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Abstract

Bipolar affective disorder (BPD) is a severe mood disorder with a prevalence of “1.5% in the
population. The pathogenesis of BPD is poorly understood; however, a strong heritable component
has been identified. Previous genome wide association studies (GWAS) have indicated a region on
6925, coding for the SYNEI gene, which increases disease susceptibility. SY/NEZ encodes the
synaptic nuclear envelope protein-1, nesprin-1. A brain specific splice variant of SYNE1, CPG2
encoding candidate plasticity gene 2, has been identified. The intronic single nucleotide
polymorphism (SNP) with the strongest genome-wide significant association in BPD, rs9371601,
is present in both SYNEZ and CPGZ2. We screened 937 BPD samples for genetic variation in
SYNEI exons 14-33, which covers the CPGZregion, using high resolution melt analysis. In
addition, we screened two regions of increased transcriptional activity, one of them proposed to be
the CPGZpromoter region. We identified six non-synonymous and six synonymous variants. We
genotyped three rare non-synonymous variants, rs374866393, rs148346599, and rs200629713, in a
total of 1,099 BPD samples and 1,056 controls. Burden analysis of these rare variants did not show
a significant association with BPD. However, nine patients are compound heterozygotes for
variants in SYNE1/CPGZ2 suggesting that rare coding variants may contribute significantly to the
complex genetic architecture underlying BPD. Imputation analysis in our own whole genome
sequencing sample of 99 BPD individuals identified an additional eight risk variants in the CPG2
region of SYNEL
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Introduction

Bipolar affective disorder (BPD) is a severe mood disorder characterised by episodes of
mania and depression and has a lifetime risk of up to 1.5 % (Merikangas et al., 2011).
Heritability estimates for BPD range between 79-83 % (Barnett and Smoller, 2009; Kendler
et al., 1996; Kieseppa et al., 2004; McGuffin et al., 2003) and twin studies have found
concordance rates of 40-70 % for monozygotic twins (Burmeister et al., 2008). Relatives of
individuals with BPD are at increased risk for other psychiatric diseases such as
schizophrenia and major depression, with which BPD shares phenotypic similarities
(Craddock et al., 2005). Linkage studies have suggested evidence for linkage between
genetic markers and BPD on several chromosomal regions (Badner and Gershon, 2002;
Buttenschon et al., 2010; Greenwood et al., 2012; Hamshere et al., 2005; Lambert et al.,
2005; McQueen et al., 2005; Segurado et al., 2003). Fine mapping of BPD genes using tests
of linkage disequilibrium has been advanced by the HapMap consortium (Ceulemans et al.,
2011; International HapMap Consortium, 2003; Song et al., 2010). Candidate gene studies
have implicated several genes (Craddock and Forty, 2006), although replication of findings
has been slow (Chen et al., 2011; Dizier et al., 2012; Seifuddin et al., 2012). No single
causal genetic variant of BPD has been identified. However, there are many genes of major
effect that seem to harbour variation that may increase susceptibility to BPD. Large samples
sizes required to establish consistency of results and genome-wide association studies
(GWAS) have presented significant evidence for several areas of association (Cichon et al.,
2011; Djurovic et al., 2010; Ferreira et al., 2008; Gonzalez et al., 2014; Lencz et al., 2013;
Muhleisen et al., 2014; Psychiatric GWAS Consortium Bipolar Disorder Working Group,
2011; Seifuddin et al., 2013; Sklar et al., 2011; Xu et al., 2014; Yosifova et al., 2011). There
is replicated evidence for genome-wide significant association in the ankyrin-3 (or ankyrin-
G), ANKS3, and the voltage-dependent L type calcium channel alpha 1C subunit,
CACNAIC, genes in BPD (Dedman et al., 2012; Erk et al., 2014; Fiorentino et al., 2014;
Gonzalez et al., 2013; Green et al., 2013b; Lett et al., 2011; Schulze et al., 2009; Scott et al.,
2009; Smith et al., 2009; Takata et al., 2011; Tesli et al., 2011; Zhang et al., 2013).

Linkage analysis identified association in the chromosome 625 region with susceptibility to
schizophrenia in a small study (Lindholm et al., 2001) and autism (Philippe et al., 1999).
One of the genes in this locus is SYNEZ, encoding synaptic nuclear envelope protein-1 (also
known as enaptin or nesprin-1). The SYNE1 single nucleotide polymorphism (SNP)
rs9371601, located in intron 16, passed the genome-wide significance threshold (P <
5.0x108) in large BPD GWAS (Ferreira et al., 2008; Sklar et al., 2011), followed by later
replications (Green et al., 2013a; Psychiatric GWAS Consortium Bipolar Disorder Working
Group, 2011; Xu et al., 2014). However, this SNP has subsequently been shown to be only
nominally significantly associated with BPD at P = 2.72x10° in the largest GWAS to date of
9,784 BPD patients and 30,471 controls (Hou et al., 2016). Nesprin-1 has been suggested to
play several roles in cytoplasmic nuclear positioning, inner nuclear envelop function and
Golgi structure maintenance (Gough et al., 2003). Nesprin-1 is an exceptionally large
spectrin family member and is expressed in a range of tissues, including the central nervous
system. Expression of nesprin-1 is greatest in the cell bodies of Purkinje cells and in olivary
body neurons of the lower brainstem. Mutations in SY/NEI lead to rare Mendelian
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phenotypes such as autosomal recessive arthrogryposis and autosomal recessive cerebellar
ataxia 1 or ARCA1 (Attali et al., 2009; Dupre et al., 1993; Gros-Louis et al., 2007).
Furthermore, SNPs in SYNEZ have previously been noted in a meta-analysis of genome-
wide association data of BPD and major depressive disorder (Liu et al., 2011).

Like SYNEI, the ANK3 gene has been repeatedly implicated by GWAS to specifically
increase susceptibility to BPD (Ferreira et al., 2008; Shinozaki and Potash, 2014; Sklar et
al., 2011). Among a list of 180 genes, both SYNEZ and ANK3were implicated in CNS
development, neural projections, synaptic transmission, various cytoplasmic organelles and
cellular processes and contributed to 20-30% of the genetic load across six major
neuropsychiatric disorders-attention deficit hyperactivity disorder, anxiety disorders, autistic
spectrum disorders, BPD, major depressive disorder, and schizophrenia (Cross-Disorder
Group of the Psychiatric Genomics Consortium, 2013; Lotan et al., 2014). Both the ankyrin-
G and nesprin-1 proteins contain a highly conserved spectrin binding domain, which is
suggested to link proteins to the spectrin actin cytoskeleton. Nesprin-1 has been implicated
to play a role in the function of ankyrin-G (Devarajan et al., 1996; Yang et al., 2007).
However, no evidence for ankyrinG and nesprin-1 protein interaction has been shown to
date.

The top GWAS SYNEI SNP, rs9371601, was not found to be associated with structural
brain alterations in BPD (Tesli et al., 2013). The strongest non-synonymous SNP in SYNEZ,
rs214976, associated with BPD is also present in the candidate plasticity gene 2, CPG2, a
brain specific splice variant of exons 16 to 33 of SYNEZ, which was first characterised in

the rat (Cottrell et al., 2004). CPGZencodes a protein present exclusively in the post-
synaptic endocytotic zone of excitatory synapses and is up-regulated by kainite-induced
seizures in rat hippocampus dentate gyrus (Cottrell et al., 2004; Nedivi et al., 1996; Nedivi et
al., 1993). In this paper, we present data from a SYNVEI/CPGZ gene scan in BPD.

Here, we have screened SYNEI exons 14 — 33 for variants in BPD samples using high
resolution melt (HRM) analysis, a polymerase chain reaction (PCR)-based method for
identifying DNA sequence variations by detecting changes in the melting of DNA duplexes.
Human CPGZ/SYNEI cDNA sequence alignments with the human genome include an
additional two SYNEI exons (14 and 15), which were screened. In addition, the putative
promoter region of CPGZin intron 14 of SYNEZ and a potentially retained CPGZ2 intron
corresponding to SYNEZ intron 33 (Cottrell et al., 2004) were also screened for
polymorphisms. Non-synonymous variants were subsequently genotyped in the University
College London, UCL, BPD case control sample.

UCL clinical sampling

The UCL BPD cohort consists of 1,099 individuals. These were sampled in two cohorts. The
first cohort (UCL1) comprised 506 bipolar | cases (Ferreira et al., 2008; Sklar et al., 2011)
while the second cohort (UCL2) comprised 409 bipolar | (69%) and 184 bipolar Il cases
(Dedman et al., 2012). Among the UCL1 BPD cases were 143 with comorbid alcohol-
dependence syndrome (ADS) according to Research Diagnostic Criteria (RDC) (Lydall et
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al., 2011). All UCL bipolar cases were interviewed by a psychiatrist using the lifetime
version of the Schedule for Affective Disorders and Schizophrenia-Lifetime Version (SADS-
L) schedule (Spitzer and Endicott, 1977), rated with the 90-item Operational Criteria
Checklist (OPCRIT) (McGuffin et al., 1991) and met diagnostic criteria for bipolar disorder
according to RDC (Spitzer et al., 1978). The sample of 1,056 normal controls comprised 672
screened controls who were interviewed with the initial clinical screening questions of the
SADS-L and selected on the basis of not having a family history of schizophrenia, alcohol
dependence or BPD, for having no past or present personal history of any RDC-defined
mental disorder, and were not heavy drinkers; plus 384 unscreened British normal volunteers
provided by European Collection of Animal Cell Cultures (ECACC). All cases and controls
were selected to be of UK or Irish ancestry as described previously (Datta et al., 2010). UK
National Health Service multicenter and local research ethics approvals were obtained and
signed informed consent was given by all subjects. Genomic DNA was obtained from frozen
whole blood samples for cases and controls in UCL1 and from saliva samples for the cases
in UCL2. DNA was extracted for all samples using methods we have published previously
(Pereira et al., 2011) and quantified with PicoGreen (Invitrogen, Paisley, UK) by fluorimetry.

High resolution melt curve screening

937 BPD samples from UCL1 and UCL2 cohorts were scanned using HRM. Primers to
amplify exons 14 to 33 within SYNEZ, as well as for the putative CPG2 promoter region on
SYNEI intron 33 and a region of increased transcriptional activity on SYNEZ intron 14 can
be seen in supplementary eTable 1. Mutation screening was performed using either
Sensixmix HRM reagents (Bioline, London, UK), Accumelt HRM SuperMix (Quanta
Biosciences, Maryland, USA) and Lightscanner Master Mix (BioFire Diagnostics, Inc.,
Utah, USA) with the Roche LightCycler 480. Optimal HRM amplification conditions for
each primer pair can be seen in supplementary eTable 1.

Sequencing

Samples that displayed altered or shifted HRM melt curve profiles were selected for
sequencing. Sequencing was performed using the Big Dye terminator v3.1 Cycle
Sequencing kit (Applied Biosystems, Warrington, UK) on an ABI 3730xI DNA Analyzer
(Applied Biosystems) and analysed with the Staden Package (Staden, 1996).

Genotyping and association analysis

To determine whether potentially aetiological non-synonymous variants in SYNEZ increase
susceptibility to BPD, fluorescent allele-specific PCR (KASPar) (LGC Genomics,
Hoddesdon, UK) genotyping assays were designed. The three SYNEZ variants identified by
HRM, rs374866393, rs148346599, and rs200629713, were KASPar genotyped on a
LightCycler 480 RealTime PCR System (Roche, Burgess Hill, UK) in all 1,099 UCL1 and
UCL2 BPD and control samples. Quality control to confirm the reproducibility of genotypes
was performed as described previously (Dedman et al., 2012). All these data were analysed
to confirm Hardy—Weinberg equilibrium (HWE). Genotypic and allelic associations as well
as burden analysis for rare single nucleotide variants were determined using Fisher’s exact
tests. Significance values shown for all analyses are uncorrected for multiple testing and a
cut-off significance value of P < 0.05 was used.
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Data analysis

Results

Bioinformatic analysis to predict the effect of non-synonymous variants on the function of
SYNEI and the proposed CPGZregion was carried out using the UCSC genome browser
(http://genome.ucsc.edu/), Polyphen-2 (http://genetics.bwh.harvard.edu/pph2/index.shtml)
(Adzhubei et al., 2010) and SIFT BLink (http://sift.jcvi.org/www/SIFT_BLink_submit.html)
(Kumar et al., 2009). The protein reference for SIFT used was gi:220675590. The effect of a
synonymous mutation on the exon was predicted using Gen script Rare Codon Analysis
(http://www.genscript.com/cgi-bin/tools/rare_codon_analysis). The codon adaptation index
is a measure of synonymous codon usage bias where higher values indicate a higher
proportion of the most abundant codons and possibly a higher chance of expression (Sharp
and Li, 1987). Project Hope (http://www.cmbi.ru.nl/hope/input) was accessed to analyse
protein structure of the mutations in CPG2 (Venselaar et al., 2010).

1000 Genomes Phase3 data (1000 Genomes Project Consortium, 2010) was used alongside
our own BPD whole-genome sequencing reference panel from 99 individuals (Fiorentino et
al., 2014) to impute additional significantly associated variants in the CPGZ2region of
SYNEI from the UCL Psychiatric Genomics Consortium 1 BPD samples (Sklar et al.,
2008). Imputation analysis was performed using IMPUTE2 (Howie et al., 2011; Howie et
al., 2009) and association analysis was carried out using SNPTEST version 2.5.1 using the
frequentist association test (Marchini and Howie, 2010). The Ensembl Variant Effect
Predictor (VEP) (McLaren, 2010) was used to predict the functional consequences of known
and unknown variants and regulatory region variants were analysed in the ENCODE data
(ENCODE Project Consortium, 2011). In our modest sample size the frequency of non-
synonymous SNPs likely to affect protein function were summed across the cases and
controls in a burden analysis to assess the overall impact of rare mutations in the gene
(Knight et al., 2009).

High resolution melt curve screening for variants

Common SNP detection—Following HRM analysis, several differently shaped melt
curves were detected in SYNEI (Table 1). Two SNPs, rs4343926 and rs4331993, were
found in the untranslated region between SYNEI exon 14 and SYNEI exon 15. It should be
noted that rs4331993 occurred only in combination with rs4343926. Several samples with an
abnormal melting profile were sequenced and variants rs62427038, rs34610829,
rs17082709, rs214976, and rs17082701 were identified in exons 18, 22, 23, 26, and 27
respectively. Polyphen and SIFT predictions of how well non-synonymous variants would be
tolerated by the protein can be seen in Tablel. We found the synonymous variants,
rs149670417 and rs138705766, using HRM gene scanning of SYNEZ exon 19 and 31
respectively, which cause a rise in GC content from 46.23 % to 46.09 % and 57.74 % to
58.26 % respectively (Genscript). Both variants lead to a minor decrease in the likelihood of
the gene being expressed with a 0.01 reduction in the codon adaptation index from 0.66,
where 1 represents 100 % expression (Genscript).
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It should be noted that two individuals were compound heterozygotes for rs62427038 and
either rs149670417 or rs214976. Similarly, three individuals were compound heterozygotes
for rs138705766 and rs17082701, whereas another individual carried mutant alleles for
rs138705766, rs17082701 and rs4343926. Three individuals carried the variant alleles of
rs4343926 as well as that of one of the following SNPs: rs17082709, rs17082701 or
rs138705766. Therefore, nine patients are compound heterozygotes for rare variants in
SYNEI1/CPGZ2suggesting that there may be an additive effect of these base pair changes.

Genotyping of rare non-synonymous variants—HRM identified three rare non-
synonymous variants in the CPGZ2region of SYNEI, which we genotyped in our case
control sample (Table 2). In SYNEI exon 20, one BPD sample harboured the missense
mutation, rs374866393, where the methionine residue would be larger and more
hydrophobic than the wildtype threonine, which could result in a loss of hydrogen bonds and
may disrupt correct protein folding (Project Hope). In SYNEZ exon 25, HRM screening
identified one BPD subject carried the G>A non-synonymous variant, rs148346599, leading
to a change from glutamic acid to lysine. The glutamate residue is negatively charged while
lysine is a larger residue with a positive charge, which might lead to repulsion with other
residues as well as to the repulsion of ligands (Project Hope). We identified a third non-
synonymous variant in SYNEZ exon 29, rs200629713, which leads to an alanine to valine
amino acid change and predicted to increase the size of the residue (Project Hope). Burden
analysis does not show a significant difference between the number of rare variants in BPD
cases and controls (Fisher’s Exact Test, P = 1.00, df = 1, n = 5963).

Imputed tests of association in SYNEL in bipolar affective disorder—Imputation
analysis using IMPUTE?2 and SNPTEST predicted eight intronic or promoter regulatory
region SNPs, located in both the SYNEZ and CPGZ2transcripts, are significantly associated
in the UCL BPD samples (supplementary eTable 2). None of the imputed intronic or
regulatory region variants were predicted to be in regions showing enrichment for the
H3K27Ac histone mark, which is the acetylation of lysine 27 of the H3 histone protein,
often found near active regulatory elements (ENCODE) (ENCODE Project Consortium,
2011).

Discussion

We have screened exons 14 to 33 and the intronic regions 14 and 33 of SYNEI, overlapping
the CPG2transcript, using HRM in 937 BPD cases. Six synonymous and six non-
synonymous variants were identified. We genotyped three rare non-synonymous variants in
the UCL case control sample of 2,155 individuals, which were predicted to increase the size
of the protein residue and may affect bending of the peptide chain. Unfortunately, we did not
find a significant association between these three non-synonymous variants in SY/NVEZ or
CPGZ and BPD using burden analysis.

Nine samples carried more than one of the variants detected from scanning the SYNEZ gene.
Thus, multiple variants may have a compound effect on protein function, similar to Parkin
compound heterozygous mutations associated with Parkinson’s disease (Malek et al., 2016).
To date there is no replicated evidence that compound heterozygosity contributes to BPD
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(Kember et al., 2015; Knight et al., 2009) or schizophrenia (Rees et al., 2015; Ruderfer et al.,
2015). However, additive and interactive combinations of rare coding variants in the
ABCA13gene have been suggested to contribute to the complex phenotypes of both BPD
and schizophrenia (Knight et al., 2009). The compound heterozygous variants in SYNEL/
CPG?2identified here reinforce the possibility of interactive effects of rare coding variants
contributing significantly to the aetiology of BPD.

Genetic variants in the SYNE1/ CPGZ2 genes may impair CPG2 function or disrupt protein
interaction in BPD patient carriers. Expression of the brain specific SYNEI splice variant,
CPG2, was first discovered to be upregulated by kainite-induced seizures in the rat dentate
gyrus (Nedivi et al., 1993). The CPG2 protein contains several spectrin repeats and coils.
Proteins with similar motifs often play a role in the organisation of protein complexes
(Burkhard et al., 2001). The CPG2 protein localises to the post-synaptic component of
dendritic spines and shafts in human hippocampal neurons and regulates the rapid cycling of
synaptic glutamate receptors via clathrin-mediated endocytosis (CME) (Loebrich et al.,
2016). Interestingly, CPG2-knockdown reduces glutamate receptor internalisation and
membrane insertion, increases the number of post-synaptic clathrin-coated vesicles and
decreases dendritic spine size (Cottrell et al., 2004). Synaptic glutamate receptor
internalization in dendritic spines is dependent on F-actin physically binding to CPG2. Thus,
CPG2 bound to F-actin functionally mediates post-synaptic endocytosis in the spine
cytoskeleton necessary for vesicle un-coating (Loebrich et al., 2013). Furthermore, CPG2
appears to play a role in processes underlying long-term depression of neuronal synapses
(Cottrell et al., 2004). Altered glutamate levels in plasma, serum, brain tissue and
cerebrospinal fluid; disrupted glutamate receptor function (Cherlyn et al., 2010); and
decreased NMDA receptor expression and cellular plasticity cascades (McCullumsmith et
al., 2007) have been associated with BPD. It would be interesting to characterise the
functional effects of the variants reported here on CPG2-mediated glutamatergic NMDA
receptor signalling (Cottrell et al., 2004) and AMPAR surface expression (Gong and De
Camilli, 2008).

In this study, we identified 12 genetic variants in SYNEZ and/or CPGZ2, which did not appear
to have a significant role in susceptibility to BPD. However, imputation analysis of our
whole genome sequencing data identified eight SNPs that were significantly associated with
BPD. The association between BPD and common variants in the SY/NEI gene warrants
further investigation in a much larger sample. Further work is also necessary to characterise
the functional effects of compound heterozygous rare variants on CPG2 and nesprin-1
proteins.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

We would like to thank Professor Hugh Gurling for his significant contribution to this paper as well as his support
and mentorship to those involved in the research. The research was funded by the Medical Research Council
(MRC), and the Neuroscience Research Charitable Trust. The UCL clinical and control samples were collected with

Psychiatr Genet. Author manuscript; available in PMC 2018 June 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Sharp et al.

Page 8

support from Bipolar UK (formerly the UK Manic Depression Fellowship), the Neuroscience Research Charitable
Trust, the Central London NHS (National Health Service) Blood Transfusion Service, the Camden and Islington
NHS Foundation Trust, and a research lectureship from the Priory Hospitals. Genetic analysis was supported by UK
MRC project grants G9623693N, G0500791, G0701007, G0801038, and G1000708. The Stanley Medical Research
Institute and the Stanley Center for Psychiatric Research at the Broad Institute, Boston, funded the GWAS
genotyping. The authors report no conflicts of interest.

References

1000 Genomes Project Consortium. A map of human genome variation from population-scale
sequencing. Nature. 2010; 467:1061-1073. [PubMed: 20981092]

Adzhubei IA, Schmidt S, Peshkin L, Ramensky VE, Gerasimova A, Bork P, Kondrashov AS, Sunyaev
SR. A method and server for predicting damaging missense mutations. nature methods. 2010;
7:248-249. [PubMed: 20354512]

Attali R, Warwar N, Israel A, Gurt I, McNally E, Puckelwartz M, Glick B, Nevo Y, Ben-Neriah Z,
Melki J. Mutation of SYNE-1, encoding an essential component of the nuclear lamina, is
responsible for autosomal recessive arthrogryposis. Human molecular genetics. 2009; 18:3462—
3469. [PubMed: 19542096]

Badner JA, Gershon ES. Meta-analysis of whole-genome linkage scans of bipolar disorder and
schizophrenia. Molecular psychiatry. 2002; 7:405-411. [PubMed: 11986984]

Barnett JH, Smoller JW. The genetics of bipolar disorder. Neuroscience. 2009; 164:331-343.
[PubMed: 19358880]

Burkhard P, Stetefeld J, Strelkov SV. Coiled coils: a highly versatile protein folding motif. Trends in
cell biology. 2001; 11:82-88. [PubMed: 11166216]

Burmeister M, Mclinnis MG, Zollner S. Psychiatric genetics: progress amid controversy. Nature
reviews. Genetics. 2008; 9:527-540.

Buttenschon HN, Foldager L, Flint TJ, Olsen IM, Deleuran T, Nyegaard M, Hansen MM, Kallunki P,
Christensen KV, Blackwood DH, Muir WJ, et al. Support for a bipolar affective disorder
susceptibility locus on chromosome 12g24.3. Psychiatr Genet. 2010; 20:93-101. [PubMed:
20410851]

Ceulemans S, De Zutter S, Heyrman L, Norrback KF, Nordin A, Nilsson LG, Adolfsson R, Del-Favero
J, Claes S. Evidence for the involvement of the glucocorticoid receptor gene in bipolar disorder in
an isolated northern Swedish population. Bipolar disorders. 2011; 13:614-623. [PubMed:
22085474]

Chen DT, Jiang X, Akula N, Shugart Y'Y, Wendland JR, Steele CJ, Kassem L, Park JH, Chatterjee N,
Jamain S, Cheng A, et al. Genome-wide association study meta-analysis of European and Asian-
ancestry samples identifies three novel loci associated with bipolar disorder. Molecular psychiatry.
2011

Cherlyn SY, Woon PS, Liu JJ, Ong WY, Tsai GC, Sim K. Genetic association studies of glutamate,
GABA and related genes in schizophrenia and bipolar disorder: a decade of advance. Neuroscience
and biobehavioral reviews. 2010; 34:958-977. [PubMed: 20060416]

Cichon S, Muhleisen TW, Degenhardt FA, Mattheisen M, Miro X, Strohmaier J, Steffens M, Meesters
C, Herms S, Weingarten M, Priebe L, et al. Genome-wide association study identifies genetic
variation in neurocan as a susceptibility factor for bipolar disorder. American journal of human
genetics. 2011; 88:372-381. [PubMed: 21353194]

Cottrell JR, Borok E, Horvath TL, Nedivi E. CPG2: a brain- and synapse-specific protein that regulates
the endocytosis of glutamate receptors. Neuron. 2004; 44:677-690. [PubMed: 15541315]

Craddock N, Forty L. Genetics of affective (mood) disorders. European journal of human genetics :
EJHG. 2006; 14:660-668. [PubMed: 16721402]

Craddock N, O'Donovan MC, Owen MJ. The genetics of schizophrenia and bipolar disorder:
dissecting psychosis. Journal of medical genetics. 2005; 42:193-204. [PubMed: 15744031]

Cross-Disorder Group of the Psychiatric Genomics Consortium. Identification of risk loci with shared
effects on five major psychiatric disorders: a genome-wide analysis. Lancet. 2013; 381:1371-
1379. [PubMed: 23453885]

Psychiatr Genet. Author manuscript; available in PMC 2018 June 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Sharp et al.

Page 9

Datta SR, McQuillin A, Rizig M, Blaveri E, Thirumalai S, Kalsi G, Lawrence J, Bass NJ, Puri V,
Choudhury K, Pimm J, et al. A threonine to isoleucine missense mutation in the pericentriolar
material 1 gene is strongly associated with schizophrenia. Molecular psychiatry. 2010; 15:615—
628. [PubMed: 19048012]

Dedman A, McQuillin A, Kandaswamy R, Sharp S, Anjorin A, Gurling H. Sequencing of the
ANKYRIN 3 gene (ANK3) encoding ankyrin G in bipolar disorder reveals a non-conservative
amino acid change in a short isoform of ankyrin G. American journal of medical genetics. Part B,
Neuropsychiatric genetics : the official publication of the International Society of Psychiatric
Genetics. 2012; 159B:328-335.

Devarajan P, Stabach PR, Mann AS, Ardito T, Kashgarian M, Morrow JS. Identification of a small
cytoplasmic ankyrin (AnkG119) in the kidney and muscle that binds beta I sigma spectrin and
associates with the Golgi apparatus. The Journal of cell biology. 1996; 133:819-830. [PubMed:
8666667]

Dizier MH, Etain B, Lajnef M, Lathrop M, Grozeva D, Craddock N, Henry C, Gard S, Jamain S,
Leboyer M, Bellivier F, et al. Genetic heterogeneity according to age at onset in bipolar disorder:
A combined positional cloning and candidate gene approach. American journal of medical
genetics. Part B, Neuropsychiatric genetics : the official publication of the International Society of
Psychiatric Genetics. 2012

Djurovic S, Gustafsson O, Mattingsdal M, Athanasiu L, Bjella T, Tesli M, Agartz I, Lorentzen S, Melle
I, Morken G, Andreassen OA. A genome-wide association study of bipolar disorder in Norwegian
individuals, followed by replication in Icelandic sample. Journal of affective disorders. 2010;
126:312-316. [PubMed: 20451256]

Dupre, N., Gros-Louis, F., Bouchard, JP., Noreau, A., Rouleau, GA. SYNE1-Related Autosomal
Recessive Cerebellar Ataxia. GeneReviews(R). Pagon, RA.Adam, MP.Ardinger, HH.Wallace,
SE.Amemiya, A.Bean, LJH.Bird, TD.Dolan, CR.Fong, CT.Smith, RJH., Stephens, K., editors.
University of Washington, Seattle; Seattle WA: 1993.

ENCODE Project Consortium. A user's guide to the encyclopedia of DNA elements (ENCODE). PL0oS
Biol. 2011; 9:¢1001046. [PubMed: 21526222]

Erk S, Meyer-Lindenberg A, Linden DE, Lancaster T, Mohnke S, Grimm O, Degenhardt F, Holmans P,
Pocklington A, Schmierer P, Haddad L, et al. Replication of brain function effects of a genome-
wide supported psychiatric risk variant in the CACNAZ1C gene and new multi-locus effects.
Neurolmage. 2014; 94:147-154. [PubMed: 24642287]

Ferreira MA, O'Donovan MC, Meng YA, Jones IR, Ruderfer DM, Jones L, Fan J, Kirov G, Perlis RH,
Green EK, Smoller JW, et al. Collaborative genome-wide association analysis supports a role for
ANKS3 and CACNAIC in bipolar disorder. Nature genetics. 2008; 40:1056-1058. [PubMed:
18711365]

Fiorentino A, O'Brien NL, Locke DP, McQuillin A, Jarram A, Anjorin A, Kandaswamy R, Curtis D,
Blizard RA, Gurling HM. Analysis of ANK3 and CACNALC variants identified in bipolar
disorder whole genome sequence data. Bipolar disorders. 2014; 16:583-591. [PubMed: 24716743]

Gong LW, De Camilli P. Regulation of postsynaptic AMPA responses by synaptojanin 1. Proceedings
of the National Academy of Sciences of the United States of America. 2008; 105:17561-17566.
[PubMed: 18987319]

Gonzalez S, Camarillo C, Rodriguez M, Ramirez M, Zavala J, Armas R, Contreras SA, Contreras J,
Dassori A, Almasy L, Flores D, et al. A genome-wide linkage scan of bipolar disorder in Latino
families identifies susceptibility loci at 8g24 and 14932. American journal of medical genetics.
Part B, Neuropsychiatric genetics : the official publication of the International Society of
Psychiatric Genetics. 2014; 165B:479-491.

Gonzalez S, Xu C, Ramirez M, Zavala J, Armas R, Contreras SA, Contreras J, Dassori A, Leach RJ,
Flores D, Jerez A, et al. Suggestive evidence for association between L-type voltage-gated calcium
channel (CACNAL1C) gene haplotypes and bipolar disorder in Latinos: a family-based association
study. Bipolar disorders. 2013; 15:206-214. [PubMed: 23437964]

Gough LL, Fan J, Chu S, Winnick S, Beck KA. Golgi localization of Syne-1. Molecular biology of the
cell. 2003; 14:2410-2424. [PubMed: 12808039]

Psychiatr Genet. Author manuscript; available in PMC 2018 June 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Sharp et al.

Page 10

Green EK, Grozeva D, Forty L, Gordon-Smith K, Russell E, Farmer A, Hamshere M, Jones IR, Jones
L, McGuffin P, Moran JL, et al. Association at SYNEL in both bipolar disorder and recurrent
major depression. Molecular psychiatry. 2013a; 18:614-617. [PubMed: 22565781]

Green EK, Hamshere M, Forty L, Gordon-Smith K, Fraser C, Russell E, Grozeva D, Kirov G,
Holmans P, Moran JL, Purcell S, et al. Replication of bipolar disorder susceptibility alleles and
identification of two novel genome-wide significant associations in a new bipolar disorder case-
control sample. Molecular psychiatry. 2013b; 18:1302-1307. [PubMed: 23070075]

Greenwood TA, Nievergelt CM, Sadovnick AD, Remick RA, Keck PE Jr, McElroy SL, Shekhtman T,
McKinney R, Kelsoe JR. Further evidence for linkage of bipolar disorder to chromosomes 6 and
17 in a new independent pedigree series. Bipolar disorders. 2012; 14:71-79. [PubMed: 22329474]

Gros-Louis F, Dupre N, Dion P, Fox MA, Laurent S, Verreault S, Sanes JR, Bouchard JP, Rouleau GA.
Mutations in SYNEL lead to a newly discovered form of autosomal recessive cerebellar ataxia.
Nature genetics. 2007; 39:80-85. [PubMed: 17159980]

Hamshere ML, Bennett P, Williams N, Segurado R, Cardno A, Norton N, Lambert D, Williams H,
Kirov G, Corvin A, Holmans P, et al. Genomewide linkage scan in schizoaffective disorder:
significant evidence for linkage at 1942 close to DISC1, and suggestive evidence at 22g11 and
19p13. Archives of general psychiatry. 2005; 62:1081-1088. [PubMed: 16203953]

Hou L, Bergen SE, Akula N, Song J, Hultman CM, Landen M, et al. Genome-wide association study
of 40,000 individuals identifies two novel loci associated with bipolar disorder. Human molecular
genetics. 2016

Howie B, Marchini J, Stephens M. Genotype imputation with thousands of genomes. G3 (Bethesda).
2011, 1:457-470. [PubMed: 22384356]

Howie BN, Donnelly P, Marchini J. A flexible and accurate genotype imputation method for the next
generation of genome-wide association studies. PL0oS Genet. 2009; 5:e1000529. [PubMed:
19543373]

International HapMap Consortium. The International HapMap Project. Nature. 2003; 426:789-796.
[PubMed: 14685227]

Kember RL, Georgi B, Bailey-Wilson JE, Stambolian D, Paul SM, Bucan M. Copy number variants
encompassing Mendelian disease genes in a large multigenerational family segregating bipolar
disorder. BMC genetics. 2015; 16:27. [PubMed: 25887117]

Kendler KS, Pedersen NL, Farahmand BY, Persson PG. The treated incidence of psychotic and
affective illness in twins compared with population expectation: a study in the Swedish Twin and
Psychiatric Registries. Psychol Med. 1996; 26:1135-1144. [PubMed: 8931159]

Kieseppa T, Partonen T, Haukka J, Kaprio J, Lonngvist J. High concordance of bipolar | disorder in a
nationwide sample of twins. Am J Psychiatry. 2004; 161:1814-1821. [PubMed: 15465978]

Knight HM, Pickard BS, Maclean A, Malloy MP, Soares DC, McRae AF, Condie A, White A,
Hawkins W, McGhee K, van Beck M, et al. A cytogenetic abnormality and rare coding variants
identify ABCAL3 as a candidate gene in schizophrenia, bipolar disorder, and depression.
American journal of human genetics. 2009; 85:833-846. [PubMed: 19944402]

Kumar P, Henikoff S, Ng PC. Predicting the effects of coding non-synonymous variants on protein
function using the SIFT algorithm. Nature protocols. 2009; 4:1073-1081. [PubMed: 19561590]

Lambert D, Middle F, Hamshere ML, Segurado R, Raybould R, Corvin A, Green E, O'Mahony E,
Nikolov I, Mulcahy T, Haque S, et al. Stage 2 of the Wellcome Trust UK-Irish bipolar affective
disorder sibling-pair genome screen: evidence for linkage on chromosomes 6q16-g21, 4q12-921,
9p21, 10p14-p12 and 18g22. Molecular psychiatry. 2005; 10:831-841. [PubMed: 15940300]

Lencz T, Guha S, Liu C, Rosenfeld J, Mukherjee S, DeRosse P, John M, Cheng L, Zhang C, Badner
JA, lkeda M, et al. Genome-wide association study implicates NDST3 in schizophrenia and
bipolar disorder. Nature communications. 2013; 4:2739.

Lett TA, Zai CC, Tiwari AK, Shaikh SA, Likhodi O, Kennedy JL, Muller DJ. ANK3, CACNALC and
ZNF804A gene variants in bipolar disorders and psychosis subphenotype. The world journal of
biological psychiatry : the official journal of the World Federation of Societies of Biological
Psychiatry. 2011; 12:392-397.

Psychiatr Genet. Author manuscript; available in PMC 2018 June 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Sharp et al.

Page 11

Lindholm E, Ekholm B, Shaw S, Jalonen P, Johansson G, Pettersson U, Sherrington R, Adolfsson R,
Jazin E. A schizophrenia-susceptibility locus at 6925, in one of the world's largest reported
pedigrees. American journal of human genetics. 2001; 69:96-105. [PubMed: 11389481]

Liu Y, Blackwood DH, Caesar S, de Geus EJ, Farmer A, Ferreira MA, Ferrier IN, Fraser C, Gordon-
Smith K, Green EK, Grozeva D, et al. Meta-analysis of genome-wide association data of bipolar
disorder and major depressive disorder. Molecular psychiatry. 2011; 16:2—4. [PubMed: 20351715]

Loebrich S, Djukic B, Tong ZJ, Cottrell JR, Turrigiano GG, Nedivi E. Regulation of glutamate
receptor internalization by the spine cytoskeleton is mediated by its PKA-dependent association
with CPG2. Proceedings of the National Academy of Sciences of the United States of America.
2013; 110:E4548-4556. [PubMed: 24191017]

Loebrich S, Rathje M, Hager E, Ataman B, Harmin DA, Greenberg ME, Nedivi E. Genomic mapping
and cellular expression of human CPG2 transcripts in the SYNEZ1 gene. Mol Cell Neurosci. 2016;
71:46-55. [PubMed: 26704904]

Lotan A, Fenckova M, Bralten J, Alttoa A, Dixson L, Williams RW, van der Voet M. Neuroinformatic
analyses of common and distinct genetic components associated with major neuropsychiatric
disorders. Frontiers in neuroscience. 2014; 8:331. [PubMed: 25414627]

Lydall GJ, Bass NJ, McQuillin A, Lawrence J, Anjorin A, Kandaswamy R, Pereira A, Guerrini I,
Curtis D, Vine AE, Sklar P, et al. Confirmation of prior evidence of genetic susceptibility to
alcoholism in a genome-wide association study of comorbid alcoholism and bipolar disorder.
Psychiatr Genet. 2011; 21:294-306. [PubMed: 21876473]

Malek N, Swallow DM, Grosset KA, Lawton MA, Smith CR, Bajaj NP, Barker RA, Ben-Shlomo Y,
Bresner C, Burn DJ, Foltynie T, et al. Olfaction in Parkin single and compound heterozygotes in a
cohort of young onset Parkinson's disease patients. Acta neurologica Scandinavica. 2016;
134:271-276. [PubMed: 26626018]

Marchini J, Howie B. Genotype imputation for genome-wide association studies. Nature reviews.
Genetics. 2010; 11:499-511.

McCullumsmith RE, Kristiansen LV, Beneyto M, Scarr E, Dean B, Meador-Woodruff JH. Decreased
NR1, NR2A, and SAP102 transcript expression in the hippocampus in bipolar disorder. Brain
research. 2007; 1127:108-118. [PubMed: 17113057]

McGuffin P, Farmer A, Harvey I. A polydiagnostic application of operational criteria in studies of
psychotic IlIiness - Development and reliability of the Opcrit system. Archives of general
psychiatry. 1991; 48:764-770. [PubMed: 1883262]

McGuffin P, Rijsdijk F, Andrew M, Sham P, Katz R, Cardno A. The heritability of bipolar affective
disorder and the genetic relationship to unipolar depression. Archives of general psychiatry. 2003;
60:497-502. [PubMed: 12742871]

McLaren W, Pritchard B, Rios D, Chen Y, Flicek P, Cunningham F. Deriving the consequences of
genomic variants with the Ensembl AP1 and SNP Effect Predictor. BMC bioinformatics. 2010;
26:2069-2070.

McQueen MB, Devlin B, Faraone SV, Nimgaonkar VL, Sklar P, Smoller JW, Abou Jamra R, Albus M,
Bacanu SA, Baron M, Barrett TB, et al. Combined analysis from eleven linkage studies of bipolar
disorder provides strong evidence of susceptibility loci on chromosomes 6q and 8q. American
journal of human genetics. 2005; 77:582-595. [PubMed: 16175504]

Merikangas KR, Jin R, He JP, Kessler RC, Lee S, Sampson NA, Viana MC, Andrade LH, Hu C,
Karam EG, Ladea M, et al. Prevalence and correlates of bipolar spectrum disorder in the world
mental health survey initiative. Archives of general psychiatry. 2011; 68:241-251. [PubMed:
21383262]

Muhleisen TW, Leber M, Schulze TG, Strohmaier J, Degenhardt F, Treutlein J, Mattheisen M, Forstner
AJ, Schumacher J, Breuer R, Meier S, et al. Genome-wide association study reveals two new risk
loci for bipolar disorder. Nature communications. 2014; 5:3339.

Nedivi E, Fieldust S, Theill LE, Hevron D. A set of genes expressed in response to light in the adult
cerebral cortex and regulated during development. Proceedings of the National Academy of
Sciences of the United States of America. 1996; 93:2048-2053. [PubMed: 8700883]

Nedivi E, Hevroni D, Naot D, Israeli D, Citri Y. Numerous candidate plasticity-related genes revealed
by differential cDNA cloning. Nature. 1993; 363:718-722. [PubMed: 8515813]

Psychiatr Genet. Author manuscript; available in PMC 2018 June 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Sharp et al.

Page 12

Pereira AC, McQuillin A, Puri V, Anjorin A, Bass N, Kandaswamy R, Lawrence J, Curtis D, Sklar P,
Purcell SM, Gurling HM. Genetic association and sequencing of the insulin-like growth factor 1
gene in bipolar affective disorder. American journal of medical genetics. Part B, Neuropsychiatric
genetics : the official publication of the International Society of Psychiatric Genetics. 2011;
156:177-187.

Philippe A, Martinez M, Guilloud-Bataille M, Gillberg C, Rastam M, Sponheim E, Coleman M,
Zappella M, Aschauer H, Van Maldergem L, Penet C, et al. Genome-wide scan for autism
susceptibility genes. Paris Autism Research International Sibpair Study. Human molecular
genetics. 1999; 8:805-812. [PubMed: 10196369]

Psychiatric GWAS Consortium Bipolar Disorder Working Group. Large-scale genome-wide
association analysis of bipolar disorder identifies a new susceptibility locus near ODZ4. Nature
genetics. 2011; 43:977-983. [PubMed: 21926972]

Rees E, Kirov G, Walters JT, Richards AL, Howrigan D, Kavanagh DH, Pocklington AJ, Fromer M,
Ruderfer DM, Georgieva L, Carrera N, et al. Analysis of exome sequence in 604 trios for recessive
genotypes in schizophrenia. Translational psychiatry. 2015; 5:e607. [PubMed: 26196440]

Ruderfer DM, Lim ET, Genovese G, Moran JL, Hultman CM, Sullivan PF, McCarroll SA, Holmans P,
Sklar P, Purcell SM. No evidence for rare recessive and compound heterozygous disruptive
variants in schizophrenia. European journal of human genetics : EJHG. 2015; 23:555-557.
[PubMed: 25370044]

Schulze TG, Detera-Wadleigh SD, Akula N, Gupta A, Kassem L, Steele J, Pearl J, Strohmaier J,
Breuer R, Schwarz M, Propping P, et al. Two variants in Ankyrin 3 (ANK3) are independent
genetic risk factors for bipolar disorder. Molecular psychiatry. 2009; 14:487-491. [PubMed:
19088739]

Scott LJ, Muglia P, Kong XQ, Guan W, Flickinger M, Upmanyu R, Tozzi F, Li JZ, Burmeister M,
Absher D, Thompson RC, et al. Genome-wide association and meta-analysis of bipolar disorder in
individuals of European ancestry. Proceedings of the National Academy of Sciences of the United
States of America. 2009; 106:7501-7506. [PubMed: 19416921]

Segurado R, Detera-Wadleigh SD, Levinson DF, Lewis CM, Gill M, Nurnberger JI Jr, Craddock N,
DePaulo JR, Baron M, Gershon ES, Ekholm J, et al. Genome scan meta-analysis of schizophrenia
and bipolar disorder, part I11: Bipolar disorder. American journal of human genetics. 2003; 73:49-
62. [PubMed: 12802785]

Seifuddin F, Mahon PB, Judy J, Pirooznia M, Jancic D, Taylor J, Goes FS, Potash JB, Zandi PP. Meta-
analysis of genetic association studies on bipolar disorder. American journal of medical genetics.
Part B, Neuropsychiatric genetics : the official publication of the International Society of
Psychiatric Genetics. 2012; 159B:508-518.

Seifuddin F, Pirooznia M, Judy JT, Goes FS, Potash JB, Zandi PP. Systematic review of genome-wide
gene expression studies of bipolar disorder. BMC psychiatry. 2013; 13:213. [PubMed: 23945090]

Sharp PM, Li WH. The codon Adaptation Index--a measure of directional synonymous codon usage
bias, and its potential applications. Nucleic acids research. 1987; 15:1281-1295. [PubMed:
3547335]

Shinozaki G, Potash JB. New developments in the genetics of bipolar disorder. Current psychiatry
reports. 2014; 16:493. [PubMed: 25194313]

Sklar P, Ripke S, Scott LJ, Andreassen OA, Cichon S, Craddock N, et al. Large-scale genome-wide
association analysis of bipolar disorder identifies a new susceptibility locus near ODZ4. Nature
genetics. 2011; 43:977-983. [PubMed: 21926972]

Sklar P, Smoller JW, Fan J, Ferreira MA, Perlis RH, Chambert K, Nimgaonkar VL, McQueen MB,
Faraone SV, Kirby A, de Bakker PI, et al. Whole-genome association study of bipolar disorder.
Molecular psychiatry. 2008; 13:558-569. [PubMed: 18317468]

Smith EN, Bloss CS, Badner JA, Barrett T, Belmonte PL, Berrettini W, Byerley W, Coryell W, Craig
D, Edenberg HJ, Eskin E, et al. Genome-wide association study of bipolar disorder in European
American and African American individuals. Molecular psychiatry. 2009; 14:755-763. [PubMed:
19488044]

Song W, Li W, Noltner K, Yan J, Green E, Grozeva D, Jones IR, Craddock N, Longmate J, Feng J,
Sommer SS. Identification of high risk DISC1 protein structural variants in patients with bipolar
spectrum disorder. Neurosci Lett. 2010; 486:136-140. [PubMed: 20850505]

Psychiatr Genet. Author manuscript; available in PMC 2018 June 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Sharp et al.

Page 13

Spitzer, R., Endicott, J. The schedule for affective disorder and schizophrenia, lifetime version. New
York State Psychiatric Institute; New York: 1977.

Spitzer RL, Andreasen NC, Endicott J. Schizophrenia and other psychotic disorders in DSM-II1.
Schizophrenia bulletin. 1978; 4:489-510. [PubMed: 734363]

Staden R. The Staden sequence analysis package. Molecular Biotechnology. 1996; 5:233-241.
[PubMed: 8837029]

Takata A, Kim SH, Ozaki N, lwata N, Kunugi H, Inada T, Ujike H, Nakamura K, Mori N, Ahn YM,
Joo EJ, et al. Association of ANK3 with bipolar disorder confirmed in East Asia. American journal
of medical genetics. Part B, Neuropsychiatric genetics : the official publication of the International
Society of Psychiatric Genetics. 2011; 156B:312-315.

Tesli M, Egeland R, Sonderby IE, Haukvik UK, Bettella F, Hibar DP, Thompson PM, Rimol LM,
Melle I, Agartz I, Djurovic S, et al. No evidence for association between bipolar disorder risk gene
variants and brain structural phenotypes. Journal of affective disorders. 2013; 151:291-297.
[PubMed: 23820096]

Tesli M, Koefoed P, Athanasiu L, Mattingsdal M, Gustafsson O, Agartz I, Rimol LM, Brown A,
Wirgenes KV, Smorr LL, Kahler AK, et al. Association analysis of ANK3 gene variants in nordic
bipolar disorder and schizophrenia case-control samples. American journal of medical genetics.
Part B, Neuropsychiatric genetics : the official publication of the International Society of
Psychiatric Genetics. 2011; 156B:969-974.

Venselaar H, Te Beek TA, Kuipers RK, Hekkelman ML, Vriend G. Protein structure analysis of
mutations causing inheritable diseases. An e-Science approach with life scientist friendly
interfaces. BMC bioinformatics. 2010; 11:548. [PubMed: 21059217]

Xu W, Cohen-Woods S, Chen Q, Noor A, Knight J, Hosang G, Parikh SV, De Luca V, Tozzi F, Muglia
P, Forte J, et al. Genome-wide association study of bipolar disorder in Canadian and UK
populations corroborates disease loci including SYNE1 and CSMD1. BMC Med Genet. 2014;
15:2. [PubMed: 24387768]

Yang Y, Ogawa Y, Hedstrom KL, Rasband MN. betalV spectrin is recruited to axon initial segments
and nodes of Ranvier by ankyrinG. The Journal of cell biology. 2007; 176:509-519. [PubMed:
17283186]

Yosifova A, Mushiroda T, Kubo M, Takahashi A, Kamatani Y, Kamatani N, Stoianov D, Vazharova R,
Karachanak S, Zaharieva I, Dimova I, et al. Genome-wide association study on bipolar disorder in
the Bulgarian population. Genes, brain, and behavior. 2011; 10:789-797.

Zhang X, Zhang C, Wu Z, Wang Z, Peng D, Chen J, Hong W, Yuan C, Li Z, Yu S, Fang Y. Association
of genetic variation in CACNA1C with bipolar disorder in Han Chinese. Journal of affective
disorders. 2013; 150:261-265. [PubMed: 23680436]

Psychiatr Genet. Author manuscript; available in PMC 2018 June 01.



Page 14

Sharp et al.

"(29dD) z ausb Ajonse|d ajepipues pue (T-ulidsau) T ulgioid

adojanua Jeajonu Buiurejuod Jeadal uLNYadS JO LONOUNY PUB BIMONIIS BY) LU0 SUOINIISNS PIoe oulwe Jo 1oeduwi ajqissod ayp 101pald (0TOZ 8 18 19qnyzpy) Z-UaydAlod pue (600Z ““[e 18 Jewny]) 141S

g

'sased ‘adg ‘JepJosip Jejodig /€6 BulusaIds woly sjunod waao:wow

"€'900268 dN ‘9ouanbas aoualajey |9ON uteioid T wiososi .H.c_ammzm

"UoISIaA awouab uewny mam:km_muzm

“JIaquunu Jaiyuapl aduaiayal wsiydiowAjod aprosjonu m_oc_.wN

V/IN

(L41S ‘usydAjod) 29dD pue (UaudAlod) TINAS yiog
0} Buibewep Ajqissod (141S) TINAS Aq ublusg/paiessjoL

V/IN

(L41S) 29dD 01 snoussa|eq ‘(UsydAlod) 29dD Aq ublusg
/paresslol ‘(usydAlod/LdIS) TANAS Ag ublusg/paressjoL

(1415 ‘usydAjod)

29dD 01 snouale|ap/buibewep Ajqeqold (uaydAjod)
TINAS 01 buiBewep Ajqeqoid '(LdIS) TINAS 0} paress|oL
(uaydAlod/11S) 29dD PUB TANAS yiog o3 ubjusg

(L41S ‘usydAlod) 29dD 03 snowieialap/BulBeweq ‘(UaydAjod)
TINAS 01 buiBewep Ajqissod ‘(LdIS) TINAS 0} pajess|oL

(uaydAjod
pue 141S) Z9dD pue TINAS yiog 01 ublusg/psiessjoL

V/IN
V/IN
VIN
V/IN

626 VV '8 VO '0 99

98600 'TOL'0LL
726 99 ‘€T OV '0 YV

826 11610000

986200 'T10'0LL
0€6 VYV 'L VJ ‘02D

126 232°0TOL'0LL

9€6 20 'T1O‘0LL
0£6 232 'L2L'0LL
T€611'910°029
76 L1 '€ IV '0 WV
926 VV 'TT VO ‘099

€700°0

50000
69000

87000

50000
L€00°0

€500°0

50000
LE00°0
¢€00°0
91000
65000

VIN o<V 8G¢€9/¢ST  99/50/8€Ts!
NITCTV 1<0 G1989/¢ST  €T.62900¢s!
VIN V<9 6¥8T1.LL2ST T0LZ80LTSA
VSEOTA o<l ¥9¢¢lLeST 9/6vTcs!
6663 1<0 €G/v//2ST  66S9VEBYTSI
ANS8871 o<V §60L..2ST 604280LTS4
JEv8Yy 1<0 €€66..29T 6¢80T9VESI
NS2/LL 1<0 6Y6€8L2ST  €6E€998Y.ES!
VIN 1<0 ¢09v8LeST  LTv0.96¥TS!
VIN o<l L¥¥98.2ST 8€0.Lcye9s!
VIN V<1 ¢15€6.2ST €66TEEYSI
VIN o<V G/5€6.2ST 9C6EVEYSI

SIRBR [eUoOUN; PRIOIPS Id

$Sunod adAoue

fouenbaiqap|ly Jouly  gOUBUD POV OUILY  gfieyn sedeseg 29 MUD UONSOd 1Al UeLEA

® Europe PMC Funders Author Manuscripts

T alqeL

'sisSAfeue aAIND 1pW UoIIN|Esa 1 Ybiy Ag pa1oaiep siuelep

® Europe PMC Funders Author Manuscripts

Psychiatr Genet. Author manuscript; available in PMC 2018 June 01.



Page 15

Sharp et al.

(286'T = N ‘T = 4p) 1158} 19eX3 S,Jaysld £1/62900¢S/ b

(T86'T = N 'T = 4p) 1159} J9eX3 S, Jaysid mmvtmmﬁw\_so%

(G66'T = N ‘T = 4p) 1159} }0EXT S, Jaysld £6£998 /€S

LT620°'T1O0LL 50000

600'T
890700 T1D'0LL 50000
706 00 ‘7 10 ‘0 L1 22000

gTL0
0092 '€ 100 LL ¥100°0
926000100 LL 0

4007
890'T00'TLO°0LL 50000

Z
‘sIsAJeue 1531 19eX3 S,Jaysid YUM paulwlalep anjeA Ajiqeqold ‘anfea n_.Q
Jaquinu ¢
q N .
"1apaosip tejodig ‘adg,
"£'900268 dN ‘@2uanbas aaualajay 19N uleloid T wiojosi .H.c_ammzm
"UOISIBA swoush uewny mﬂmskm_mozm
"Jaquinu Jaiynuapi adualagal wisiydiowAjod apnosjonu m_mc_mN
816 |013u0D
NITCTVY 1<D GT989/¢ST  €1.62900¢s!
690T ased
806 |01u0)
16663 1<0 €G/¥//2ST  66S997E8YTSI
€.0T ased
926 1013u0D
NSZLL 1<3 6V6E£8/2GT  £6£998Y.€S!
690T ased

gPNeAd swno)adAouen  Aouenbsi4 ap||y Joul

gN 4S102U0D 'SA Add abuey) poY oulwy Mwmc.mso Jred eseg 294yo uolisod Al uelen

S[041U00 013AIR R Sa|dwes posip fejodig DN UlSiUelRAB IR 1 Z9dD/TINAS YlIM UOITRIO0SSE JO SISO

® Europe PMC Funders Author Manuscripts

¢ dlqeL

® Europe PMC Funders Author Manuscripts

Psychiatr Genet. Author manuscript; available in PMC 2018 June 01.



	Abstract
	Introduction
	Methods
	UCL clinical sampling
	High resolution melt curve screening
	Sequencing
	Genotyping and association analysis
	Data analysis

	Results
	High resolution melt curve screening for variants
	Common SNP detection
	Genotyping of rare non-synonymous variants
	Imputed tests of association in SYNE1 in bipolar affective disorder


	Discussion
	References
	Table 1
	Table 2

