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Position effect leading to haploinsufficiency in a
mosaic ring chromosome 14 in a boy with autism
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We describe an individual with autism and a coloboma of the eye carrying a mosaicism for a ring
chromosome consisting of an inverted duplication of proximal chromosome 14. Of interest, the ring
formation was associated with silencing of the amisyn gene present in two copies on the ring chromosome
and located at 300 kb from the breakpoint. This observation lends further support for a locus for autism on
proximal chromosome 14. Moreover, this case suggests that position effects need to be taken into account,
when analyzing genotype–phenotype correlations based on chromosomal imbalances.
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Introduction
Chromosomal aberrations are a frequent cause of con-

genital malformations and developmental anomalies, and

it is therefore evident that the characterization of chromo-

somal aberrations has been particularly contributive in the

identification of genes causing specific phenotypes. Typi-

cally, a chromosomal aberration alters gene copy numbers,

resulting in an increased gene dosage or in haplo-

insufficiency, and the precise delineation of the aberration

can aid in the identification of candidate genes.1 However,

the interpretation may be more complicated when the

imbalances are large, when different chromosomal regions

are implicated (often with both an increased and a reduced

dosage of different genes) or when the aberration is present

in a mosaic state. Moreover, so called position effects,

where the expression of genes located at a distance from

the imbalance are affected, may further complicate the

interpretation.2,3

One area where chromosomal aberrations have been

instrumental in the identification of candidate genes and

chromosomal regions is autism. Visible cytogenetic

abnormalities are detected in 45% of affected children,

involving many different loci on all chromosomes.1 More

recently, high-resolution techniques relying on array

comparative genome hybridization (aCGH) have detected

de novo submicroscopic chromosomal aberrations in a

significant number of individuals with unexplained

autism.4,5

We describe here the detailed molecular genetic analysis

of a chromosomal aberration in a boy with autism carrying

a de novo translocation involving chromosome 14q12 and a

mosaic marker chromosome comprising an inverted

duplication of the region proximal to the breakpoint at

14q12 and associated with a silencing of a gene located

300 kb proximal to the translocation breakpoint.
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Materials and methods
Molecular analysis

Positional cloning of the translocation breakpoints was

performed as described before.6 aCGH and real-time

quantitative PCR (RTQ-PCR) analyses were performed as

described.3,7 Specific primers used for RTQ-PCR are listed as

supplementary data.

Study of gene expression using single nucleotide
polymorphisms (SNPs)

SNPs were used to study the effect of a breakpoint on the

expression of several genes nearby the breakpoint at 14q12,

for example, amisyn, GZMH, CTSG, CMA1, KIAA1305, and

NOVA1. First, by sequencing the genomic DNA (gDNA)

corresponding to coding exons and 50 and 30 untranslated

regions (UTR) of these genes, we showed that the subject was

heterozygous for reported SNPs rs1052484 (amisyn) and

rs8017377 (KIAA1305). For the remaining genes, no reported

or unreported SNPs were identified in the transcribed

sequences. Next, for both heterozygous SNPs identified, the

presence/absence of the polymorphism in the patient’s

mRNA was analyzed by sequencing the corresponding cDNA

fragments, and for amisyn, biallelic expression was tested in

four heterozygous controls. For obtaining DNA/RNA,

Ebstein–Barr virus (EBV)-transformed lymphocytes of both

patient and controls were grown in parallel to log phase.

Isolation of mRNA and gDNA (RNeasy and DNeasy Mini kits,

Invitrogen), reverse transcription of mRNA to cDNA (DNaseI

treatment and Superscript III, Invitrogen), and gDNA/cDNA

SNP analysis by subsequent PCR amplification and sequen-

cing were performed as described.3 Specific primers used for

amplification and sequencing of the regions of interest are

listed as supplementary data.

Results
Case report

The proband is a 16-year-old boy with a diagnosis of autism

and borderline intelligence. Physical examination is normal

with the exception of a unilateral coloboma of the eye.

A more detailed case description can be found online as

supplementary data. A first, chromosomal analysis

suggested that he carried a de novo apparently balanced

translocation with karyotype 46,XY,t(14;16)(q12;q24.3).

However, successive molecular analysis revealed that the

chromosomal aberration was more complex.

Molecular analysis

FISH analysis showed an intact subtelomeric region of

der16q, with the presence of interstitial telomeric

sequences at the translocation breakpoint and absence of

subtelomeric 16q sequences on derivative chromosome 14

(Figure 1c), indicative of a non-reciprocal translocation.

BAC CTD-2149C7 (NCBI AL132827) and cosmid 85f1

spanned the breakpoint on chromosome 14q12 (Figure

1a and b). aCGH revealed the presence of a duplication of

the chromosomal region 14 proximal to the breakpoint on

14q12. The duplicated region included clones RP11-89K22

(NCBI AL161666), located near the breakpoint on 14q12,

and RP11-84C10 (NCBI AL355922), more proximal on

chromosome 14q11.2 (Figure 2a). RTQ-PCR on genomic

DNA of the patient corresponding with this region

(Figure 2a) confirmed the presence of an increased copy

number (Figure 2b). FISH, using a centromere 14 probe

showed one signal on the marker, indicating a single

centromere (Figure 2c). FISH with a PNA telomere probe

revealed the absence of telomeric sequences on the marker

chromosome (Figure 2c), compatible with the cytogenetic

appearance of the marker as a ring chromosome. To

determine the orientation of the chromosomal fragments,

FISH using BACs AL355922 (14q11.2) and AL161666

(14q12) was performed (see Figure 2a for the probes used).

This indicated that the 14q12 regions were flanking and

thus the proximal 14q regions have an inverted position

with respect to each other (Figure 2c). Quantitative analysis

of FISH metaphases revealed that the small derivative

marker chromosome 14 is absent in approximately one-

third of cells (22 out of 60 metaphases).

Taken together, this successive molecular analysis

revealed that the proband carried a de novo apparently

balanced translocation with karyotype 46,XY,der(16)(16pter

-16qterH14q12-14qter)der(14)r(14;14)(Hp11-q12Hq12

-p11H)[38]/45,XY,der(16)(16pter-16qterH14q12-14qter)

[22]. This might explain the relative low values for the

duplicated region in both the aCGH (o0.58) and RTQ-PCR

(o3 alleles) analyses. In conclusion, this person carries a

mosaicism for a partial trisomy for proximal chromosome

14 (2/3 of cells) and a partial monosomy of proximal 14

(1/3 of cells).

This patient has autism with borderline intelligence and

we therefore searched for candidate genes for autism at the

breakpoint region (Figure 1a). Amisyn, the closest gene

located 300 kb centromeric to the breakpoint (Figure 1a), is

mainly expressed in tissues with specialized cell types in

which regulated secretory pathways are present, for

example, brain and pancreas (Figure 1e and Scales et al8).

It codes for a protein involved in the regulation of SNARE

complex formation and thus in the regulated secretion of

granules.8,9 Given the evidence that genes implicated in

synaptic processes, such as synaptogenesis and regulated

secretion in neurons, may be involved in autism;6,10 – 14 we

investigated the expression of amisyn in the patient. The

patient was heterozygous for SNP rs1052484, in the 30 UTR

(Figure 1d). Amisyn is expressed monoallelic in the patient,

as at the mRNA level, only the G-allele could be detected in

an EBV cell line from the patient (Figure 1d). The

possibility of monoallelic expression due to genomic

imprinting15 was excluded by analysis of four heterozygous

controls who showed biallelic amisyn expression

(Figure 1d). Moreover, this clearly shows that amisyn is
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expressed in a normal chromosomal context, suggesting

that the G-allele detected at the mRNA level originates

from the amisyn gene located on the unaffected chromo-

some 14 (Figure 1d). In contrast, the C-allele is clearly

undetectable at the mRNA level, suggesting that there is no

expression from the amisyn alleles from the marker. To

study expression of other flanking genes GZMB, GZMH,

CTSG, CMA1, KIAA1305 and NOVA1 (Figure 1a), SNPs in

the coding sequences of these genes were analyzed in the

patient. However, only for KIAA1305, located at 920 kb

proximal to the breakpoint and thus on the marker

chromosome, the patient was heterozygous for an SNP

(rs8017377, Figure 1d), but both G- and A-alleles were

detected at the mRNA level (Figure 1d).

Figure 1 Identification of the translocation breakpoint on chromosome 14q: positional cloning and candidate gene analysis. (a) Physical map of
14q12 (UCSC Genome Browser, July 2003 version – centromere on the left). BAC AL132827 and cosmid 85f1 were shown to span the breakpoint on
chromosome 14. Arrows indicate the position of the translocation breakpoint with regard to the genomic clone (-, distal; ’, proximal). Also shown
the breakpoint position on 14q12 (a ‘red lightning’) and the nearest genes to this breakpoint (amisyn, 300 kb upstream and NOVA1, 1.1 Mb
downstream). (b and c) FISH analysis on metaphase spread of the patient. (b) BAC AL0132827 (CTD-2149C7 – left) and cosmid 85f1 (right) span the
breakpoint on chromosome 14. (c) FISH analysis on metaphase spread of the patient and schematic representation of breakpoint region on derivative
chromosome 16. Hybridization with the subtelomere probe of 16q (green signal – left) showed the absence of subtelomere sequence on der14. Using
the telomere probe (PNA – right), we showed the presence of an interstitial telomere on der16. (d) Expression analysis of amisyn and KIAA1305 in the
patient. Sequence analysis showed heterozygosity for rs1052484 (G/C, amisyn) and rs8017377 (G/A, KIAA1305) in the patient. cDNA analysis revealed
the expression of the G-allele only for amisyn, compared to biallelic expression in a control. Both G- and A-alleles are expressed for KIAA1305 in the
patient mRNA. (e) Multiple tissue Northern blot (heart, brain, placenta, lung, liver, skeletal muscle, kidney, pancreas) for human amisyn.
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Taken together, despite the presence of a marker

containing two copies of the amisyn gene in two-third of

cells, this individual has haploinsufficiency for amisyn in

all cells. For the genes proximal to the breakpoint, for

example KIAA1305, we showed that all alleles present on

the genomic level have a normal expression.

To further evaluate the expression of amisyn, we

performed RTQ-PCR on cDNA from EBV-transformed

lymphocytes of the patient and controls using two

non-overlapping primersets. The observed expression

levels were compared with the levels of KIAA0323, a gene

located proximal to the breakpoint on 14q12 (Figure 1a).

KIAA0323 expression was stable between control indivi-

duals and showed a slightly elevated expression in the

patient (1.21±0.04 versus controls mean 1.00±0.06),

which is compatible with the observation of a mosaic

duplication on the level of genomic DNA of the patient. In

contrast, expression of amisyn in EBV-transformed cell lines

from controls was found to be variable between indivi-

duals, with relative expression values in the broad range of

0.09–2.58. As a consequence, the relative expression level

of amisyn in the patients cell line cannot be used to study a

position effect.

To further evaluate amisyn as a candidate gene for

autism, we performed DHPLC and subsequent sequencing

analysis on all coding exons and exon–intron boundaries

of the gene. However, in a cohort of 227 persons with

autism, no mutations were detected.

Figure 2 Mosaicism of a ring chromosome consisting of an inverted duplication of proximal chromosome 14q. (a) aCGH results of the patient for
the whole genome and chromosome 14 at 1 Mb. X-axis: log2-transformed intensity ratios, Y-axis of lower panel: position of aCGH probes (Mb).
Position of the BAC clones determining the duplicated region and used for FISH (panel c) are indicated. (b) RTQ-PCR results for the duplicated region
(in AL132780 at 14q11.2): four independent controls and patient RR. Numbers at the base of the bars indicate the average relative measured copy
number. The 95% confidence intervals are indicated. (c) FISH analysis on metaphase spread of the patient and schematic representation of the circular
marker chromosome 14. BACs used as probes for FISH (right panel) are indicated (proximal¼ red and distal¼green; eg, panel a). Hybridization with
the centromeric probe of 14 (green signal – left) showed only one signal at the marker, the telomere probe (PNA – middle) showed the absence of
telomeric sequences at the marker, and hybridization of both BACs determining the duplication showed an inverted position with respect to each
other.

Mosaic ring chromosome 14 and autism
D Castermans et al

1190

European Journal of Human Genetics



Discussion
We present a boy with autism and an eye malformation

carrying a non-reciprocal translocation of the larger part of

the long arm of chromosome 14 to the telomere of

chromosome 16q. The remaining untranslocated chromo-

some 14 fragment was found to form a ring chromosome

consisting of an inverted duplication of this region. This

ring chromosome was lost in a approximately 35% of cells,

resulting in a mosaicism. Interestingly, the breakpoint on

chromosome 14q was associated with silencing of the

amisyn gene present in two copies on the ring chromosome

and located at 300 kb from the breakpoint. Therefore, in

both cells with and without the ring chromosome,

monoallelic amisyn expression was observed. As a result,

genotype–phenotype correlation in the present patient is

complicated, as the phenotype could be the result of three

different genetic mechanisms: (1) haploinsufficiency for

amisyn in all cells, (2) and/or mosaic trisomy for other

genes located in proximal chromosome 14 in approxi-

mately 65% of cells and (3) and/or mosaic monosomy for

these genes in the other cells.

AMISYN as a candidate gene for autism

In the last years, several autism candidate proteins have

been reported with a role in the overall process of neuronal

signal transmission, such as synaptic scaffolding proteins,

cell adhesion molecules, proteins involved in second

messenger systems, secreted proteins, receptors and trans-

porters.10,16 AMISYN is a brain-enriched syntaxin-binding

protein (STXBP6) interacting with t-SNAREs syntaxin-1

and SNAP-25 through its C-terminal VAMP-like coiled-coil

domain.8 As a consequence, AMISYN and v-SNARE VAMP-2

are competitive in their binding to the t-SNARE complex

syntaxin-1/SNAP-25,8 which plays an important role in

vesicle fusion. However, since the unique N-terminus of

AMISYN lacks the hydrophobic stretch that may serve as a

transmembrane anchor to the vesicle,8 AMISYN functions

as an inhibitory SNARE (i-SNARE).17,18 Therefore, AMISYN

may be involved in fine-tuning vesicle fusion and secretion

of vesicle content upon receipt of the appropriate stimu-

lus,8,19 making it a functional candidate for autism.

However, in a cohort of 227 persons with autism, we were

unable to detect mutations in the amisyn gene.

Proximal 14q as a candidate locus for autism

The main phenotypic manifestation in the present patient

was autism and coloboma of the eye. The latter feature has

not been reported in association with proximal 14q

aberrations. Except for one study, no suggestive linkage

for the proximal chromosome 14q has been reported.20

However, several deletions in this part of 14q have been

detected in patients with autism and/or mental retarda-

tion.21,22 First, a small 700 kb deletion in 14q11.2, together

with a gain of proximal 15q (resulting from a cryptic

reciprocal translocation) segregated with autism and

intellectual disabilities in three members of a family.21

Although the gene-rich region at 14q did not contain any

genes that appear to be involved in neurogenesis and/or

neurodevelopment, the authors state that position effects

cannot be ruled out. Second, small submicroscopic dele-

tions of 14q11.2 have been reported in three unrelated

children with similar dysmorphic features and develop-

mental delay.22 These deletions were located approxi-

mately 3.5 Mb centromeric from amisyn. Interestingly,

autistic features were described in one of them (case

DECIPHER 126). Taken together, the described chromoso-

mal aberrations suggest the presence of an autism suscep-

tibility gene in the region of chromosome 14q11.2–q12.

Translocation position effect

Chromosomal breakpoints altering the expression of

adjacent genes, referred to as position effects, has been

repeatedly demonstrated as a mechanism causing human

genetic disease, with breakpoints up to a distance of 1 Mb,

for example in campomelic dysplasia (SOX9 gene23). In the

present case, the breakpoint where ring fusion occurred is

located at 300 kb from the 50 end of both copies of amisyn.

A number of different mechanisms could account for the

observed changes in gene expression (reviewed by Kleinjan

and van Heyningen24). The most likely mechanism causing

absent amisyn expression from the rearranged chromosome

14 is the loss of a distant enhancer. This is suggested by the

location of the breakpoint at the 50 position of the gene, as

is observed in most instances where position effects are

encountered.24 Moreover, the finding of a normal expres-

sion of another gene located in the vicinity of the amisyn

gene, argues against a more general silencing mechanism

imposed on the entire region. The alteration of the

chromatin structure is postulated to be accompanied by

altered DNA methylation and post-translational histone

modifications.25 However, methylation studies of the

promoter region of the amisyn gene did not reveal any

alterations (data not shown), which is another argument in

favor of a disruption of an amisyn enhancer element rather

than a general silencing effect due to the unusual

chromosomal context in the ring chromosome.

To the best of our knowledge, no position effects have

been shown in ring chromosomes, although they have

been hypothesized to play a role in the phenotypic

expression of ring chromosome 20 without the loss of

subtelomeric regions or telomeric sequences.26 It may also

offer an explanation for the different phenotypic findings

in individuals with terminal deletions of chromosome 14q

and ring chromosome 14, despite similar breakpoints.27

In conclusion, this case illustrates that genotype–

phenotype correlations derived from the physical mapping

of chromosomal aberrations need to be taken with caution,

given the possibility of position effects.
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