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Introduction

Congenital nystagmus is an idiopathic abnormality 
of ocular motility that has an onset at birth or in early 
infancy and an estimated prevalence of 1 in 1500 
births.1, 2 The specific biological mechanisms that 
cause congenital nystagmus are unknown, however, 
it has been suggested that defects in motor control of 
fixation have a role in its pathogenesis.1

Pedigree-based studies have shown that there is a 
strong genetic component to the pathogenesis of congeni-
tal nystagmus. Mendelian forms of congenital nystagmus 
have been described in which the condition is inherited 
as an autosomal dominant,3 autosomal recessive, or an 
X-linked trait.4-6 X-linked recessive transmission may be 

the most frequently observed pattern of inheritance of 
congenital nystagmus and linkage studies identified the 
chromosomal loci of two genes that cause this form of 
disease (Xp11.4–Xp11.3 and Xq26–q27).7–9 The FRMD7 
gene was subsequently shown to be the disease-causing 
gene in the Xq26–q27 locus when mutations were identi-
fied in multiple pedigrees with congenital nystagmus.10–19 
We previously reported a pedigree with two separate 
X-linked traits, deuteranomaly and nystagmus, in which 
the nystagmus was linked to Xq26–q27.9 In this study, 
we report a novel intragenic deletion in FRMD7 that is 
associated with the family’s nystagmus (Figure 1).

Patients, Materials, and 
Methods

Informed consent was obtained from all patients 
in the study. The clinical features of members of 
this family have been described in detail in a prior 
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publication.9 Briefly, 65 family members received 
complete eye examinations and medical records 
of 3 additional family members (2 of whom were 
deceased) were also examined. Blood samples were 
obtained from many of the affected family members, 
their parents, siblings and spouses. The pedigree 
in this study is composed of a subset of the family 
members investigated for both nystagmus and deu-
teranomaly in a previous report.9 DNA was prepared 
from the blood using standard methods. DNA sam-
ples were also obtained from 40 normal male subjects 
from Iowa.

A DNA sequencing assay to screen affected 
members of the pedigree for disease-causing muta-
tions was designed to encompass the entire coding 
sequence of FRMD7 using standard methods.20 The 
oligonucleotide primer sequences are available on 
request. PCR products were sequenced using fluores-
cent dideoxynucleotides on an Applied Biosystems 
(ABI, Foster City, CA) model 3730 sequencer. All 
sequencing was bidirectional. For multiplex reac-
tions, 1 pmol of each primer for the control reactions 
(specific for segments of the SH3PXD2B gene) was 
added to PCR reactions and amplified products were 
visualized by agarose gel electrophoresis and stain-
ing with ethidium bromide.

Results

We previously studied a large five-generation 
pedigree with both congenital X-linked nystagmus 

and deuteranomaly with linkage analysis and we 
mapped the gene that causes nystagmus in the family 
to the NYS1 locus.9 Seven male and two female fam-
ily members with nystagmus, five obligate carriers, 
and nine unaffected family members of this pedigree 
were available for molecular genetic study (Figure 1). 
Two affected males (I-1 and III-32) and one obligate 
carrier (II-8) were tested for mutations in the coding 
sequence of FRMD7 using a DNA sequencing assay. 
Two missense mutations, Ser281Leu (rs5977625) and 
Arg468His (rs6637934) and one synonymous cod-
ing sequence variation Ile511Ile (rs5977623) were 
detected (Table 1). However, the Ser281Leu muta-
tion was only detected in the obligate carrier. The 
Arg468His variation has been commonly observed 
in Caucasian European subjects (CEU) on HapMap 
(allele frequency = 10%) and was previously reported 
as a polymorphism.21 The FRMD7 sequencing assay 
did, however, produce some abnormal results. The 
gene segments corresponding to exons 2, 3, and 4 of 
FRMD7 could be normally amplified from the female 
carrier (II-8), but could not be amplified from the 
affected males (I-1 and III-32). This amplication fail-
ure in affected males was further explored by adding 
a control pair oligonucleotide primers that are specific 
for an unrelated gene on chromosome 5 (SH3PXD2B) 
to each of the PCR reactions initially used to sequence 
the first 5 exons of the FRMD7 gene. All members 
of the pedigree were subsequently tested with these 
multiplex PCR assays and exons 2, 3, and 4 failed to 
amplify from all seven affected male DNA samples, 
while the control amplimer from the SH3PXD2B gene 
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FIGURE 1  Nystagmus pedigree. Solid symbols indicate individuals found to be clinically affected with nystagmus, while open 
symbols indicate unaffected individuals, and grey symbols indicate individuals with unknown status. Obligate carriers are 
indicated by a shaded circle. Those subjects that participated in this molecular genetic study are indicated with an “X.”

TABLE 1  FRMD7 sequence variations dectected in the pedigree. DNA samples from 3 family members of pedigree 89T (I-1, affected 
male; II-8, carrier female; and II-32 affected male) were tested for mutations in FRMD7 using a DNA sequencing assay. Three DNA 
variations were detected. Minor allele frequencies were obtained from the dbSNP at NCBI for the HapMap-CEU population

FRMD7 polymorphisms
Minor allele 
frequency I-1 II-8 III-32

rs5977625 TCG -> TTG Ser281Leu exon 9 0.008 Hemizygous C Heterozygous Hemizygous C
rs6637934 CGT -> CAT Arg468His exon 12 0.100 Hemizygous A Heterozygous Hemizygous A
rs5977623 ATT -> ATC Ille511Ile exon 12 0.364 Hemizygous C Homozygous C Hemizygous C
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was successfully amplified from these DNA samples 
(Figure 2). Conversely, in all cases, exons 2, 3, and 4 
were successfully amplified from DNA samples of 
unaffected males and females. Finally, exons 1 and 
5 of the FRMD7 gene could be amplified from DNA 
samples of all family members including those of 
affected males. These data indicate the presence of 
an intragenic deletion of FRMD7 that spans exons 
2, 3, and 4. This deletion eliminates 227 nucleotides 
of the FRMD7 gene and also results in a frameshift 
that alters 19 amino acids before causing a premature 
termination at codon 39. No deletions were detected 
when a panel of 40 male control subjects was tested 
for the presence of the intragenic FRMD7 deletion 
using the same multiplex assays used to study the 
nystagmus pedigree.

Discussion

Linkage analyses and mutation studies have shown 
that mutations in the FRMD7 gene are a common 
cause of X-linked congenital nystagmus. A range 
of missense mutations, nonsense mutations, and 
frameshift mutations in FRMD7 previously have 
been reported. Here we report the first instance of a 
large intragenic deletion in FRMD7 that is associated 
with X-linked nystagmus. The deletion spans exons 
2, 3, and 4 of the FRMD7 gene, which encodes a 
membrane-localizing domain (FERM)22 and encodes 
a truncated FRMD7 protein. Several lines of evidence 
strongly suggest that deletion of exons 2, 3, and 4 

of the FRMD7 gene cause nystagmus in our family. 
The deletion is present in all affected male family 
members and absent in a panel of unaffected con-
trol subjects. Second, the deletion causes significant 
disruption to the encoded FRMD7 protein, which is 
likely to harm its function. Third, mutations in the 
FRMD7 gene have been previously linked with nys-
tagmus. Finally, while no deletions of whole exons of 
FRMD7 have been previously reported, it is interest-
ing to note that several FRMD7 splice site mutations 
are thought to cause nystagmus by causing whole 
exons to be excluded from the gene’s mRNA.10 Such 
splicing defects are functionally similar to the dele-
tion detected in our pedigree. The sum of these data 
suggests that the novel deletion of exons 2, 3, and 4 
of the FRMD7 gene is the cause nystagmus in our 
pedigree.

The intragenic FRMD7 deletion was associated 
with nystagmus in all seven male carriers of this 
mutation in our pedigree suggesting high penetrance 
in male subjects. This pedigree also includes seven 
obligate female carriers of this FRMD7 deletion (II-1, 
II-5, II-6, II-7, II-8, II-10, II-12) that do not have nys-
tagmus. However, two females in the pedigree (III-1, 
III-22) were found to have nystagmus and likely 
carry a heterozygous deletion in FRMD7 although 
heterozygous deletions are not detectable by our 
non-quantitative PCR-based assay (Figure 2). These 
data support prior reports that some females with 
heterozygous mutations in the FRMD7 gene develop 
nystagmus, which may be due in part to variable 
effects of X-linked inactivation.15

Pedigree symbols of study
patients

A.

B.

I-1 III-1 III-2 III-3 III-4 III-5 III-17 III-18 II-7 III-19 III-20 I-2 III-22 II-8 III-23 III-31 III-32 III-33II-10 III-34 II-12II-1 II-2

C.

D. Ex1 Ex2 Ex4 Ex5 Ex6 Ex7 Ex8 Ex9 Ex10 Ex11 Ex12Ex3

FRMD7 exon 3
SH3PXD2B exon 2

FRMD7 exon 5
SH3PXD2B exon 2

Diagram indicating the
extent of the deletion in the
FRMD7 gene

FIGURE 2  Deletion Mapping. Twenty-three family members were tested for deletion of exons 2, 3, 4 using a multiplex PCR assay. 
In panel A, pedigree symbols of the family members studied with these assays are positioned above the gel lanes that report results 
from these experiments in panels B and C. In panel B, each family member’s DNA is amplified with one pair of primers specific for 
exon 3 of FRMD7 (that produces the top band) and with another pair of primers specific for exon 2 of a control gene SH3PXD2B (that 
produces the bottom band). Exon 3 of FRMD7 could not be amplified from male family members with nystagmus (as shown by the 
absence of the top band), while exon 2 of the control gene SH3PXD2B could be amplified from all family members. Similar results 
were obtained from multiplex studies of exons 2 and 4 of FRMD7, indicating the presence of a hemizygous deletion of exons 2, 3, 
and 4. In panel C, each family member’s DNA is amplified with one pair of primers specific for exon 5 of FRMD7 (which produces 
the top band) and with another pair of primers specific for exon 2 of a control gene SH3PXD2B (which produces the bottom band). 
Exon 5 of FRMD7 (and exon 2 of SH3PXD2B) could be amplified from all family members, including affected males with nystagmus. 
Similar results were obtained with studies of exon 1, indicating that the deletion in FRMD7 is limited to exons 2, 3, and 4 and does 
not include exons 1 or 5. Panel D shows the extent of the deletion on a diagram of the exons that comprise the FRMD7 gene. The 
deletion encompasses exons 2, 3, and 4 (indicated with dark grey shading) and extends some distance proximally into intron 1 and 
distally into intron 4 (indicated with the light grey shading).
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