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Mutation in TMEM98 in a Large White Kindred With
Autosomal Dominant Nanophthalmos Linked to 17p12-q12
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IMPORTANCE Nanophthalmos is a congenital disorder characterized by small eyes, with the
main complications being severe hyperopia and angle-closure glaucoma.

OBJECTIVE To perform a clinical and genetic investigation of a large white family with
autosomal dominant nanophthalmos.

DESIGN, SETTING, AND PARTICIPANTS Detailed clinical evaluation and a genome-wide linkage
scan was conducted in the family NNO-SA1. Linkage was evaluated with a 10K
single-nucleotide polymorphism array, followed by whole exome sequencing, to identify
novel segregating coding variants within the linked region. The candidate gene was screened
for mutations in additional independent families by direct sequencing of the coding exons
and intron/exon boundaries. The expression pattern of the candidate gene in ocular tissues
was analyzed by reverse transcriptase–polymerase chain reaction. Participants were recruited
through ophthalmology clinics at Flinders Medical Centre, Adelaide, South Australia,
Australia. Nanophthalmos was defined as an axial length less than 20.0 mm and/or refractive
error greater than +7.00. Of the 35 available individuals from family NNO-SA1, 16 participants
(46%) had a diagnosis of nanophthalmos, with mean refraction of +11.8 D and mean axial
length of 17.6 mm. Unaffected unrelated individuals serving as controls were screened for the
identified mutation. Additional independent families with clinically diagnosed
nanophthalmos were also recruited.

MAIN OUTCOMES AND MEASURES Nanophthalmos status.

RESULTS Significant linkage was detected on chromosome 17 between single-nucleotide
polymorphism markers rs2323659 and rs967293, with a maximum location score of 4.1.
Exome sequencing identified a single novel segregating missense variant within the linkage
region located in exon 8 of the transmembrane-98 (TMEM98) gene c.577G>C (p.Ala193Pro),
which was absent in the Exome Variant Server database and among 285 local white
individuals serving as controls. The TMEM98 gene was expressed in all ocular tissues tested
including sclera and optic nerve head.

CONCLUSIONS AND RELEVANCE A novel gene associated with nanophthalmos, TMEM98 most
likely represents the cause of the disease in this family. To our knowledge, this represents the
first gene identified causing autosomal dominant nanophthalmos.
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M icrophthalmia is a developmental disorder con-
sisting of bilaterally small eyes. Posterior microph-
thalmia and nanophthalmos are 2 subtypes of

the disorder.1 Nanophthalmos is characterized by the axial
length of the globe being more than 2 SDs smaller than the
normal range (<20 mm in adults),2 and the cornea and
lens are typically of normal size,3 causing severe hyperopia
(farsightedness) of +7.00 diopters (D) or more. The smaller
dimensions of the anterior chamber depth cause the irido-
corneal angle to be typically narrow. Abnormal thickening
of the scleral connective tissue is often also observed.3,4

The abnormal structure of the anterior chamber observed
in nanophthalmos differs from that of posterior micro-
phthalmia, a rare phenotype restricted to the posterior
segment of the eye, where the anterior chamber is of normal
dimensions.5-7 A recent study8 has revealed that eyes
with posterior microphthalmia have corneal steepening
proportional to the degree of the short axial length, sug-
gesting that both nanophthalmos and posterior microph-
thalmia are not a distinct phonotype, but they represent a
spectrum of high hyperopia. The prevalence of all microph-
thalmia in Australia is between 0.5 and 1.5 per 10 000
births.9

Nanophthalmos can be inherited in either an autosomal
dominant or autosomal recessive mode.2,10 Linkage studies in
large families with autosomal dominant nanophthalmos have
identified linkage to chromosome 11p in a family from the
United States,11 2q11-q14 in a Chinese family,12 and 17p12-q12
also in a Chinese pedigree.13 To date, additional families show-
ing linkage to these regions have not been reported and the
causative genes in families with autosomal dominant nanoph-
thalmos have not been identified.

We describe a large family of British ancestry with auto-
somal dominant nanophthalmos. We conducted genome-
wide linkage analysis in this family, localizing the gene to a
region of 16.9 Mb on chromosome 17 (overlapping with the
linkage region in the Chinese family13) and investigated the
genes in the linked region for causative mutations.

Methods
Recruitment of Participants
Family NNO-SA1 (Figure 1) was identified following presen-
tation of the proband (V:3) to Flinders Medical Centre,
Adelaide, South Australia, Australia, for evaluation and
treatment related to angle-closure glaucoma. The primary
diagnosis of isolated nanophthalmos was made in that set-
ting by one of the authors (J.E.C.). The family history of this
patient was obtained and the extended family was traced
for 5 generations. Thirty-five family members were
recruited into the study, 16 of whom received a diagnosis
of nanophthalmos. An additional 7 family members were
reported to have the same phenotype, but were not avail-
able for study. The proband and her immediate family
reside in Australia; however, much of the extended family
is living in the United Kingdom. Written informed consent
was obtained from all participants in accordance with
the Declaration of Helsinki, and the study was approved by
the Southern Adelaide Clinical Human Research Ethics
Committee. The participants did not receive financial com-
pensation.

The proband (V:3) received a full ophthalmic examina-
tion including refraction, intraocular pressure, central cor-

Figure 1. Family NNO-SA1 Displaying Autosomal Dominant Nanophthalmos
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neal thickness measurement, slitlamp biomicroscopy,
A-scan ultrasonography, and optic disc tomography. Angle-
closure glaucoma status was assessed in all participants; how-
ever, it was not a part of the criteria used to determine affec-
tion status. The rest of the family members were classified as
having nanophthalmos if they had an axial length less than
20.00 mm and/or a refractive error at or greater than +7.00. Ge-
nomic DNA was extracted from either peripheral whole blood
(QiaAmp DNA Blood Maxi Kit; Qiagen) or from saliva (Ora-
gene DNA saliva collection kits; DNA Genotek) according to the
manufacturers’ protocols.

Linkage Analysis
All available family members were genotyped (GeneChip Xba
10K single-nucleotide polymorphism [SNP] arrays; Affyme-
trix Inc) at the Australian Genome Research Facility, Mel-
bourne, Australia. Data were provided in the form of linkage
format files, and analyses were conducted in MERLIN, 1.1.2.14

Because of computational limitations on the number of mem-
bers of a pedigree, initial genome-wide linkage analysis was
conducted using individuals from the proband’s branch of the
family (descendants of II:1 and II:2), excluding IV:1, V:1, V:2,
and V:7, under a fully penetrant dominant model. The dis-
ease allele frequency was set to 0.0001 and the allele frequen-
cies for each marker typed were obtained from the CEU col-
lection (white Utah residents with Northern and Western
European ancestry from the Centre d’Etude Polymorphism Hu-
main) sample of the International HapMap project (http:
//hapmap.ncbi.nlm.nih.gov/). To confirm the findings, differ-
ent individuals were excluded and analysis was repeated in the
remaining branch of the family (descendants of II:6 and II:7).
When the results were compared, only a single region on chro-
mosome 17 showed linkage in both branches. The SNPs sur-
rounding the linked region on chromosome 17 were ex-
tracted from the data set, and files were formatted with Mega215

for linkage analysis on the entire pedigree in SimWalk2.16 A fully
penetrant dominant model was used to calculate location
scores (equivalent to multipoint logarithm of odds scores) and
location scores vs chromosome location were plotted. Haplo-
types were reconstructed in MERLIN14 on subsections of the
pedigree, with overlapping individuals included in each run
to facilitate combining the data into the whole pedigree.

Exome Sequencing
Sequencing was performed in 5 individuals selected to repre-
sent both main branches of the family: 4 affected individuals
(IV:2, IV:5, IV:9, and V:9) and 1 unaffected member (IV:4). En-
richment for the exome was performed (TruSeq Exome En-
richment Kit; Illumina Inc) and enriched DNA was sequenced
(HiSeq 2000; Illumina Inc) by the Australian Genome Re-
search Facility. Sequence alignment to hg19 was conducted
with CASAVA, version 1.8.1 (https://support.illumina.com
/downloads/casava_181.ilmn), and aligner module ELAND, ver-
sion 2 (Illumina). Realignment and variant calls were made with
Illumina Exome Script and variants were annotated by
ANNOVAR.17 All bioinformatics was conducted by the sequenc-
ing service provider. The lists of single-nucleotide variants
identified in each sample were filtered according to the fol-

lowing criteria: (1) not present in dbSNP131, (2) segregated in
the 5 sequenced individuals, and (3) missense, stop, or splice
variant.

Segregation in the family was assessed by Sanger sequenc-
ing using primer pair exon 8-1 (Supplement [eTable 1]). Poly-
merase chain reaction (PCR) was performed for each avail-
able DNA sample with the following conditions: enzyme
activation at 95°C for 15 minutes, 30 cycles of denaturation at
95°C for 30 seconds, annealing at 57°C for 30 seconds, elon-
gation at 72°C for 30 seconds, and final elongation at 72°C for
5 minutes. The PCR products were purified for sequencing
using exonuclease l (20 U/μL) and USB Shrimp Alkaline Phos-
phatase (In Vitro Technologies) (1 U/μL), incubated at 37°C for
60 minutes, and then inactivated at 80°C for 20 minutes.18 The
product was sequenced (BigDye Terminator; Applied Biosys-
tems) on an ABI 3100 DNA sequencer (Applied Biosystems).
Chromatograms were compared with each other and the ref-
erence sequence (GenBank NM_001033504.1) (Sequencher,
5.2.3. software; GeneCodes Corp).

The presence of the novel missense variant was tested in
285 individuals serving as controls using a restriction frag-
ment length polymorphism. The cohort was ascertained from
retirement villages in Adelaide. The mutation introduces a re-
striction site for Bsu36I (New England BioLabs Inc). Poly-
merase chain reaction was performed with the same primers
used for sequencing above. A total of 10 μL of PCR product was
digested with 2 U of Bsu36I enzyme in the presence of
bovine serum albumin. The digested products were visual-
ized under UV light following electrophoresis on 1.4%
agarose gel, stained with Gel Red (Biotium). The novel vari-
ant was searched against the Exome Variant Server database
(http://evs.gs.washington.edu/EVS/), a large public data set
of unrelated European-American individuals with exome
sequence data available.

The functional significance of the mutation in transmem-
brane-98 (TMEM98; GenBank NM_001033504.1) was ana-
lyzed using PolyPhen-2, 1 9 SIFT using protein ID
(ENSP00000261713),20 and MutationTaster.21 The conserva-
tion of normal TMEM98 protein was compared between spe-
cies using data obtained from UniProtKB (http://www.uniprot
.org/uniprot/) and aligned by ClustalW2.22

Gene Screening in Additional Families With Nanophthalmos
A total of 7 additional independent families with at least 1 af-
fected member participated in the present study. Families were
referred to the study from eye clinics in Australia. Extraction
and sequencing of the DNA of probands were conducted using
the same methods as described above with primers for each
coding region of the gene, encompassing splice sites
(Supplement [eTable 1]).

Expression Analysis
Ocular tissues were obtained from postmortem human eyes
through the Eye Bank of South Australia according to the
guidelines of the Southern Adelaide Clinical Human
Research Ethics Committee. Total RNA was extracted from
tissues using the RNeasy Micro Kit or Mini Kit (Qiagen).
Primers were designed through National Center for Biotech-
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nology Information/Primer-Blast (http://www.ncbi.nlm.nih
.gov/tools/primer-blast/index.cgi?) for each of the 2 known
isoforms: isoform 1 (GenBank NM_015544) forward primer (5′-
3′) GCACCTGCCATCCTCTTCCCCA and reverse primer
(5′-3′) GCAGTCGTCCGTGCGTCCAG, and isoform 2 (GenBank NM
_001033504)forwardprimer(5′-3′)GGGAGCCACAGCCTGAGCTTT
and reverse primer (5′-3′) AGGAGCAGGGCAGTCGTCCG. First-
strand complementary DNA was synthesized using the Super-
Script III reverse transcriptase (Invitrogen). Polymerase chain
reaction was conducted with the following conditions: initial-
ization at 95°C for 15 minutes, followed by denaturation at 95°C
for 30 seconds, annealing at 62°C for 30 seconds, elongation at
72°C for 30 seconds for 30 cycles using complementary DNA from
retina, optic nerve, optic nerve head, ciliary body, and iris, and
32 cycles for sclera, and then a final elongation at 72°C for 5 min-
utes. The PCR product was visualized on 1.4% agarose gel stained
with Gel Red (Biotium). Products were purified for sequencing
asdescribedabove.ThepubliclyavailableIlluminaHumanBody-
Map, version 2.0, data were accessed on November 19, 2013,
through the Ensembl Genome Browse (http://www.ensembl
.org) to explore nonocular expression patterns.

Results
Recruitment of Participants
Family NNO-SA1 (Figure 1) presented with autosomal domi-
nant nanophthalmos. Sixteen family members were classi-
fied as affected (Table). The mean (SD) refraction and axial
length of the affected family members were +11.8 (2.5) D and
17.6 (0.6) mm, respectively. Best-corrected visual acuity in these
patients ranged from no perception of light to 6/6. Angle-
closure glaucoma was detected in 6 of the 16 patients, includ-
ing the proband (V:3). Individual IV:2 demonstrated slightly

elevated pressure but no sign of glaucoma at the time of re-
cruitment. Other clinical features in affected family mem-
bers included thick sclera with prominent scleral vessels and
an increased frequency of optic disc drusen with some de-
gree of increased vascular tortuosity. There was also a ten-
dency for aqueous misdirection to occur after intraocular sur-
gery, as well as other complications (eg, macular edema and
choroidal effusions), often leading to poor outcomes follow-
ing intraocular surgery for cataract and glaucoma. Represen-
tative images of the ocular phenotype are shown in Figure 2.

Linkage Analysis
Linkage analysis in the branch of the pedigree descended from
II:1 and II:2 is shown in Figure 3A. Linkage to previously re-
ported nanophthalmos regions on chromosomes 11p11 and 2q12

was excluded. Linkage was detected on chromosome 17p12-
q12 between SNP markers rs2323659and rs967293with a maxi-
mum logarithm of odds score of 2.67, overlapping with the re-
gion previously identified in the Chinese pedigree.13 The region
was defined by recombination events in individuals III:3 (un-
typed) and IV:6 (Figure 1). The remaining branch of the fam-
ily similarly showed linkage to this region on chromosome 17;
however, no recombinants were observed that would further
refine the linkage region. The linked region is approximately
16.9 megabases (Mb) in physical distance between 15.3 Mb and
32.7 Mb, encompassing the centromere of chromosome 17. Mul-
tipoint linkage analysis of this region in the entire family using
SimWalk2 gave a location score of 4.1 (Figure 3B).

The 5′ boundary marker rs2323659 is located on the p arm
of the chromosome. The next informative marker, rs1589464,
is separated from the boundary marker by approximately 10
Mb, including the centromere. At the other end of the linked
region, the recombination event in individual IV:11 occurred
between rs952540and rs967293. These markers are separated

Table. Clinical Characteristics of the Affected Family Members

ID Age, y

BCVA Refraction, D Axial Length, mm IOP, mm Hg

ACGRE LE RE LE RE LE RE LE
III:4 91 NA NA +11.5 NA NA NA NA NA NA

III:8 78 6/24 6/30 +15.00 +15.00 18.12 17.92 13 14 No

III:11 86 HM CF +9.50 NA 18.02 NA 16 17 Yes

III:13 84 NA NA +7.00 +9.50 17.43 17.31 NA NA Yes

IV:2 64 6/6 6/9 +11.00 +11.00 17.00 NA 24 24 No

IV:3 49 6/9 6/12 +13.75 +12.87 NA NA 18 18 NA

IV:5 61 6/48 6/12 +14.00 +15.00 17.10 17.14 33 26 Yes

IV:6 63 NA NA +11.87 +12.37 NA NA 18 19 No

IV:9 52 NA NA +9.00 +10.00 NA NA NA NA NA

IV:11 49 NA NA +12.50 +12.00 NA NA NA NA NA

IV:14 52 6/9 6/36 +14.25 +14.50 NA NA NA NA Yes

V:3 34 6/60 6/6 +9.75 +10.50 18.46 18.34 42 41 Yes

V:5 26 6/12 6/15 +15.50 +15.00 17.02 16.90 19 18 No

V:6 30 6/6 6/6 +13.25 +13.75 NA NA NA NA NA

V:8 24 6/12 NLP +7.50 NA 18.42 NA 40 NA Yes

V:9 26 NA NA +8.25 +8.50 NA NA 11 11 No

Abbreviations: ACG, angle-closure glaucoma; BCVA, best-corrected visual acuity; CF, counting fingers; D, diopters; HM, hand movements; ID, identification;
IOP, highest recorded intraocular pressure; LE, left eye; NA, not available; NLP, no light perception; RE, right eye.

Mutation in TMEM98 in Kindred With Nanophthalmos Original Investigation Research

jamaophthalmology.com JAMA Ophthalmology August 2014 Volume 132, Number 8 973

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 03/05/2022



Copyright 2014 American Medical Association. All rights reserved.

by approximately 370 kb, and this region contains minimal an-
notated genes. Thus, further fine mapping of the linked re-
gion is unwarranted.

Exome Sequencing
All detected variants not present in dbSNP131 are described in
the Supplement (eTable 2). Only 3 variants showed segrega-
tion in the 5 whole exome-sequenced individuals: rs118038927
at ubiquitin-specific peptidase 22 (USP22: GenBank
NM_015276.1), rs139539715in the noncoding RNA FOXO3B (Gen-
Bank NR_026718.1), and a novel variant at TMEM98. Of these,
rs118038927 is silent and has no predicted effect on protein
function and rs139539715 is a common variant (minor allele fre-
quency of 35%). Thus, the novel variant in TMEM98 is the only
variant meeting the criteria for a disease-causing variant. It is
a substitution at position c.577G>C (NM_015544) leading to
change of the amino acid alanine to proline at codon 193
(p.Ala193Pro) (Figure 4). This variant was shown by direct se-
quencing in the remainder of the family to segregate com-
pletely with disease. The variant is not present in dbSNP v.137,
and was not reported in the Exome Variant Server database (as
of March 31, 2014). The mutation introduced a restriction site
for Bsu36I resulting in bands of 180 and 420 base pairs (bp) and
the undigested wild-type product was 600 bp. The mutation

was not present in 285 unaffected unrelated Australian white
controls assessed with this restriction enzyme.

PolyPhen-2, SIFT, and MutationTaster were used to pre-
dict the likely pathogenicity of this novel missense variant. Mu-
tationTaster predicted it to be a disease-causing variant; SIFT
predicted the mutation to be damaging, with a score of 0.05;
and PolyPhen-2 predicted this mutation to be possibly dam-
aging, with a score of approximately 60% (sensitivity 81% and
specificity 83%) under the HumVar algorithm.19

Sequence alignment between multiple species showed a
high level of conservation of the TMEM98 protein in the re-
gion of the mutation between mammals, amphibians, and fish.
Conservation was less apparent with the one bird species ac-
cessed (zebra finch). The wild-type residue was found to be
conserved among all vertebrates accessed as shown in the
Supplement (eFigure 1).

Gene Screening in Additional Families With Nanophthalmos
Additional white families with nonsyndromic nanophthal-
mos were recruited. Of the 22 available family members from
7 families, 13 were affected.

Two families showed autosomal dominant inheritance and,
in the remainder, appear to be autosomal recessive. All pa-
tients presented with short axial length with a mean of 18.8
(1.2) mm and severe hyperopia with a mean of +8.4 (4) D. No
novel variants in TMEM98 were detected in the probands. All
polymorphic variants identified in TMEM98 in the probands
are presented in the Supplement (eTable 3).

Expression Analysis
There are 2 reported transcript isoforms of TMEM98 with dif-
ferent 5′ untranslated regions; however, both isoforms en-
code the same protein. The expression of both transcripts of
TMEM98 in ocular tissues was assessed by reverse transcrip-
tase–polymerase chain reaction (Supplement [eFigure 2]). Both
transcripts were expressed in all eye tissues assessed (ie, cor-
neal endothelium, iris, ciliary body, sclera, optic nerve, optic
nerve head, and retina) and resulted in products of the ex-
pected size (576 bp for isoform 1 and 562 bp for isoform 2). Di-
rect sequencing revealed complete alignment with the refer-
ence sequence, confirming the specificity of the products.
Ocular expression was further confirmed using The Ocular Tis-
sue Database (https://genome.uiowa.edu/otdb/), which showed
the expression of TMEM98 to be high in sclera, choroid RPE,
iris, and ciliary body, which are believed to be involved in the
pathogenesis of nanophthalmos.23 According to the Illumina
Human BodyMap data, TMEM98 is expressed in all 16 tissues
tested, including adrenal, adipose, brain, breast, colon, heart,
kidney, liver, lung, lymph, ovary, prostate, skeletal muscle, tes-
tes, thyroid, and white blood cells.

Discussion
In the present study, we evaluated a large pedigree of white
background with autosomal dominant nanophthalmos, iden-
tifying a coding mutation in the TMEM98 gene on chromo-
some 17 that likely accounts for the phenotype. The single novel

Figure 2. Clinical Photos of the Affected Members in the Australian
Branch of Family NNO-SA1
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A, C, and E, External eye appearance of patients’ nanophthalmos. B, D, and F,
Corresponding images obtained with a rotating Scheimpflug camera system
(Pentacam; Oculus). Narrow iridocorneal angles and shallow anterior chamber
depth were present in all affected eyes. G, The optic disc with the presence of
optic disc drusen. H, Optical coherence tomographic image of the macula
showing postoperative cystoid macular edema with epiretinal membrane.
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segregating missense mutation, p.Ala193Pro in TMEM98, is pre-
dicted to be damaging. Given the lack of other segregating pu-
tatively functional variants, p.Ala193Pro is likely to be the caus-
ative mutation in family NNO-SA1. In addition, the mutation was
not detected in 285 individuals serving as controls, and it is not
present in large public databases, strengthening the hypoth-
esis that TMEM98 is the most likely cause of nanophthalmos
in this family. However, the absence of pathogenic variants in
additional families with nanophthalmos suggests that other ge-
netic loci for this disorder are yet to be identified and replica-
tion of this finding in an independent family is yet to occur.

The TMEM98 gene is expressed in all eye tissues that were
assessed in the present study as well as in all the human tis-
sues tested in the Illumina BodyMap project. This ubiquitous
expression suggests a fundamental role in cellular processes;
however, systemic effects of the mutation in family NNO-SA1

were not noted. Tissue-specific effects may develop through
interaction with other ocular-specific transcripts during ocu-
lar development or through tissue-specific splicing and regu-
latory mechanisms. Both isoforms analyzed were expressed
in the sclera. This is significant because sclera is abnormally
thick in family NNO-SA1 and in patients with nanophthalmos
in general. The gene was also expressed in tissues of the iri-
docorneal angle including the iris and ciliary body. This ex-
pression indicates that TMEM98 might be involved in caus-
ing angle-closure glaucoma in patients with nanophthalmos.
Very little is known about the function of TMEM98. The en-
coded protein is 226 amino acids long, is leucine rich (13.3%),
and is highly acidic, with a theoretical pI of 4.8124; it has been
detected in most healthy tissues (localized to the nucleus and
cytoplasm) as well as in cancers (http://www.proteinatlas.org
/ENSG00000006042/tissue).

Figure 3. Linkage Analysis of Family NNO-SA1

3

2

1

0

–1

–2

–3

–4

–5

30001750 2000 2250 2500 2750
–6

0 250 500 750 1000 1250 1500 3250 3500

LO
D 

Sc
or

e

Position in Genome, cM

A

Chr: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 18 20 22

5

4

3

2

1

0

–1

5857
–2

50 51 52 53 54 55 56 59 60

Si
m

W
al

k2
 L

oc
at

io
n 

Sc
or

e

Position in Genome, cM

B

A, Linkage plot showing logarithm of
odds (LOD) scores across the whole
genome for the descendants of II:1
and II:2. A suggestive peak was
identified on chromosome (Chr) 17. B,
Linkage plot showing multipoint LOD
scores (SimWalk2 location scores) for
the linked region of chromosome 17
(between 50 and 60 cM) in the entire
family. A maximum score of 4.1 was
noted at marker rs952581.
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A similar linkage region, ranging from 14.1 Mb to 33.0 Mb
on chromosome 17, has been reported13 in autosomal domi-
nant congenital simple microphthalmia in a Chinese family.
The region reported in our study is entirely encompassed
within the previously reported region. The overall pheno-
type appears similar to that described in the linked Chinese
family,25 although the white family has slightly worse refrac-
tion (mean, +11.8 D vs +8.0 D) and correspondingly slightly
shorter axial length (mean, 17.6 mm vs 19.2 mm). Rates of glau-
coma are similar between the 2 families. The distinction be-
tween nanophthalmia and microphthalmia is likely to be ar-
bitrary; however, molecular genetic diagnosis may help better
define such overlapping conditions. It is possible that the caus-

ative gene is different between the 2 families, but it is highly
likely that both conditions are caused by a mutation in the same
gene within the smaller region defined by the white family re-
ported in the present study.

Conclusions
To our knowledge, this is the first study to report mutations
in TMEM98 and to link this gene to a disease. Additional in-
depth investigations are required to explore the involvement
of TMEM98 in normal eye development and determine its role
in the pathogenesis of nanophthalmos.
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