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ABSTRACT

Influenza A virus (IAV) induces acute respiratory infections in birds and various mammals, including humans,
and presents a significant global public health concern, with considerable economic consequences. Recently,
researchers have shown keen interest in noncanonical small noncoding RNAs (sncRNAs) as carriers of epigenetic
information, including tRNA-derived small RNAs (tsSRNAs), rRNA-derived small RNA (rsRNAs), and Y RNA-
derived small RNAs (ysRNAs). Particularly, tsRNAs and rsRNAs are detected in diverse species and demon-
strate evolutionary conservation. We analyzed sncRNAs sequencing data in the pulmonary tissue of two
genetically distinct mouse strains, C57BL/6J and DBA/2J, to explore strain-specific variations of sncRNAs in
response to IAV infection. We systematically compiled information on noncanonical sncRNAs in these two strains
and investigated the tsRNAs/rsRNAs/ysRNAs profiles influenced by IAV infection. Specifically, four noncanon-
ical sncRNA families, including rsRNA-12S, GtsRNA-Arg-CCT, GtsRNA-Arg-TCT, and GtsRNA-Lys-TTT, exhibited
upregulation upon IAV infection. Notably, DBA/2J mice showed earlier systemic differential expression of
noncanonical sncRNAs after IAV infection compared to C57BL/6J mice. Additionally, our study revealed a strain-
specific biogenesis of MtsRNAs in response to IAV infection. Also, distinct co-expression patterns of MtsRNAs
were observed between C57BL/6J and DBA/2J mice, with DBA/2J mice showing broader positive co-expression
of MtsRNAs with various sncRNA families compared to C57BL/6J mice. Our study provides a novel insight into
noncanonical sncRNAs and their implications in IAV pathology and mouse strain specificity.

1. Introduction

Piwi-interacting RNA (piRNAs), the analysis of sncRNA sequencing
(sncRNA-seq) data discovered the expanding universe of noncanonical

Influenza A virus (IAV) is an infectious respiratory virus that can
infect various hosts, demonstrating a high degree of transmissibility and
a capacity for rapid mutation. IAV contributes significantly to the global
economic burden (Cheng et al., 2024; de Courville et al., 2022;
Scheibner et al., 2023; Shah et al., 2024). During the early stages of IAV
infection, the innate immune system is activated to protect the host
against the invading virus (Casalino-Matsuda et al., 2024; Mettelman
et al., 2023). Besides innate immunity, earlier research has explored that
noncoding RNAs (ncRNAs) play a role in regulating host response to
viral infection (Behnia and Bradfute, 2023; Liao et al., 2021; Rajput
et al., 2020). ncRNAs are functional RNAs not involved in direct protein
synthesis. Generally, ncRNAs can be classified into two groups; small
noncoding RNAs (sncRNAs) and long noncoding RNAs. In addition to
the well-explored sncRNA classes, such as microRNAs (miRNAs) and
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sncRNAs (Shi et al., 2021, 2022). These also include tRNA-derived small
RNAs (tsRNAs, also known as tRNA-derived fragments, tRFs),
rRNA-derived small RNA (rsRNAs), and Y RNA-derived small RNAs
(ysRNAs). Particularly, tsRNAs and rsRNAs have been identified across
various species and exhibit evolutionary conservation (Chen et al.,
2021). Additionally, the broad range of biological functions associated
with noncanonical sncRNAs and their substantial connections to dis-
eases are currently driving the forefront of sncRNA research (Chen et al.,
2023; Gong et al., 2022; Hernandez et al., 2023; Liu et al., 2023).
Noncanonical sncRNAs, alongside the harbored RNA modifications,
potentially serve as carriers of epigenetic information and play a sub-
stantial role in transgenerational/intergenerational epigenetic inheri-
tance (Chen et al., 2016; Liu et al., 2023; Zhang et al., 2018). Notably,
ysRNAs are exclusively present within mature sperm heads, serving as
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carriers for the transmission and alteration of epigenetic information
that can be passed on through generations (Elzer et al., 2023). tsSRNAs
and rsRNAs are associated with various epigenetic factors in the
reproductive system. For example, changes in sperm tsSRNAs and rsRNAs
occur in response to challenges such as high-fat or high-sugar diets,
potentially influencing sperm functions and contributing to epigenetic
inheritance of paternally acquired metabolic disorders (Chen et al.,
2016; Natt et al., 2019; Zhang et al., 2018).

Despite the growing interest in host sncRNAs and genetic suscepti-
bility to IAV, only a few studies have identified changes in sncRNAs,
such as miRNAs and small nucleolar RNAs, in viral infections (Preusse
et al.,, 2017; Yin et al., 2023; Zhuravlev et al., 2022). Specifically, the
distinctive expression of miRNA before and during IAV infection was
observed between C57BL/6J and DBA/2J mice, with the DBA/2J strain
demonstrating greater susceptibility to IAV infection (Preusse et al.,
2017). The diverse susceptibility to IAV infection correlates with tran-
scriptomic alterations shaped by genetic background (Wilk et al., 2015).
Consequently, the mouse model represents an excellent tool for exam-
ining viral virulence factors and genetic host factors playing a role in
disease progression and outcomes.

In this study, we utilized sncRNA-seq data from two inbred mouse
strains (Preusse et al., 2017), DBA/2J and C57BL/6J, in the pulmonary
tissue to identify strain-specific variations in host sncRNAs in response
to IAV infection. We employed the computational framework, SPORTS,
specifically designed for annotating and profiling noncanonical
sncRNAs (Shi et al., 2018). Our study provides a novel insight into
noncanonical sncRNAs and their implications in IAV pathology and
mouse strain specificity.

2. Methods
2.1. Dataset

The sncRNA-seq data of this study were obtained from the Gene
Expression Omnibus (GEO) with an accession of GSE89064 (Preusse
et al., 2017). In total, 63 lung samples from C57BL/6J mice and 62 lung
samples from DAB/2J mice were investigated. For the C57BL/6J mice, 5
untreated samples at 0 h, 4/5/5/5/5/4 post mock treatment samples at
6 h/12 h/18 h/24 h/48 h/120 h, and 5/5/5/5/5/5 post IAV (H1N1)
infection samples at 6 h/12 h/18 h/24 h/48 h/120 h were included. For
the DAB/2J mice, 4 untreated samples at O h, 4/5/5/5/5/5 post mock
treatment samples at 6 h/12h/18 h/24 h/48 h/120 h, and 5/5/4/5/5/5
post IAV infection samples at 6 h/12 h/18 h/24 h/48 h/120 h were
included.

2.2. Preprocessing of the sncRNA-seq data

The SPORTS tool (with mismatch tolerance of one) (Shi et al., 2018)
was applied to profile the noncanonical sncRNAs, i.e., tsSRNAs, rsRNAs,
and ysRNAs from the sncRNA-seq data. Reads per million (RPM) was
used to measure the abundance of sncRNAs. Quantification of
tsRNAs/rsRNAs/ysRNAs was presented at two levels: (i) expression of
the individual tsRNA/rsRNA/ysRNA species (i.e., unique sncRNA se-
quences) and (ii) abundance of the noncanonical sncRNA families (e.g.,
rsRNA-12S), which was an aggregation of the sncRNA species from the
same family (e.g., all the rsRNA species coming from the same parental
RNA rRNA-12S).

2.3. Data analyses

The data analyses presented in this study were performed using the R
programming platform, including t-test, two-way ANOVA, Spearman’s
rank correlation test, principal component analysis, and hierarchical
clustering. The Benjamini-Hochberg method was applied for P-value
correction. To identify the differentially expressed noncanonical
sncRNAs between the mock treated and IAV infected mice, the edgeR
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tool was applied, using the TMM algorithm for read count normalization
and likelihood ratio test for differential expression analysis. The sncRNA
species with false discovery rate < 5 % and at least two-fold change in
expression were defined as differentially expressed.

3. Results

3.1. Comparison in noncanonical sncRNA profiles between the C57BL/6J
and DBA/2J and mouse strains

In our dataset, there were in total 63 and 62 samples from the
C57BL/6J and DBA/2J strains, respectively. We first applied principal
component analysis to examine the global difference in the expression
pattern of the individual noncanonical sncRNA families between the two
strains. Fig. 1A demonstrated that there was a clear shift in the first
principal component (PC1) and the second principal component (PC2)
between the C57BL/6J and DBA/2J strains (t-test: P = 3.6 x 107 for
PC1 and P = 2.7 x 107! for PC2), which suggests a global deviation in
noncanonical sncRNA expression between the two strains. We next
investigated the length distribution of tsSRNAs/rsRNAs/ysRNAs in the
two strains. A similar length distribution pattern was observed between
the two strains: both the C57BL/6J and DBA/2J strains showed a peak
for tsRNAs with length of 33 nts; for rsRNAs, the highest peak showed at
the length of 34 nts; for ysRNAs, there were two peaks at the length of 27
nts and 30 nts (Fig. 1B). All these results suggest that even though there
is a global shift in noncanonical sncRNA expression between the two
strains, the mechanism of biogenesis of tsRNAs/rsRNAs/ysRNAs is
largely analogous between the C57BL/6J and DBA/2J mice. We further
applied two-way ANOVA controlling for treatment to identify the
differentially expressed noncanonical sncRNAs between the two mouse
strains. In total, 61 tsRNA/rsRNA/ysRNA families (adjusted P < 0.05)
were identified (Fig. 1C). Interestingly, we observed a systematic
upregulation of nuclear genome encoded tsRNAs (GtsRNAs) and
downregulation of mitochondrial tsRNAs (MtsRNAs) in the DBA/2J
mice relative to the C57BL/6J mice (Fig. 1C).

3.2. Time-dependent expression of noncanonical sncRNAs after IAV
infection

We first identified the tsRNAs/rsRNAs/ysRNA families that exhibited
a monotonic time-dependent expression after IAV infection using
Spearman’s rank correlation test. The expression of one rsRNA family
and seven GtsRNA families (adjusted P < 0.05) were found to be posi-
tively correlated with IAV post infection hours in the C57BL/6J mice
(Supplementary Table S1). In comparison, in the DBA/2J mice, the
expression of five rsRNA families, two ysRNA families, 16 GtsRNA
families, and one MtsRNA family (adjusted P < 0.05) were found to be
positively correlated with IAV post infection hours, as well as one
GtsRNA family and five MtsRNA families being negatively correlated
with IAV infection hours (adjusted P < 0.05) (Supplementary Table S2).
Not surprisingly, the correlation coefficient (p) in the above analysis is
positively correlated between the C57BL/6J and DBA/2J strains
(Fig. 2A). Four sncRNA families were identified to be commonly upre-
gulated with post infection hours, including rsRNA-12S, GtsRNA-Arg-
CCT, GtsRNA-Arg-TCT, and GtsRNA-Lys-TTT (Fig. 2A and B). Particu-
larly, the upregulation of these sncRNAs appeared to be onset from 48 h
in the DBA/2J mice, while the response to infection is generally delayed
in the C57BL/6J mice (Fig. 2B). All these results suggest a common
pattern in the response to IAV infection between the two strains,
although the susceptible DBA/2J mice exhibit increased noncanonical
sncRNA levels at earlier time points compared to the IAV-resistant
C57BL/6J mice. We next investigated the relationship between the
expression of noncanonical sncRNAs and mock treatment. However, no
tsRNA/rsRNA/ysRNA family was found to be correlated with post
treatment hours in the C57BL/6J mice, while only one GtsRNA family
and four MtsRNA families (adjusted P < 0.05) were found to be
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Fig. 1. Comparison in noncanonical sncRNA profiles between the two mouse stains. (A) Principal component analysis on the expression of noncanonical sncRNA
families. PC1: the first principal component; PC2: the second principal component. (B) Comparison in tsSRNA/rsRNA/ysRNA length distribution between the two
mouse strains. (C) Expression heatmap of the differentially expressed tsRNA/rsRNA/ysRNA families between the two mouse strains. Red means relatively higher

expression while blue denotes lower expression.

negatively correlated with post treatment hours in the DBA/2J mice
(Supplementary Table S3). Also, compared with IAV infection, a weaker
correlation in p between the C57BL/6J and DBA/2J strains was observed
for the mock treatment (Fig. 2C).

3.3. Differential expression between mock treatment and IAV infection

To investigate the differential expression between mock treatment
and TAV infection, we zoomed into the tsSRNA/rsRNA/ysRNA species at
each time point. Volcano plots demonstrated that there were very few
differentially expressed tsRNA/rsRNA/ysRNA species between mock

treatment and IAV infection at the earlier time points, i.e., 6 h, 12 h, 18
h, and 24 h (Fig. 3). At 48 h, more differentially expressed sncRNAs were
identified in the DBA/2J mice (1462 upregulated and 121 down-
regulated) compared to the C57BL/6J mice (32 upregulated and 16
downregulated) (Fig. 3), which further supports the observation that the
susceptible DBA/2J mice exhibit increased noncanonical sncRNA levels
at earlier time points compared to the IAV-resistant C57BL/6J mice. In
comparison, at 120 h, the magnitude of differential expression is highly
compatible between the two strains (4052 upregulated and 632 down-
regulated in the C57BL/6J mice while 3932 upregulated and 1102
downregulated in the DBA/2J mice) (Fig. 3). To investigate the
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Fig. 2. The common differential expressed noncanonical sncRNA families between the two strains. (A) Comparison in the relationship between the expression of
noncanonical sncRNA families and IAV post infection hours. Spearman’s rank correlation test was used to measure the relationship between the expression of tsRNA/
rsRNA/ysRNA families and the infection hours for the C57BL/6J and DBA/2J strains, respectively. Four sncRNA families were identified to be commonly upregulated
with the infection hours, which were highlighted in red. (B) Boxplots showing the expression of the sncRNA families highlighted in panel A in response to IAV
infection. (C) Comparison in the relationship between the expression of noncanonical sncRNA families and hours of post mock treatment. Spearman’s rank correlation
test was used to measure the relationship for the C57BL/6J and DBA/2J strains, respectively. No sncRNA family was identified to be commonly upregulated with the
mock treatment.
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Fig. 3. Volcano plots of the differentially expressed sncRNA species between the mock and infection treatments at the individual time points. Each dot represents one
sncRNA species. Pink dots indicate the upregulated sncRNA species, while light blue dots indicate the downregulated sncRNA species. The sncRNA species with false
discovery rate < 5 % and fold change in expression > 2 were defined as differentially expressed.

similarity in the differential expression pattern between the two strains, strains share a large proportion of differentially expressed tsRNAs/
we calculated the logs-transformed fold changes (logoFC) for each rsRNAs/ysRNAs that exhibit a common response to IAV infection.
sncRNA species between the mock treated and IAV infected mice at 120 Briefly, 1408 rsRNA species, 830 GtsRNA species, and 61 ysRNA species
h. A significant positive correlation in logoFC was observed between the were commonly upregulated, while 124 rsRNA species, 43 GtsRNA

C57BL/6J and DBA/2J mice (Fig. 4), which suggests that both the species, and 4 ysRNA species were commonly downregulated in the IAV
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infected C57BL/6J and DBA/2J mice (Fig. 4). However, we only iden-
tified 5 MtsRNA species that are commonly differentially expressed in
both strains (Fig. 4). Indeed, a substantial difference in the number of
differentially expressed MtsRNAs was observed for both the 48 h and
120 h time points between the C57BL/6J and DBA/2J mice (Supple-
mentary Fig. S1). We further investigated the correlation in log,FC at
120 h between the two strains for the individual sncRNA categories
separately. A strong positive correlation was observed for GtsRNAs,
rsRNAs, and ysRNAs (Spearman’s rank correlation test: p = 0.678 and P
< 107! for GtsRNAs, p = 0.710 and P < 1071 for rsRNAs, and p = 0.656
and P < 1071° for ysSRNAs), while there was no significant correlation for
MtsRNAs (Spearman’s rank correlation test: p = 0.044 and P = 0.235).
All these results suggest a strain-specific biogenesis mechanism of
MtsRNAs upon IAV infection.

3.4. Strain-specific co-expression of MtsRNAs

Firstly, we investigated the relationship in total abundance between
rsRNAs, GtsRNAs, MtsRNAs, and ysRNAs. Generally, significant positive
correlation was identified between each other, except for the relation-
ship between GtsRNAs and MtsRNAs in the C57BL/6J mice and between
ysRNAs and MtsRNAs in both strains (Fig. 5A and Supplementary
Table S4). Secondly, we investigated the individual ts/rs/ysRNA fam-
ilies and analyzed the co-expression pattern in both strains. Fig. 5B
demonstrated that there was a co-expression cluster dominantly
composed of MtsRNAs in the C57BL/6J mice while the co-expression
between MtsRNAs and other sncRNAs was generally weaker. In
contrast, MtsRNAs in the DBA/2J mice appeared to be positively co-
expressed with more sncRNA families, including rsRNAs, GtsRNAs,
and ysRNAs (Supplementary Fig. S2). All these results suggest that there

is a strain-specific co-expression pattern for MtsRNAs between the
C57BL/6J and DBA/2J mice.

3.5. Co-expression of noncanonical sncRNAs with miRNAs

We also performed a co-expression analysis to understand the rela-
tionship between noncanonical sncRNAs and well-studied miRNAs. For
each mouse strain, only the miRNAs with mean RPM > 1 were consid-
ered here. Spearman’s rank correlation test was used to measure the
relationship in expression for the individual ts/rs/ysRNA-miRNA pairs.
A ts/rs/ysRNA-miRNA pair with adjusted P < 0.05 was deemed either
positively or negatively co-expressed. Interestingly, the ts/rs/ysRNA-
miRNA co-expression pattern appeared to be similar between the
C57BL/6J and DBA/2J mice (Supplementary Fig. S3). In total, 1318
positively co-expressed pairs and 156 negatively co-expressed pairs
were identified to be commonly co-expressed in both the C57BL/6J and
DBA/2J mice (Supplementary Fig. S3 and Supplementary Table S5).
Although the exact function of noncanonical sncRNAs in mouse lung
remains largely unknown, these results suggest that some ts/rs/ysRNAs
may directly or indirectly co-operate with miRNAs, but the functional
principle may not be necessarily similar to the well-known RNAi-like
mechanisms (Chen and Zhou, 2023).

4. Discussion

We analyzed the noncanonical sncRNA profile in the lung during IAV
infection, comparing two inbred mouse strains known for their geneti-
cally determined variances in susceptibility to IAV. We demonstrated
substantial differences in ts/rs/ysRNA populations between the two
strains during IAV infection. The recombinant inbred BXD parental
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Fig. 5. Comparison in co-expression pattern between the two mouse strains. (A) Correlation in total abundance between GtsRNA and rsRNA and between GtsRNA
and MtsRNA. Spearman’s rank correlation test was used to measure the relationship between the individual sncRNA categories. (B) Co-expression heatmap of the
noncanonical sncRNA families in the C57BL/6J strain. Spearman’s rank correlation test was used to measure the pairwise relationship in expression between the
individual noncanonical sncRNA families. Red means positively co-expressed (positive correlation) while blue means negatively co-expressed (negative correlation).
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strains, C57BL/6J and DBA/2J, have been widely employed to investi-
gate various genetic aspects of immunology and infectious disease due
to their significant variations in immune response and susceptibility to
pathogens (Li et al., 2021; Morokata et al., 1999; Tamiya et al., 2020).
For instance, DBA/2J mice display more severe lung pathology, elevated
levels of chemokines/cytokines and viral replication, and delayed viral
clearance upon viral challenge compared to C57BL/6J mice (Li et al.,
2021; Morokata et al.,, 1999). In our study, four sncRNA families,
rsRNA-12S, GtsRNA-Arg-CCT, GtsRNA-Arg-TCT, and GtsRNA-Lys-TTT,
were upregulated during IAV infection. This upregulation occurred
earlier in the DBA/2J mice compared to the C57BL/6J mice.

IAV infection can cause notable changes in certain types of host
sncRNAs types, some of which modulate the host’s antiviral defenses,
while others facilitate viral replication (Bamunuarachchi et al., 2023;
Zheng et al., 2020; Zhuravlev et al., 2022). Nonetheless, our compre-
hension of the role of sncRNAs in the host during IAV infection remains
restricted. Several methodologies have emerged to advance sncRNA-seq
techniques, facilitating the discovery of previously unnoticed nonca-
nonical sncRNAs (Cozen et al., 2015; Shi et al., 2021). Therefore, non-
canonical sncRNAs have gained considerable attention from
researchers. Recent research has revealed the presence of tsRNAs in
various organisms, emphasizing their potential role in the development
of different diseases (Chen et al., 2024; Soureas et al., 2024; Zhao et al.,
2024). Additionally, rsRNAs were identified in diverse tissues and
demonstrated a sensitive response to pathological conditions, including
metabolic disorders and Alzheimer’s disease (Hernandez et al., 2023;
Zhang et al., 2020). Our study found that both strains share a large
proportion of differentially expressed tsRNAs/rsRNAs/ysRNAs with a
common response to IAV infection.

The impairment of mitochondria may influence the production of
MtsRNAs, potentially modulating the outcome of an infection. For
example, MtsRNAs expression is altered in many conditions, including
cancer, bacterial infections, and aging (Li et al., 2024; Looney et al.,
2021; Soureas et al., 2024). In cases of mycobacterium tuberculosis
infection, disrupted mitochondrial membrane architecture facilitates
interaction between mitochondrial tRNAs and tRNA-cleaving RNAses,
increasing mitochondrial tRNAs production (Looney et al., 2021).
Furthermore, the accumulation of mitochondrial Glu-5tsRNA-CTC
during aging impairs mitochondria translation, causing deficiencies in
mitochondrial structure, glutamate levels, and age-related memory (Li
etal., 2024). Our investigation revealed a distinct differential expression
of MtsRNAs between C57BL/6J and DBA/2J mice during IAV infection.
We also observed a strain-specific co-expression pattern of noncanonical
sncRNAs between C57BL/6J and DBA/2J mice, especially regarding
MtsRNAs. C57BL/6J mice demonstrated a comparatively weaker
co-expression between MtsRNAs and other sncRNAs. Conversely,
MtsRNAs exhibited positive co-expression with a broader range of
sncRNA families, including rsRNAs, GtsRNAs, and ysRNAs in DBA/2J
mice. These different mouse strains are associated with variations in
viral replication, levels of pro-inflammatory cytokines, and IAV sus-
ceptibility (Alberts et al., 2010; Eisfeld et al., 2018). Upon infection with
IAV, the susceptible DBA/2J strain exhibits a higher upregulation of
immune response compared to C57BL/6J mice (Alberts et al., 2010;
Srivastava et al., 2009). Furthermore, the mitochondrial dynamics
might differ between C57BL/6J and DBA/2J mice in terms of basal
mitochondrial metabolism, susceptibility to oxidative stress, and anti-
oxidant capacity (Filiou et al., 2021; Huang et al., 2006). Nevertheless,
the mechanisms underlying MtsRNAs regulation during IAV infection
remain unclear. The extent of differential expression in MtsRNAs during
IAV infection might be correlated with the duration of infection, the
severity of mitochondrial distress, and susceptibility to IAV. Therefore,
further research is needed to clarify this mechanism.

In this study, we observed a strong correlation of several host
sncRNAs with IAV infection, showing different expression of ts/rs/ys
RNAs in the host when comparing DBA/2J and C57BL/6J mouse strains.
Our study revealed the differential expression of host sncRNAs following

Virus Research 350 (2024) 199474

IAV infection. Further investigations are warranted to explore their
functions and relationships, thus enhancing our understanding of the
interaction between IAV and host sncRNAs. Also, it remains unclear
whether the observed differential expression of noncanonical sncRNAs
is specific to IAV infection or it’s a common outcome upon infection of
other viruses. Future research with other virus strains may provide in-
sights into the virus-specific sncRNA expression in mouse lung.

CRediT authorship contribution statement

Eun-A Ko: Writing — original draft, Funding acquisition, Formal
analysis, Data curation, Conceptualization. Tong Zhou: Writing —
original draft, Software, Methodology, Formal analysis, Data curation,
Conceptualization. Jae-Hong Ko: Writing — review & editing, Writing —
original draft, Project administration, Methodology, Funding acquisi-
tion, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

None

Acknowledgments

JHK was supported by the Basic Science Research Program through
the National Research Foundation of Korea (NRF) funded by the Min-
istry of Education (2017R1D1A1B06035273) and EAK was supported by
the National Research Foundation of Korea (NRF) grant funded by the
Korea government (NRF-2022R1F1A1062897).

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.virusres.2024.199474.

References

Alberts, R., Srivastava, B., Wu, H., Viegas, N., Geffers, R., Klawonn, F., Novoselova, N.,
do Valle, T.Z., Panthier, J.J., Schughart, K., 2010. Gene expression changes in the
host response between resistant and susceptible inbred mouse strains after Influenza
A infection. Microbes Infect. 12 (4), 309-318.

Bamunuarachchi, G., Vaddadi, K., Yang, X., Dang, Q., Zhu, Z., Hewawasam, S.,

Huang, C., Liang, Y., Guo, Y., Liu, L., 2023. MicroRNA-9-1 attenuates Influenza A
virus replication via targeting tankyrase 1. J. Innate Immun. 15 (1), 647-664.

Behnia, M., Bradfute, S.B., 2023. The host non-coding RNA response to alphavirus
infection. Viruses 15 (2), 51.

Casalino-Matsuda, S.M., Chen, F., Gonzalez-Gonzalez, F.J., Matsuda, H., Nair, A., Abdala-
Valencia, H., Budinger, G.R.S., Dong, J.T., Beitel, G.J., Sporn, P.H., 2024. Myeloid
Zfhx3 deficiency protects against hypercapnia-induced suppression of host defense
against Influenza A virus. JCI Insight 9 (4), e170316.

Chen, Q., Li, D., Jiang, L., Wu, Y., Yuan, H., Shi, G., Liu, F., Wu, P., Jiang, K., 2024.
Biological functions and clinical significance of tRNA-derived small fragment
(tsRNA) in tumors: current state and future perspectives. Cancer Lett. 587, 216701.

Chen, Q., Yan, M., Cao, Z,, Li, X., Zhang, Y., Shi, J., Feng, G.H., Peng, H., Zhang, X.,
Zhang, Y., Qian, J., Duan, E., Zhai, Q., Zhou, Q., 2016. Sperm tsRNAs contribute to
intergenerational inheritance of an acquired metabolic disorder. Science 351 (6271),
397-400 (1979).

Chen, Q., Zhang, X., Shi, J., Yan, M., Zhou, T., 2021. Origins and evolving functionalities
of tRNA-derived small RNAs. Trends Biochem. Sci. 46 (10), 790-804.

Chen, Q., Zhou, T., 2023. Emerging functional principles of tRNA-derived small RNAs
and other regulatory small RNAs. J. Biol. Chem. 299 (10), 105225.

Chen, Y., Tang, Y., Hou, S., Luo, J., Chen, J., Qiu, H., Chen, W., Li, K., He, J., Li, J., 2023.
Differential expression spectrum and targeted gene prediction of tRNA-derived small
RNAs in idiopathic pulmonary arterial hypertension. Front. Mol. Biosci. 10,
1204740.


https://doi.org/10.1016/j.virusres.2024.199474
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0001
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0001
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0001
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0001
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0002
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0002
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0002
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0003
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0003
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0004
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0004
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0004
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0004
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0005
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0005
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0005
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0006
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0006
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0006
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0006
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0007
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0007
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0008
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0008
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0009
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0009
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0009
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0009

E.-A. Ko et al.

Cheng, P., Zhai, K., Han, W., Zeng, J., Qiu, Z., Chen, Y., Tang, K., Tang, J., Long, H.,
Jiang, T., Du, X., 2024. Characterizing the antigenic evolution of pandemic Influenza
A (HIN1) pdmO09 from 2009 to 2023. J. Med. Virol. 96 (5), €29657.

Cozen, A.E., Quartley, E., Holmes, A.D., Hrabeta-Robinson, E., Phizicky, E.M., Lowe, T.
M., 2015. ARM-seq: AlkB-facilitated RNA methylation sequencing reveals a complex
landscape of modified tRNA fragments. Nat. Methods 12 (9), 879-884.

de Courville, C., Cadarette, S.M., Wissinger, E., Alvarez, F.P., 2022. The economic burden
of Influenza among adults aged 18 to 64: a systematic literature review. Influenza
Other Respir. Viruses 16 (3), 376-385.

Eisfeld, A.J., Gasper, D.J., Suresh, M., Kawaoka, Y., 2018. C57BL/6J and C57BL/6NJ
Mice are differentially susceptible to inflammation-associated disease caused by
Influenza A virus. Front. Microbiol. 9, 3307.

Elzer, D., Bremser, M., Zischler, H., 2023. Human sperm heads harbor modified YsRNA
as transgenerationally inherited non-coding RNAs. Front. Genet. 14, 1294389.

Filiou, M.D., Nussbaumer, M., Teplytska, L., Turck, C.W., 2021. Behavioral and
metabolome differences between C57BL/6 and DBA/2 mouse strains: implications
for their use as models for depression- and anxiety-like phenotypes. Metabolites 11
(2), 128.

Gong, J., Wang, P., Liu, J.C., Li, J.,, Zeng, Q.X., Yang, C,, Li, Y., Yu, D., Cao, D., Duan, Y.
G., 2022. Integrative analysis of small RNA and mRNA expression profiles identifies
signatures associated with chronic epididymitis. Front. Immunol. 13, 883803.

Hernandez, R., Shi, J., Liu, J., Li, X., Wu, J., Zhao, L., Zhou, T., Chen, Q., Zhou, C., 2023.
PANDORA-Seq unveils the hidden small noncoding RNA landscape in atherosclerosis
of LDL receptor-deficient mice. J. Lipid Res. 64 (4), 100352.

Huang, T.T., Naeemuddin, M., Elchuri, S., Yamaguchi, M., Kozy, H.M., Carlson, E.J.,
Epstein, C.J., 2006. Genetic modifiers of the phenotype of mice deficient in
mitochondrial superoxide dismutase. Hum. Mol. Genet. 15 (7), 1187-1194.

Li, D., Gao, X., Ma, X., Wang, M., Cheng, C., Xue, T., Gao, F., Shen, Y., Zhang, J., Liu, Q.,
2024. Aging-induced tRNA(Glu)-derived fragment impairs glutamate biosynthesis by
targeting mitochondrial translation-dependent cristae organization. Cell Metab. 36
(5), 1059-1075 €1059.

Li, K., Shen, Y., Miller, M.A., Stabenow, J., Williams, R.W., Lu, L., 2021. Differing
susceptibility of C57BL/6J and DBA/2J mice-parents of the murine BXD family, to
severe acute respiratory syndrome coronavirus infection. Cell Biosci. 11 (1), 137.

Liao, Y., Guo, S., Liu, G., Qiu, Z., Wang, J., Yang, D., Tian, X., Qiao, Z., Ma, Z., Liu, Z.,
2021. Host non-coding RNA regulates Influenza A virus replication. Viruses 14 (1),
51.

Liu, J., Shi, J., Hernandez, R., Li, X., Konchadi, P., Miyake, Y., Chen, Q., Zhou, T.,
Zhou, C., 2023. Paternal phthalate exposure-elicited offspring metabolic disorders
are associated with altered sperm small RNAs in mice. Environ. Int. 172, 107769.

Looney, M.M., Lu, Y., Karakousis, P.C., Halushka, M.K., 2021. Mycobacterium
tuberculosis infection drives mitochondria-biased dysregulation of host transfer
RNA-derived fragments. J. Infect. Dis. 223 (10), 1796-1805.

Mettelman, R.C., Souquette, A., Van de Velde, L.A., Vegesana, K., Allen, E.K., Kackos, C.
M., Trifkovic, S., DeBeauchamp, J., Wilson, T.L., St James, D.G., Menon, S.S.,
Wood, T., Jelley, L., Webby, R.J., Huang, Q.S., Thomas, P.G., Team, S.-LI., 2023.
Baseline innate and T cell populations are correlates of protection against
symptomatic influenza virus infection independent of serology. Nat. Immunol. 24
(9), 1511-1526.

Morokata, T., Ishikawa, J., Yamada, T., 1999. Differential susceptibility of C57BL/6 and
DBA/2 mice to ovalbumin-induced pulmonary eosinophilia regulated by Th1/Th2-
type cytokines. Immunol. Lett. 70 (2), 127-134.

Natt, D., Kugelberg, U., Casas, E., Nedstrand, E., Zalavary, S., Henriksson, P., Nijm, C.,
Jaderquist, J., Sandborg, J., Flinke, E., Ramesh, R., Orkenby, L., Appelkvist, F.,
Lingg, T., Guzzi, N., Bellodi, C., Lof, M., Vavouri, T., Ost, A., 2019. Human sperm
displays rapid responses to diet. PLoS Biol. 17 (12), e3000559.

Preusse, M., Schughart, K., Pessler, F., 2017. Host Genetic Background Strongly Affects
Pulmonary microRNA Expression before and during Influenza A Virus Infection.
Front. Immunol. 8, 246.

Virus Research 350 (2024) 199474

Rajput, R., Sharma, J., Nair, M.T., Khanna, M., Arora, P., Sood, V., 2020. Regulation of
host innate immunity by non-coding RNAs during dengue virus infection. Front. Cell
Infect. Microbiol. 10, 588168.

Scheibner, D., Salaheldin, A.H., Bagato, O., Zaeck, L.M., Mostafa, A., Blohm, U.,
Muller, C., Eweas, A.F., Franzke, K., Karger, A., Schafer, A., Gischke, M.,
Hoffmann, D., Lerolle, S., Li, X., Abd El-Hamid, H.S., Veits, J., Breithaupt, A.,
Boons, G.J., Matrosovich, M., Finke, S., Pleschka, S., Mettenleiter, T.C., de Vries, R.
P., Abdelwhab, E.M., 2023. Phenotypic effects of mutations observed in the
neuraminidase of human origin H5N1 Influenza A viruses. PLoS Pathog. 19 (2),
el1011135.

Shah, S.A.W., Palomar, D.P., Barr, 1., Poon, L.L.M., Quadeer, A.A., McKay, M.R., 2024.
Seasonal antigenic prediction of Influenza A H3N2 using machine learning. Nat.
Commun. 15 (1), 3833.

Shi, J., Ko, E.A., Sanders, K.M., Chen, Q., Zhou, T., 2018. SPORTS1.0: a tool for
annotating and profiling non-coding RNAs optimized for rRNA- and tRNA-derived
small RNAs. Genom. Proteom. Bioinform. 16 (2), 144-151.

Shi, J., Zhang, Y., Tan, D., Zhang, X., Yan, M., Zhang, Y., Franklin, R., Shahbazi, M.,
Mackinlay, K., Liu, S., Kuhle, B., James, E.R., Zhang, L., Qu, Y., Zhai, Q., Zhao, W.,
Zhao, L., Zhou, C., Gu, W., Murn, J., Guo, J., Carrell, D.T., Wang, Y., Chen, X.,
Cairns, B.R., Yang, X.L., Schimmel, P., Zernicka-Goetz, M., Cheloufi, S., Zhang, Y.,
Zhou, T., Chen, Q., 2021. PANDORA-seq expands the repertoire of regulatory small
RNAs by overcoming RNA modifications. Nat. Cell Biol. 23 (4), 424-436.

Shi, J., Zhou, T., Chen, Q., 2022. Exploring the expanding universe of small RNAs. Nat.
Cell Biol. 24 (4), 415-423.

Soureas, K., Papadimitriou, M.A., Malandrakis, P., Papanota, A.M., Adamopoulos, P.G.,
Ntanasis-Stathopoulos, 1., Liacos, C.I., Gavriatopoulou, M., Sideris, D.C., Kastritis, E.,
Dimopoulos, M.A., Scorilas, A., Terpos, E., Avgeris, M., 2024. Small RNA-seq and
clinical evaluation of tRNA-derived fragments in multiple myeloma: loss of
mitochondrial i-tRF(HisGTG) results in patients’ poor treatment outcome. Br. J.
Haematol. 204 (5), 1790-1800.

Srivastava, B., Blazejewska, P., Hessmann, M., Bruder, D., Geffers, R., Mauel, S.,
Gruber, A.D., Schughart, K., 2009. Host genetic background strongly influences the
response to Influenza A virus infections. PLoS One 4 (3), e4857.

Tamiya, S., Yoshikawa, E., Suzuki, K., Yoshioka, Y., 2020. Susceptibility analysis in
several mouse strains reveals robust T-cell responses after mycoplasma pneumoniae
infection in DBA/2 Mice. Front. Cell. Infect. Microbiol. 10, 602453.

Wilk, E., Pandey, A.K., Leist, S.R., Hatesuer, B., Preusse, M., Pommerenke, C., Wang, J.,
Schughart, K., 2015. RNAseq expression analysis of resistant and susceptible mice
after Influenza A virus infection identifies novel genes associated with virus
replication and important for host resistance to infection. BMC Genom. 16 (1), 655.

Yin, Y., Qiu, Z., Lei, Y., Huang, J., Sun, Y., Liu, H., Wu, W., Wang, X., Shu, Y., Zheng, Q.,
Fang, S., 2023. Screening and identification of specific cluster miRNAs in N2a cells
infected by H7N9 virus. Virus Genes 59 (5), 716-722.

Zhang, X., Trebak, F., Souza, L.A.C., Shi, J., Zhou, T., Kehoe, P.G., Chen, Q., Feng
Earley, Y., 2020. Small RNA modifications in Alzheimer’s disease. Neurobiol. Dis.
145, 105058.

Zhang, Y., Zhang, X., Shi, J., Tuorto, F., Li, X., Liu, Y., Liebers, R., Zhang, L., Qu, Y.,
Qian, J., Pahima, M., Liu, Y., Yan, M., Cao, Z., Lei, X., Cao, Y., Peng, H., Liu, S.,
Wang, Y., Zheng, H., Woolsey, R., Quilici, D., Zhai, Q., Li, L., Zhou, T., Yan, W.,
Lyko, F., Zhang, Y., Zhou, Q., Duan, E., Chen, Q., 2018. Dnmt2 mediates
intergenerational transmission of paternally acquired metabolic disorders through
sperm small non-coding RNAs. Nat. Cell Biol. 20 (5), 535-540.

Zhao, Y., Wang, K., Zhao, C., Liu, N., Wang, Z., Yang, W., Cheng, Z., Zhou, L., Wang, K.,
2024. The function of tRNA-derived small RNAs in cardiovascular diseases. Mol.
Ther. Nucleic Acids 35 (1), 102114.

Zheng, B., Zhou, J., Wang, H., 2020. Host microRNAs and exosomes that modulate
influenza virus infection. Virus Res. 279, 197885.

Zhuravlev, E., Sergeeva, M., Malanin, S., Amirkhanov, R., Semenov, D., Grigoryeva, T.,
Komissarov, A., Stepanov, G., 2022. Analysis of expression pattern of snoRNAs in
human cells A549 infected by Influenza A virus. Int. J. Mol. Sci. 23 (22), 13666.


http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0010
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0010
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0010
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0011
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0011
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0011
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0012
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0012
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0012
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0013
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0013
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0013
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0014
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0014
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0015
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0015
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0015
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0015
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0016
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0016
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0016
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0017
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0017
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0017
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0018
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0018
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0018
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0019
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0019
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0019
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0019
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0020
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0020
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0020
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0021
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0021
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0021
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0022
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0022
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0022
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0023
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0023
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0023
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0024
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0024
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0024
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0024
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0024
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0024
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0025
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0025
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0025
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0026
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0026
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0026
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0026
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0027
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0027
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0027
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0028
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0028
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0028
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0029
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0029
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0029
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0029
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0029
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0029
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0029
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0030
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0030
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0030
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0031
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0031
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0031
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0032
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0032
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0032
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0032
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0032
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0032
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0033
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0033
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0034
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0034
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0034
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0034
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0034
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0034
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0035
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0035
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0035
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0036
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0036
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0036
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0037
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0037
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0037
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0037
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0038
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0038
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0038
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0039
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0039
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0039
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0040
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0040
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0040
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0040
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0040
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0040
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0041
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0041
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0041
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0042
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0042
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0043
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0043
http://refhub.elsevier.com/S0168-1702(24)00167-9/sbref0043

	Insight into noncanonical small noncoding RNAs in Influenza A virus infection
	1 Introduction
	2 Methods
	2.1 Dataset
	2.2 Preprocessing of the sncRNA-seq data
	2.3 Data analyses

	3 Results
	3.1 Comparison in noncanonical sncRNA profiles between the C57BL/6J and DBA/2J and mouse strains
	3.2 Time-dependent expression of noncanonical sncRNAs after IAV infection
	3.3 Differential expression between mock treatment and IAV infection
	3.4 Strain-specific co-expression of MtsRNAs
	3.5 Co-expression of noncanonical sncRNAs with miRNAs

	4 Discussion
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	Acknowledgments
	Supplementary materials
	References


