S4 Text. The following sections give expanded details on the structural analysis of examples presented in the main text with some more details on methods.
Pyruvate Kinase The PKM gene codes for the dominant muscle isoform form of pyruvate kinase (PK) expressed in all human tissue except liver and red blood cells. There are two isoforms associated with an MXE splicing event, known as PKM1 and PKM2. Most PKM expressing tissues, (irrespective of whether they are healthy or cancerous, embryonic or adult), express the M2 isoform of PK, while skeletal muscle and some other cell types that require a very high glycolytic flux, express the constitutively active PKM1 isoform. Both the isoforms comprise 4 domains (See S13 Fig). The only difference between the isoforms is the MXE event located in the fourth domain (See S13 Fig). PKM1 is known to be a non-allosteric constitutively active tetramer [1]. By contrast, PKM2 has been detected as an inactive monomer, a less active dimer, and a tetramer (inactive T-state and active R-state), which are regulated by metabolic intermediates and post-translational modifications [2,3]. Activity of the R-state tetramer PKM2 depends on an allosteric effector molecule fructose 1,6-bisphosphate (FBP), a situation that has been associated to the feed-forward regulation of glycolysis. 
The regulation of pyruvate kinase activity plays an essential role in metabolism and is particularly important in the growth of cancer cells [3]. PKM2 dimers and tetramers possess low and high levels of enzyme activity, respectively. Due to the key position of pyruvate kinase within glycolysis, the ability of PKM2 to switch between dimer and tetramer allows the tumour to modulate the flux of glycolysis. Low activity in PKM2 combined with higher glucose uptake pushes glucose carbons into anabolic pathways helping to support growth in proliferating cells.
There are known structures available for both PKM1 (PDB id 3SRF) and PKM2 (PDB id 1T5A) and domain 4 corresponds to CATH domains 3srfA01 and 1t5aA01. The overall sequence identity between the domains is high (87%) and the SSAP score between the PKM1 and PKM2 domains is very good (SSAP score 95). See Figure 5A for the structural superposition. It is known that PKM2 is activated by FBP but PKM1 is not. 
Studies have shown that the FBP-binding residue 433 can be lysine, glutamate or threonine in different isoforms [4]. There is a change in position 433 between PKM1 and PKM2, with a lysine in PKM2 and a glutamate in PKM1. Mutation of either threonine (yeast pyruvate kinase - PK) or lysine (PKM2) to glutamate abolishes the FBP binding ability [5,6]. Mutation of glutamate in PKM1 to lysine enables the PKM1 mutant to bind FBP [7], presumably because FBP is negatively charged and thus a positively charged or neutral amino acid at this position would facilitate FBP binding whilst negatively charged amino acids would inhibit FBP binding and activation [4]. Therefore, the presence of lysine in PKM2 facilitates the binding of FBP.
To form the tetramer, domain 4 of the PKM monomers interact. The tetramer interface is located within the MXE region. We used the program Adaptive Poisson-Boltzmann Solver [8] to calculate surface potentials of MXE regions (See S14 Fig). 50% of the PKM1 MXE region has a strong negative net charge and 30% a strong positive net charge. We speculated this surface to be more complementary, facilitating tetramer formation. In contrast, PKM2 MXE region has a less complementary surface that is mainly neutral (40% of the surface neutral and 30% with a strong negative net charge).   
Although surfaces in the PKM2 interface are less complementary, studies have demonstrated that allosteric binding of FBP in PKM2 induces movement/rotations of the helices in the interface and the FBP activating loop that brings the tetramer binding residues into correct alignment for forming the tetramer [2,9]. Therefore, the lack of interface complementarity in PKM2 without FBP bound and the increase when FBP is bound facilitates the switch of PKM2 between dimer (without FBP) and tetramer (with FBP bound). 
There are 15 variable residues within the MXE that lie within the tetramer interface formed by domain 4. We used mCSM [10] to assess the effect of the MXE variable residue changes on protein-protein affinity. A large number of the variable residues (14 out of the 15) changing from PKM1 to PKM2 were found to be destabilising to the tetramer complex (See S15 Fig). Similarly, 13 out of the 15 variable residues from PKM2 to PKM1 were found to be destabilising to the tetramer complex (See S16 Fig). Our findings suggest that this may be due to co-evolution of packing (i.e. for both PKM1 and PKM2, the interfaces have co-evolved to be complementary). 
Both the MXE regions of PKM1/PKM2 were found to overlap with pan-cancer mutations in structural regions close to functional sites, reinforcing the idea that mutations in these regions impact on the function of the proteins.
Phosphofructokinase-platelet As demonstrated already in this paper, MXE events appear to be associated with functional switching events. However, MXE events are also rare, occurring in only a small percentage of genes. As highlighted above glycolysis is of major importance and has disease associations with cancer. PKM has already been shown above to have MXE splicing with possible relevance to regulation, where the MXE event provides a mechanism for allosteric activation of this enzyme. Surprisingly, when we looked at the other major allosterically regulated enzyme in glycolysis, phosphofructokinase (PFK) we also found a MXE event. Phosphofructokinase, PFK is a tightly regulated enzyme (e.g. sensitive to ATP/ADP levels in the cell) and is the first “committed” step in glycolysis (effectively an irreversible reaction, that commits the sugar into the pathway) by catalysing the phosphorylation of fructose-6-phosphate to fructose-1,6-bisphosphate (FBP). 
We find several variable residues between the MXE isoforms of PFK-platelet (PFKP) including a change close to the Fructose-2-6-Bisphosphate allosteric effector binding site (V->I) at residue 539 (See Fig 5B). Although this is a conservative mutation, single amino acid changes from Valine to Isoleucine have previously been shown to change enzyme specificities [11]. When we computed the change of FBP ligand binding affinity on mutating V to I at residue 539 with mCSM-lig [12], we found that the PFKP-205 isoform with the isoleucine residue binds FBP more efficiently (See S17 Fig). We therefore suggest that this may affect the interaction of this isoform with FBP. Given the role of PFK in disease and its key role in glycolysis the PFKP MXE could provide an interesting experimental study. 
[bookmark: 30j0zll][bookmark: 1fob9te]Collapsin Response Mediator Protein CRMP (FBgn0023023) is a dihydropyrimidinase enzyme (EC 3.5.2.2) that has been implicated in biological processes such as centrosome localization, pyrimidine nucleobase biosynthetic process, and positive regulation of Notch signalling pathway. There is a MXE event detected for the fly gene but currently no experimental structures for the fly isoforms. The MXE exons can be mapped to FunFam (3.20.20.140.FF40287) which is populated with dihydropyrimidinase sequences. We modelled both of the isoforms using the same template (CATH domain 1gkpC02, also a dihydropyriminidase enzyme). The models generated have a GA341 score of 1 and normalised DOPE score of -0.71 suggesting they are of good quality. The structures share a high structural similarity (SSAP Score above 91) and sequence similarity (79%) (See Fig 5C for a structural superposition with the splice regions highlighted). We used the program Adaptive Poisson-Boltzmann Solver to calculate surface potentials of the two isoforms. 
[bookmark: 3znysh7]Over 80% of the exposed splice region in CRMP-PA is positively charged. In contrast, the surface potential for CRMP-PB has a more negative charge that covers 60% of the exposed splice region (See S18 Fig). We found out that there is also a change in the zinc-binding residue 192, with a histidine in isoform CRMP-PA and a glycine in isoform CRMP-PB. This change is likely to disrupt the binding of the zinc molecule in the CRMP-PB isoform. Zinc molecules act as cofactors in dihydropyrimidinase enzymes. CRMP isoforms have been shown to have different tissue distributions and functions in fly [13].
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