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                    Abstract
We present the first genetic maps of globe artichoke (Cynara cardunculus var. scolymus L. 2n=2x=34), constructed with a two-way pseudo-testcross strategy. A F1 mapping population of 94 individuals was generated between a late-maturing, non-spiny type and an early-maturing spiny type. The 30 AFLP, 13 M-AFLP and 9 S-SAP primer combinations chosen identified, respectively, 352, 38 and 41 polymorphic markers. Of 32 microsatellite primer pairs tested, 12 identified heterozygous loci in one or other parent, and 7 were fully informative as they segregated in both parents. The female parent map comprised 204 loci, spread over 18 linkage groups and spanned 1330.5 cM with a mean marker density of 6.5 cM. The equivalent figures for the male parent map were 180 loci, 17 linkage groups, 1239.4 and 6.9 cM. About 3% of the AFLP and AFLP-derived markers displayed segregation distortion with a P value below 0.01, and were not used for map construction. All the SSR loci were included in the linkage analysis, although one locus did show some segregation distortion. The presence of 78 markers in common to both maps allowed the alignment of 16 linkage groups. The maps generated provide a firm basis for the mapping of agriculturally relevant traits, which will then open the way for the application of a marker-assisted selection breeding strategy in this species.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        This is a preview of subscription content, log in via an institution
                                    
                                    
                                        
                                     to check access.
                                

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            Fig. 1[image: ]


Fig. 2[image: ][image: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        High density SNP and DArT-based genetic linkage maps of two closely related oil palm populations
                                        
                                    

                                    
                                        Article
                                        
                                         06 December 2017
                                    

                                

                                Siou Ting Gan, Wei Chee Wong, … Sean Mayes

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Markers, Maps, and Marker-Assisted Selection
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2016
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Pedigree-based linkage map in two genetic groups of oil palm
                                        
                                    

                                    
                                        Article
                                        
                                         12 June 2015
                                    

                                

                                Benoît Cochard, Catherine Carrasco-Lacombe, … Sébastien Tisné

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Abbate V, Noto G (1981) Variabilità ambientale e genotipica in popolazioni siciliane di Cynara scolymus ed isolamento di nuovi cloni di Violetto di Sicilia. In: Atti III Cong. Int. Studi sul Carciofo. Laterza Bari pp 797–807

	Acquadro A, Portis E, Lanteri S (2003) Isolation of microsatellite loci in artichoke (Cynara cardunculus L. var. scolymus L.). Mol Ecol Notes 3:37–39
Article 
    CAS 
    
                    Google Scholar 
                

	Acquadro A, Portis E, Albertini E, Lanteri S (2005a) M-AFLP based protocol for microsatellite loci isolation in Cynara cardunculus L. (Asteraceae). Mol Ecol Notes 5:272–274
Article 
    CAS 
    
                    Google Scholar 
                

	Acquadro A, Portis E, Lee D, Donini P, Lanteri S (2005b) Development and characterisation of microsatellite markers in Cynara cardunculus L. Genome 48:217–225
PubMed 
    CAS 
    
                    Google Scholar 
                

	Albertini E, Porceddu A, Marconi G, Barcaccia G, Pallottini L, Falcinelli M (2003) Microsatellite-AFLP for genetic mapping of complex polyploids. Genome 46:824–832
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Arcade A, Anselin F, Faivre Rampant P, Lesage MC, Pâques LE, Prat D (2000) Application of AFLP, RAPD and ISSR markers to genetic mapping of European and Japanese larch. Theor Appl Genet 100:299–307
Article 
    CAS 
    
                    Google Scholar 
                

	Atienza S, Satovic Z, Petersen K, Dolstra O, Martin A (2002) Preliminary genetic linkage map of Miscanthus sinensis with RAPD markers. Theor Appl Genet 105:946–952
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Barcaccia G, Meneghetti S, Albertini E, Triest L, Lucchin M (2003) Linkage mapping in tetraploid willows: segregation of molecular markers and estimation of linkage phases support an allotetraploid structure for Salix alba × Salix fragilis interspecific hybrids. Heredity 90:169–180
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Barreneche T, Bodenes C, Strei R, Plomion C, Roussel G, Kremer A, Lexer C, Glossl J, Steinkellner H, Trontin J, Favre M, Fluch S, Burg K (1998) A genetic linkage map of Quercus robur L. (pedunculate oak) based on RAPD, SCAR, microsatellite, minisatellite, isozyme, and 5S rDNA markers. Theor Appl Genet 97:1090–1103
Article 
    CAS 
    
                    Google Scholar 
                

	Basnizki J, Zohary D (1987) A seed planted cultivar of globe artichoke. HortScience 22:678–679

                    Google Scholar 
                

	Basnizki J, Zohary D (1994) Breeding of seed planted artichoke. Plant Breed Rev 12:253–269

                    Google Scholar 
                

	Bassam BJ, Caetano-Anolles G, Gresshoff PM (1991) Fast and sensitive silver staining of DNA in polyacrylamide gels. Anal Biochem 19:680–683

                    Google Scholar 
                

	Beedanagari SR, Dove SK, Wood BW, Conner PJ (2005) A first linkage map of pecan cultivars based on RAPD and AFLP markers. Theor Appl Genet 110:1127–1137
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Bianco VV (1990) Carciofo (Cynara scolymus). In: Bianco VV, Rimpini F (eds) Orticoltura. Patron Editore, Bologna

                    Google Scholar 
                

	Bradshaw HD, Stettler RF (1994) Molecular genetics of growth and development in Populus. II. Segregation distortion due to genetic load. Theor Appl Genet 139:963–973

                    Google Scholar 
                

	Brown JE, Rice-Evans CA (1998) Luteolin rich artichoke extract protects low density lipoprotein from oxidation in vitro. Free Rad Res 29:247–255
Article 
    CAS 
    
                    Google Scholar 
                

	Casasoli M, Mattioni C, Cherubini M, Villani F (2001) A genetic linkage map of European chestnut (Castanea sativa Mill.) based on RAPD, ISSR, and isozyme markers. Theor Appl Genet 102:1190–1199
Article 
    CAS 
    
                    Google Scholar 
                

	Cervera MT, Storme V, Ivens B, Gusmao J, Liu BH, Hostyn V, Slycken JV, Montagu MV, Boerjan W (2001) Dense genetic linkage maps of three populus species (Populus deltoides, P. nigra and P.trichocarpa) based on AFLP and microsatellite markers. Genetics 158:787–809
PubMed 
    CAS 
    
                    Google Scholar 
                

	Chakravarti A, Lasher LK, Reefer JE (1991) A maximum likelihood method for estimating genome length using genetic linkage data. Genetics 128:175–182
PubMed 
    CAS 
    
                    Google Scholar 
                

	Conner P, Brown S, Weeden N (1997) Randomly amplified polymorphic DNA-based genetic linkage maps of three apple cultivars. J Am Soc Hort Sci 122:350–359
CAS 
    
                    Google Scholar 
                

	Crespel L, Chirollet M, Durel C, Zhang D, Meynet J, Gudin S (2002) Mapping of qualitative and quantitative phenotypic traits in Rosa using AFLP markers. Theor Appl Genet 105:1207–1214
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Deidda M (1967) Contributo al miglioramento genetico del carciofo. Atti I Congresso Int. Di Studi sul Carciofo Bari. Ed. Minerva Medica (Torino), 157–174

	Doucleff M, Jin Y, Gao F, Riaz S, Krivanek AF, Walker MA (2004) A genetic linkage map of grape, utilizing Vitis rupestris and Vitis arizonica. Theor Appl Genet 109:1178–1187
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Fishman L, Kelly AJ, Morgan E, Willis JH (2001) A genetic map in the Mimulus guttatus species complex reveals transmission ratio distortion due to heterospecific interactions. Genetics 159:1701–1716
PubMed 
    CAS 
    
                    Google Scholar 
                

	Gebhardt R (1997) Antioxidative and protective properties of extracts from leaves of artichoke (Cynara scolymus L.) against hydroperoxide induced oxidative stress in cultured rat hepatocytes. Tox Appl Pharm 144:279–286
Article 
    CAS 
    
                    Google Scholar 
                

	Gil R, Villa F (2003) Breeding for earliness of seed propagated globe artichoke. Proceedings of the Fifth International Congress on Artichoke. Acta Hort 660:35–39

                    Google Scholar 
                

	Gominho J, Fernandez J, Pereira H (2001) Cynara cardunculus L.—a new fibre crop for pulp and paper production. Ind Crops Prod 13:1–10
Article 
    
                    Google Scholar 
                

	Grattapaglia D, Sederoff R (1994) Genetic-linkage maps of Eucalyptus-grandis and Eucalyptus-urophylla using a pseudo-testcross—mapping strategy and RAPD markers. Genetics 137:1121–1137
PubMed 
    CAS 
    
                    Google Scholar 
                

	Han T, van Eck H, de Jeu M, Jacobsen E (2002) The construction of a linkage map of Alstroemeria aurea by AFLP markers. Euphytica 128:153–164
Article 
    
                    Google Scholar 
                

	Hanley S, Barker JHA, Van Ooijen JW, Aldam C, Harris SL, Åhman I, Larsson S, Karp A (2002) A genetic linkage map of willow (Salix viminalis) based on AFLP and microsatellite markers. Theor Appl Genet 105:1087–1096
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Hulbert SH, Ilott TW, Legg EJ, Lincoln SE, Lander ES, Michelmore RW (1988) Genetic analysis of the fungus, Bremia lactucae, using restriction fragment length polymorphisms. Genetics 120:947–958
PubMed 
    CAS 
    
                    Google Scholar 
                

	Jackson JA, Matthews D (2000) Modified inter-simple sequence repeat PCR protocol for use in conjunction with the Li-Cor gene ImagIR(2) DNA analyzer. BioTechniques 28:914–917
PubMed 
    CAS 
    
                    Google Scholar 
                

	Keim P, Diers BW, Olson TC, Shoemaker RC (1990) RFLP mapping in soybean: association between marker loci and variation in quantitative traits. Genetics 126:735–742
PubMed 
    CAS 
    
                    Google Scholar 
                

	Kenis K, Keulemans J (2005) Genetic linkage maps of two apple cultivars (Malus × domestica Borkh.) based on AFLP and microsatellite markers. Mol Breed 15:205–219
Article 
    CAS 
    
                    Google Scholar 
                

	Kosambi DD (1944) The estimation of map distances from recombination values. Ann Eugen 12:172–175

                    Google Scholar 
                

	Kuang H, Richardson T, Carson S, Wilcox P, Bongarten B (1999) Genetic analysis of inbreeding depression in plus tree 850.55 of Pinus radiata D. Don I. Genetic map with distorted markers. Theor Appl Genet 98:697–703
Article 
    CAS 
    
                    Google Scholar 
                

	Isidore E, van Os H, Andrzejewski S, Bakker J, Barrena I, Bryan GJ, Caromel B, van Eck H, Ghareeb B, de Jong W, van Koert P, Lefebvre V, Milbourne D, Ritter E, van der Voort JR, Rousselle-Bourgeois F, van Vliet J, Waugh R (2003) Toward a marker-dense meiotic map of the potato genome: lessons from linkage group I. Genetics 165:2107–2116
PubMed 
    CAS 
    
                    Google Scholar 
                

	La Rosa R, Angiolillio A, Guerrero C, Pellegrini M, Rallo L, Besnard G, Berville A, Martin A, Baldoni L (2003) A first linkage map of olive (Olea europea L.) cultivars using RAPD, AFLP, RFLP and SSR markers. Theor Appl Genet 106:1273–1282
PubMed 
    CAS 
    
                    Google Scholar 
                

	Lanteri S, Di Leo I, Ledda L, Mameli MG, Portis E (2001) RAPD, variation within and among populations of globe artichoke (Cynara scolymus L.), cv ‘Spinoso sardo’. Plant Breed 120:243–247
Article 
    CAS 
    
                    Google Scholar 
                

	Lanteri S, Acquadro A, Quagliotti L, Portis E (2003) RAPD and AFLP assessment of genetic variation among and within populations of a landrace of pepper (Capsicum annuum L.) grown in north-west Italy. Gen Res Crop Evol 50:723–735
Article 
    CAS 
    
                    Google Scholar 
                

	Lanteri S, Saba E, Cadinu M, Mallica GM, Baghino L, Portis E (2004) Amplified fragment length polymorphism for genetic diversity assessment in globe artichoke. Theor Appl Genet 108:1534–1544
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Lopez Anido FS, Firpo IT, García SM, Cointry EL (1998) Estimation of genetic parameters for yield traits in globe artichoke (Cynara scolymus L.). Euphytica 103:61–66
Article 
    
                    Google Scholar 
                

	Maccarone E, Fallico B, Fanella F, Mauromicale G, Raccuia SA, Foti S (1999) Possible alternative utilization of Cynara spp. II. Chemical characterization of their grain oil. Ind Crops Prod 10:229–237
Article 
    CAS 
    
                    Google Scholar 
                

	Mauromicale G, Ierna A (2000) Panorama varietale e miglioramento genetico del carciofo. Inf Agrario 26:39–45

                    Google Scholar 
                

	Mauromicale G, Morello N, Santoiemma G, Ierna A (2000) Nuove varietà per migliorare la cinaricoltura siciliana. Inf Agrario 26:47–51

                    Google Scholar 
                

	Mauromicale G, Ierna A, Lanteri S, Licandro P, Longo AMG, Santoiemma G, Morello N (2004) Miglioramento del panorama varietale della cinaricoltura siciliana. Inf Agrario 52:1–4

                    Google Scholar 
                

	Miller T (1975) New artichoke clones. New Zeland J Agr 131(1):33–35

                    Google Scholar 
                

	Morgante M, Hanafey M, Powell W (2002) Microsatellites are preferentially associated with non-repetitive DNA in plant genomes. Nat Genet 30:194–200
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Pécaut P (1983) Amélioration des variétés d’artichaut: variétés à multiplication végétative, variétés à multiplication par semences, clones sans virus issus de multiplication in vitro. Procès-verbal de la Séance de 12 janvier, Académie d’ Agriculture de France pp 69–78

	Pécaut P (1993) Globe artichoke Cynara scolymus L. In: Kallo G, Bergh BD (eds) Genetic improvements of vegetable crops. Pergamon, Oxford, pp 737–746

                    Google Scholar 
                

	Pekkinen M, Vario S, Kuliu KKM, Kärkkäinen H, Smolander S, Viherä-Aarnio A, Koski V, Sillanpää MJ (2005) Linkage map of birch, Betulla pendula Roth, based on microsatellites and amplified fragment length polymorphism. Genome 48:619–625
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Pochard E, Foury C, Chambonet D (1969) Il miglioramento genetico del carciofo. Atti I Congresso Int. Di Studi sul Carciofo. Bari. Ed. Minerva Medica (Torino) 117–143

	Porceddu A, Albertini E, Barcaccia G, Falistocco E, Falcinelli M (2002) Linkage mapping in apomictic and sexual Kentucky bluegrass (Poa pratensis L.) genotypes using a two way pseudo-testcross strategy based on AFLP and SAMPL markers. Theor Appl Genet 104:273–280
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Portis E, Acquadro A, Comino C, Mauromicale G, Saba E, Lanteri S (2005a) Genetic structure of island populations of wild cardoon [Cynara cardunculus L. var. sylvestris (Lamk) Fiori] detected by AFLPs and SSRs. Plant Sci 169:199–210
Article 
    CAS 
    
                    Google Scholar 
                

	Portis E, Mauromicale G, Barchi L, Mauro R, Lanteri S (2005b) Population structure and genetic variation in autochthonous globe artichoke germplasm from Sicily Island. Plant Sci 168:1591–1598
Article 
    CAS 
    
                    Google Scholar 
                

	Reiter RS, Williams JGK, Feldmann KA, Rafalski JA, Tingey SV, Scolnik PA (1992) Global and local genome mapping in Arabidopsis thaliana by using recombinant inbred lines and random amplified polymorphic DNAs. Proc Natl Acad Sci USA 89:1477–1481
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Scalfi M, Troggio M, Piovani P, Leonardi S, Magnaschi G, Vendramin G, Menozzi P (2004) A RAPD, AFLP and SSR linkage map, and QTL analysis in European beech (Fagus sylvatica L.). Theor Appl Genet 108:433–441
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Scarascia Mugnozza GT, Pacucci G (1976) Tipi di potenziale valore pratico isolati nell’ambito di un programma per il miglioramento genetico del carciofo. In: Atti II Cong. Int. Studi sul Carciofo. Ed. Minerva Medica Torino pp 117–143

	Stam P, Van Ooijen JW (1995) JoinMap version 2.0: software for the calculation of genetic linkage maps. CPRO-DLO, Wageningen, The Netherlands

	Tanksley SD, Ganal MW, Prince JP, de Vicente MC, Bonierbale MW, Broun P, Fulton TM, Giovannoni JJ, Grandillo S, Martin GB, Messeguer R, Miller JC, Miller L, Paterson AH, Pineda O, Röder MS, Wing RA, Wu W, Young ND (1992) High density molecular linkage maps for the tomato and potato genomes. Genetics 132:1141–1160
PubMed 
    CAS 
    
                    Google Scholar 
                

	Tavoletti S, Veronesi F, Osborn TC (1996) RFLP linkage map in an alfalfa diploid mutant based on F1 populations. J Hered 87:167–170
CAS 
    
                    Google Scholar 
                

	Tesi R (1976) Primi risultati del miglioramento genetico delle varietà toscane di Cynara cardunculus, var. scolymus. Atti II Congresso Int. Di Studi sul Carciofo. Bari. Ed. Minerva Medica (Torino), 747–763

	Vallejos CE, Sakiyama NS, Chase CD (1992) A molecular marker-based linkage map of Phaseolus vulgaris L. Genetics 131:733–740
PubMed 
    CAS 
    
                    Google Scholar 
                

	Voorrips RE (2002) MapChart: Software for the graphical presentation of linkage maps and QTLs. J Hered 93:77–78
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Vos P, Hogers R, Bleeker M, Reijans M, Vandelee T, Hornes M, Frijters A, Pot J, Peleman J, Kupier M, Zabeau M (1995) AFLP: a new technique for DNA fingerprinting. Nucleic Acids Res 23:4407–4414
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Waugh R, McLean K, Flavell AJ, Pearce SR, Kumar A, Thomas BT, Powell W (1997) Genetic distribution of Bare-1-like retrotransposable elements in the barley genome revealed by sequence-specific amplification polymorphisms (S-SAP). Mol Gen Genet 253:687–694
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Weeden N (1994) Approaches to mapping in horticultural crops. In: Gressho P (eds) Plant genome analysis. CRC Press, Boca Raton, pp 57–68

                    Google Scholar 
                

	Wu SB, Collins G, Sedgley M (2004) A molecular linkage map of olive (Olea europaea L.) based on RAPD, microsatellite, and SCAR markers. Genome 47:26–35
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                

	Yin T, Zhang X, Huang M, Wang M, Zhuge Q, Tu S, Zhu L, Wu R (2002) Molecular linkage maps of the Populus genome. Genome 45:541–555
Article 
    PubMed 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
We thank Dr. Franco Magurno for technical assistance and Prof. Gianni Barcaccia of the University of Padua for helpful suggestions and advice.


Author information
Authors and Affiliations
	Di.Va.P.R.A. Plant Genetics and Breeding, University of Turin, via L. da Vinci 44, 10095, Grugliasco (Turin), Italy
S. Lanteri, A. Acquadro, C. Comino & E. Portis

	Dipartimento di Scienze Agronomiche, Agrochimiche e delle Produzioni Animali – sez. Scienze Agronomiche, University of Catania, via Valdisavoia 5, 95123, Catania, Italy
R. Mauro & G. Mauromicale


Authors	S. LanteriView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. AcquadroView author publications
You can also search for this author in
                        PubMed Google Scholar



	C. CominoView author publications
You can also search for this author in
                        PubMed Google Scholar



	R. MauroView author publications
You can also search for this author in
                        PubMed Google Scholar



	G. MauromicaleView author publications
You can also search for this author in
                        PubMed Google Scholar



	E. PortisView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                E. Portis.


Additional information
Communicated by I. Paran


Rights and permissions
Reprints and permissions


About this article
Cite this article
Lanteri, S., Acquadro, A., Comino, C. et al. A first linkage map of globe artichoke (Cynara cardunculus var. scolymus L.) based on AFLP, S-SAP, M-AFLP and microsatellite markers.
                    Theor Appl Genet 112, 1532–1542 (2006). https://doi.org/10.1007/s00122-006-0256-8
Download citation
	Received: 26 January 2006

	Accepted: 01 March 2006

	Published: 25 March 2006

	Issue Date: May 2006

	DOI: https://doi.org/10.1007/s00122-006-0256-8


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Linkage Group
	Prime Combination
	Segregation Distortion
	Distorted Marker
	Globe Artichoke








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					54.158.56.96
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    