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Autosomal Dominant Cortical Tremor, Myoclonus and Epilepsy is a non-progressive disorder characterized by distal tremors.

Autosomal Dominant Cortical Tremor, Myoclonus and Epilepsy has been reported globally with different genetic predispositions

of autosomal dominant inheritance with a high degree of penetrance. In south India, Autosomal Dominant Cortical Tremor,

Myoclonus and Epilepsy has been reported in a large cohort of 48 families, in which the genetic defect was not identified. This re-

port pertains to the whole-genome analysis of four individuals followed by repeat-primed PCR for 102 patients from a familial co-

hort of 325 individuals. All the patients underwent extensive clinical evaluation including neuropsychological examinations. The

whole-genome sequencing was done for two affected and two unaffected individuals, belonging to two different families. The

whole-genome sequencing analysis revealed the repeat expansion of TTTTA and TTTCA in intron 4 of the SAMD12 gene located

on chromosome 8 in the patients affected with Autosomal Dominant Cortical Tremor, Myoclonus and Epilepsy, whereas the un-

affected family members were negative for the similar expansion. Further, the repeat-primed PCR analysis of 102 patients showed

the expansion of the TTTCA repeats in the intron 4 of SAMD12 gene. All patients registered for this study belong to a single com-

munity called “Nadar” whose nativity is confined to the southern districts of India, with reported unique genetic characteristics.

This is the largest and most comprehensive single report on clinically and genetically characterized Autosomal Dominant Cortical

Tremor, Myoclonus and Epilepsy patients belonging to a unique ethnic group worldwide.
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Introduction
Autosomal dominant cortical tremor, myoclonus and epi-

lepsy [ADCME (MIM: 607876)] [Syn: benign adult famil-

ial myoclonus, and epilepsy; familial adult myoclonic

epilepsy (FAME); familial cortical myoclonic tremor and

epilepsy (FCMTE)] is a benign, non-progressive disorder

reported in the age group of 12–50 years (Guerrini et al.,

2001; Striano and Zara, 2016). This condition has been

characterized by distal action and postural tremors, ar-

rhythmic and segmental photosensitive myoclonus pre-

dominantly in the upper limbs and seizures that are

mostly generalized tonic-clonic in type. Few patients have

complex partial seizures, all of which are exacerbated by

anxiety, fatigue, emotional stress and sleep deprivation

(Guerrini et al., 2001; Striano and Zara, 2016). A higher

prevalence of state-trait anxiety, depression and personal-

ity disturbances have been observed in patients with

ADCME compared to the other epileptic syndromes; such

serious psychiatric burden impairs their quality of life

(Coppola et al., 2016).

ADCME has been reported globally with different

genetic predispositions of autosomal dominant inherit-

ance with a high degree of penetrance (Coppola et al.,

2011). The condition has been previously reported in

various ethnicities such as Japanese [8q UBR5] (Ishiura

et al., 2018), Italian [ADRA2B, 2q11.2] (Madia et al.,

2008; De Fusco et al., 2014), Spanish [ACMSD,

2q21.3] (Martı́-Massó et al., 2013), Dutch [CTNND2,

5p15] (van Rootselaar et al., 2017), French [5p15.3.1-

p15.1] (Depienne et al., 2010), Thai [3q26.32-q28]

(Yeetong et al., 2013) and Chinese [8q SLC30A8, 22q

PLA2G6] (Cen et al., 2015; Gao et al., 2016) with pen-

tanucleotide repeat expansions. In south India, this en-

tity has been reported by our group in a large cohort

of 48 families, with detailed clinical workup; however,

the genetic defect was not identified (Mahadevan et al.,

2016).

Electroencephalography in patients with ADCME

shows either generalized spike and wave discharges with

photosensitivity or focal discharges, while the somatosen-

sory evoked potential reported with giant cortical poten-

tials (Ikeda et al., 1990). Though these patients typically

have no structural neuroimaging abnormalities, magnetic

resonance spectroscopy is reported to show choline peaks

in the dentate nucleus of the cerebellum (Striano et al.,

2009). The pathophysiology of ADCME has not been

elucidated yet, however, amongst the other hypotheses,

elevated cortical hyperexcitability may explain its biology.

The pathogenesis of seizures may be attributed to the

chronic excitation of the cerebello-thalamocortical circuits

which would result in decreased cortical inhibition nor-

mally applied by the cerebellum (Striano et al., 2005,

2013). These patients typically improve on treatment

with Sodium Valproate and Clonazepam (Coppola et al.,

2011).

Studies undertaken till date for characterizing genetic

variants causing epilepsies have documented repeat ex-

pansion variants in multiple genes (Ishiura et al., 2018;

Corbett et al., 2019; Florian et al., 2019; Lei et al.,

2019; Yeetong et al., 2019). The recent series of reports

on ADCME from Japanese and Chinese populations

(Ishiura et al., 2018; Lei et al., 2019) motivated us to ex-

plore whether the genetic defect in cases of ADCME in

South India could be attributed to repeat expansions. In

the present study, a cohort of 66 families (325 individu-

als including 102 patients) affected with ADCME have

been investigated. Of these, 33 families have been

included from our previous report (Mahadevan et al.,

2016) for the genetic characterization of the disease. The

present study reports the whole-genome analysis of two

affected and two unaffected individuals from a familial

cohort of 325 individuals. The whole-genome sequencing

followed by ExpansionHunter (Dolzhenko et al., 2017)

and repeat-primed PCR (RP-PCR) analysis showed the in-

sertion and repeat expansion of TTTTA and TTTCA

pentanucleotide repeats in intron 4 of the sterile alpha

motif domain containing 12 (SAMD12) gene in affected

patients only. Similar repeat expansion in the SAMD12

gene was reported in 82 patients from 48 Japanese fami-

lies (Ishiura et al., 2018). In the families with Benign

adult familial myoclonus, and epilepsy, which were previ-

ously identified negative for the repeat expansions in

SAMD12 gene (Ishiura et al., 2018), the expansions of

TTTCA and TTTTA were identified in trinucleotide re-

peat-containing adaptor 6A [TNRC6A (MIM: 610739)]

and Rap guanine nucleotide exchange factor 2

[RAPGEF2 (MIM: 609530)] genes. In a recent study, an

expansion of a TTTCA pentamer within the first intron

of StAR related lipid transfer domain containing 7

[STARD7 (MIM: 616712)] gene on chromosome 2 was

also shown to be linked with the Familial Adult

Myoclonic Epilepsy 2 [FAME2 (MIM: 607876)] (Corbett

et al., 2019). Similarly, in series of reports, an intronic

TTTCA expansion was found in the membrane-associated

ring-CH-type finger 6 [MARCH6 MIM: (613297)] and in

YEATS domain containing 2 (YEATS2 MIM: 613373)

genes that are known to be associated with Familial

Adult Myoclonic Epilepsy 3 [FAME3 (MIM: 613608)]

and Familial Adult Myoclonic Epilepsy 4 [FAME4

(MIM: 615127)], respectively (Florian et al., 2019;

Yeetong et al., 2019). In our study, we did not find such

repeat expansion in TNRC6A, RAPGEF2, MARCH6

and YEATS2 genes in two individuals who were negative

for the TTTCA pentanucleotide repeat expansion in

SAMD12 gene. Further, in order to check TTTCA penta-

nucleotide repeat expansion in intron 4 of SAMD12

gene, the RP-PCR was performed for all the 102 patients

enrolled in the study. RP-PCR analysis revealed the pres-

ence of TTTCA repeat expansion in intron 4 of

SAMD12 gene in all the patients investigated.
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Materials and methods

Patients and clinical workup

Patients with suspected ADCME presented at the

Neurology out-patient department in Tirunelveli Medical

College, a tertiary care centre in the state of Tamil Nadu.

Patients were taken up for genetic and genomic analysis

based on the clinical and electrophysiological criteria,

during a 9 year period (2009–2018) with prior institu-

tional ethical approval. They were subsequently referred

to the Multi-Disciplinary Research Unit of the medical

college for genomic analysis in 2016 (Ref No 76/Neu/

2011-13/05). Total 3 ml of the blood sample was drawn

by venipuncture in acid citrate dextrose tubes (Becton

Dickinson, NJ, USA) after a written informed consent for

genome analysis was obtained. The clinical information

on the onset of disease, its progression, associated aggra-

vating factors, a detailed neurological evaluation includ-

ing a mini-mental state examination and detailed lobar

function examination, neuropsychological evaluations

using relevant scales were documented. The social and

demographic data along with detailed family history was

obtained by interview and pedigree charts were drawn.

Electroencephalography was recorded in all the patients

and evaluated for paroxysmal abnormalities, responses to

intermittent photic stimulation at frequencies between 10–

25 Hz and background activity. Somatosensory evoked

potential was recorded and evaluated for giant cortical

potentials. Computerized tomography (CT) of the brain

was performed in all patients while magnetic resonance

imaging (MRI) with magnetic resonance spectroscopy

(MRS) and susceptibility-weighted images (SWI) were per-

formed in selected patients. The treatments for each pa-

tient, the responses as well as the changes in neurological

and psychological status were recorded.

DNA isolation

For whole-genome sequencing and repeat-primed poly-

merase chain reaction (RP-PCR) screening, the genomic

DNA of all reported individuals were isolated from the

blood using salting out method (Miller et al., 1988) and

diluted to 20 ng/ll concentration.

Whole-genome sequencing

The 20 ng/ll diluted DNA samples (total 1 lg) of four

individuals from two families (B.III.19- affected, B.III.17-

unaffected of family 1 represented in Fig. 1A. and

D.III.2- affected, D.III.4- unaffected of family 2 repre-

sented in Fig. 1B) were fragmented by adaptive focused

acoustics sonication (Covaris S220), and paired-end

PCR–free libraries were prepared with TruSeq DNA

PCR-free LP kit, as detailed in the standard procedure

(Cat no. Illumina Inc. USA 20015962). The whole-gen-

ome libraries were further analysed and quantified with

the library quantification assay kit (KAPA Biosystems).

All the libraries were pooled together at 350 pM concen-

tration and processed for paired-end (2 � 151 base pair

reads) sequencing on Illumina NovaSeq6000 (S4 flow

cell) instrument.

Whole-genome sequence analysis

The sequencing files were generated in the binary base

call (bcl) format by Real-Time Analysis software and

were demultiplexed into fastq files according to the sam-

ple index by the tool bcl2fastq. The raw reads underwent

adapter trimming with an average Phred score of Q20

using the tool trimmomatic-0.36 that filters out the bad

quality reads as well as unpaired reads (Bolger et al.,

2014). Filtered reads were aligned on the human refer-

ence genome GRCh38/hg38 using the Burrows-Wheeler

Aligner (BWA) (Li and Durbin, 2009). After alignment,

PCR duplicates were marked and removed using the

java-based tool Picard (http://broadinstitute.github.io/pic

ard/). GenomeAnalysisTK (GATK) v3.8 was used for

variant calling (McKenna et al., 2010) and postprocessing

(DePristo et al., 2011; Van der Auwera et al., 2013). The

SNVs and small indels were annotated by multiple data-

bases such as RefGene (Pruitt et al., 2007), dbsnp

(dbsnp152) (Sherry, 2001), ljb26_all, ClinVar

v.20180603 (Landrum et al., 2018) and allele frequencies

were fetched from 1000 Genomes project (A global refer-

ence for human genetic variation), ExAC (Lek et al.,

2016), Esp6500 (https://evs.gs.washington.edu/EVS/), and

gnomAD (Karczewski et al., 2020) using ANNOVAR

(Wang et al., 2010).

Short tandem repeat expansion
detection using ExpansionHunter

For detecting large short tandem repeat (STR) expansions

that could cause multiple diseases, a software package

ExpansionHunter (v3.0.1) (https://github.com/Illumina/

ExpansionHunter; Dolzhenko et al., 2017) was used,

which can identify the repeats from the PCR-free whole-

genome sequencing (WGS) short-read data at the pre-

defined genomic locus. It can detect repeats even if it is

larger than the read length by using an algorithm that

takes into consideration not only spanning reads but also

flanking and in-repeat reads. The algorithm uses a binary

alignment mapping (BAM) file as an input that contains

the aligned reads from a WGS sample to the reference

genome assembly FASTA file and a repeat catalogue file.

The tool then performs a targeted search for the reads

that span, flank, and are fully contained in-repeat and

genotypes repeats at the locus of interest. In this case,

BAM files of four samples aligned to GRCh38/hg38 ref-

erence genome FASTA were taken as an input for

ExpansionHunter to estimate large repeat expansions. We

also updated the repeat catalogue file that matches the
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patient’s condition to get genotype and phenotype

correlations.

Repeat-primed polymerase chain
reaction for the (TTTTA)n and
(TTTCA)n repeat

The RP-PCR screening was performed for 102 patients to

identify the TTTTA and TTTCA repeats in intron 4 of

the SAMD12 gene. The TTTTA repeats were amplified

by RP-PCR using FAM-labelled primer (P1), repeat-con-

taining primer (R1) and M13 anchor primer

(Supplementary Table 1). The schematic representation of

all the primer binding sites has been shown in Fig. 3A.

PCR was performed with 20 ng genomic DNA, with LA

Taq DNA polymerase (TaKaRa), Mg2þ free buffer

(TaKaRa), 200 lM dNTP mixture (TaKaRa), 1 M betaine

(Sigma-Aldrich), and MgCl2 (TaKaRa). The touchdown

PCR was carried out using the following conditions: ini-

tial denaturation for 5 min at 94�C, 10 cycles of 10 s at

98�C, 30 s at 64�C (decreasing 2 �C per cycle), and

1.5 min at 72 �C, followed by 27 cycles of 10 s at 98�C,

30 s at 50�C and 1.5 min at 72�C.

For TTTCA repeat expansion screening, FAM-labelled

primer (P2), repeat-containing primer (R2) and M13 an-

chor primer (Supplementary Table 1) were used. The

modified PCR parameters were used that comprised

100 ng of genomic DNA, 0.1 ll 5 U GoTaq Flexi DNA

polymerase (Promega), 1 ll 5� buffer (Promega), 1 ll

2 mM dNTP mixture (Promega), 0.6 ll 25 mM MgCl2
(Promega), 0.8 ll 10pM labelled (P2) and M13 primers

each and 0.1 ll 10pM repeat-containing primer (R2) in a

final 10 ll reaction volume. PCR was carried out using

the following conditions: denaturation for 5 min at 96�C,

followed by 38 cycles of 45 s at 96�C, 30 s at 60�C, and

4 min at 72�C.

PCR products were analysed on an ABI 3730 DNA

Analyzer (Applied Biosystems) and visualized using

GeneMapper software (version 4, Applied Biosystems).

Ancestry mapping using

chromosomal painting

The TTTCA pentanucleotide expansion in the SAMD12

gene has been earlier reported from China and Japan,

which motivated us to explore the ancestry of our

Figure 1 Pedigree tree of ADCME families subjected to WGS and RP-PCR analysis. WGS analysis was done for two individuals each

from two families, (A) family B (B.III.19- affected and B.III.17- unaffected) and (B) family D (D.III.2- affected and D.III.4- unaffected), respectively.

All the individuals who underwent sequencing and RP-PCR analysis are marked with a star and red arrowhead, respectively.

Genomic analysis of patients with ADCME BRAIN COMMUNICATIONS 2020: Page 5 of 12 | 5

https://academic.oup.com/braincommsarticle-lookup/doi/10.1093/braincomms/fcaa214#supplementary-data
https://academic.oup.com/braincommsarticle-lookup/doi/10.1093/braincomms/fcaa214#supplementary-data


patients based on the similarity in the haplotype pattern.

Haplotype prediction tool fineSTRUCTURE [version

4.0.1] (Lawson et al., 2012) was used, which exploits the

linkage disequilibrium along with standard principal com-

ponent analysis (PCA) and model-based STRUCTURE

based approach for better inference of haplotype ances-

try. Haplotype prediction on chromosome 8 variants for

four samples (two affected and two unaffected) was per-

formed using the chromosome 8 of the 1000 Genomes

Project as a reference. This dataset is composed of 2504

individuals from five major populations, African (AFR),

American (AMR), East Asian (EAS), European (EUR),

and South Asian (SOU) and 26 minor populations. The

whole-genome sequence corresponding to chromosome 8

from our samples was individually merged with chromo-

some 8 derived from the 1000 genome dataset. Further,

the data were pruned to get the maximum genotype rate

and phased using SHAPEIT tool (Delaneau et al., 2012).

Four-stage pipeline, that is a combination of chromo-

painter, chromocombine, and fineSTRUCTURE were

used to paint each individual. Further, the combine files

were assigned to population based on Markov chain

Monte Carlo (MCMC) algorithm, and finally tree build-

ing was based on the maximum posterior inferred num-

ber of population. Finally, 5 MB upstream and

downstream on both sides of the chromosomal locus was

plotted chr8:118366817-118366914 (hg38/GRCh38)

using R scripts provided by fineSTRUCTURE.

Data availability

The data from this study will be made available upon

request.

Results

Clinical details

A total of 456 individuals were identified in the pedigree

analysis of 66 families, including 252 males and 204

females, of whom 325 are alive (172 males and

153 females) and 131 are deceased (79 males and 52

females). The 66 families identified with ADCME were

stratified based on the number of generations reporting

ADCME in the pedigree. Of these 19, 34 and 12 families

reported patients across the 2nd, 3rd and 4th genera-

tions, respectively. The average size of members of the

pedigrees was 39.93 members with 2 largest pedigrees

having 81 members. The number of affected members in

each family has been summarized in Table 1. We

observed few associated phenotypes in these 456 individ-

uals, namely—infertility in 24, sudden death in 2 and

mental retardation in 3. Of these 66 families, 64

belonged to the same ‘Nadar’’ community while 2

belonged to a different community, including 56 males

and 46 females, who were sampled for genomic analysis.

The demographic, clinical, neurophysiological, imaging

and treatment data of 102 patients were recorder. The

cohort age ranged from 6 to 75 years with a mean age of

43.85 years (43.49 males, 44.32 females). The mean age

of onset of disease was 28.58 years (25.60 in male, 30.88

in female) and a mean duration of disease at the time of

diagnosis was 17.06 years (18.45 in male, 15.51 in fe-

male) with a mean duration of follow-up of 5.26 years.

The details about the age distribution and the age of the

onset for 102 patients are summarized in Supplementary

Table 2. The major symptom at presentation in our

patients was mostly seizures (59.80%) and tremors

(30.39%). Myoclonic jerks were identified in all 102

patients. The tremors in these patients were predominant-

ly in the distal portion of the upper limb and were aggra-

vated by posture and action, while myoclonus was

stimulus sensitive aggravated by photic stimuli, sleep de-

privation, fatigue or emotional stress. The seizures were

generalized tonic and clonic type in 89.22% and complex

partial seizure type in 10.78% cases. The seizures were

precipitated by sleep deprivation, fatigue, photic and

sound stimulus and emotional stress in most of these

patients. Of the 102 patients studied, psychiatric comor-

bidities were identified in 69.61% patients, including

panic disorder, phobia and generalized anxiety disorder.

These patients are on continuous 3 monthly follow-up

and no significant cognitive decline was detected in them.

The electroencephalography recordings in these patients

showed generalized spike and wave pattern with photo-

paroxysmal responses to intermittent photic stimulation

in 63.7% of patients and the rest had focal abnormal-

ities, while the somatosensory evoked potential showed

giant cortical potentials. Of the 102 patients, CT scan of

the brain was non-contributory in all, MRI scan of the

brain showed no structural abnormalities, and MR spec-

troscopy which was done in 10 patients showed a choline

peak in the proximity of the dentate nuclei and subtle

mineral deposits were seen in the same region in suscepti-

bility-weighted images (SWI). All the 102 patients

received treatment with valproate and clonazepam. 74

patients had complete remission of seizures and 28 had a

partial response. The response to treatment was compara-

tively less encouraging for tremors than the seizures.

Whole-genome sequencing

Whole-genome sequencing of four individuals generated

an average of 68.1 million reads, which were filtered

using trimmomatic and resulted in an average of 64.8

million reads. The alignment was more than 99% i.e.,

�64.7 million reads were aligned to human reference

genome GRCh38/hg38 using BWA 0.7.12 with an aver-

age coverage of 30X. The data has been tabulated in

Supplementary Table 3.
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Short tandem repeat expansion
detection using ExpansionHunter

In order to detect the STR expansions in the four sam-

ples (two affected and two unaffected), ExpansionHunter

analysis was used with an updated repeat catalogue or

json file. We found ‘TTTCA’ and ‘TTTTA’ repeats

mapped at locus 8q24 in intron 4 of SAMD12 gene

encompassing chr8:118366813-118366915 (hg38/

GRCh38). The pentanucleotide TTTCA repeats were pre-

sent only in affected individuals, whereas the unaffected

individuals were negative for the same. Similarly, TTTTA

repeats were found to be highly expanded in the affected

in comparison to the unaffected individuals. The average

pentanucleotide repeats of TTTTA in affected individuals

were two folds more than in unaffected individuals. The

output variant call format (VCF) file generated by

ExpansionHunter showed reads falling inside the repeat

region (in-repeat reads) in the affected individuals where-

as in the unaffected individuals the repeat region was

spanned by the reads (spanning reads) which indicated

that the number of repeats in the affected individuals

were highly increased. The increase in the number of

repeats has been summarized in Supplementary Table 4.

We have also checked the (TTTCA)n expansion in the

previously reported genes, STARD7 at cytogenetic loca-

tion 2q11.2 (chr2:96197066-96197122), MARCH6 at

5p15.2 (chr5:10,356,347-10,356,408), YEATS2 at 3q27.1

(chr3:183712187-183712223), TNRC6A at 16p12.1

(chr16:24613439-24613530) and in RAPGEF2 gene at

4q32.1 (chr4:159342527-159342616). The Expansion

Hunter and Integrative Genome Viewer (IGV) analysis

targeting the above-mentioned locus were negative for the

insertion and expansion of TTTCA pentanucleotide in

the affected individuals (Supplementary Fig. 1).

Further, we also manually verified the paired reads

from the BAM files in both affected and unaffected indi-

viduals using the IGV. We could detect ‘TTTCA’ repeat

sequences at the genomic coordinates chr8:118366813-

118366867 (hg38/GRCh38) in intron 4 of the SAMD12

gene in only the affected individuals (Fig. 2 and

Supplementary Fig. 2).

Repeat-primed PCR analysis

We performed RP-PCR analysis to screen for the TTTCA

pentanucleotide repeat expansion in intron 4 of the

SAMD12 gene in 104 individuals from 66 families

(Supplementary Fig. 3) including two unaffected individu-

als who underwent the WGS analysis (Fig. 3). The RP-

PCR screening showed the presence of expansion of the

TTTCA repeats in intron 4 of the SAMD12 gene in 102

individuals, which confirmed ADCME amongst the total

cohort. The length of the TTTCA repeats was found to

be highly variable in the positive ADCME patients as it

ranged between 7 and 80 pentanucleotide repeats. Similar

variability in the TTTCA repeats was also found in the

different patients from the same families. The two un-

affected members did not have the TTTCA pentanucleo-

tide repeat expansion in intron 4 of the SAMD12 gene.

Haplotype ancestry analysis using

fineSTRUCTURE

For haplotype ancestry analysis, we merged chromosome

8 variants from 2504 individuals from the 1000

Genomes Project with chromosome 8 variants from the

four samples (B.III.19, B.III.17, D.III.4 and D.III.2) in our

study individually, which led to 7742628, 7310484,

7319556 and 73162832 variants, respectively. We pruned

the variants with low genotype call rate and retained the

remaining variants. Consequently, the number of variants

decreased to 185472, 184335, 184581 and 185850 for

B.III.19, B.III.17, D.III.4 and D.III.2 respectively. Figure 4

represents the painted 5 MB upstream and downstream

regions across chr8:118366817-118366914 (hg38/

GRCh38) locus. After phasing and chromosomal painting

Table 1 Distribution of ADCME affected individuals across the pedigrees

No. of affected mem-

bers in the pedigree

No. of families No. of members

alive (male)

No. of members alive (female) Total No. of

members

1 1 0 1 1

2 3 0 4 4

3 10 10 10 20

4 3 5 3 8

5 11 18 23 41

6 8 15 19 34

7 7 20 20 40

8 3 6 12 18

9 5 20 6 26

10 2 8 4 12

11 7 35 22 57

12 4 25 11 36

20 1 6 11 17

21 1 4 7 11

66 172 153 325
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using fineSTRUCTURE, we found that all four samples

had a South Asian ancestry.

Discussion
Autosomal dominant cortical, myoclonus and epilepsy

(ADCME) is a well-delineated clinical syndrome,

reported worldwide. Due to the undetermined nature of

its nosology, it is not officially recognized under the

International League Against Epilepsy (ILAE) classifica-

tion. The prevalence of this disease is not well docu-

mented due to a lack of systematic population-based

studies (Ikeda et al., 1990; Coppola et al., 2011;

Striano and Zara, 2016). According to a report by

Uyama and colleagues, the estimated prevalence of

ADCME in the Japanese population was found to be

approximately 1 in 35 000 (Uyama et al., 2005).

ADCME is unique in its presentation, varying from

other idiopathic generalized epilepsies, in its age of

onset, benign clinical course, associated cortical tremors

and good response to treatment.

In this study, the pedigree charts (Supplementary Fig.

3) documented the clinical evidence of an autosomal

dominant transmission of the ADCME with a high de-

gree of penetrance. In an earlier study, we had reported

48 index patients who were domiciled in two southern

districts of the state of Tamil Nadu in India, with 241

affected members. The patients are presently domiciled in

various urban and rural locations across Tamil Nadu.

These 48 families belonged to a community called

‘Nadar’, a Tamil speaking Dravidian group domiciled

predominantly in the districts of Virudhunagar,

Tirunelveli, Thoothukudi and Nagercoil in Tamil Nadu

(Mahadevan et al., 2016). Individuals in the Nadar com-

munity have unique phenotype including shiny skin

(black or brown) with sharp angulated facial features.

Individuals of this group have a tradition of marrying

within their community. In terms of occupation, they

were regarded initially as ‘toddy-tappers’, and presently,

Figure 2 Visualization of SAMD12 TTTCA intronic repeats in the Integrative Genome Viewer (IGV). WGS reads visualization in

IGV revealed an intronic repeat “TTTCA” in SAMD12 gene at coordinate chr8:118366817-118366914 (hg38/GRCh38) in the affected individual

(B.III.19) whereas it was absent in the unaffected individual (B.III.17).
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adapted as merchants, professionals and agriculturalists.

They are considered to be one of the primal colonists of

South India and are believed to have their origin in a

southern India known as ‘Komari Land’, from where the

great Mediterranean culture extending to Africa,

Australia and the Middle East originates (Mencher, 1972;

Sridharan and Shankarkumar, 2004).

In the recent report, Ishiura and group (Ishiura et al.,

2018) identified the TTTCA pentanucleotide insertion

and expansion in intron four of the SAMD12 gene as the

causative mutation in the Japanese FCMTE1 pedigree.

The long read sequencing using Nanopore of the

FCMTE1 patients showed two repeat configurations

[(TTTTA)n (TTTCA)n and (TTTTA)n (TTTCA)n
(TTTTA)n]. In our study, we performed a whole-genome

sequencing analysis of the four individuals, two reported

with ADCME and two were unaffected. This was fol-

lowed by the ExpansionHunter and IGV analysis that

showed TTTTA and TTTCA expansion in intron 4 of

SAMD12 in the two patients only, whereas the two un-

affected individuals were negative for the TTTTA and

TTTCA expansion. Further, the RP-PCR analysis of 102

patients showed that the size of both TTTTA and

TTTCA pentanucleotide repeat expansions was variable

in the affected and unaffected individuals. The identifica-

tion of pentanucleotide (TTTCA)n insertion in the

SAMD12 gene in patients with ADCME, replicated the

findings of Ishiura and group (Ishiura et al., 2018).

However, in one of the unaffected individuals (D.III.4),

we observed the TTTCA expansion in the STARD7 gene.

At this point, we are unable to comment on the signifi-

cance of these repeats in STARD7 gene and its contribu-

tion to epilepsy. Currently, the individual (D.III.4) is

apparently healthy without any signs or symptoms of epi-

lepsy and is under follow-up.

The molecular aetiology of the TTTCA repeat expan-

sion in the ADCME pathogenesis has not been elucidated

before. However, according to some of the hypotheses,

the repeat expansion can result in RNA foci formation

by RNA aggregation leading to neurotoxicity, or the

translation of expanded transcript into neurotoxic pepti-

des, or it may contribute to the loss or the

Figure 3 Identification of the TTTCA expanded repeats in families affected with ADCME. (A) Schematic representation of exons

4, 5 and intron 4 of the SAMD12 gene. The primer sets P1, R1 and M13 anchor were designed to amplify the TTTTA repeats, whereas, P2, R2

and M13 targeted the TTTCA repeats. (B) Representative images of RP-PCR analysis targeting (TTTCA)n repeats. The RP-PCR analysis showed

the TTTCA repeat expansion in ADCME affected individuals (B.III.19 and D.III.2) whereas, the TTTCA repeats were absent in unaffected

individuals from both the families (B.III.17 and D.III.4).
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overexpression of the linked genes (Gatchel and Zoghbi,

2005; Todd and Paulson, 2010; Loureiro et al., 2016;

Zhang and Ashizawa, 2017). However, in the report by

Ishiura and group, the RNA foci were observed in the

cortical neurons and Purkinje cells in the brain of

patients using a Cy3-(TGAAA)12 probe, which strongly

supports the hypothesis that RNA-mediated toxicity could

be the underlying mechanism in the pathogenesis of

ADCME (Ishiura et al., 2018).

A recent study in five Chinese families showed that the

size of the TTTCA expansion is highly unstable over gen-

erations (Lei et al., 2019) indicating intergenerational in-

stability. In FAME3 the TTTCA repeat length in

MARCH6 and the age of onset has been found to be in-

versely associated, a larger size of the expansion leads to

the earlier manifestation of the dominant trait (Florian

et al., 2019). Our ExpansionHunter analysis estimated

the TTTCA repeat size to be 70 and 64 for two affected

individuals. Previous reports from Ishiura et al. (2018)

found 458 and 225 TTTCA repeat units in two affected

individuals. Similarly, Cen et al. (2018) estimated the size

of the TTTCA repeats to be larger than 105 units by

RP-PCR method. Our RP-PCR results for TTTCA repeat

expansion in 102 ADCME affected individuals have

shown that the length of the pentanucleotide expansion

varied greatly between the different patients in a range of

7–80 repeat units. The number of repeat units was found

to be variable even among the patients from the same

families and did not show any genetic anticipation.

The Nadars have been documented to express unique

haplotypes such as A3-B44, A24-B51, B44-Cw1 and

DR6-DQ1 compared to other Indian populations

(Sridharan and Shankarkumar, 2004). This suggests that

the Nadars have been influenced by genetic drift caused

by genetic selection, demographic and culture characteris-

tics and also indicate a lower proportion of racial

Figure 4 Haplotype ancestry prediction using fineSTRUCTURE. Ancestry prediction of two affected (B.III.19 and D.III.2) and two

unaffected (B.III.17 and D.III.4) individuals was done for locus 5MB upstream and 5MB downstream to chr8:118366817-118366914 (hg38/

GRCh38) using variant of 2504 individuals from five major population (AFR-African, AMR- American, EAS- East Asian, EUR-European, and SAS-

South Asian) of 1000 Genomes Project.
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admixture (Sridharan and Shankarkumar, 2004). Our

haplotype ancestry analysis showed that all the four

sequenced individuals had South Asian ancestry. In this

study, we have identified the pentanucleotide (TTTCA)n
insertional expansion in intron 4 of the SAMD12 gene as

a causal genetic defect underlying ADCME in Nadar

community. The report describes racial clustering of this

rare disease in a unique ethnic group and is the largest

report till date on ADCME.

Identification of the gene and the causative mutation

for ADCME opens the opportunity to explore the origin

and the prevalence of the disease across the population.

Short-read next-generation sequencing (NGS) data, such

as those generated by the Illumina sequencing platform

coupled with the bioinformatics tools are currently pre-

dominant in the discovery of the STRs in the genome.

However, for population-scale screening, the existing

WGS techniques are not cost-effective. The current RP-

PCR assay targeting the TTTTA/TTTCA repeats in the

intronic region of the SAMD12 gene showed 100% con-

cordance with those obtained by WGS analysis. RP-PCR

allowed us to identify the presence of expanded alleles or

to indicate their absence in the given samples. As dis-

cussed, in the ‘Nadar’ community, there may be addition-

al undiagnosed individuals with the spectrum of ADCME

whose genetic cause may be due to the TTTCA pentanu-

cleotide expansion. The RP-PCR can serve as a sensitive

and cost-effective technique to do community level genet-

ic screening. Screening for such repeat expansions associ-

ated with epileptic disorders across diverse communities

in India will provide further understanding of the molecu-

lar basis of the disease and help in bridging the gap for

developing therapeutic strategies (Batra et al., 2017; Zain

and Smith, 2019).

Supplementary material
Supplementary material is available at Brain

Communications online.
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