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Figure S1: Distinctive craniofacial features in GTPBP1 and GTPBP2 mutation carriers 

from our cohort. In decreasing order, microcephaly (HPO:0000252), sparse eyebrows 

(HPO:0045075), thin sparse hair (HPO:0008070), full lips (HPO:0012471), full cheeks (HPO: 

0000293) high anterior hairline and bitemporal narrowing are the most consistent craniofacial 

features across the GTPBP1- and GTPBP2- mutated individuals from our cohort. 



 

 

Figure S2: Neurological features associated with GTPBP1/2-related disorders. Note 

spastic tetraparesis and loss of visual fixation of I-1 (A). Note spasticity and dystonic posturing 

of the upper arms of I-7 (B). Note spastic tetraparesis of I-8 (C). Note spastic tetraparesis and 

abnormal hand movements of I-10 (D). Note axial hypotonia and lower limbs spasticity of I- 

16 and I-17 (E-F). 
 
 
 
 
 
 

Figure S3: Hand anomalies in GTPBP1 and GTPBP2 mutation carriers from our cohort. 

Note the proximal (mostly interphalangeal) contractures in individuals I-1 (A-B), I-5 (C), I-8 

(D), I-10 (E), I-18 (F) carrying biallelic GTPBP1 and GTPBP2 variants. 



 
 

Figure S4: Brain expression values of GTPBP1. Brain expression values of GTPBP1 show 

higher expression levels in the PUTM (putamen), CRBL (cerebellar cortex), OCTX 

(occipital cortex), HIPP (hippocampus), FCTX (frontal cortex), THAL (thalamus) and less 

expression in TCTX (temporal cortex), MEDU (medulla), WHMT (white matter) and SNIG 

(substantia nigra). 

  

Figure S5: Brain expression values of GTPBP2. Brain expression values of GTPBP2 show 

higher expression levels in the CRBL (cerebellar cortex), FCTX (frontal cortex), SNIG 

(substantia nigra), TCTX (temporal cortex), THAL (thalamus), WHMT (white matter), 

PUTM (putamen) and less expression in MEDU (medulla), OCTX (occipital cortex) and 

HIPP (hippocampus). 

 



 
 
 
Figure S6. RT-PCR and Western Blot studies in GTPBP2-mutated individuals. A 

significant reduction of mRNA compared to controls in GTPBP2 mutation carriers is 

observed (S5A) and is confirmed after normalization using a relative relationship method 

(Figure S5B). Intron retention products as a result of the splicing c.1236+1G>A homozygous 

mutation (Figure S5C). Western Blot showed a significant reduction of the Gtpbp2 protein in 

patient-derived fibroblasts compared to control cell lines (Figure S5D) 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S7. Ribosome profiling in GTPBP2-mutated individuals. (A) CDS densities are shown 

comparing translation of Control fibroblasts to fibroblasts from GTPBP2-mutated Individual 

carrying the truncating homozygous p.Gln332Ter variant (left) and GTPBP2-mutated Individual 

carrying the splicing homozygous c.1236+1G>A variant (right). Densities are sorted into 

histograms with 20 bins each and plotted on the corresponding axis for each sample. Pearson 

Correlations of log-transformed densities were 0.97 for both comparisons. (B) Read size 

distributions are shown for Control (Black), p.Gln332Ter (Red), and c.1236+1G>A (Blue) 

mutated fibroblasts. (C) Codon occupancies are presented for empty A-site ribosomes (21-24 nt 

reads) comparing relative ribosome occupancy on all 61 sense codons between control and 

p.Gln332Ter (left) or c.1236+1G>A (right). 

 
 
 
 
 



Table S1: GTPBP1 and GTPBP2 variants identified in this study. 
 
 
 

Table S2. Clinical features of patient with biallelic variants in GTPBP1 NM_004286.5 (light 

blue) or GTPBP2 NM_019096.6 (light grey)  

 

 

 
 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Supplemental Methods 

 
 
 
Recruitment of research subjects 

 
 
Individuals and their families were collected prospectively. Informed consent for DNA analysis 

was obtained from study participants in line with local institutional review board requirements 

at the time of collection. The study was approved by the ethics committee of University College 

London (project 06/N076) and additional local ethics committees at the participating centers. 

Written informed consent for collection of clinical information, neuroimaging, and genetic 

information was obtained for each study participant. 

 
 

Reverse-transcriptase polymerase chain reaction (RT-PCR) and Western Blot 

To investigate the functional impact of the identified mutations we performed a RT-PCR and 

WB experiments performed in available fibroblast cell lines from I-7 (Family 5) carrying the 

p.Gln332Ter homozygous GTPBP2 variant, I-8 (Family 6) carrying the c.1236+1G>A 

homozygous splicing GTPBP2 variant, and I-9 (Family 7) carrying the p.Arg521Ter 

homozygous GTPBP2 variant. Control fibroblast cell lines were used from healthy age- and 

sex-matched individuals. Semi quantitative PCR (semi‐qPCR) was performed in 50‐μl reaction 

volume prepared by combining the cDNA template, and gene‐specific primers, including two 

sets for the frameshift variants p.Gln332Ter and p.Arg521Ter: F 5′‐ 

CTCACGGACAGCAGAAGAGA ‐3′ and R 5′‐ TTGGGTGACTGAGCAAACTG ‐3′; F 5’- 

TCTGGAGAGAGTCTGGACCT-3’ and R 5’- GCTTCTCCTGCTGTAATGGC-3’ and 

intron-intron primers for the c.1236+1G>A splicing variant: F 5’- 

TGCTCAGTCACCCAATGTCACCCCCAT-3’ and R 3’- 

ACGGCAAATCCCACTGGAAAGTG-5’), nuclease‐free water, and SYBR Green Master 

Mix. The PCR reaction conditions were: one cycle of 94°C for 4 min, followed by 37 cycles 

of 94°C for 45 sec, 54°C for 45 sec, and 72°C for 50 sec. For testing the splicing variant, a 

longer PCR of one cycle of 94°C for 4 min, followed by 37 cycles of 94°C for 45 sec, 54°C for 

120 sec, and 72°C for 50 sec was used. 

For western blot analysis, protein lysates were obtained from cultured fibroblasts and total 

protein concentration was measured by means of the Bradford assay. Samples were separated 

on SDS-PAGE using Bis-Tris gradient gels (4–12% NuPAGE, Invitrogen) according to the 



manufacturer's recommendations, electrophoretically transferred into Immobilon-P transfer 

membranes (Millipore). Membranes were immunoblotted with the antibody: Rabbit polyclonal 

antibody against the N-terminal portion of human Gtpbp2 protein from Source Bioscience 

(Nottingham, Uk) at 4°C overnight. Blots were then exposed to horseradish peroxidase- 

conjugated goat anti-mouse IgG (1706516, Bio-Rad Laboratories, 1:5000) 1 h at room 

temperature. Blots were developed using ECL-Prime (GE Healthcare), visualized via a 

ChemiDoc™ Touch Imaging System and analysed using Image Lab 5.2 software (Bio-Rab 

Laboratories). For the quantifications, the signal intensity of the affected protein bands was 

normalized to the signal intensity of GAPDH bands. 

 
Ribosome Profiling experiments 

Fibroblast cell lines from I-7 and I-8 and age- and sex-matched healthy controls (cultured in 

10 cm dishes) were removed from the 37C incubator and washed once with warmed 1X PBS 

(Thermo Fisher Scientific), to be placed in a shallow bath of liquid nitrogen to flash-freeze the 

cells. Dishes were transferred to wet ice and thawed in the presence of 500 µL of lysis buffer 

(20 mM Tris-Cl pH 7.4, 150 mM NaCl, 5 mM MgCl2, 1 mM DTT, 100 µg/mL cycloheximide, 

1% Triton X-100, 2.5 U/mL Turbo DNaseI (Thermo Fisher Scientific)). Lysates were 

transferred to 1.7 mL tubes, incubated on ice for 10 minutes, and clarified by centrifugation at 

21,000g, 4C, for 10 minutes. The soluble supernatant was removed, and RNA amounts were 

quantified using the Quant-iT RiboGreen RNA Assay Kit (Thermo Fisher Scientific). 

 

 

Drosophila studies 

The following Drosophila stocks were obtained from the Bloomington Drosophila Stock Center: 

w[1118]; pBac{w{+mC]=IT.GAL4}cg2017[0758-G4] (BDSC #63501), w[1118]; 

pBac{w{+mC]=IT.GAL4}cg2017[0269-G4] (BDSC #62747), y[1]sc[1]sev[21]; 

P{TRiP.HMS00976}attp2 (BDSC #34097), and w[*]; P{y[+t7.7]w[+mC]=10XUAS-IVS-

mCD8::GFP}attP2 (BDSC #32185). Reverse transcription and qPCR reactions were performed 

using standard protocols. RNA was treated with DNaseI to remove contaminating gDNA (NEB, 

M0303S) and converted to cDNA using MMLV-RT (Promega, M170A). qPCR reactions were 

performed using the Power SYBR Green Master Mix (ThermoFisher Scientific) and primers used 

were as follows (5’ – 3’): cg2017-CF – AAACTACGCGCCGAAAAAGG; cg2017-CR-



AGGACTCCATAATGTGTTGCTTC; rp49F:CGATATGCTAAGCTGTCGCACA, rp49R: 

CGCTTGTTCGATCCGTAACC. PCR reactions were performed in a 96-well Applied Biosystems 

Step One module using standard thermocycle protocols. For statistical analyses of DAM-derived 

locomotor values, data were first assessed for normal or non-normal distributions using a Shapiro-

Wilk test. Data exhibiting normal distributions were subject to significance testing through one-

way ANOVA with Tukey’s multiple comparisons tests. Non-normal distributions were subject to 

significance testing through Kruskal-Wallis with Dunn’s multiple comparisons tests.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Consortia involved in this study.  

SYNAPS Study Group. 
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