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Figure 1.  DES coupled with bioinformatic analysis identifies an apparently de novo RRAS alteration, G39DUP (c.116_118dupGCG), in the proband.  
A) DES and bioinformatic filtering results.  Red arrow and boxes indicate the gene, alteration, inheritance, and zygosity/ number of reads. B) 
Alignment of NGS reads, as visualized with the Broad Institute’s Integrated Genome Viewer (IGV).  Red arrow indicates the location of the 
insertion, which is found in approx. half of the proband’s reads but is absent in the parents’ reads. C) Family pedigree with Sanger sequencing 
traces confirm the de novo nature of RRAS G39dup.  Red arrows indicate the location of the duplication in the proband, * indicates exome 
sequencing was performed, open shape indicates unaffected family member, filled shape indicates affected family member. 

Figure 2. G39dup is situated in  a highly conserved, functional region of RRAS.  A) G39 and flanking residues are conserved across evolution. B) Schematic of 
the RRAS gene (top) juxtaposed with  the linear protein product (bottom).  Arrows indicate  that  c.116_118dup (G39dup) is located in RRAS exon 1, which 
encodes the first of five functional motifs (G1 to G5, red) that participate in GTP/ GDP binding and  GTPase activity.   Also depicted  on the linear protein are 
the unique N-terminal region (violet), switch I (light green), switch II (dark green), hypervariable region (light brown), and the C-terminal CAAX motif (dark 
brown).  C) Visualization of G39 within  the 3D structure of RAS.  Red surface indicates G39 and V40.  Residue V55 is depicted in blue while Q87 is shown in 
green; GDP and GTP are coloured in yellow.  Elements from panels B and C have been adapted from Flex, 2014. 
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• Delayed milestones 
(speech delay; some 
problems with 
reading and spelling)

• Chronic fatigue

• 7 year old boy

• Craniosynostosis 
(premature fusion of 
the skull, which results 
in an abnormal head 
shape)

• Slightly dysmorphic –
hyperteloric appearing, 
small nose, crowded 
teeth, full lower lip with 
pits

• Small hands, short 
fingers

• Large penis for age

• Hydrocele (painless 
buildup of watery fluid 
around testicles)

• Scoliosis with pelvic tilt

• Constipation

• Hypermobile 
(Beighton 7/9)

• Astigmatism

• Small ventricular septal 
defect (VSD)

• Splenomegaly

• Periodic nose bleeds

• Thrombocytopenia

• Decreased 
immunoglobulins

•

•
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