
SUPPLEMENTARY MATERIAL 

 

Supplementary Table 1: ddPCR probe specifications. Commercially available probes were 

purchased from Biorad and used following manufacturer’s instructions for amplification 

cycles, with annealing temperatures as shown (in °C) 

 

 

  



 
 

Supplementary Table 2: Complete list of samples and ddPCR results for the 17 mutation 

positive patients and comparison with orthogonal metods. Patients’ de-identified code 

(Patient-ID), sex, diagnosis based on neuroimaging (Dx-MRI), Diagnosis based on 

neuropathology (Dx-NPath), genetic variant, sample type and results from the different variant 

identification methods (ddPCR, Oncoplex, smMIPs, Exome sequencing, and Amplicon 

sequencing are listed for each of the 17 mutation-positive patients. For ddPCR results, Variant 

allele fraction (VAF%), Delta confidence interval (DCI), and number of wild-type and mutant 

droplets (average of quadruplicate) are reported. Samples were considered positive for a given 

mutation via ddPCR when DCI>0.045 and VAF>0.05% (green text). Negative samples are 

indicated in red text. False positive results are indicated in green bolded text and *, while false 

negative results are indicated in red italic text and **. Empty cells represent lack of testing due 

to exhaustion of sample. 

  



 
 

 

 

  



 
 

 

 

Supplementary Table 3: Summary of clinical and neuroimaging features for the 17 

mutation positive patients. Abbreviations: d, day; DMEG, dysplastic megalencephaly; FCD 

focal cortical dysplasia; HMEG, hemimegalencephaly; y, year; m, month; PQD, posterior 

quadrant dysplasia; N/A, not available. Data from two patients have been previously published, 

namely: LR13-389 (PMID 27159400); LR11-443 (PMID 28969385, 25722288, 27159400). 



 
 

  



 
 

Supplementary Table 4: Data summary of patients and samples who tested negative for 

the 6 PI3K-AKT-MTOR hotspot mutations. Patients’ de-identified code (Patient-ID), 

diagnosis based on neuroimaging (Dx-MRI), Diagnosis based on neuropathology (Dx-NPath), 

and sample type are listed for the mutation-negative patients (n=41). All samples were tested 

via ddPCR for all 6 hotspots in quadruplicates and in multiple independent runs. All samples 

had a DCI<0.045, thus they were considered negative (cells shaded in red). The average of 

each quadruplicate is reported here. Number of WT droplets is reported as measure of quality 

of the ddPCR run; samples with over 3000 were considered robust and subsequently analyzed 

(green shaded cells). If samples had less than 3000 WT droplets (yellow shaded cells) and 

VAF<0.1%, they were deemed negative. When multiple runs were performed for a given 

sample, results from the run yielding the highest number of wild-type droplets (WT droplets) 

is reported here.  Patient LR12-245 was previously published in PMID: 27159400. 

  



 
 

 



 
 

Supplementary Table 5: Neuropathological classification for cohort. The 

neuropathological diagnosis for the 58 patients reported here, sub-classified by their primary 

clinical diagnosis, and the number of cases within each category. Abbreviations: FCD, focal 

cortical dysplasia; HIE, hypoxic-ischemic encephalopathy; MTS, mesial temporal sclerosis; 

Multifocal CD, multifocal cortical dysplasia; PMG, polymicrogyria 

 

   



 
 

Supplementary Table 6: Genotype-neuropathology correlation for patient LR13-129; 

LR16-313 and LR18-024.  Results from ddPCR analysis and neuropathology evaluation for 

these three representative patients are listed below. For neuropathologic evaluation, 

hematoxylin and eosin staining (H&E) was performed and cortical layering, as well as 

presence/absence of balloon/abnormal neurons was evaluated. The H&E results refer to the 

percentage of abnormal area as evaluated by the pathologist. When possible, pS6 staining was 

performed and presence of positive neurons (dark or light staining, percentage relative to the 

area of the section) was performed. For ddPCR results, cells shaded in gray represent brain 

regions that are positive for the relative hotspot mutation, while cells shaded in gray represent 

brain regions that do not present the mutation. For LR18-204, FFPE and fresh frozen samples 

are listed. Two representative brain regions (inferior temporal, positive; and superior temporal, 

negative) from patient LR18-024 were selected for a comparison of VAF% detected via ddPCR 

in fresh frozen vs FFPE samples. See Figure 5 for a schematic representation of the two LR18-

024 specimens and relative neuropathology findings, and Supplementary Fig. 3 for 

neuropathology analysis for samples relative to LR13-129 and LR16-313. Blocks highlighted 

in Fig.5 and Supplementary Fig. 3 are highlighted here in yellow (positive blocks) and gray 

(negative blocks).  

  

  



 
 

 



 
 

SUPPLEMENTARY FIGURES 

Supplementary Figure 1. ddPCR representative results. (A) Examples of 2D Quantasoft 

plots for brain tissues from patient LR13-389, carrying the MTOR p.S2215F mutation. Variant 

allele fractions (VAF%) and Delta confidence intervals (DCI) are shown for each sample. The 

temporal lobe (sample 1312119) shows a clear positive result, with mutant droplets (in the blue 

oval) clustering in the upper left quadrant and in higher number than the double positive 

droplets (in the orange oval), with wild-type droplets in green clustering in the lower right 

quadrant. A frontal lobe sample from the second surgical procedure (sample 1405078) was 

negative, with 4 mutant droplets (in the blue oval) detected which were also present in the wild-

type control in the same run, as demonstrated by the negative DCI. A sample from the frontal 

operculum region (1312121) had a “borderline” result. Samples with VAF 0.16% and 

DCI=0.032 would be considered positive by the Biorad analysis protocol. However, as the plot 

shows, the number of mutant droplets (in the blue oval, n=7) are fewer than the double positive 

droplets (in the orange oval, n=9). The high number of double positive droplets leads to a false 

positive result, thus samples with DCI<0.045 are considered negative in this study. (B) The 

solve rate per type of tissue based on number of positive specimens vs. total. Hotspot mutations 

were not detectable in blood and buccal swabs.  

  



 
 

 



 
 

Supplementary Figure 2: Brain MRI of four patients with FCD/HMEG/DMEG who 

tested negative for the 6 PI3K-AKT-MTOR hotspot mutations. Summary MRI images 

showing biopsy locations.  For each image, cross-hairs reflect the sample site, with letters 

reflecting the multiple samples taken. Green dots represent the exact location of resection. The 

year in which the surgery was performed is indicated after the underscore, as patient LR15-119 

underwent multiple brain surgeries. These samples were tested via ddPCR for the 6 hotspot 

mutations and were all negative.  

 

  



 
 

Supplementary Figure 3: Histopathological findings and correlations with genotype in 

tissue samples from individuals LR13-129 and LR16-313. (A’) Schematic representation of 

the resection locations for patient LR13-129. Immunohistochemical and ddPCR findings in the 

histologically non-dysplastic parietal (B’,D’,F’,G’) and dysplastic (FCD type IIB) inferior 

frontal (C’, E’, H’, I’) resection specimens from patient LR13-129. (B’) NeuN labeling of 

neurons in a low magnification field from the parietal resection specimen shows intact six-

layered cortical gray matter as indicated by Roman numerals. The neurons appear cytologically 

normal (F’), but a significant subset show strong perikaryal pS6 immunoreactivity (D’,G’). 

(C’) In contrast, NeuN immunostaining shows marked disorganization of the cortical lamina 

in the inferior temporal region with balloon cells (H’) and diffuse positive pS6 

immunoreactivity in nearly the entire neuronal population (I’). Scale bars: B’-E’, 200 μm; F’-

I’, 100 μm. (A’’’) Schematic representation of the resection location for patient LR16-313. 

Immunohistochemical and ddPCR findings in the histologically non-dysplastic (B”, D”, F”, 

G”) and dysplastic area (C”, E”, H”, I”) from the temporal lobe resection (block B) LR16-

313. (B”) NeuN labeling of neurons in a low magnification field from a portion of the temporal 

lobe resection specimen shows intact six-layered cortical gray matter as indicated by Roman 

numerals. The neurons appear cytologically normal (F”), despite having a detectable mosaic 

burden in this region (VAF 1.26%). In contrast, NeuN immunostaining shows disorganization 

of the cortical lamina in a portion of the same region (C”) with atypical large neurons (H”) and 

intense positive pS6 immunoreactivity in a subset of the neuronal population (I”). Scale bars: 

B-E, 200 μm; F-I, 100 μm. Overview of ddPCR results for all samples belonging to these three 

individuals with matching neuropathology evaluation is presented in Supplementary Table 6, 

with the negative blocks (red text) and positive blocks (green text) matching the ones 

represented in this figure. 

 



 
 

 

 

 

  



 
 

Supplementary Figure 4: Comparison of number of surgeries and samples in the hotspot 

mutation positive and negative patients. (A) The number of surgeries per individual did not 

differ among the two populations. (B) The number of specimens per individual was 

significantly higher in the mutation-positive cohort (Kolmogorov-Smirnov test, 

pvalue=0.0068). Notably, our results do not rule out the possibility of a genetic mutation in the 

negative cases.  

 

 

 
 


