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De novo UNC13B mutation identified in a bipolar disorder
patient increases a rare exon‐skipping variant
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Abstract

Aim: We previously performed the first trio‐based exome study for bipolar disorder

and identified 71 de novo mutations. Among these mutations, the only mutation

located at the splice donor site was in UNC13B. We focused on and analyzed the

functions of the mutation.

Methods: In order to analyze the functional alterations, due to the mutation, we

performed a minigene splicing assay.

Key results: We found that the mutation caused the loss of a wild‐type splicing

variant, which was consistent with the computational splice prediction, and that an

exon‐skipping variant increased significantly. The exon‐skipping variant also existed

in the wild‐type minigene, although it was rare. Hence, we validated the expression

of the exon‐skipping variant using total RNAs derived from the human cerebral cor-

tex. We showed the possibility that the exon‐skipping variant was rare, but

expressed even in those that do not carry the mutation.

Conclusions: Based on our results, we suggest that an abnormal splicing pattern of

UNC13B occurred in the patient, which could be related to the pathophysiology of

bipolar disorder.
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1 | INTRODUCTION

Bipolar disorder is a common neuropsychiatric disorder with a life-

time prevalence of around 1%, and genetic factors are known to be

important in this disorder.1 However, the pathogenesis of bipolar

disorder remains unclear. Recently, the first trio‐based exome study

for bipolar disorder was reported.2 The report suggested a possible

relationship between de novo mutations and bipolar disorder and

found 71 mutations in bipolar disorder patients. Among these

mutations, UNC13B was reported as the only gene that possessed a

mutation at a splice site.

UNC13B is thought to regulate a priming step in exocytosis,

especially in presynaptic terminals,3,4 and to possess a calcium ion‐
binding domain. This is consistent with the fact that previous studies

have shown the association of bipolar disorder with calcium ion

channels, such as CACNA1C.5,6 We have also reported a possible

relationship between a calcium ion pump, ATP2A2, and psychosis,

including bipolar disorder.7 Thus, the abnormality caused by the

mutation of UNC13B might be related to the pathophysiology of

bipolar disorder.Takumi Nakamura and Kotori Jimbo contributed equally to this work.
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Herein, we analyzed the effects of the de novo UNC13B muta-

tion found in the bipolar disorder patient using splice prediction

Web sites and a minigene splicing assay.

2 | METHODS

For the prediction of splicing patterns, NetGene2 (http://www.cbs.d

tu.dk/services/NetGene2/)8 and SPANR (http://tools.genes.toron

to.edu/)9 were utilized.

To perform the minigene splicing assay, exons 37‐39 of UNC13B

were amplified from DNA from the saliva of the patient carrying the

heterozygous mutation who we previously reported.2 The amplified

fragments were inserted into the pAcGFP‐C1 vector and transfected

into HEK293 cells. Reverse transcription‐polymerase chain reaction

(RT‐PCR) was performed using total RNAs, prepared from the trans-

fected cells. PCR products were subcloned into the TOPO TA clon-

ing kit (Thermo Fisher Scientific, Tokyo, Japan) and sequenced.

A cDNA fragment of exons 35‐39 of UNC13B was amplified

using human total RNA derived from the cerebral cortex (#636561;

Takara).

3 | RESULTS

According to NetGene2, the mutation was predicted to disrupt the

donor site of exon 38. We also used another splicing prediction soft-

ware, SPANR, which showed that the mutation caused a decrease in

F IGURE 1 A, A schematic diagram of
the minigenes; B, RT‐PCR of the
transfected HEK293 cells; C, The exon‐
skipping variant (2) increased significantly
in UNC13B_Mut (Fisher's exact test,
P = 2.27 × 10−18). M: marker
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the percent spliced in (PSI) and calculated the maximum difference

between the reference and alternate allele in the PSI (dPSI) as

−15.62. This dPSI was bigger than the expected value (|dPSI| = 5),

which was predicted to influence the donor site function, indicating

that the mutation might alter the splicing pattern of exon 38.

We performed a minigene splicing assay to analyze the func-

tional alterations caused by the mutation. We generated two mini-

gene constructs: UNC13B_WT and UNC13B_Mut (Figure 1A). Then,

we transfected both minigenes into HEK293 cells and performed

RT‐PCR, and we found different band patterns between

UNC13B_WT and _Mut (Figure 1B). We subcloned and sequenced

the PCR products. As a result, we detected that several splicing vari-

ants were generated in UNC13B_Mut and that the exon 38‐skipping
variant was a major component of UNC13B_Mut (Figure 1C). The

exon‐skipping variant caused a frameshift that resulted in a prema-

ture stop codon. We also found a significantly deviated distribution

of variants between UNC13B_WT and _Mut (6 × 2 Fisher's exact

test, P = 2.27 × 10−18).

Unexpectedly, we also detected the exon‐skipping variant in

UNC13B_WT, although the rate was less than 10%. To verify

whether this variant in UNC13B_WT was an artifact, we performed

RT‐PCR using human total RNA derived from the cerebral cortex.

We designed a new primer set to amplify the other variant, including

an in‐frame alternative exon (exon 36a). As expected, we validated

two variants and also found a slight band at the expected height of

the exon‐skipping variant (Figure 2A,B). We performed nested PCR

using a primer set that specifically recognized the exon‐skipping vari-

ant and found the band for the exon‐skipping variant, although the

wild‐type variant was also amplified nonspecifically (Figure 2C).

4 | DISCUSSION

In this study, we found that the de novo UNC13B mutation caused a

significant increase in the exon‐skipping variant and resulted in a

frameshift. We also showed that this exon‐skipping variant was

expressed in the human cerebral cortex.

The exon‐skipping variant generates a premature stop codon

in the last exon of UNC13B. This abnormal mRNA is predicted

to escape nonsense‐mediated mRNA decay (NMD) and generate

a truncated UNC13B protein in people that carry the mutation.

The truncated protein loses part of the lipid‐binding domain, the

C2C domain,10 such that the exocytosis function that is regu-

lated by UNC13B might be disrupted. The ExAC database shows

that the possibility for a loss‐of‐function mutation (pLi) in

UNC13B is zero, which suggests that a loss‐of‐function mutation

of UNC13B is not rare in the general population. However, it is

possible that the truncated protein causes a dominant‐negative
effect and has a larger effect on the proper functions of

UNC13B in a patient.

We also showed the possibility that the exon‐skipping variant,

which was not registered in University of California Santa Cruz (UCSC)

Genome Browser, is expressed in the human cerebral cortex. Although

the expression level of this variant is much lower than that of the wild‐
type protein, it might play a role in the function of UNC13B. Further

research is necessary to clarify the role of this variant.
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F IGURE 2 A, RT‐PCR of total RNA
derived from the human cerebral cortex; B,
An enhanced image of (A). A slight band
was detected below the main band; C,
Nested PCR using the forward primer that
recognizes the junction of exons 37 and
39
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