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ABSTRACT 

Purpose 

This study aims to provide the first comprehensive description of the phenotypic and genotypic 

spectrum of SNAP25 developmental and epileptic encephalopathy (SNAP25-DEE) by 

reviewing newly identified and previously reported individuals.  

Methods 

Individuals harboring heterozygous missense or loss-of-function variants in SNAP25 were 

assembled through collaboration with international colleagues, matchmaking platforms and 

literature review. For each individual, detailed phenotyping, classification and structural 

modeling of the identified variant was performed. 

Results  

The cohort comprises 23 individuals with pathogenic or likely pathogenic de novo variants in 

SNAP25. Intellectual disability and early-onset epilepsy were identified as the core symptoms 

of SNAP25-DEE, with recurrent findings of movement disorders, cerebral visual impairment 

and brain atrophy. Structural modeling for all variants predicted possible functional defects 

concerning SNAP25 or impaired interaction with other components of the SNARE complex. 

Conclusion 

We provide a first comprehensive description of SNAP25-DEE with intellectual disability and 

early onset epilepsy mostly occurring before the age of two years. These core symptoms and 

additional recurrent phenotypes show an overlap to genes encoding other components or 

associated proteins of the SNARE complex such as STX1B, STXBP1 or VAMP2. Thus, these 

findings advance the concept of a group of neurodevelopmental disorders that may be termed 

“SNAREopathies”. 
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INTRODUCTION 

The neuronal SNARE complex (soluble N-ethylmaleimide-sensitive-factor attachment 

receptor complex) plays a central role in the regulation of synaptic signaling by mediating 

membrane docking, priming and fusion of synaptic vesicles with presynaptic membranes. This 

ultimately leads to the release of neurotransmitters into the synaptic cleft.1–3 During neuronal 

development, it promotes neurite outgrowth and the maturing process of synapses.4 

The core SNARE complex comprises a four-helix bundle consisting of two SNAP25 helices 

(encoded by SNAP25), one syntaxin 1A helix (encoded by STX1A), and one synaptobrevin 2 

helix (encoded by VAMP2). 1,5  

Pathogenic de novo variants disrupting SNARE proteins (VAMP2, MIM 618760) or SNARE 

complex associated proteins, such as STXBP1 (MIM 612164), STX1B (MIM 616172) are a 

known cause for neurodevelopmental disorders consisting of an overlapping phenotype of 

developmental delay (DD), intellectual disability (ID) and epilepsy 6–10 that were recently 

grouped as “SNAREopathies”.11 

SNAP25 showed a significant enrichment for de novo variants in a cohort study of individuals 

with neurodevelopmental disorders with epilepsy.12 Six individuals with heterozygous variants 

in SNAP25, four of them of de novo origin, have been described in single case reports showing 

developmental delay, seizures and variable neurological symptoms.13–17 

The aim of this study is to establish a first comprehensive description of the phenotypic 

spectrum of SNAP25 developmental and epileptic encephalopathy (SNAP25-DEE). We report 

19 individuals harboring de novo variants in SNAP25 and review all four previously published 

individuals with de novo variants determined to be pathogenic or likely pathogenic. Through 

molecular modeling, we provide further insights into possible mechanisms through which the 

identified variants may disrupt SNAP25 and the SNARE complex.   
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MATERIALS AND METHODS 

Ethics Statement 

All examined individuals or their legal guardians provided informed written consent for testing 

and publication. In some cases, testing was done as part of routine clinical care and therefore 

institutional ethics approval was not required. If done in a research setting, testing was 

approved by the ethics committees of the respective centers: the University of Leipzig 

(approval code: 402/16-ek), the Columbia Institutional Review Board, the National Institute of 

Neurological Disorders and Stroke, National Institutes of Health (protocol number 12-N-0095), 

the Duke Genome Sequencing Clinic (protocol number 00032301), the University of British 

Columbia institutional ethics review board (H10-03215), the Technical University Munich 

(#5360/12S), the East of the England Cambridge South national institutional review board 

(13/EE/0325) and the London Bloomsbury Research Ethics Committee. 

Research Cohort and Identification of Variants  

By using matchmaking platforms,18 personal communication with colleagues and a literature 

review, 30 individuals harboring heterozygous missense or loss-of-function variants (LoF; 

nonsense, frameshift and splice-site variants) in SNAP25 were assessed. No individuals with 

copy number variants only encompassing SNAP25 were identified. After thorough evaluation, 

we included 23 individuals harboring de novo variants determined to be pathogenic or likely 

pathogenic, including 19 previously unreported individuals. The remaining seven individuals 

harbored variants of unknown significance (VUS, Supplement Tables S2, S4.2 and S5.3) and 

were not included in the phenotypic description.  

Phenotypic and genotypic information were obtained from the referring collaborators by using 

a standardized questionnaire to evaluate clinical, electroencephalography (EEG), and cranial 

magnetic resonance imaging (cMRI) findings as well as variant information. Variants were 

identified using trio exome sequencing (ES), trio genome sequencing (GS) or gene panel 

sequencing.  
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According to data from gnomAD, SNAP25 (NM_130811.3) shows a reduced number of LoF 

and missense variants in controls: (1) a pLI score = 0.99 and a LOEUF = 0.23 for LoF variants 

with one nonsense variant deposited at amino acid residue 204, two codons before the 

canonical stop and (2) a z-score = 2.96 and LOEUF = 0.36 for missense variants. This 

indicates a selective constraint on these variant types in a control population not affected by 

early-onset neurodevelopmental disorders (NDD).19 Therefore, causality of both LoF and 

missense variants was assessed according to the guidelines of the American College of 

Medical Genetics (ACMG),20 focusing on the following criteria: PS2 (de novo origin), PM2 

(absent in population databases), PP3 (multiple lines of computational evidence support a 

deleterious effect on the gene/gene product). For in silico prediction of missense variants, the 

following tools were used: CADD, REVEL, MutationTaster, M-CAP, Polyphen-2, GERP++. 21–

26  

Structural Modeling  

The structural effects of SNAP25 variants were modeled with SwissModel (Version 4.1.0)27 

based on the experimental SNARE-αSNAP complex structures available (PDB codes: 3J96, 

3J97, 3J98, 3J99, 6IP1, 6MDN).28–30 RasMol (Version 2.7.5)31 was used for structure analysis 

and visualization.  
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RESULTS 

The key clinical findings in SNAP25-DEE comprise DD and/or ID, early-onset seizures and 

variable neurological symptoms such as muscular hypotonia, movement disorders (ataxia, 

dystonia or tremor), cerebral visual impairment (CVI) and brain volume loss. An overview of 

the main clinical symptoms is presented in Table 1 and Figure 1A.  

Phenotypic spectrum  

Global developmental delay / intellectual disability. All individuals presented with DD and 

a variable degree of ID, ranging between profound (4/20; 20%), severe (5/20; 25%), moderate 

(6/20; 30%), and mild (5/20; 25%).  

Six individuals aged between 2 and 20 years remained non-verbal (6/17; 35%), with three 

being adolescent or adult. If language was acquired, individuals could either speak single 

words (2/17; 12%) or in sentences (9/17; 53%) with articulation noted to be poor or imprecise.  

All individuals showed variable degrees of motor delay. Three individuals (3/15; 20%) aged 

older than three years were not able to walk, while four (4/15; 27%) needed assistance and 

eight individuals (8/15; 53%) were able to walk on their own.  

Regression was reported in five individuals (5/17; 29%) with three of them showing signs of 

regression with the onset of seizures. This regression was primarily described as a loss of 

words previously learned. 

Seizures. Seizures were reported in 17 individuals (17/23; 74%), while six individuals aged 2 

months to 16 years had no history of seizures. The age of seizure onset ranged between the 

7th day of life to 12 years, with a median age of 12 months. In all but three individuals, seizures 

started before age two years. A broad spectrum including epileptic spasms, generalized and 

focal seizures were reported with most individuals showing multiple seizure types over time. 

Primarily generalized or focal to bilateral tonic-clonic seizures were the most common seizure 

type having occurred in seven individuals (7/17; 41%). Further frequently observed seizure 
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types include absence-like seizures (6/17; 35%) and epileptic spasms (5/17; 29%). Myoclonic, 

tonic and atonic seizures were each reported for four individuals (4/17; 24%). Seizures 

reported in early childhood appeared to be more generalized in onset while older individuals 

aged 17 to 23 years predominantly exhibited (multi)focal epilepsies corresponding with 

respective EEG findings of multifocal epileptic discharges and generalized spike wave 

discharges. Seizure frequency ranged from numerous daily events (8/12; 67%) to isolated 

seizures (2/12; 11%). Response to antiepileptic drugs (AEDs) was inconsistent for individuals 

with recurrent seizures: seven of fourteen individuals (7/14; 50%), were treated with more than 

three AEDs and still had frequent seizures.  

Brain MRI findings. cMRI was performed on 21 individuals and was unremarkable in 15 

individuals (15/21; 71%). Focal or generalized brain volume loss was noted in four individuals 

(4/21; 19%) aged 7 months to 23 years and signs of a leukoencephalopathy were present in 

two individuals (2/21; 10%). 

Neurological findings. The most common neurological finding was muscular hypotonia 

(12/19; 63%), with severe hypotonia leading to feeding difficulties being observed in four 

individuals (4/19; 21%). Spasticity was noted in four individuals (4/21; 19%). Further recurrent 

findings include movement disorders such as ataxia (7/21; 33%), dystonia (4/21; 19%) and 

tremor (2/21; 10%). CVI was described in six individuals (6/21; 29%). 

Behavior. Most individuals were reported to have no behavioral issues. However, three 

individuals showed signs of an autism spectrum disorder (3/18; 17%) and four individuals 

presented with repetitive mannerisms such as hand-flapping (4/18; 22%). 

Additional findings. Musculoskeletal findings include bilateral clubfeet (5/21; 24%), joint 

hypermobility (4/21; 19%) and hip dysplasia (2/21; 10%). Most individuals had no or only minor 

dysmorphic features, with epicanthus being reported for three individuals (3/21; 14%). Further 

findings included a high-arched palate (4/21; 19%) with abnormal dentition or dental crowding 

(3/21; 14%; Supplemental Table S1 contains details on all phenotypic findings and 
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Supplemental Table S3.1 lists all observed phenotypes ranked by frequency in standardized 

terminology according to the Human Phenotype Ontology).  

Variant analysis 

Out of the 23 enrolled individuals with de novo variants, 15 different missense variants were 

identified, in addition to four LoF variants (two nonsense and two splice donor variants).  

All 19 variants were absent from the gnomAD database (last accessed July 2020). All 

pathogenic or likely pathogenic missense variants affected highly conserved amino acid 

residues (mean GERP++: 5.9) of the t-SNARE coiled-coil homology domain 1 (amino acid 

position 14-81) and t-SNARE coiled-coil homology domain 2 (amino acid position 135-202; 

Figure 1B and C).32 All de novo missense variants were predicted to be deleterious by multiple 

in silico prediction programs (mean CADD: 29.6; for a complete overview of in silico analysis 

see Supplemental Tables S5.1 and S5.2).  

Recurrent variants comprise the missense variant p.(Gly43Arg) identified in three individuals, 

the missense variant p.(Met71Thr) identified in two individuals, and the nonsense variant 

p.(Gln174*) identified in two individuals. Different missense variants affecting the same amino 

acid residue were also observed including p.(Asp166Gly) and p.(Asp166Tyr) as well as 

p.(Ala199Gly) and p.(Ala199Val). 

In silico structural modeling 

SNAP25 is part of the neuronal SNARE complex. The structure of this complex is shown in 

Fig. 2_AB indicating the positions of the variants detected in the present study. The sidechains 

of most residues affected are oriented towards the core of the SNARE complex, whereas few 

are oriented to the outside and interact with αSNAP, a protein that is involved in both SNARE 

assembly and disassembly after the completion of synaptic vesicle exocytosis.33 

In order to better understand the effects of the identified variants, molecular modeling was 

performed. This analysis indicated that all pathogenic or likely pathogenic variants were 
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predicted to destabilize the structure of SNAP25 by causing steric clashes: p.(Gly43Arg), 

p.(Leu57Arg), p.(Gln66Pro), p.(Gln174Pro), by weakening intramolecular interactions: 

p.(Leu50Ser), p.(Lys40Glu), p.(Ile192Tyr), or by enhancing backbone flexibility: 

p.(Asp166Gly), p.(Ala199Gly), p.(Gln197*). These structural effects are listed in more detail in 

the Supplemental Table S3.1. Other variants were predicted to predominantly destabilize the 

interactions with other components of the SNARE complex, namely STX1A: p.(Ile67Asn), 

p.(Met71Thr) or VAMP2: p.(Ala199Val). A third group of variants were predicted to result in 

disturbed interactions with αSNAP by causing steric clashes: p.(Val48Phe), p.(Asp166Tyr). It 

is important to note that some variants may both disturb SNAP25 structure and interactions, 

e.g. p.(Gly43Arg) or p.(Met71Thr). The structural effects of the p.(Gly43Arg) and p.(Ala199Val) 

variants are shown in detail in Fig. 2_CDEF. Taken together, despite differences in the 

proposed effects, all variants are expected to destabilize the SNARE complex itself or to affect 

its interactions with αSNAP (Supplemental Table S3.1).   
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DISCUSSION 

We present the first sizeable cohort of individuals with pathogenic or likely pathogenic de novo 

variants in SNAP25 and provide a comprehensive evaluation of an early onset developmental 

and epileptic encephalopathy.  

Moderate to profound DD and/or ID and early-onset seizures were identified as the core 

symptoms of SNAP25-DEE. In addition, ataxia, dystonia, CVI, brain volume loss, muscular 

hypotonia and spasticity were identified as recurrent clinical symptoms. Individuals with the 

most severe course of SNAP25-DEE exhibited profound DD, onset of seizures in the first two 

months of life, spasticity, CVI, and brain volume loss.  

Seizure semiology with a differentiation of focal or generalized onset can guide treatment 

options in individuals with epilepsy. An in-depth age-specific evaluation of seizure semiology 

was not possible in this comparatively small cohort, yet the adult individuals 5 and 12 exhibited 

mainly (multi)focal epilepsies. Video EEG data of individual 5 aged 20 years documented a 

focal epilepsy with parasagittal epileptic discharges corresponding with focal motor seizures 

(for the full video EEG report see Supplemental Table 1). This could indicate a possible 

evolution of seizures towards focal to bilateral tonic-clonic seizures in older individuals, but 

this will require further analysis of age-specific data on seizure semiology as well as their 

treatment to further elucidate SNAP25-DEE.  

Of special interest for future clinical predictions is comparing the clinical course of individuals 

with recurrent variants or variants affecting the same amino acid residue: (1) The de novo 

missense variant p.(Gly43Arg) was identified in three individuals. It is remarkable that all 

individuals showed a rather mild phenotype comprising mild to moderate ID, isolated 

generalized seizures that did not require treatment (individual 4) or showed good response to 

AEDs (individual 2) as well as ataxia and tremor. These finding suggests that this specific 

disruption of amino acid residue 43 could present with a milder variant-specific clinical course 

within SNAP25-DEE, while other individuals with pathogenic or likely pathogenic variants 
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nearby in residues 40 and 48 presented with a more severe clinical course. (2) Two de novo 

variants affecting the amino acid residue 166, p.(Asp166Gly) and p.(Asp166Tyr) were 

identified in individual 12 and 13 aged 17 and 23 years, respectively. They presented with mild 

to moderate ID, focal and generalized seizures and did not show additional neurological 

symptoms. (3) A different picture is seen for the recurrent de novo variant p.(Met71Thr) that 

was identified in individual 10 and 11. Individual 10 was able to speak in sentences at the age 

of eight years and had no history of seizures while individual 11 was only able to speak single 

words at age seven years and had daily seizures since the age of two years and six months. 

All pathogenic or likely pathogenic missense variants are located in the coiled-coil homology 

domains 1 and 2 of SNAP25, representing potential hotspots, also considering that little 

variation is observed in population databases in these domains (see Figure 1). The variants 

of four individuals aged two to 23 years with notable brain volume loss or signs of a 

leukoencephalopathy were located in the t-SNARE coiled-coil homology domain 2 (amino acid 

position 140-202), indicating a possible location-specific clinical observation (4/7; 57% of 

individuals with variants in this domain).  

Future studies with additional individuals with SNAP25-DEE will shed more light onto the 

underlying clinical course. Recent modeling suggests an incidence of de novo variants in 

SNAP25 in live births of approximately 1:100.000 for missense variants and 0.1:100.000 for 

nonsense variants.34 

The underlying disease mechanisms for “SNAREopathies” have recently been summarized 

as very diverse, including many examples of haploinsufficiency due to LoF and missense 

variants, as well as instances of a dominant negative mechanism.11 Data on functional 

analyses of variants in SNAP25 is scarce as of now and is only available for p.(Ile67Asn).14 

Cotransfection of chromaffin cells with mutant cDNA or with wild-type plus mutant cDNA both 

suppressed vesicle fusion to the same extent, indicating a dominant negative mechanism 

rather than haploinsufficiency for this variant. In the absence of comprehensive functional 



 SNAP25 developmental and epileptic encephalopathy  17 

 

 
 

 

analyses, structural modeling of missense variants using published crystal structures can help 

in predicting the underlying mechanisms by which variants disrupt either SNAP25 or its 

interaction with other proteins of the SNARE complex. In some instances, individuals 

harboring variants for which similar structural changes were predicted showed a similar course 

of disease. (1) The variants identified in individuals 10, 11 (p.(Met71Thr)) and 15 

(p.(Ile192Thr)) are both predicted to cause a reduced packing with each other. All three 

individuals presented with moderate to severe ID while motor development seemed to be only 

mildly affected with all of them being able to walk on their own. In addition, individuals 11 and 

15 presented with a rather late onset of seizures at 2,5 years and 12 years respectively, while 

individual 10 did not have a history of seizures. (2) Structural modeling of the likely pathogenic 

variants p.(Gln174Pro) and p.(Arg198Pro) indicated a disruption of the helix of SNAP25 for 

both variants. Individuals 14 (p.(Gln174Pro)) and 16 (p.(Arg198Pro)) presented with a severe 

course of disease with a seizure onset at age 2 months, severe to profound DD, CVI and 

spasticity. (3) Of further interest are two variants affecting the amino acid residue 199, 

p.(Ala199Gly) (individual 17) and p.(Ala199Val) (individual 18) with regards to a possible 

interaction with the SNARE complex protein VAMP2. The variant p.(Ala199Val) is predicted 

to cause a steric clash with the amino acid residue 77 of VAMP2. In a recent study, three 

individuals with variants affecting the amino acid positions 75, 77 and 78 of VAMP2 were 

described.7 All individuals showed overlapping clinical symptoms to the two individuals of the 

current SNAP25 cohort comprising moderate to severe ID, onset of seizures in the first year 

of life, muscular hypotonia, ASD, stereotypic hand movements, CVI, absent speech and 

unremarkable brain imaging.7 These findings indicate that the disruption of these structural 

domains in either SNAP25 or VAMP2 may cause a similar downstream functional effect and 

result in a similar clinical course. Putting these clinical observations in SNAP25-DEE in context 

to other known disease genes of the neuronal SNARE complex, it becomes clear that a shared 

clinical course has been repeatedly described, suggesting a shared phenotypic spectrum of 

the neuronal “SNAREopathies” (see Supplemental Table S6 and Figure S1)7,10,35 
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The diverging clinical presentations of individuals with LoF variants, allow some hypotheses 

to be drawn concerning the underlying molecular disease mechanism. Individuals with 

nonsense variants located in the last and next to last exon of SNAP25 show a more severe 

clinical course that contrast with the rather mildly affected individuals with splice variants 

located in the second and third exon. The nonsense variant p.(Gln174*) is located 32 base 

pairs from the end of exon seven of eight, so nonsense mediated mRNA decay (NMD) cannot 

be readily assumed, and the variant more likely leads to the translation of a truncated protein.36 

The same could be assumed for p.(Gln197*). Supporting causality for both nonsense variants 

is the fact that they are predicted to truncate SNAP25 by 33 and ten highly conserved amino 

acids, respectively. In addition, multiple likely pathogenic missense occur downstream of both 

positions. Whether mechanisms other than haploinsufficiency could be involved in altered 

protein function in association with these variants remains to be investigated, but a dominant 

negative mechanism is possible. The two canonical splice site variants c.72+1G>A, p.(?) and 

c.114+2T>G, p.(?) are located at donor site of in-frame exons two and three. Both variants 

could lead to an in-frame exon skipping possibly resulting in a non-functional gene product on 

RNA or protein level that is quickly degraded resulting in haploinsufficiency. (for a report on in 

silico splice prediction see Supplemental Table S5.2). Another mildly affected individual with 

mild ID and no seizures inherited the frameshift variant c.464delG p.(Gly155Alafs*84) from his 

unaffected mother but with a maternal family history of learning difficulties (see individual V6, 

Supplemental Table 2). This variant was classified as a VUS and although it also likely 

escapes NMD, the substantial change in the amino acid sequence more likely results in a non-

functional gene product that is quickly degraded and thereby acting via haploinsufficiency. 

Mouse models support the potential role of haploinsufficiency in the origin of SNAP25-DEE as 

SNAP25(+/-) mice display a susceptibility to induced seizures, EEG abnormalities and 

cognitive deficits.37 Take together, haploinsufficiency of SNAP25 may therefore lead to a 

rather mild phenotype but the preliminary findings reported in this cohort must be 

complemented by future analyses. Similar observations have been made concerning STX1B, 

where LoF variants leading to haploinsufficiency cause mild ID with epilepsy whereas 
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missense variants cause a more severe form of DEE.35 This phenomenon of LoF variants 

resulting in a rather mild course of disease is also known for multiple other NDD genes 

encoding ion channels, e.g. GRIN2A or KCNQ2.38,39  

In summary, de novo variants in SNAP25 cause an early onset developmental and epileptic 

encephalopathy mainly characterized by ID and epilepsy, demonstrating a strong phenotypic 

overlap with disorders caused by the disruption of other components or associated proteins of 

the SNARE complex, including movement disorders, cerebral visual impairment and brain 

atrophy. These findings add to the delineation of a group of disorders that may be called 

“SNAREopathies”.  
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Figures, Titles and Legends 

Fig. 1: Overview of SNAP25 variants and phenotypes (A) Upset-Plot40 of recurrent phenotypic 

combinations. The colored bars show the absolute number of observations of a certain 

phenotype in this cohort. The black bars indicate how many individuals presented with a 

certain phenotypic combination. 

(B) Location of missense and loss-of-function variants in SNAP25 with respect to domain 

structure (GenBank: NM_130811.3). Variants above protein scheme are de novo variants 

reported in this cohort with red circles indicating missense variants and orange squares 

indicating loss-of-function variants. Below the protein scheme are missense variants in 

gnomAD with allele count and the degree of coloring being proportionate to the allele count 

with the lightest grey indicating singletons. Abbreviations are as follows: t-SNARE c-c h 1= t-

SNARE coiled-coil homology domain 1; t-SNARE c-c h 2 = t-SNARE coiled-coil homology 

domain 2.  

(C) Density plot of all missense variants (de novo pathogenic or likely pathogenic variants in 

red and variants present in gnomAD in blue). 

Fig. 2: Location and structural effects of the SNAP25 variants detected in this study. 

(A) Top view of the SNARE-αSNAP complex. The individual proteins are shown in ribbon 

presentation and in different colors: SNAP25 (blue), Syntaxin (green), VAMP2 (cyan), αSNAP 

(yellow, orange, red, purple). Residues, for which variants were detected, are shown in space-

filled presentation and colored according to their atom type (cpk coloring). (B) Side view of the 

complex shown in (A). 

(C) Interactions of Gly43 in the wildtype. Gly43 (gray) is located at a sterically demanding 

position of the four-helix bundle close to Leu160 of SNAP25 and Phe216 of syntaxin. (D) The 

longer sidechain of the p.(Gly43Arg) variant forms steric clashes (red dotted circles) with the 

Leu160 and Phe216 sidechain thereby destabilizing the helix bundle. 
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(E) Interactions of Ala199 in the wildtype. Ala199 (gray) is located in spatial proximity to Phe77 

of VAMP2. (F) The longer sidechain of the p.(Ala199Val) variant forms steric clashes (red 

dotted circle) with the Phe77 sidechain thereby destabilizing the SNAP25-VAMP2 interaction. 
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Tables 

Table 1. Summary of clinical findings in individuals with pathogenic or likely pathogenic de 

novo variants in SNAP25. Variant nomenclature corresponds to GenBank: NM_130811.3. 

Abbreviations: +, phenotype present (not specified); -, phenotype not present; ASD, autism 

spectrum disorder; CVI, cerebral visual impairment; DD, developmental delay; ES , epileptic 

spasms; F, female; FS, focal seizures; GS, generalized seizures; ID, intellectual disability; M, 

male; m, months; MH, muscular hypotonia; n/a, not available; w, weeks; y, years. 
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Supplemental Data 

Supplemental Data includes nine Supplemental Tables and one Supplemental Figure. 
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