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ABSTRACT

To explore the presence of extrachromosomal circular DNA (eccDNA) in the anterior capsule of
the lens in the eyes of patients with cataract and with high myopia. Circle-Seq was performed to
identify differences in the eccDNA and gene expression between the anterior capsule of the lens
of patients with simple nuclear cataract (C, n=6 cases) and patients with nuclear cataract along
with high myopia (HM, n=6 cases). The expression of eccDNA was confirmed using routine
quantitative polymerase chain reaction. The eccDNA ranked in C and HM ranged in length from
0.017 kb — 9.9 Mb with two distinctive peaks detected at 0.2 kb and 0.5 kb, while eccDNA that
were differentially expressed ranged in size from 0.05 kb — 57.8 kb with two distinctive peaks
observed at 0.1 kb and 0.5 kb. Only 2.5% of the eccDNA in C and 2% in HM were>25 kb in size.
The gene-rich chromosomes contributed to more number of eccDNA/Mb, while several well-
known high myopia candidate genes, including catenin delta 2 (CTNND2) and ubiquitin-like with
PHD, exhibited significantly increased levels of eccDNA in the anterior capsule of the lens in
patients with high myopia. This study highlighted the topologic analysis of the anterior capsule of
eyes with high myopia, which is an emerging direction for research and clinical applications.
These findings suggested that eccDNA was commonly detected in eyes with high myopia and
cataracts, and the candidate genes for high myopia identified in previous studies were also
observed in the eccDNA.
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Introduction
neuroblastoma [9], providing a new direction for mod-

Extrachromosomal circular DNA (eccDNA) are dis-
tinct from the 22 linear autosomal pairs and a pair of
sex-determining chromosomes, and have become an
area of intense research interest. ECCDNA can originate
from chromosome sequences and have high heteroge-
neity in origin. Furthermore, increasing reports have
confirmed that eccDNA are more prevalent in human
tissues than previously anticipated [1-5], and play an
important role in the pathogenesis of tumours [1,6,7].
Recent studies have revealed that the formation of
oncogene-carrying eccDNA is a potent and frequent
mechanism by which genes are amplified and that such
eccDNA can increase intratumoral genetic heterogene-
ity [1,8]. Subsequently, Koche et al. discovered that
eccDNA drives oncogenic genome remodelling in

ern cancer genomics. In addition, the known functions
of eccDNA include sponging of transcription factors,
ageing, intercellular communication, use in liquid
biopsy, and stimulation of innate immune pathways
[10]. However, the distribution and function of
eccDNA in eye diseases, especially in high myopia
and cataracts, remains unclear.

EccDNA, ranging from hundreds to thousands of
base pairs in size, were first discovered by Alix
Bassel and Yasuo Hoota in 1964 [11]. However,
eccDNA were ignored by the scientific community
at the time, as a meaningless piece of junk outside
the chromosome. Later in 2014, Mischel et al. found
that the resistance of glioblastoma to EGFR inhibi-
tors was caused by the reversible loss of the EGFR-
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VIII gain-of-function mutation in eccDNA [12].
Subsequently, the field of eccDNA research grew,
benefiting from the developments in high-
throughput sequencing, that have revolutionized
molecular and genetic studies [13]. One such
method, Circle-Seq [14], is a gentle circular DNA
purification protocol that allows for the isolation
and detection of the pool of endogenous eccDNA
within a cell population by high-throughput sequen-
cing, and can aid in research on eye diseases.

High myopia, defined as myopia exceeding 6.00
dioptres or axis length>26 mm, extensively
damages the visual function of the human eye
[15]. Currently, 163 million people, ie., 2.7% of
the world’s total population suffer from high myo-
pia. A significant increase in the prevalence of this
condition is predicted to occur globally, and is
estimated to affect nearly a billion people by
the year 2050 [16,17]. Several studies have shown
that high myopia is characterized by genetic het-
erogeneity [18,19], and hence, it is important to
elucidate the role of genes in the pathogenesis of
high myopia. Several genes associated with the
pathogenesis of high myopia located on the chro-
mosomes have been identified. However, whether
these genes could be present as extrachromosomal
remains largely unknown.

Hence, in this study, we aimed to investigate
whether eccDNA are common in the anterior capsule
of the lens of the human eye. In particular, we focused
on portrait distribution and circularization of
eccDNA and discussing eccDNA potential function
or mechanism based on bioinformatics analysis. We
also compared the size profiles of the anterior capsule
of the lens between patients with simple nuclear cat-
aract and those with high myopia. Finally, we
explored whether the identified candidate gene for
high myopia was located extrachromosomally.

Materials and methods
Acquisition of patient samples

Informed consent was obtained from all participants
included in the study. All procedures performed in
the studies involving human participants were in
accordance with the ethical standards of the
Institutional and National Research Committee and
with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards.

Anterior lens capsule samples (two groups) from
patients with simple nuclear cataract (C, n=6 cases)
and patients nuclear cataract along with high myopia
(HM, n =6 cases) were selected based on slit lamp
examination preoperatively. Each patient underwent
conventional cataract phacoemulsification treatment
combined with intraocular lens implantation. During
continuous circular capsulorhexis (CCC), the anterior
capsule (5.5 mm approximately) was collected into
a cryopreservation tube and stored at—80 °C.
Inclusion criteria: C: simple nuclear cataract, normal
axial length (22 mm-24 mm); HM: high myopia com-
bined with simple nuclear cataract, axial length>26
mm. Exclusion criteria: patients with other eye dis-
eases, such as age-related macular degeneration, dia-
betic retinopathy, retinal vein occlusion, Retinal artery
occlusion, uveitis, strabismus, amblyopia, etc; and
patients with systemic diseases, such as hypertension,
diabetes, coronary heart disease, and autoimmune
disease, etc. The patient information has been pre-
sented in Table 1.

Tissue DNA preparation and eccDNA
sequencing

The Circle-Seq eccDNA sequencing service was
provided by CloudSeq Biotech Inc. (Shanghai,
China) by following published procedures with
slight modifications [2]. The anterior capsule of
the lens was mixed into one sample in every 2
cases. Specifically, three samples of each group
were suspended in L1 solution (Plasmid Mini
AXE; A&A Biotechnology) and supplemented
with Proteinase K (Thermo Fisher Scientific,
Waltham, MA, USA) prior to overnight incuba-
tion at 50°C with agitation. After lysis, samples
were alkaline-treated, followed by precipitation of
proteins and separation of chromosomal DNA
from circular DNA through an ion exchange
membrane column (Plasmid Mini AXE; A&A
Biotechnology,Gdynia, Poland). The column-
purified DNA were treated with FastDigest Mssl
(Thermo Fisher Scientific, Waltham, MA, USA) to
remove mitochondrial circular DNA and incu-
bated at 37°C for 16 h. Next, the remaining linear
DNA were removed by exonuclease (Plasmid-Safe
ATP-dependent DNase, Epicentre,Madison, WI,
USA) at 37°C in a heating block, and the enzyme
reaction was carried out continuously for seven



Table 1. Patient Characteristics of C and HM.
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gender ages axial eye

Samples C HM C HM C HM C HM
1 F M 60 61 22.65 27.44 oD (0]
2 F M 63 65 22.19 28.51 oD oD
3 F F 66 60 22.16 33.01 oD (O]
4 F F 78 77 22.73 28.16 0S oD
5 M F 74 57 22.96 30.30 (0 0S
6 M F 50 62 23.77 27.00 0S oD
P 0.771 0.000

Mean 65.17£10.05 63.66+7.03 22.74+0.59 29.07+2.24

F: female; M: male; C: simple nuclear cataract; HM: nuclear cataract complicated with high myopia;

days, adding additional ATP and DNase every 24 h
(30 units/day) according to the manufacturer’s
protocol (Plasmid-Safe ATP-dependent DNase,
Epicentre). The eccDNA-enriched samples were
used as templates for phi29 polymerase amplifica-
tion reactions (REPLI-g Midi Kit, Qiagen, Hilden,
Germany), amplifying eccDNA at 30°C for 46-48
h. Phi29-amplified DNA were sheared by sonica-
tion (Bioruptor, Diagenode, Philadelphia, PA), and
the fragmented DNA was subjected to library pre-
paration using NEBNext® Ultra II DNA Library
Prep Kit for Illumina (New England Biolabs,
Ipswich, Massachusetts, USA). Sequencing was
carried out on an Illumina NovaSeq 6000 with
150 bp paired end mode, according to the manu-
facturer’s instructions.

Sequencing analysis of eccDNA

Paired-end reads were harvested from the Illumina
NovaSeq 6000 sequencer and quality controlled by
Q30. After 3’ adaptor-trimming and removal of low-
quality reads using cutadapt software (v1.9.1) [20], the
high-quality clean reads were aligned to the reference
genome (UCSC hgl9) with BWA software (v0.7.12)
[21]. The Circle-map software (v1.1.4) [14] was used
to detect eccDNA within all samples, and SAMtools
software (v0.2) [22] was used to obtain raw soft-
clipped read counts of the break point. Then, the
EdgeR software (v0.6.9) [23] was used to perform
normalization and differentially expressed eccDNA
filter by p-value and fold change. The BedTools soft-
ware (v2.27.1) [24] was used to annotate the eccDNA.
Gene Ontology (GO) and pathway enrichment ana-
lyses were performed based on differentially expressed
eccDNA-associated genes. IGV software (v2.4.10)
[25] was used for cDNA visualization.

Validation of eccDNA by routine quantitative
polymerase chain reaction (qPCR)

Four upregulated and one downregulated eccDNA
in different genomic regions and chromosomes
were chosen for experimental validation. Briefly,
DNA was extracted from three samples of each
group and treated with FastDigest Mssl and exo-
nuclease to remove mitochondrial circular DNA
and linear DNA, as described above. Rolling circle
amplification was then performed to increase the
yield. PCR was performed to assess the candidate
eccDNA level, using primers in these products
with Accurate Taq Master Mix (dye plus)
(Accurate Biotechnology, China). The reaction
conditions were 95°C for 10 min, 40 cycles of
95°C for 10 s, 60°C for 60 s, and 95°C for 15
s. The primers for eccDNA were designed using
the ‘out-facing’ strategy and are described in
Table 2. The PCR products were loaded onto
1.5% agarose gels and visualized using an ultravio-
let luminescent image analyser (LAS-4000 Mini;
GE Healthcare Life Sciences, Pittsburgh, US).
Besides, gene expression C and HM in mRNA
level was verified by PCR.

The data discussed in this publication have been
deposited in NCBI's Gene Expression Omnibus
(Edgar et al., 2002) and are accessible through
GEO  Series accession number GSE207646
(https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
acc=GSE207646).

Overview of eccDNA map in anterior capsular
of the lens

In order to characterize eccDNA in eyes with high
myopia and cataracts, we adapted the method for
genome-scale detection of eccDNA (Circle-Seq)
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Table 2. Primers used for qPCR.

Gene Genetic locus

Types of primers Gene sequence

UHRF1BP1L chr12:100507034-100507634
CTNND2 chr5:11524266-11525000
LAMA3 chr18:21446269-21446595
ZINF776 chr19:58258376-58258734
LAMA1 chr18:7084795-7084945

Internal reference Carrier pGEX-5X-2

1-Forward AGGCCTCTAATCCCAGCACT
1-Reverse CCTGTCTCAGCCTCCAGAGT
2-Forward CCCTCCAGGAGTTCCTGTCT
2-Reverse TGGGAAGGTGGAGGTCACAG
3-Forward GCATCTTGTAGTTCAGGCCA
3-Reverse AGGTGTGTGTGACTTGCTGG
4-Forward GCAAAGGCCTGGAGATGAAC
4-Reverse GACGCCACAATTACCTGAGC
5-Forward GTTGGCTAGGCCTGAGACTTG
5-Reverse GCTGGGAAGAAATCCAAAAACC
6-Forward GGGCTGGCAAGCCACGTTTGGTG
6-Reverse CCGGGAGCTGCATGTGTCAGAGG

[2,26,27]. The eccDNA were purified from the
anterior capsule of the lens of patients with
C and HM, respectively. We chose to compare
these two groups of anterior capsule of the lens
as they provided a perfect contrast, allowing the
exploration of the pathogenesis of high myopia.
Additionally, compared with the sclera, the ante-
rior capsule of the lens is the most readily available
human eye tissue material in clinical work. We
have previously confirmed that the use of these
two groups can yield meaningful results to eluci-
date the pathogenesis of high myopia [28].
Purification, enrichment, and detection of
eccDNA for the sequencing library were per-
formed in the following manner (Figure 1); 1)
gentle DNA isolation by column separation, 2)
removal of remaining linear DNA by exonu-
clease, 3) rolling-circle amplification, and 4)
sequencing and mapping of paired-end reads to
the human genome to identify structural variations
resulting from DNA circularization. We per-
formed qPCR verification of the linear gene after
enzymatic digestion to ensure that the linear DNA
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eccDNA punﬁcauon

digestion

was completely removed. After image and base
identification, the raw reads were harvested using
an  Illumina  Novaseq = 6000  sequencer.
Subsequently, more than 120 million high-quality
clean reads were compared to the human reference
genome (HGI19) using BWA software after the
removal of joints - adaptors and low-quality
reads (Supplementary Table S1). Finally, 8,219
eccDNA in 23 pairs of chromosomes, including
2708 eccDNA in C and 3648 eccDNA in HM,
that had a combined length of 10.85% (335.25
Mb) of the human genome, were identified using
Circle-map software in these specimens (Figure 2a,
Supplementary Table S2). Most of these eccDNA
were detected in three C and HM specimens, indi-
cating that the existence of eccDNA was
a common event in eyes with cataract and with
high myopia (Supplementary Table S2). In addi-
tion, the eccDNA that were detected were hier-
archically ranked based on significant differences
identified between C and HM specimens. We
assigned upregulation (uregul) and downregula-
tion (dregul) support to eccDNA with fold
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Figure 1. Circle-Seq method for mapping of eccDNA. OD: right eye OS: left eye CCC: Continuous circular capsulorhexis, an important

operation in cataract surgery.



change>2.0 (HM/C, log (FC) = 1.0, p<0.05). We
detected 783 uregul and 460 dregul eccDNA in
this study (Figure 2b, Supplementary Table S3).

The length distribution of eccDNA has been shown
in Figure 2c,d. The eccDNA ranked in C and HM
ranged in length from 0.017 kb — 9.9 Mb with two
distinctive peaks at 0.2 kb and 0.5 kb (Figure 2e), while
uregul and dregul eccDNA ranged in size from 0.05 kb
— 57.8 kb with two distinctive peaks at 0.1 kb and 0.5
kb (Figure 2f). Interestingly, only 2.5% of the eccDNA
in HM and 2% in C were>25 kb (Figure 3a,b and e),
including eccDNA that were long enough to encode
gene segments or even complete genes. Here, we have
referred to eccDNA with lengths>25 kb as ecDNA.
Around 2.5% of the significant differentially eccDNA
(uregul and dregul) were ecDNA (Figure 3c,d and f)
indicating that no significant differences were present
between ecDNA in C or HM.

Significant differentially eccDNA were derived
from all the chromosomes (Figure 4a), reproducing
the oscillating length distribution observed in C and
HM (Figure 4b,c). The genomic distribution of
eccDNA revealed that the gene-rich chromosomes
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17 and 19 contributed to a 1.6-fold and 3.3-fold higher
average frequency of eccDNA/Mb than other chro-
mosomes (Figure 5a). The genomic distribution of
ecDNA revealed that the gene-rich chromosomes 17
and 19 contributed to a 2.7-fold and 5.7-fold higher
average frequency of ecDNA/Mb than other chromo-
somes (Figure 5b). Interestingly, there were no
ecDNA on chromosomes 10, 15, and 18. Notably,
eccDNA and ecDNA were enriched in genic regions
(Figure 5c¢,d). While ecDNA regularly contained all
genes (80%), eccDNA mostly included a fraction of
genes, indicating that DNA circularization affected the
various coding and noncoding regions with yet
unknown functional consequences.

Genes associated with the eccDNA are
involved in important biological pathways

Using the Circle-Seq analysis, GO enrichment ana-
lysis, and KEGG pathway enrichment analysis of
eccDNA, we revealed the potential function of the
genes associated with eccDNA in multiple signal-
ling pathways and cellular processes. The GO
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Figure 2. Genome-wide detection and analysis of eccDnas distribution by high throughput sequencing in HM and C samples. (a). the
number of eccDnas of C and HM. (b). Scatter plots showing the differentially expressed eccDnas (fold changes =2 and p < 0.05). (c).
Number of eccDnas relative to size in kb of each C samples. (d). Number of eccDnas relative to size in kb of each HM samples. (e).
Cumulative frequency plots of HM (blue) and C (red) eccDNA in anterior capsular of the lens. (f). Number of significant differentially

eccDnas relative to size in kb of HM and C samples.
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Circle-seq in HM and C samples.

project provides a controlled vocabulary to describe
gene and gene product attributes in any organism
(http://www.geneontology.org). Fisher’s exact test
was used to determine if there was more overlap
between the gene list and the GO annotation list.
We found that several well-known high myopia
candidate genes, including catenin delta 2
(CTNND2, P =0.002, fold change (FC) = 8.28), ubi-
quitin-like with PHD and ring finger domains 1
binding protein 1 like (UHRFIBPIL, P=0.03, FC
=4.19), and laminin subunit alpha 1 (LAMAIL, P=
0.03, FC=3.96), exhibited significantly increased
levels of eccDNA in the anterior capsule of the
lens of high myopia (Supplementary Table 3).
Routine PCR confirmed the results of Circle-Seq
and demonstrated that the eccDNA of CTNND2
(circular CTNND2, ¢-CTNND2) and UHRFI1BPIL
(circular UHRFIBPIL, c-UHRFIBPIL) displayed
higher levels of eccDNA enrichment in the anterior
capsule of the lens of patients with high myopia
than in patients with simple nuclear cataract
(Figure 6a). In addition, we further identified the

difference of gene expression C and HM in mRNA
level. The results showed that the expression level of
genes was consistent with that of genes carried by
eccDNA (Figure 6b). The motif analysis flanking
eccDNA junctional sites by high throughput
sequencing showed the nucleotide composition
from 10 bp upstream to 10 bp downstream of the
start and end position inferred from the reference
genome (hgl9, Figure 6¢).

In addition, the GO analysis demonstrated that
the upregulated eccDNA-related genes were mainly
involved in a variety of biological processes, includ-
ing positive regulation of dendritic spine develop-
ment (ontology: biological process; Figure 7a),
plasma membrane bounded cell projection (ontol-
ogy: cellular component; Figure 7b), and ribonucleo-
tide binding (ontology: molecular function;
Figure 7c). The downregulated eccDNA-related
genes were significantly associated with xenobiotic
glucuronidation (ontology: biological process;
Figure 7d), filamentous actin (ontology: cellular
component; Figure 7e), and glucuronosyltransferase
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Figure 4. Genomic overview of eccDNA types detected anterior capsular of the lens. (a). Chromosomal map of significant
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Chromosomal map of all eccDnas and ecDnas of C samples.

activity (ontology: molecular function; Figure 7f).
Thus, the GO biological process classification indi-
cated that most of the genes associated with the
eccDNA were enriched in the cellular process
(Figure 7c), and were involved in the formation of
dendritic spine development (Figure 7a). This sug-
gested that dendritic spine development was asso-
ciated with the formation of pathological damage in
high myopia. The KEGG pathway analysis showed
the results for C and HM (Figure 8).

Discussion

In this study, we demonstrated the presence of
eccDNA in the eyeball, including the eyes with

cataract and high myopia. To the best of our knowl-
edge, this is the first systematic survey of the eye
genome for eccDNA, where we have identified more
than 8,000 eccDNA. Thus, this study increases the
number of reported eccDNA in human somatic tis-
sue. Our findings are likely an accurate estimate of the
true set of eccDNA in cataract eyes and eyes with high
myopia as the majority of the identified eccDNA
(including elements<1 kb) were included in the ana-
lysis. Notably, we demonstrated that eccDNA could
be mapped to any region of the human genome, and
the frequency of eccDNA formation was associated
with the chromosomes or coding genes and repetitive
regions. This finding was in agreement with prior
studies on human somatic tissue, human germline,
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and yeast, which reported that gene-rich chromo-
somes and repetitive sequences had a higher tendency
to circularize and form eccDNA [2,26,29-31]. In
addition, we showed that the length distribution of
the eccDNA detected in cases of cataract and high
myopia implied that most of the eccDNA were<1 kb
with two distinctive peaks at 0.2 kb, 0.5 kb, in agree-
ment with a previous study on human muscle tissue
[2]. There were no detectable differences between the
length distribution of eccDNA of C and HM, indicat-
ing that high myopia may not affect the length of
DNA circularization.

Finally, the candidate genes associated with high
myopia, that have been identified in previous stu-
dies, were present in the eccDNA. The GO and
KEGG pathway analyses showed that the genes
generating the candidate eccDNA at differential
levels were mainly involved in biological processes
of dendritic spine development, and may be
related to high myopia; however, this has not
been reported previously. Therefore, our findings
provide new evidence that eccDNA elements of
chromosomal origin are common in human
somatic tissue and can be formed from any part

of the human genome [2,3,10]. Moreover, this is
the first time that the candidate genes for high
myopia identified in previous studies were found
on eccDNA, which provides a new perspective for
the study of high myopia-related genes.

In the present study, a distribution map of
ecDNA (>25 kb) in the chromosome has also
been generated. Unlike prior studies [1,2], we
identified that ecDNA accounted for a small por-
tion of all eccDNA in eyes with cataract and high
myopia. With an average gene size of 27 kb in the
human genome, many of these ecDNAs may be
large enough to contain full genes [32], as human
somatic cells contain Mb-sized ring chromosomes
[33,34]. This phenomenon suggests that eccDNA
may be capable of gene delivery. Indeed, multiple
studies have confirmed that eccDNA have tran-
scription ability [2,9].

The differences in the length and chromosome
distribution of eccDNA in cases of high myopia
were smaller than cataract, but we still identified
more than 1,000 eccDNA with statistical differ-
ences. With the development of high-throughput
sequencing technology, knowledge of the
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biological properties and functions of eccDNA has
broadened, including cell development and com-
munication, ageing, adaptive evolution, molecular
sponges, tumour occurrence and heterogeneity,
drug resistance, genome instability, and lipid
biopsy [10]. Sin et al. explored the presence of
eccDNA in the plasma of pregnant women and
provided a new direction for prenatal diagnosis
[5]. In our study, after gene annotation of
eccDNA using BedTools, we found several pre-
viously identified candidate genes related to high
myopia, such as LAMAI, UHRFIBPIL, and
CTNND2, that were successfully validated using
routine PCR. LAMA1 encodes one of the alpha 1
subunits of laminin that make up a major compo-
nent of the basement membrane and have been
implicated in a wide variety of biological processes
including cell adhesion, differentiation, migration,
signalling, neurite outgrowth and metastasis.
Qingjiong Zhang found that early onset high myo-
pia with midline alopecia areata could be caused
not only by mutations of the COL18A1 gene but
also by mutations in the LAMAIL gene [35]
UHRFIBPIL, also known as BLTP3B or SHIP164,
enables GARP complex binding activity and pro-
tein  homodimerization activity. In 2013,
HAWTHORNE et al. discovered UHRFIBPIL is
associated with high myopia though a genetic
association study of the MYP3 locus in a family-
based high-grade myopia cohort [36CTNND2

encodes an adhesive junction-associated protein
of the armadillo/beta-catenin superfamily and is
implicated in brain and eye development and can-
cer formation [37]. The results of several studies
have indicated that polymorphisms in the
CTNND?2 gene are associated with the pathogen-
esis of high myopia [37-40]. High myopia is pre-
valent in a population-specific manner. In 2013,
PAN et al. found that the prevalence of high myo-
pia in Chinese Singaporeans was significantly
higher than that in Indian and Malaysian ethnic
groups [41]. An additional risk of myopia in chil-
dren of parents with myopia has been confirmed
[42], indicating that genetic factors play an impor-
tant role in the pathogenesis of high myopia. Till
date, more than 150 genes and over 20 chromoso-
mal loci have been identified to be associated with
myopia. However, the candidate gene locus of high
myopia located outside the chromosome has not
yet been identified. Our findings may provide new
ideas and methods for studying sites of high myo-
pia-related genes.

In conclusion, we identified the genome-wide
presence of eccDNA and ecDNA in patients with
high myopia and cataract. The eccDNA map gener-
ated in this study revealed features of eccDNA (e.g.,
genome-wide distribution in patients with high
myopia) and identified the common as well as selec-
tive characteristics of eccDNA and their functional
implications. This comprehensive eccDNA profiling



provides a solid basis for the determination of
potential functional roles of genes in eccDNA in
high myopia. Future studies are required to explore
the potential mechanism leading to the different
levels of eccDNA in eyes of patients with cataract
and high myopia and to determine the regulatory
mechanisms involved in the formation of eccDNA
in patients with high myopia.
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