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Abstract
Ophthalmic diseases are disorders that affect the eyes. Hundreds of causal genes and biological pathways have been reported 
to be closely correlated with ophthalmic diseases. However, these information are scattered across various resources, which 
has hindered a thorough and deep understanding of ophthalmic diseases. In the present work, we proposed the Human Oph-
thalmic Diseases Database (HODD), which currently deposits 730 ophthalmic diseases and 653 related genes and is available 
at http:// bio- bigda ta. cn/ HODD/. The disease-related information and genes related to ophthalmic diseases were collected 
from the several well-known databases. To comprehensively understand the ophthalmic diseases, the basic information was 
provided for each disease, including disease description, related genes, gene location, ocular and extraocular effect of the 
disease, protein–protein interaction and disease-associated pathways. All these data were reorganized and made accessible 
through multiple entrances. We hope that HODD will facilitate studies on ophthalmic diseases.
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Graphical Abstract
The workflow for the construction of the HODD (Human Ophthalmic Diseases Database, http:// bio- bigda ta. cn/ HODD/) 
database.
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1 Introduction

Ophthalmic diseases refer to any disease or disorder that 
affects the eyes. Most people have eye problems at one time 
or another in their lives [1–3]. Some of the ophthalmic dis-
eases, such as retinoblastoma, can be serious or even fatal. 
Hence, early referral and timely treatment are always critical 
to preventing more serious outcomes [4, 5]. The past decades 
have witnessed rapid advancements and great achievements 
in the treatment of ophthalmic diseases, such as cataract, 
age-related macular degeneration, and retinal detachment 
[6–8]. Visual information collected from ocular examina-
tions plays an important role in the diagnosis of ophthalmic 
diseases [9–11]. Most ophthalmic diseases can be diagnosed 
by visual inspection with slit-lamp and funduscopy. If nec-
essary, auxiliary examinations, such as optical coherence 
tomography (OCT), electroretinogram (ERG), and computed 
tomography (CT), were introduced to help decision-making 
in diagnosis and treatment [12–15]. Nevertheless, some oph-
thalmic diseases are of low incidence [16–20]. Hence, it is 
challenging and time-consuming to reach an accurate diag-
nosis and appropriate treatment. In these scenarios, printed 
or online ophthalmic atlases can assist communication and 
learning, and provide an advancing scientific knowledge of 
the diseases. However, printed atlases are not easily port-
able or readily available. The online ones have their prior-
ity in quick searching, but the usage might be hindered by 
their non-open-access policy and the relatively small disease 
spectrum. An open-access online database with a large oph-
thalmic disease spectrum would be of great importance to 
provide solid clinical resource to the public and physicians.

Together with ophthalmic imaging, the introduction and 
advancement of genome research has revolutionized the field 
of heritable ophthalmic diseases [18, 21–25]. It is not until 3 
decades ago, genetic techniques have brought us to a new era 
to have better understanding and management of ophthalmic 
diseases. It has been long for us to know that certain ocular 
conditions, such as age-related macular degeneration (AMD) 
and glaucoma, have a familial tendency, but do not fit the 
strict Mendelian model. Ophthalmic genomics has brought us 
a new era to get more and more true answers to what we have 
noticed in the clinical practice. Up to date, hundreds of causal 
genes and dozens of biological pathways have been discovered 
[21, 24, 25]. Previous studies have identified a large series 
of prognostic-valuable genotype–phenotype correlations [18, 
23–29]. It is more optimistic that a wide range of therapeu-
tic developments based on genetic techniques are emerging 
in clinical research or even practice. The mixture of clinical 
ophthalmology and ophthalmic genetics seems to be increas-
ingly important in the clinical and research practice. The rapid 
gnomic advancements pose challenges to ophthalmologists 

that how to interpret complex testing options and results to 
their patients. As our knowledge and experience expands, the 
role of ophthalmic genetics will become more significant in 
the following years. It could be expected that building a com-
prehensive online database collaborating clinical and genetic 
data will meet the urgent need from the ophthalmologist and 
researchers. This would allow them to quickly identify, com-
pare, and assess known clinical symptoms and genetic results 
conditions, and thus make informed decisions about appropri-
ate clinical actions or research directions.

Therefore, we herein built the Human Ophthalmic Dis-
eases Database (HODD) available at http:// bio- bigda ta. cn/ 
HODD. The current version of HODD deposited 730 oph-
thalmic diseases and 653 related genes. The detailed infor-
mation including typical images and disease annotations, as 
well as the genetic changes could be found in HODD. To 
aid the users to find their interested ophthalmic diseases or 
related genes, both exact and fuzzy search functions were 
provided in HODD. Moreover, various browse options, such 
as disease category, disease name, and gene, are provided in 
the database. The workflow for the construction of HODD 
is described in Fig. 1.

2  Materials and Methods

2.1  Data Collection and Processing

Multiple available databases, including fee-based curated 
databases focused on variant information (e.g., Human Gene 
Mutation Database; HGMD) [30], expert curated databases 
focused on variant information (locus-specific databases, 
LSDB) [31], expert curated databases focused on clinical 
information with some variant data (e.g., GeneReviews, 
https:// www. ncbi. nlm. nih. gov/ books/ NBK11 16/), curated 
databases providing information on inherited phenotypes 
and genes with selected variant information (e.g., Online 
Mendelian Inheritance in Man, OMIM: https:// www. omim. 
org), and open-source databases (e.g., ClinVar) [32], were 
reviewed and searched using the words “Ophthalmo-” “ocu-
lar” “optic” or “eye”. In addition, over 1000 literatures pub-
lished before 2021 were also consulted. Accordingly, 730 
ophthalmic diseases and 653 related genes were obtained.

2.2  Database and Website Implementation

The HODD database was implemented by performing a 
variety of common software. All data were stored into a set 
of relational MySQL tables. The web interface and the user 
query were developed using the Django web framework, 
MySQL, HTML, CSS, and JavaScript [33].

http://bio-bigdata.cn/HODD
http://bio-bigdata.cn/HODD
https://www.ncbi.nlm.nih.gov/books/NBK1116/
https://www.omim.org
https://www.omim.org
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3  Results

3.1  Overview of HODD

The HODD database consists of seven main modules, 
namely Home, Search, Browse, Statistics, Submit, Con-
tact, and Help (Fig. 2A). At present, HODD contains 730 
disease entries and 653 genes entries (Table 1), and these 
diseases belong to 12 categories. Each disease entry has 

seven main data components, namely Basic Information, 
Category-Disease and Disease-Gene, Extraocular Systemic 
or Extraocular Presentations, Description, Protein–Protein 
interaction information (if available), Gene SuperPathway 
(if available), References. The Basic Information includes 
Disease Name, Related Gene, Gene ID, and Gene Location. 
The References section provides PubMed IDs, OMIM IDs, 
and MedGene IDs.

Fig. 1  The workflow for the 
construction of the HODD 
database
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3.2  Data Searching and Browsing

Several user-friendly entrances were provided, which made 
the data retrieval easily and efficiently. A quick entrance is 
available on the home page for the most search category, 
disease or the gene. A personalized search function is 
also provided in the search module. The search web page 
is divided into two parts: exact search and fuzzy search 
(Fig. 2B). For the Exact Search module, users can choose 
the “Primary Category”, “Disease”, and “Gene” in the left 
panel as the keyword. Once the keyword was determined, 
users could check the related items from the dropdown 
menu in the right panel. After selecting the item related 
to the concerned keyword and clicking the search button, 
the results will be shown in a new page. For the Fuzzy 
Search module, users can choose the “Gene Symbol/Gene 
ID”, “Ocular Phenotype Keyword”, “Disease Name” or 
“Disease Category” in the dropdown menu as the keyword. 
After entering the search item (such as CNGA3) and click-
ing the search button, the results will be shown in a new 
page (Fig. 2D).

The database can be browsed by clicking the ‘Browse’ 
tab on the navigation menu. In the Browse page, a browse 
tree is provided for users to conveniently browse the data-
base. The root of the tree is made up of three keywords, 
namely ‘Disease Category’, ‘Disease Gene’, and ‘Disease 
Name’. The items in each group are sorted alphabetically 
(Fig. 2C). In the tree, users can browse their interested dis-
ease category, disease name, and gene, respectively. The 
browse results will be shown in a new page (Fig. 2D) by 
clicking the interested leaf node of the cluster tree.

The result page (Fig. 2D) shows the results that users 
are interested in. The provided information includes Dis-
ease, Gene, Gene ID, and Gene Location. Users can get 
more details by clicking the ‘More’ button. The details 
include the following information (Fig. 2E): (1) the cat-
egories that the disease belongs to; (2) the disease that 
the gene correlated with; (3) the extraocular systemic or 
extraocular presentations of the disease. Except for eyes, 
if the other organs or tissues were also affected by the 
disease, they will be highlighted in red; otherwise, high-
lighted in green; (4) the description or definition of the 
disease; (5) the protein–protein interaction network and 
pathways of the gene participated. (6) References or evi-
dence related to the disease, where hyperlinks to external 
databases were also provided.

As indicated in the Statistics page (Fig. 2F), HODD con-
tains nearly all reported genes related to human ophthalmic 
diseases. It is inevitable that some genes causing the oph-
thalmic syndromes might be missed. To maintain an up-to-
date and comprehensive resource, HODD also encourages 
users to submit newly published or discovered ophthalmic 
disease information through the Submit page (Fig. 2G).

3.3  A Case Study

Stickler syndrome is a group of hereditary connective tis-
sue disorders characterized by distinctive facial features, eye 
abnormalities, hearing loss, and joint problems [34]. Hence, 
in this section, we take “Stickler syndrome” as an example 
for introducing the application of the modules embedded 
in HODD.

3.3.1  Exact Search Module

In the Exact Search module, there are three specific search-
ing entrances for users, namely Primary Category, Disease, 
and Gene. When the primary category of “structural eye dis-
ease” is chosen, 363 diseases will be separately listed in 363 
rows, including the name of the disease, the associated gene, 
gene ID, and gene location. In the list, users can find the 
term of Stickler syndrome and its detailed information. From 
the Disease module, one specific term of “Stickler syndrome 
1” will be directly accessed to when the term of “Stick-
ler syndrome 1” is input. The causative gene “COL2A1”, 
the gene ID 1280, and the gene location 12q13.11 are pro-
vided there. The same as in the Primary Category search-
ing entrance mentioned above, the “More” button will link 
to a separate page which showing detailed information on 
Stickler syndrome 1 and COL2A1. Users can also get typical 
fundus photographs, OCT images, the category disease and 
disease gene, and the extraocular systemic and extraocular 
presentations of the disease. The protein–protein interac-
tion information links to the string website, all the ten genes 
which have been reported to interact with COL2A1 is listed 
in it. In the Gene SuperPathway section, we can see that the 
COL2A1 gene is involved in 17 pathways. Each pathway has 
a hyperlink that leads to the detail description of the pathway 
in Pathcards website. The references with hyperlink were 
listed on the bottom, including the PMID, OMIM number, 
and MedGene number. Finally, in the gene module, when the 
term of “COL2A1” is entered, users can get an overview of 
“COL2A1” gene and the reported phenotypes. By clicking 
the “more” hyperlink, detailed information on each pheno-
type will be presented.

3.3.2  Fuzzy Search Module

In the Fuzzy Search module, there are four types of key-
words users can choose. It is well known that Sticker syn-
drome 1 is caused by the mutation in COL2A1 gene. There-
fore, if the causative gene is known, users can choose “gene 
symbol/gene ID”, and enter “COL2A1” or “1280”, the result 
will be the same as the “gene” in the Exact Search. If enter 
“Stickler syndrome 1” as the keyword by disease name, the 
result is the same as the “disease” in the Exact Search. As 
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Stickler syndrome is a systemic disease, multiple systems 
may be involved. One of the well-known ocular phenotypes 
of stickler syndrome is myopia [35]. If users enter “myopia” 
as the ocular phenotype keywords, 52 rows will be provided. 
Each row lists a disease which is associated with the pheno-
type of myopia. In addition, the associated gene, gene ID, 
gene location, and a hyperlink to the detail of the disease 
are provided.

4  Discussion

The current HODD database provides detailed clinical 
and genetic information for a large number of human 
ophthalmic diseases. As mentioned above, a large part of 
ophthalmic diseases can be diagnosed based on the visual 
information collected from microscopies and auxiliary 
examinations. However, with the rapid advancement of 
genetic testing and treatment, it is necessary and urgent for 
ophthalmologists to bridge their clinical experiences with 
the field of genetics. It is believed that a sound knowledge 
background of genetics would strengthen their diagnos-
tic ability of ophthalmic diseases, especially for heredi-
tary diseases with low incidence. On the other hand, for 
researchers in the field of ophthalmic diseases but were not 
deeply involved in clinical practice, a database rigidly con-
necting clinical resources and genetic findings would play 
an important role for them to have a quick learning of the 
diseases and enables researchers to interpret their study 
results more clinically and accurately. A well-curated 
database integrating clinical symptoms and genetic vari-
ants would provide solid references for both ophthalmolo-
gists and researchers to have better understanding of the 
diseases. To the best of our knowledge, the HODD data-
base is the first one to collaborate ophthalmologists with 
researchers to curate the clinical symptoms and genetic 
variants. The in-depth collaborative work assured the qual-
ity and accuracy of the database, and to enlarge its utility 
for those interested in with our best endeavor.

Because multiple available databases, such as HGMD, 
LSDB, and GeneReview, were reviewed and curated in 
the HODD database, large amount of genetic information 
provided enough resource to have better analysis of their 
relationships with the clinical symptoms from our clinical 
data. To be noted, the HODD database incorporates a large 
amount of clinical information collected by the authors in 
the national ophthalmic tertiary referral center in China. 

Therefore, a large spectrum of ophthalmic diseases (730 
ophthalmic diseases and 653 related genes) was covered. 
Apart from that, the clinical and genetic information col-
lected by the authors in their clinical practice might add 
novel insights into the knowledge of certain ophthalmic dis-
eases, especially those with lower incidence. In addition to 
ophthalmic symptoms, the HODD database provided detail 
information about extra-ophthalmic involvement for some of 
the genetic variants. It is expected that the HODD database 
would also benefit physicians and researchers from other 
specialties rather than ophthalmology, and finally to have a 
quick diagnosis.

The novelty of the HODD database is as follows: (i) 
HODD provides a comprehensive and unified database of 
human ophthalmic diseases, which includes 730 diseases 
and 653 related genes. It covers a wide range of ophthalmic 
diseases, including those with low incidence. Both oph-
thalmologists and researchers can get access to the clinical 
and genetic information in it. (ii) HODD has a user-friendly 
interface for users to obtain the interested resources. It pro-
vides the current database which provides exact and fuzzy 
search options for the users, which assure that the users 
could fetch more related data from the database, or get the 
accurate information without extra efforts. (iii) All the dis-
eases and genetic variants are well curated by the review-
ers, and have been categorized according to the diseases. 
Both ophthalmologists and researchers are able to browse 
and fetch the interested resources via different entries. (iv) 
HODD was built not just based on multiple databases, but 
also with the clinical data collected with a long term from 
the national ophthalmic tertiary referral center. All the 
clinical description and examination results have been well 
analyzed by ophthalmologists from multiple subspecialties. 
Furthermore, HODD is open for all the users to submit their 
new findings, which encourages communications among 
ophthalmologists and researchers all over the world on the 
Internet platform.

5  Conclusions

HODD contributes to filling the knowledge gap between 
clinical ophthalmologists and academic researchers. With 
the rapid advancement of genetic testing and therapy in 
ophthalmic diseases, HODD is expected to act as an ever-
renewing communication venue for enriching the clinical 
and genetic knowledge for a large spectrum of ophthal-
mic diseases. In the future, we will continuously maintain 
and update the HODD database by collecting and report-
ing newly identified clinical and genetic information both 
from literatures and our studies. Additionally, as it is an 

Fig. 2  Web interface of the HODD database. A Home page. B Search 
page of the HODD database. C Browse page of the HODD database. 
D Disease list about the search or the browse result. E The detail 
information page of the disease. F The statistics page. G The submit 
web page

◂
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open-access platform, HODD is always welcome col-
leagues all over the world to contribute and share their novel 
findings.
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