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            Abstract
Thermostable enzymes and thermophilic cell factories may afford economic advantages in the production of many chemicals and biomass-based fuels. Here we describe and compare the genomes of two thermophilic fungi, Myceliophthora thermophila and Thielavia terrestris. To our knowledge, these genomes are the first described for thermophilic eukaryotes and the first complete telomere-to-telomere genomes for filamentous fungi. Genome analyses and experimental data suggest that both thermophiles are capable of hydrolyzing all major polysaccharides found in biomass. Examination of transcriptome data and secreted proteins suggests that the two fungi use shared approaches in the hydrolysis of cellulose and xylan but distinct mechanisms in pectin degradation. Characterization of the biomass-hydrolyzing activity of recombinant enzymes suggests that these organisms are highly efficient in biomass decomposition at both moderate and high temperatures. Furthermore, we present evidence suggesting that aside from representing a potential reservoir of thermostable enzymes, thermophilic fungi are amenable to manipulation using classical and molecular genetics.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 12 print issues and online access
$209.00 per year
only $17.42 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: Genome organization of M. thermophila and T. terrestris.[image: ]


Figure 2: Analysis of transcription profiles.[image: ]


Figure 3: Release of reducing sugars from alfalfa straw by crude extracellular enzymes from thermophilic and nonthermophilic fungi.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Comparative and pangenomic analysis of the genus Streptomyces
                                        
                                    

                                    
                                        Article
                                         Open access
                                         07 November 2022
                                    

                                

                                Hiroshi Otani, Daniel W. Udwary & Nigel J. Mouncey

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Quantitative comparison of the biomass-degrading enzyme repertoires of five filamentous fungi
                                        
                                    

                                    
                                        Article
                                         Open access
                                         20 November 2020
                                    

                                

                                Magnus Ã˜. Arntzen, Oskar Bengtsson, â€¦ Vincent G. H. Eijsink

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Whole genome sequence characterization of Aspergillus terreus ATCC 20541 and genome comparison of the fungi A. terreus
                                        
                                    

                                    
                                        Article
                                         Open access
                                         05 January 2023
                                    

                                

                                Hung-Yi Wu, Uffe Hasbro Mortensen, â€¦ HsinYuan Tsai

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Accession codes

              
              
                Accessions

                
                  GenBank/EMBL/DDBJ
	
                    
                        CP003002
                      

                  
	
                    
                        CP003008
                      

                  
	
                    
                        CP003009
                      

                  
	
                    
                        CP003014
                      

                  


                  Gene Expression Omnibus
	
                    
                        GSE27323
                      

                  


                
              
            

References
	Margaritis, A. & Merchant, R.F.J. Thermostable cellulases from thermophilic microorganisms. Crit. Rev. Biotechnol. 4, 327â€“367 (1986).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Margaritis, A. & Merchant, R. Production and thermal stability characteristics of cellulase and xylanase enzymes from Thielavia terrestris. Biotechnol. Bioeng. Symp. 13, 426â€“428 (1983).

                    Google ScholarÂ 
                

	Tansey, M.R. Agar-diffusion assay of cellulolytic ability of thermophilic fungi. Arch. Mikrobiol. 77, 1â€“11 (1971).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wojtczak, G., Breuil, C., Yamada, J. & Saddler, J.N. A comparison of the thermostability of cellulases from various thermophilic fungi. Appl. Microbiol. Biotechnol. 17, 82â€“87 (1987).

                    Google ScholarÂ 
                

	Jensen, E.B. & Boominathan, K.C. Thermophilic fungal expression system. US Patent 5,695,985 (1997).

	Jensen, E.B. & Karuppan, C.B. Thermophilic fungal expression system. US Patent 5,602,004 (1997).

	Chaetomium globosum Genome Database (Broad Institute, 2005). &lt;http://www.broadinstitute.org/annotation/genome/chaetomium_globosum&gt;.

	Henrissat, B. & Davies, G. Structural and sequence-based classification of glycoside hydrolases. Curr. Opin. Struct. Biol. 7, 637â€“644 (1997).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Karlsson, J. et al. Homologous expression and characterization of Cel61A (EG IV) of Trichoderma reesei. Eur. J. Biochem. 268, 6498â€“6507 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Harris, P.V. et al. Stimulation of lignocellulosic biomass hydrolysis by proteins of glycoside hydrolase family 61: structure and function of a large, enigmatic family. Biochemistry 49, 3305â€“3316 (2010).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pahkala, K. et al. Production of bioethanol from barley straw and reed canary grass: a raw material study. 15th European Biomass Conference and Exhibition. Berlin, Germany, May 7â€“11, 2007 (ETA, Florence, Italy and WIP, Munich, 2007).

	Dien, B.S. et al. Chemical composition and response to dilute-acid pretreatment and enzymatic saccharification of alfalfa, reed canarygrass, and switchgrass. Biomass Bioenergy 30, 880â€“891 (2006).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kaur, G., Kumar, S. & Satyanarayana, T. Production, characterization and application of a thermostable polygalacturonase of a thermophilic mould Sporotrichum thermophile Apinis. Bioresour. Technol. 94, 239â€“243 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Vafiadi, C., Topakas, E., Biely, P. & Christakopoulos, P. Purification, characterization and mass spectrometric sequencing of a thermophilic glucuronoyl esterase from Sporotrichum thermophile. FEMS Microbiol. Lett. 296, 178â€“184 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Roy, S.K., Dey, S.K., Raha, S.K. & Chakrabarty, S.L. Purification and properties of an extracellular endoglucanase from Myceliophthora thermophila D-14 (ATCC 48104). J. Gen. Microbiol. 136, 1967â€“1971 (1990).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	van den Brink, J., Samson, R.A., Hagen, F., Boekhout, T. & de Vries, R.P. Phylogeny of the industrial relevant, thermophilic genera Myceliophthora and Corynascus. Fungal Divers. published online, doi:10.1007/s13225â€“13011â€“10107-z (28 May 2011).

	von Klopotek, A. Thielavia heterothallica spec. nov., die perfekte Form von Chrysosporium thermophilum. Arch. Microbiol. 107, 223â€“224 (1976).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Galtier, N. & Lobry, J.R. Relationships between genomic G+C content, RNA secondary structures, and optimal growth temperature in prokaryotes. J. Mol. Evol. 44, 632â€“636 (1997).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Zeldovich, K.B., Berezovsky, I.N. & Shakhnovich, E.I. Protein and DNA sequence determinants of thermophilic adaptation. PLoS Comput. Biol. 3, e5 (2007).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Glyakina, A.V., Garbuzynskiy, S.O., Lobanov, M.Y. & Galzitskaya, O.V. Different packing of external residues can explain differences in the thermostability of proteins from thermophilic and mesophilic organisms. Bioinformatics 23, 2231â€“2238 (2007).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Wang, G.-Z. & Lercher, M.J. Amino acid composition in endothermic vertebrates is biased in the same direction as in thermophilic prokaryotes. BMC Evol. Biol. 10, 263 (2010).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Nishio, Y. et al. Comparative complete genome sequence analysis of the amino acid replacements responsible for the thermostability of Corynebacterium efficiens. Genome Res. 13, 1572â€“1579 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Mouchacca, J. Heat-tolerant fungi and applied research work: a synopsis of name changes and synomomies. World J. Microbiol. Biotechnol. 16, 881â€“888 (2000).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Berka, R.M., Rey, M.W., Brown, K.M., Byun, T. & Klotz, A.V. Molecular characterization and expression of a phytase gene from the thermophilic fungus Thermomyces lanuginosus. Appl. Environ. Microbiol. 64, 4423â€“4427 (1998).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Murray, P. et al. Expression in and characterisation of a thermostable family 3 Î²-glucosidase from the moderately thermophilic fungus Talaromyces emersonii. Protein Expr. Purif. 38, 248â€“257 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Voutilainen, S.P., Murray, P.G., Tuohy, M.G. & Koivula, A. Expression of Talaromyces emersonii cellobiohydrolase Cel7A in Saccharomyces cerevisiae and rational mutagenesis to improve its thermostability and activity. Protein Eng. Des. Sel. 23, 69â€“79 (2010).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Visser, H. et al. Development of a mature fungal technology and production platform for industrial enzymes based on a Myceliophthora thermophila isolate, previously known as Chrysosporium lucknowense C1. Ind. Biotechnol. 7, 214â€“223 (2011).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jaffe, D.B. Whole-genome sequence assembly for mammalian genomes: Arachne 2. Genome Res. 13, 91â€“96 (2003).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Detter, J.C. et al. Isothermal strand-displacement amplification applications for high-throughput genomics. Genomics 80, 691â€“698 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Smit, A.F.A., Hubley, R. & Green, P. RepeatMasker Openâ€“3.0. 1996â€“2010. &lt;http://www.repeatmasker.org/&gt; (2010).

	Jurka, J. et al. Repbase Update, a database of eukaryotic repetitive elements. Cytogenet. Genome Res. 110, 462â€“467 (2005).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Salamov, A.A. Ab initio gene finding in Drosophila Genomic DNA. Genome Res. 10, 516â€“522 (2000).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Ter-Hovhannisyan, V., Lomsadze, A., Chernoff, Y.O. & Borodovsky, M. Gene prediction in novel fungal genomes using an ab initio algorithm with unsupervised training. Genome Res. 18, 1979â€“1990 (2008).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Birney, E. Using GeneWise in the Drosophila annotation experiment. Genome Res. 10, 547â€“548 (2000).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kent, W.J. BLATâ€”The BLAST-like alignment tool. Genome Res. 12, 656â€“664 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Lowe, T.M. & Eddy, S.R. tRNAscan-SE: a program for improved detection of transfer RNA genes in genomic sequence. Nucleic Acids Res. 25, 955â€“964 (1997).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Nielsen, H., Engelbrecht, J., Brunak, S. & von Heijne, G. A neural network method for identification of prokaryotic and eukaryotic signal peptides and prediction of their cleavage sites. Int. J. Neural Syst. 8, 581â€“599 (1997).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	MelÃ©n, K., Krogh, A. & von Heijne, G. Reliability measures for membrane protein topology prediction algorithms. J. Mol. Biol. 327, 735â€“744 (2003).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Zdobnov, E.M. & Apweiler, R. InterProScanâ€“an integration platform for the signature-recognition methods in InterPro. Bioinformatics 17, 847â€“848 (2001).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Altschul, S.F., Gish, W., Miller, W., Myers, E.W. & Lipman, D.J. Basic local alignment search tool. J. Mol. Biol. 215, 403â€“410 (1990).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kanehisa, M., Goto, S., Kawashima, S., Okuno, Y. & Hattori, M. The KEGG resource for deciphering the genome. Nucleic Acids Res. 32, D277â€“D280 (2004).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Koonin, E.V. et al. A comprehensive evolutionary classification of proteins encoded in complete eukaryotic genomes. Genome Biol. 5, R7 (2004).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Gene Ontology Consortium. The Gene Ontology (GO) database and informatics resource. Nucleic Acids Res. 32, D258â€“D261 (2004).

	Enright, A.J., Van Dongen, S. & Ouzounis, C.A. An efficient algorithm for large-scale detection of protein families. Nucleic Acids Res. 30, 1575â€“1584 (2002).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Roy, B.P. & Archibald, F. Effects of kraft pulp and lignin on Trametes versicolor carbon metabolism. Appl. Environ. Microbiol. 59, 1855â€“1863 (1993).
CASÂ 
    PubMedÂ 
    PubMed CentralÂ 
    
                    Google ScholarÂ 
                

	Semova, N. et al. Generation, annotation, and analysis of an extensive Aspergillus niger EST collection. BMC Microbiol. 6, 7 (2006).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Langmead, B., Trapnell, C., Pop, M. & Salzberg, S.L. Ultrafast and memory-efficient alignment of short DNA sequences to the human genome. Genome Biol. 10, R25 (2009).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Trapnell, C. et al. Transcript assembly and quantification by RNA-Seq reveals unannotated transcripts and isoform switching during cell differentiation. Nat. Biotechnol. 28, 511â€“515 (2010).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Hardcastle, T.J. & Kelly, K.A. baySeq: empirical Bayesian methods for identifying differential expression in sequence count data. BMC Bioinformatics 11, 422 (2010).
ArticleÂ 
    
                    Google ScholarÂ 
                

	Tsang, A., Butler, G., Powlowski, J., Panisko, E. & Baker, S. Analytical and computational approaches to define the Aspergillus niger secretome. Fungal Genet. Biol. 46, S153â€“S160 (2009).
ArticleÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
The genome sequencing and analysis were conducted by the US Department of Energy Joint Genome Institute and supported by the Office of Science of the US Department of Energy under contract no. DE-AC02-05CH11231. The work on transcriptomes, enzyme characterization and the Myceliophthora exo-proteome was supported by the Cellulosic Biofuel Network of the Agriculture Bioproducts Innovation Program of Agriculture and Agri-Food Canada, Genome Canada and Genome QuÃ©bec.


Author information
Author notes	Diego Martinez
Present address: Present address: Broad Institute of MIT & Harvard, Cambridge, Massachusetts USA., 

	Randy M Berka, Igor V Grigoriev and Adrian Tsang: These authors contributed equally to this work.


Authors and Affiliations
	Novozymes, Inc., Davis, California, USA
Randy M Berka,Â Paul Harris,Â Mark Wogulis,Â Alfredo Lopez de LeonÂ &Â Michael W Rey

	US Department of Energy Joint Genome Institute, Walnut Creek, California, USA
Igor V Grigoriev,Â Robert Otillar,Â Asaf Salamov,Â Erika LindquistÂ &Â Susan Lucas

	HudsonAlpha Institute for Biotechnology, Huntsville, Alabama, USA
Jane GrimwoodÂ &Â Jeremy Schmutz

	Centre for Structural and Functional Genomics, Concordia University, Montreal, Quebec, Canada
Ian Reid,Â Nadeeza Ishmael,Â Tricia John,Â Corinne Darmond,Â Marie-Claude Moisan,Â Justin Powlowski,Â Annie Bellemare,Â David Taylor,Â Gregory Butler,Â Sophia Ushinsky,Â Reginald StormsÂ &Â Adrian Tsang

	Architecture et Fonction des MacromolÃ©cules Biologiques, CNRS/UniversitÃ©s de Provence/UniversitÃ© de la MediterranÃ©e, Marseille, France
Bernard Henrissat,Â Pedro M CoutinhoÂ &Â Vincent Lombard

	Department of Biology, University of New Mexico, Albuquerque, New Mexico, USA
Donald O NatvigÂ &Â Diego Martinez

	CBS-KNAW Fungal Biodiversity Centre, Utrecht, The Netherlands
Ronald P de Vries,Â Iris E AllijnÂ &Â Joost van den Brink

	Microbiology and Kluyver Centre for Genomics of Industrial Fermentation, Utrecht University, Utrecht, The Netherlands
Ronald P de Vries

	Sandia National Laboratory, Albuquerque, New Mexico, USA
Amy J Powell

	Department of Chemistry and Biomolecular Sciences, Macquarie University, Sydney, Australia
Ian T PaulsenÂ &Â Liam D H Elbourne

	Fungal Biotechnology Team, Pacific Northwest National Laboratory, Richland, Washington, USA
Scott E BakerÂ &Â Jon Magnuson

	McGill University and GÃ©nome QuÃ©bec Innovation Centre, Montreal, Canada
Sylvie LaBoissiere

	University of Glasgow, Glasgow, UK
A John Clutterbuck


Authors	Randy M BerkaView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Igor V GrigorievView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Robert OtillarView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Asaf SalamovView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jane GrimwoodView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ian ReidView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Nadeeza IshmaelView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Tricia JohnView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Corinne DarmondView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Marie-Claude MoisanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Bernard HenrissatView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Pedro M CoutinhoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Vincent LombardView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Donald O NatvigView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Erika LindquistView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jeremy SchmutzView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Susan LucasView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Paul HarrisView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Justin PowlowskiView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Annie BellemareView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	David TaylorView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Gregory ButlerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ronald P de VriesView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Iris E AllijnView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Joost van den BrinkView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Sophia UshinskyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Reginald StormsView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Amy J PowellView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Ian T PaulsenView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Liam D H ElbourneView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Scott E BakerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Jon MagnusonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Sylvie LaBoissiereView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	A John ClutterbuckView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Diego MartinezView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Mark WogulisView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Alfredo Lopez de LeonView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Michael W ReyView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Adrian TsangView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Contributions
The final text of the manuscript was written by R.M.B. and A.T., and reviewed by I.V.G.; who together also coordinated the overall analysis. I.V.G. coordinated both genome projects at the Joint Genome Institute. R.M.B. prepared the genomic DNA of T. terrestris and T.J. the DNA of M. thermophila. A.T. coordinated the transcriptome and exo-proteome work, and analyzed the transcriptomes. S.L. and E.L. led genome and cDNA sequencing. J.G. and J.S. finished and assembled both genomes. R.O. and A.S. annotated and analyzed the genomes, synteny and GC content. I.R. processed the RNA-Seq data and analyzed the cell wall proteins. N.I. coordinated the sample preparation for transcriptome analysis and analyzed the lignocellulolytic proteins. B.H., P.M.C. and V.L. performed the comparative analysis of the carbohydrate-active proteins. C.D. conducted the enzymatic hydrolysis of straws and M.-C.M. prepared the samples for transcriptome and exo-proteome analysis. D.O.N. analyzed the mating types and phylogeny of thermophilic fungi. E.L. coordinated the cDNA synthesis and EST analysis. A.B. coordinated the cloning and expression of xylanase genes. D.T. characterized the biochemical properties of the xylanases. R.P. de V., I.E.A, and J. van den B. examined the growth on different substrates. P.H. analyzed the GH61 proteins and J.P. membrane biogenesis. G.B. analyzed the secretomes. S.U. and R.S. analyzed the chromatin structure and dynamics. A.J.P. examined melanin pigment biogenesis. I.T.P. and L.D.H.E. analyzed transporters. S.E.B. analyzed secondary metabolism. J.M. examined oxidative stress. M.W. reviewed proteases and peptidases. S.L. examined the exo-proteomes. A.J.C. looked for repeat-induced polymorphisms. D.M. contributed computational tools for viewing T. terrestris transcriptome data. A.L.de L. and M.W.R. examined oxidoreductases and chitinases, respectively.
Corresponding author
Correspondence to
                Adrian Tsang.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary Text and Figures
Supplementary Tables 1â€“4, 10â€“22, Supplementary Methods, Supplementary Notes and Supplementary Figures 1â€“9 (PDF 2528 kb)


Supplementary Tables
Supplementary Tables 5â€“9, and 23â€“25 (XLS 556 kb)





Rights and permissions
Reprints and permissions


About this article
Cite this article
Berka, R., Grigoriev, I., Otillar, R. et al. Comparative genomic analysis of the thermophilic biomass-degrading fungi Myceliophthora thermophila and Thielavia terrestris.
                    Nat Biotechnol 29, 922â€“927 (2011). https://doi.org/10.1038/nbt.1976
Download citation
	Received: 16 May 2011

	Accepted: 18 August 2011

	Published: 02 October 2011

	Issue Date: October 2011

	DOI: https://doi.org/10.1038/nbt.1976


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

                
                    	
                            
                                
                                    
                                        The Weimberg pathway: an alternative for Myceliophthora thermophila to utilize d-xylose
                                    
                                

                            
                                
                                    	Defei Liu
	Yongli Zhang
	Chaoguang Tian


                                
                                Biotechnology for Biofuels and Bioproducts (2023)

                            
	
                            
                                
                                    
                                        The arabinose transporter MtLat-1 is involved in hemicellulase repression as a pentose transceptor in Myceliophthora thermophila
                                    
                                

                            
                                
                                    	Shuying Gu
	Zhen Zhao
	Chaoguang Tian


                                
                                Biotechnology for Biofuels and Bioproducts (2023)

                            
	
                            
                                
                                    
                                        Development of the thermophilic fungus Myceliophthora thermophila into glucoamylase hyperproduction system via the metabolic engineering using improved AsCas12a variants
                                    
                                

                            
                                
                                    	Zhijian Zhu
	Manyu Zhang
	Chaoguang Tian


                                
                                Microbial Cell Factories (2023)

                            
	
                            
                                
                                    
                                        Enzymatic debranching is a key determinant of the xylan-degrading activity of family AA9 lytic polysaccharide monooxygenases
                                    
                                

                            
                                
                                    	Monika TÃµlgo
	Olav A. Hegnar
	Lisbeth Olsson


                                
                                Biotechnology for Biofuels and Bioproducts (2023)

                            
	
                            
                                
                                    
                                        The putative methyltransferase LaeA regulates mycelium growth and cellulase production in Myceliophthora thermophila
                                    
                                

                            
                                
                                    	Zhen Zhao
	Shuying Gu
	Chaoguang Tian


                                
                                Biotechnology for Biofuels and Bioproducts (2023)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                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: ]
