







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature Genetics]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature genetics

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 09 January 2017



                    SMCHD1 mutations associated with a rare muscular dystrophy can also cause isolated arhinia and Bosma arhinia microphthalmia syndrome

                    	Natalie D Shaw1,2 na1, 
	Harrison Brand1,3,4,5 na1, 
	Zachary A Kupchinsky6, 
	Hemant Bengani7, 
	Lacey Plummer1, 
	Takako I Jones8, 
	Serkan Erdin 
            ORCID: orcid.org/0000-0001-6587-26253,5, 
	Kathleen A Williamson7, 
	Joe Rainger7, 
	Alexei Stortchevoi3, 
	Kaitlin Samocha5,9, 
	Benjamin B Currall3, 
	Donncha S Dunican7, 
	Ryan L Collins 
            ORCID: orcid.org/0000-0003-1268-99953,10, 
	Jason R Willer6, 
	Angela Lek11, 
	Monkol Lek5,9, 
	Malik Nassan12, 
	Shahrin Pereira13, 
	Tammy Kammin13, 
	Diane Lucente3, 
	Alexandra Silva3, 
	Catarina M Seabra3,14, 
	Colby Chiang 
            ORCID: orcid.org/0000-0002-4113-60653, 
	Yu An3, 
	Morad Ansari7, 
	Jacqueline K Rainger7, 
	Shelagh Joss15, 
	Jill Clayton Smith16, 
	Margaret F Lippincott1, 
	Sylvia S Singh1, 
	Nirav Patel1, 
	Jenny W Jing1, 
	Jennifer R Law17, 
	Nalton Ferraro18, 
	Alain Verloes19, 
	Anita Rauch20, 
	Katharina Steindl20, 
	Markus Zweier20, 
	Ianina Scheer21, 
	Daisuke Sato22, 
	Nobuhiko Okamoto23, 
	Christina Jacobsen24, 
	Jeanie Tryggestad25, 
	Steven Chernausek25, 
	Lisa A Schimmenti26, 
	Benjamin Brasseur27, 
	Claudia Cesaretti28, 
	Jose E García-Ortiz29, 
	Tatiana Pineda Buitrago30, 
	Orlando Perez Silva31, 
	Jodi D Hoffman32, 
	Wolfgang Mühlbauer33, 
	Klaus W Ruprecht34, 
	Bart L Loeys35, 
	Masato Shino36, 
	Angela M Kaindl37, 
	Chie-Hee Cho38, 
	Cynthia C Morton 
            ORCID: orcid.org/0000-0003-2198-67565,13, 
	Richard R Meehan7, 
	Veronica van Heyningen7, 
	Eric C Liao39,40,41, 
	Ravikumar Balasubramanian1, 
	Janet E Hall1,2, 
	Stephanie B Seminara1, 
	Daniel Macarthur5,9,42, 
	Steven A Moore43, 
	Koh-ichiro Yoshiura44, 
	James F Gusella3,4,5,11, 
	Joseph A Marsh 
            ORCID: orcid.org/0000-0003-4132-06287, 
	John M Graham Jr45, 
	Angela E Lin46, 
	Nicholas Katsanis6, 
	Peter L Jones8, 
	William F Crowley Jr1, 
	Erica E Davis6, 
	David R FitzPatrick7 & 
	…
	Michael E Talkowski3,4,5,42 

Show authors

                    

                    
                        
    Nature Genetics

                        volume 49, pages 238–248 (2017)Cite this article
                    

                    
        
            	
                        7191 Accesses

                    
	
                        107 Citations

                    
	
                            97 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Genetic linkage study
	Genomics
	Morphogenesis


    


                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    A Corrigendum to this article was published on 26 May 2017

                
            
        

    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
Arhinia, or absence of the nose, is a rare malformation of unknown etiology that is often accompanied by ocular and reproductive defects. Sequencing of 40 people with arhinia revealed that 84% of probands harbor a missense mutation localized to a constrained region of SMCHD1 encompassing the ATPase domain. SMCHD1 mutations cause facioscapulohumeral muscular dystrophy type 2 (FSHD2) via a trans-acting loss-of-function epigenetic mechanism. We discovered shared mutations and comparable DNA hypomethylation patterning between these distinct disorders. CRISPR/Cas9-mediated alteration of smchd1 in zebrafish yielded arhinia-relevant phenotypes. Transcriptome and protein analyses in arhinia probands and controls showed no differences in SMCHD1 mRNA or protein abundance but revealed regulatory changes in genes and pathways associated with craniofacial patterning. Mutations in SMCHD1 thus contribute to distinct phenotypic spectra, from craniofacial malformation and reproductive disorders to muscular dystrophy, which we speculate to be consistent with oligogenic mechanisms resulting in pleiotropic outcomes.
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                    Figure 1: Phenotypic spectra associated with arhinia.[image: ]


Figure 2: Association analyses for rare mutation burden in arhinia Manhattan plot and quantile-quantile (q-q) plot demonstrating the significant accumulation of rare SMCHD1 mutations in subjects with arhinia compared to the ExAC cohort (P = 2.9 × 10−17, Fisher's exact test; OR = 34.4 (95 CI: 18.8–57.9)).[image: ]


Figure 3: Arhinia-associated mutations occur near the 5′ GHKL-type ATPase domain.[image: ]


Figure 4: DNA methylation analysis of D4Z4 repeats.[image: ]


Figure 5: In vivo modeling of smchd1 in zebrafish.[image: ]


Figure 6: SMCHD1 protein modeling predicts that arhinia-associated alterations are more likely to occur on the surface of SMCHD1 and disrupt a binding surface than are FSHD2-associated variations.[image: ]
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Change history
	20 March 2017
In the version of this article initially published, the legend to Figure 4c stated that only one proband without SMCHD1 mutation was tested for D4Z4 methylation pattern. However, three probands and one affected family member without SMCHD1 mutation were tested, as shown in the figure. The error has been corrected in the HTML and PDF versions of the article.
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