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Abstract
Background
There is lack of accurate and non-invasive preoperative evaluation for improving microdissection
testicular sperm success rate. tRNA-derived small RNA (tsRNAs) perform a variety of physiological
functions and are related to many physiological and pathological processes. This study sought to
identify the potential of exosomal tsRNA as a novel non-invasive diagnostic biomarker for nonobstructive azoospermia (NOA) with spermatogenic failure.
Methods
Seminal plasma exosome tsRNA levels were used in a two-stage (screened by tsRNA sequencing on
Illumina NextSeq instrument and validated by qRT-PCR) case-control designed study. The expression
levels of the selected tsRNAs were further examined in the testicular tissues of NOA patients and
obstructive azoospermia (OA) patients, and their underlying role in the pathogenesis of non-obstructive
azoospermia was performed by bioinformatic analysis.
Results
In this study, two tsRNAs (tRF-Val-AAC-010: AUC = 0.96, specificity = 80%, sensitivity = 95%; tRF-Pro-AGG003: AUC = 0.96, specificity = 87%, sensitivity=95%) were found to have a good predictive accuracy which
also showed differential expression in testicular tissue between NOA patients and OA patients. We also
found that the combinations of tRF-Val-AAC-010 and tRF-pro -AGG-003 have a better discriminating
ability between NOA patients and OA patients than single biomarkers. Finally, the bioinformatic analysis
showed that the two selected tsRNAs were involved in spermatogenesis.
Conclusion
This study first evaluated tsRNAs as potential biomarkers for NOA diagnosis and identified the exosomal
tRF-Val-AAC-010 and tRF-pro-AGG-003 in seminal plasma valuable as biomarkers for NOA diagnosis.

Background
As a reproductive system disease, infertility affects about 15% of the world's population[1] among which
the male factor accounts for about 50% [2]. The incidence of azoospermia accounts for 10% ~ 20% of
male infertility. According to the presence or absence of sperm in the testes, it can be classified into two
groups: one that is obstructive azoospermia (OA) with normal spermatogenesis, and the sperm could be
obtained from microdissection testicular sperm extractions (TESE); the other that is non-obstructive
azoospermia (NOA) which accounts for 60% of azoospermia, and the sperm could be obtained from
microdissection testicular sperm extractions (TESE). An accurate diagnosis of non-obstructive
azoospermia could provide valuable guidance to clinicians. Although conventional biochemical markers
in semen, such as citric acid, acid phosphatase, fructose, and alpha-glucosidase can be used to diagnose
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OA patients; and testicular volume, serum follicle-stimulating hormone (FSH) levels can be used to
diagnose NOA patients, was however, a proportion of NOA and OA patients that cannot be diagnosed
correctly by using these markers still exists[3].
The pathological diagnosis of testicular biopsy is the "gold standard" for determining spermatogenesis
status in the testis[4]. However, invasive procedures not only cause pain to patients but also may cause
progressive and irreversible destruction and structural distortion of spermatogenic tubules[4, 5]. Accurate
and non-invasive preoperative evaluation is of great significance for improving TESE success rate,
reducing unnecessary surgical trauma, and reducing patients' psychological burden. In this study, we aim
to identify biomarkers which can distinguish the etiology of azoospermia or can accurately evaluate
patients who will have a positive or negative testicular sperm extraction. Exosomes are extracellular
vesicles secreted by most cells with a diameter of 30 ~ 150nm and a lipid bilayer membrane structure.
The testis of patients with non-obstructive azoospermia is not capable of producing sperm, and its tissue
structure is significantly different from that of patients with obstructive azoospermia, which is capable of
producing sperm[4]. Therefore, exosomes in seminal plasma produced by NOA patients and OA patients
are also different. Thus, seminal plasma exosomes are emerging as a source of potential biomarkers for
the pathological and physiological conditions of the testis.
A recent study showed that exosomal miRNAs in seminal plasma are excellent markers for predicting the
presence of sperm in the testis[3]. In recent years, a novel regulatory small non-coding RNA, called tRNAderived small RNA (tsRNA), has been found to be widely enriched in human body fluids[6]. tsRNAs are
fragments which are produced by precise regulated processing of tRNA and its precursors and can be
divided into two categories: tRNA related fragments (tRF) and tRNA halves (tiRNA), with nucleotide
compositions, characteristic sizes, functions, and biogenesis[7]. tsRNAs can also be classified into a
variety of different types depending on where they map on the mature or precursor tRNA transcript[8].
According to their mapped positions, these tsRNAs are divided into five types: tiRNA, tRF-1, tRF-2, tRF-3
and tRF-5[8, 9].
It has been reported that tsRNAs perform a variety of physiological functions and are related to many
physiological and pathological processes[10]. The composition and number of tsRNAs are highly
dependent on specific cell types and pathological conditions, making them an excellent class of
biomarkers. tsRNAs have become a cancer survival indicator and a potential diagnostic marker[11].
Recent studies found that tsRNAs are expressed in testicular and sperm cells[12, 13] and are conserved in
gametes among mammals[14]. tsRNA can also tightly bound to Piwi protein which plays an important
role in maintaining the normal function of germline stem cells[15]. Since tsRNAs play an important role in
sperm maturation and fertilization in mammals[14, 16], and they are higher enriched in seminal plasma
and exosomes than miRNA, suggesting that tsRNA can be used as a promising biomarker for NOA
diagnosis. The role of tsRNAs in the origin of azoospermia remains unclear. This study aims to evaluate
the predictive power of tsRNAs in testicular sperm extraction for patients with azoospermia.
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Since NOA is affected by multiple biologically redundant factors, the combination of multiple biomarkers
could also contribute to discriminate NOA patients from OA patients. For many common diseases,
polygenic risk scores of multiple common variations have better disease risk prediction than single rare or
common mutations9, 10. The previous study also showed that the collective effects of common SNPs in
which single variation has small effect sizes in diseases could improve risk prediction for many
diseases[17, 18]. Generalized linear model (GLM) is a good predictor since it is known to lead to highly
accurate predictions[19]. In this study, the GLM was employed to determine the optimal combinations of
tsRNAs for predicting the presence of sperm in testicular tissue.

Materials And Methods
Subjects of study
23 NOA patients, 18 OA patients, 5 idiopathic oligoasthenospermia (IO) patients and 13 healthy people
participating in the study were from the Xuzhou Central Hospital. This study was approved by the
Research Ethics Commission of Xuzhou Central Hospital and written informed consent was obtained
from all participants. In this study, the 23 NOA patients and 18 OA patients have a total absence of sperm
in the ejaculate, and the OA patients who have normal spermatogenesis can obtain a sufficient number of
sperm for fertilization by TESE, but the NOA patients who have no spermatogenic reserve of the testis
have a negative outcome by the TESE. The IO patients(<10 × 106 sperm/ml) and healthy people (> 50 ×
106 sperm/ml) were also included in the study. In this study, all the samples used in the screening and
validating stages did not show genetic causes (Y-chromosome microdeletion and chromosomal
aberration) and clinical factors (anatomic malformation, varicocele and hemospermia). The baseline
clinical disease characteristics are shown in Supplementary Table 2.
Exosome extraction
Umibio® exosome isolation kits (Umibio, Cat. No: UR52130, China) were used for exosome extraction. In
brief, each sample was centrifuged for 10 minutes at 3,000g 4℃, and 10,000g 4℃ for 20 minutes to
remove cells and debris. Then the reagent was added to the volume of the initial sample according to the
manufacturer's instructions. Then the corresponding amounts of reagents were added to sample volume.
The mixture was vortexed at 4℃ for two hours and then centrifuged at 10,000xg 4℃ for 60 minutes to
precipitate exosome pellets. Pellets were resuspended with 1×PBS and purified with Exosome Purification
Filter at 3,000xg 4℃ for 10 minutes. The Exosome solution was stored at -80℃ immediately after
isolation until the following analysis.
Library preparation and sequencing
The library preparation in this study was based on previous studies[20]. The DNA fragments from wellmixed libraries were denatured with 0.1M NaOH to produce single-stranded DNA molecules, and they
were then added to the reagent cartridge at 1.8pM concentration. The tsRNA sequencing was carried out
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on a NextSeq system using NextSeq 550 V2 kit (#FC-404-2005, Illumina) in accordance with the
manufacturer’s instructions and the sequencing runs for 50 cycles.
Statistical analysis
In this study, sequencing quality was examined by FastQC and trimmed 5’, 3’-adaptor reads by cutadapt
were aligned allowing for 1 mismatch only to the mature tRNA sequences[21], then reads that do not map
were aligned allowing for 1 mismatch only to precursor tRNA sequences with bowtie software[22]. The
remaining reads were aligned allowing for 1 mismatch only to miRNA reference sequences with
miRDeep2 . The expression profiling of tsRNAs can be calculated based on counts of reads[23] mapped.
The differentially expressed tsRNAs were screened based on the counts per million of total aligned reads
with R package edgeR[24]. Principal Component Analysis (PCA), Pie plotsand Volcanoplots were
performed on R-Studio version 1.2.5033 for statistical computing and graphics of the expressed tsRNAs.
In this study, the candidate tsRNAs were screened by the deep sequencing technology in small number of
samples, and at the same time, they should meet the follow conditions: (1) The tsRNAs should show
statistically significant differential expressions by both parametric test (Student’s t-test) and nonparametric test (negative binomial distribution test) (p-value < 0.05, fold change > 3); (2) The tsRNAs of
each sample in one group should be expressed higher or lower than each individual in the other group.
The selected differentially expressed tsRNAs were verified by qRT-PCR. The “Area Under ROC Curve
(AUC)”, the value of sensitivity and specificity were performed using the GraphPad Prism7. The means
and standard error are used to represent the continuous variables. The negative binomial distribution test
and Student's t-test were used, where applicable. Generalized linear models (GLM) and Pearson
correlation test were performed on R-Studio version 1.2.5033. GLM covariates are selected using binomial
regression and the best fit subset using the Bayesian information criterion (BIC).

Results
Profiling of exosomal tsRNAs in seminal plasma
To identify tsRNA as a promising biomarker for NOA, we first isolated exosomes from seminal plasma
and prepared tsRNA library for high throughput sequencing. Since tsRNAs are decorated by RNA
modifications that interfere with tsRNA-seq library construction[25], total RNA extracted from exosomes
are pretreated to get rid of some RNA modifications which interfere with tsRNA-seq library construction.
Then the selected tsRNAs as biomarkers were further verified in a subsequent set of blood serum and
seminal plasma (Fig. 1A) by RT-qPCR and bioinformatic analysis. The prepared seminal plasma
exosomes were confirmed by transmission electron microscopy measurement (Fig 1B) and nanoparticle
tracking analysis (Fig 1C).
tRF-5 is the most abundant tRNA-derived small RNA in exosomes (56%), whereas tRF-2, tRF-1, and tiRNA3 only account for 2.9% (Fig. 1D). We also analyzed the origin of these tsRNAs and found that the origin
for tsRNAs in seminal plasma was distributed in 22 tRNAs (Fig 1E) which was different from tsRNAs
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distribution in plasma such that almost all tRNA-5s derive from four tRNAs (Gly-, Lys-, Glu- and Val-tRNA)
[11]. The distributions of 9 tsRNAs were further analyzed, and it was found that the distribution of each
type of tsRNA exhibited significant bias. Peculiarly, a large majority of tRF-5c were enriched in five tRNAs
(Glu-, Gly-, His-, Lys- and Pro-tRNA); while tRF-1s were mainly enriched in Ser-TGA tRNA (Fig. 1F). The
length distributions of tsRNAs were then analyzed and it was found that tRF-1 were 15-21 nt, tRF-2 were
14 nt, tRF-3a were 17-18 nt, tRF-3b were 19-22 nt, tRF-5a were 14-16 nt, tRF-5b were 22-24 nt, tRF-5c were
28-32 nt, tiRNA-3 were 40 nt and tiRNA-5 were 33-35 nt (Fig 1G). These results suggested that tsRNAs
were not the product of random explanations from tRNA, but may regulate biological function through an
unknown mechanism.
Identification of differentially expressed tsRNAs between NOA and OA patients
To comprehensively profile exosomal tsRNAs among NOA patients, OA patients, and healthy people, we
first used Principal Component Analysis (PCA) method which was an unsupervised analysis to reduce the
dimensionality of large data sets, and a distinguishable tsRNAs expression profiling among three groups
was found (Fig 2A), indicating that the function of exosomal tsRNAs maybe associated with
spermatogenesis and it is also effective to select markers from the tsRNAs profile that can distinguish
between NOA patients and OA patients. We then screened the significantly differentially expressed
tsRNAs between NOA patients and OA patients and found that 38 tsRNAs up-regulated and 46 tsRNAs
down-regulated (difference of more than 3-fold change, P < 0.05) (Fig 2B). Then we found that 100
tsRNAs were differentially expressed between NOA patients and healthy people (16 up-regulated, 84
down-regulated) (Fig 2C).
tRF-Val-AAC-010 and tRF-Pro-AGG-003 are the biomarkers of NOA and associated with spermatogenesis
status
To identify the potential biomarker for NOA patients, we selected eight tsRNAs which showed significant
differences in expression when compared with OA patients (difference of more than three-fold change; P
< 0.05, examined by both negative binomial distribution and student's t-test). Moreover, these eight
miRNAs were further validated individually in subsequent samples (20 NOA samples, 15 OA samples) by
RT-qPCR, although only four of them (tRF-Pro-AGG-005, tRF-Val-AAC-010, tRF-Pro-AGG-003 and tRF-GlyCCC-002) significantly differentially expressed between NOA patients and OA patients (Fig 3A), the
expression values of these four tsRNAs resulted in good predictive accuracy (tRF-Pro-AGG-005 (AUC
0.98,sensitivity = 95%, specificity = 80%,P< 0.0001); tRF-Val-AAC-010 (AUC: 0.96,sensitivity = 95%,
specificity = 80%,P<0.0001); tRF-Pro-AGG-003 (AUC: 0.96,sensitivity = 95%, specificity = 87%P< 0.0001);
tRF-Gly-CCC-002 (AUC: 0.73,sensitivity = 85%, specificity = 60%,P=0.02)) (Fig. 2B). As a comparison, the
ROC curve analysis of testicular volume and blood FSH levels which was the classic predictor for the
NOA patients was also determined, it was found that tRF-Pro-AGG-005, tRF-Val-AAC-010, tRF-Pro-AGG-003
as NOA predictors had better predictive accuracy than the testicular volume and blood FSH levels (Fig.
2B). In this study, eight miRNAs were also validated in 10 healthy samples and 5 IO samples, we found
that tRF-Val-AAC-010 and tRF-Pro-AGG-003 expression levels were significantly increased when compared
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with that from OA samples and healthy samples (Fig 3C) and tRF-Val-AAC-010 and tRF-Pro-AGG-003
expression levels in idiopathic oligospermia (IO) samples were in the middle of NOA and OA samples.
These results indicate that tRF-Val-AAC-010 and tRF-Pro-AGG-003 are associated with spermatogenesis
status.
We further explored whether the target genes of these tsRNAs are associated with spermatogenesis. We
found 24 target genes of tRF-Val-AAC-010 and tRF-Pro-AGG-003 enriched at least four-fold higher than
mRNA level in the testis compared to any other tissue (Supplementary Table 1). The 24 genes were
employed for DAVID gene ontology (GO) and GAD disease enrichment analysis. GO term biological
process categories showed that the target genes are involved in spermatogenesis, GAD_DISEASE
analysis indicates the target gene-related diseases were azoospermia, oligospermia, and male infertility
(Fig. 4A). These results further confirm that tRF-Val-AAC-010 and tRF-Pro-AGG-003 are involved in the
regulation of spermatogenesis and can be used as markers to predict NOA patients. To better understand
the functions and the corresponding genetic regulatory networks of tRF-Val-AAC-010 and tRF-Pro-AGG003, the gene regulatory network was visualized by the software CytoScape[26] (Fig 4B). Moreover,
consistent with the above results from seminal plasma, tsRNAs examined in the testis from NOA patients
and OA patients showed that the tRF-Val-AAC-010 and tRF-Pro-AGG-003 levels in NOA patients were also
higher than those in OA patients, indicating that the tRF-Val-AAC-010 and tRF-Pro-AGG-003 expression
levels can reflect the individual testicular tissue pathological status and therefore could serve as a novel
biomarker for NOA diagnosis.
Multifactor models for diagnosis of non-obstructive azoospermia
Although tRF-Val-AAC-010 and tRF-Pro-AGG-003 have a better predictive accuracy than the classic
predictor of blood FSH level and testicular volume, none of them have a 100% sensitivity and 100%
specificity (Fig 5A). We found that the combination of tRF-Val-AAC-010 and tRF-Pro-AGG-003 and the
combination of tRF-Val-AAC-010, tRF-Pro-AGG-003 and blood FSH level can both completely discriminate
NOA patients from OA patients with 100% sensitivity and 100% specificity (Fig 5B-C). As a comparison,
the discriminability of the combination of testicular volume and blood FSH levels which was the classic
predictor for NOA patients was also determined and it was found that the combination of testicular
volume and blood FSH levels can not completely discriminate NOA patients from OA patients and healthy
people (Fig 5D). A binomial regression equation obtained from the generalized linear model (GLM) was
then presented by using the tRF-Val-AAC-010 and tRF-Pro-AGG-003 expression levels to calculate
multiple-factor risk score for predicting NOA patients. The multiple-factor risk score was equal to exp(321.9 - 166.1× tRF-Pro-AGG-003-234.5 × tRF-Val-AAC-010) / (1 + exp(321.9 - 166.1 × tRF-Pro-AGG003-234.5 × tRF-Val-AAC-010)). If the multiple-factor risk score is less than 0.5, the patient can be
diagnosed as non-obstructive azoospermia; if the result is greater than 0.5, the patient can be diagnosed
as obstructive azoospermia.

Discussion
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For NOA and OA patients, testicular sperm extraction (TESE) is an important means to obtain sperm,
however, routine indices such as testicular volume and blood FSH level have limited clinical application
for predicting the outcome of TESE for azoospermia[4]. Recent studies have shown that seminal plasma
contains high concentrations of exosomes, which come from different tissue cells in the male
reproductive tract[3]. So the exosomes in seminal plasma can be used as a means of selective transport
and delivery of various regulatory molecules to the seminal plasma then can reflect the
pathophysiological status of the testis. Several studies also found that tsRNA is enriched in seminal
plasma and closely related to spermatogenesis[14, 27], and tsRNAs are more stable than linear RNA
because they are not easily degraded, so they can be used as non-invasive diagnostic biomarkers for
NOA.
Seminal plasma exosome tsRNAs as NOA biomarkers have not been reported yet. In this study, we first
report the characteristics of tsRNA detected in seminal plasma exosomes from NOA patients, OA patients,
and healthy people by deep sequencing. 500 known tsRNAs and 300 novel tsRNAs were detected in this
study, and we aimed to explore the potential value of exosomal tsRNAs for NOA diagnosis by using these
tsRNA profiles. Since both OA patients and healthy people have normal spermatogenesis, we believe that
if tsRNAs are used as markers for diagnosis of NOA, they should have a significant differential
expression between NOA patients and OA patients, and they should also show a significant difference
between NOA patients and healthy people but not OA patients and healthy people. We found that tRF-ValAAC-010 and tRF-Pro-AGG-003 meet this condition. At the same time, these two tsRNAs were also
differentially expressed in the testis of NOA patients and OA patients, which further indicated that tRF-ValAAC-010 and tRF-Pro-AGG-003 in seminal exosomes could be important markers in the diagnosis of NOA.
Another condition for tsRNAs to be good clinical biomarkers for NOA is that they should be involved in the
development of NOA. Since tsRNAs play a role in the biological process mainly through target genes,
therefore, we then predicted the target genes of tRF-Val-AAC-010 and tRF-Pro-AGG-003 and found that 24
targets genes were significantly enriched in the testicles (At least four-fold higher mRNA level in the testis
compared to any other tissue). Further analysis of the GO terms for the 24 target genes showed that its
biological process is significantly enriched in spermatogenesis, and the use of GAD_DISEASE function
analysis showed that tRF-Val-AAC-010 and tRF-Pro-AGG-003 were also enriched in sperm in the absence
of disease. The observations in our study suggest that tRF-Val-AAC-010 and tRF-Pro-AGG-003 might be
involved in the biological process of spermatogenesis. Taken together, the first comprehensive
assessment of the exosome tsRNAs expression in diagnosis of NOA patients and OA patients and
subsequent functional prediction, provides strong evidence for further etiology study of NOA.
Previous work showed that multiple variations which single has small effect sizes in diseases can
improve risk prediction for many diseases[17, 18]. This study identified tRF-Val-AAC-010 and tRF-ProAGG-003 combinations, which showed a good prediction of NOA with 100% sensitivity and 100%
specificity. General linear model (GLM) that is conventionally used to comprehend genetic epistasis was
first used to identify biomarker relationships. Since the expressions of tsRNAs are active, it is difficult to
define the cut off value in the case of multiple biomarkers. Therefore, the binomial regression equation
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which can be used to calculate the multiple-factor risk score fitted from GLM was valuable for clinical
utility.

Conclusions
This study first evaluated the potential of tsRNAs as promising biomarkers for NOA diagnosis and
identified exosomal tRF-Val-AAC-010 and tRF-pro- AGG-003 in seminal plasma which are valuable
biomarkers for NOA diagnosis. We also found that the combinations of tRF-Val-AAC-010 and tRF-pro AGG-003 have a better discriminating ability between NOA patients and OA patients than a single
biomarker. We further predicted the target genes of the tRF-Val-AAC-010 and tRF-pro -AGG-003 and
conducted functional and gene regulatory network analysis, providing strong evidence for further
etiological studies.
Although our study suggests that tRF-Val-AAC-010 and tRF-pro -AGG-003 can be used as a biomarker for
predicting the presence of sperm in testicular tissue, they should be validated in large samples from
different countries or regions before clinical application.
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Figure 1

Page 13/17

Profiling of exosomal tsRNAs in seminal plasma. (A) Flow chart of the two stages of tsRNA profiling and
validation performed in the study. (B) Transmission electron micrograph (TEM) of exosomes isolated
from seminal plasma (The scale bar is 100 nm). (C) nanoparticle tracking analysis of exosomes isolated
from seminal plasma. (D) Pie char of the distribution of subtype tsRNAs. The values in bracket are
represented the number of subtype tsRNAs. The color represents the subtype tsRNAs. (E) Pie char of the
distribution of the origin for tsRNAs in seminal plasma. (F) The number of subtype tsRNAs against tRNA
isodecoders. The X axes represents tRNA isodecoders and the Y axes show the number of all subtype
tsRNAs against tRNA isodecoders. The color represents the subtype tsRNAs. (G) The Frequency of
Subtype against Length of the tRF & tiRNA. The X axes represents length of tRF & tiRNA and the Y axes
show the frequency of the subtype against length of tsRNAs. The color represents the subtype tsRNAs.

Figure 2
The analysis of expression level in NOA, OA and healthy samples. (A) Primary component analyze. the X,
Y and Z axis represents the three main factors which affected the expression level of the sample. The
colored point represents the corresponding sample, and the location of it shows the main character of the
sample. Space distance represents the similarity of data size. The volcano plot of differentially expressed
tsRNAs between NOA and OA patients (B) and between NOA patients and healthy people (C). The values
of X and Y axes in the volcano plot are log2 transformed fold change and -log10 transformed p-values
between the two groups, respectively. Red/Green circles indicate statistically significant differentially
expressed tsRNAs with fold change no less than 1.5 and p-value ⩽ 0.05 (Red: up-regulated; Green: downregulated). Gray circles indicate non-differentially expressed tsRNAs, with FC and/or q-value are not
meeting the cutoff thresholds.
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Figure 3
Validation of the eight selected tsRNAs and to assess their predictive efficiency for distinguishing NOA
patients with spermatogenic failure from OA patients. (A) Validation of the eight selected tsRNAs by qRTPCR from NOA and OA. (B) ROC curve of the eight selected tsRNAs for predictive classification of
azoospermic patients into NOA and OA subtypes. (C) Validation of the eight selected tsRNAs by qRT-PCR
from NOA, IO and healthy samples. Normalized expression levels relative to the U6 gene. Data shown as
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the means ± SEM. Statistical analysis was performed by using two-tailed unequal variant Student’s t-test
(*P-value < 0.05; **P-value < 0.01; ***P-value < 0.001).

Figure 4
tRF-Val-AAC-010 and tRF-Pro-AGG-003 are the biomarkers of NOA and involved in spermatogenesis. (A)
The most significant biological process GO terms and GAD diseases for the 24 target genes of tRF-ValAAC-010 and tRF-Pro-AGG-003. (B) The tsRNA/mRNA network analysis. The network included the two
candidate tsRNAs and their predicted target mRNAs (Nodes in red diamond are tsRNAs; nodes in circle
color are predicted target mRNAs fot the two tsRNA; nodes of the blue circles are genes that have been
reported to be involved in spermatogenesis). (D) Relative expression of tRF-Val-AAC-010 and tRF-ProAGG-003 in exosomes from azoospermia testis. Data shown as the means ± SEM. Statistical analysis
was performed by using two-tailed unequal variant Student’s t-test (*P-value < 0.05).
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Figure 5
The predictive efficiency of single factor and multifactor models for distinguishing NOA patients with
spermatogenic failure from OA, IO and healthy samples. The predictive efficiency of tRF-Val-AAC-010 and
tRF-Pro-AGG-003 (A); the combination of tRF-Val-AAC-010 and tRF-Pro-AGG-003; the combination of
testicular volume and blood FSH level (C); and the combination of blood FSH level, tRF-Val-AAC-010 and
tRF-Pro-AGG-003 (D); for distinguishing NOA patients with spermatogenic failure from OA, IO and healthy
samples.
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