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            Abstract
Microarray-based expression profiling experiments typically use either a one-color or a two-color design to measure mRNA abundance. The validity of each approach has been amply demonstrated. Here we provide a simultaneous comparison of results from one- and two-color labeling designs, using two independent RNA samples from the Microarray Quality Control (MAQC) project, tested on each of three different microarray platforms. The data were evaluated in terms of reproducibility, specificity, sensitivity and accuracy to determine if the two approaches provide comparable results. For each of the three microarray platforms tested, the results show good agreement with high correlation coefficients and high concordance of differentially expressed gene lists within each platform. Cumulatively, these comparisons indicate that data quality is essentially equivalent between the one- and two-color approaches and strongly suggest that this variable need not be a primary factor in decisions regarding experimental microarray design.
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                    Figure 1: Volcano plots depicting estimated fold change (log2, x-axis) and statistical significance (âˆ’log10 P value, y-axis).[image: ]


Figure 2: Comparison of log2 fold-change estimate results from three different modeling approaches for the three different platforms.[image: ]


Figure 3: Comparison of negative log10 P-value estimate results from three different modeling approaches for the three different platforms.[image: ]


Figure 4: Comparison of Agilent one-color and two-color data with TaqMan assay data.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Assessing GPT-4 for cell type annotation in single-cell RNA-seq analysis
                                        
                                    

                                    
                                        Article
                                         Open access
                                         25 March 2024
                                    

                                

                                Wenpin Hou & Zhicheng Ji

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        scGPT: toward building a foundation model for single-cell multi-omics using generative AI
                                        
                                    

                                    
                                        Article
                                        
                                         26 February 2024
                                    

                                

                                Haotian Cui, Chloe Wang, â€¦ Bo Wang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        ReLo is a simple and rapid colocalization assay to identify and characterize direct proteinâ€“protein interactions
                                        
                                    

                                    
                                        Article
                                         Open access
                                         03 April 2024
                                    

                                

                                Harpreet Kaur Salgania, Jutta Metz & Mandy Jeske

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Fodor, S.P. et al. Light-directed, spatially addressable parallel chemical synthesis. Science 251, 767â€“773 (1991).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Fodor, S.P. et al. Multiplexed biochemical assays with biological chips. Nature 364, 555â€“556 (1993).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Schena, M. et al. Quantitative monitoring of gene expression patterns with a complementary DNA microarray. Science 270, 467â€“470 (1995).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Churchill, G.A. Fundamentals of experimental design for cDNA microarrays. Nat. Genet. 32, Suppl. 490â€“494 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Li, J., Pankratz, M. & Johnson, J. Differential gene expression patterns revealed by oligonucleotide versus long cDNA arrays. Toxicol. Sci. 69, 383â€“390 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Tan, P. et al. Evaluation of gene expression measurements from commercial platforms. Nucleic Acids Res. 31, 5676â€“5684 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Dobbin, K.K. et al. Interlaboratory comparability study of cancer gene expression analysis using oligonucleotide microarrays. Clin. Cancer Res. 11, 565â€“572 (2005).
CASÂ 
    PubMedÂ 
    
                    Google ScholarÂ 
                

	Irizarry, R.A. et al. Multiple-laboratory comparison of microarray platforms. Nat. Methods 2, 345â€“349 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Larkin, J.E., Frank, B.C., Gavras, H., Sultana, R. & Quackenbush, J. Independence and reproducibility across microarray platforms. Nat. Methods 2, 337â€“343 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kuo, W.P. et al. A sequence-oriented comparison of gene expression measurements across different hybridization-based technologies. Nat. Biotechnol. 24, 832â€“840 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	JÃ¤rvinen, A-K. et al. Are data from different gene expression microarray platforms comparable? Genomics 83, 1164â€“1168 (2004).
ArticleÂ 
    
                    Google ScholarÂ 
                

	de Reynies, A. et al. Comparison of the latest commercial short and long oligonucleotide microarray technologies. BMC Genomics 7, 51 (2006).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Wang, Y. et al. Large scale real-time PCR validation on gene expression measurements from two commercial long-oligonucleotide microarrays. BMC Genomics 7, 59 (2006).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Bammler, T. et al. Standardizing global gene expression analysis between laboratories and across platforms. Nat. Methods 2, 351â€“356 (2005).
ArticleÂ 
    
                    Google ScholarÂ 
                

	MAQC Consortium. The MicroArray Quality Control (MAQC) project shows inter- and intramolecular reproducibility of gene expression measurements. Nat. Biotechnol. 24, 1151â€“1161 (2006).

	Canales, R.D. et al. Evaluation of DNA microarray results with quantitative gene expression platforms. Nat. Biotechnol. 24, 1115â€“1122 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Guo, Y. et al. Genomic analysis of anti-hepatitis B virus (HBV) activity by small interfering RNA and lamivudine in stable HBV-producing cells. J. Virol. 79, 14392â€“14403 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Barczak, A. Spotted long oligonucleotide arrays for human gene expression analysis. Genome Res. 13, 1175â€“1785 (2003).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Shi, L. et al. Cross-platform comparability of microarray technology: intra-platform consistency and appropriate data analysis procedures are essential. BMC Bioinformatics 6 Suppl. 2, S12 (2005).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Tong, W. et al. Development of public toxicogenomics software for microarray data management and analysis. Mutat. Res. 549, 241â€“253 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wolfinger, R.D. et al. Assessing gene significance from cDNA microarray data via mixed models. J. Comput. Biol. 8, 625â€“637 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jin, W., Riley, R., Wolfinger, R.D., White, K.P, Passador-Gurgel, G. & Gibson G. Contributions of sex, genotype and age to transcriptional variance in Drosophila melanogaster. Nat. Genet. 29, 389â€“395 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chu, T-M., Deng, S., Wolfinger, R.D., Paules, R.S. & Hamadeh, H.K. Cross-site comparison of gene expression data reveals high similarity. Environ. Health Perspect. 112, 449â€“455 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Chu, T-M., Deng, S. & Wolfinger, R.D. Modeling Affymetrix data at the probe level. in DNA microarray and statistical genomics techniques: Design, analysis, and interpretation of experiment. (eds. Edwards, J.W., Beasley, T.M., Page, G.P. and Allison, D.B.) 197â€“222 (Chapman & Hall/CRC, Taylor & Francis Group, Boca Raton, FL, 2006).

                    Google ScholarÂ 
                


Download references




Acknowledgements
The authors thank the MicroArray Quality Control (MAQC) consortium for generating the large data sets used in this study. E.K.L. and P.H. acknowledge the Advanced Technology Program of the National Institute of Standards and Technology, whose generous support provided partial funding of this research (70NANB2H3009).


Author information
Authors and Affiliations
	National Center for Toxicological Research, US Food & Drug Administration, 3900 NCTR Rd., Jefferson, 72079, Arkansas, USA
Tucker A Patterson,Â James C Fuscoe,Â Weida TongÂ &Â Leming Shi

	A Division of Clinical Data, Cogenics, 100 Perimeter Park Drive, Suite C, Morrisville, 27560, North Carolina, USA
Edward K LobenhoferÂ &Â Patrick Hurban

	Integrated Biology Solutions, Agilent Technologies, 5301 Stevens Creek Blvd., Santa Clara, 95052-8059, California, USA
Stephanie B Fulmer-SmentekÂ &Â Patrick J Collins

	SAS Institute Inc., SAS Campus Drive, Cary, 27513, North Carolina, USA
Tzu-Ming Chu,Â Wenjun BaoÂ &Â Russell D Wolfinger

	Division of Bioinformatics, Z-Tech Corporation at NCTR/FDA, 3900 NCTR Rd., Jefferson, 72079, Arkansas, USA
Hong Fang

	NCI Advanced Technology Center, 8717 Grovemont Circle, Bethesda, 20892-4605, Maryland, USA
Ernest S Kawasaki

	Yale University, W.M. Keck Biotechnology Resource Laboratory, Microarray Resource, 300 George St., Suite 2110, New Haven, 06511, Connecticut, USA
Janet HagerÂ &Â Irina R Tikhonova

	Department of Physiology & Pharmacology, Wake Forest University School of Medicine, 115 S. Chestnut St., Winston-Salem, 27101, North Carolina, USA
Stephen J Walker

	CapitalBio Corporation, 18 Life Science Parkway, Changping District, Beijing, 102206, P.R., China
Liang Zhang

	Gene Expression Chips, Eppendorf Array Technologies (EAT), 20, rue du seminaire, Namur, 5000, Belgium
Francoise de Longueville


Authors	Tucker A PattersonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Edward K LobenhoferView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Stephanie B Fulmer-SmentekView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Patrick J CollinsView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Tzu-Ming ChuView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Wenjun BaoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Hong FangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ernest S KawasakiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Janet HagerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Irina R TikhonovaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Stephen J WalkerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Liang ZhangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Patrick HurbanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Francoise de LonguevilleView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	James C FuscoeView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Weida TongView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Leming ShiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Russell D WolfingerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Tucker A Patterson.


Ethics declarations

              
                Competing interests

                S.B.F.-S., P.J.C. and L.Z. declare competing financial interests. While engaged in this research project, they were employed by two separate companies that manufacture microarrays. These two companies provided two of the three platforms used in this study.

              
            

Supplementary information

Supplementary Fig. 1
Example scatter plot matrices from each platform (PDF 114 kb)


Supplementary Fig. 2
Comparison of B/A ratios for Agilent one-color and two-color designs (Site 1) (PDF 115 kb)


Supplementary Fig. 3
Comparison of the normalization procedures on two-color TeleChem data: Lowess_Medium Scaling (LO_MS) versus Medium Scaling_Lowess (MS_LO) (PDF 19 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Patterson, T., Lobenhofer, E., Fulmer-Smentek, S. et al. Performance comparison of one-color and two-color platforms within the Microarray Quality Control (MAQC) project.
                    Nat Biotechnol 24, 1140â€“1150 (2006). https://doi.org/10.1038/nbt1242
Download citation
	Published: 08 September 2006

	Issue Date: 01 September 2006

	DOI: https://doi.org/10.1038/nbt1242


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Intermittent hypoxia treatment alleviates memory impairment in the 6-month-old APPswe/PS1dE9 mice and reduces amyloid beta accumulation and inflammation in the brain
                                    
                                

                            
                                
                                    	Xiangpei Yue
	Yanzhao Zhou
	Lingling Zhu


                                
                                Alzheimer's Research & Therapy (2021)

                            
	
                            
                                
                                    
                                        Transcriptomic signatures of psychomotor slowing in peripheral blood of depressed patients: evidence for immunometabolic reprogramming
                                    
                                

                            
                                
                                    	Mandakh Bekhbat
	David R. Goldsmith
	Jennifer C. Felger


                                
                                Molecular Psychiatry (2021)

                            
	
                            
                                
                                    
                                        Transcriptome analysis in LRRK2 and idiopathic Parkinsonâ€™s disease at different glucose levels
                                    
                                

                            
                                
                                    	RubÃ©n FernÃ¡ndez-Santiago
	Anna Esteve-Codina
	MarÃa J. MartÃ


                                
                                npj Parkinson's Disease (2021)

                            
	
                            
                                
                                    
                                        Microarray analysis of long non-coding RNA expression profiles in low high-density lipoprotein cholesterol disease
                                    
                                

                            
                                
                                    	Xinping Wang
	Shuxia Guo
	Rulin Ma


                                
                                Lipids in Health and Disease (2020)

                            
	
                            
                                
                                    
                                        Genome-wide transcriptome profile of rice hybrids with and without Oryza rufipogon introgression reveals candidate genes for yield
                                    
                                

                            
                                
                                    	Haritha Guttikonda
	Shashi Rekha Thummala
	Sarla Neelamraju


                                
                                Scientific Reports (2020)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Posters
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature Biotechnology (Nat Biotechnol)
                
                
    
    
        ISSN 1546-1696 (online)
    
    


                
    
    
        ISSN 1087-0156 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
