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Abstract

Background: Opisthorchis viverrini is a parasitic flatworm that causes opisthorchiasis and is a major risk factor
for cholangiocarcinoma (CCA) in Southeast Asia. Previous studies explored parasite biology, using the available
reference genome annotation, specifically the mRNA expression. The information on genomic features of Long
Non-Coding RNA (IncRNA), which can affect parasite biological function, is largely unannotated and remains
unknown.

Objectives: We aimed to reconstruct and classify IncRNA derived from O. viverrini in vivo from a definitive host
to understand its features and provide a new alternative option for IncRNA as an intervention target against
opisthorchiasis.

Methods: Our study used rRNA-depleted data obtained by the Illumina NextSeq 550Dx platform to reassemble
and classify IncRNA using available public bioinformatic tools.

Results: Our findings revealed a total of 38,282 transcripts assembled from uniquely mapped reads. A total of
20,607 transcripts were predicted as long non-coding transcripts of various lengths. In those transcripts, 11,077
antisense and 9,530 sense IncRNAs were accounted for based on transcription direction. Based on genomic
location, we classified IncRNAs into four types: long intronic ncRNAs, long exonic ncRNAs, upstream long-
intergenic ncRNAs, and downstream long-intergenic ncRNAs.

Conclusion: Using an rRNA-depleted library, we provided a comprehensive profile of O. viverrini IncRNA and
reconstructed 20,607 novel IncRNAs that may interact with protein-coding genes. This information will contribute
to opisthorchiasis intervention by providing insight into the biological mechanisms of IncRNAs, serving as
stage-specific biomarkers for therapeutic strategies in opisthorchiasis, laying the foundation for research on
IncRNA mechanisms, and further improving the reference genome annotation.
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O. viverrini is a parasitic flatworm that causes
opisthorchiasis and is a major risk factor for
cholangiocarcinoma (CCA) development in Southeast
Asia.") Early and effective intervention is important
to prevent the high incidence of opisthorchiasis and
related diseases. Apart from candidate biomarkers and
drug targets, which are mainly derived from protein-
coding genes in various diseases, such as breast cancer,
hepatocellular carcinoma, and prostate cancer *¥,
other types of RNA are an interesting option, such as
IncRNA and microRNA.®9 The current reference
genome and annotation of O. viverrini are publicly
available @ and have been annotated with 16,379
protein-coding genes.® However, the information on
IncRNA is lacking in the available genome.

LncRNA is a class of RNA longer than 200
nucleotides in sequence length and lacks protein-coding
potential for protein synthesis.”” Despite not being
translated into protein, IncRNAs may play crucial roles
in organisms. For example, co-expression between
mRNA and IncRNA has been reported together with
an update on non-annotated IncRNAs of the blood
fluke Schistosoma mansoni.'"” In S. mansoni,
IncRNAs are involved in the regulation of gene
expression and are essential for reproductive
biology 'V, as well as in the process of praziquantel
drug response.!» Moreover, specific expression
patterns and biological involvement of IncRNAs
have been demonstrated in other parasite infections,
including Plasmodium falciparum "% and
the ruminant parasitic nematode Haemonchus
contortus. 'Y These studies suggested that the
IncRNA may play crucial roles in various biological
processes necessary for understanding parasite
biology.

Furthermore, a deeper profiling of their
comprehensive genomic features serves as the initial
foundation for research advances. According to current
knowledge, the annotated IncRNAs of O. viverrini
have not been reported. Here, we aimed to reconstruct
a new transcriptome assembly from rRNA-depleted
libraries across 3 in vivo stages obtained from the
hamster definitive host and to classify IncRNAs of
O. viverrini, which is necessary for improving
genome annotation and their future use in investigating
biomolecular mechanisms, IncRNA-mRNA
interaction, and biomarker and drug target candidates
for O. viverrini. We used publicly available
bioinformatics tools to identify and classify the IncRNA
category. This work provides an essential step for
future investigation of IncRNA functions and helps
the research community access an improved genome
annotation to advance opisthorchiasis intervention.
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Materials and methods
O. viverrini RNA sample preparation

Nine samples of leftover total RNA from
Taweesin et al., 2025 (manuscript under revision), were
used in this study. The samples were divided into three
groups, with three replicates per group, according to
the time points of parasite collection post-infection:
14 days (D14), 42 days (D42), and 180 days (D180).

cDNA library preparation and next-generation
sequencing

To enrich IncRNAs, the RNA-seq libraries were
prepared using a probe-free Zymo-Seq RiboFree Total
RNA Library Kit (R3000, Zymo Research) with a
starting RNA amount of 100 ng/sample. In brief, the
principle of the probe-free rRNA depletion method
removes cDNAs derived from ribosomal RNA
(rRNA) by digesting high-abundance rRNA-cDNA
hybrids. The remaining cDNAs from mRNAs and
other ncRNAs were ligated to adapters for library
amplification."® The concentrations and average
library sizes of cDNA libraries were investigated using
the Agilent TapeStation with Agilent D5000
ScreenTape system. The sequencing was performed
on [llumina NextSeq 550Dx platform, with paired-end
read sequencing, 150 bp in sequence length.

Bioinformatics analysis

All sequence reads of the rRNA-depleted libraries
were quality checked using fastQC (v. 0.12.1) @9
and multiQC (v. 1.25.1).” All universal Illumina
adapters and Zymo adapter sequences were specified
before being removed by default parameters of
TrimGalore (v. 0.6.7-1).!® Reads with good quality
(Phred quality scores cut-off = 30) were aligned to
the reference genome of the O. viverrini 7 using
STAR (v. 2.7.11b) " with —outSAMstrandField
intronMotif option to identify the strandedness of
reads. Mapping outputs were converted from SAM
to BAM format and sorted using samtools (v. 1.21).¢%
Uniquely mapped reads in sorted BAM files were
extracted using samtools with the specific symbol of
unique alignment number (NH:i:1). Uniquely mapped
reads were reassembled into full-length transcripts
and exported as General Transfer Format (GTF)
for each of the nine samples using scallop with default
parameters (v. 0.10.5).?Y Next, a consensus list of
transcriptomes was created using TACO (v. 0.6.2) @2
with parameters (—filter-min-length 200 —isoform-
frac 0.5). The consensus transcriptome was classified
into IncRNA classes using FEELnc (v. 0.01) ¥ via
Apptainer shell running (v. 1.3.2).%% All transcripts
that passed TACO filtering step were assessed for
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their coding potential with CPC2 (version 0.1).2%
We merged the two datasets to select the reliable
classified IncRNAs based on two criteria: 1) the
filtered assembled transcripts were identified as non-
coding potential by the CPC2, and 2) long assembled
transcripts were defined as having a high-confidence
level by the FEELnc classifier. All data visualization
was done using R and RStudio (v. 4.2.3).29

Results
Library output

The Agilent TapeStation analysis showed that our
rRNA-depleted libraries of O. viverrini were
successfully produced with concentrations between
0.64 and 17.6 ng/ul. The average library size ranged
from 321 to 587 bp, as the details shown in Table 1.
This result emphasized a viable approach for studying
organisms where a reliable rRNA sequence is not
available, rendering probe-based methods unsuitable,

by using a universal probe-free rRNA-depletion
strategy.

Pre-processing rRNA-depleted data

The sequencing output was 3 to 5 million (M)
reads/sample. The reads were checked by fastQC
and multiQC showing an average Q score of 33.79.
GC content was 44%, similar to a previously published
study in O. viverrine.” Read length after adapter
trimming is distributed between 132 and 145. For
sequence alignment, total reads after the adapter and
quality trimming were mapped to the reference
genome of the O. viverrini”), resulting in various
numbers of uniquely mapped reads (UMR), which
were selected for transcriptome assembly to classify
IncRNA transcripts. The lowest and highest numbers
of UMRs were observed at 24.75% and 76.09%,
which were presented in the conditions of D42 and
D14, respectively, as the details shown in Table 2.

Table 1. The concentration and average sequence length of non-coding libraries.

Sample Concentration (ng/l) Average library size (bp)

D14 repl 9.87 587

D14 rep2 17.60 426

D14 rep3 12.70 416

D42 repl 5.82 335

D42 rep2 6.87 328

D42 rep3 3.24 326

D180 _repl 5.44 401

D180 _rep2 0.64 334

D180 rep3 1.74 321

Table 2. Pre-processing data of rRNA-depleted libraries for IncRNA transcriptome assembly.

Sample Forward/ Total reads  %GC Average Uniquely mapped Uniquely mapped
Reverse (M) sequence reads (M) by STAR reads (%) by STAR
reads length

D14 repl F 5,347,334 44 145.55 3,553,279 66.45%

D14 repl R 5,347,334 43 144.55

D14 rep2 F 5,010,798 44 145.63 3,812,722 76.09%

D14 rep2 R 5,010,798 43 145.19

D14 rep3 F 4,294,164 46 14148 2,792,746 65.04%

D14 rep3 R 4,294,164 46 142.46

D42 repl F 3,633,967 43 143.15 1,781,447 49.02%

D42 repl R 3,633,967 42 143.52

D42 rep2 F 4,951,534 42 143.92 1,225,536 24.75%

D42 rep2 R 4,951,534 43 144.03

D42 rep3 F 4,955,961 44 13991 3,115,320 62.86%

D42 rep3 R 4,955,961 45 141.59

D180 _repl F 4,026,285 45 140.88 2,966,768 73.68%

D180 _repl R 4,026,285 43 142.07

D180 _rep2 F 4423244 47 132.88 3,010,802 68.07%

D180 _rep2 R 4423244 48 135.59

D180 rep3 F 4,597,434 45 136.17 3,434,759 74.711%

D180 rep3 R 4,597,434 45 139.63
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Reconstruction of full-length IncRNA transcripts,
filtering, and classifying

Full-length transcripts were reconstructed using
a reference-guided approach. UMRs were used for
Scallop assembly with reference GTF information,
which identified accurate splicing sites from extracted
UMRSs in each of the sorted BAM files and assembled
full-length transcripts. The resulting GTF files
representing each sample, now including potential
IncRNA locations, were combined to create a
consensus GTF using TACO. This process provided
atotal of 38,282 full-length transcripts in the consensus
transcriptome. After filtering out transcripts less than
200 bp and monoexonic transcripts using FEELnc, the
analysis yielded 21,985 filtered full-length transcripts.
Within these full-length transcripts, 50,960 interactions
were predicted, and 379 transcripts without predicted
interaction were identified. The probability of coding
potential in the remaining 21,985 full-length transcripts
was assessed using CPC2, revealing 20,607 transcripts
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predicted as long non-coding transcripts with a high
confidence level in predicted IncRNA classes.

In the predicted non-coding group, of 20,607
transcripts, the average length of IncRNAs was 724
bp, with the shortest and longest IncRNAs being 236
and 18,872 bp respectively, suggesting O. viverrini
IncRNAs vary widely in size, as shown in Figure
1A. We also classified IncRNA into two major
categories based on transcript direction and genomic
location using FEELnc classifier mode. Based on
transcription directions, from all 20,607 transcripts,
11,077 transcripts were classified as antisense
IncRNAs, and 9,530 transcripts as sense IncRNAs,
as shown in Figure 1B. By genomic locations, four
types of IncRNAs were identified, including long
intronic non-coding RNAs (10,660 transcripts),
upstream lincRNAs (4,583 transcripts), downstream
lincRNAs (3,810 transcripts), and long exonic ncRNAs
(1,554 transcripts), as shown in Figure 1C.
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Figure 1. Classification of non-coding potential transcripts and IncRNA types in O. viverrini. A total of 20,607 full-length
transcripts were predicted as non-coding potential transcripts by the CPC2 and high-confidence classified
groups of IncRNA with the FEELnc classifier mode. (A) Average IncRNA length distribution. (B) LncRNA types
categorized by the transcription direction: 1) antisense IncRNA, transcribed from the opposite strand of a gene,
complementary to the sense strand, 2) sense IncRNAs, transcribed from the same strand of a gene, and sometimes
contain exons from the gene. (C) LncRNA types categorized by the genomic location: 1) long intronic ncRNAs,
transcribed entirely from the introns without an exonic region, 2) upstream long intergenic non-coding RNA
(lincRNA), transcribed from upstream of a gene, 3) downstream lincRNAs, transcribed from downstream of a

gene, and 4) long exonic ncRNA, transcribed from exonic regions.
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Although most IncRNAs originated from the
antisense strand, the number of IncRNAs from the
sense strand was not substantially different. When
categorized by genomic location, long intronic RNAs
were the most abundant, indicating that, despite being
derived from the sense strand, the regions within these
IncRNAs are primarily intronic, consistent with the
nature of IncRNAs. Some regulatory mechanisms
clearly play roles in controlling the expression and
splicing of these IncRNAs, which appear to overlap
with the locations of protein-coding genes, warranting
further investigation.

Discussion

Here, we revealed the successful ncRNAs library
preparation, specifically to reassemble and identify
novel IncRNAs of the O. viverrini species. Using
the universal probe-free rRNA depletion strategy to
generate non-coding libraries, the obtained library sizes
(321-587 bp) were shorter than the human RNA
library size prepared by the same method (~560 bp)
as indicated in the kit instruction. This is likely due to
differences between species or variation in the amount
and quality of input RNA. As expected, approximately
3-5 M reads/sample were sequenced with good quality
in base calling of over 30 Phred score (>99.9%
accuracy). The average GC content of 44.33 bp in
the rRNA-depleted libraries was lower than mRNA
GC content (47.8%) but higher than genomic DNA
GC contents (43.7%) for O. viverrini (", suggesting
the inclusion of other types of RNA other than mRNA
in our dataset. The wide range of UMRs (24%-
76.09%) may reflect the nature of IncRNAs, which
often contain repetitive elements and intronic
sequences that complicate mapping, especially with
short-read sequencing data. Additionally, the
incomplete O. viverrini reference genome, generated
from short-read sequencing, often has gaps near
repeat regions, which may further reduce alignment
efficiency. Additionally, although the FASTQ files
showed good quality with an overall score over 33,
variability in depletion efficiency during library
preparation and differences in input RNA quality may
also contribute to the observed range.

Reconstruction of transcriptome assembly
revealed a total of 38,282 transcripts, and 20,607
transcripts were predicted as IncRNAs. The average
IncRNA transcript length (727 bp) was close to the
median length of 738 bp in IncRNA of another worm
species, H. concortus.! Our results revealed that

the intronic ncRNAs are the most common class found
in IncRNAs based on genome coordinates. The
majority, as classified by potential mechanism of action,
were antisense IncRNAs. These results emphasized
that IncRNA of O. viverrini can originate from
various genomic locations and transcriptional
directions, representing all major types of IncRNA
known.?"

Intriguingly, our data identified only 1,019
transcripts, excluding mono-exonic genes, with coding
potential, whereas the reference genome annotates
16,379 protein-coding genes. Notably, the conducted
rRNA depletion method could potentially enrich
IncRNAs and lessen the more abundant mRNA,
reflected in the lower number of coding transcripts
compared to 16,379 coding genes, derived from mRNA
poly-A enrichment in previous work.® This suggests
a potential bias from a probe-free rRNA-depletion
method, which might not be compatible for studying
mRNA-coding genes, and other highly-expressed
genes. While using this dataset to profile the IncRNA
sequences would be sensible, quantitative
measurement of the IncRNA expression needs to be
done with caution and should be verified with another
method.

However, the high number of transcripts
originating from the antisense strand, with the majority
derived from intronic regions, suggests they are
unlikely to be coding transcripts misannotated as
IncRNA, supporting the validity of our IncRNA
annotation. Nevertheless, further validation of the
identified IncRNAs is warranted. Validation using RT-
gPCR is planned to help confirm the robustness of
this dataset. Moreover, additional methods for coding
potential prediction should be explored, or a reference-
free approach using de novo assembly of RNA-seq
reads could be tested.

This dataset represents the first description of
IncRNAs in O. viverrini and provides a foundation
for future studies on parasite biology and biomarker
potential. Future investigations, integrating IncRNA
and mRNA expression data, could explore co-
expression and co-localization, laying the groundwork
for functional research on IncRNA mechanisms, gene
regulation, and potential stage-specific biomarkers and
drug targets. For example, in S. mansoni, transcription
factors shared between IncRNAs and mRNAs
regulate promoter activity, suggesting IncRNA-mRNA
interactions, with IncRNAs co-expressed with
Praziquantel-controlled mRNAs.?® In Toxoplasma
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gondii-infected mice, gene expression analyses of
mRNAs and IncRNAs identified co-localization in key
pathways, such as immune responses and metabolic
changes, across different infection stages.?*”
Regarding biomarkers, IncRNAs like PVTI and
uc002mbe.2 have been suggested as potential
hepatocellular carcinoma (HCC) markers in serum,
distinguishing HCC patients from healthy
individuals.G? Likewise, LINC0I1271 has been
implicated as a candidate for metastasis in breast
cancer. GV

Conclusion

In conclusion, we have demonstrated that our
library preparation method with the rRNA removal,
sequencing, and bioinformatics pipeline was suitable
for the reconstruction of a new transcriptome
assembly and IncRNA classification, with novel 20,607
IncRNAs identified. Our findings provide the first
comprehensive catalog of IncRNAs in O. viverrini,
offering a valuable resource for future studies on their
functional roles for research and intervention
strategies.
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