang J.Z., Deits T., 

Thomashow M.F. 2001. Components of the Arabidopsis C-repeat/dehydration responsive 

element binding factor cold-response pathway are conserved in Brassica napus and other 

plant species. Plant Physiol. 127: 910–917. 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Huang%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22B%C3%B6hlenius%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Eriksson%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Parcy%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nilsson%20O%22%5BAuthor%5D
http://www.springerlink.com/content/?Author=K.+Iwaki
http://www.springerlink.com/content/?Author=J.+Nishida
http://www.springerlink.com/content/?Author=T.+Yanagisawa
http://www.springerlink.com/content/?Author=H.+Yoshida
http://www.springerlink.com/content/?Author=K.+Kato
http://www.springerlink.com/content/1y3mnjj6u6tj3efb/
http://www.springerlink.com/content/1y3mnjj6u6tj3efb/
http://www.springerlink.com/content/1y3mnjj6u6tj3efb/
http://www.springerlink.com/content/0040-5752/
http://www.springerlink.com/content/0040-5752/104/4/


125 

 

James V.A., Neibaur I., Altpeter F. 2008. Stress inducible expression of the DREB1A 

transcription factor from xeric, Hordeum spontaneum L. in turf and forage grass (Paspalum 

notatum Flugge) enhances abiotic stress tolerance. Transgenic Res. 17: 93–104. 

Jara Podestá A. 2011. Breve reseña sobre el cultivo de trigo candeal en Argentina. 

Caracterización y mercados del trigo candeal. Pregón agropecuario en: 

http://www.pregonagropecuario.com.ar/cat.php?txt=2135.  

Jofuku K.D., den Boer B.G.W., Montagu V.M., Okamuro J.K. 1994. Control of 

Arabidopsis flower and seed development by the homeotic gene APETALA2. Plant Cell 

6:1211–1225. 

Kane N.A., Danyluk J., Sarhan F. 2006. Vernalization Genes in Winter Cereals. In: Li, P.H. 

and Chen, T.H.H. (eds.) Plant Cold Hardiness: Molecular Biology, Biochemistry and 

Physiology. Plenum Press, New York, pp. 89-100. 

Karsai L., Hayes P.M., Kling J., Matus I.A., Mészáros K., Láng L., Bedő Z., Sato K. 2004. 

Genetic variation in compenent traits of heading date in Hordeum vulgare 

sudsp.spontaneum accessions characterized in controlled environments. Crop Sci. 44: 1622-

1632. 

Kim M.Y., Van K., Lestari P., Moon J.K., Lee S.H. 2005. SNP identification and SNAP 

marker development for a GmNARK gene controlling supernodulation in soybean. Theor. 

Appl. Genet. 110: 1003–1010. 

Kitashiba H., Ishizaka T., Isuzugawa K., Nishimura K., Suzuki T. 2004. Expression of a 

sweet cherry DREB1/CBF ortholog in Arabidopsis confers salt and freezing tolerance. J. 

Plant Physiol. 161: 1171–1176. 

Knox A.K., Li C., Vágújfalvi A., Galiba G., Stockinger E.J., Dubcovsky J. 2008. 

Identification of candidate CBF genes for the frost tolerance locus Fr-Am2 in Triticum 

monococcum. Plant Mol. Biol. 67: 257–270.  

http://www.pregonagropecuario.com.ar/cat.php?txt=2135


126 

 

Knox A.K., Dhillon T., Cheng H., Tondelli A., Pecchioni N., Stockinger E.J. 2010. CBF 

gene copy number variation at Frost Resistance-2 is associated with levels of freezing 

tolerance in temperate-climate cereals. Theor. Appl. Genet. 121: 21-35.    

Kobayashi F., Takumi S., Nakata M., Ohno R., Nakamura T., Nakamura C. 2004. 

Comparative study of the expression profiles of the Cor/Lea gene family in two wheat 

cultivars with contrasting levels of freezing tolerance. Physiol. Plant. 120: 585–594. 

Kolev S., Ganeva G., Christov N., Belchev I., Kostov K., Tsenov N., Rachovska G., 

Landgeva S., Ivanov M., Abu-Mhadi N., Todorovska E. 2010. Allele variation in loci for 

adaptive response and plant height and its effect on grain yield in wheat. Biotechnol. and 

biotechnol. Eq. 24: 1807-1813. 

Košner J. y Pánková K. 1998. The detection of allelic variants at the recessive vrn loci of 

winter wheat. Euphytica 101: 9-16. 

Kosová K., Holková L., Prášil I.T., Prášilová P., Bradáčová M., Vitámvás P., Čapková V. 

2008. Expression of dehydrin 5 during the development of frost tolerance in barley 

(Hordeum vulgare). J. Plant Physiol. 165: 1142–1151. 

Kosová K., Vitámvás P.,  Prášil I.T. 2011. Expression of dehydrins in wheat and barley 

under different temperaturas. Plant Sci. 180: 46–52. 

Kosová K., Vítámvás P., Prášilová P., Prášil I.T. 2013. Accumulation of WCS120 and 

DHN5 proteins in differently frost-tolerant wheat and barley cultivars grown under a broad 

temperature scale. Biol. Plantarum  57: 105-112.   

Koster K.L. y Lynch D.V. 1992. Solute accumulation and compartmentation during the 

cold acclimation of Puma rye. Plant Physiol. 98: 108-113.  

Lata C., Bhutty S., Bahadur R.P., Majee M., Prasad M. 2011. Association of an SNP in a 

novel DREB2-like gene SiDREB2 with stress tolerance in foxtail millet [Setaria italic (L.)]. 

J. Exp. Bot. 62: 3387-3401.  

http://rd.springer.com/search?facet-author=%22K.+Kosov%C3%A1%22
http://rd.springer.com/search?facet-author=%22P.+V%C3%ADt%C3%A1mv%C3%A1s%22
http://rd.springer.com/search?facet-author=%22P.+Pr%C3%A1%C5%A1ilov%C3%A1%22
http://rd.springer.com/search?facet-author=%22I.+T.+Pr%C3%A1%C5%A1il%22


127 

 

Laudancia-Chigcuanco D., Ganeshan S., You F., Fowler B., Chibbar R., Anderson O. 2011. 

Genome-wide gene expression analysis supports a developmental model of low 

temperatura tolerance gene regulation in wheat (Triticum aestivum L.). BMC Genomics 12: 

299. 

Laurie D.A. 1997. Comparative genetics of flowering time in cereals. Plant Mol. Biol. 

35:167–177. 

Lee H., Xiong L., Gong Z., Ishitani M., Stevenson B., Zhu J.K. 2001. The Arabidopsis 

HOS1 gene negatively regulatescold signal transduction and encodes a RING finger protein 

that displays cold-regulated nucleo-cytoplasmic partitioning. Genes Dev. 15: 912–924.  

Lee B.H., Lee H., Xiong L., Zhu J.K. 2002a. A mitochondrial complex I defect impairs 

cold-regulated nuclear gene expression. Plant Cell 14: 1235–1251. 

Lee H., GuoY., Ohta M., Xiong L., Stevenson B., Zhu J.K. 2002b. LOS2, a genetic locus 

required for cold responsive transcription encodes a bi-functional enolase. EMBO J. 21: 

2692-2702.  

Lee B.H., Henderson D.A., Zhu J.K. 2005. The Arabidopsis cold-responsive transcriptome 

and its regulation by ICE1. Plant Cell 17: 3155–3175. 

Lee B.H., Kapoor A., Zhu J., Zhu J.K. 2006. STABILIZED1, a stress-upregulated nuclear 

protein, is required for pre-mRNA splicing, mRNA turnover, and stress tolerance in 

Arabidopsis. Plant Cell 18: 1736–1749. 

Lee C.M. y Thomashow M.F. 2012. Photoperiodic regulation of the C-repeat binding factor 

(CBF) cold acclimation pathway and freezing tolerance in Arabidopsis thaliana. Proc. Natl. 

Acad. Sci. U.S.A. En: www.pnas.org/cgi/doi/10.1073/pnas.1211295109.  

Levitt J. 1980. Responses of plants to environmental stresses: Chilling, freezing and high 

temperate stresses. 2nd ed. Academic Press, New York. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Xiong%20L%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Gong%20Z%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ishitani%20M%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Stevenson%20B%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhu%20JK%5Bauth%5D


128 

 

Lewis S., Faricelli M.E., Appendino M.L., Valárik M., Dubcovsky J. 2008. The 

chromosome region including the earliness per se locus Eps-Am1 affects the duration of 

early developmental phases and spikelet number in diploid wheat. J. Exp. Bot. 59: 3595–

3607. 

Li C. y Dubcovsky J. 2008. Wheat FT protein regulates VRN1 transcription through 

interactions with FDL2. Plant J. 55: 543-554. 

Limin A. E. y Fowler D. B. 2000. Morphological and cytological characters associated with 

low-temperature tolerance in wheat (Triticum aestivum L. em Thell.). Can. J. Plant Sci. 80: 

687-692. 

Limin A.E. y Fowler D.B. 2006. Low- temperature tolerance and genetic potential in wheat 

(Triticum aestivum L.): response to photoperiod, vernalization, and plant development. 

Planta 224: 360-366.  

Liu Q., Kasuga M., Sakuma Y., Abe H., Miura S., Yamaguchi-Shinozaki K., Shinozaki K. 

1998. Two transcription factors, DREB1 and DREB2, with an EREBP/AP2 DNA binding 

domain separate two cellular signal transduction pathways in drought- and low-

temperature-responsive gene expression, respectively, in Arabidopsis. Plant Cell 10: 1391–

1406. 

Llorente F., Oliveros J.C., Martínez-Zapater J.M., Salinas J. 2000. A freezing-sensitive 

mutant of Arabidopsis, frs1, is a new aba3 allele. Planta 211: 648–655. 

Loukoianov A., Yan L., Blechl., Sanchez A., Dubcovsky J. 2005. Regulation of VRN-1 

vernalization genes in normal and transgenic polyploid wheat. Plant Physiol. 138: 2364-

2373.  

Maccaferri M., Sanguineti M.C., Corneti S., Ortega J.L.A., Ben Salem M., Bort J., De 

Ambrogio E., del Moral L.F.G., Demontis A., El-Ahmed A., Maalouf F., Machlab H., 

Martos V., Moragues M., Motawaj J., Nachit M., Nserallah N., Ouabbou H., Royo C., 

Slama A., Tuberosa R. 2008. Quantitative trait loci for grain yield and adaptation of durum 



129 

 

wheat (Triticum durum Desf.) across a wide range of water availability. Genetics 178: 489–

511. 

Maes B., Trethowan R.M., Reynolds M.P., van Ginkel M., Skovmand B. 2001. The 

influence of glume pubescence on spikelet temperature of wheat under freezing conditions. 

Aust. J. Plant Physiol. 28: 141–148. 

Magra G., Senn J., Martín R. 2005. Evaluación del daño provocado por heladas tardías en 

trigo. Revista Agromensajes de la Facultad N°17. Facultad de Ciencias Agrarias-

Universidad Nacional de Rosario. En 

http://www.fcagr.unr.edu.ar/Extension/Agromensajes. 

Mahfoozi S., Limin A.E., Fowler D.B. 2001. Influence of vernalization and photoperiod 

response on cold hardinnes in winter cereals. Crop Sci. 41: 1006-1011.   

Maruyama K., Sakuma Y., Kasuga M., Ito Y., Seki M., Goda H., Shimada Y., Yoshida S., 

Shinozaki K., Yamaguchi-Shinozaki K. 2004. Identification of cold-inducible downstream 

genes of the Arabidopsis DREB1A/CBF3 transcriptional factor using two microarray 

systems. Plant J. 38: 982-993. 

Mastrangelo A.M., Belloni S., Barilli S., Ruperti B., Di Fonzo N., Stanca A.M., Cattivelli 

L. 2005. Low temperature promotes intron retention in two e-cor genes of durum wheat. 

Planta 221: 705–715. 

McKersie B.D. y Hunt L.A. 1987. Genotypic differences in tolerance of ice encasement, 

low temperature flooding, and freezing in winter wheat. Crop Sci. 27: 860-863. 

McKhann H.I., Gery C., Bérard A., Lévêque S., Zuther E., Hincha D.K., De Mita S., 

Brunel D., Téoulé E. 2008. Natural variation in CBF gene sequence, gene expression and 

freezing tolerance in the Versailles core collection of Arabidopsis thaliana. BMC Plant 

Biol. 8: 105. 

Mekhlouf A., Dehbi F., Bouzerzour H., Hannichi A., Benmahammed A., Adjabi A. 2006. 

Relationships between cold tolerance, grain yield performance and stability of Durum 



130 

 

wheat (Triticum durum Desf.) genotypes grown at high elevation area of eastern Argelia. 

Asian J. Plant Sci. 5: 700-708. 

Michaels S.D. y Amasino M.R. 1999. FLOWERING LOCUS C Encodes a Novel MADS 

Domain Protein That Acts as a Repressor of Flowering. Plant Cell 11: 949–956. 

Miller A.K., Galiba G., Dubcovsky J. 2006. A cluster of 11 CBF transcription factors is 

located at the frost tolerance locus Fr-Am2 in Triticum monococcum. Mol. Genet. 

Genomics 275: 193–203. 

Mizuno T. y Nakamichi L. 2005. Pseudo-response regulators (PRRs) or true oscillator 

components (TOCs). Plant Cell Physiol. 46: 677-685. 

Monroy A. F., Dryanova A., Malette B., Oren D.H., Ridha Farajalla M., Liu W., Danyluk 

J., Ubayasena L.W.C., Kane K., Scoles G.J., Sarhan F., GulickP.J. 2007. Regulatory gene 

candidates and gene expression analysis of cold acclimation in winter and spring wheat. 

Plant Mol. Biol. 64: 409–423.  

Novillo F., Alonso J.M., Ecker J.R., Salinas J. 2004. CBF2/DREB1C is a negative regulator 

of CBF1/DREB1B and CBF3/DREB1A expression and plays a central role in stress 

tolerance in Arabidopsis. Proc. Natl. Acad. Sci. U. S. A. 101: 3985–3990. 

Ohme-Takagi M.y Shinshi H. 1995. Ethylene-inducible DNA binding proteins that interact 

with an ethylene-responsive element. Plant Cell 7: 173–182. 

Ohno R., Takumi S., Nakamura C. 2003. Kinetics of transcript and protein accumulation of 

a low-molecular-weight wheat LEA D-11 dehydrin in response to low temperatura. J. Plant 

Physiol. 160: 193–200. 

Okamuro J.K., Caster B., Villarroel R., Van Montagu M., Jofuku K.D. 1997. The AP2 

domain of APETALA2 defines a large new family of DNA binding proteins in 

Arabidopsis. Proc. Natl. Acad. Sci. U.S.A. 94: 7076–7081. 



131 

 

Oliveira H.R., Campana M.G., Jones H., Hunt H.V., Leigh F., Redhouse D.I., Lister D.L., 

Jones M.K. 2012. Tetraploid wheat landraces in the Mediterranean Basin: taxonomy, 

evolution and genetic diversity. PLoS ONE 7(5): e37063.  

Oliver S.N., Finnegan E.J., Dennis E.S., Peacock W.J., Trevaskis B. 2009. Vernalization-

induced flowering in cereals is associated with changes in histone methylation at the 

VERNALIZATION1 gene. Proc. Natl. Acad. Sci. USA 106: 8386–8391. 

Orvar B.L., Sangwan V., Omann F., Dhindsa R. 2000. Early steps in cold sensing by plant 

cells: the role of actin cytoskeleton and membrane fluidity. Plant J. 23: 785–794. 

Palusa S.G., Ali G.S., Reddy A.S.N. 2007. Alternative splicing of pre-mRNAs of 

Arabidopsis serine/arginine-rich proteins: regulation by hormones and stresses. Plant J. 49: 

1091–1107. 

Pan X., Li Y., Li X., Liu W., Ming J., Lu T., Tan J., Sheng X. 2013. Differential regulatory 

mechanisms of CBF regulon between Nipponbare (Japonica) and 93-11 (Indica) during 

cold acclimation. Rice Sci. 20 (2). 

Peng J.H, Sun D., Nevo E. 2011. Domestication evolution, genetics and genomics in wheat. 

Mol. Breed. 28: 281–301.  

Pennycooke J.C., Cheng H., Roberts S.M., Yang Q., Rhee S.Y., Stockinger E.J. 2008a. The 

low temperature-responsive, Solanum CBF1 genes maintain high identity in their upstream 

regions in a genomic environment undergoing gene duplications, deletions, and 

rearrangements. Plant Mol. Biol. 67: 483–497. 

Pennycooke J.C., Cheng H., Stockinger E.J. 2008b. Comparative genomic sequence and 

expression analyses of Medicago truncatula and alfalfa subspecies falcata COLD-

ACCLIMATION-SPECIFIC genes. Plant Physiol. 146: 1242–1254.  

Pidal B., Yan L., Fu D., Zhang F., Tranquilli G., Dubcovsky J. 2009. The CArG-Box 

located upstream from the transcriptional start of wheat vernalization gene VRN1 is not 

necessary for the vernalization response. J. Hered. 100: 355-364. 



132 

 

Pinheiro J.C. y Bates D.M. 2004. Mixed-Effects Models in S and S-PLUS. Springer, New 

York. 

Prášil I.T., Prasilova P., Pankova K. 2004. Relationships among vernalization, shoot apex 

development and frost tolerance in wheat. Ann. Bot. 94: 413-418. 

Preston J.C. y Kellogg E.A. 2008. Discrete developmental roles for temperate cereal grass 

VERNALIZATION1/FRUITFULL-like genes in flowering competency and the transition to 

flowering. Plant Physiol. 146: 265–276. 

Puhakainen T. 2004. Physiological and molecular analyses of cold acclimation of plants. 

University of Helsinki, Faculty of Bioscience, Department of Biological and Environmental 

Sciences, Genetics. Finland. 

Qin F., Sakuma Y., Li J., Liu Q., Li Y.Q., Shinozaki K., Yamaguchi-Shinozaki K. 2004. 

Cloning and functional analysis of a novel DREB1/CBF transcription factor involved in 

cold-responsive gene expression in Zea mays L. Plant Cell Physiol. 45: 1042–1052. 

Raikhel N. 1992. Nuclear targeting in plants. Plant Physiol. 100: 1627–1632. 

Rapacz M. y Wozniczka A. 2009. A selection tool for freezing tolerance in common wheat 

using the fast chlorophyll a fluorescence transient. Plant Breed. 128: 227-234. 

Rapacz M., Wolanin B., Hura K., Tyrka M. 2008. The effects of cold acclimation on 

photosynthetic apparatus and the expression of COR14b in four genotypes of barley 

(Hordeum vulgare) contrasting in their tolerance to freezing and high-light treatment in 

cold conditions, Ann. Bot. 101 689–699. 

Riechmann J.L. y Meyerowitz E.M. 1998. The AP2/EREBP family of plant transcription 

factors. Biol. Chem. 379: 633–646. 

Rizza F., Crosatti C., Stanca A.M., L. Cattivelli. 1994. Studies for assessing the influence 

of hardening on cold tolerance of barley genotypes. Euphytica 75: 131–138. 



133 

 

Rizza F., Pagani D., Stanca A.M., Cattivelli L. 2001. Use of chlorophyll fluorescence to 

evaluate the cold acclimation and freezing tolerance of winter and spring oats. Plant Breed. 

120: 389-396.  

Roberts E.H., Summerfield R. J., Cooper J. P., Ellis R. H. 1988. Environmental control of 

flowering in barley (Hordeum vulgare L.). I. Photoperiod limits to long-day responses, 

photoperiod-insensitive phases and effects of low-temperature and short-day vernalization. 

Ann. Bot. (Lond.) 62: 127–144. 

Rozen S. y Skaletsky H.J. 2000. Primer3 on the WWW for general users and for biologist 

programmers. En: Krawetz S., Misener S. (eds.) Bioinformatics Methods and Protocols: 

Methods in Molecular Biology. Humana Press, Totowa, NJ, pp: 365-386 

Saghai-Maroof M.A., Soliman K., Jorgensen R.A., Allard R.W. 1984. Ribosomal DNA 

spacer-length polymorphismsin barley: Mendelian inheritance, chromosomal location, and 

population dynamics. Proc. Natl. Acad. Sci. U.S.A. 81: 8014-8018. 

Sakuma Y., Liu Q., Dubouzet J.G., Abe H., Shinozaki K., Yamaguchi-Shinozaki K. 2002. 

DNA-binding specificity of the ERF/AP2 domain of Arabidopsis DREBs, transcription 

factors involved in dehydration- and cold-inducible gene expression. Biochem. Biophys. 

Res. Commun. 29: 998–1009. 

Sangwan V., Foulds I., Singh J., Dhindsa R.J. 2001. Cold activation of Brassica napus 

BN115 promoter is mediated by structural changes in membranes and cytoskeleton, and 

requires Ca2+ influx. Plant J. 27: 1–12. 

Sarhan F., Ouellet F., Vazquez-Tello A. 1997. The wheat wcs120 gene family. A useful 

model to understand the molecular genetics of freezing tolerance in cereals. Physiol. 

Plantarum 101: 439–445. 

Sasani S., Hemming M.N., Oliver S., Greenup A.G., Tavakkol-Afshari R., Mahfoozi S., 

Poustini K., Sharifi H-R., Dennis E.S., Peacock W.J., Trevaskis B. 2009. The influence of 

http://jura.wi.mit.edu/rozen/
http://jura.wi.mit.edu/rozen/papers/rozen-and-skaletsky-2000-primer3.pdf
http://jura.wi.mit.edu/rozen/papers/rozen-and-skaletsky-2000-primer3.pdf


134 

 

vernalization and daylength cues on the expression of flowering-time genes in the leaves 

and shoot apex of barley (Hordeum vulgare). J. Exp. Bot. 60: 2169–2178. 

Sãulescu N.N. y Braun H.J. 2001. Chapter 9: Cold Tolerance. En: Reynolds M.P., Ortiz-

Monasterio J.I. y McNab A. (eds.). Application of Physiology in Wheat Breeding. 

CIMMYT. Mexico, D.F. pp: 111-123. 

Shcherban A.B., Emtseva M.V., Efremova T.T. 2012. Molecular genetical characterization 

of vernalization genes Vrn-A1, Vrn-B1 and Vrn-D1 in spring wheat germplasm from Russia 

and Adjacent regions. Cereal Res. Commun. 40: 315-361. 

Shen Y.G., Zhang W.K., He S.J., Zhang J.S., Liu Q., Chen S.Y. 2003. An EREBP/AP2-

type protein in Triticum aestivum was a DRE-bindingtranscription factor induced by cold, 

dehydration and ABA stress. Theor. Appl. Genet. 106: 923–930. 

Sherman J.D. y Talbert L.E. 2002. Vernalization-induced changes of the DNA methylation 

pattern in winter wheat. Genome 2: 253-60. 

Sherman J.D., Yan L., Talbert L., Dubcovsky J. 2004. A PCR marker for growth habit in 

common wheat based on allelic variation at the VRN-A1 gene. Crop Sci. 44: 1832-1838. 

Shinozaki K. y Yamaguchi-Shinozaki K. 2006. Global Analysis of Gene Networks to Solve 

Complex Abiotic Stress Responses. En: T.H.H. Chen et al. (eds.), Cold Hardiness in Plants: 

Molecular Genetics, Cell Biology and Physiology.  

Shitsukawa N., Ikari C., Shimada S., Kitagawa S., Sakamoto K., Saito H., Ryuto H., 

Fukunishi N., Abe T., Takumi S., Nasuda S., Murai K. 2007. The einkorn wheat (Triticum 

monococcum) mutant, maintained vegetative phase, is caused by a deletion in the VRN1 

gene. Genes Genet. Syst. 82: 167-170.  

Shroyer P.J., Mikesell M.E., Paulsen G.M. 1995. Spring Freeze Injury to Kansas Wheat, 

Kansas State University. En: http://www.oznet.ksu.edu  

http://www.ncbi.nlm.nih.gov/pubmed?term=Sherman%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=11962622
http://www.ncbi.nlm.nih.gov/pubmed?term=Talbert%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=11962622
http://www.ncbi.nlm.nih.gov/pubmed/11962622
http://www.oznet.ksu.edu/


135 

 

Sidebottom C., Buckley S., Pudney P., Twigg S., Jarman C., Holt C., Telford J., McArthur 

A., Worrall D., Hubbard R., Lillford P. 2000. Phytochemistry: Heat-stable antifreeze 

protein from grass. Nature 406: 256-256. 

Skinner J.S., von Zitzewitz J., Szucs P., Marquez-Cedillo L., Filichkin T., Amundsen K., 

Stockinger E.J., Thomashow M.F., Chen T.H., Hayes P.M. 2005. Structural, functional, and 

phylogenetic characterization of a large CBF gene family in barley. Plant Mol. Biol. 59: 

533–551. 

Skinner J., Szücs P., von Zitzewitz J., Marquez-Cedillo L., Filichkin T., Stockinger E.J., 

Thomashow M.F., Chen T.H.H., Hayes P.M. 2006. Mapping of barley homologs to genes 

that regulate low temperature tolerance in Arabidopsis. Theor. Appl. Genet. 112: 832–842. 

Slafer G.A. y Rawson H. 1994. Sensitivity of wheat phasic development to major 

environmental factors: A re-examination of some assumptions made by physiologist and 

modelers. Aust. J. Plant Physiol. 21: 393-426. 

Slafer G.A., Miralles D.J., Savin R., Whitechurch E.M., Gonzalez F.G. 2003. Ciclo 

ontogénico, dinámica del desarrollo y generación del rendimiento y la calidad del trigo. En: 

Satorre E., Benech-Arnold R., Slafer GA., de la Fuente E., Miralles D., Otegui ME. Y 

Savin R. (eds.). Editorial Facultad de Agronomía, pp: 101-134.    

Smallwood M., Worrall D., Byass L., Elias L., Ashford D., Doucet C.J., Holt C., Telford J., 

Lillford P., Bowles D.J. 1999. Isolation and characterization of a novel antifreeze protein 

from carrot (Daucus carota). Biochem. J.  340: 385-391. 

Smallwood M. y Bowles J.D. 2002. Plants in a cold climate. Philos. Trans. R. Soc. Lond. B 

Biol. Sci.  357: 831-847. 

Stamp P. 1984. Chilling tolerance of young plants demonstrated on the example of maize 

(Zea mays L.). Adv. Agron. Crop Sci. 7. Paul Parey, Berlin. 

Steponkus P.L., Uemura M., Webb M.S. 1993. Membrane destabilization during freeze-

induced dehydration. Curr. Topics Plant Physiol. 10:37-47. 



136 

 

Stelmakh A. F. 1998. Genetic systems regulating flowering response in wheat. Euphytica 

100: 359–369. 

Stockinger E.J., Gilmour S.J., Thomashow M.F. 1997. Arabidopsis thaliana CBF1 encodes 

an AP2 domain-containing transcription activator that binds to the C repeat/DRE, a cis-

acting DNA regulatory element that stimulates transcription in response to low temperature 

and water deficit. Proc. Natl. Acad. Sci. U. S. A. 94: 1035–1040. 

Stockinger E.J., Skinner J.S., Gardner K.G., Francia E., Pecchioni N. 2007. Expression 

levels of barley Cbf genes at the Frost resistance-H2 locus are dependent upon alleles at Fr-

H1 and Fr-H2. Plant J. 51: 308–321. 

Stone P.J., Sorensen I.B., Jamieson P.D. 1999. Effect of soil temperature on phenology, 

canopy development, biomass and yield of maize in a cool-temperature climate. Field 

Crops Res. 63:169-178. 

Sung S. y Amasino R.M. 2004. Vernalization and epigenetics: how plants remember 

winter. Current Opinion in Plant Biol. 7: 4–10. 

Sutka J. 1981. Genetic studies of frost resistance in wheat. Theor. Appl. Genet. 59: 145-

152. 

Szücs P., Skinner J.S., Karsai I., Cuesta-Marcos A., Haggard K.G., Corey A.E., Chen 

T.H.H., Hayes P.M. 2007. Validation of the VRN-H2/VRN-H1 epistatic model in barley 

reveals that intron length variation in VRN-H1 may account for a continuum of 

vernalization sensitivity. Mol. Genet. Genomics 277: 249–261. 

Takenaka S. y Kawahara T. 2012. Evolution and dispersal of emmer wheat (Triticum sp.) 

from novel haplotypes of Ppd-1 (photoperiod response) genes and their surrounding DNA 

sequences. Theor. Appl. Genet. 125: 999-1014.  

Tanio M. y Kato K. 2007. Development of near-isogenic lines for photoperiod-insensitive 

genes, Ppd-B1 and Ppd-D1, carried by the Japanese wheat cultivars and their effect on 

apical development. Breed. Sci. 57: 65-72. 

http://www.pnas.org/search?author1=Sarah%E2%80%89J.+Gilmour&sortspec=date&submit=Submit
http://www.pnas.org/search?author1=Michael%E2%80%89F.+Thomashow&sortspec=date&submit=Submit


137 

 

Thomas B. y Vince-Prue D. 1997. Photoperiodism in plants. 2da Edi. Academic, Londres. 

Thomashow M.F. 1999. Plant cold acclimation: freezing tolerance genes and regulatory 

mechanisms. Annu. Rev. Plant Physiol. Plant Mol. Biol. 50: 571-599. 

Thomashow M.F. 2001. So what's new in the field of plant cold acclimation? Plant Physiol. 

125: 89-93. 

Tranquilli G. y Dubcovcky J. 2000. Epistatic interaction between vernalization genes VRN-

Am1 and VRN-Am2 in diploid wheat. J. Hered. 19: 304-306.    

Tremblay K., Ouellet F., Fournier J., Danyluk J., Sarhan F. 2005. Molecular 

Characterization and Origin of Novel Bipartite Cold-regulated Ice Recrystallization 

Inhibition Proteins from Cereals. Plant Cell Physiol. 46: 884–891. 

Trevaskis B., Bagnall D.J., Ellis M.H., Peacock W.J. y Dennis E.S. 2003. MADS box genes 

control vernalization induced flowering in cereals. Proc. Natl. Acad. Sci. U.S.A. 100: 

13099–13104. 

Trevaskis B., Hemming M.N., Peacock W.J., Dennis E.S. 2006. HvVRN2 responds to 

daylength, whereas HvVRN1 is regulated by vernalization and developmental status. Plant 

Physiol. 140: 1397–1405. 

Trevaskis B., Tadege M., Hemming M.N., Peacock W.J., Dennis E.S. y Sheldon C. 2007a. 

Short vegetative phase-like MADS-box genes inhibit floral meristem identity in barley. 

Plant Physiol. 143: 225–235. 

Trevaskis B., Hemming M.N., Dennis E.S. y Peacock W.J. 2007b. The molecular basis of 

vernalization-induced flowering in cereals. Trends Plant Sci. 12: 352-357. 

Turck F., Fornara F., Coupland G. 2008. Regulation and identity of florigen: FLOWERING 

LOCUS T moves center stage. Annu. Rev. Plant Biol. 59: 573-594. 

Turner A., Beales J., Faure S., Dunford R.P., Laurie D.A. 2005. The Pseudo-Response 

Regulator Ppd-H1 Provides Adaptation to Photoperiod in Barley. Science 310: 1031-1034. 



138 

 

Uemura M. y Steponkus P.L. 1997. Effect of cold acclimation on membrane lipid 

composition and freeze-induced membrane destabilization. See Ref. 68: 171–79. 

Ulrich H.D. 2005. Mutual interactions between the SUMO and ubiquitin systems: A plea of 

no contest. Trends Cell Biol. 15: 525–532. 

Vágújfalvi A., Crosatti C., Galiba G., Dubcovsky J., Cattivelli L. 2000. Two loci on wheat 

chromosome 5A regulate the differential cold-dependent expression of the cor14b gene in 

frost-tolerant and frost-sensitive genotypes. Mol. Gen. Genet. 263: 194–200. 

Vágújfalvi A., Galiba G., Cattivelli L., Dubcovsky J. 2003. The cold regulated 

transcriptional activator Cbf3 is linked to the frost-tolerance gene Fr-A2 on wheat 

chromosome 5A. Mol. Genet. Genomics 269: 60–67. 

Valluru R., Lammens W., Claupein W., Van den Ende W. 2008. Freezing tolerance by 

vesicle-mediated fructan transport. Trends Plant Sci. 13: 409-414. 

Vickers J., Khanna H., Christopher J., Frederiks T., Stephen J., Sutherland M., Daggard G. 

2006. Testing for frost tolerance in wheat (Triticum aestivum L.) transformed with a gene 

for antifreeze protein. 13th Australasian Plant Breeding Conference. Christchurch, New 

Zealand, 18-21 April 2006.  

Viswanathan C. y Zhu J.K. 2002. Molecualr genetic analysis of cold-regulated gene 

transcription. Philos. Trans. R. Soc. Lond. B. 357: 877-886. 

Vitámvás P., Saalbach G., Prášil I.T., Čapková V., Opatrná J., Jahoor A. 2007. WCS120 

protein family and proteins soluble upon boiling in cold-acclimated winter wheat. J. Plant 

Physiol. 164: 1197–1207. 

Vlachonasios K.E., Thomashow M.F., Triezenberg S.J. 2003. Disruption mutations of 

ADA2b and GCN5 transcriptional adaptor genes dramatically affect Arabidopsis growth, 

development, and gene expression. Plant Cell 15: 626-638.  



139 

 

von Zitzewitz J., Szücs P., Dubcovsky J., Yan L., Francia E., Pecchioni N., Casas A., Chen 

T.H.H., Hayes P.M., Skinner J.S. 2005. Molecular and structural characterization of barley 

vernalization genes. Plant Mol. Biol. 59: 449-467. 

Wang Z., Triezenberg S.J., Thomashow M.F., Stockinger E.J. 2005. Multiple hydrophobic 

motifs in Arabidopsis CBF1 COOH-terminus provide functional redundancy in trans-

activation. Plant Mol. Biol. 58: 543–559. 

Wanner L.A., Junttila O. 1999. Cold-induced freezing tolerance in Arabidopsis. Plant 

Physiol. 120: 391-399. 

Wei B., Jing R., Wang C., Chen J., Mao X., Chang X, Jia J. 2009. Dreb1 genes in wheat 

(Triticum aestivum L.): development of functional markers and gene mapping based on 

SNPs. Mol. Breed. 23: 13-22. 

Welling A. y Palva ET. 2008. Involvement of CBF transcription factors in winter hardiness 

in birch. Plant Physiol. 147: 1199–1211. 

Wenkel S., Turck F., Singer K., Gissot L., Le Gourrierec J., Samach A., Coupland G. 2006. 

CONSTANS and CCAAT box binding complex share a functionally important domain and 

interact to regulate flowering of Arabidopsis. Plant Cell 18: 2971-2984. 

Wilhelm E., Turner A.S., Laurie D.A. 2009. Photoperiod insensitive Ppd-A1a mutations in 

tetraploid wheat (Triticum durum Desf.). Theor. Appl. Genet. 118: 285–294.  

Winfield M.O., Lu C., Wilson I.D., Coghill J.A., Edwards K.J. 2010. Plant response to 

cold: transcriptome analysis of wheat. Plant Biotech. J. 8:749-771.  

Woodruff D., Douglas N., French V. 1997. Frost damage in winter crops. Crop Link. The 

state of Queensland, Department of Primary Industries, Brisbane.    

Worland A.J., Appendino M.L., Sayers E.J. 1994. The distribution European winter wheats 

of genes that influence ecoclimatic adaptability whilst determining photoperiod 

insensitivity and plant height. Euphytica 80: 219- 228. 



140 

 

Worrall D., Elias L., Ashford D., Smallwood M., Sidebottom C., Lillford P., Telford J., 

Holt C., Bowles D. 1998. A carrot Leucine-Rich-Repeat protein that inhibits ice 

recrystallization. Science 282: 115-117. 

Xiong L., Ishitani M., Lee H., Zhu J.K. 2001. The Arabidopsis LOS5/ABA3 locus encodes 

a molybdenum cofactor sulfurase and modulates cold stress- and osmotic stress–responsive 

gene expression. Plant Cell 13: 2063–2083. 

Xiong L., Schumaker K.S., Zhu J.K. 2002. Cell signaling during cold, drought and salt 

stresses. Plant Cell 14: S165-S183.  

Xiong Y. y Fei S.Z. 2006. Functional and phylogenetic analysis of a DREB/CBF-like gene 

in perennial ryegrass (Lolium perenne L.). Planta 224: 878–888. 

Xue G.P. 2003. The DNA-binding activity of an AP2 transcriptional activator HvCBF2 

involved in regulation of low-temperature responsive genes in barley is modulated by 

temperature. Plant J. 33: 373–383. 

Yamaguchi-Shinozaki K. y Shinozaki K. 1994. A novel cis-acting element in an 

Arabidopsis gene is involved in responsiveness to drought, low-temperature, or high-salt 

stress. Plant Cell 6:251–64. 

Yan L., Loukoianov A., Tranquilli G., Helguera M., Fahima T. y Dubcovsky, J. 2003. 

Positional cloning of the wheat vernalization gene VRN1. Proc. Natl. Acad. Sci. U.S.A. 

100: 6263–6268. 

Yan L., Helguera M., Kato K., Fukuyama S., Sherman J. y Dubcovsky J. 2004a. Allelic 

variation at the VRN-1 promoter region in polyploid wheat. Theor. Appl. Genet. 109: 1677–

1686. 

Yan L., Loukoianov A., Blechl A., Tranquilli G., Ramakrishna W., SanMiguel P., 

Bennetzen JL., Echenique V. y Dubcovsky J. 2004b. The wheat VRN2 gene is a flowering 

repressor down-regulated by vernalization. Science 303: 1640–1644. 



141 

 

Yan L., Fu D., Li C., Blechl A., Tranquilli G., Bonafede M., Sanchez A., Valarik M., 

Yasuda S., Dubcovsky J. 2006. The wheat and barley vernalization gene VRN3 is an 

orthologue of FT. Proc. Natl. Acad. Sci. U.S.A. 103: 19581- 19586. 

Zachariassen K.E. y Kristiansen E. 2000. Ice Nucleation and Antinucleation in Nature.  

Cryobiology 41: 257-279. 

Zadoks J.C., Chang T.T., Konzak C.F. 1974. A decimal code for the growth stages of 

cereals. Weed Research 14: 415-421.   

Zhang X, Fowler S.G., Cheng H., Lou Y., Rhee S.Y., Stockinger E.J., Thomashow M.F. 

2004. Freezing-sensitive tomato has a functional CBF cold response pathway, but a CBF 

regulon that differs from that of freezing-tolerant Arabidopsis. Plant J. 39: 905–919. 

Zhao H. y Bughrara S.S. 2008. Isolation and characterization of cold-regulated 

transcriptional activator LpCBF3 gene from perennial ryegrass (Lolium perenne L.). Mol. 

Genet. Genomics 279: 585–594. 

Zhen Y. y Ungerer M.C. 2008. Relaxed selection on the CBF/DREB1 regulatory genes and 

reduced freezing tolerance in the southern range of Arabidopsis thaliana. Mol. Biol. Evol. 

25: 2547-2555.  

Zhu B., Choi D.W., Fenton R., Close T.J. 2000. Expression of the barley dehydrin 

multigene family and the development of freezing tolerance. Mol. Gen. Genet. 264: 145–

153. 

Zohary D. y Hopf M. 2000. Domestication of plants in the old world. Oxford University 

Press, Oxford. 

 

 

 


	PORTADA
	RESUMEN
	ABSTRACT

	TESIS
	REFERENCIAS


