Christelle Tesson 
  
Mohamed Sofiane Bouchetara 
  
MD Mélanie Ferrien 
  
MSc Suzanne Lesage 
  
PhD Alexis Brice 
email: alexis.brice@icm-institute.org
  
PhD Mohamed Sofiane Bouchetara 
  
Prof Alexis Brice 
  
  
Identification of a DAGLB Mutation in a Non-Chinese Patient with Parkinson's Disease

Keywords: Autosomal recessive inheritance, DAGLB, Early-onset, Parkinson disease AR, autosomal recessive, CNV, copy number variation, EO, early-onset, PD, Parkinson's disease, WES, Whole Exome Sequencing

à la diffusion de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Liu and colleagues 1 recently reported that biallelic mutations in DAGLB are responsible for autosomal recessive early-onset Parkinson's disease (AR-EO-PD). They first identified a homozygous DAGLB splice site mutation in a consanguineous family with two affected siblings by combining homozygosity mapping and whole exome sequencing (WES). Through exome data mining in a large cohort of 1,741 unrelated PD cases, they identified three additional mutated index cases. All six patients were of Chinese origin and presented typical EO-PD (≤40 years) with a good response to levodopa. No additional cases outside China have been reported so far.

To assess the causal role of pathogenic variants in DAGLB in our French cohort, we used data mining in the exomes of 55 families with AR-PD (n=88 cases), and 629 isolated EO-PD cases (Supplementary Data and Material). We identified a homozygous p.Pro357Leu missense variant in a single consanguineous PD case (Figure 1a). This mutation predicted to be deleterious by 13 out of 18 prediction softwares tested (Supplementary Table 1) affects a conserved amino acid localized in the catalytic domain of the protein, near the pathological p.Asp363Gly mutation described in the previous paper 1 (Figure 1b). It is predicted to destabilize the protein structure according to Dynamut2 2 (Figure 1c and1d). All rare variants in the homozygous state identified in WES analysis of this patient are available in Supplementary Table 2.

The patient of Algerian origin was born to healthy first-cousins parents and reported no family history of PD. His family and social cirumstances led him to stop his schooling at the age of 15. He presented at 30 years with bradykinesia and later developed postural instability and an akineto-rigid form of the disease, predominant on the right side, with an UPDRS III motor score of 25 and a Hoehn & Yahr score of 3 on "off" stage and of 2 under medication.

Following 13 years of disease evolution, his akineto-rigid syndrome worsened with the presence of dysarthria, an UPDRS III score of 78 on "off" stage, and of 45 under medication and a Hoehn & Yahr stage of 4 on the "off" stage which improved to 3 on medication. The patient did not show any frank cognitive impairment or hallucinations. At the last examination, he developed non-motor signs and symptoms, such as depression, constipation, urinary and sleep disturbances. Levodopa treatment led to significant improvement in clinical signs. The patient developed subsequently end-of-dose dyskinesias, motor fluctuations as well as dystonia in the "off" medication state. Brain MRI was normal (see Supplementary Table 3). Thus, we identified a patient carrying the DAGLB p.Pro357Leu mutation localized nearby the previously published p.Asp363Gly 1 variant, reinforcing the fact that DAGLB is involved in EO-AR-PD. As the most frequent genes involved in AR-PD (PRKN 3 , PINK1 [START_REF] Ibáñez | Mutational analysis of the PINK1 gene in early-onset parkinsonism in Europe and North Africa[END_REF] ), the DAGLBassociated disease presents and evolves like typical PD. Since we screened a population of PD cases with either AR inheritance or EO-PD (< 50 years) and found a single patient among 683 index cases, we conclude that DAGLB is a very rare cause of AR-EO-PD. However, we demonstrate that mutations in DAGLB are not limited to the Chinese PD population but can also account for PD in North Africa. 

Supplementary Material and Methods

Cohort description

The cohort assembled by the French and Mediterranean Parkinson's Disease Genetics Study group (FMPD cohort) consisted of 683 index PD patients with available whole-exome sequencing (WES) data. Most of these patients present with early-onset PD. Mutations in the Parkinsonism-associated genes (Supplementary Table 4), were previously excluded using WES and multiplex ligation-dependent probe amplification 1,[START_REF] Rodrigues | DynaMut2: Assessing changes in stability and flexibility upon single and multiple point missense mutations[END_REF] . Expansions in SCA2 and SCA17 were excluded using ExpansionHunter [START_REF] Lücking | Association between Early-Onset Parkinson's Disease and Mutations in the Parkin Gene[END_REF][START_REF] Ibáñez | Mutational analysis of the PINK1 gene in early-onset parkinsonism in Europe and North Africa[END_REF] . This cohort included 716 patients with PD, 273 females and 443 males, from 683 families. 472 were from Europe, 102 from North Africa, 7 from South Africa, 1 from Asia and 134 of unknown origin. Among them, 55 families with at least two affected siblings (n = 88 patients) were compatible with AR PD, including 13 families (n = 20 patients) with parental consanguinity. 628 patients were isolated cases, including 61 with consanguinity. WES data were available for all index cases, 33 additional affected members and 53 unaffected relatives. The mean age at onset of motor signs was 35.7 years (range: 6 to 77 years).

Informed consent was obtained from all participants, and the genetic studies were approved by local ethics committees (INSERM, CCPPRB du Groupe Hospitalier Pitié-Salpêtrière, Paris, France).

Exome sequencing and analyses

WES in the FMPD cohort was performed at the ICM IGenSeq core facility, Integragen service (Evry, France) or through the NIH facility. Exons were captured using the SureSelect Human All Exon Kits Version 2 Agilent, the Human All Exon V4+UTRs -70 Mb Agilent, the Human All Exon Agilent, the Roche V.3, Medexome or the Twist Refseq kit, followed by a massively parallel sequencing on the HiSEQ 2000, or the NextSeq500 or NovaSeq system (Illumina). The mean coverage was 104.9X (range 51.1-225.8X) and 25, 30, 50-fold mean sequencing depth was achieved across 84.6% (range 79.5-90.4%), 86% (range 58.4-95.5%) and 81.4% (range 57-97.3%) of targeted regions, respectively. DAGLB specific coverage was analyzed using an in house script from the DAC core facility, based on transcript ENST00000297056 for exon and 5' and 3'UnTranslated Regions (UTR) localization. The mean coverage was 67.5X (range 12.9-209.2X), an example of the DAGLB coverage is shown on Supplementary Figure 1. Read alignment and variant calling were done using an in-house pipeline. Briefly, FastQC was used to check the quality of the reads and low-quality reads were removed using Trimmomatic. Sequencing data were then aligned to the human reference genome hg19 using the bwa suite 36 and variant calling was performed using GATK HaplotypeCaller 5 or Dragen (Illumina).

For 362 index cases, 25 additional patients and 38 unaffected relatives we were able to detect CNVs based on WES data. Briefly, the DRAGENTM DNA pipeline v3.8.4 (Illumina) was used to align the reads to the human hg19 reference genome, mark the PCR duplicates and perform the calling of the Copy Number Variants using the panel of normals approach. Each sample's depth of coverage being first corrected for the GC bias and then normalized against the depth of all the unrelated samples in the same sequencing batch. Only the events passing the default filters were considered for analysis and annotated with AnnotSV v3.1.1 6 . For the other individuals of the cohort (n=344), it was not possible due to the fact that too few individuals were sequenced together in the same batch.

Variants in DAGLB were extracted using the graphical interface developed by the DAC core facility (https://quby.icm-institute.org/app/dejavu) and annotated with a in house R script. We filtered all homozygous or double heterozygous variants in DAGLB that possibly affected the cDNA or localized in the splice site region (-8 +11bp from exon/intron junction) and with a MAF<1% in the gnomAD public database. All variants identified in our cohort, including heterozygous variants, are listed in Supplementary Table 5.

For patient SPD-2137-1, WES was analyzed using VaraFT 7 softaware. We filtered all homozygous variants that possibly affected the cDNA or localized in the splice site region (-8 +11bp from exon/intron junction), with a MAF<1% in the gnomAD public database and and localized in region of loss of heterozygosity (Supplementary Table 6).

Detection of run of homozygosity

For patient SPD-2137_1 homozygosity mapping was performed using Automap 8 from the VCF file of WES data. Region of homozygosity are available on the Supplementary Table 3.

Variant segregation

For individuals from family SPD-2137 and individuals listed in Supplementary Table 5, the presence of the variant was checked on the bam file using IGV software (https://software.broadinstitute.org/software/igv/). 3D structural modelling of DAGLB and predicted impact of the mutation DAGLB 3D protein structure was downloaded from Uniprot using the structure predict by AlphaFold 9 (Q8NCG7). Then, the impact of the mutation was predict using DynaMut2 10 and PremPS 11 Supplementary Table 1. Pathogenicity score and prediction for the chr7:g.6464453G>A variant of DAGLB obtained with dbNSFP4.3a 12- 

Fig. 1 d

 1 Fig. 1 Segregation and localization of the DAGLB p.Pro357Leu mutation. a Segregation of the DAGLB mutation in the SPD-2137 family. The patient is homozygous for the p.Pro357Leu mutation and his unaffected father is heterozygous for this mutation. b Localisation of the DAGLB mutation identified in our study nearby the p.Asp363Gly mutation identified in the lead article 1 , adapted from 1 . The catalytic domain is indicated in yellow. c Prediction of the wild-type DAGLB structure and amino acid interaction, obtained with DynaMut2 2 . d Prediction of the mutated DAGLB structure due to the p.Pro357Leu mutation and amino acid interactions, obtained with DynaMut2 2 . Predicted interactions are greatly modified compared to the wild type DAGLB (ΔΔG Stability = -0.49kcal/mol) . AO: age at onset, +: Wild type, M: mutated. Created with BioRender.com

  

Table 4 .

 4 Known genes or genes related to Parkinson's disease/Parkinsonism excluded from our cohort AR, autosomal recessive, Mu, Multifactorial according to OMIM (https://www.omim.org). Designation were obtained using recommandation[17][START_REF] Lange | Nomenclature of Genetic 51 Movement Disorders: Recommendations of the International Parkinson and Movement 52 Disorder Society Task Force -An Update[END_REF][19][20] . This table was created with the R package myvariant 1.20.0[START_REF] Myvariant | Accesses MyVariant.info variant query and annotation services[END_REF] . ACMG[START_REF] Richards | Standards and guidelines for the interpretation of 62 sequence variants: a joint consensus recommendation of the American College of Medical 63 Genetics and Genomics and the Association for Molecular Pathology[END_REF] nomenclature was obtained using Franklin by genoox (https://franklin.genoox.com/clinical-db/home), VUS : Variant of unknown significance, CAU : Caucasian origin, NoAf : North African origin, NA : Information not available.
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Table 6 .

 6 List of homozygosity regions for patient SPD-2137-1 detected with Automap 8

					Nb_variant	Percentage_homozygosit
	#Chr	Begin	End	Size(Mb)	s	y
	chr1	69270	3342804	3.27	114	94.74
	chr1	193051685 199717218	6.67	43	93.02
	chr6	18264210 31238983	12.97	231	97.4
	chr6	31324144 32489672	1.17	113	93.81
	chr6	32551961 45320548	12.77	228	96.93
	chr7 *	2946461 11075263	8.13	82	93.9
	chr7	149191568 150439500	1.25	33	90.91
	chr11	45230862 52516144	7.29	75	93.33
	chr12	50040811 51393116	1.35	34	88.24
	chr12	123087442 124246910	1.16	33	90.91
	chr13	103473497 113665848	10.19	96	96.87
	chr14	100772102 103799695	3.03	37	89.19
	chr16	5140541 15091589	9.95	122	98.36
	chr16	56504724 59757683	3.25	66	98.48
	chr18	4197503 11610332	7.41	55	98.18
	chr18	11610629 28681903	17.07	84	96.43
	chr19	45515345 52130488	6.62	288	99.31
	chr19	54849481 59080698	4.23	257	100
	chr20	59485627 62737568	3.25	134	100
	chr22	47132809 51183255	4.05	80	98.75
	Default settings used:				
	## INFO: 125.08 Mb are in Homozygous Regions (autosomal chromosomes)
	## AutoMap v1.0 used for analysis			
	## Variant filtering parameters used: DP=8, percaltlow=.25, percalthigh=.75,
	binomial=.000001, maxgap=10			
	## Other parameters used: window=7, windowthres=5, minsize=1, minvar=25, minperc=88,
	chrX=No, extend=1				
	* DAGLB localization				
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