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                    Abstract
The Pacific oyster Crassostrea gigas is one of the most commercially important and worldwide cultured fishery animals. To facilitate marker-assisted selection in genetic improvement of this species, 108 novel polymorphic single-nucleotide polymorphism (SNP) markers were developed from expressed sequence tags (ESTs) by high-resolution melting analysis. The association between the markers and growth traits in a fast-growing strain and validation in two cultured populations was analyzed. For the 108 SNP loci, the observed heterozygosity varied from 0.011 to 0.625 and the expected heterozygosity varied from 0.031 to 0.501. By selective genotyping method, special allele frequencies of nine SNP markers showed significant difference between the fast-growing strain and the commercial control population (P < 0.0001). The nine SNP loci were further validated in extreme phenotype tails of the commercial control population and an independent cultured population. Three markers, jl027, ji090, and jl615, were found to be significantly associated with growth traits in oysters (P < 0.01). The proportion of additive genetive variance explained by the three confirmed SNPs ranged from 0.27 to 2.23%. The putative functions of the ESTs containing the jl090 and jl615 markers indicated that they might be related to growth of C. gigas. The three confirmed SNPs associated with growth traits would have potential applications in future genetic improvement of C. gigas.



                    
    


                    
                        
                            
                                
                                    
                                        
                                    
                                    
                                        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: ]



                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Single nucleotide polymorphism SNP19140160 A > C is a potential breeding locus for fast-growth largemouth bass (Micropterus salmoides)
                                        
                                    

                                    
                                        Article
                                         Open access
                                         16 January 2024
                                    

                                

                                Jixiang Hua, Chunyi Zhong, … Jun Qiang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Development and Evaluation of High-Density SNP Arrays for the Eastern Oyster Crassostrea virginica
                                        
                                    

                                    
                                        Article
                                        
                                         09 January 2023
                                    

                                

                                Ximing Guo, Jonathan B. Puritz, … Ami Wilbur

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Development and validation of 89 novel expressed sequence tag-derived microsatellite markers in blood clam, Tegillarca granosa
                                        
                                    

                                    
                                        Article
                                        
                                         10 May 2017
                                    

                                

                                Shuangshuang Teng, Jun Fang, … Guoqiang Xiao

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Aitken N, Smith S, Schwarz C, Morin PA (2004) Single nucleotide polymorphism (SNP) discovery in mammals: a targeted-gene approach. Mol Ecol 13:1423–1431
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Beavis WD (1994) The power and deceit of QTL experiments: lessons from comparative QTL studies. Proceedings of the Corn and Sorghum Industry Research Conference, American Seed Trade Association, Washington DC, pp 250–266

	Beavis WD (1998) QTL analyses: power, precision, and accuracy. In: Paterson AH (ed) Molecular dissection of complex traits. CRC Press, Boca Raton, pp 145–162

                    Google Scholar 
                

	Botstein D, White RL, Skolnick M, Davis RW (1980) Construction of a genetic linkage map in man using restriction fragment length polymorphisms. Am J Hum Genet 32:314
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Charcosset A, Gallais A (1996) Estimation of the contribution of quantitative trait loci (QTL) to the variance of a quantitative trait by means of genetic markers. Theor Appl Genet 93:1193–1201
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cockcroft S, Gomperts BD (1985) Role of guanine nucleotide binding protein in the activation of polyphosphoinositide phosphodiesterase. Nature 314:534–536
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Cong RH (2014) Selective breeding of fast-growing Crassostrea gigas strains and association analyses of important functional genes with growth and glycogen content traits. PhD Thesis, Ocean University of China, Qingdao

	Coque M, Gallais A (2006) Genomic regions involved in response to grain yield selection at high and low nitrogen fertilization in maize. Theor Appl Genet 112:1205–1220
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Darvasi A, Soller M (1992) Selective genotyping for determination of linkage between a marker locus and a quantitative trait locus. Theor Appl Genet 85:353–359
CAS 
    PubMed 
    
                    Google Scholar 
                

	David M, Chen HE, Goelz S, Larner AC, Neel BG (1995) Differential regulation of the alpha/beta interferon-stimulated Jak/stat pathway by the SH2 domain-containing tyrosine phosphatase SHPTP1. Mol Cell Biol 15:7050–7058
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Dégremont L, Bédier E, Boudry P (2010) Summer mortality of hatchery-produced Pacific oyster spat (Crassostrea gigas). II. Response to selection for survival and its influence on growth and yield. Aquaculture 299:21–29
Article 
    
                    Google Scholar 
                

	Dirlewanger, Graziano E, Joobeur T, Garriga-Calderé F, Cosson P, Howad W, Arús P (2004) Comparative mapping and marker-assisted selection in Rosaceae fruit crops. PNAS 101:9891–9896
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Edwards MD, Helentjaris T, Wright S, Stuber CW (1992) Molecular-marker-facilitated investigations of quantitative trait loci in maize. Theor Appl Genet 83:765–774
CAS 
    PubMed 
    
                    Google Scholar 
                

	Evans S, Langdon C (2006) Direct and indirect responses to selection on individual body weight in the Pacific oyster (Crassostrea gigas). Aquaculture 261:546–555
Article 
    
                    Google Scholar 
                

	Falconer DS, Mackay TFC (1996) Introduction to quantitative genetics, 4th edn. Longman Harlow

	Feng NN, Ma HY, Ma CY, Xu Z, Li SJ, Jiang W, Liu YX, Ma LB (2014) Characterization of 40 single nucleotide polymorphism (SNP) via T m-shift assay in the mud crab (Scylla paramamosain). Mol Biol Rep 41:5467–5471
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Foolad MR, Stoltz T, Dervinis C, Rodriguez RL, Jones RA (1997) Mapping QTLs conferring salt tolerance during germination in tomato by selective genotyping. Mol Breeding 3:269–277
Article 
    CAS 
    
                    Google Scholar 
                

	Foolad MR, Zhang LP, Lin GY (2001) Identification and validation of QTLs for salt tolerance during vegetative growth in tomato by selective genotyping. Genome 44:444–454
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Fuji K, Hasegawa O, Honda K, Kumasaka K, Sakamoto T, Okamoto N (2007) Marker-assisted breeding of a lymphocystis disease-resistant Japanese flounder (Paralichthys olivaceus). Aquaculture 272:291–295
Article 
    
                    Google Scholar 
                

	Gallais A, Moreau L, Charcosset A (2007) Detection of marker-QTL associations by studying change in marker frequencies with selection. Theor Appl Genet 114:669–681
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Garritano S, Gemignani F, Voegele C, Nguyen-Dumont T, Le Calvez-Kelm F, De Silva D, Lesueur F, Landi S, Tavtigian SV (2009) Determining the effectiveness of high resolution melting analysis for SNP genotyping and mutation scanning at the TP53 locus. BMC Genet 10:5
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Guo X, Li Q, Wang QZ, Kong LF (2012) Genetic mapping and QTL analysis of growth-related traits in the Pacific oyster. Mar Biotechnol 14:218–226
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Gupta PK, Rustgi S, Sharma S, Singh R, Kumar N, Balyan HS (2003) Transferable EST-SSR markers for the study of polymorphism and genetic diversity in bread wheat. Mol Gen Genomics 270:315–323
Article 
    CAS 
    
                    Google Scholar 
                

	Gupta PK, Rustgi S, Kulwal PL (2005) Linkage disequilibrium and association studies in higher plants: present status and future prospects. Plant Mol Biol 57:461–485
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hansen MH, Young S, Jørgensen HB, Pascal C, Henryon M, Seeb J (2011) Assembling a dual purpose TaqMan-based panel of single-nucleotide polymorphism markers in rainbow trout and steelhead (Oncorhynchus mykiss) for association mapping and population genetics analysis. Mol Ecol Resour 11(s1):67–70
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Hedgecock D, Grupe P, Voigt M (2006) Mapping genes affecting shell color and shape in the Pacific oyster, Crassostrea gigas. J Shellfish Res 25:738

                    Google Scholar 
                

	Hedgecock D, Perry GML, Voigt ML (2007) Mapping heterosis QTL in the Pacific oyster Crassostrea gigas. Aquaculture 272:S267–S268
Article 
    
                    Google Scholar 
                

	Huang BE, Lin DY (2007) Efficient association mapping of quantitative trait loci with selective genotyping. Am J Hum Genet 80:567–576
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Huang JM, Zhang Y, Li J, Yu ZN (2014) Development of SNP markers in Crassostrea hongkongensis based on the next generation sequencing and high resolution melting analysis. Conserv Genet Resour 6:559–562
Article 
    
                    Google Scholar 
                

	Hubert S, Hedgecock D (2004) Linkage maps of microsatellite DNA markers for the Pacific oyster Crassostrea gigas. Genetics 168:351–362
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Hubert S, Higgins B, Borza T, Bowman S (2010) Development of a SNP resource and a genetic linkage map for Atlantic cod (Gadus morhua). BMC Genomics 11:191
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Jena KK, Mackill DJ (2008) Molecular markers and their use in marker-assisted selection in rice. Crop Sci 48:1266–1276
Article 
    
                    Google Scholar 
                

	Jin YL, Kong LF, Yu H, Li Q (2014) Development, inheritance and evaluation of 55 novel single nucleotide polymorphism markers for parentage assignment in the Pacific oyster (Crassostrea gigas). Genes Genom 36:129–141
Article 
    CAS 
    
                    Google Scholar 
                

	Jing Y, Dong YH, Yao HH, He L, Lin ZH (2015) Characterization of 87 EST-SNP markers in hard clam Meretrix meretrix using high-resolution melting analysis. Conserv Genet Resour 7:811–817
Article 
    
                    Google Scholar 
                

	Kalinowski ST, Taper ML, Marshall TC (2007) Revising how the computer program CERVUS accommodates genotyping error increases success in paternity assignment. Mol Ecol 16:1099–1106
Article 
    PubMed 
    
                    Google Scholar 
                

	Kim S, Misra A (2007) SNP genotyping: technologies and biomedical applications. Annu Rev Biomed Eng 9:289–320
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kimura M (1968) Evolutionary rate at the molecular level. Nature 217:624–626
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Kimura M (1983) The neutral theory of molecular evolution. Cambridge University Press, London
Book 
    
                    Google Scholar 
                

	Lander ES, Botstein D (1989) Mapping mendelian factors underlying quantitative traits using RFLP linkage maps. Genetics 121:185–199
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Langdon C, Evans F, Jacobson D, Blouin M (2003) Yields of cultured Pacific oysters Crassostrea gigas Thunberg improved after one generation of selection. Aquaculture 220:227–244
Article 
    
                    Google Scholar 
                

	Lapegue S, Harrang E, Heurtebise S, Flahauw E, Donnadieu C, Gayral P, Ballenghien M, Genestout L, Barbotte L, Mahla R, Haffray P, Kloop C (2014) Development of SNP-genotyping arrays in two shellfish species. Mol Ecol Resour 14:820–830
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Lehmensiek A, Sutherland MW, McNamara RB (2008) The use of high resolution melting (HRM) to map single nucleotide polymorphism markers linked to a covered smut resistance gene in barley. Theor Appl Genet 117:721–728
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Li L, Guo XM (2004) AFLP-based genetic linkage maps of the Pacific oyster Crassostrea gigas Thunberg. Mar Biotechnol 6:26–36
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Li Q, Park C, Kijima A (2002) Isolation and characterization of microsatellite loci in the Pacific abalone, Haliotis discus hannai. J Shellfish Res 21:811–816

                    Google Scholar 
                

	Li RH, Li Q, Cornette F, Dégremont L, Lapègue S (2010) Development of four EST-SSR multiplex PCRs in the Pacific oyster (Crassostrea gigas) and their validation in parentage assignment. Aquaculture 310:234–239
Article 
    CAS 
    
                    Google Scholar 
                

	Li Q, Wang QZ, Liu SK, Kong LF (2011) Selection response and realized heritability for growth in three stocks of the Pacific oyster Crassostrea gigas. Fisheries Sci 77:643–648
Article 
    CAS 
    
                    Google Scholar 
                

	Lu X, Wang H, Liu BZ, Xiang J (2013) Three EST-SSR markers associated with QTL for the growth of the clam Meretrix meretrix revealed by selective genotyping. Mar Biotechnol 15:16–25
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Moen T, Baranski M, Sonesson AK, Kjøglum S (2009) Confirmation and fine-mapping of a major QTL for resistance to infectious pancreatic necrosis in Atlantic salmon (Salmo salar): population-level associations between markers and trait. BMC Genomics 10:368
Article 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Moreau L, Charcosset A, Hospital F, Gallais A (1998) Marker assisted selection efficiency in populations of finite size. Genetics 148:1353–1365
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Moreau L, Charcosset A, Gallais A (2004) Experimental evaluation of several cycles of marker-assisted selection in maize. Euphytica 137:111–118
Article 
    CAS 
    
                    Google Scholar 
                

	Nie Q, Yue X, Chai X, Wang H, Liu BZ (2013) Three vibrio-resistance related EST-SSR markers revealed by selective genotyping in the Meretrix meretrix. Fish Shellfish Immun 35:421–428
Article 
    CAS 
    
                    Google Scholar 
                

	Ozaki A, Araki K, Okamoto H, Okauchi M, Mushiake K, Yoshida K, Tsuzaki T, Fuji K, Sakamoto T, Okamoto N (2012) Progress of DNA marker-assisted breeding in maricultured finfish. Bull Fis Res 35:31–37

                    Google Scholar 
                

	Poncet V, Rondeau M, Tranchant C, Cayrel A, Hamon S, de Kochko A, Hamon P (2006) SSR mining in coffee tree EST databases: potential use of EST-SSRs as markers for the Coffea genus. Mol Gen Genomics 276:436–449
Article 
    CAS 
    
                    Google Scholar 
                

	Reed GH, Kent JO, Wittwer CT (2007) High-resolution DNA melting analysis for simple and efficient molecular diagnostics. Pharmacogenomics 8:597–608
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Rice WR (1989) Analyzing tables of statistical tests. Evolution 43:223–225
Article 
    PubMed 
    
                    Google Scholar 
                

	Ruesink JL, Lenihan HS, Trimble AC, Heiman KW, Micheli F, Byers JE, Kay MC (2005) Introduction of non-native oysters: ecosystem effects and restoration implications. Annu Rev Ecol Evol Syst 36:643–689
Article 
    
                    Google Scholar 
                

	Sauvage C, Bierne N, Lapegue S, Boudry P (2007) Single nucleotide polymorphisms and their relationship to codon usage bias in the Pacific oyster Crassostrea gigas. Gene 406:13–22
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Sauvage C, Boudry P, De Koning DJ, Haley CS, Heurtebise S, Lapègue S (2010) QTL for resistance to summer mortality and OsHV-1 load in the Pacific oyster (Crassostrea gigas). Anim Genet 41:390–399
CAS 
    PubMed 
    
                    Google Scholar 
                

	Serracca L, Rossini I, Battistini R, Ercolini C (2016) Mortality and ostreid herpesvirus 1 infection in the pacific oyster Crassostrea gigas in the Gulf of La Spezia, Italy. Aquacult Int 24:199–209
Article 
    
                    Google Scholar 
                

	Slatkin M (1999) Disequilibrium mapping of a quantitative-trait locus in an expanding population. Am J Hum Genet 64:1765–1773
Article 
    CAS 
    
                    Google Scholar 
                

	Stella A, Boettcher PJ (2004) Optimal designs for linkage disequilibrium mapping and candidate gene association tests in livestock populations. Genetics 166:341–350
Article 
    CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Stuber CW, Moll RH, Goodman MM, Schaffer HE, Weir BS (1980) Allozyme frequency changes associated with selection for increased grain yield in maize (Zea mays L.) Genetics 95:225–236
CAS 
    PubMed 
    PubMed Central 
    
                    Google Scholar 
                

	Van Ooijen JW (1999) LOD significance thresholds for QTL analysis in experimental populations of diploid species. Heredity 83:613–624
Article 
    PubMed 
    
                    Google Scholar 
                

	Vetter IR, Wittinghofer A (2001) The guanine nucleotide-binding switch in three dimensions. Science 294:1299–1304
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Wang QZ, Li Q, Kong LF, Yu RH (2013) Third generation evaluation of the Pacific oyster( Crassostrea gigas) breeding lines selected for fast growth. J Fis China 37:1487–1494
Article 
    
                    Google Scholar 
                

	Wittwer CT, Reed GH, Gundry CN, Vandersteen JG, Pryor RJ (2003) High-resolution genotyping by amplicon melting analysis using LCGreen. Clin Chem 49:853–860
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Xia J, Wan Z, Ng Z, Wang L, Fu G, Lin G, Liu F, Yue G (2014) Genome-wide discovery and in silico mapping of gene-associated SNPs in Nile tilapia. Aquaculture 432:67–73
Article 
    CAS 
    
                    Google Scholar 
                

	Xu Y, Crouch JH (2008) Marker-assisted selection in plant breeding: from publications to practice. Crop Sci 48:391–407
Article 
    
                    Google Scholar 
                

	Yano M, Sasaki T (1997) Genetic and molecular dissection of quantitative traits in rice. Plant Mol Biol 35:145–153
Article 
    CAS 
    PubMed 
    
                    Google Scholar 
                

	Zhong XX, Li Q, Yu H, Kong LF (2013) Development and validation of single-nucleotide polymorphism markers in the Pacific oyster, Crassostrea gigas, using high-resolution melting analysis. J World Aquacult Soc 44:455–465
Article 
    CAS 
    
                    Google Scholar 
                

	Zhong XX, Li Q, Guo X, Yu H, Kong LF (2014) QTL mapping for glycogen content and shell pigmentation in the Pacific oyster Crassostrea gigas using microsatellites and SNPs. Aquacult Int 22:1877–1889
Article 
    CAS 
    
                    Google Scholar 
                


Download references




Acknowledgements
This study was supported by the grants from National Natural Science Foundation of China (31372524), Shandong Seed Project, Shandong Province (2016ZDJS06A06), and Qingdao National Laboratory for Marine Science and Technology (2015ASKJ02).


Author information
Authors and Affiliations
	Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, 5 Yushan Road, Qingdao, 266003, China
Jiulong Wang & Qi Li

	Laboratory for Marine Fisheries Science and Food Production Processes, Qingdao National Laboratory for Marine Science and Technology, Wenhai Road, Qingdao, 266237, China
Qi Li


Authors	Jiulong WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Qi LiView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Qi Li.


Electronic supplementary material

ESM 1
(DOCX 42 kb)





Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Wang, J., Li, Q. Characterization of novel EST-SNP markers and their association analysis with growth-related traits in the Pacific oyster Crassostrea gigas
                  .
                    Aquacult Int 25, 1707–1719 (2017). https://doi.org/10.1007/s10499-017-0142-1
Download citation
	Received: 26 June 2016

	Accepted: 28 March 2017

	Published: 12 April 2017

	Issue Date: October 2017

	DOI: https://doi.org/10.1007/s10499-017-0142-1


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
	
                Crassostrea gigas
              
	EST-SNP
	High-resolution melting
	Selective genotyping
	Marker-trait association








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        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
						
						
					


		
	
	
		
			
				
					
					44.202.179.42
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    