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Phenotype-genotype correlation of patients with congenital
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Purpose: Hair anomalies represent a common associated symptom of congenital cataracts. Early diagnosis is crucial for
treatment and predicting prognosis. However, the insidious and nonspecific nature of the symptoms in young children
makes diagnosis challenging, often necessitating tools such as whole-exome sequencing (WES) for accurate assessment.
This study aims to propose a simple and expedient approach to guide clinical management by analyzing phenotype-

genotype correlations.

Methods: A prospective cohort study was conducted among participants who underwent clinical examinations and WES
between 2021 and 2023. Bioinformatic analysis was performed. In total, 170 unrelated congenital cataract probands were
tested. The suspected pathogenic variants were validated through Sanger sequencing in both the probands and available
family members. Correlation analyses were then performed, integrating clinical characteristics, cataract phenotype,

and genotype data.

Results: Nine probands presented with both cataracts and hair anomalies. Potential pathogenic variants were detected in
all patients with hair anomalies, including a novel variant in LSS. Phenotype-genotype analysis supports the classification
of patients into two groups: hypotrichosis 14 and ichthyosis follicularis with atrichia and photophobia syndrome 2, based
on the cataract phenotype, severity of the hair anomalies, and the presence of corneal pannus. These patients should be
monitored closely for the development and progression of glaucoma and corneal lesions.

Conclusions: We identified nine probands with hair anomalies in our large cohort of congenital cataract probands. Us-
ing WES and comprehensive clinical examinations, we established definitive diagnoses, broadened the phenotype and
genotype, and proposed phenotype-genotype correlations.

Congenital cataract is a pathological condition in chil-
dren characterized by opacity or a color alteration of the
crystalline lens, leading to a deterioration of optical quality
[1,2]. It constitutes a large component of blinding diseases
in the pediatric population [3]. The incidence of congenital
cataract ranges from 12 to 136 per 100,000 births, with a
substantial proportion attributable to genetic variants [4]. A
discernible phenotype-genotype correlation exists in congen-
ital cataracts, where the timing, location, and symmetry of
lens opacities provide valuable clues to specific causative
genes [5]. The co-occurrence of other ocular and systemic
anomalies also can guide diagnostic procedures [6,7].

A significant fraction of patients with congenital cata-
racts present with co-occurring systemic anomalies [8,9].
In a large Danish series of genetic congenital cataracts,
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approximately 7% had associated ocular abnormalities, 3%
had concomitant systemic abnormalities, and another 20%
occurred as part of metabolic or chromosomal syndromes
[10]. Among the extraocular findings, hair anomalies are
common and easily detectable. Currently reported syndromes
associated with congenital cataracts and hair anomalies
include hypotrichosis 14 (OMIM 618275) [11]; cataract,
alopecia, oral mucosal disorder, and psoriasis-like syndrome
[12]; ichthyosis follicularis with atrichia and photophobia
syndrome 2 (OMIM 619016) [13]; Rothmund-Thomson
syndrome, type 1 (OMIM 618625) [14]; trichothiodystrophy
1, photosensitive (OMIM 601675) [15]; and uncombable hair
syndrome 2 (OMIM 617251) [16]. However, differentiating
among these patient groups poses a challenge, as in early
childhood, they manifest only hair and eye anomalies, with
other systemic anomalies not being evident. Genetic testing,
due to its time-consuming and high-cost nature, has not
been widely adopted. Therefore, the diagnosis and treat-
ment of these patients in their early years need refinement.
By conducting detailed examinations of systemic and ocular
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conditions, along with whole-exome sequencing (WES),
this study aims to establish a phenotype-genotype correla-
tion for congenital cataracts associated with hair disorders.
This correlation enables the genotype prediction through an
analysis of cataract type, thereby guiding clinical practice.

In our cohort, variants in the LSS and SREBFI genes
are associated with syndromes involving congenital cataracts
and hair anomalies. By observing the deep phenotypes of
cataracts, associated ocular anomalies, and the characteristics
of the hair anomalies, a definitive diagnosis can be estab-
lished, even in young patients. In addition to broadening the
phenotypic spectrum of LSS and SREBFI genes, we suggest
that vigilant attention is essential for detecting glaucoma
and corneal erosion in this patient group to prevent visual
impairment.

METHODS

Participants: The present prospective study constitutes a
part of an ongoing series at the Childhood Cataract Program
of the Chinese Ministry of Health, China [17]. The research
has been registered with ClinicalTrials (NCT05782452). The
research protocol is approved by the Institutional Review
Board of Zhongshan Ophthalmic Center, Sun Yat-sen Univer-
sity. Written informed consent was obtained from the legal
guardians of the participants, consistent with the principles
of the Declaration of Helsinki. The cohort comprises 170
bilateral congenital cataract probands who were enrolled
consecutively and received WES between January 2021 and
June 2023.

Clinical assessments: Clinical data of the probands and
their parents were collected from photographs and medical
charts. This encompassed basic information, family history,
and comprehensive pre- and postoperative ophthalmic and
general examination findings. Photographs of the patients
were taken at the time of enrollment. Pre- and postopera-
tive anterior eye segment photographs were captured using
slit-lamp photography (BX900; HAAG-STREIT AG, Bern,
Switzerland) under diffuse, direct focal, and retro illumina-
tion. The cataract phenotypes were defined according to
our previous reports [7]. Thorough ocular examinations,
including the Pentacam Scheimpflug system (Oculus,
Wetzlar, Germany), A-scan ultrasound and B-scan ultra-
sound (Aviso, Quantel Médical, Clermont-Ferrand, France),
ultrasound biomicroscopy (UBM; SW-3200L; Tianjin Suowei
Electronic Technology, Tianjin, China), optical coherence
tomography (CIRRUS HD-OCT 5000, Carl Zeiss Meditec
AG, Jena, Germany), and Tono-Pen (Reichert, Depew, NY),
were conducted to screen the anterior and posterior segment
disorders.
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Whole-exome sequencing: WES was performed on genomic
DNA from 170 patients with congenital cataracts enrolled in
the study. The WES procedure and bioinformatic analysis
were described in detail in our previous study [7,18]. Briefly,
the Agilent v6 targeted sequence capture library process
method (Agilent Technologies, Santa Clara, CA) was
employed, coupled with a next-generation sequencing plat-
form (Illumina, San Diego, CA, USA). Variants were aligned
against the human reference genome assembly (GRCh37/
hg19), and the Genome Analysis Toolkit (Broad Institute,
Cambridge, MA, USA) was used for variant identification.
The Ensembl Variant Effect Predictor and AnnoVar were
employed for variant assessment and annotation. Public
databases, including the 1000 Genomes Project, ExAC,
gnomAD, and ESP6500, were referenced for allele population
frequencies. To identify potentially pathogenic variants, we
compared them with HGMD, ClinVar, Panel App (Structural
Eye Disease v1.3), and the Cat-Map database (last updated
in April 2024). Various prediction tools, including REVEL,
SIFT, PolyPhen, InterVar, ClinPred, CADD, and GERP++,
were employed to assess the effects of variants on protein
function. The classification of variants followed the variant
classification guidelines set by the American College of
Medical Genetics and Genomics/Association for Molecular
Pathology [19-21].

Correlation analysis on genotype and phenotype data: The
phenotype-genotype correlation was analyzed based on the
extracted phenotype and genotype data. This included ocular
characteristics, hair anomalies, eyebrow and eyelash anoma-
lies, and the causative genes.

RESULTS

We conducted WES on 170 congenital cataract probands
and identified potential pathogenic variants in 71.2% (121
patients, data not shown). Among them, 51.8% were male,
and 48.2% were female. The median age of the enrolled
patients was 56 months (range, 2-168 months). Nine patients
with hair anomalies carried candidate pathogenic variants in
either LSS or SREBFI, which were absent in patients without
hair anomalies (Figure 1, Appendix 1). Specifically, seven
probands and one affected family member carried compound
heterozygous variants in LSS, and two probands and one
affected family member carried heterozygous variants in
SREBF1 (Figure 2, and Appendix 2). Eight different variants
in the LSS gene were identified, including a novel truncation
variant (c.1306C>T p.GIn436Ter), six variants previously
reported by our group [7], and one known missense variant
(c.1025T>@G). The LSS c.1025T>G variant was identified as
a recurrent variant, while the remaining seven variants were
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found exclusively in our cohort [7]. One pathogenic variant in
the SREBFI gene was identified in two unrelated probands.
Screening of their family members revealed that the SREBF]
variant in family 8 was inherited from the affected father,
while the variant in family 9 was a de novo variant. All the
identified variants in the LSS and SREBFI genes occurred
in evolutionary regions conserved in mammals through
Xenopus and zebrafish (Figure 3). The clinical characteristics
of the 11 patients with hair anomalies are listed in Appendix
1. We observed variations in the severity of abnormal hair
conditions among the probands: six patients have completely
absent hair, while the remainder have sparse and brittle
hair. The six patients with alopecia also lack eyelashes and
eyebrows. Additionally, patient F9 II:1 has ichthyosis and
congenital glaucoma, and affected individuals in family
8 also have disordered teeth. All 11 patients have bilateral
cataracts, with 8 presenting with bilateral nuclear cataracts
and 3 presenting with bilateral cortical cataracts (the types of
cataracts in patients F1 II:1, F2 II:1, F6 II:1, and F7 II:1 were
confirmed from their medical records before surgery). Three
patients have corneal pannus, two patients have glaucoma,
and two patients presented with genitourinary system anoma-
lies. Notably, no intellectual disability or developmental delay
was observed in any of the affected individuals.

We examined the phenotype-genotype correlations for
all probands and their affected family members, including
combined hair anomalies, congenital cataract morphology,
and other ocular findings (Figure 4). We found that all
patients with nuclear cataracts carry variants in the LSS
gene, while those with cortical cataracts carry variants in the
SREBFI gene. Furthermore, patients with complete alopecia
and without eyebrows and eyelashes carry variants in the LSS
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gene. Among patients with brittle hair, normal eyebrows, and
normal eyelashes, two carry LSS variants, while three carry
SREBFI variants. Additionally, we observed that all three
patients carrying SREBF variants also have corneal pannus,
while none of the patients with LSS variants do. Glaucoma
was diagnosed in two patients: one with LSS compound
heterozygous variants presenting as secondary glaucoma in
the right eye and another with an SREBF] variant presenting
as bilateral congenital glaucoma.

Illustrative case 1—Patient F9 II:1 (heterozygous
variant of SREBF1 c.1669C>T Arg557Cys NM_001005291.3)
first visited our clinic at the age of 4 years due to blurred
vision in both eyes. A corneal epithelial defect was observed,
with corneal pannus and cortical lens opacities in both eyes
(Figure 5A-D), The cup-to-disc ratio was 0.5 in the right eye
and 0.8 in the left eye. The white-to-white measurement for
both eyes was 12 mm, with an intraocular pressure (IOP)
of 28 mm Hg in the right eye and 26 mm Hg in the left eye.
B-scan ultrasound indicated bilateral large cups. The diag-
nosis of bilateral congenital glaucoma, congenital cataracts,
corneal erosions, and vascularizing keratitis was made. The
patient also presented with sparse hair, recurrent oral ulcers,
dystrophic nails, and rough skin, with normal eyebrows and
eyelashes. She was previously diagnosed with suspected
ichthyosis. Skin histopathology revealed dilated hair follicles
with keratin plugs. Currently, her skin shows no apparent
anomalies. Despite treatment with IOP-lowering medica-
tions, her glaucoma progressed and could not be controlled.
Subsequently, bilateral trabeculectomy and iridotomy were

m CC without hair anomaly

m CC with hair anomaly

7 (78%)

u SREBF1

LSS

Figure 1. Population distribution of the patients in our cohort. The pie-of-pie charts show the percentage of patients with congenital cataracts
who have and do not have hair anomalies. The sub-pie charts show the pathogenic genes identified in the patients with hair anomalies.

223



Molecular Vision 2025; 31:221-229 <http://www.molvis.org/molvis/v31/221>

performed. Two years after surgery, due to inadequate control
of right eye glaucoma, the patient underwent cyclophotoco-
agulation of the right eye. Currently, the 9-year-old patient
has her glaucoma under control, with no significant progres-

sion of cataracts observed during regular follow-up visits.

© 2025 Molecular Vision

Illustrative case 2—Patient F7 II:1 (compound hetero-
zygous variants of LSS ¢.1306C>T Gln436Ter and ¢.1025T>G
[1e342Ser NM _002340.6) presented in our clinic at 3 months
of age with whitish pupils, which were noticed by her parents
at birth. During the examination, nuclear opacities of the lens
were observed in both eyes. The IOP was 16 mm Hg in the
right eye and 15 mm Hg in the left eye, and the axial length

F2(LSS)

F3(LSS)

F5(LSS)

1

F6(LSS)

F8 (SREBF1)

F9 (SREBF1)

Figure 2. Clinical manifestations and family pedigrees of 9 probands and their affected relatives. The first column is the patients’ head
photographs, the second column shows the anterior segment photographs, and the third column is the family pedigrees.
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LSS NM_002340

129 304 330

Human 133 SRLYRVIEE 125 308 SHHHEYLNL 300 334 SISKTFRDD 326

Mouse SRLYRVMEE SHFREYLNL SICKTFCDD

Dog SRLYRVIEE SHHREYLNL SICKSFRDD
Elephant SRLYRVIEG SHHREYLNL SISKTFRDD
X_tropicalis SRLYRIMEK IHYSEYVNL SICKTFRDD
Zebrafish SRLYRVMEK SHHAEYVNL SICKTFRDD

346 VLMNITKSI 338
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SREBF1 NM_001005291

342 436 592 557
440 GKRMQRYYK 432 596 FAELGFWTG 588 561 GLVNRGPSH 553

VLMNITKSI GKRMHRYYK FAELGFWTG ELMSRGSSR
VLMNITKSI GKSMQRYYK FAELGFWTG GLVNRGPGH
VLMNVTKSI GKNMQRYYK FAELGFWTG CLVNRGPGH
VLMNIVKSI GKNMQRYYK FAELGFWIG - LTIRGTGH
VLMNITKSI GKNMQRYYK FAELGFWAG SLVSRGA - -

Figure 3. The sequences of LSS proteins and SREBF1 proteins from six species from humans to zebrafish have been compared and aligned.
The target amino acid residue in human LSS and SREBF1 is highly conserved across species.

(ALs) were 18.59 mm in the right eye and 18.61 mm in the
left eye. Congenital cataracts were diagnosed. Alopecia and
the absence of eyebrows and eyelashes had been present
since infancy. Subsequently, bilateral cataract extraction was
performed, along with posterior capsulotomy and anterior
vitrectomy. Two years after surgery, an increase in IOP in
the right eye was noted, with a cup-to-disc ratio of 0.7 in the
right eye and 0.3 in the left eye. The IOP was 29.5 mm Hg in
the right eye and 11.5 mm Hg in the left eye, and ALs were
24.82 in the right eye and 21.45 mm in the left eye. B-scan
ultrasound indicated a large cup in the right eye (Figure SE,
F), and UBM revealed angle closure in the right eye (Figure
5G, H). The diagnosis of secondary glaucoma in the right eye
was made. Despite treatment with IOP-lowering medications,
glaucoma progression remained uncontrolled, leading to the
implantation of a drainage device in the right eye at the age of
2 years. Currently, the patient, aged 4 years and 7 months, has
her glaucoma under control, with ongoing regular follow-ups.

DISCUSSION

We conducted comprehensive clinical examinations and
WES analysis for 170 probands with congenital cataracts and
identified potential pathogenic variants in 71.2% of patients.
Among them, nine patients had concurrent hair anomalies,
and candidate pathogenic variants were identified in either
LSS or SREBFI, including a novel variant in LSS. The
establishment of phenotype-genotype correlations makes it
possible to predict genotypes based on phenotypes.

The diagnostic yield in this study (121/170, 71.2%) is
higher than that in previous size-comparable studies [22,23].
This difference can be attributed to several factors related
to our study design and patient selection [2,7]. First, our
study exclusively enrolled patients with bilateral congenital
cataracts. This specific patient group is more likely to have
a genetic etiology, as opposed to unilateral or acquired
cataracts, which may have a higher incidence of nongenetic
causes. Second, a significant proportion (41.76%) of the
patients in our cohort had a family history of congenital cata-
racts. The inclusion of familial cases increases the likelihood

100%
80%
60%
u SREBF1
mLSS
40%
20%
0%

Nuclear Cortical Alopecia
cataract cataract (N=6)
(N=8) (N=3)

Sparse halr

Absent Normal Corneal Glaucoma
=5 eyebrow and eyebrow and  pannus (N=2)
eyelash eyelash (N=3)
(N=6) (N=5)

Figure 4. Phenotype-genotype correlation. The distribution of causative genes across various phenotypes to demonstrate the correlation

between phenotype-genotype.
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Figure 5. Ophthalmic examination instruments reveal the clinical manifestations of illustrative cases. A: Anterior segment photograph
of the right eye of illustrative case 1 showed mild cortical cataract. B: Anterior segment photograph of the left eye of illustrative case 1
showed corneal pannus. C: UBM photograph of the right eye of illustrative case 1 showed open angle. D: UBM photograph of the left eye of
illustrative case 1 showed open angle. E: B-scan ultrasound of the right eye of illustrative case 2 indicated a large cup. F: B-scan ultrasound
of the left eye of illustrative case 2 indicated normal result. G: UBM photograph of the right eye of illustrative case 2 showed closed angle.
H: UBM photograph of the left eye of illustrative case 2 showed open angle.

of identifying pathogenic variants, as these families are more
prone to monogenic inheritance patterns. Additionally, our
cohort had a relatively high median age of 56 months, which
allowed for more comprehensive clinical assessments and
accurate phenotyping, potentially aiding in the identification
of associated genetic variants.

The establishment of phenotype-genotype correla-
tions might contribute to diagnostic precision through the
analysis of cataract deep phenotypes and extralenticular and
extraocular signs, offering valuable guidance for clinical
treatment. Previous studies have suggested phenotypic and
genotypic heterogeneity in congenital cataracts [22]. There-
fore, genetic testing is often employed for disease diagnosis.
However, the widespread adoption of this technology faces
challenges due to its high cost, time-consuming nature, and
interpretative complexities, particularly in some countries
and regions [24]. Our previous study demonstrated that by
objectively and meticulously assessing lens, ocular, and extra-
ocular findings, correlations could be established between
specific genes and their deep phenotypes [7]. In the present
cohort, all patients with nuclear cataracts exhibited variants
in the LSS gene, while those with cortical cataracts presented
variants in the SREBF] gene. Furthermore, all three patients
carrying SREBF variants had photophobia and corneal
pannus, while patients carrying LSS variants did not, empha-
sizing the importance of protecting the cornea in the former
group to mitigate the risk of severe complications and their
consequences. In this study, all patients with alopecia and
absent eyebrows and eyelashes carried variants in the LSS
gene, while all children with SREBFI gene variants presented
with sparse hair, although some patients with LSS variants

presented similarly, so this finding alone cannot discriminate
between the two groups. Based on these findings, we propose
categorizing patients with nuclear cataracts, alopecia, and
absent eyebrows and eyelashes as having hypotrichosis 14
due to LSS gene variants, while cortical cataracts and corneal
vascularization are indicative of ichthyosis follicularis with
atrichia and photophobia syndrome 2 caused by SREBFI gene
variants.

Previous studies have suggested a tentative genotype-
phenotype correlation for LSS variants, with variants occur-
ring within the N-terminus associated with hair loss and
variants toward the C-terminus linked to ocular abnormali-
ties [11]. However, our study found that all patients with LSS
gene variants exhibited both cataracts and alopecia, and their
variants were not confined to the N-terminus or C-terminus.
Additionally, other studies analyzing previously reported LSS
patients found that there was no absolute correlation between
LSS variants and phenotypes [25,26]. This underscores the
complexity of genotype-phenotype correlations in LSS-
related disorders and highlights the need for further research
to better understand these relationships.

This study broadens the phenotypic spectrum of LSS
and SREBFI genes. Glaucoma, not previously reported in
congenital cataracts linked with hair anomalies, occurred in
18.2% of the cases (2/11) in this cohort. One patient developed
secondary glaucoma following cataract surgery, a condition
that may be attributable to either the surgical intervention
or underlying genetic factors. In contrast, another patient
with an SREBFI gene variant developed glaucoma without
undergoing cataract surgery, highlighting the potential role of
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genetic predisposition in glaucoma development within this
patient group. Given the serious threat childhood glaucoma
poses to vision, characterized by insidious visual impairment
and unclear pathogenesis [27], it is crucial to maintain vigi-
lant monitoring for this condition in high-risk patients. This
applies to both preoperative assessments and postoperative
follow-ups, as early detection can help prevent avoidable
visual impairment and ensure timely intervention.

Multiple genes have been reported to be associated
with cataracts and hair anomalies in various sterol and
cholesterol metabolic pathways [11,13,28]. Among them,
the membrane-bound transcription factor protease, site 1
(MBTPSI) and the membrane-bound transcription factor
protease, site 2 (MBTPS2) genes encode site 1 protease and
site 2 protease, respectively. They collaborate in cholesterol
biosynthesis by cleaving sterol regulatory element—binding
proteins (SREBPs) and site 1 protease itself [12]. SREBPs,
encoded by SREBFI and SREBF2, are transcription factors
that bind to the specific sequence sterol regulatory element
in the promoter regions of lipogenes, thereby regulating the
biosynthesis of cholesterol and fatty acids [13]. Another gene
involved in the cholesterol pathway is LSS (OMIM 600909),
which encodes lanosterol synthase, catalyzing the conversion
of (S)-2,3-oxidosqualene to lanosterol, thereby participating
in the biosynthesis of cholesterol [11,29]. The correlation
among these genes in the cholesterol metabolic pathway
may elucidate the shared clinical spectrum observed in these
syndromes.

This study has some limitations. Specifically, functional
analyses of the identified variants were not performed in this
study, and the cohort size was limited. Future research should
continue to refine the phenotypic and genotypic correlation
studies of the LSS and SREBF genes and further enhance our
understanding of these complex diseases.

Conclusion: In our large cohort of probands with congenital
cataracts, we identified nine probands with hair anomalies
and expanded the phenotypes and genotypes for these disor-
ders. Using standardized WES and comprehensive clinical
examinations, we established genotype-phenotype correla-
tions. These correlations allowed for definitive clinical
diagnosis and the prediction of genotype through phenotype
analysis.

APPENDIX 1. CLINICAL AND GENETIC
INFORMATION OF THE AFFECTED PATIENTS
AT THE TIME OF INCLUSION.

To access the data, click or select the words “Appendix
1.” * Novel variants; ** Previously reported by our group;
NA: not available; OU: both eyes; OS: left eye; AR:
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autosomal recessive; AD: autosomal dominant P: patho-
genic; LP: likely pathogenic; VUS: variants of uncertain
significance; Reference transcript: LSS(NM_002340.6),
SREBFI(NM_001005291.3).

APPENDIX 2. SANGER VALIDATION.

To access the data, click or select the words “Appendix 2.”
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