
Table 4. Summary of SNPs annotated on Uniprot. The complete list is in S3 Table.
Number of SNPs With disease annotation % with disease

All GPCRs 2489 694 27.9
All TM regions 1289 363 28.2
Excluding olfactory and unassigned 1463 635 43.4
TM 652 346 53.1
Non TM (Nterm+loops+Cterm) 811 289 35.6
CHICO only 161 105 65.2
CHICO 174 117 67.2
NACHO only 48 28 58.3
NACHO 61 40 65.6
Both CHICO and NACHO 13 12 92.3

are caused by single mutations at these positions. The list of NACHO residues only 634

contains 15 residues, which is only about 5% of the transmembrane domain. Similarly, 635

we hypothesize that mutations at the CHICO positions (that define the structural fold) 636

can dramatically change the receptor function. There are many known natural variants 637

whose effect has not been experimentally studied yet, and these criteria can be used to 638

focus (experimental) attention on variant which cause dramatic changes. 639

From Uniprot, we collected all 2449 GPCR natural variants, of which about half 640

(1289) lie in the TM regions. These are listed in S3 Table together with their functional 641

or disease associations, if available on Uniprot. Table 4 summarizes the limited 642

disease-association data available for mutations in GPCRs. It shows that about half 643

(⇠53%) of the GPCR TM residue mutations have been found to be associated with 644

diseases. This number jumps to about two-thirds for CHICO or NACHO residues 645

(⇠67% and ⇠66% respectively) and almost all (12 out of 13 or ⇠92%) for residues that 646

appear on both CHICO and NACHO lists. This strongly suggests that NACHO and 647

CHICO residues can help prioritize mutation sites to guide experimental validation of 648

the structural and functional hypotheses presented by these specific residues. 649

There are still many SNPs in S3 Table that have unknown functional implications. 650

We sort them with respect to the score capturing their relative position to the CHICO 651

and NACHO residues: “distance to the closest NACHO + distance to CHICO - 652

multiplicity of the closest NACHO - multiplicity of CHICO + Blosum62 of the 653

mutation”. We hypothesize that the entries with the lowest score are very likely to 654

cause dramatic changes in the receptor structure and function. The full list thus 655

provides a large number of testable hypotheses about the molecular basis of 656

disease-associated SNPs. 657

The CHICO and NACHO residues are results of a structural comparison, but the 658

functional relevance of mutations is often obtained from phylogenetic considerations 659

instead of structural ones. In S4 Table we compare these two approaches: The CHICO 660

and NACHO positions are more conserved than other TM residues in all GPCR classes 661

among orthologs; and residues present on both lists are even more conserved. Thus both 662

approaches are consistent, and be combined to form more detailed insights. 663

5.8 Size of helix movement in available crystal structures and 664

implications for homology modeling 665

By analysis of the inter-helical contacts we constructed the GRoSS alignment between 666

all the GPCR proteins, from which new homology models can be derived. For structure 667

prediction we would like to know how far the homology models are from the target 668

structure. The variability of the TM bundle can be measured using the available crystal 669

structures. 670
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