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Figure S1.  Selected PGM1 homologs from an alignment of widely diverse sequences within the 
enzyme family.   
Residues from (1)	  involved in PGM1 deficiency mutations are indicated by red triangles; functional 
polymorphisms (2, 3) characterized in Table 2 are shown by green triangles.  Insertions in other 
sequences relative to the human sequence are not shown.  Several key functional regions within the active 
site are highlighted by green boxes above the sequence.  These are:  i) the catalytic phosphoserine loop 
(residues 115-120); ii) the metal binding site (residues 288-293); iii) the sugar-binding loop (residues 
375-379); and iv) the phosphate-binding site (residues 503-507).  For a complete listing of active site 
residues in PGM1, see (4).  Alignment performed using ClustalW (5); figure made with Jalview (6).  
Sequence conservation (% identity) indicated by blue shading as calculated by Jalview; conservation is 
calculated relative to human PGM1; shaded regions must have no gaps and identities of 45% (light blue) 
and 85% (dark blue).  Overall amino acid identities between human PGM1 and other sequences in the 
alignment ranges from 24 – 54%.  Sequences were selected from 28 seed members of 
phosphoglucomutase family PIRSF001493 from the Protein Information Resource 
(http://pir.georgetown.edu/pirwww/index.shtml).  (Seed sequences omitted from this alignment had 
amino acid identities great than ~60% to human PGM1 or were redundant in the seed group.) 
 
1. Tegtmeyer, L. C., Rust, S., van Scherpenzeel, M., Ng, B. G., Losfeld, M.-E., Timal, S., Raymond, 

K., He, P., Ichikawa, M., Veltman, J., Huijben, K., Shin, Y. S., Sharma, V., Adamowicz, M., 
Lammens, M., Reunert, J., Witten, A., Schrapers, E., Matthijs, G., Jaeken, J., Rymen, D., Stojkovic, 
T., Laforêt, P., Petit, F., Aumaître, O., Czarnowska, E., Piraud, M., Podskarbi, T., Stanley, C. A., 
Matalon, R., Burda, P., Seyyedi, S., Debus, V., Socha, P., Sykut-Cegielska, J., van Spronsen, F., de 
Meirleir, L., Vajro, P., DeClue, T., Ficicioglu, C., Wada, Y., Wevers, R. A., Vanderschaeghe, D., 
Callewaert, N., Fingerhut, R., van Schaftingen, E., Freeze, H. H., Morava, E., Lefeber, D. J., and 
Marquardt, T. (2014) Multiple Phenotypes in Phosphoglucomutase 1 Deficiency. N Engl J Med 370, 
533–542 

2. March, R. E., Putt, W., Hollyoake, M., Ives, J. H., Lovegrove, J. U., Hopkinson, D. A., Edwards, Y. 
H., and Whitehouse, D. B. (1993) The classical human phosphoglucomutase (PGM1) isozyme 
polymorphism is generated by intragenic recombination. Proc. Natl. Acad. Sci. U.S.A. 90, 10730–
10733 

3. Takahashi, N., and Neel, J. V. (1993) Intragenic recombination at the human phosphoglucomutase 1 
locus: predictions fulfilled. Proc. Natl. Acad. Sci. U.S.A. 90, 10725–10729 

4. Beamer, L. J. (2014) Mutations in hereditary phosphoglucomutase 1 deficiency map to key regions 
of enzyme structure and function. J. Inherit. Metab. Dis., Epub ahead of print. 

5. Thompson, J. D., Higgins, D. G., and Gibson, T. J. (1994) CLUSTAL W: improving the sensitivity 
of progressive multiple sequence alignment through sequence weighting, position-specific gap 
penalties and weight matrix choice. Nucleic Acids Res. 22, 4673–4680. 

6. Waterhouse, A. M., Procter, J. B., Martin, D. M. A., Clamp, M., and Barton, G. J. (2009) Jalview 
Version 2--a multiple sequence alignment editor and analysis workbench. Bioinformatics 25, 1189–
1191. 


