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Abstract

Background: This study explores repetitive Clustered Regularly Interspaced Short Pal-
indromic Repeats (CRISPR) sequences from the archaea Acidianus sp. and Acidianus
ambivalens (A. ambivalens), as well as from the bacterium Yersinia ruckeri (Y. ruckeri).
These sequences are compared with human microRNA (miRNA) sequences to investi-
gate potential genetic similarities and disease associations.

Methods: CRISPR sequences were retrieved from the CRISPR/Cas** database, and
human miRNA sequences were obtained from miRBase. Sequence alignments were
performed using BLASTn with an E-value threshold of 1e-5 to identify significant simi-
larities. Genes associated with matched human miRNAs were identified through the
HGNC and GeneCards databases. Further analyses included comparison with disease-
associated miRNAs reported in human and mouse datasets.

Results: In Y. ruckeri, alignments revealed similarities to miRNAs linked with genes
such as FOXO1, PTEN, PAX7, and DOCKS3, which are associated with lung cancer and
muscular dystrophies. In A. ambivalens, aligned miRNAs corresponded to loci includ-
ing CHM13 and GRCh38, potentially linked to periembolic adenocarcinoma and mild
pre-eclampsia. For Acidianus sp., matches were observed with miRNAs associated with
genes like Irak2, NOS2, STAT1, and Numb, which have been implicated in Psoriatic ar-
thritis, Alzheimer’s disease, Hepatocellular carcinoma, and Coronary artery disease.
Conclusion: CRISPR sequences from these prokaryotes show notable similarities with
human miRNAs, suggesting possible indirect links to genes involved in major diseases.
These preliminary findings emphasize the need for further investigation into shared se-
quence motifs and their functional roles in host-pathogen interactions or evolutionary
biology.
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Introduction

Clustered Regularly Interspaced Short Palindromic
Repeats (CRISPR) and their associated Cas proteins
constitute an adaptive immune system in bacteria and
archaea, providing defense against mobile genetic ele-
ments such as phages and plasmids . Since their dis-
covery in Escherichia coli (E. coli) by Ishino et al in
1987 5 (Figure 1), CRISPR/Cas systems have collected
significant scientific interest due to their configurable
functionality and broad applications in genome editing
and molecular biology.

Despite extensive research into the classification,
structure, and function of CRISPR arrays in prokary-
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otes, limited knowledge exists regarding the presence
or potential analogs of these systems in eukaryotic mi-
croorganisms. The current body of literature has large-
ly overlooked the possibility of CRISPR-like repetitive
elements in unicellular eukaryotes, leaving a critical
gap in our understanding of their evolutionary and
functional relevance °.

This study seeks to address this gap by systematical-
ly comparing CRISPR repeat sequences from bacterial
and archaeal genomes with sequence elements identi-
fied in eukaryotic microorganisms. We hypothesize
that specific repetitive motifs or structural analogs may
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Figure 1. Crystallographic studies have shown that Cas9 consists of
two main lobes: a recognition lobe and a nuclease lobe. The binding
of guide RNA to target DNA induces the formation of a positively
charged groove at the interface of these lobes °.

be present in eukaryotic genomes, potentially shedding
light on the evolutionary origins of CRISPR-like sys-
tems.

To explore this hypothesis, CRISPR sequences were
obtained from the CRISPR/Cas™ database, while hu-
man miRNA sequences were retrieved from the miR-
Base repository. Sequence alignments were performed
using BLASTn with an E-value threshold of 1e-5 to
detect statistically significant similarities. These com-
putational approaches enabled a comparative analysis
of sequence features across diverse domains of life,
thereby forming the basis for our evolutionary investi-
gation.

A significant advancement in the understanding of
CRISPR loci occurred in 1995 when a scientist from
the University of Italy identified repetitive DNA struc-
tures in the genome of an archaeal organism, revealing
similarities to those previously described in bacterial
genomes %11, This observation led to the early hypoth-
esis that such sequences contain foreign DNA frag-
ments and function as part of an adaptive immune sys-
tem in both bacteria and archaea 24, Since then, the
CRISPR-Cas system has been increasingly recognized
as a powerful defense mechanism and genetic tool.
CRISPR loci exhibit a high degree of polymorphism
across bacterial strains, including pathogenic species,
which has enabled their application in microbial typing
and clinical diagnostics. Among the major CRISPR
systems, CRISPR-Casl2a is distinguished by its re-
cognition of T-rich PAM sequences, expanding its util-
ity for genome editing in regions inaccessible to
CRISPR/Cas9 Y7, The CRISPR/Cas9 system itself
originates from a natural bacterial defense mechanism.
During viral infection, bacteria incorporate short DNA
fragments of the invader into their genome, forming
CRISPR arrays. These sequences are then transcribed
into crRNAs, which guide the Cas9 endonuclease to
target and cleave matching sequences in invading
DNA, thereby neutralizing the threat 1820,

CRISPR-Cas systems are categorized into two ma-
jor classes, six types, and 33 subtypes. Class 1(types I,
I, 1V) includes systems with multi-protein effector
complexes, while Class 2 (types Il, V, VI) contains
single multidomain effector proteins such as Cas9,
which is characteristic of type Il systems found pre-
dominantly in bacteria 224, However, the classification
of CRISPR-Cas systems is complicated by the emer-
gence of hybrid loci formed through extensive recom-
bination events. These hybrid systems often defy
standard classification despite containing canonical
Cas genes. Furthermore, multiple CRISPR-Cas sys-
tems may coexist within a single genome, and even
strains of the same species may carry distinct system
types 2°.

Many CRISPR-Cas loci are embedded in genomic
islands that also encode mobile genetic elements such
as transposases, toxin-antitoxin modules, and various
defense-related genes. The distribution of CRISPR
types is non-uniform among microorganisms: type Il
systems have been detected only in bacteria, while type
Il systems are more common in archaea. This pattern
is consistent with earlier findings that suggest CRISPR
systems are generally more prevalent in archaeal line-
ages than in bacterial ones 26-3°,

Despite the promise of CRISPR/Cas9 for antimicro-
bial applications, one of the significant limitations is
the challenge of effective delivery into bacterial cells.
While plasmid-based electroporation remains the dom-
inant method for introducing CRISPR components in
vitro, it is often impractical for in vivo use 5%,

Currently, three primary formats are employed for
CRISPR delivery: (1) plasmids encoding both Cas9
and sgRNA, offering a stable DNA-based platform but
requiring nuclear entry (Figure 2); (2) RNA-based ap-
proaches using sgRNA and mRNA encoding Cas9,
which are safer and do not integrate into the host ge-
nome; and (3) preassembled Cas9 protein-sgRNA
complexes (RNA-AP format), which minimize integra-
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Figure 2. The CRISPR system utilizes a single guide RNA (sgRNA)
composed of a target-matching sequence and an activating region
that recruits Cas9. This complex precisely induces double-strand
breaks at specific genomic sites, leading to gene disruption. Owing
to its high accuracy and efficiency, CRISPR is widely adopted in
molecular biology and genetic engineering.
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Table 1. The three types of transmission for the CRISPR/Cas9 system and their characteristics °

Delivery formats Delivery payloads

Advantages

Limitations

DNA CRISPR/Cas9 Plasmid
mRNA Cas9 mRNA and sgRNA

Protein Cas9/sgRNA complex

Most simple and stable
Faster and lower off-target effects

Rapid and significant reaction off-target effect,
toxicity and immune response

Higher off-target effects, low efficiency
Vulnerable, unstable

Difficult to obtain, Risk of permanent
integration into the host

tion risks and can be directly functional (Table 1).

Although the CRISPR-Cas system has been exten-
sively studied for its role in microbial immunity and
gene editing, its potential evolutionary or functional
relationship with eukaryotic small RNAs such as mi-
croRNAs (miRNAs) remains largely unstudied. There-
fore, this study aims to investigate the sequence simi-
larities between CRISPR loci in archaea and bacteria
and eukaryotic miRNAs, with the objective to uncover
potential evolutionary links or functional convergence
between these RNA-based regulatory systems.

Materials and Methods

CRISPR/Cas** server

In the present study, the CRISPR/Cas™ tool (ver-
sion 1.1.2, 2021, 12BC) was utilized to extract repeti-
tive sequences from prokaryotic genomes. From a pool
of 100 randomly selected prokaryotic species, se-
quences corresponding to 20 genes and 20 species of
bacteria, as well as 20 genera and 20 types of archaea,
were retrieved using the miRBase database. These re-
petitive sequences were subsequently compared with
eukaryotic microRNAs obtained from the same data-
base to identify potential sequence similarities. The
analysis revealed that only three eukaryotic mi-
croRNAs exhibited similarity to the prokaryotic se-
quences_ specifically, one gene from a bacterial spe-
cies and one gene from two archaeal species, suggest-
ing a potential role in inter-domain biological commu-
nication. It is also noteworthy that some bacterial
strains lacked identifiable CRISPR or Cas elements, as
reported by the CRISPR/Cas** tool (Table 2).

miRBase server

The key features of miRBase are designed to
achieve five main objectives: (1) To establish a stand-
ardized naming system for microRNAs; (2) To collect
and curate all known microRNA sequences; (3) To
provide both human-and machine-readable information
for each microRNA,; (4) To offer basic supporting evi-
dence for each microRNA (5) and to integrate and pro-
vide information regarding microRNA target interac-
tions.

The latest published version (version 22) of miR-
Base contains information on 38,589 microRNA pre-
cursors and 48,860 mature microRNA sequences from
271 different species. Additionally, the database in-
cludes 1,493 small RNA sequencing datasets, encom-
passing more than 5.5 billion reads mapped to mi-
croRNAs.
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Table 2. Sequences related to bacteria and archaea were obtained using
the CRISPR-Cas™ server

Archaea

Acidianus ambivalens

Acidianus hospitalis W1

Acidianus manzaensis YN-2 5
Acidianus sp. HS-5

Acidianus sulfidivorans Jp7
Acidilobus saccharovorans 345-15
Aciduliprofundum boone |

Aeropyrum camini SY1

Aeropyrum pernix K1

Archaeoglobus fulgidus DSM
Caldisphaera lagunensis DSM 1590 8
Methanococcoides methylutens MM1
Archaeoglobus sulfaticallidusPM70-1
Archaeoglobus veneficus SNP6

- Caldisphaera lagunensis

Caldivirga maquilingensis IC-167
Candidatus Aenigmarchaeota archaeo n
Methanococcoides sp. LMO-1
Haloarcula hispanica (euryarchaeotes)
archaeon GW2011_AR15

Sequence CP045482.1
Sequence CP002535.1
Sequence CP020477.1
Sequence AP025245.1
Sequence CP029288.2
Sequence CP001742.1
Sequence CP001941.1
Sequence AP012489.1
Sequence BA000002.3
Sequence AE000782.1
Sequence CP003378.1
Sequence CP009518.1
Sequence CP005290.1
Sequence CP002588.1
SequenceNR_102472.1
Sequence CP000852.1
Sequence CP070804.1

Sequence NZ-CP073710.1

Sequence CP002922.1
Sequence CP010425.1

Bacteria

Yersinia pestis (Y. pestis)

Y. pestis Pestoides G

Y. pestis A1122

Y. pestis Pestoides

Achromobacter deleyi

Zymomonas mobilis subsp. Pomaceae
Achromobacter xylosoxidans (b-proteo-
bacteria

Absiella argi (firmicutes)

Acetobacter aceti (a-proteobactera)
Acetobacter ascendens

Y. enterocolitica

Yersinia ruckeri (enterobacteria) 17Y015
Zymomonas mobilis subsp.

Acetobacter aceti NBRC 14818
Acanthopleuribacteraceae bacterium
Acetobacter aceti

Acidovorax carolinensis

Acanthopleuribacteraceae bacterium
M133

Francisella tularensis subsp

Sequence CP064122.2
Sequence CP010247.1
Sequence CP009840.1
Sequence CP009715.1
Sequence CP065997.1

Sequence CP002866.1
Sequence CP006818.1

Sequence AP019695.1
Sequence AP023326.1
Sequence AP023326.1
Sequence CP009367.1
Sequence CP084649.1
Sequence CP002865.1
Sequence AP023410.1
Sequence CP071793.1
Sequence AP023326.1
Sequence CP021369.1

Sequence CP071793.1
Sequence AM233362.1

NCBI server

The National Center for Biotechnology Information
(NCBI), part of the National Library of Medicine
(NLM), has implemented initial updates to several of


https://www.ncbi.nlm.nih.gov/nuccore/CP045482.1
https://www.ncbi.nlm.nih.gov/nuccore/CP002535.1
https://www.ncbi.nlm.nih.gov/nuccore/CP020477.1
https://www.ncbi.nlm.nih.gov/nuccore/CP029288.2
https://www.ncbi.nlm.nih.gov/nuccore/CP001742.1
https://www.ncbi.nlm.nih.gov/nuccore/CP001941.1
https://www.ncbi.nlm.nih.gov/nuccore/AP012489.1
https://www.ncbi.nlm.nih.gov/nuccore/BA000002.3
https://www.ncbi.nlm.nih.gov/nuccore/AE000782.1
https://www.ncbi.nlm.nih.gov/nuccore/CP003378.1
https://www.ncbi.nlm.nih.gov/nuccore/CP009518.1
https://www.ncbi.nlm.nih.gov/nuccore/CP005290.1
https://www.ncbi.nlm.nih.gov/nuccore/CP002588.1
https://www.ncbi.nlm.nih.gov/nuccore/CP000852.1
https://www.ncbi.nlm.nih.gov/nuccore/CP070804.1
https://www.ncbi.nlm.nih.gov/nuccore/CP002922.1
https://www.ncbi.nlm.nih.gov/nuccore/CP010425.1
https://www.ncbi.nlm.nih.gov/nuccore/CP064122.2
https://www.ncbi.nlm.nih.gov/nuccore/CP010247.1
https://www.ncbi.nlm.nih.gov/nuccore/CP009840.1
https://www.ncbi.nlm.nih.gov/nuccore/CP009715.1
https://www.ncbi.nlm.nih.gov/nuccore/CP065997.1
https://www.ncbi.nlm.nih.gov/nuccore/CP002866.1
https://www.ncbi.nlm.nih.gov/nuccore/CP006818.1
https://www.ncbi.nlm.nih.gov/nuccore/AP019695.1
https://www.ncbi.nlm.nih.gov/nuccore/AP023326.1
https://www.ncbi.nlm.nih.gov/nuccore/AP023326.1
https://www.ncbi.nlm.nih.gov/nuccore/CP009367.1
https://www.ncbi.nlm.nih.gov/nuccore/CP084649.1
https://www.ncbi.nlm.nih.gov/nuccore/CP002865.1
https://www.ncbi.nlm.nih.gov/nuccore/AP023410.1
https://www.ncbi.nlm.nih.gov/nuccore/CP071793.1
https://www.ncbi.nlm.nih.gov/nuccore/AP023326.1
https://www.ncbi.nlm.nih.gov/nuccore/CP021369.1
https://www.ncbi.nlm.nih.gov/nuccore/CP071793.1
https://www.ncbi.nlm.nih.gov/nuccore/AM233362.1
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its services to support NIH-funded researchers and
institutions in complying with the 2024 NIH Public
Access Policy, which took effect on July 1, 2025. As
part of this effort, and using tools available on the
NCBI platform (version 3.42.0), the similarity index
and degree of sequence conservation among repetitive
elements from two archaeal species and their related

A Alignment view | Pairwise

100 sequences seiected @

v | [ ] cosfeature @ [Restore defaults]

micro-organisms were analyzed. The comparative
analysis results are shown in (Figure 3). Through the
use of the NCBI server and by entering the target gene,
information regarding its function and the organisms in
which it is found was obtained.

HUGO gene server
HUGOgene is a widely used platform for examining
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Figure 3. Obtaining the similarities of repetitive sequences in prokaryotes with other organisms, as well as determining the index.
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and analyzing genetic variants, genome sequences, and
DNA sequence data. Key features of this server in-
clude: (1) Genetic data analysis; (2) Variant investiga-
tion; (3) Genetic disease diagnosis; (4) Gene and pro-
tein identification and characterization.

The HUGO Gene Nomenclature Committee
(HGNC) is responsible for assigning a unique and ide-
ally meaningful name and symbol to every human
gene. The HGNC database currently contains over
24,000 publicly accessible records, each providing ap-
proved gene nomenclature and associated gene infor-
mation. Recently, the HGNC database was relocated to
the European Bioinformatics Institute (EBI). It now
offers direct access to various integrated resources,
including the searchable HGNC database, the HCOP
orthology prediction tool, and manually curated gene
family web pages.

In this study, the HUGOgene was used to query a
variety of genes and vary their scientifically accepted
and officially approved names.

GeneCards server

For over two decades, GeneCards has served as a
comprehensive gene-centric database, automatically
mining and integrating information from a wide range
of data sources. This process results in a web-based
card for each of the tens of thousands of human genes.
Developed and maintained by the Department of Mo-
lecular Genetics at the Weizmann Institute of Science,
GeneCards was established in 1997 with the goal of
unifying fragmented genetic information from various
specialized databases into a coherent and accessible
resource. In the present study, utilizing GeneCards at
the RNA center, key information regarding the target
gene was obtained, including its chromosomal location,
exon-intron structure, and potential associations with
human diseases.

Results

In this study, the findings focus on three prokaryotic

CUUCACUGCCGCACAGGCAGCUCAGCUCAGAA

Examples: mature mmu-let-7g hairpin hsa-mir-105-1

Similar sequences >

Text search within resul

Table 3. microRNAs accession numbers

Human microRNAs Accession number

MIMAT0004762
MIMAT0004
MIMATO0003145

hsa-miR-486-3p
hsa-miR-146a
hsa-miR-519e-5p

Sort by E-value (min to max) - defaulv

species: one bacterial and two archaeal. Initially, the
repetitive sequences of these species were identified
using the CRISPR/Cas system and then compared with
repetitive sequences from human microRNASs obtained
from the miRBase database. The comparison aimed to
identify similarities between bacterial and human mi-
croRNAs. Table 3 presents detailed information on
several human microRNAs identified during this pro-
cess. The first column lists the microRNAs, each la-
beled with the prefix-hsa (Human sapiens), while the
second column provides their unique accession num-
bers from the miRBase database, shown as MIMAT
codes, which are essential for accurate identification.

Yersinia ruckeri (Y. ruckeri)

Initially, Yersinia bacteria were submitted to the
CRISPR/Cas** server, where their repetitive sequence
were obtained. Following this, human microRNAs
similar to the identified sequences were determined
using the miRBase server (Figure 4). On the other
hand, the multi-gene card server includes genes such as
FOXO1, PAX7, PTEN, and DOCKS3, which are in-
volved in these microRNAs. Additionally, several dis-
eases are associated with these microRNAs, including
lung cancer, muscular dystrophy, and Duchenne mus-
cular dystrophy (Table 4 and Figure 5). According to
NCBI, sequence IDs are mentioned in supplementary
figures S1-S4.

The FOXO1 gene belongs to the forkhead family of
transcription factors, characterized by a conserved
forkhead domain. Although its exact function is not yet
fully understood, FOXOL1 is believed to play a role in

@ Clear

£ Upload file

Up to 50 queries @

Hide alignments || See details

Download
RNA types Homo sapiens (human) microRNA hsa-mir-486 precursor (hsa-mir-486-1)
pre miRNA (9) 68 nucleotides
miRNA (2) Query 15 AGGCAGCUCAGCUCAG 30
' L 1
Shjct 48 GGGCAGCUCAGUACAG 63
Organisms

Figure 4. Human miRNAs similar to the Yersinia ruckeri bacterial sequence were identified using the miRBase server.
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Table 4. Overview of Yersinia ruckeri (Y. ruckeri) species, their similarity to human genes, and related diseases

. CUUCACUGCCG-
Y. ruckeri

CACAGGCAGCUCAGAAA

Homo sapiens (human) hsa-miR-
486-3p 21 nucleotides

FOXO1
Lung cancer

Genes
Human disease

Similarity with other animals Mouse

CGGGGCAGCUCAGUACAGGAU

Query 16 GGCAGCUCAGA 26
(Il
Subject 4 GGCAGCUCAGU 14
PTEN PAX7 DOCK3
Duchenne disease Muscular dystrophy
Monkey Horse Fox

MIR486-1 (MicroRNA 485-1) is an RNA Gene, and is affliated with the miRNA class. Diseases associated with MIR486- 1 include Lung Cancer and Muscular Dystrophy, Duchenne Type

Among its related pathways are Cell differentiation - expanded index and miRs in Muscle Cell Differentiation

Rfam classification for MIR486-1 Gene

microRNA mir-486 RF00784

Additional gene information for MIR486-1 Gene
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the regulation of cellular growth and differentiation.
Genetic alterations in this gene have been associated
with the development of alveolar rhabdomyosarcoma.
In this study, the gene of interest was compared with
its mutated variant using the BLAST tool, and the re-
sults are illustrated in figure S1. The findings suggest
that FOXO1 may be involved in mitogen-induced
growth and differentiation. To further investigate, the
gene's FASTA sequence was retrieved and subjected to
BLAST analysis, which revealed several mutations
linked to human diseases.

A comparative analysis between the wild-type and
mutated forms of the gene indicated that approximately
20% of disease-associated mutations in humans are
localized within the FOXO1 gene. These pathogenic
mutations were identified using the BLAST+ (version
2.11.0) server, specifically through BLASTn, which
was employed throughout this study for similarity
searches using the gene's FASTA format.

The PAX gene belongs to the transcription factor
family and is typically characterized by the presence of
a paired box domain, an octapeptide, and a homeodo-
main. Members of this gene family are known to play
critical roles in embryonic development and cancer
progression. Although the precise biological function
of PAX7 is not yet fully understood, it is hypothesized
to function as a tumor suppressor, particularly due to
its fusion with members of the alveolar forkhead fami-
ly. PAX7 is believed to contribute to both fetal growth
and development and tumorigenesis.

Multiple mutations have been identified within the
PAX7 gene, many of which are associated with human
diseases, possibly due to sequence similarities with
other genes. According to data retrieved from the
NCBI database, comparative analysis between the
standard and mutated forms of the gene revealed that
approximately 40-60% of the mutations occurring in
PAXT are pathogenic.
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These mutations were identified using the BLAST+
(version 2.11.0) server, with BLASTn format, and the
results are presented in figure S2.

PTEN has been widely recognized as a tumor sup-
pressor gene in various types of cancers, primarily due
to the function of its encoded protein, which acts as a
phosphatidylinositol-4,5-bisphosphate  3-phosphatase.
This protein contains a tensin-like domain and a cata-
lytic domain that resembles those found in dual-
specificity protein phosphatases. Unlike many protein
tyrosine phosphatases, the PTEN protein preferentially
dephosphorylates phosphoinositide substrates. By re-
ducing intracellular levels of phosphatidylinositol-4,5-
bisphosphate, it negatively regulates key signaling
pathways, thereby exerting its tumor suppressor func-
tion (Figure S3).

To identify pathogenic mutations, the BLAST serv-
er (version 2.11.0+) was used. Throughout this study,
BLASTnN was employed for all sequence comparisons.
Similarity searches were conducted using the FASTA
format of the PTEN gene.

DOCKS3 is selectively expressed in the central nerv-
ous system and encodes a member of the Guanine nu-
cleotide Exchange Factor (GEF) family. The encoded
protein, also known as cytokine 3, functions both as a
regulator of cell adhesion and as a presenilin-binding
protein. It facilitates axonal growth within the central
nervous system by promoting membrane trafficking
and activating G proteins (Figure S4).

Pathogenic mutations in this gene were identified
using the BLAST server (version 2.11.0+). Throughout
this study, BLASTn was utilized for all sequence anal-
yses. Similarity searches were conducted using the
FASTA format of the DOCKS gene.

Acidianus ambivalens (A. ambivalens)

In the first instance, by inputting A. ambivalens into
the CRISPR/Cas™ server, its repeated sequence was
obtained. After obtaining the repeated sequence of A.
ambivalens, using the miRBase server, human mi-
croRNAs similar to the mentioned sequences were
identified.

According to the multi-gene card server, the
GRCH38 and CHM13 genes are involved in these mic-
roRNAs, and four types of diseases can also be as-
sociated with these microRNAs. Such as adenocarcino-
ma of lung, thyroid neoplasms, stomach neoplasms
and, uterine cervical neoplasms, which are related to
these microRNAs, were identified (Table 5). Accord-
ing to NCBI, sequence IDs are listed in supplementary

figures S5-S7.

The CFH gene, as annotated in the CHM13 ge-
nome, encodes a secreted protein that belongs to the
complement factor H protein family. This protein
interacts with Pseudomonas aeruginosa elongation
factor Thf, in conjunction with plasminogen, which
subsequently undergoes proteolytic activation. It has
been proposed that Tuf functions as a virulence factor
by recruiting host proteins to the bacterial surface,
thereby modulating complement activity and facilit-
ating tissue invasion. Mutations in the CFH gene have
been associated with an increased risk of atypical
Hemolytic-Uremic Syndrome (aHUS) [RefSeq, Oct
2009].

To identify pathogenic mutations, the BLAST+
v2.11.0 server was used, with BLASTn employed for
the analysis. Similarity searches were conducted using
the FASTA format of the CFH gene sequence. The
results are illustrated in figure S6.

The TP53 gene, as annotated in the GRCh/hg38
reference genome, encodes a tumor suppressor protein
that contains transcriptional activation, DNA-binding,
and oligomerization domains. This protein plays a
critical role in responding to various cellular stress
signals by regulating the expression of target genes
involved in cycle arrest, apoptosis, senescence, DNA
repair, and metabolic processes.

Mutations in TP53 are associated with numerous
human cancers, including hereditary cancer syndromes
such as Li-Fraumeni syndrome. Alternative splicing
events and the use of alternate promoters result in
multiple transcript variants and protein isoforms.
Furthermore, additional isoforms may arise from the
use of alternative translation initiation codons within
the same transcript variants (PMIDs: 12032546,
20937277) [RefSeq, Dec 2016].

This gene has also been reported to be associated
with the microRNA as mentioned above. To identify
potential pathogenic mutations, the BLAST+ v2.11.0
server was used, employing the BLASTn algorithm
throughout the study. Sequence similarity searches
were performed using the FASTA format of the TP53
gene. The results are presented in figure S7.

Acidianus S.P

Initially, the sequence of archaea was obtained by-
inputting it into the CRISPR/Cas** server. These mi-
croRNAs are linked to several human diseases, includ-
ing rheumatoid arthritis, Alzheimer's disease, thyroid
cancer, and carcinoma. Using the GeneCards server,

Table 5. Summary of Acidianus ambivalens (A. ambivalens), similarity to human microorganisms, genes involved in this microorganism,
and associated diseases

A. ambivalens

GTTGCATCCCAAAAGGGATTGAAAG

Homo sapiens (human) hsa-miR-519e-5p
22 nucleotides

Genes

Diseases in human

GRCH38
Adenocarcinoma of lung
Stomach neoplasms

Query 9 CCAAAAGGGA 18

UUCUCCAAAAGGGAGCACUUUC (i

Subject 5 CCAAAAGGGA 14
CHM13

Thyroid neoplasms
Uterine cervical neoplasms
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Table 6. A summary of archaea repetitive sequences, their similarity to human microRNAs, the genes associated with these microRNAs,

and the related diseases is provided

Acidianus sp. (cernarchaeotes) CTTTCAGTTCTTCCTTATTTCA

Query 1 CCUCUGAAAUUCAGUUC 17

(I
Subject 1 CCUCUGAAAUUCAGUUC 17

Genes Irak2, Ifng, NOS2, Hipk3, Numb, STAT1

Homo sapiens (human) hsa-

miR-146a-3p CCUCUGAAAUUCAGUUCUUCA

Psoriatic arthritiss/Rheumatoid arthritis/Alzheimer's disease/Hepatocellular carcinoma/Thyroid

Diseases associated with human -
cancer/Endogenous coronary artery disease

Endocrine and exocrine glands/Disturbance in growth and body size/Homeostasis and metabo-

Mouse-related diseases lism/Cell death (senescence)

the genes involved in these microRNAs and the diseas-
es associated with them were identified. According to
the results, the server highlighted the following genes:
Irak2, NOS2, Hipk3, Numb, and STAT1. Further details
are provided below.

Psoriatic arthritis is a disease characterized by joint
inflammation (arthritis) that is often associated with a
skin condition called psoriasis. It is a chronic inflam-
matory disease marked by patches of red, irritated skin,
usually covered with scaly, white crusts. People with
this condition may also experience changes in their
fingernails and toenails, such as pitting, thickening,
crumbling, or separation from the nail bed.

Rheumatoid arthritis is an autoimmune disorder
characterized by pain, swelling, stiffness, and joint
damage. While it can affect any joint, it most common-
ly impacts the wrists and fingers. This condition is
more prevalent in women than men and typically onset
in middle age. Rheumatoid arthritis development is
influenced by a combination of genetic factors, envi-
ronmental triggers, and hormonal changes. Treatment
strategies include pharmacological interventions, life-
style modifications, and surgical options, all of which
aim to alleviate symptoms, reduce pain and swelling,
and slow disease progression.

Non-medullary thyroid cancer refers to malignan-
cies originating from follicular cells, which represent
more than 95% of all thyroid cancer cases. Cancers
arising from parafollicular cells are comparatively rare.
Hepatocellular carcinoma is the most prevalent form of
primary malignant liver tumor, ranking as the fifth
most common cancer globally and the third leading
cause of cancer-related mortality. The primary risk
factors for hepatocellular carcinoma include chronic
infection with hepatitis B or C viruses, prolonged ex-
posure to aflatoxin-contaminated food, and excessive
alcohol consumption. Hepatoblastoma, which consti-
tutes 1-2% of pediatric malignant neoplasms, predomi-
nantly affects children under the age of three (Table 6)
(Figures 6 and 7). According to NCBI, sequence IDs
were mentioned in supplementary figures S8-S13.

STAT1 functions as a key activator within various
signaling pathways and is encoded by the STAT1 gene.
This protein is activated by interferons a and vy, as well
as by Epidermal Growth Factor (EGF). STAT1 plays a
crucial role in the immune response against a range of
pathogens, including viruses, fungi, and mycobacteria,
and is also involved in signaling responses to cytokines
and growth factors. Upon activation, STAT1 undergoes
phosphorylation, resulting in the formation of homo-or

Jump to [ Aliases] Disorders Domains Drugs Exprossion Function Genomics Localization Orthologs
section Paralogs Pathways Products Proteins Publicatons Sources Summaries Transcripts Variants
akoaich Antibodies Assays Proteins Inhib RNA CRISPR mIRNA “Drugs Cell Lines Clones

Products Primers

««««« R LU TP T DU TSR QUSSP TSR T

MHRILSA gene in PubMed und uthe

Summaries for MIR146A Gene (7]

din post-transcriptional regulation of gene expression in MRNAS. mIRNAS are

multiceliular organisms by affecting both the stabldity and translation

sociated with MIR146A include Psodatic Arthritis and Alzheime case. Among its related pathways are ke receptor signaling
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Figure 6. A summary of has-miR146a is provided, along with supporting evidence and its corresponding accession number.
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Stem-loop hsa-mir-146a

Accession  MI0000477

Description Homo sapiens hsa-mir-146a precursor miRNA

Summary Caution, this is an Al ge d ry based on literat

Symbol HGNC: MIR146A

This may have errors. o

MIR146A, a microRNA, plays a crucial role in various biological processes, including chondrogenesis, where its absence in knockout MSCs confirmed its function
[PMC10110697]. It also exhibits a protective role in diabetic nephropathy and influences lung structure and function through its downstream targets [PMC5354466;
PMC10129905] | MIR146A directly targets STAT1, impacting its expression and activation [PMC8125934], and its expression levels are notably altered in various diseases
such as lupus nephritis and esophageal squamous-cell cancer [PMC90139831; PMC6301202).. Variants within the MIR146A gene promoter may affect its expression
[PMCS078850], suggesting potential therapeutic applications in MSC-based osteoarthritis therapy [PMC 10110697). Moreover, MIR146A is implicated in the immune respons
as it is differentially expressed between nalve and memory T ceils and is induced by TCR stimulation [PMC4641946). It also acts as a negative regulator of NFkB by
suppressing TRAFG, highlighting its anti-inflammatory potential which could be harnessed using engineered exosomes for therapeutic delivery [PMCE651735; PMC9922687
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Figure 7. Several human diseases are associated with this microRNA, according to data from the GeneCards database.

heterodimers, often involving other STAT family
members and associated kinases (Figure S8).

To identify pathogenic mutations, the BLAST+
v2.11.0 server was used, with the BLASTn algorithm
applied throughout the study. Similarity searches were
conducted using the FASTA sequence format of the
STAT1 gene.

The protein Irak2 encoded by this gene belongs to
the STATL1 protein family, which, in response to cyto-
kines and growth factors, undergoes phosphorylation
by receptor-associated kinases. These phosphorylated
proteins subsequently form stable homo- or heterodi-
mers, which are translocated to the cell nucleus, where
they function as transcriptional activators. The encoded
protein can be activated by a variety of ligands, includ-
ing interferons alpha and gamma, interleukin-6, EGF,
and Platelet-Derived Growth Factor (PDGF). This pro-
tein plays a critical role in regulating the expression of
genes essential for cell survival in response to various
cellular stimuli and pathogens, and it is vital in mediat-
ing immune responses to infections caused by patho-

gens, viruses, and mycobacteria. Mutations in this gene
have been linked to immunodeficiency (Figure S9). To
identify pathogenic mutations, the BLAST+ v2.11.0
server was used, with the BLASTn algorithm applied
throughout the study. Similarity searches were con-
ducted using the FASTA sequence format of the Irak2
gene.

NOTCHL1 encodes a protein that is a member of a
family of membrane-bound proteins, characterized by
structural features such as an extracellular domain
composed of multiple EGF repeats and an intracellular
domain containing several distinct domain types. This
gene is a key component of an evolutionarily con-
served intercellular signaling pathway that governs the
interactions between neighboring cells (Figure S10).
Pathogenic mutations were identified using the BLAST
server (BLAST+ version 2.11.0). All analyses in this
study were conducted using the BLASTn algorithm.
Similarity searches were performed based on the FAS-
TA format of the target gene.
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Table 7. BLAST-based analysis showing sequence identity, coverage, and E-values for bacterial and
archaeal species aligned with the target gene

Bacteria/Archaebacteria Per. ldentity Query cover E-value
Acidianus s.p 100% 100% le-5
Yersinia ruckeri 99% 96% le-5
Acidianus ambivalens 100% 84% le-5

Nitric oxide, also known as NOS, is an active free
radical that serves as a biological mediator in various
physiological processes, including neurotransmission,
antimicrobial defense, and antitumor activity. This
gene encodes a nitric oxide synthase enzyme that is
primarily expressed in the liver and is upregulated by
lipopolysaccharides and specific cytokines (Figure
S11). Pathogenic mutations were identified using the
BLAST server (BLAST+ wversion 2.11.0). The
BLASTn algorithm was employed throughout the
study. Sequence similarity searches were conducted
using the FASTA format of the gene.

The Hipk3 gene activates serine/threonine kinase ac-
tivity and negatively regulates the kinase. By analyzing
the sequence of the healthy gene and comparing it with
the defective one, it was determined that nearly 30% of
the mutations occurred in the faulty gene (Figure S12).
Pathogenic mutations were identified through analyses
performed on the BLAST server (BLAST+ v2.11.0).
All similarity searches in this study utilized the
BLASTN algorithm, with queries conducted using the
FASTA format of the target gene.

The final gene, Numb, is involved in the regulation
of cell fate determination during development. The
protein encoded by this gene undergoes degradation in
a proteasome-dependent manner, facilitated by a mem-
brane-bound protein (Figure S13). Pathogenic muta-
tions were identified using the BLAST server
(BLAST+ v2.11.0), with all analyses conducted using
the BLASTnN algorithm. Sequence similarity searches
were performed based on the gene's FASTA-formatted
sequence.

Finally, the E-values (set to 1e-5), identity percent-
ages, and query coverage provided by the respective
servers support the purported sequence similarities
(Table 7).

Discussion

About ten years ago, the emergence of CRISPR
marked a significant turning point in the field of ge-
nome editing, suggesting a more precise and cost-
effective alternative to earlier methods. By studying
and engineering Cas enzymes derived from different
bacterial species, the technology rapidly advanced,
gaining impressive versatility in a relatively short time.
This quick evolution has accelerated scientific re-
search, allowing researchers worldwide to investigate a
wide range of biological processes with greater accura-
cy and depth.

Despite its many benefits, CRISPR also presents
several challenges, including variable editing efficien-
cy, reliance on clonal selection, and the risk of off-
target effects. These issues are particularly relevant in
cancer research, where tumor heterogeneity compli-
cates the isolation of CRISPR-modified clones. Cells
with different drug responses or stages of differentia-
tion may be lost during selection, making it challeng-
ing to generate models that accurately reflect the com-
plexity of the original tumor.

Even so, CRISPR has already established itself as
an invaluable tool for studying the molecular basis of
cancer and for dissecting the interactions between spe-
cific pathways and genes. So, it is expected to play an
increasingly important role in both basic and transla-
tional research. Further studies will likely refine CRIS-
PR's utility in probing in vivo biological mechanisms
using more advanced, clinically relevant models. Addi-
tionally, its applications are expected to expand in are-
as such as adoptive cell therapies, which are becoming
central to both cancer treatment and the management of
degenerative diseases *.

It is critical to emphasize that the findings of this
study are based on computational analyses using public
databases and sequence alignment tools. Although
these in silico approaches can provide valuable prelim-
inary insights into the possible similarities between
CRISPR loci and human microRNAs, they are no sub-
stitute for laboratory confirmation. Experimental vali-
dation or functional tests are necessary to confirm the
biological significance and functional implications of
these observed similarities. Without such validation,
the results should be interpreted with caution, as they
may be affected by the quality of the databases or the
algorithmic limitations of BLAST and other bioinfor-
matics tools. Therefore, future studies should incorpo-
rate laboratory-based experiments to substantiate the
computational predictions of this study and increase
the robustness of the results.

Given that some of these sequences align with hu-
man microRNAs and are associated with mutations in
disease-related genes, this area of research holds con-
siderable promise. It raises crucial questions about
cross-domain interactions and warrants further investi-
gations to understand its implications for human health
better.

Conclusion
Given the complexity and highly dynamic evolution
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Table 8. Summary of the examined bacterial names, their repetitive sequences, corresponding microRNA sequences, and their similarity using
CRISPR/Cas™, miRBase, and BLAST sites

microRNA

BLAST

Bactria/Archaea CRISPR Sequences
Yersinia ruckeri CTTCACTGCCG-
(enterobacteria) CACAGGCAGCTCAGAAA

Acidianus

CTTTCAGTTCTTCCTTATTTCAA
sp.(crenarchaeote)

Acidianus

B GTTGCATCCCAAAAGGGATTGAAAG
ambivalens

Homo sapiens hsa-miR-486-3p
21 nucleotides

Homo sapiens hsa-miR-146-3P
22 nucleotides

Homo sapiens hsa-miR-519e-5p
22 nucleotides

Query 16 GGCAGCUCAGA 26
(I
Subject 4 GGCAGCUCAGU 14
Query 1 CCUCUGAAAUUCAGUUC 17
(I
Subject 1 CCUCUGAAAUUCAGUUC 17
Query 9 CCAAAAGGGA 18

(i
Subject 5 CCAAAAGGGA 14

Human-related diseases

Involved genes Bacteria, Archaea

Lung cancer, muscular dystrophy, and Duchenne disease

Muild peri-eclampsia, periembolic adenocarcinoma

psoriatic arthritis, rheumatoid arthritis, Alzheimer's disease, thyroid cancer, liver

cancer, and Endocrine Corner's disease

FOXO1, PTEN, PAX7, DOCK3 Yersinia ruckeri

CHM13, GRCH38 Acidianus ambivalens

Irak2, NOS2, Hipk3, STAT1 Acidianus s.p

of CRISPR/Cas9 systems, attempting to classify them
based on a single criterion—such as the phylogenetic
analysis of Casl—would be inadequate and potentially
misleading. A comprehensive classification requires
consideration of multiple factors to reflect the diversity
and functional variability of these systems accurately.
In this study, the repetitive sequence of Y. ruckeri and
two different species of archaebacterium, Acidianus,
were obtained using the CRISPR/Cas9 system. Similar
microRNAs from humans and animals, as identified on
the miRBase site, were then compared with these se-
quences, and the degree of similarity with microRNAs
was determined. In the continuation of the research,
genes involved in bacteria and archaea were obtained
using NCBI servers and GeneCards. Moreover, the
diseases associated with human microRNAs similar to
the bacterial and archaeal repetitive sequences were
identified using the RNAcenter section of the Gene-
Cards server %, Table 8 summarizes the relevant re-
sults.
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Query 352 CCCCCTCCCCGTCCGCCCCCAGTGCTGCGTTCTCCCCCTCTTGGCTCTCCTGCGGCTT ? 411
LLCLLLLEEE CLCLEEECEE LU ELEEELEEE DU EL LU TLELRL L
Sbjct 371 CCCCCTCCCCCTCCGCCCCCAGTECTGCGTTCTCTCCCTCTTGGCTCTCCTGCGGCTGGG 43e
Query 412 a ? ?c ? TCACCATGGCCGAGGCGCCTCAGGTGGTGGAGATCGACCCGGACTTC 471
| LI E«‘IIIIIIIIIIUHIIIlIIIIIII&HIIIIIIHHIHIII |
Sbjct 431 GGAGGGGCGG TCACCATGGCCGAGGCGCCTCAGGTGGTGGAGATCGACCCGGACTTC 490
Query 472 GAGCC GCTGCCCCGGCCGCGCTCGTGCACCTGGC GCT GCCCAGGCCGGAGTTTAGCCAG 531
OV T T T T T T T T T T (T
Sbjct 491 GAGCCGLTGLCCCOGCCGLGLTCGTGCACCTEGCCGCTGCCCAGGCCGGAGTTTAGCCAG 550
Query 532 c CCAC TCCAGCCCGGCGCCGTCGG GCGGCTGCCAACCCCGACGCC 591
”cln LI |||||l|nn|||Hnnmmmnmn&m
Sbjct 551 CTCGGCCACCTCCAGCCCGGCGCCETCGGRL CTGH {dala GCC 610
Query 592 GCGGCEGELCTGLC CTCGGCCT(GGCTGCCGCTGTCAG(GC(GACTTCATGAGCMCCTG 651
UL IO T T
Sbjct 611 GCGGCAGGCCTGCCCTCGGCCTCGGCTGCCGCTGTCAGCGCCGACTTCATGAGCAACCTG 670
Query 652 GCTGGAGGAGAGCGAGGACTTCCCGCAggcgeccggetcegt cggt 711
mmlmunmnnu I nnms
Sbjct 671 TTCCCGCAGGCGCCCGGCTCCGTGGCGGC GCGGTG  73@
Query 712 CCECRBCCHCCAcT gegctgtac ACTTCC 771
Tl?fiﬁl?’f Nmsmanunhonmathnmnm
Sbjct 731 GCGGCGGLGGL GCCGCGGCCGCCACCG GGGCTGTGCGGGGACTTCCAGGGCCCGGAG 790
Query 772 GCGGGCTGCCTgcacccagCgccaccgcageccCcCgecgecc ccgetgtcegeagcac 831
mntintmnnaannmannmanummanm
Sbjct 791 GCGGGCTGCCTGCACCCAGCGC( ACCGCAGCCCCCGLCGCCCGGGCCGCTGTCGCAGCAC 850
Query 832 CCg cccccc CECCRCT, cgctcgcGGGGCAGCCGCGCAAGAGCAGCTCG 891
T T ””'7”””L””””'!”“”'”
Sbjct 851 C GCCAGTGCCCCCCGCCGCC- GCCGCTCGC GCAGCCGCGC \GCAGCTCG 997
Query 892 TCCCGCCGCMCGC GGGGCAACCTGTCCTACGCCGACCTCATCACC GAG 951
i RN
Sbjct 908 CCCGCCG CGCGTGGGGCAACCTGTCCTACGCTGATCTCATCACCAAGGCCATCGAG 967
Query 952 AG GGCGGAGAAGCGGCTCACGCTGTCGCAGATCTACGAGTGGATGGTCAAGAGCGTG 1011
\me UL T lIIII|IIIIélIlIIII_l,l
Sbjct 968 CGGCTCACGCTGTCGCAGATCTACGAGTGGA TCAAGAGCGTG 1027
Query 1012 CCC AGCAA C GCGGGC

—G\

Sbjct 1028 é l”””“”“&y”AX (IS‘IKl':(IS GGAAG 1875

Figure S1. BLASTn-based graphical comparison of FOXO1 gene sequences showing 30% mutation relative to the reference FASTA.

PREDICTED: Balaenoptera acutorostrata paired box 7 (PAX7), transcript variant X1, mRNA
Sequence ID: XM _007175019.2 Length: 5083 Number of Matches: 1

Range 1: 7 to 5078 GenBank Graphics Next Matct revious Malct

Score Expect Identities éaos Strand
4434 bits(2401) 0.0 4296/5192(83%) 205/5192(3%) Plus/Plus
Query 36 CCTCGCTTTI’CCATTTTTCTTTC?(I:T???CCCG}'?‘\???CCTGT?T??}’ -CCGTC 94
Sbjct 7 é Céé‘“&l’*‘kééT(T‘l’c‘l’( CT- CCCMC%THSTCACCC&T#ATCGCCTC%CC41 64
Query 95 GAGGAGGCTCCTTCTTCCGTCTGTCCCCGGGTCTCCTAGGGGACGG 154
lIlH IIIIIIIH lllll IIIIIIIII | 11 Illl II 1111
Sbjct 65 TTCTTCC--C--TCCCCAAGTCTTCTGGGGGGCGG 119

swaee 120 o MALLHLLHEH ST TN THBUIIGE. s

Query 214 ga—oooooooeoeca LRI, =

Sbjct 179 GAGGAGTGGGAGAGGAC MGGAGGGAGGGGAGC 238
Query 256 CACTCCGCAGTCT GCCCCGAGCGCC 315
cvsee 295 bHmidabdn UL T T 290
Query 316  AGAGCGCCAGAGCGCGAGAGCGCGGCGCTCGCCACTCT! GGCGGCCTCGATTCCG 375
| IIIIlIIIIIIIII IIIIIIIII Il lll IIII 1111 IIII
Sbjct 291  ----- G---GA TCGCTCGCCAGTCCGAGCCTGGGGGCCCTGACTCCG 342
Query 376 GCCGCGT-chcccg?ccccccT CGC GGGGCCTGGTCTCCGGGTTCT 434
LLLLELE LR THLLd II&III LD LELEL LLLLLL } J'
Sbjct 343 GCCGCGTCCCCCCCAGCCCCGCTCCGCGECGCGECCTCGTCTCCCGCTCCTGO 402
Query 435  ATCAGCCCGCACAACTTCTGGCCGAGGCCAGCCGGCAGAGGCGGAC 494
PELLELRECRER R it otk Peeeitet 1l lllIIIIIIII lII
Sbjct 403 ATCCGCCCGCACAACTTCTGGCCCAGCGGAGCGGGCAGAGGAGGCCTTGGGGTTGGTG 462
Query 495 TTTGmeGAAC}’TCC'{(GT | :(accttccc ---------- ccece aaccf 544
Sbjct 463 T (ETTT&TTTMT ‘I’u; Téfé&éué éuﬁ CCCCCCCMC&&&(Q‘ é'l’ 519

Query 545 cl:
Sbjct 520 C

babengll 111811511 11)11 )il

?CTTCTGGACGCGTTTGACTGCABCCafTﬁl ﬁ 603

PLEELEREEenr 1 il
TGGACGCGAGCGACCGCAGC 579

AT T

\—% sl
==

=

= b

Figure S2. Comparative BLASTn analysis of PAX7 gene sequences revealed~30% mutation by aligning the reference FASTA sequence with defec-
tive variants, highlighting key sequence similarities and mutation sites.
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Figure S3. BLASTn-based graphical comparison of PTEN gene sequences showed~30% mutation by aligning defective sequences with the refer-

Ramezani R, et a/

e MM G T MELNZQUD MLEMNLID v
PREDICTED: Trachypithecus francoisi phosphatase and tensin homolog (PTEN), transcript variant X3, mRN,
Sequence ID: XM_033215601.1 Length: 4504 Number of Matches: 1

Range 1: 42 to 4504 GenBank Graphics

Score E-p.a “identities “Strand

7651 bits(4143) 0.0 4398/4511(97%) 58/4511(1%) Plus/Plus

Query 1007 AAGGTTTTTGGAT TCAAAGCATAAAAACCA AAGATATACAATCTTTGTGCTGARAG 1066
1 llIlII|IIIlIIIlIIlIIIIIIlIIIIIllIIlIlIIIHIlIIlIlIIIII!II

Sbjct 42 ATAAAAACCATTACAAGATA 1e1

Query 1067 ACATTATGACACCGCCAAATTTAATTGCAGAGTTGCACAATATCCTTTTGAAGACCATAA 1126

soice 102 AAMARAMUUMTA MMM MU 16

o 16r S T
o i i mmtindtmtmimiiiiin e
oidpengy riiii ity ittnimiiiin e
oo T T T e
i it
i Tyttt Z i
by i ity eI .
e it iini it
:;:: ::7 IIII E Alllll III lIIIlI 11111 IIIII?ﬂriﬁﬁﬁz :::6

ence FASTA, revealing conserved regions and mutation sites.

Figure S4. By acquiring the sequence of the healthy gene and comparing it to the defective gene, it was found that 10% to 20% of mutations were
present in the gene.

0 AN YIS

PREDICTED: Marmota monax dedicator of cytokinesis 3 (Dock3), transcript variant X7, mRNA
Sequence ID: XM_058574837.1 Length: 9071 Number of Matches: 1

Range 1: 2 to 9070 GenBank Graphics

Score Expect  Identities Gaps Strand
11468 bits(6210) 0.0 8189/9142(90%) 146/9142(1%) Plus/Plus

Query 1 GAGCCCGLTGOGECEAGCCGAGLCGLGELEECECCOGEAGCCEEGLCELGEAGCTCTGAA

CLCLCCEED CELELERTUELELELEEE (] LE LI IIIIIIIIIIII III
Sbict 2 GAGCCCGCTGAGGCGAGCCGAGCCGCGGCAGCACCCGGAGCCCAGCGGCGGAGCTGA

Query 61 GAMCAAG(GGCGGCA(GGGAG(AGCGGCGACGGA AGGTGGCGAGCCTTCGCCCGGCC 120

I L UL FEEEEE L EEELELEEEELEEELEE FEE LELEELLL L]
Sbjct 62  GGCACTAGCGGCGCGGCGGEAGTGETGECGACGGACAGGTEGCTAGCTTTCGCCCGEGEE 121

Query 121  GCCAGGGGCTGCTGGGCCACCCGCGGAGCCTCGCGETCCAGACGTGGCGEGGEGTGGCGGC 180
[LLLELE TLELE LT L DL LT LT [ 1]

Sbjct 122  ACAAGGGGCTACTGGGGCGCCCGCAGAGCTTCGCTGTCTGGACGTGGC -~ -~ GACGGT 175

Query 181 GGCATCCCGGACGGCCTGTGAGGGATGCGCCGCCCACTGCCCCGCGCCGCCTGACCGTCC 248
IIIlHIlIlIII!IIIIIIIIIIIIIIIIIIIIHIIIIII LLELLE LEELEL L)

Sbjct 176 GTGAGGGATGCGCCGCCCACTGCCCAGCGCCEECTEACCGLCC 235

Query 241 CCGCCTCGACTcgcgptgcgccacs cu. cgeccgtecccgccgegtigtcgec 300
i R ng i
Sbjct 236 ((GCCTCGTCTCGCGGTGCGCCA(AGCCGGGCCCG(GGC(GTT(CCG(AG(GCCGTCGC( 295

B 1T LT TR T
Sbjct 296 GGCCECCGEGCCCGLGLEECCRCELCCAECCIGELCATETEGACCCCCAC 355

Query 361  GAAATACGGCGTAGTGATATGCAGCTTTCGAGGATCTGTCCCTCAAGGGTTGGTCTTAGA 420

IIIIIll!llllllIIlIIIlIIlIIIIlI LLLCLELE LELELELL T IIIIIII
Sbjct 356  GAAATACGGCGTAGTGATATGCAGCTTTCGGGGATCTGTTCCTCAAGGATTAATC 415

Query 421  AATAGGAGAAACAGTCCAGATTCTTGAAAAATGTGAAGGTTGETACAGAGGAGTTTCAAC 488
IlIllIIHlIlIlIIIIIIIIlIIIIIIIIIIHIIIIIIIIIIIII|IIIII IIIII

Sbict 416 AAACAGTC TTGAMAGATG ACAGAGGAGTGTCAAC 475

Query 481  AAAGAAGC GGGATCTTTCCTGCAAATTACATT! 540
IlIIIlIlIlIlIlI IIIII lIIlIIIIIIIHI IIIIIIIIIIIIIIIII IIIll

Shjct 476 TTTCCTGCAAACTACATTCACTTGAMAMAAGCAAT 535

Query 541  TETCAGTAATAGGGGGCAGTATGAAACTGTGGTTCCACTTGAAGATTCTATTGTGACTGA 600
PCCCCECCLCUEEEELELEEELEELECRELELEEEELEL CEEEELLE TLLELLITLT]

Shict S3F TGRTCAGTAATAGGGGGCAGTATRAAACTRTGGTTCCACTIGAAGATTCCATTGTGACTGA 595
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Mature hsa-miR-519e-5p Mature hsa-miR-51%9e-3p
Accession MAAATD il Accession MIMATDOCZEZE
Desaription Hormo saens hea-miR-61Be-5p mature miIRNA Description Hamo sapens hea-miR-618e-3p mature mIRNA
Saguance 14 - UUCUCCAAAAGGHGAGLADUILILG - 35 Sequance 57 - AAGUGCOUCCULULAGAGLUIGLLY - 73
Evidenca aperimental Evidenca expesimental
armay-clored [1] aray-cioned 1], coned 2]
References

PublMed |0 17604727
A mummalian mis 1 atls based on amall BHA by sequancirg

“Landgrat B, Huss W, Shoridan B, Sewar A, lovino N, Amvin &, Plettor 5, Rice A, Kampherst AQ, Landthater M, Lin ©, Sooo 8O, Hormida L, Fulet ¥, Chiarath §, Foa R, Schiiwka J, Fuchs U,
Novosal A, Muller RU, Schermar B, Bissals U, lnman J. Phan Q, Chion M”

“Call (2007) 12574071414

b

Fubibed |D- 15965474

Idantffication of hundrads of conserved and noncanaermd htsman microRMAS

“Bantwich |, Avniel A, Karow ¥, Aharonov R. Gilad &, Barad O. Barzilai A, Einat P, Einav U, Mairl E, Sharon E, Spector Y. Bentwich Z°
*Mat Genal (2006] 37;744-77T0

hsa-mir-5184 ks associated with ohe or mors human diseases in the Human microRNA Dicease Database

Download CSV EE
Filtar:
Show 10~ entries
PubMed
Disease  * Description Category B
Adanocarcinoma To be specific, lincl 1833 can function as a compatitive andogenous RMA (caRMNA) to adsork miRt-619e-3p IncRNA 33173348
of Lung Hhwough a sponge and regulate S100A4 in king cancer, thoraby baing invahed in LUAD progression. targat e e
Siamach All irvestigations indicated that Lnc ASNR Aunclionnd as & coRNA targeting miR-519e-6p and faciltated GG IncRNA P
Meoplasms devalopment by regulating the pathway of miR-519e-SpiFGFR2 targat s
Thyreid Uttimataly, our study revealad that RAPKE-AST promotes. and migration of thyroid cancer WERNA
g celis by targeting the miR-518e-5p/YWHAH mmis, which prewdes novel insight inko the developmant and t:ug-r JITT09

progression of thyrokd cances,

Lhtadine Corvical  Therelore, GABPE1-AS1 lunctioned as & lumer activator in CC pathogenesis by binding 1o miR-519e-5p and InoRNA
Masplasrn deatinying it humar suporasshm hinction tarmgent

AZBA44BE

Figure S5. Some human diseases are associated with miR-519e, and their corresponding accession numbers were also retrieved.

PREDICTED: Pan troglodytes complement factor H (CFH), transcript variant X1, mRNA
Sequence 1D0: XM_001136531.4 Length: 3979 Number of Matches: 1

Range 1: 3225 to 3979 GenBSank Graphics

Score Expect Identities Gaps Strand
1266 bits(685) 0.0 732/755(97%) 1/755(0%) Plus/Plus
Query 544  GACACTTCCTGTGTGAATCCGCCCACAGTACAAAATGCTCATATACTGTCGAGACAGATG 603
IIIIIIlIIIlIlIIlIIIllIIIIIIlIIIIIIIIllI 11111 IIIIIIllIlIIIl
Sbjct 3225 GACACTTCCTGTGTGAATCCGLCC ACAAAATGCTTATATAGTGTCGAGACAGATG 3284
Query &es AGTAAATATCCATCTGGTGAGAGAGTACGTTATGAATGTAGGAGCCCTTATGAAATGTTT 663
IIIIIIlIIIlIIIllIIlllIIIIIIIIIIII IIIIIIIII!IlIIlIIIlIIlllII
sbjct 3285 GTAAATATCCATCTGGTGAGAGAGTACGTTATCAATG 3344
Query 664 GGGATGAAGAAGTGA' 723

IIIIIIlIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlll
sbjct 3345 GGGGATGAAGAAGTGATGTGTTTAAATGGAAACTGGACAGAACCACCTCAATGCAAAGAT 3404

Query 724 ACGGGAAAATGTGGECCCCCTCCACCTATTGACAATGGGGACATTACTTCATTCCCG 783

IIIIIIlIIIlIlIIIIIIIlIIIIIIIIIIIlIIIIIIIIIIIIIIllIIlIlIlIIII
sbjct 34es TGTGGGCCCCCTCCACCTATTGACAATGGGGACATTACTTCATTCCCG 3464

Query 784  TTGTCAGTATATGCTCCAGCTTCATCAGTTGAGTACCAATGCCAGAACTTGTATCAACTT 843
LECELLECELERE LT EEEr FERERREEREERRE R e e e eeeny 1l
sbjct 3465 TTGTCAGTATATGCTCCAGCTTCAACAGTTGAGTACCAATGCCAGAACTTGTATGAACTT 3524

Query 844 GGETAACAAGCGAATAACATGTAGAAATGGACAATEGTCAGAACCACCARAATGCTTA 9e3
IIIIIIlIIIH|IIIIIIIlIIIIIIIlIIIlIIIlIIIIIIIIIIIlIIlIlIlIlII

sbjct 3825 3584

Query 984  CATCCGTGTGTAATATCCCGAGAAATTATGGAAAATTATAACATAGCATTAAGGTGGACA 963
IIIIIIlIlIlIIIIlIIIIlIlIIIIlIIIIlII lIIlIlIlIIIIlIIHlIHl 1

Sbjct 3585 CATCCGTGTGTAATATC 3644

Query 964 AAACAGAAGCTTTATTTGAGAACAGGTGAATCAGCTGAATTTGTGTGTAAACGGGGA 1023
IIIIII PECRE LRLEEE FETCRRRR R e el Feeeeey 1t Ill

sbjct 364s CCAAAGAGAAGATTTATTCGAGAACAGGTGAATCAGTTGAATTTATATGTAAAAATGGA 3704

Query 1024 TATCGTCTTTCATCACGTTCTCACACATTGCGAACAACATGTTGGGATGGGAAACTGGAG 1@83
LIDRRLRRRRDE DE FERLELLL IIIIIIIlIlI lIlIIIIIIIIIIIlllIlIIIl

Sbjct 3705 TATCGTCTTTCACCAAGTTCTCACGCATTH 3784

_ Query 1084 TATCCAACTTGTGCAAAAAGATAG ..A,x.rsc.\ ACCTTTATYCAGAA 1142
IIIIIHIIIHI IIIIIIIIIIIIIIIIIII 1T I III I|IIl|IIl|l|l

sbjct 3765 TATCCAACTTGTGTAAAAAGATAGAATCAATCATAAAATGCACACCTTTATTCAGAACTT 3824

- Query 1144 TAGTATTAAATCAGTTCTTAATTTCA- TTTTI’AAGTATTGTTTTMTCCTTTTTATTCAT 1202
TECLEEECERL R R e ee A e e e e e e e e ieny

Sbjct 3825 TAGTATTAAATCAGTTCTTAATTTCATTTTTTAAGTATTGTTTTACTCCTTTTTATTCAT 3884

- Query 1203 AAAATTTTGGATT AAGC rwuceareecrcrcr 1262
I IIlIIIIIIIIIIIIIIIIIIIIIIIIIIIlIlIllIII LELLELLELETLELIntd

- sbjct 3885 CTGAGACCGGTGGCTCTCT 3343

Figure S6. Approximately 30% of the gene was found to be mutated by comparing the defective sequence with the reference gene in FASTA format.
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Figure S7. Using BLASTn alignment, approximately 10% mutation was identified in the defective sequence of the TP53 tumor suppressor gene

PREDICTED: Aotus nancymaae cellular tumor antigen p53 pseudogene (LOC105709634), misc_RNA

Ramezani R, et a/

Sequence ID: XR_001105560.2 Length: 1982 Number of Matches: 1

Range 1: 1 to 1982 GenBank Graphics

Score Expect Identities Gaps Strand
2521 bits(1365) 0.0 1797/2004(90%) 35/2004(1%) Plus/Plus
Query 3 CAAAAGTCTAGAGCCACCGTCCAGGGAGCAGGTAGCTGCTGGGC TCCGGGGACACTTTGC
L lwllul HIMHIIHIIIIIII_HIIIH 11 Ilull |1
Sbjct 1 CAAAAGTGT. CCACCATCC GCAGGTAGCTGCTGGGC TCCAGGAACACTTGGC
Query 63 ? GGG(TG?ﬁ(IiCG GCTTTCCIMI:GMG?'{?A(ACG(TTC?(I‘.}’--GGATTGG?” Cl 120
Sbjct 61 GTC Té(l&ClTGGAGTéTéCTT .- GA(!AGTG“J(A“’T&(CT A CA 117
Query 121 GCCTTCCGGGTCACTG GGAGGAGCCGC AGCGTCGAGCCC 18
IIII!IIIII [ IIIIIIIIIlIIIIIIIIIIlIIIIl Ill |l IHIIII
Sbjct 118 CCTTCGGGGTCAG ATGGAGGAGCCEGC, 177
Query 181 TCAGGAAACATTTTCAGACCTATGGAAACTACTTCCTGAAAACAACGTTCTGTC 240
IIIIIIIIII[IIIIIIIIIIIIIIIIIIII IIIlIIlIlIllIlIIlIIlIIII
Sbjct 178 TCAGGAAACATTTT ATGGA- --TAC CATTC 234
Query 241 CCCTTGCCGTC CAAGCAATGGATGATTTGATGCTGTCCCCGGACGA----T--ATTGA 294
[ 11111 ”“c“c ([ﬂlllll}llllll IlIIlII 1 )
Sbjet 235  CTCCTTGCTGTCC! TGGTGGATGATTTGATGCTATCCCCGGATGACATTTACATTGC 294
Query 295  ACAATGGTTCACTGAAGACCCAGGTC CAGATMTCCCAGAATGCCA@GGCTGCTC 354
IIIIIIII“I lAlcac” | IIIIII [ III I | L L) L]
Sbjct 295  ACAATGGTTCAGTC ACAGTATCAGAGGCTCCTCC 354
Query 355 ( CCGTGGCCCCTG(A( CTGCACCAGCCCCCTCCTG 414
IIIIIIIII I IIIIIIIIIIlIIl IIIIIIII LLLCELLLLLETEL L
Sbjct 355 CGCCGTGGCCCAGGCACCAGCAGCTCCTACATCAGCGGCCCCCACACCAGCCCCCTCCTG 414
Query 415 GCCCCTGTCATC"CTGTCCCTTCCCW ACCAGGGCAGCTACGGTTTCCGTCT 474
IIIIIIIIII LLLLLLEELLLLLT] IIIIIIIIIl 1l | lIII||lIIHIIII
Sbjct 415  GCCCCTGTCATCCTCTGTCCCTTCCCAGGAAACCT. GGTAACTACGGTTTCCGTCT 474
= I [111] IIIII IIIIIIIIIIIIIIlIIII}“? 11 "
Sbjct 475 ATTi GéGMLiC ETLTGA(TTGCACGTACTCCCCT CCTC 534
Query 535  CAAGAT TT TG((AACTGGCCAAGACCTGCCCTGTGCAG(TGTGGBTTGATT(CA(A(C 594
1111 J‘HIIIL“HIHIIIIIII%II&III l *ill!
Sbjct 535 A TTTTGCC GGCCAAGACCTGCCCCGTRT, TTT TTCCAC 594
Query 595 C(GC GGCACCCGCGTCCGCGCCATGG 654
LLLEE T IIIlIlIIlIIllIIIIIllIIIlIIlIlIIlIlIIIlIllIIll
Sbjct 595 CCCGCGTGGCACCCACGTCCGCGCCATEGC! 654

compared to the wild-type in the GRCh38 reference genome.

Figure S8. By comparing the FASTA format of the reference gene with the gene, it was observed that the gene has a 10% mutation responsible for
the disease.

PREDICTED: Theropithecus gelada signal d and activ of ion 1 (STAT1),
Sequence 10: XM_025404103.1 Length; 2038 Number of Matches: 1

Range 1: 18 10 2935 GenBask Geachicy

Sozee Bpec  ldescuies Gams Strane

5058 bits{2735) 0.0 2853/2924(59%) 4/2924(0%) Blus/Pius

query 1 STTTCOCTT TCLTRCOCABAGTCTECGGAGGEGC TCAGE TOCACCGGOSGEATCECELCT 68
IIIHIIIIIII IllHHlXIIlIlIIlIIlII IlIchIll 11 [II!HI

sbjct 18 7%

Query 1 TCEOSAGAGSCTGCACCECCEIS 129
HIHHIHI 1|I|l[l|l'.|[| IIl lI Iil TOTLEEEEIELTRTL) |

sbjet 77 CCCAAACLGASC, CLGECACELCL 13

Query 121 CCLC-CGCLTASCCCTTCCEEATCCTOLGLGCASAAMASTTTCATTIGCTATATGLCATE 179
I IlllIInHIlllllllllllélllllllllllllllllllllllll&lillll

Sbjct 337 CCCRACOCCTARCCCTTCCORATCCTECGLECAGAAAMETTTCATT TACTETA 1%

Query 180 GAGAGCTOTCTAGET TAACTTCOCAL TCTTSTATATASCCTCEACASTL TGS b3
. II Jllllxll II JULLEL LEEEELTETLL Illlllllllll Illlll

sbict 197 CTOGATTAALATTCACAL TCTGTACATECALLCT 86

Query 240  CCTAACGTGCTGTGLGT, AGURV(("\‘“"GL\KC:CM«Imnm 299
TEILELERELEIY HHI‘)IIIHIIHHIIIIIHII lllll [llll!HlH

Sbict 287  CCTAMCGTGLTGTGTGTAGLT %

Query 00 AGGTGGCAGGATGTCTCAGTOGTACOAALTTCAGCAGCT TGACTCAARATTCLTGSAGCA 359
TELLLLELERTRLL R ERa ] i lllllllllllllllllHHIIIHHI

seict 37 375

Quiry 360 GGTTCACCAGCTTTATGATGACAG! 419
HIIIllllDIHIIIHHllllllllllllllllIIllIIHl llllllllllllll

sojet 377 TCALCAGT GATGE a%

Query 420 4
HI|llllHIHIIIHHHlIlllIIHIllHHHIIHIIIIHIIIIIH il

sbjct 437 TTAGAAAAGLASE GCCACCATCCETTT 486

Query 480 1)
IIIHIHIIII IIIIIIIIIIIIIIIIIHIHI|I|III1HI|IHIHIIIHII

sbjct 297 GCTTTTCTTTORAGAATAACTT S84

Query 548  CTTGCTACAGCATAACATAAGG: 593
IlIHIIllllllllllllllHIlIllIHllHlIIIlIIIllllIIIIlIIIHHI

sbict §§7 ATALG3AARRGC ARG 8%

Query &0 ((Cu"((w"ﬁ‘ﬂletlYY? CAGCTATCTEAMGOAABARAAGDARAATTCTERA &89
CELLEERERELRER LRI LERELRntLt llllllIIHIIHIIHIIIIIIHIHI

sojet 617 CCCAN TCC-\G-\"‘I A'I TCAT T TACASCTATCTEAAGGAAGARAGEAAAATT! 67

Query eée CCAGAGATT TAATCAGGTCAGTCOBGEARTAT TCAGAGC AL 719
IIIHIIIIIIIHIIHIII)II IlIIIlIlIlIIIllIIIIlIlIHIIIIIIHlI

SBJCE €77  AAACECCCAGAGATTTAATCAGECCCAGTCRGGAAATATICAGAGCACAGTAATGTTAGA 734

Query 720 AGAAAGAGLTT TGT 64LA%GT ”
IHH||IHIHllllHlH||I|l||l||||ll||||||I|l|lllHll|I|llH

SHIEt 737 CAAMCAGAAAGAGCTTGACAGTAMGTCAGAMTGTGAMGGACAMGGTTATGTGTATAGA 754

Query 780  GCATGAAATCAMGAGCCTEGAAGATTTACAAGATGAATATGACTTCAAN L1
HIHIIIHI llllllllliIIHIII)HIIIII HIIHIIII[HII[HHII

sbjet 97 GAAAT CARGAECCT 56

Query sse 4G T! 899
IIIIIII[IIIIIIIIHIIIIIIII[IIIHIIIIIlllIIIIIIIIHIHIIIIIII

SDICt BST  GCAGAACAGAGAACACGABACCAATGGTGTCECAAAGASTGATCAGAAACAAGRACAGLT 916

Query 380 STTACTCAAGAMGATGTATTTAATECTTSACAATAAGASAAAGGAAGTAGTTCACAAAAT 959
o SRR LCRE LR R TR LR i

Sbjct §17  GTTACTCAAG: TTAATECT T 3424564 TCACAAAAT 97§
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Figure S9. Analysis of the Irak2 gene revealed 60-70% mutation frequency compared to the healthy reference, based on NCBI data. These muta-
tions, linked to immunodeficiency, affect the interleukin-1 receptor-associated kinase 2, a key regulator of IL-1-induced NF- kB signaling.
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Sbjct 368  ATGGLEGEAAGTGTGAAGCGGCCAATGGCACGGAGECCTGLETCTGTEECGEEECCTTCG 419

Query 4228 TGGGCCCGCGATGCCAGGACCCCAACCCGTGCCTCAGCACCCCCTGCAAGAACGCCGGGA 479

IIIIIIIIIIIIIIIIIIlIlIIIIlIIIIIIIIIIIIIIIIIII|III|IIII|II|H
Sbjct 420 GGCCCGCEATECCAGGACCCCAACCCGTGCCTCAGCACCCCCTGCAAGAACGCCGGEA 479

Query 488 CATGCCACGTGGTGGACCGCAGAGGCGTGGCAGACTATGCCTGCAGCTGTGCCCTGGGLT 539

CELLOLLLELELEEE R er TEEEE RCELEEEEEE POLECCEEELEL TLLEELIT]
Sbjct 488  CATGCCACGTGGTGGACCGCGGAGGCATGGCAGACTACGCCTGCAGCTGTCCCCTGEGLT 539

Query 542 TCTCTGGGCCCCTCTGCCTGACACCCCTGGACAATGCCTGCCTCACCAACCCCTGCCGCA 599
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Sbjct 540  TCTCTGGGCCCCTCTGCCTCACGCCCCTGGACAACGCTTGCCTCACCAACCCCTGCCGTA 599
Query 608 ACGGGGGCACCTGCGACCTGCTCACGCTGACGGAGTACAAGTGCCGCTGCCCGCCCGGLT 659

[CLCLLERELCTERL R ELE LD ALEE L e TEEEL L EEL LTI L]

T
[
Shict 688  ATGEGGGCACCTGCGACCTGCTCACGCTCACGGAGTACAAGTGCCGCTECCCECCCRGLT

659

Figure S10. FASTA comparison shows ~40% mutation presence in NOTCH1, associated with aortic valve disease and T-cell acute lymphoblastic
leukemia.
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Sbjer 120 CAGGATGACCCCAAGTATC TTCAGCAAGCACCAGAATGAGTCCCTCCAGCCCCT 179
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Sbjct 180 CTCCAGAATCCCTGGTCAAGCCGGTTGTGCCCCCATTGEC 239
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lII IIIIIIIIllIIIIIIIIIIIIIIIIIII I LU TEHTE L IIIIIIII
Sbjct 36@ CTACTCCTCCGGACGAGCT 419
Query 684 AAGCTATCGAA MCCAATATTACGGCTC 743
I I Y1) lIIIIIIlI |l IIIIIHIIIIIITIIIIIIIIIIIIIIIIII
Sbjct 420  ACCTCAAGCTATCGAATTTGTCAACCAGTATTACGGCTC 479
Query 744 GGMCATCTGGCCMGGTGGMGCGGTMCMAGGMMA 803
IIIIIIIIII |11 IIIIIIIIIIIII 11 II&I&IIII lIIIIIIIIIlIIlI
Sbjct 480  GGAACATCTGGCCAGGGTGGAAGCGGTGACGAAI 539
Query 804 GACGGGAGATGAGCTCATCTTCGCCACCAAGC GG( TGGCGCAATGCCCCACGCTG 863
lIIIIIIIII IIlII lIIlII LI II LELLLELEE EIEEL LT
Sbjct 540 GGGAGATGAGCTCATCTTTGCCACCAAGCAGGCCTGGCGCAACGLCCCCCGLTG 599
Query 884 CATIGG@MS@\ CCAG T((AAC TGCAGGTCTTC GA GCCCGC (TGITCCM 6 923
[T II I ‘IIL\‘IIIIIIII II LULELL L TLILLLTL |
Sbjct 66@  CATCG TCCAGTGGTCCAACCTGLAGGTCTTCOATGLCCGGAACTGTTCCACCGE 659
Query 924  CCGGGAAATGTTTGAACACATCTGCAGACACGTGC 6 T(C MC CAT 983
EOLUUL EEERLEEE CELLREEEERE e EEELEEE LLEELLnn IIIIIIII
Shirr AAO  (CRGRAGATRTTTRAGCACATCTGCAGACACCTROGTTAT TffAl'fM CGGCAACAT 719

g
Figure S11. Detailed molecular analysis revealed that 16% of mutations are localized w

observation.

PREDICTED: Cebus imitator homeodomain interacting protein kinase 3 (HIPK3), transcript variant X3, mRNA

Sequence ID: XM_017514258.2 Length: 7785 Number of Matches: 1

Range 1: 133 to 7785 GenBank Giaphics
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Query 1 GGTGECAGCTGCCTCAGTGACGACTGCCGGCATCGCGGCGACCTCAGGAGATCAA 60
ll IIIIIIIIIIIIIIIIIIIIIIIlllIIIIIlIIIIIIIIIIIIIIIIIIIIIIIII
Sbjct 133  GGCGGCAGCTGCCTCAGTGACGACTGCCGGCATCGLGECGACCTGAGGAGATCAA 192
Query 61 MG(((CG([GTCG(CACCA(T(C(GCCAGTCTT(CTTCTCCGCTCCCGG((GGG 120
PLLLLEEELELEL © LEEE TEE T TREELLEELLL T lIIIIIIIIIIIIIII
Sbjct 193 GGEGCCCCECCGTCETCGGCACT -CCGGLCTETCTTCCTTCTCCGGTCLCGGCCGEEET 251
Query 121 GAATGGGCCCCAATCGCCGTGGECCCCGCACCCTGCGTCGCCCGTAGGCCCCAGTAGE 188
l|IIIIIIlIIIIII 1] IIIIIIIIIIIIIIIIIIII]IIIIIIIIIIIlIIIII
Sbjct 252 GAATGEGCCCCAACCGCCGLGGEGCCCCGCACCCTECGTCGCCCGTAGGCCCCAGTAGE 311
Query 181 GA(CGGCCTC(CACTA((C(I’(GC(CTMS(( GCCGTCCCCACCCCAAA 240

I I I |
Sbjct 312 TGGAGGCCGGCTGGCCTCCCACTACCCCTCACCCCAGCCGAG

COLLLERLCELEETELED LEL hEL) IlécléIéééchlcly 435

Query 241 CCOGGAAGGAAGATGAGGGAGALGGGLLCGLCGL TTageageca; C3gCa 300
n||||||1|||||||m||||||1|1|mnuu?n m?u? e I I
Sbjct 372 AGAGCMAG 431
Query 301 GGGGGAGGETGTTTCECCOTTTCCTCTCAGCCGCCAGGACAAGA 360
IIIIIIlIlIIIlIlIIIIIIIIIIIIIIII ||||||[|1|||||1|||||||||||
Sbjct 432 CGGGGGAGGGTGTTTCGCCGTTTCCTCTCAGCCGT 491
Query 361 GCTGGGTGGTGCCGCCTGECTGAAGCGCCT 420
IIIIIIIIIIIIIIIIIIIIIIII ||||||||||||||||mlumnunun
Sbjct 492 CTGGGTGGTGCCGLCTGC 551
Query 421 CCCOGTCCCCGGCACGGCCCTGCGCCCCACCCCGGACAT GGGCTGCGGCCE 480
1] mmmum|||||||||1||n||||||l|||u|1m|||||n|m
Sbjct 552 CCCTETCCCCGGCACGECCCTGCECCCCACCCCGGACAT! 511
Query 481 GGA GGTCTACCCACC 548
lllIIIlIlIlLI || Hiitin | Hmtitiiinm;
Sbjct 612 TAGGAAGGTATG! ( CAAGTCTTGGTCTACCCACC 671
Query 541 AAGTGCCTTTTGTAGTG 500
it | | it |||||||||||||m|||||||||||||
Sbjct 672 ATATGTTTATCAAA! TG CTTTTGTAGTGTGAAGAAACTCAAAGTA 731

Query 601  AAGCAGTTGTGTATTCC M;GAMGMA ATCCAC ccrncrmrmrm 660
LLLLLLELE LL AL IIIII “Lc PLLLLLLLEELLLLL III
Sbjct 732 AAGCAGTTGCGTTTTCCNGG GAAACTATCC CCTATGTGAATGGT 791

Figure S12. Comparative analysis of the FASTA sequences of the healthy and mutated Hipk3 genes revealed that approximately 20% of the total

observed variations are found in the mutated sequence.
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PREDICTED: Pongo abelii NUMB endocytic adaptor protein (NUMB), transcript variant X10, mRNA
Sequence 10: XM_054529722.1 Length: 4233 Number of Matches: 1

Range 1: 694 to 4233 GenBank  Graphics

Score Expect 1dentities Gaps Strand
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Query S5 TAAGCAACT cmmcncccncmncun 114

oy ittt
Query 115 AAGATCYTGA\’CIAYAYCCA AT GGGCCAGCAATCCTCAGACGCCT 174

it .

Sbjct 754 AAGA}
Query 175 (A(TTAGGACAMYGAGGMA( YGAGG(YTGGTGAAGYT CGAAACTTGTCCAAAATCAC 234
LLLLERLEIE (iinltill I LELLLRELE LR RE L L R il
Sbjct 814  CACTTAGGACAGATGAGGAAACT nc,cvmcn CGAAACTTGTCCAAAATCAC 873
Query 235  ACAACTTGTAAAG! TTCAGAGCCAGGCTGTAAAAATTAAAATGAACAA 294
et i AAAHLAM““A o3
Query 295 nmcmcm TTTTAGGAGAAAGARGGATG ancc GCCAGTCG 354
sbsce 934 Actadedehdd H#A&M&MLM T -
Query 355 TCAGTGGCAGACAGATG GCGTTC GAABMATGTAGCTTCCCGGTTAAGTA 414
oree s WALLLLL .Uml Jiil é"mucx Lw u&um&umu 1053
Query 415 ccnac.ccnc.uon GAGGAATGCACATC :.nc.n ara
IIIII[llIIIIlII lAIIIlu All IllllIII
Sbjct 1054 CCTTGGCCATGTAGAA! ATC r 1113
Query 475  AAGATTGAAAGCTGAAAGGAAGTTCTT cmcncnmxwwmc GGAAAGAAAGC 534
LLLLETLELETLEL] Il 111 IIIIIIII [JNRRSRANNNY] lllllllllllllll
Sbjct 1114 AAGATTGAAAGCTGAAA TCAAAGGCTTCTTTGGAAAAAC TGGAAAG AAA 1173
Query 535 AGTTCTGTGGGTCT GGACTCAGAG 594
ettt ity
Query 595  GGACCTCATAGTTGACCAGAC GAGAAAGTTTCTTTCTGTG cccmcmucn 654
sbjcr 1234 "uuw,m'muu&,xum HEHGHHUUAM 1205
Query 655  TGATAGAG rrnc uuumccc.mA GGCACCACTCGTCGCTGGATCTGTCACTG 714
il IIIJ' “Aélll IHIIIIHIIlllélllllllllll‘l,
Sbjct 1294 TGATA GAG rnrc TGTCGTGATGGCACCACTCGTCGCTGGATCTGTCACTG 1353

Figure S13. FASTA comparison demonstrates~30% of mutations in the defective gene, with additional Numb gene mutations identified via BLAST
analysis on the NCBI server.
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