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Supp. Figure S1. Standardized phenotypic checklist used to document the phenotype of the individuals included in this study. 
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Supp. Figure S2.  A. Multiple sequence alignment of a region of NF1. NF1 from 11 different species were included in the alignment: Human, RefSeq: 

NP_000258.1 residues 1730-1815; Chimpanzee, TrEMBL: K7DMZ3 residues 1730-1815; Mouse, SWISSPROT: Q04690-2 residues 1732-1817; Rat, 

SWISSPROT: P97526 residues 1732-1817; Dog, RefSeq: XP_537738.3 residues 1736-1821; Horse TrEMBL: F6XRM7 residues 1665-1750; Platypus, RefSeq: 

XP_007664859.1 residues 1787-1872; Junglefowl, RefSeq: XP_003642464.1 residues 1725-1810; Zebrafish, TrEMBL: E7FBD0 residues 1720-1805; Mosquito, 

TrEMBL: B0WYP5 residues 1739-1824; and Drosophila, TrEMBL: O01397 residues 1782-1867. The multiple sequence alignment was performed with 

ClustalW2 program. B. Multiple sequence alignment of Human NF1 residue 1730-1815 (isoform2), and corresponding regions of yeast IRA1 and IRA2. Human 

NF1 (NF1_HUMAN, i.e. RefSeq NP_000258.1), 7 yeast IRA1 (IRA1_YEAST, N1P8I3_YEASC, G2W9E3_YEASK, A6ZL83_YEAS7, H0GCK5_SACCK , 

C7GY22_YEAS2, J8Q4Y3_SACAR ) and 5 yeast IRA2 (IRA2_YEAST, G2WMF4_YEASK, A6ZNC9_YEAS7, H0H0S5_SACCK, J8Q2L1_SACAR )  

sequences were included in the alignment. The multiple sequence alignment was performed with ClustalW2 program. 
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Supp. Figure S3. A and B: Comparison of H-bonds involving the residue Arg1809 in two crystal structures of human NF1, PDB-Accession code: 

2D4Q and 2E2X. Crystal structures of human NF1 (2D4Q in cyan and 2E2X in orange) were overlaid and close-up views of Arg1809 and its H-

bonds with Ser1738 the His1805 were shown: (A) 2D4Q and (B) 2E2X. Two structures show a slight difference: for 2D4Q, the donor-acceptor 

distances between Arg1809-His1805 is 2.989 Å and Arg1809-Ser1738 is 2.898 Å; for 2E2X, the distances are 2.626 Å and 3.201 Å, respectively. 
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Most H-bonds in proteins are in the moderate category with donor-acceptor distances at 2.5 Å ~3.2 Å. In the figures, moderate H-bonds were marked 

with green lines and weak ones were marked with red lines (donor-acceptor distances at 3.2 Å ~4.0 Å).  

C to K: Tertiary structure prediction of human NF1 p.Arg1809 mutations. (C) Crystal structure of human NF1 (PDB-Accession code: 2D4Q, 

detergent bound form), in which three residues Arg1809, Ser1738 and His1805 were highlighted. (D) Zoomed view of the three residues (Arg1809, 

Ser1738 and His1805) and H-bonds (shown as green line) involving the residue Arg1809.  (E-J) Zoomed view of NF1 p.Arg1809 mutations: 

Arg1809Cys (E), Arg1809Leu (F), Arg1809Pro (G), Arg1809Gly (H), Arg1809Ser (I), and Arg1809His (J). The H-bonds involving p.Arg1809 

mutations (Cys, Leu, Pro, Gly, Ser and His) were shown as green lines and a summary of the H-bond alterations based on 2D4Q 3D model was listed 

in the table (Panel K).  

2E2X was also used to analyze p.Arg1809 mutations (results not shown) and the results showed no difference compared to 2D4Q, except for the 

mutation Arg1809Pro. In 2D4Q, the mutation Arg1809Pro leads to loss of both H-bonds with Ser1738 and His1805; however, in 2E2X, only the 

weak H-bond with Ser1738 is lost, the H-bond with His1805 retains, just like all other p.Arg1809 mutations. 
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Supp. Figure S4. 3D structure of the 2D4Q detergent-bound form. Localization of all Cys side chains (red) within the Sec14-PH domain, with 

Arg1809Cys depicted in green. None of these Cysteines are located at a distance that would allow p.Arg1809Cys to engage in a disulfide bond. 
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Supp. Figure S5. Pedigrees of the familial cases in this study. The filled symbols represent the patients who are positive for Arg1809 mutations, and 

the open symbols are relatives who are negative for the family specific mutations. Note that “N/A” indicates the relatives were not available for 

genetic analysis. The arrow annotates the proband of the family. For the first generation, father is always I1 and mother is I2.   

*: Limited clinical information was provided for CARD-CFD-I2 (“multiple CALs and mutation positive”), therefore this individual is only 

mentioned in the comments section in the Supp. Table S2. 
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Supp. Figure S6. Pedigrees of two families with a missense mutation at p.Arg1809 in the proband: p.Arg1809Cys in family UAB-R7916 and 

p.Arg1809Ser in family UG-575. A different truncating mutation was identified in both families in a 2
nd

-degree (UAB-R7916) or 1
st
-degree relative 

(UG-575) presenting with classic NF1 (depicted in dark brown). 

Abbreviations: yr, years; CALM, café-au-lait macule; SF, skinfold freckling; PS, pulmonic stenosis; ax, axillary; R, right; L, left; PNF, plexiform 

neurofibroma; (-), mutation absent; cNF, cutaneous neurofibroma; PE, pectus excavatum; LD, learning disability; ADHD, attention deficit 

hyperactivity disorder. 
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Supp. Table S1. Clinical details for 136 individuals from 98 different families carrying a constitutional NF1 missense mutation affecting 

p.Arg1809 

 

Supp. Table S1 is included as a separate Excel file under the Supporting Information for this article. 

 

a
. two distinct pathogenic NF1 mutations were identified in the family (see also Supp. Figure S6) 

b
. exact ages were used to calculate Height and Head Circumferences, but data are provided as "age-groups" in this Table: 0-24 months; 2-4 years; 5-

8 years; 9-13 years; 14-18 years; 19-26 years; >26 years 

c
. fulfilling NIH criteria when taking family history into account and assuming the patient indeed has few small neurofibromas (none however 

histopathologically proven, nor biopsied) 

d
. height evaluated using the WHO or CDC charts results in value PC≤3 but given the Hispanic or Asian ethnicity this patient is not considered to 

have true Short Stature due to the lack of ethnic-specific growth charts. [ ] height percentiles for Hispanic and Asian individuals are provided 

between square brackets to indicate that they were not included for the data analysis on frequency of short stature. 

e
. The patients UAB-R2376, MARD-690-II2 and MARD-690-II1 were NOT considered having cognitive impairment/LD, despite presence of 

ADHD/ADD, as the referring physician said "normal development and IQ" on the phenotypic checklist. 

Abbreviations: Ethnicity: W: white; His: hispanic; AA: African American; As: Asian; NaA: Native American; Pa: Pakistani; Ar: Arabic; In: Indian; 

A, African; F, Familial; PrS, proven sporadic; RS, reportedly sporadic; UN, unknow; PC, Percentile; NS, Not specified, i.e. no value provided on the 

phenotypic checklist; N, UN, no symptomatic optic glioma (OG), unknown if an asymptomatic OG is present as no MRI data available; LD, learning 

disability; HTL, hypertelorism; MH, midface hypoplasia; SS, short stature; WN, webbed neck; DPF, downslanting palpebral fissures; LSE, low Set 

ears; PC, pectus carinatum; PE, pectus excavatum; PS, pulmonic stenosis; Pt, ptosis; SN, short neck; EF, epicantus folds; LPH, low posterior hairline; 

BBE, bright blue eyes; PRE, posteriorly rotated ears; DD, developmental delay; SD, speech delay; PNF, plexiform neurofibromas. 

 

 

 

 



Rojnueangnit and Xie et al., Human Mutation  10 
 

Supp. Table S2. In silico prediction of pathogenicity of all possible missense mutations affecting Arg1809, and effect on splicing as observed 

in vivo (RNA from lymphocytes) 

 

 
 
Abbreviations: sens: Sensitivity; spec: Specificity 
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Supp. Table S3. Cutaneous, dermal and/or subdermal neurofibromas in individuals ≥19 years old carrying a missense 

mutations at Arg1809 in this study and previous studies 

        

Age group This study Nyström el al, Ekvall et al, Pinna et al, Santoro et al Total 

19-26yrs 0/10 0/3 0/13 

27-35yrs 
2/8 (1 with possible subdermal NF, 1 with 1-2 possible 

subdermal NF) 
0/3 2/11* 

36-50yrs 
2/16 (1 with possible small NF on R forearm and 1 with 

possible subdermal NF) 
0/8 2/24* 

>50yrs 1/5 (1 with possible small subdermal NF) 0/6 1/11* 

 

* Clear-cut multiple cutaneous, dermal and/or subdermal neurofibromas were not seen in any individual. Few cases had 1-2 possible 

neurofibromas, but none were biopsied for histopathology. 

 

 


