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Background: High-grade serous ovarian cancer (HGSOC) is one of the most common

ovarian epithelial malignancies. tRNA-derived fragments (tRFs) have been identified as

novel potential biomarkers and targets for cancer therapy. Nevertheless, the influence of

tRFs on HGSOC remains unknown. This study aimed to identify HGSOC-associated tRFs

and to investigate the function and mechanism of key tRFs in SK-OV-3 ovarian cancer cells.

Methods: The tRF profiles in HGSOC patients and controls were investigated using small

RNA sequencing. Differentially expressed tRFs were verified by real-time PCR, and a key

tRF was evaluated in a function study.

Results: A total of 27 tRFs were differentially expressed between HGSOC patients and

controls. Differentially expressed tRFs were mainly involved in the functions of protein

phosphorylation, transcription and cell migration and the pathway of cancer, and the MAPK

and Wnt signaling pathways. Real-time PCR verified that tRF-03357 and tRF-03358 were

significantly increased in the HGSOC serum samples and SK-OV-3 cells compared to their

expression levels in the controls. Importantly, tRF-03357 promoted SK-OV-3 cell prolifera-

tion, migration and invasion. Moreover, tRF-03357 was predictively targeted, and signifi-

cantly downregulated HMBOX1.

Conclusion: This study suggests that tRF-03357 might promote cell proliferation, migration

and invasion, partly by modulating HMBOX1 in HGSOC.

Keywords: high-grade serous ovarian cancer, tRNA-derived fragments, migration, invasion,

cell growth

Introduction
Epithelial ovarian cancer is one of the deadliest malignancies among the gyneco-

logical malignant tumors. High-grade serous ovarian cancer (HGSOC) is the most

frequent and deadly type of epithelial ovarian carcinoma and accounts for 75% of

ovarian cancer cases.1 The onset of ovarian cancer is insidious, and the early stage

lacks specific symptoms. More than 70% of ovarian cancer patients are diagnosed

with advanced ovarian cancer. Under these conditions, the five-year survival rate of

ovarian cancer patients drops below 30%.2 Currently, no specific peripheral blood

screening method is available for ovarian cancer.

Transfer RNA-derived fragments (tRFs) are a novel class of noncoding RNA

rooted in tRNAs3,4 that are 14–35 nucleotides (nt).5 Initially, tRFs were classified

into tRF-5, tRF-3, and tRF-1 in prostate cancer.6 An increasing number of studies have

revealed that tRFs play pivotal roles in cell proliferation, DNA damage response, tumor
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progression and neurodegeneration via regulation of gene

expression.7,8 Since tRFs can bind to Argonaute proteins

(similar to miRNAs) and Piwi proteins (similar to

piRNAs), their disruption may play a key role in cancer by

regulating gene expression at different levels.9 Recently,

tRFs have been identified as novel potential biomarkers and

cancer treatment targets.10 A tRF signature has been detected

in ovarian cancer tissues.11 However, the tRF profiles in the

peripheral blood of ovarian cancer patients remain unknown,

and the role of tRFs in ovarian cancer remain unclear.

In the present research, we aimed to screen HGSOC-

related tRFs and explored the possible functions of key

tRFs in ovarian cancer cells. Serum samples from HGSOC

patients and healthy donors were analyzed using small

RNA sequencing. Then, the effect of a differentially

expressed tRF on ovarian cancer cells was assessed using

the Cell Counting Kit-8 (CCK-8), Transwell and terminal

deoxyribonucleotidyltransferse (TdT)-mediated biotin-16-

dUTP nick-end labeling(TUNEL) assays.

Materials and methods
Ovarian cancer patients and data collection
This study includes serum samples from 23 ovarian cancer

patients and 18 healthy donors. Small RNA sequencing

was performed with serum samples from three HGSOC

patients and three controls. Information from the partici-

pants enrolled in the small RNA sequencing study is

shown in Table S1. Real-time PCR was performed on

serum samples from 20 ovarian cancer patients and 15

healthy controls; the characteristics of the patients are

displayed in Table S2. Patients with hypertension, diabetes

mellitus and infectious diseases were excluded in both

groups. This study was approved by the ethics committee

of the First Affiliated Hospital of Anhui Medical

University. All women provided written informed consent.

RNA isolation, library construction and

small RNA sequencing
Total RNA was isolated from the serum samples using the

TRIzol reagent (Invitrogen, Carlsbad, CA, USA). The qual-

ity and quantity of the isolated RNAwere measured using the

Nanodrop 2000 (Thermo Fisher, MA, USA). The small RNA

libraries were constructed and sequenced by Yingbio

(Shanghai, China). Briefly, 3ʹ- and 5ʹ-adapters were com-

bined with the small RNAs; then, complementary DNA

(cDNA) was synthesized, and PCR was performed. RNA in

the 135–170 nt size range was excised by polyacrylamide gel

electrophoresis and purified. After quantitative analysis and

quality inspection, the six libraries were sequenced using the

IlluminaHiSeq 2500 (Illumina, San Diego, CA, USA).

Bioinformatics analysis
Reads shorter than 15 nt and with low quality were filtered out

from the raw sequencing data. To identify tRFs, all clean reads

were compared with the miRBase database (http://www.mir

base.org/) to obtain identified knownmiRNAs. Sequences that

could not be compared to the miRBase were mapped to the

piwi-interacting RNA (piRNA) database to obtain piRNAs.

Sequences that still were not mapped were mapped to the

Genomic tRNA database (http://gtrnadb.ucsc.edu/) and

tRFdb(http://genome.bioch.virginia.edu/trfdb/) to obtain the

tRFs. Differentially expressed tRFs was identified based on

a∣log2-fold change∣>1 and FDR<0.05. miRanda (http://

www.microrna.org/microrna/home.do) and RNAhybrid

(https://bibiserv.cebitec.uni-bielefeld.de/rnahybrid) was used

to predict target genes of the differently expressed tRFs. The

significantly target genes were obtained by intersec-

ting miRanda (score >150; energy <-20) and RNAhybrid

(energy <-25). The functions of these target genes were ana-

lyzed via gene ontology (GO). Pathways in which the target

genes were enriched were identified using the Kyoto

Encyclopedia of Genes and Genomes (KEGG) database.

Real-time PCR
RNA isolated from serum samples of 20 patients with

ovarian cancer and 15 donors was reverse transcribed to

cDNA using a reverse transcription kit(ThermoScientific,

Madison, WI, USA). In brief, 1 μg RNA was added with

1 μL 3ʹ adaptor and nuclease-free water to a total volume of

7 μL, and incubated at 70 °C for 2 min. The reactions were

added with 10 μL 3ʹligation reaction buffer (2X) and 3 μL
3ʹ ligation enzyme, and incubated at 25 °C for 60 min,

added with 1 μL 3ʹprimer and nuclease-free water to

25.5 μL volume, incubation for 5 min at 75 °C, 15 min

for 37 °C and 25 °C, respectively. Productions were added

with 1 μL 5ʹadaptor, 1 μL 5ʹligation reaction buffer (10X),

2.5 μL 5ʹligation enzyme and incubatedat 25 °C for 60 min.

Samples were then added with 8 μL first strand synthesis

reaction buffer, 1 μL RNase inhibitor and 1 μL reverse

transcriptase, and incubated at 50 °C for 60 min. The real-

time PCR was performed using the ABI PRISM 7900

Sequence Detector system (Applied Biosystems, Foster

City, CA, USA) based on the manufacturer’s instructions.

The primers are shown in Table 1. The relative expression

levels of the tRFs were analyzed with the 2−ΔΔCT method.
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The results were normalized to the expression of the endo-

genous control gene U6 supported by previous studies.12,13

Cell culture and transfection
The ovarian cancer cell lines SK-OV-3 and HO8910 (iCell

Bioscience Inc,Shanghai, China) and normal human ovarian

surface epithelial cell line HOSEPIC (Typical Culture

Preservation Commission CellBank, Chinese Academy of

Sciences, Shanghai, China) were used in this study. The SK-

OV-3, HOSEPIC andHO8910 cells were cultured inMcCoy’s

5A medium (Catalog #16600-082, Gibco, Carlsbad, CA,

USA), DMEM F12 medium (Catalog #10–092-CVR,

Corning, Inc., Corning, NY, USA), and RPMI 1640 medium

(Catalog #10–040-CV, Corning, Inc.,), respectively, supple-

mented with 10% FBS and 1% P/S (Sangon Biotech,

Shanghai, China). The cells were seeded into 6-well plates at

a density of 3×105 cells per well and grown for 24 h in

complete medium until the fusion rate reached 80–90%.

Then, the cells were rinsed with fresh medium and transfected

with the tRF03357mimics, mimics NC, tRF03357 inhibitor,or

inhibitor NC using LipofectamineTM2000 (Invitrogen, CA,

USA) according to the manufacturer’s protocol. The cells

were cultured for 24 h and then used for the follow-up

experiments.

Cell proliferation assay
Many methods are used to study cell proliferation. In this

experiment, cell proliferation was examined with the

CCK-8 method. Cells were harvested after 48 h of trans-

fection and then seeded into 96-well plates (3599,

Corning, NY, USA) at a density of 2×104 cells/mL. Each

well had 6 replicates, and marginal wells were included

with sterile water as a contrast. After culturing for 0, 24,

48, 72 or 96 h, CCK-8 (Beyotime, Shanghai, China) was

added, and the OD (absorbance, 450 nm) was measured.

Transwell assays
The cell migration assay was performed with 0.8 μm 24-well

Transwell chambers (FALCON), and the cell invasion assay

was performed using BioCoat™Matrigel® (0.8 μm, 24-well

Transwell chambers; BioCoat). The cell culture medium was

aspirated, and the cells were washed with an appropriate

amount of 1X PBS containing 0.25% trypsin-EDTA. The

cells were returned to the incubator for digestion for 3 min.

After the cells were resected and rounded, an equal amount

of complete medium was added to terminate digestion. After

centrifugation at 200×g for 3 min, the supernatant was

removed, the cells were resuspended in serum-free

McCoy’s 5A medium, and the cell concentration was

adjusted to 2×105 cells/mL. A total of 700 μL of medium

containing 10% serum was added to the lower chamber, and

500 μL of the cell suspension was added to the upper cham-

ber; then, the cells were incubated for 24 h. The cells in the

upper chamber were removed, and the cells in the lower

section were stained with 0.1% crystal violet. Three random

visual fields were observed under the microscope.

TUNEL assay
Cells were washed with 1× PBS once for 3 min and then fixed

with 4% paraformaldehyde at room temperature for 30 min.

The cells were washed with 1X PBS 3 times for 3 min/time.

The cells were incubated with 0.3% Triton ×100 at room

temperature for 20 min. Then, the cells were washed with 1×

PBS 3 times for 3 min/time. The TUNEL assay solution was

prepared (TdTenzyme: fluorescent marker solution =1:9). The

cells were incubatedwith the TUNEL detection liquid at 37 °C

in the dark for 1 h. The cells were washed with 1× PBS 3 times

for 3 min/time. The PI dye solution was prepared (PI:

PBS=1:500) and incubated with the cells for 5 min (at room

temperature and away from light). The cells were observed

and photographed under a fluorescence inverted microscope.

Western blotting
Total protein was isolated, and the protein concentration

was measured using the BCA assay kit (Pierce

Biotechnology, Inc., Rockford, IL, USA). Equivalent

Table 1 Primer sequences

tRF name Sequence (5ʹ-3ʹ)

U6-F CGATACAGAGAAGATTAGCATGGC

U6-R AACGCTTCACGAATTTGCGT

tRF-07650-F CAGATTGGTGGTTCAGTGGTAGA

tRF-07650-R AGTGCGTGTCGTGGAGTCG

tRF-03357-F GCAGCATTGGTGGTTCAGTG

tRF-03357-R AGTGCGTGTCGTGGAGTCG

tRF-03358-F GCAGCATTGGTGGTTCAGTG

tRF-03358-R AGTGCGTGTCGTGGAGTCG

tRF-03357 mimics CAUUGGUGGUUCAGUGGUAGAAUUCUCGC

mimics N.C UUGUACUACACAAAAGUACUG

tRF-03357 inhibitor GCGAGAAUUCUACCACUGAACCACCAAUG

Inhibitor N.C CAGUACUUUUGUGUAGUACAA

Abbreviation: N.C, negative control.
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amounts of protein from each group were loaded onto the

10% SDS-PAGE gel. The proteins were transferred to

membranes (Millipore, Bedford, MA, USA) and then incu-

bated with an HMBOX1 primary antibody (1:2000; bs-

18047R, Bioss) or GAPDH antibody (1:1000; 60004-1-Lg,

Proteintech) at 4 °C overnight. Next, the membranes were

washed and incubated with goat anti-rabbit IgG-HRP for

1–2 h. An enhanced chemiluminescence reagent (Thermo

Fisher Scientific, Waltham, MA, USA) was used to visua-

lize the protein bands. A photograph was taken using the

Chemi Doc MP system (Bio-Rad, Hercules, CA, USA),

and the optical density was obtained via ImageJ software.

Statistical analysis
Each experiment was repeated 3 times. Comparisons were

analyzed using Student’s t-test (two-tailed) for two groups

and one-way ANOVA followed by Tukey’s post hoc test for

three groups. The statistical significance level was set at

α=0.05 (two-sided). The mean ±SD is displayed in the figures.

Results
Overview of the small RNA sequencing
To identify HGSOC-associated tRFs, serum samples from

three HGSOC patients and three healthy subjects were sub-

jected to small RNA sequencing. After quality control of the 6

sequencing libraries, an average of 10.36 million raw reads

were obtained from each library, and approximately 8.9 mil-

lion clean reads (85.85%; Table S3) with a length >15 nt were

retained. Among the total clean reads, 14,823,768 (27.76%)

reads were mapped to miRNAs, 5,863,859 (10.98%) were

mapped to tRFs and 258,239 (0.48%) were mapped to poten-

tial piRNAs and 7,048 (0.01%) were mapped to known

piRNAs (Tables S4). Six types of tRFs were found in the

ovarian cancer and healthy control subjects (3ʹ-half, 5ʹ-half,

itRF, tRF-1, tRF-3 and tRF-5), among which tRF-5 was the

dominant tRF (occupying 62.18% and 62.48% in ovarian

cancer patients and healthy controls, respectively), followed

by 5ʹ-half and itRF (Table S5).

Differentially expressed tRFs between the

HGSOC patients and healthy controls
A total of 2,165 tRFs were expressed in the sera of the

HGSOC patients and healthy controls. From these tRFs, 27

differentially expressed tRFs were identified between the

HGSOC patients and healthy controls, including 22 and 5

tRFs that were up- and down-regulated in the HGSOC

patients, respectively (Figure 1A and B). Through GO

analysis, we found that the targeted genes of the differen-

tially expressed tRFs were mainly involved in protein phos-

phorylation, cell migration, protein dephosphorylation and

other processes (Figure 2A). After mapping all of the tar-

geted genes to terms in the KEGG database, we found that

the differentially expressed tRFs primarily participated in

the pathway in cancer, MAPK signaling pathway, FoxO

signaling pathway, and Wnt signaling pathway (Figure 2B).

Validation of the differentially expressed

tRFs
To validate the differential expression based on the fold

changes and abundances, 3 highly expressed candidate

tRFs (tRF-07650, tRF-03357, and tRF-03358) were mea-

sured by real-time PCR in 20 HGSOC and 15 control

samples. Our results showed that tRF-03357 and tRF-

03358 differed between the ovarian cancer patients and

controls (Figure 3A). Therefore, tRF-03357 and tRF-

03358 were evaluated in ovarian cancer cells (SK-OV-3

and HO8901) and human ovarian epithelial cells

(HOSEPIC) by real-time PCR. tRF-03357(P=0.047) and

tRF-03358 (P=0.027) expression in the SK-OV-3 and

HO8910 cells was significantly increased compared with

that of the HOSEPIC cells, and the fold change of tRF-

03357 was higher than that of tRF-03358 (Figure 3B).

Therefore, tRF-03357 was examined in the subsequent

experiments. After transfection with the tRF-03357

mimics, tRF-03357 expression in the HOSEPIC cells was

significantly upregulated compared with that of the cells

transfected with the mimics-NC (Figure 3C, P=0.0001).

Conversely, tRF-03357 expression in SK-OV-3 cells trans-

fected with the tRF-03357 inhibitor was significantly

downregulated compared to that of the cells transfected

with the inhibitor-NC (Figure 3C, P=0.002).

tRF-03357 promoted ovarian cancer cell

proliferation, migration and invasion
The effects of tRF-03357 on the proliferation of both

HOSEPIC and SK-OV-3 cells were assessed. The CCK-8

assay results showed that the proliferation of HOSEPIC cells

transfected with the tRF-03357 mimics gradually increased

comparedwith that of the normal control (Figure 4A), whereas

the proliferation of SK-OV-3 cells transfected with the tRF-

03357 inhibitor was significantly inhibited compared with that

of the normal control (Figure 4B).Moreover, we examined the

invasive ability of both SK-OV-3 and HOSEPIC cells using

the Transwell invasion assay. Similar results were obtained
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that the number of migrating cells in the tRF-03357 mimics

group was markedly increased compared to that of the control

group (Figure 4C), whereas the number of migratory cells in

the tRF-03357 inhibitor group was markedly weakened com-

pared to that of the control group (Figure 4D). However, the

TUNEL assay showed that the effect of tRF-03357 on apop-

tosis was not significant (Figures S1 and S2).

tRF-03357 inhibited the expression of

HMBOX1
Five predicted target genes of tRF-03357 were detected by

real-time PCR. The results revealed that HMBOX1 was

significantly increased by the tRF-03357 inhibitor,

whereas PKN2, KLF3, PTPN13 and ESR2 were not sig-

nificantly different (Figure 5A). As expected, the tRF-

03357 mimics significantly decreased the HMBOX1

mRNA level (Figure 5B). Similarly, the HMBOX1 protein

expression level was increased by the tRF-03357 inhibitor

and decreased by the tRF-03357 mimics (Figure 5C).

Discussion
HGSOC is one of the most common ovarian epithelial

malignancies. It is usually diagnosed at an advanced stage

and accounts for 75% of ovarian cancers.1 Accumulating

evidence has shown that tRFs are critical regulators of

cancer-related processes and may be novel diagnostic and

therapeutic targets for tumor treatment.14,15 However, little

is known about the roles of tRFs in ovarian carcinoma,

especially HGSOC. This study is the first comprehensive

and large-scale evaluation of tRFs in HGSOC. A total of 27

differentially expressed tRFs were identified between serum

samples of HGSOC patients and healthy controls. The

differentially expressed tRFs were mainly involved in the

functions of protein phosphorylation and regulation of tran-

scription and cell migration and the pathways of pathway in

cancer, MAPK signaling pathway, FoxO signaling pathway,

and Wnt signaling pathway. Moreover, real-time PCR ver-

ified that tRF-03357 and tRF-03358 were significantly

increased in the HGSOC patients compared to their expres-

sion in the healthy controls. Further study showed that tRF-

03357 promoted SK-OV-3 cell proliferation, migration and

invasion, as well as downregulated HMBOX1 expression.

The MAPK pathway, which is commonly known as the

RAS-RAFMEK-ERK signal cascade, plays a vital role in

multiple physiological processes, including cell proliferation,

differentiation and apoptosis.16 The canonical MAPK
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pathway is activated by a combination of growth factors

(such as EGF) and cell surface receptors, primarily tyrosine

kinase receptors (RTKs, such as EGFR), which leads to

dimerization and transphosphorylation of the RTKs.17

Aberrant activation of the MAPK pathway has been widely

identified to be closely associated with a variety of cancers.

For instance, miR-98-5p inhibited tumor development by

downregulating MAP4K4 and inhibiting the downstream

MAPK/ERK signaling pathway.18 Downregulation of castor

zinc finger 1 was related to a poor prognosis and promoted

hepatocellular carcinoma progression via the MAPK/ERK

pathway.19 PKP3 promoted ovarian cancer cell proliferation,
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formation, and invasion through autophagy regulation via

activating the MAPK-JNK-ERK1/2-mTOR pathway.20

Additionally, the Wnt signaling pathway plays a role in all

three major gynecological cancers (ovarian, uterine and

cervical).21 The Wnt ligands, including Wnt7A and Wnt7B,

were reported to be increased in ovarian cancer and mediated

tumor growth and progression via the WNT/beta-catenin

pathway.22,23 This study showed that the targets of differen-

tially expressed tRFs were mainly involved in the MAPK

and Wnt signaling pathways, indicating that tRFs might

modulate ovarian cancer progression via these pathways.

Recent studies have shown that tRFs are a new class of

regulatory factors. Under cell stress, tRFs induced by

ANG can induce the assembly of stress granules (SGs)

and inhibit the synthesis of global proteins in a manner

independent of eIF2 phosphorylation24,25 or by binding

ribosomal proteins and fine tuning the protein synthesis

rate.26 Moreover, tRNA methylation has been shown affect

the stability and maturation of tRNAs. NSUN2 is a tRNA

methyltransferase modifying tRNAs, and has been shown

in association with human cancer prognosis such as ovar-

ian cancer27 and head and neck carcinoma.28 tRFs
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production has two approaches, a dicer-dependent and

-independent manner.29 tRNA methylation has been

shown to affect miRNA maturation, and maybe also for

tRFs, given both share the similar maturation mechanisms.

Moreover, tRFs have a mechanism that acts similarly to

miRNAs, which can form a RISC complex with the

Argonaute protein dependent on DICER generation and

perform sequence-specific silencing of mRNA expression.

For example, the generation of tRF-CU1276 is dependent

on DICER1, which can bind four Argonaute proteins and

can inhibit B lymphocyte proliferation and regulate DNA

damage by silencing expression of its target gene RPA1.30

In this study, we found that tRF-03357 downregulated its

predictive target gene HMBOX1, suggesting that tRF-

03357 might function similarly to a miRNA in ovarian

cancer.

HMBOX1 is a transcription factor belonging to the hepa-

tocyte nuclear factor family, which has been reported to be

related to the development of several tumors. A previous study

showed that HMBOX1 expression in HGSOC tissues and

ovarian cancer cell lines was significantly lower than that in

ovarian epithelial tissues or normal ovarian epithelial cell lines,

and overexpression of HMBOX1 suppressed proliferation of

the A2780 cell line.31 In human gliomas, the c-Fos/miR-18a

feedback loop increased tumor growth via HMBOX1.32 In

liver cancer, HMBOX1 inhibited tumor progression via elevat-

ing the autophagy level as well as suppressing stemness and

immune escape.33 However, in gastric cancer, HMBOX1 was

upregulated and contributed to a poor prognosis by facilitating

cell proliferation and migration,34 indicating distinct roles for

HMBOX1 in different cancers. Our study showed that tRF-

03357 predictively targeted and downregulated HMBOX1
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expression. These findings indicate that tRF-03357 promotes

the proliferation, migration and invasion of ovarian cancer

might partly by downregulating HMBOX1.

Conclusion
In conclusion, tRF-03357 significantly promotes the pro-

liferation, migration and invasion of ovarian cancer cells.

This study might provide a potential diagnostic and ther-

apeutic target for ovarian cancer.
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Supplementary materials

HOSEpic tsRNA03357 mimic

HOSEpic tsRNA03357 mimic NC

Magnification 200, scale bar 200 µm

MergePI TUNEL

MergePI TUNEL

Figure S1 The effect of tRF-03357 mimic on apoptosis. The TUNEL assay showed that the effect of tRF-03357 on apoptosis in HOSEpiC transfected with tsRNA03357

mimic and mimic NC. Scale bar, 200 μm.
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SK-OV-3 tsRNA03357 inhibitor

SK-OV-3 tsRNA03357 inhibitor NC

MergePI TUNEL

MergePI TUNEL

Migration 200, scale bar 200 µm

Figure S2 The effect of tRF-03357 inhibitor on apoptosis. The TUNEL assay showed that the effect of tRF-03357 on apoptosis in SK-OV-3 transfected with tsRNA03357

inhibitor and inhibitor negative control. Scale bar, 200μm.

Table S1 Information for participants enrolled in the small RNA sequencing analysis

Characteristic (units) Patients (n=3) Healthy controls (n=3)

Average (range) Average (range)

Age (years) 53 (41–68) 58 (53–64)

CA125 (U/ml) 2038.233 _

HE4 (pmol/L) 825.75 _

Postoperative pathology 3 (100%) _

Table S2 Information for the participants enrolled in the real-

time PCR analysis

Characteristic

(units)

Patients

(n=20)

Healthy controls

(n=15)

Average

(range)

Average (range)

Age (years) 54(30-73) 53(42-64)

Stages

I/II 3 _

III/IV 17 _

CA125 (U/ml) 1077.261 _

HE4 (pmol/L) 715.724 _
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Table S3 Summary of cleaning data produced by small RNA sequencing

Sample Name Total reads Clean reads (%) Total base Clean base (%) GC (%)

T4 9,708,745 7,988,481 (82.28) 485,421,762 215,023,202 (44.3) 50

T6 12,607,230 11,178,587 (88.67) 630,350,747 319,724,120 (50.72) 52

T9 9,097,353 8,747,774 (96.16) 454,851,084 244,606,278 (53.78) 51

N1 9,548,108 7,335,841 (76.83) 477,383,449 195,144,311 (40.88) 52

N3 12,329,291 9,437,165 (76.54) 616,459,997 249,301,925 (40.44) 51

N5 8,914,165 8,713,259 (97.75) 445,693,040 230,707,426 (51.76) 49

Average 10,367,482 8,900,185 (85.85) 518,360,013 242,417,877 (46.98) 51

Table S4 Clean reads mapped to different small RNAs

Sample Reads mapped to

miRNAs

Reads mapped to

tRF

Reads mapped to

potential

Reads mapped to known

piRNA

Total clean

reads

T4 1,913,387 1,601,320 29,434 903 7,988,481

T6 1,736,544 2,419,957 101,606 3475 11,178,587

T9 2,525,167 656,814 29,164 611 8,747,774

N1 1,453,347 97,550 39,152 521 7,335,841

N3 3,010,426 334,475 49,602 872 9,437,165

N5 4,184,897 753,743 9281 666 8,713,259

Total 14,823,768 (27.76%) 5,863,859 (10.98%) 258,239 (0.48%) 7048 (0.01%) 53,401,107

Table S5 Total counts of different tRFs in ovarian cancer (T) and

healthy controls (N)

type T (%) N (%)

i- tRF 93,774 (2.00%) 38,787 (3.27%)

tRF-3 8337 (0.18%) 11,642 (0.98%)

tRF-5 2,909,058 (62.18%) 740,864 (62.48%)

3ʹ-half 2321 (0.05%) 2715 (0.23%)

5ʹ-half 1,661,349 (35.51%) 387,030 (32.64%)

tRF-1 3252 (0.07%) 4730 (0.40)
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