Supplementary methods on bioinformatics analysis
i. Conservation Scores were calculated by PhyloP from PHAST package [1] and ConSurf web server [2]. Both calculations were based on the phylogenetic tree, which is superior to the algorithm using direct multiple sequence alignment (MSA), but still more or less would be affected by the property of sequence alignment of the region in the prescribed conservation score.
PhyloP applied the maximum likelihood method and the scores are obtained from a per-base calculation of the –log (p-value) from multiple species sequence alignment under a null hypothesis of neutral evolution.  The score ranges from 0 to infinity, although in practice there is a maximum achievable value for any particular data set, which reached 1.264 in Placental Mammal base-wise annotation within the genomic range of RET.   
The RET amino acid conservation score was calculated by ConSurf web server using empirical Bayesian method. The server allows for a maximum of 50 homologue sequences for alignment.  The conservation score calculated would correspond to the evolutionary rate of each site, which means the lower evolutionary rate would be more conserved, and vice versa. The scores were represented after normalization, hence, a minus value would represent conservation, and the lowest score represents the most conserved position in a protein. 
ii. Pathogenicity of amino acid substitution were predicted by SIFT (sorting intolerant from tolerant) [3,4] and PolyPhen2 (Polymorphism Phenotyping v2) [4]. 
SIFT uses sequence homology to predict whether an amino acid substitution will affect protein function.  It constructs an MSA and considers the position of the missense variant and the type of the amino acid change. Based on the amino acids appearing at each position in the MSA, SIFT calculates the probability that a missense variant is tolerated conditional on the most frequent amino acid being tolerated. The amino acid substitution is predicted damaging if the propability is less than or equal to 0.05, and tolerated if the score is > 0.05.  By this criterion, SIFT was tested to have a sensitivity of 68% and specificity of 62% [5]. 
Polyohen2 utilizes a combination of sequence- and structure-based attributes for the description of an amino acid substitution, and the effect of mutation is predicted by a naive Bayesian classifier.  PolyPhen-2 extracts the sequence and structure-based features of the substitution site and feeds them to a probabilistic classifier.  It uses 5% - 10% false discovery rate (FPR) for HumDiv model as the thresholds for this ternary classification: probably damaging, possibly damaging and benign. Sensitivity of the prediction based on this criterion is 86%, and specificity 51% based on Janita Thusberg and collegues’ study [5].
iii. Effect of the mutation on RNA substructure was firstly predicted basing on the free energy minimization (RNA substructure) prediction method (RNAMute), by which the scale of the alteration induced by the mutations was evaluated by the distance of mutated RNA secondary structure to the wild-type structure [6].  Also, we evaluated the functionality of the mutations in RNA substructures formation by direct intersecting with the Evofold predicted RNA secondary structures [7]. 
The core utility of RNAMute is based on Vienna RNA package, which performs the RNA secondary structure predictions based on the minimum free energies theory of RNA structure formation.  We applied the free energy change and Shapiro’s distance to evaluate the alteration introduced by mutation to the wild type RNA secondary structure [6]. 
Evofold is a comparative method for identifying functional RNA structures in multiple-sequence alignments. It is based on a probabilistic model-construction called a phylo-SCFG and exploits the characteristic differences of the substitution process in stem-pairing and unpaired regions to make its predictions. For the 48479 functional structure predicted, the authors estimate the precision in this prediction set is around 38%.

Supplementary Results
Rare variants reported in other HSCR series 
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Unfortunately, information of how those previously reported mutations arose (inherited or de novo) or the full characteristics of the patients bearing them was not always available.  R180X was reported in two related Caucasian cases [8].  T278N was reported in a Thai S-HSCR patient [9] (not stated whether the variant was inherited or de novo).  R313Q was found in homozygosity in a Caucasian TCA child with small bowel involvement), born of consanguineous parents [10].  E480K was also identified in two unrelated coloured S-HSCR individuals from South Africa (not stated whether the variant was inherited or de novo) [11].  Y1062C was reported in identical Taiwanese male twins of Chinese ancestry with S-HSCR [12] and in a Spanish/Caucasian S-HSCR who had inherited from his/her unaffected father,[13]; the gender of the probands reported with this mutation was not available. M1064T was identified in a S-HSCR familial case [14].  
V292M has recently been reported as a germ-line de novo event in a patient with phaeochromocytoma and medullary thyroid carcinoma, a condition also due to DNA alterations in RET [15].  In vitro functional characterization indicated that V292M is a gain-of-function “mutation” with some degree of oncogenic potential.  The bioinformatics prediction for V292M is damaging.
	R114H was described in 2002 in a Japanese patient with CCHS, condition that has an incidence of 1.9% among HSCR patients.  None of the HSCR patients with R114H presented CCHS features [16].  The only HSCR patient with CCHS (HK97C) had a 5'UT c.-37 G>C change as we previously reported [17].  This patient was negative for causal variants in PHOX2B, the main gene implicated in CCSH [18].
	Some mutations previously reported by others are also found in more than one patient in our series.  These are R114H (found patients with either S or L HSCR aganglionosis –supplementary Table 3), T278N identified in two patients with S-HSCR and, V292M identified in 3 patients (2 with S-HSCR and one with aganglionosis length undetermined).  Recurrent mutations found only in the present study and never reported before are T278A, found in 3 patients (2 with S-HSCR and one with aganglionosis length undetermined) and T295T, found in a patient with TCA and in one with aganglionosis length undetermined.

RET rare variants are not necessarily on the RET HSCR-risk haplotype
Of these 23 heterozygous patients, we were able to phase their mutation with the haplotype for 15, as 8 individuals had not been included in our previous RET genotyping exercise.  Among those 15 phased heterozygous patients, 7 had the CDS-RVs on the risk haplotype(T) and 8 on the wild-type(C).  Consequently, among the 92 patients with CDS-RVs phased (68TT+9CC+15CT=92), 17 (18.48%; 9CC+8C-phased) had the CDS-RVs on the non-risk-haplotype and 75 (81.52%; 68TT+7T-phased) on the risk-haplotype.
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