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Abstract
Background: High throughput sequencing allows identification of small non-coding RNAs. Transfer RNA Fragments
are a class of small non-coding RNAs, and have been identified as being involved in inhibition of gene expression.
Given their role, it is possible they may be involved in mediating the infection-induced defense response in the
host. Therefore, the objective of this study was to identify 5′ transfer RNA fragments (tRF5s) associated with a serum
antibody response to M. bovis in beef cattle.
Results: The tRF5s encoding alanine, glutamic acid, glycine, lysine, proline, selenocysteine, threonine, and valine
were associated (P < 0.05) with antibody response against M. bovis. tRF5s encoding alanine, glutamine, glutamic
acid, glycine, histidine, lysine, proline, selenocysteine, threonine, and valine were associated (P < 0.05) with season,
which could be attributed to calf growth. There were interactions (P < 0.05) between antibody response to M. bovis
and season for tRF5 encoding selenocysteine (anticodon UGA), proline (anticodon CGG), and glutamine (anticodon
TTG). Selenocysteine is a rarely used amino acid that is incorporated into proteins by the opal stop codon (UGA),
and its function is not well understood.
Conclusions: Differential expression of tRF5s was identified between ELISA-positive and negative animals. Production
of tRF5s may be associated with a host defense mechanism triggered by bacterial infection, or it may provide some
advantage to a pathogen during infection of a host. Further studies are needed to establish if tRF5s could be used as a
diagnostic marker of chronic exposure.
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Background
Bovine respiratory disease complex is the most expensive
condition in cattle, costing up to $1 billion annually in the
United States [1]. Despite the development of vaccines
and antibiotics, the condition is responsible for significant
morbidity and mortality losses to the cattle industry [2].
Miles [3], suggests that perhaps it is time to look for ways
to reduce losses by focusing on the animal’s response to
related pathogens, instead of continuing to focus on the
pathogens themselves.
Mycoplasma bovis (M. bovis) has been identified as a
prime pathogen causing respiratory disease of cattle, along
with Pasteurella multocida, Mannheimia haemolytica,
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and Histophilus somni [2, 4, 5]. Common problems with
cattle infected with M. bovis are chronic sickness, insensitivity to treatment, and inability to reach target weights.
M. bovis is one of the most common pathogens recovered
from lung samples in the abattoir [6].
High throughput sequencing allows identification of
small non-coding RNAs [7, 8]. Transfer RNA Fragments
(tRFs) are a class of small interfering RNA that were
originally considered a degradation product of the
translation process, but their role in regulation of gene
translation in the cell has now been recognized [9, 10].
Their classification is based on the processing site of
the transfer RNA (tRNA): tRFs processed from the 5′
end of the mature tRNA are denoted tRF5; tRFs cleaved
at the 3′ end of the mature tRNA are referred to as
tRF3; those produced from the beginning of the 3′ end,
cleaved from the immature tRNA are designated tRF1
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M. bovis. By the fall, eight animals were seropositive
(positive group), while eight remained negative (negative
group). By spring, all animals in both groups were
seropositive.

[8, 11, 12]. These tRFs are the second most abundant in
tissues, after microRNAs [8]; however, tRFs are the
most abundant sncRNAs in serum in cattle, with tRF5s
being the predominant group among the three types of
tRFs [13].
EN Nolte-‘t Hoen et al. [14], proposed that tRFs are
produced in bone marrow and immune cells; however, it
has been suggested that other cells may also have the
ability to produce them [15, 16]. tRFs have been identified
as being involved in inhibition of gene expression in
stressed cells and in virus replication [15, 17]. Given their
production site and their role in inhibiting gene expression, it is possible they may be involved in mediating the
infection-induced defense response [18]. Therefore, our
objective was to identify tRF5s associated with serum antibody response to M. bovis in beef cattle.

The tRFs were isolated from 200 μl of each serum sample
using the miRNeasy Serum/Plasma kit (QIAGEN,
Germantown, MD). The tRFs were extracted according to
the manufacturer’s direction and the samples were eluted
in 14 μl of RNase free water. After extraction 1 μl of each
sample was run using the Small RNA chip on an Agilent
2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA),
to quantify the tRFs extracted from the samples. The tRFs
concentration was determined by using a 10–40 nucleotide gate.

Methods

Library preparation

Animals

A sequence library was prepared for each extracted sample. The libraries were prepared using the NEBNext
Multiplex Small RNA Library Prep Set for Illumina Set 1
and 2 (New England BioLabs, Ipswich, MA). Each set
comprises of 24 unique sequences or barcodes, therefore, 48 unique barcodes were used to identify each sample. Six microliters of each animal’s isolated small RNA
fraction was used in library preparation according to
manufacturer’s instructions. After the library preparation,
libraries were cleaned up and concentrated using the
QIAquick PCR purification kit (QIAGEN, Germantown,
MD) from 100 μl to a final volume of 27.5 μl. The quality
and quantity of the libraries was determined by running
1 μl of each library on a DNA 1000 chip on an Agilent
2100 Bioanalyzer (Agilent Technologies, Santa Clara, CA).
The concentration of each indexed library was determined
by using a 135–170 nucleotide gate. All the indexed libraries were then pooled and size selected. Five nanograms of
each indexed library were used to make the pool, with the
total volume of the pool being 246.5 μl. The pool was
concentrated using the QIAquick PCR purification kit
(QIAGEN, Germantown, MD) to 35 μl of RNase free
water. The pool was then size selected using the Pippin
Prep on a 3% Agarose gel without added ethidium
bromide (SAGE Sciences, Beverly, MA) with a size selection of 142–170 nucleotides according to the manufacturer’s instructions. After the gel was run the pools
were concentrated using the QIAquick PCR purification
kit (QIAGEN, Germantown, MD) by eluting in 32 μl of
RNase free water. One microliter of the size selected
library pool was run using a High sensitivity DNA chip
Agilent 2100 Bioanalyzer (Agilent Technologies, Santa
Clara, CA). The concentration was determined by
using a 135–170 nucleotide gate. The final concentration of the size selected pool library was 1.5 nM and
the pool was stored at − 20 °C.

Bleeding of animals was done according to the management protocol approved by the Animal Care and Use
Committee of the Institution. Sera from sixteen beef
steers born during spring, 2013, were obtained from the
US Meat Animal Research Center, Clay Center Nebraska.
Animals were bled at three time points: during summer,
2013, while in the pasture with the dam, at weaning in the
fall of the same year, and during summer, 2014. Blood was
obtained by jugular venipuncture using a syringe. The
samples were centrifuged at 1300 X g for 25 min at 4 °C
and serum was aspirated and frozen at − 20 °C until used.
Samples were shipped to the National Animal Disease
Center, Ames, Iowa.
Antibody response against M. bovis

Cattle sera were tested for antibodies reactive with M.
bovis using a direct ELISA, as previously reported [19],
except that 0.5 μg of antigen was used per well, anti-bovine
IgG-peroxidase conjugate (KPL, Inc.), diluted 1:3000 in
wash buffer, was used to detect cattle IgG and color development was halted after 45 min. The M. bovis isolate M23
was used as the source of antigen [20]. The presence or absence of serum antibody to M. bovis was confirmed in each
animal using a commercially available ELISA (Biovet, Inc.)
prior to selection for inclusion in the appropriate pool. Sera
included in the positive pool were 3+ or 4+ positive, on a
scale of 1+ to 4+, as described by the ELISA manufacturer.
The pool itself tests at 4+ with the Biovet ELISA and has a
level of IgG higher than that of the positive control serum
provided with the kit. A positive result in our in-house
ELISA was defined as an average absorbance at 405 nm
greater than the average plus 3 standard deviations of the
negative control, calculated independently for each plate
analyzed. Sera from the sixteen beef calves collected
in summer were ELISA negative for IgG reactive with
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Sequencing the library pool

The pooled size selected library was sequenced using the
Hi-Seq Sequencing Kit v2 50 Cycles (Illumina, San
Diego, CA) in the Sequencing Core Facility at the
National Animal Disease Center (NADC).
Data analysis

The quality of Illumina sequences was inspected using
FastQCv0.11.22 program in the fastx toolkit3. The Illumina adapter was removed using fastx_clipper. Multiple
occurrences of unique reads were merged using a custom
script. Reads 18–40 bp in size were used in downstream
analysis. These reads were first mapped to Bos taurus
genome (ENSEMBL UMD3.1.75) using Novoalign software (Novocraft Technologies) allowing two mismatches.
Those aligned to the genome were then mapped to a database containing different annotated genome features to
determine their origin: genomic tRNA sequences were
downloaded from http://gtrnadb.ucsc.edu/; mitochondrial
tRNA, cDNA, and other non-coding RNA sequences were
downloaded from ENSEMBL version 75. The Illumina
reads that aligned to tRNA genes or their flanking sequences were further characterized. They were initially
aligned to a Bos taurus tRNA database using BLASTN
and the results were processed using a custom script.
Those perfectly aligned to the beginning of mature tRNAs
were classified as tRF5. After tRF5 sequences had been determined, their occurrences in Illumina sequences from
individual animals were obtained using a custom script.
Sequences have been submitted to NCBI Short Read
Archive4, under BioProject accession PRJNA319677. Read
counts were normalized to library size to reads per million
prior to statistical analysis.
Statistical analysis

Analysis was done using the Mixed procedure of SAS
(SAS Inst. Inc., Cary, NC). The model included the
effects of ELISA status (positive or negative), season
(summer, fall, or spring), and the interaction between
ELISA status and season. The present study accounted for
the minimum number of samples that could be run and
that could provide significant statistical differences. Eight
biological replicates (animals) per group suffice the requirements of the study. The power to establish differences at the P < 0.05 level, between both groups with a
sample size of n = 16 is: 1-beta = 0.94.
Probability values shown are nominal and uncorrected
for multiple testing. Sixteen animals were used to ascertain
the association of tRFs with ELISA status in the present
study. Additional experimental units would be needed if
significance was adjusted for multiple comparisons. Although next generation sequencing allows profiling tRFs in
each experimental unit, the cost associated with embarking
on a large scale study is still a limiting factor. The present
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study was designed to ascertain nominal significant differences with the minimal number of samples. For this reason
it was deemed relevant to present un-corrected significances in the present study. Significances should be taken
in consideration when interpreting results.

Results
There were 452,264,204 sequences obtained in the present
study. From these, 416,296,523 sequences mapped to tRNA.
Only sequences that matched 100% with the tRNA genes
and their flanking sequences were included in the study,
therefore there were a total of 263,556,821 sequences that
matched these criteria. Of these, 261,502,003 sequences
were identified as tRF5s. Table 1 shows the number of tRF5s
corresponding to the anticodons of each amino acid. The
tRF5s with the most number of sequences were tRF5Glu (n = 989,044 + 67,677,835 = 68,666,879), tRF5-Gly
(n = 156,913,852), tRF5-His (n = 23,770,874), tRF5-Lys
(n = 3,223,746), and tRF5-Val (n = 8,103,320). The number of sequences for these five tRF5s comprise 99.7% of
the total number of tRF5 sequences in the study. The
tRF5s with fewer than 1000 sequences were tRF5-Arg
(n = 283 + 1 + 42 = 326), tRF5-Ile (n = 20), tRF5-Leu (n =
165), tRF5-Phe (n = 3), tRF5-Ser (n = 9), tRF5-Trp (n = 11),
and tRF5-Tyr (n = 4). The remaining tRF5s had more than
1000, but less than 1000,000 sequences.
For identification purposes, the nomenclature of tRF5s
will be by amino acid and anticodon. As an example, for
the tRF5 for alanine, anticodon AGC, the abbreviation
tRF5-AlaAGC will be used.
There were nine tRF5s with different anticodons associated with the outcome of ELISA status (Table 2). The
positive group had a greater count of tRF5s when compared to the negative group for all anticodons, with the
exception of tRF5-AlaCGC and tRF5-GluCTC. The most
significant associations were observed with tRF5-LysCTT
(P = 0.0002), tRF5-LysTTT (P = 0.0057), and with tRF5SelCys (P = 0.002).
Table 3 shows differences in tRF5 counts by season.
There were five tRF5s with different anticodon for the
same amino acid (tRF5-Ala, tRF5-Gln, tRF5-Gly, tRF5Pro, and tRF5-Val), associated (P = 0.05) with season. For
tRF5-AlaAGC, tRF5-AlaTGC, tRF5-ValAAC, tRF5-VAlTAC,
tRF5-LysTTT, and tRF5-ProCGG, the greatest number of
sequences was observed in summer and fall, 2013, declining
by the spring, 2014. For tRF5-GlnTTG, tRF5-GlnTTC,
tRF5-GlyTCC, tRF5-SelCysUGA, and tRF5-ThrTGT, the
number of copies was the lowest during summer, 2013, consistently increasing throughout the fall, 2013, and spring,
2014. For tRF5-ProAGG, and tRF5-ProTGG, the number of
sequences during summer, 2013, and spring, 2014 were the
lowest, having the greatest numbers in fall, 2013.
The interaction for tRF5-SeCys, between ELISA status
and season is shown in Fig. 1. During summer, there was
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Table 1 Number of 5′-transfer RNA fragments (tRF5) sequences
by amino acid and anticodon
Transfer RNA Fragment

Anticodon

Number of sequences

tRF5-Ala

AGC

142,824

tRF5-Ala

CGC

279,970

tRF5-Ala

TGC

2189

tRF5-Arg

CCT

283

tRF5-Arg

TCG

1

tRF5-Arg

TCT

42

tRF5-Asp

GTC

1248

tRF5-Cys

GCA

29,406

tRF5-Gln

CTG

67,818

tRF5-Gln

TTG

25,446

tRF5-Glu

CTC

989,044

tRF5-Glu

TTC

67,677,835

tRF5-Gly

ACC

1

tRF5-Gly

CCC

127,016,832

tRF5-Gly

GCC

29,840,312

tRF5-Gly

TCC

56,707

tRF5-His

GTG

23,770,874

tRF5-Ile

AAT

20

tRF5-Leu

AAG

112

tRF5-Leu

CAG

27

tRF5-Leu

TAG

26

tRF5-Lys

CTT

2,740,190

tRF5-Lys

TTT

483,556

tRF5-Met

CAT

5063

tRF5-Phe

GAA

3

tRF5-Pro

AGG

211,844

tRF5-Pro

CGG

1667

tRF5-Pro

TGG

47,038

tRF5-SelCys

UGA

4579

tRF5-Ser

CGA

4

tRF5-Ser

GCT

1

tRF5-Ser

TGA

4

tRF5-Thr

CGT

16

tRF5-Thr

TGT

3685

tRF5-Trp

CCA

11

tRF5-Tyr

GTA

4

tRF5-Val

AAC

31,138

tRF5-Val

CAC

6,639,535

tRF5-Val

TAC

Total

1,432,647
261,502,003
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no difference in counts for tRF5-SelCysUGA between
groups. However, in fall, the positive group had an increased number of sequences, compared to the negative
group. The difference in number of sequences of tRF5SelCysUGA between the positive and negative groups
increased further during spring, 2014. In Mycoplasmas
the codon UGA, typically a stop codon, is instead translated as tryptophan [21]. It was determined that tRF5SelCys identified in the present study were of bovine
origin.
Figure 2 shows the interaction for tRF5-ProCGG, between ELISA status and season. During summer, 2013,
both groups have similar number of sequences. A steady
decline in the number of sequences was observed for the
positive group throughout fall, 2013, and spring, 2014.
For the negative group, the number of sequences increased from summer to fall. In spring, the negative group
has a decline of tRF5-ProCGG was also detected.
A different pattern was observed for tRF5-GlnTTG
(Fig. 3). There was no difference in the number of sequences between groups in summer, 2013. In fall, the
positive group had a greater number of sequences when
compared to the negative group. In spring, 2013, there
was no difference in the number of sequences between
groups. The slope of the increase from summer to fall in
the positive group, and from fall to spring in the negative group was similar.

Discussion
It has been indicated that tRFs, tRF5s specifically, may
be a significant regulator of gene silencing when animals
are faced with pathogens [17]. There is a limited number
of studies that have evaluated tRFs in species other than
cattle [7, 11, 22], and a single study that has evaluated
tRF response to a virus in cell culture [17]. Production
of tRFs has been observed when cells are under stress,
regardless of it being physical, chemical, or by a viral infection [15, 17, 18]. It has been established that under
normal conditions, tRF5s are the predominant molecules
in serum, compared to tRF3s and tRF1s [13]. Therefore,
the present study characterizes the tRF5 response in cattle to exposure to the respiratory pathogen M. bovis.
In the present study, tRF5s for selenocysteine were
identified as being differentially expressed between groups
positive or negative with a M. bovis ELISA, throughout
the growth period of the animals (Fig. 1). Selenocysteine
has been recognized as the 21st amino acid [23]. It has
been established that selenoproteins, which comprise selenocysteine, are produced by prokaryotic and eukaryotic
organisms [24, 25]. It has been shown that pectoral muscles of poultry express selenoproteins, which makes them
a primary target of selenium deficiency diseases [26]. It
has also been established that selenoproteins in macrophages protect mice from dextran sodium sulfate colitis
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Table 2 5′-transfer RNA fragment (tRF5), anticodon, normalized count of tRF5s in serum by group, standard error (SE) and their
association (P-value) with ELISA status
tRF5

Anticodon

ELISA status

P-value

SE
a

a

Negative (RPM)

Positive (RPM)

tRF5-Ala

CGC

616

494

31

0.0081

tRF5-Glu

CTC

2584

1492

306

0.0155

tRF5-Gly

TCC

65

148

21

0.0082

tRF5-Lys

CTT

3800

6933

534

0.0002

tRF5-Lys

TTT

728

1193

113

0.0057

tRF5-Pro

TGG

78

118

10

0.0093

tRF5-SelCys

UGA

4.9

13.7

1.9

0.0020

tRF5-Thr

TGT

6.4

8.2

0.6

0.0499

tRF5-Val

CAC

11,409

15,104

1275

0.0468

RPM Reads per million

a

increase counts of tRF5-SelCysUGA. Selenocysteine is a
rarely used amino acid that is incorporated into proteins
by the opal codon (UGA). Production of tRF5-SelCysUGA
may be associated with a host defense mechanism triggered by the bacterial infection; however, it is also possible
that it may provide some advantage to the pathogen during the infection of the host. Further studies would be
needed to ascertain if the tRF5-SelCysUGA could be used
as a diagnostic indicator of chronic exposure.
The number of sequences for tRF5-ProCGG, declined
as animals became ELISA positive (Fig. 2). A proline-

[27]. However, the biological implication of structural differences between transfer RNA and selenocysteine transfer RNA still remains to be fully understood [28]. Figure 1
shows a greater number of tRF5-SelCysUGA in the group
that became exposed to the pathogen between summer
and fall, 2013, with the number increasing from fall to
spring in the same group. However, although the negative
group was negative in the fall, 2013, and became positive
by the spring, 2014, no increase in the counts of tRF5SelCysUGA was observed in the latter group. This could
indicate that chronically exposed animals are prone to

Table 3 5′-transfer RNA fragment (tRF5), anticodon, normalized count of tRF5s in serum by season (summer and fall, 2013, and
spring, 2014), standard error (SE) and their association (P-value)
tRF5

Anticodon

SE

P-value

36

0.0017

2.1

0.7

0.0012

196.6b

29.9

0.0017

65.9

6.0

0.0003

128,748b

8341

0.0074

Season
Summer, 2013 (RPM)c

Fall, 2013 (RPM)c

Spring, 2014 (RPM)c

AGC

288a,b

386a

190b

tRF5-Ala

TGC

a

4.6

5.9

tRF5-Gln

CTG

41.6a

163.8b

tRF5-Gln

TTG

a

28.6

53.8

tRF5-Glu

TTC

161,604a

126,622b

tRF5-Ala

a

b

b

a

b

a

b

tRF5-Gly

GCC

47,848

54,304

74,013

5349

0.0035

tRF5-Gly

TCC

65a

93a,b

161b

26

0.0330

tRF5-His

GTG

41,999a,b

70,356a

35,304b

10,090

0.0428

tRF5-Lys

TTT

948a,b

1219a

714b

138

0.0446

a

b

a

tRF5-Pro

AGG

406

562

335

53

0.0124

tRF5-Pro

CGG

4.13a

4.14a

1.95b

0.60

0.0185

tRF5-Pro

TGG

a

92

138

a

63

13

0.0006

tRF5-SelCys

UGA

3.9a

9.1a,b

14.9b

2.3

0.0068

a,b

a

b

b

tRF5-Thr

TGT

5.7

8.8

7.4

0.8

0.0285

tRF5-Val

AAC

68a

71a

46b

7

0.0425

336

0.0277

tRF5-Val
a, b

TAC

a,b

2,666

a

3621

Means without a common superscript within row are statistically different (P < 0.05)
c
RPM Reads per million

b

2344
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Fig. 1 Reads per million by season and ELISA status for tRF-SelCysUGA
(P = 0.0271). Solid and dashed lines correspond to positive and negative
groups, respectively. Animals in the negative group were positive to
antibodies against M. bovis in the spring, 2014

Fig. 3 Reads per million by season and ELISA status for tRF5-GlnTTG
(P = 0.0406). Solid and dashed lines correspond to positive and
negative groups, respectively. Animals in the negative group were
positive to antibodies against M. bovis in the spring, 2014

rich peptide (PRP), isolated from the bovine neurohypophysis, has been shown to regulate immune activity,
preventing death of mice infected with Gram-negative
bacteria [29]. The PRP has a regulatory role in the oxidative burst induction of normal and relapsing inflammatory diseases cells such as neutrophils and monocytes
[30, 31]. Mycoplasma bovis is a Gram-negative bacterium that could initiate or disrupt the regulation of PRP
in infected cattle. Diminishing counts of tRF5-ProCGG
may be a sign the host is producing additional mature
transfer RNA for proline to generate additional PRP
molecules to defend against M. bovis, thus, depleting the
circulating amounts of this tRF5. However, it is also possible that diminishing counts of tRF5-ProCGG in ELISA
positive animals to M. bovis could be a defense mechanism from the bacterium trying to inhibit the production
of PRP in the host. Additional studies need to be developed to fully understand the role of this tRF5 in the
defense mechanism of the host.

The counts of tRF5-GlnTTG increased as animals became ELISA positive (Fig. 3). There was a similar response in the positive and negative groups. The positive
group increased the number of sequences of tRF5GlnTTG between summer and fall, 2013; whereas the
negative group increased it between fall, 2013, and
spring, 2014. A review of the effect of administration of
glutamine in acute respiratory disease syndrome in
humans suggests that it reduces lung inflammation and
mortality, while increasing alveolar barriers and oxygenation [32]. GP Oliveira, MG de Abreu, P Pelosi and PR
Rocco [32], indicate that administration of exogenous
glutamine may be beneficial in respiratory disease, representing a potential therapeutic tool for the condition.
The association of number of sequences of tRF5-GluTTG
could be associated with the use of glutamine by the host
in response to a M. bovis infection.
When Tables 2 and 3 are compared, it is recognized
that tRF5-Ala and tRF5-Val have a distinctive pattern.
For tRF5s of both amino acids, two of the three anticodons are associated with season, while the third anticodon (tRF5-AlaCGC and tRF5-ValCAC) is associated
with antibody response to M. bovis. This pattern can
also be observed between tRF5-GluCTC (associated with
antibody response to M. bovis), and tRF5-GluTTC (associated with season). This comparison shows that one of
the tRF5s for each amino acid is not modified by season.
These tRF5s could be likely targets as diagnostic indicators of exposure to M. bovis.
The ELISA used here to identify cattle as positive or
negative for M. bovis is based on the reactivity of serum
IgG with an extract enriched in membrane proteins of
the bacterium. ELISAs of similar design are commonly
used for detection of M. bovis-infected animals in both
research and diagnostic settings. However, it is not
known whether cross-reactive antibodies that may be
elicited by infection with related commensal species,

Fig. 2 Reads per million by season and ELISA status for tRF-ProCGG
(P = 0.0489). Solid and dashed lines correspond to positive and
negative groups, respectively. Animals in the negative group were
positive to antibodies against M. bovis in the spring, 2014
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such as M. bovirhinis, could falsely contribute to estimates
of M. bovis-specific antibody in individual animals, including those in this study. Nonetheless, seroconversion on a
group level is predictive of M. bovis infection, especially
when antibody titers are high [33], as we found here for
sera from animals in the positive group. At the fall, 2013
sampling, when positive and negative groups were defined,
the level of serum antibody in all 8 positive animals
exceeded the level in the pool of sera used as a positive
control, in most cases by at least two-fold. Therefore, we
expect any cross-reactive antibodies detected by the
ELISA to have had a negligible effect on the accurate
identification of cattle infected with M. bovis.
Growth of the animal could be responsible for expression of tRF5s in different seasons. There have been no
studies involving the expression of tRF5s in growing cattle.
Expression of other small non-coding RNAs such as
microRNAs has been compared between muscle tissue
from fetal and adult cattle [34, 35], but there are no
studies evaluating tRF5s. There were seven tRF5s (tRF5AlaAGC, tRF5-AlaTGC, tRF5-HisGTG, tRF5-LysTTT,
tRF5-ProCGG, tRF5-ValAAC, and tRF5-ValTAC), that
were down-regulated in spring, 2014, when compared to
summer, and fall, 2013. These tRF5s could be essential for
development of the calves at initial stages of growth, and
their relevance diminishes as the animal reaches later
physiological stages (i.e. puberty). There were other group
of tRF5s that had the opposite profile. These tRF5s
(tRF5-GlnCTG, tRF5-GlnTTG, tRF5-GlyTCC, tRF5SelCysUGA, and tRF5-ThrTGT), were down-regulated
in summer, 2013, when compared to fall, 2013, and
spring, 2014. This group of tRF5s could be relevant as
the animal reaches latter stages, while being unimportant during initial phases of growth. Two tRF5s (tRF5ProAGG and tRF5-ProTGG) were upregulated only
during fall, 2013. It is possible these tRF5s are related
to weaning because their up-regulation coincided with
the age at which calves are naturally weaned from the
mother. tRF5-GluTTC and tRF5-GlyGCC were upregulated in summer, 2013, and in spring, 2014, respectively.
It is unknown if their importance is due to their upregulation during these seasons or the growth stage at
which the animals are in. Additional studies should be
developed to address this question. Animals in this study
were born in spring, 2013, and raised under semicommercial conditions until reaching slaughter weight,
at approximately 1.25 years of age. Given there is no
prior information of tRF5 production in growing beef
cattle, it can only be assumed that growth is responsible
for differences in tRF5 production by season.
The tRF5s with the most sequences were tRF5-Glu,
tRF5-Gly, tRF5-His, tRF5-Lys, and tRF5-Val, while the
tRF5s with the fewest counts were tRF5-Arg, tRF5-Ile,
tRF5-Leu, tRF5-Phe, tRF5-Ser, tRF5-Trp, and tRF5-Tyr.
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This is a similar pattern previously observed [13]. Casas
et al. [13], used mature dairy cows to establish the proportion of tRF5s for each amino acid, while the present
study comprises growing crossbred beef cattle. Given
that proportions of each tRF5 are similar between both
studies, it is likely the proportions of tRF5s for each
amino acid observed are characteristic of the species.
Diagnosis of exposure to pathogens is important in
cattle production. There is a need to identify biomarkers
for early diagnosis of disease. Using small non-coding
RNAs as diagnostic markers has been proposed as an
alternative to traditional methods [36, 37]. Serum is a
readily available biological sample, and it has been
established that serum small non-coding RNAs such as
microRNAs are stable even after being exposed to conditions that degrade RNA [38]. Transfer RNA Fragments
are a novel group of small non-coding RNAs that circulate
in serum. These molecules may even be a better candidate
for use as a biomarker given their abundance in serum
of cattle [13].

Conclusions
We identified nine tRF5s for which expression levels
were associated with ELISA status. There were tRF5s
associated with differences in expression due to season,
which could be attributed to calf growth. A selenocysteine tRF5 was also identified as differentially expressed
between animals positive and negative to a M. bovis
ELISA. It is unclear the role of this tRF5, but it is
known that selenocysteine plays an important role in
the defense mechanism of the host when colonized by a
pathogen. These data suggest that the selenocysteine
tRF5 could be a potential biomarker to identify cattle
exposed to M. bovis. 5′ transfer RNA fragments that
were differentially expressed by ELISA status could also
be considered as potential biomarkers. Further studies
should be conducted to establish if these transfer RNA
fragments could be used as a diagnostic indicator of exposure to Mycoplasma bovis.
Abbreviations
Ala: Alanine; Arg: Arginine; Asp: Aspartic acid; Cys: Cysteine; ELISA: Enzyme-linked
Immunosorbent Assay; Gln: Glutamine; Glu: Glutamic acid; Gly: Glycine;
His: Histidine; IgG: Immunoglobulin G; Ile: Isoleucine; Leu: Leucine; Lys: Lysine; M.
bovis: Mycoplasma bovis; Met: Methionine; Phe: Phenylalanine; Pro: Proline;
RNA: Ribonucleic acid; SelCys: Selenocysteine; Ser: Serine; Thr: Threonine; tRF5s: 5′
transfer RNA fragments; tRFs: Transfer RNA Fragments; tRNA: Transfer RNA;
Trp: Tryptophan; Tyr: Tyrosine; Val: Valine

Acknowledgements
The authors thank Sandra Nejezchleb from the USMARC, and Randy Atchison
and William Boatwright from the NADC for remarkable technical assistance.
Mention of trade name, proprietary product, or specified equipment does
not constitute a guarantee or warranty by the USDA and does not imply
approval to the exclusion of other products that may be suitable. USDA is an
Equal Opportunity Employer.

Casas et al. BMC Veterinary Research (2018) 14:89

Funding
This study was part of an intramural research project of the USDA, Agricultural
Research Service. The USDA had no role in the study design, data collection,
analysis, interpretation of results, or preparation of manuscript.
Availability of data and materials
Sequences for this study were deposited to NCBI Short Read Archive, under
BioProject accession number: PRJNA319677. The data sets supporting the
results of this document are contained within the article. Any additional data
may be requested to the corresponding author.
Authors’ contributions
EC, GC, KBR, and JDN proposed the experiment. LAK and TGM provided the
experimental units for the experiment. KBR assessed the response to antibodies
against M. bovis. GC and EC analyzed the information. EC wrote, and GC, LAK,
KBR, JDN, and TGM reviewed the manuscript. All authors read and approved
the final manuscript.
Ethics approval
Housing, care, and sample collection from animals was done according to
the management protocol approved by the Institutional Animal Care and
Use Committee of the USDA, ARS, U.S. Meat Animal Research Center.
Consent for publication
Not applicable.
Competing interests
EC, GC, LAK, KBR, TGM, and JDN, are USDA employees and declare no competing
interest. EC is an editorial board member of BMC Veterinary Research.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1
USDA, ARS, National Animal Disease Center, Ames, IA 50010, USA. 2USDA,
ARS, U.S. Meat Animal Research Center, Clay Center, NE 68933, USA.
Received: 31 January 2017 Accepted: 8 March 2018

References
1. Griffin D. Economic impact associated with respiratory disease in beef cattle.
Vet Clin North Am Food Anim Pract. 1997;13(3):367–77.
2. Taylor JD, Fulton RW, Lehenbauer TW, Step DL, Confer AW. The epidemiology
of bovine respiratory disease: what is the evidence for preventive measures?
Can Vet J. 2010;51(12):1351–9.
3. Miles DG. Overview of the north American beef cattle industry and the
incidence of bovine respiratory disease (BRD). Anim Health Res Rev.
2009;10(2):101–3.
4. Caswell JL, Bateman KG, Cai HY, Castillo-Alcala F. Mycoplasma bovis in
respiratory disease of feedlot cattle. Vet Clin North Am Food Anim Pract.
2010;26(2):365–79.
5. Maunsell FP, Woolums AR, Francoz D, Rosenbusch RF, Step DL, Wilson DJ,
Janzen ED. Mycoplasma bovis infections in cattle. J Vet Intern Med.
2011;25(4):772–83.
6. Shahriar FM, Clark EG, Janzen E, West K, Wobeser G. Coinfection with bovine
viral diarrhea virus and mycoplasma bovis in feedlot cattle with chronic
pneumonia. Can Vet J. 2002;43(11):863–8.
7. Cole C, Sobala A, Lu C, Thatcher SR, Bowman A, Brown JW, Green PJ, Barton
GJ, Hutvagner G. Filtering of deep sequencing data reveals the existence of
abundant dicer-dependent small RNAs derived from tRNAs. RNA. 2009;
15(12):2147–60.
8. Lee YS, Shibata Y, Malhotra A, Dutta A. A novel class of small RNAs: tRNAderived RNA fragments (tRFs). Genes Dev. 2009;23(22):2639–49.
9. Garcia-Silva MR, Cabrera-Cabrera F, Guida MC, Cayota A. Hints of tRNA-derived
small RNAs role in RNA silencing mechanisms. Genes. 2012;3(4):603–14.
10. Sobala A, Hutvagner G. Small RNAs derived from the 5′ end of tRNA can
inhibit protein translation in human cells. RNA Biol. 2013;10(4):553–63.

Page 8 of 9

11. Kumar P, Anaya J, Mudunuri SB, Dutta A. Meta-analysis of tRNA derived RNA
fragments reveals that they are evolutionarily conserved and associate with
AGO proteins to recognize specific RNA targets. BMC Biol. 2014;12:78.
12. Haussecker D, Huang Y, Lau A, Parameswaran P, Fire AZ, Kay MA. Human
tRNA-derived small RNAs in the global regulation of RNA silencing. RNA.
2010;16(4):673–95.
13. Casas E, Cai G, Neill JD. Characterization of circulating transfer RNA-derived
RNA fragments in cattle. Front Genet. 2015;6:271.
14. Nolte-‘t Hoen EN, Buermans HP, Waasdorp M, Stoorvogel W, Wauben
MH, ‘t Hoen PA. Deep sequencing of RNA from immune cell-derived
vesicles uncovers the selective incorporation of small non-coding
RNA biotypes with potential regulatory functions. Nucleic Acids Res.
2012;40(18):9272–85.
15. Thompson DM, Parker R. Stressing out over tRNA cleavage. Cell.
2009;138(2):215–9.
16. Ivanov P, Emara MM, Villen J, Gygi SP, Anderson P. Angiogenin-induced
tRNA fragments inhibit translation initiation. Mol Cell. 2011;43(4):613–23.
17. Wang Q, Lee I, Ren J, Ajay SS, Lee YS, Bao X. Identification and functional
characterization of tRNA-derived RNA fragments (tRFs) in respiratory
syncytial virus infection. Mol Ther. 2013;21(2):368–79.
18. Zhang Y, Zhang Y, Shi J, Zhang H, Cao Z, Gao X, Ren W, Ning Y, Ning L,
Cao Y, et al. Identification and characterization of an ancient class of small
RNAs enriched in serum associating with active infection. J Mol Cell Biol.
2014;6(2):172–4.
19. Register KB, Sacco RE, Olsen SC. Evaluation of enzyme-linked immunosorbent
assays for detection of mycoplasma bovis-specific antibody in bison sera. Clin
Vaccine Immunol. 2013;20(9):1405–9.
20. Vanden Bush TJ, Rosenbusch RF. Characterization of the immune response
to mycoplasma bovis lung infection. Vet Immunol Immunopathol.
2003;94(1–2):23–33.
21. Yamao F, Muto A, Kawauchi Y, Iwami M, Iwagami S, Azumi Y, Osawa S. UGA
is read as tryptophan in mycoplasma capricolum. Proc Natl Acad Sci U S A.
1985;82(8):2306–9.
22. Loss-Morais G, Waterhouse PM, Margis R. Description of plant tRNA-derived
RNA fragments (tRFs) associated with argonaute and identification of their
putative targets. Biol Direct. 2013;8:6.
23. Stadtman TC. Selenium biochemistry. Science. 1974;183(4128):915–22.
24. Taylor EW, Nadimpalli RG, Ramanathan CS. Genomic structures of viral
agents in relation to the biosynthesis of selenoproteins. Biol Trace Elem Res.
1997;56(1):63–91.
25. Cravedi P, Mori G, Fischer F, Percudani R. Evolution of the Selenoproteome
in helicobacter pylori and Epsilonproteobacteria. Genome Biol Evol.
2015;7(9):2692–704.
26. Yao HD, Wu Q, Zhang ZW, Zhang JL, Li S, Huang JQ, Ren FZ, Xu SW, Wang XL,
Lei XG. Gene expression of endoplasmic reticulum resident selenoproteins
correlates with apoptosis in various muscles of se-deficient chicks. J Nutr.
2013;143(5):613–9.
27. Kaushal N, Kudva AK, Patterson AD, Chiaro C, Kennett MJ, Desai D, Amin S,
Carlson BA, Cantorna MT, Prabhu KS. Crucial role of macrophage
selenoproteins in experimental colitis. J Immunol. 2014;193(7):3683–92.
28. Commans S, Bock A. Selenocysteine inserting tRNAs: an overview. FEMS
Microbiol Rev. 1999;23(3):335–51.
29. Galoyan A. Neurochemistry of brain neuroendocrine immune system: signal
molecules. Neurochem Res. 2000;25(9–10):1343–55.
30. Davtyan TK, Manukyan HM, Hakopyan GS, Mkrtchyan NR, Avetisyan SA,
Galoyan AA. Hypothalamic proline-rich polypeptide is an oxidative burst
regulator. Neurochem Res. 2005;30(3):297–309.
31. Davtyan TK, Manukyan HA, Mkrtchyan NR, Avetisyan SA, Galoyan AA.
Hypothalamic proline-rich polypeptide is a regulator of oxidative burst in
human neutrophils and monocytes. Neuroimmunomodulation. 2005;12(5):
270–84.
32. Oliverira GP, de Abreu MG, Pelosi P, Rocco PR. Exogenous glutamine in
respiratory diseases: Myth or reality? Nutrients. 2016;8(2):76. https://doi.org/
10.3390/nu8020076
33. Martin SW, Bateman KG, Shewen PE, Rosendal S, Bohac JG, Thorburn M. A
group level analysis of the associations between antibodies to seven
putative pathogens and respiratory disease and weight gain in Ontario
feedlot calves. Can J Vet Res. 1990;54(3):337–42.
34. Sun J, Sonstegard TS, Li C, Huang Y, Li Z, Lan X, Zhang C, Lei C, Zhao X,
Chen H. Altered microRNA expression in bovine skeletal muscle with age.
Anim Genet. 2015;46(3):227–38.

Casas et al. BMC Veterinary Research (2018) 14:89

Page 9 of 9

35. Huang YZ, Sun JJ, Zhang LZ, Li CJ, Womack JE, Li ZJ, Lan XY, Lei CZ, Zhang CL,
Zhao X, et al. Genome-wide DNA methylation profiles and their relationships
with mRNA and the microRNA transcriptome in bovine muscle tissue (Bos
taurine). Sci Rep. 2014;4:6546.
36. Oksuz Z, Serin MS, Kaplan E, Dogen A, Tezcan S, Aslan G, Emekdas G, Sezgin O,
Altintas E, Tiftik EN. Serum microRNAs; miR-30c-5p, miR-223-3p, miR-302c-3p and
miR-17-5p could be used as novel non-invasive biomarkers for HCV-positive
cirrhosis and hepatocellular carcinoma. Mol Biol Rep. 2015;42(3):713–20.
37. Cortez MA, Bueso-Ramos C, Ferdin J, Lopez-Berestein G, Sood AK, Calin GA.
MicroRNAs in body fluids–the mix of hormones and biomarkers. Nat Rev
Clin Oncol. 2011;8(8):467–77.
38. Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, Guo J, Zhang Y, Chen J, Guo X, et al.
Characterization of microRNAs in serum: a novel class of biomarkers for
diagnosis of cancer and other diseases. Cell Res. 2008;18(10):997–1006.

Submit your next manuscript to BioMed Central
and we will help you at every step:
• We accept pre-submission inquiries
• Our selector tool helps you to find the most relevant journal
• We provide round the clock customer support
• Convenient online submission
• Thorough peer review
• Inclusion in PubMed and all major indexing services
• Maximum visibility for your research
Submit your manuscript at
www.biomedcentral.com/submit

