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BACKGROUND Table 1. Clinical overview and notable variants Case examples
* The UBC MAGERS (Metabolic Explorations in Refractory Schizophrenia) Study is an intensive T pﬁ?v?éi Di;’;:zg& o e MDGA1 Participant P1 had aggression and conduct disorder in childhood, and onset of psychosis
pilot, multimodal —omics and psychiatric genetic counselling research project conducted in Study Sex, Psychiatric  Score Score Score Microarray Genome Sequencing Results by 18, initially labelled schizoaffective, later schizophrenia. Auditory hallucinations, nihilistic and
participants with highly treatment-resistant schizophrenia (SCZ) or schizoaffective disorder D cie depiess B BeAad) dEd Relevant Family History SeSUlE (some highlights listed) referential delusions were refractory to numerous antipsychotics, including clozapine with
(SZAD) hospitalized in the tertiary provincial BC Psychosis Program Unit at UBC Hospital. M, Brother with MDD, maternalauntand | 35 prioritized variants augmentation by aripiprazole, loxapine, sulpiride, ECT, SSRIs, and lamotrigine. He has a rare VUS
W - - TR ” i oic i : " 3 > > > > greavgrandiather sith alconoliom, microarray VUS®in MDGAL (p.T152M) in MDGA1, a good SCZ and NDD (neurodevelopmental disorders) candidate gene (see table 2).
* We hypothesized that this cohort with “extreme phenotypes” of psychosis is likely to be enriched cousins with BPD/SAD y a8 P 8
in potent, rare or novel genetic risk variants with potential precision medicine implications Psychosis Maternal half-brother with DD/ID and ~ Xp22.33 deletion 19 prioritized variants SETD1A Participant P6 with childhood-onset schizophrenia has a pathogenic mutation in SETD1A,
METHODS P2 ';"7' 'l\:l?jyg‘gzst 102 92 5 :‘sr'?ocrar::ﬁfy*zlyn‘::i:‘lirgegucdﬁzg:';‘/’52:‘; g;‘g;"afffr:c?ed \"/Uéaifr']a&tG';‘\Tg'(*gflézgswx) the first gene in .V\./hICh LoF (Ioss-of-functlor.l) mutations were enriched in SCZ cohorts at.a
r/o OCD hallucinations) mother Compound heterozygosity for VUS in LRP1B genome-WIde SIgnlflcance level. SETD1A remains the most S|gn|f|cant (p=200 X10-12) risk gene In
Inclusion and exclusion criteria M SAD and 5 sisters with OCD, 1 with MDD. Normal male 50 prioritized variants the SCHEMA SCZ exomes meta-analysis, with an odds ratio for LoF variants of 20.1 (5.68- 108).
* Capability to provide informed, consistent consent, or assent with surrogate consent ® e oo > " ® Mltiplesibs with possible psychosis. " " ¥3§12§E$§E5§§§Z.>G’ACMG SF gene’ e SETDI1A haploinsufficiency confers a syndromic neurodevelopmental (NDD) and psychiatric
* DSM-5 diagnosis of SCZ (schizophrenia), SAD (schizoaffective disorder), and/or Catatonia 15q13.3 deletion phenotype (Singh, 2016). Overlapping phenotypic features in P1 include a high forehead,
* Exclusions included psychotic disorder due to substance use, medication, or a medical disorder P4 ';,/'7' iﬁ-prPe 99 62 4 None reported ﬂmc‘\;)dfmm ﬁuzrl'su'é;igigag;&) downslanting palpebral fissures, and fleshy/broad tapered fingers; verbal learning disability
Phenotyping mother and ADHD; behavioral problems, including aggression, in childhood; and very early-onset
e Structured birth histories and three-generation family histories (AD, PC) e M SAD-BP 193 o3 s Father with addiction + MI; brother rﬁfggglgj'e 13 prioritized variants psychosis, with auditory hallucinations beginning at age 9.
* Mini-International Neuropsychiatry Interview (MINI) and Childhood Trauma Questionnaire (OL) 7 b v P Lofvariantn SETDIA (p. Q4S80 * In adult mice with Setdla haploinsufficiency, which impairs active cortical neuronal axonal
* Detailed reviews of medical records, labs, EEG and imaging data, physical exams (VW, RS) Y M o o 5 A oL a0a01), NRXN3 (0 branching and synaptic dynamics, lysine demethylase 1 inhibitors (including tranylcypromine,
 Structured neurological and dysmorphology exams (RS) ; neuropsychological assessment (MM, IT) 55 aunt, BPD and anxiety G426D), and ARHGEF17 (p. Q1090L) a licensed MAOI antidepressant) reversed working memory deficits (Mukai, 2019).
e DSM-5 diagnoses by multidisciplinary consensus and MINI (PC, AD, JL, HN, OL, RW, WH) Maternal: 2 aunts with SCZ or SAD; 2 Normal male o . .. , , L : : :
* Extensive biochemical sFr.e.ening for psychosis-as.sociated. inborn errors of metabolism 8 S 88 88 > ;‘::jg};t"r:::‘ (';’e“pr"efj:r‘]a' uncle BPD,  microarray %ET'S’EEZ‘ZT(?E% :\:)Rli/ i;?;ar:)l ilf?:tn:n:p?s \iAr/]I:Q asf:riltzi(c)zlaolhc:grr]rgi:ggz : 2|sEle’aer|quCO2 doi;ghjli c?r;t?avneln lrjrz:llsesaern:eecergrjc’)c?tzlcéz
 Immunophenotyping utilizing a MesoScale cytokine and inflammatory marker pane (CW5, CB) g “Cz o - . Alcoholism in both parents, ?BPD in rl\rl\?crrr?)::‘:::]ale \1/352:)2;;?:1\233?251H) o (a.k.a. Tlx), a transcription factor critical for limbic system development and adult neurogenesis.
Genetic investigations Chromosomal microarrays were performed in the Royal Columbian 28 father CHD7 (Q1701E) | . Despite being extremely intelligent (premorbid 1Q 142), and the offspring of highly educated
Hospital Molecular Cytogenetics Lab (CT, AM, MH), and whole genome DNA (gDNA) and RNA 22q11.2 22 prioritized variants. Heterozygous P LoF profissionalf with noy evidefce cgfl? sociopathycll (vol)unteering witE N%Os agndy homeless
sequencing (RNA-Seq) at BC’s Genome Sciences Centre (AJM). gDNA reads were barcoded using ZUINM 112 o1 > MotherhasSCZ ?#(;)Illggflsﬂnaternal \\;\7;I:onr:';ndizzzz,(:fcg;sll;;).g(\e/zesfci)r: shelters), he sustained a minor TBI (without MRI sequelae) at age 12 in a fight, and once tried
10xGenomics Chromium library kits to permit linked read sequencing. Effective average read depth inheritance) SETD1B (p.R262C) and GGA1 (p.A192T) to choke a sibling (who described him as having a lifelong “violent temper”).
was 32X. RNA-Seq was performed on 4 samples per case (= 40M reads per sample) M Normal male 18 prioritized variants . . e ” . :
o _ PIL o) sz 86 69 5 Maternal uncle with depression microarray Possible P LoF variant in FOXP1 (p.S561X) * Aggression in NR2E1l (“Fierce”) mutants is attenuated by clozapine and the 5-HT2,,
Bioinformatics Likely P variant in CNOT1 (p.E884G) antagonist ketanserin (Juarez et al, 2013).
DNA and RNA analysis was performed in UBC’s Michael Smith Labs (|\/|S|_) In the Pavlidis lab (GPM’ 1pos. & Neg. Symptom Scale in SCZ. 2Degree of Resistance to Rx Scale. 3VUS = Variant of Uncertain Significance. *Pathogenic. ’ACMG Secondary Finding ®Loss-of-Function. FOXP1 and CNOT1 Participant P11 (OUF 10th case, one was withdrawn for Change in diagnosis)
SR, PP), linked, bar-coded gDNA reads were aligned to the reference hgl9 genome using i - e : was diagnosed with ADHD in childhood, depression at 13, and SCZ at 19.
10xGenomics’ Long Ranger pipeline. Single nucleotide variants (SNVs) and short indels were called Table 2. Summary of selected mutations h'ghl'ghted In next panel

e He has extreme myopia, subtle finger chorea, macrocephaly (with childhood turricephaly),

using GATK, quality-filtered, and annotated with Ensembl VEP 98, gnomAD allele frequencies, and . . s : .

, 5 » 4 y g , ) -’ g. G ’ and multiple compound melanocytic nevi. Mild dysmorphic features include a broad-based

ClinVar. Gene-level annotation (GLA) included gnomAD’s mutation intolerance scores (pLI and Z- Relevant Roles - Classification Rationale Other Evidence nose, inward angling of his molars, mildly abnormal pinnae, asymmetrical nipple placement

. « e . . . . . . V4 ) ) )
SCOrE), haplOlnSUff|C|ency ranklng, and various gene I|St$, |nC|Ud|ng ACMG actionable genes, those Encodes protein critical for Mutation maps into the Ig2 domain of Thri52Met found in 3/48 496 SCZ ild | ith dal d b d

. . . . . . . e regulating perisomatic inhibitory the protein critical for Mdgal's P-1hr PT oundain ! mi pECtUS excavatum; pes p anus with a sanda gap, an Very roa great toes.
Wlth reportEd SChIZOphrenIa’ prOIar dlsorder (BP)’ Or frontOtemporal dementla aSSOC|at|On; and svnapses in h| ocam alCAl Rare heteroz ous interactionwith neuroli in 2: residue is a“eles' bUtIn n0n90f194,644contr0|
ynap pp p yg gin 2; ; . . . .
. . L . : . e s, S missense: hylogenetically conserved in MDGAL ~ 211S in SCHEMA. e A truncating FOXP1 mutation, classed as “Pathogenic” by ACMG rules, seems less compelling

metabolic pathway genes with psychiatric symptom association. SNVs and indels were filtered based PL MDGAL i i nourexinneuroliging 287 pThri5oMet. LIST-52 VUs e o Located in the 6p22.3-p21.1 region ' " el . S o in CNOT ’

. . . . - e . . , ' ' R . linked to SCZ, and identified as a SCZ .
on VEP-rated impact, rarity (MAF < 0.0005), and pathogenicity (CADD = 20); prioritized using other interaction (Connor et al, 2017). 0.970303. MDGAL curated in ClinVar as pathogenic .4/ igolar disorder risk gene in than a “Likely pathogenic™ missense mutation in

. ] ] ] ] ] ] ) Necessary for normal LTP, spatial to date, and conflicting predictions re several studies
available annotation, and reviewed in the IGV browser in conjunction with RNA-Seq data for learning, and memory. haploinsufficiency | CONCLUSIONS
independent evidence of validity. Structural variants were called using Long Ranger, and annotated ncodes subunit of 3 histone Frameshift: o , , , , ,

. : . ) . ysine methyltransierase 0.GIn4g4Ter. Participant's neurodevelopmental, * Our preliminary results provide encouraging support for the hypothesis that patients with severe
using DGV, DGV Gold and gnomAD population frequencies, as well as GLA. Variants were visually implicated in dynamic chromatin (Novel - not found in | |  psychiatric, and facial morphological . . . )

. ted in 10xGenomics’ Loupe browser and compared with chromosomal microarray calls regulation & maintenance, any database) h Novel (i.e., not in any database) protein- 1\ 7 0 Lo psychosis (mean admission and discharge PANSS scores of 90.3 and 69.2, respectively) are a good
INspecC P6 SETD1A  Heterozygous mutant mice show 36 . Pathogenic  disrupting variant in a clinical NDD- . .. . . .

P P P Y reduced parvalbumin +ve i associated dominant gene. naplomsuficiency. FoF mutations are place to look for ultra-rare and potent genomic risk factors for SCZ and SAD.

n XDr [ n w |m fr‘ m RNA- W| h N in-h | ||n N R El\/l N interneurons in cortical layer 5, runFa g Trameshitt, sro'nggene'lc risk factortor . . . ] ] ) )
Gene expression was .e.st ated _ © Seq data wit a. ouse pipeline based ,O > and and Reelin +ve interneurons in ieacing 1o premature schizophrenia. * Consistent with the literature, we found SCZ-associated ultra-rare variants (URVs) impacting
STAR. For allele-specific expression, RNA-seq data was aligned to phased personalized genomes layers 2, 3, and 5 in medial PFC stop codon). oleiotropic (“broad-spectrum”) NDD risk genes such as SETD1A, and conferring substantial risk for

[ ] ] ] ] ] [ [ ’
generated from a high confidence subset of the genomic variants. The significance of allelic e g;i:;é‘l;l:nr:il:it:en;cirr:tl)cis:;(srl;br:gene— osychosis. Because of their potent effects on risk, identifying genes targeted by these URVs may be
. . o _ o . ncoaes orphan nuc ear receptor -+ M int th NR C4-t o f . . L. L. . X . . .
Imbalance Was Inferred Wlth ANEVA-DOT using GTEX Wh0|e bIOOd baCkground expression data ga-k-a-TLT)(;atrlar;)SCFIpfclon;acc';olrtcrltlcaﬂ - reZiFZ)snlrr]u?cleaer recepto»;p;ozr;nacinlr;ﬁr:e Ebﬂormalltlels an abnormal social tractable precision medicine targetS, as well as |”Um|nat|ng key pathogenetlc mechanisms.
ey . L. . .. . - .. or neural development and adu are heterozygous : . ehavior, including aggression
Additional prediction of functional protein impact in the MSL Gsponer lab (EW, JS) utilized their in- o gy TCUseness ndudngdevlopmentol  niccanse mutation » EZ;TSiSuF;;EtiZ'nncjm?l r:;;::alg el oy e 2 e s REFERENCES
. . . e nippocam u.san a.rr? a.1a. . RS A !¢ . HT2 . k . K
house tools, including LIST-S2 and IDRBind. Neurons rom mice defcentn Tx e dosage sensitive). However, no Clinvar  “4¢ 112891 ctansern flumaret N o |
dosage-sensitive manner in early cortical pathogenic variants or human NR2E1/TLX is downregulated in a Connor, S. A.,, Ammendrup-Johnsen, I., Kishimoto, Y., Karimi Tari, P., Cvetkovska, V., Harada, T., . . . Craig, A. M. (2017). Loss of Synapse Repressor MDGA1
Variant curation e phenotype yet reported. seiremdEree meuremal [PSE Fred Enhances Perisomatic Inhibition, Confers Resistance to Network Excitation, and Impairs Cognitive Function. Cell Rep, 21(13), 3637-3645.

. ] . . of schizophrenia (Murai et al, 2016). Juarez, P, Valdovinos, M. G., May, M. E., Lloyd, B. P., Couppis, M. H., & Kennedy, C. H. (2013). Serotonin,A/C receptors mediate the aggressive phenotype
Variants were curated (JJ, AE, KB, RS) per ACMG guidelines and genotype-phenotype correlation, of TLX gene knockout mice. Behav Brain Res, 256, 354-361.

; _ ; i : i ; _ Strong support for FOXP1 as a SCZ risk Kumar, R. A., McGhee, K. A., Leach, S., Bonaguro, R., Maclean, A., Aguirre-Hernandez, R., . .. Simpson, E. M. (2008). Initial association of NR2E1 with
using web-based tools and databases, mCIUdmg SCHEMA (SChlZOphrema Exome Sequencmg Meta _ Truncating mutation in a gene in GWAS, although not for LoF bipolar disorder and identification of candidate mutations in bipolar disorder, schizophrenia, and aggression through resequencing. Am J Med Genet B
analysis Consortium (Singh et al, 2020), SZGR2 (Schizophrenia Gene Resource 2); Varsome, ClinVar, ncoces a forkhead box P family Heteronygous haploinsufficient gene; however, variants In SCHEMA, LoF mutations Neuropsychiatr Genet, 147b(6), 880-889.

DECIPHER. DGV. OMIM: G C d G Di ” STRING: UniP SWISS-MODEL: dbSNP UCSC reoressor imblicated ?n framesh\i/ftindel (13 b previously reported cases with FOXP1 delay/a rgaxiagandt Fi)call DD/ID Mukai, J., Cannavo, E., Crabtree, G. W., Sun, Z., Diamantopoulou, A., Thakur, P,, . .. Gogos, J. A. (2019). Recapitulation and Reversal of Schizophrenia-
, ] : GeneCards, GeneDistiller, ; UniProt, - ; ) P11 FOXP1 deF\)/eIopmentpofmi o N/A  gartion), resutting P Pathogenic  syndrome have mutations that disrupt iy /yor/'iSD aggressyi‘;n aﬁxiew . Related Phenotypes in Setdla-Deficient Mice. Neuron, 104(3), 471-487 e412
Genome Browse I, PUbMEd, PMC, PER ; and mouse phenotyping data (||V| PC, MG') dopamine and GABAergic medium p.lle561MetfsTer5. \?Vrhtgenacsa:;sbi:c;riintF(;);tdi(:r;]a,:E; OCD . Participant was shy but not Murai, K., Sun, G., Ye, P, Tian, E., Yang, S., Cui, Q., . .. Shi, Y. (2016). The TLX-miR-219 cascade regulates neural stem cell proliferation in neurodevelopment
spiny neurons. ) PSJUStp overtly autistic, and was diagnosed and schizophrenia iPSC model. Nat Commun, 7, 10965.
protein. ith ADHD, but completed 4 f
RESU LTS With AURL, but completed & years o Singh, T., Kurki, M. 1., Curtis, D., Purcell, S. M., Crooks, L., McRae, J., ... Barrett, J. C. (2016). Rare loss-of-function variants in SETD1A are associated with
university in a B.5c. program. schizophrenia and developmental disorders. Nat Neurosci, 19(4), 571-577.
In these 10 particinpants. we identified 195 moderate-hich impact DNA seduence variants (mean Mutations of all classes in CNOT1 were Singh, T., Poterba, T., Curtis, D., Akil, H., Al Eissa, M., Barchas, J. D., . .. Daly, M. J. (2020). Exome sequencing identifies rare coding variants in 10 genes
P P ’ . g P . . G ( Encodes a subunit of the CCR4- Novel; mutation maps into a region associated in 39 individuals with which confer substantial risk for schizophrenia. medRxiv, 2020.2009.2018.20192815.
19.5, range 12-42). 3 cases harbored LoF (predicted loss-of-function) mutations (1 each) relevant to NOT transcription complex, a interacting with ZPF36 (important for ~ developmental delay and/or learning Vissers, L., Kalvakuri, S., de Boer, E., Geuer. S., Oud, M., van Outersterp, |., . . . de Brouwer, A. P. M. (2020). De Novo Variants in CNOT1, a Central
. . . . . . . master regulator, orchestrating regulating protein synthesis and and intellectual disability, dysmorphic Component of the CCR4-NOT Complex Involved in Gene Expression and RNA and Protein Stability, Cause Neurodevelopmental Delay. Am J Hum Genet,
thelr neurOpSyChlatrIC phenOtypeS' There were 5 (26%) In_frame |nsert|0n5/dEIEt|0nS. 177 (908%) gene expression, RNA :?:se;(r)\?égr?ltstation' Likely degradation), where 2/2 coding variants  features, and skin and skeletal 107(1), 164-172.
. . . s) . HPRC . . . : P11 CNOT1  deadenylation, and protein 32 ' . are curated as pathogenic; predicted abnormalities, without a recognizable
of mutations were missense; 12 (6.2%), in 8 participants, mapped into functional protein domains, 1 ubiquitination. Mutations in the POluBsaGly. Pathogenic - thogenic by 11/12 algorithms; highly  gestalt (Vissers et al, 2020, Strong ACKNOWLEDGEMENT AND DISCLOSURE STATEMENT
to core and 5 into buried regions Where germ“ne mutations are more ||ke|y to be pathogenic. The orthologous Drosophila gene Not1 ovel. missense-intolerant gene with many support for CNOT1 as a SCZ risk gene in
’ T . < . . ’ . . . . . SR LMWt el LI [P IS UG SRS ([rereel P i e, In-kind support: Actelion Pharmaceuticals (donation towards IEM lab screening costs) and Affymetrix, Inc (Cytoscan HD chips donation), the Centre for Care and
rest, residing mainly in intrinsically disordered protein regions, are likely benign, but 24 mapped to defects. mutations. although not for LoF or missense R ' '
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