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Abstract 11 

Heavy tick burden on beef cattle account for huge economic losses globally, with an estimated 12 

value of US$22-30 billion per annum. In Australia, ticks cost the northern beef industry 13 

approximately  A$170-200 million.  Methods to evaluate and predict tick resistance would 14 

therefore be of great value to the global cattle trade. Exosomes (EX) are small extracellular 15 

vesicles (EVs) of ~30-150nm diameter and have gained popularity for their diagnostic and 16 

prognostic potential. EX contain, among other biomolecules, various types of RNA including 17 

micro-RNA (miRNA) and long noncoding RNA (lncRNA). MiRNA specifically have been 18 

validated as therapeutic biomarkers as they perform regulatory functions at the post-19 

transcriptional level and are differentially expressed between divergent groups. The objective 20 

of the present study was to evaluate the miRNA profiles of EV and fractionated exosomal 21 

samples of high and low tick-resistant beef cattle to highlight potential miRNA biomarkers of 22 

tick resistance. Cows (n = 3/group) were classified into high or low tick resistant groups 23 

according to a novel scoring system. EVs and EX were isolated and fractionated from the blood 24 

plasma of high and low tick resistant cattle using established isolation and enrichment 25 

protocols. The resultant EX and non-EX samples were processed for next generation miRNA 26 

sequencing. Offspring of the cows in each high and low tick resistant group underwent the 27 

same processing for blood plasma EX, non-EX and miRNA analysis to evaluate the heritability 28 

of miRNA associated with tick resistance. 29 

A total of 2631 miRNAs were identified in EX and non-EX fractionated samples from high 30 

and low tick-resistant beef cattle. MiR-449a was highly expressed in maternal high tick-31 

resistant EX samples. Of these, 174 were novel miRNAs, and 10 were differentially expressed 32 

(DE) (FDR < 0.05). These 10 DE miRNAs were also present in EVs, and three miRNAs were 33 

highly expressed: miR-2419-3p, miR-7861-3p and miR-2372-5p. Although 196 novel 34 

miRNAs were identified in fractionated samples of offspring, no miRNA were differentially 35 

expressed in these animals.  36 

 37 

 38 

 39 
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1. Introduction 40 

 41 

Ticks pose a considerable threat to livestock globally, specifically in beef cattle farming. It has 42 

been estimated that 80% of the world’s cattle are at risk, with US$20 to US$30 billion 43 

economic losses per annum link to tick and tick-borne diseases [1, 2].  In Australia, the tick 44 

burden costs the northern beef industry around A$170-200 million [3]. Tick infestation causes 45 

stress and weakens the immune system, which affects the performance of the beef cow [4]. 46 

Each engorging female tick is responsible for an average 1.37 ± 0.25 g bodyweight loss in Bos 47 

taurus cattle [5]. Tick-borne diseases increase cattle mortality, chronic morbidity, and 48 

treatment costs [6, 7]. Farm management systems use conventional options such as acaricides 49 

to control tick infestation, however this is not a sustainable strategy in the long term [4]. 50 

Intensive usage of acaricides causes pressure on pasture systems and leads to selection for 51 

acaricide-resistant tick populations [8]. Lack of understanding on the whole genome of 52 

parasites and antigenic variation challenge sustainable use of parasite vaccines against ticks [1, 53 

9]. Farmers utilize different grazing management techniques such as pasture rotation and 54 

pasture burning to reduce exposure and control tick populations [10]. Unfortunately, climactic 55 

conditions desirable for cattle herds are also ideal for tick propagation, and grazing herds are 56 

more susceptible to heavy tick burden [10, 11]. Cattle-ticks represent a top priority endemic 57 

disease for the red meat industry in Australia [12]. 58 

Tick burden affects not only cattle but is also linked to human diseases. For instance, a 59 

glycoprotein from tick saliva, α-Gal, causes an allergic condition termed α-Gal syndrome in 60 

humans, resulting in delayed hypersensitivity to consumed red meat products [13]. 61 

Interestingly, some cattle exhibit a natural resistance to ticks and carry a low  tick burden [2]. 62 

The study of the physiological or genetic mechanisms that confer this natural resistance offers 63 

an opportunity to identify alternative and more effective tick control methodologies [14]. The 64 

level of tick resistance varies among different cow breeds [14, 15]. The cattle tick resistance is 65 

considered as a polygenic trait which includes morphological, physiological and behavioural 66 

traits, and, therefore heritability plays a main role [4]. These factors suggest genetic selection 67 

is a considerable option towards the development of a sustainable cattle tick control 68 

methodology. 69 

Extracellular vesicles (EV) are a heterogenous group of nanoparticles that originate from the 70 

endosomal sorting complex required for transport (ESCRT) pathway, or shed directly from the 71 

plasma membrane [16]. EVs are classified into subpopulations by their origin, size, 72 

morphology, and protein markers specific to each subtype. Exosomes (EX) are an EV subtype 73 

of diameter ~30 – 150 nm and carry unique molecular cargo that has been used in biomarker 74 

development and targeted therapeutics [17-20]. Exosomal cargo contains complex functional 75 

molecules ranging from proteins [21], lipids [22], mRNAs [23] and miRNAs [23]. Differential 76 

expression of exosomal miRNA have been the focus of numerous studies involving divergent 77 

groups [24-26].  EX are intercellular communicators [17] and are associated with major cellular 78 

processes like signal transduction [27], immune responses[28] and antigen presentation[29]. 79 

EX can be transferred from mother to fetus via the placenta, which supports the idea that EX 80 

are important for maternal-fetal communication [30]. 81 

While a previous study identified single nucleotide polymorphisms and chromosome segments 82 

associated with tick burden, to date there have been no biomarkers or genetic variants identified 83 

to account for tick resistance [31]. 84 
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In this study, high and low tick resistant beef cattle were classified according to a novel tick 85 

scoring system. Next-generation miRNA sequencing was carried out on plasma-derived EX 86 

and non-EX particles from high and low tick cattle to evaluate their miRNA profiles and assess 87 

differential expression of miRNA. 88 

2. Materials and methods 89 

2.1.1 Animals, management and blood collection 90 

The animals, management, and sample collections were approved by the Animal Welfare Unit, 91 

UQ Research and Innovation, the University of Queensland (UQCCR/459/16). A total of 199 92 

animals were selected randomly and tick scores were given accordingly (Table 1). 93 

The animals were carefully examined for evidence of tick infestation as part of a thorough 94 

physical exam. Animals were hand checked for the presence and absence of ticks on their hind 95 

regions and belly over a three-month period. A scoring system was developed (1-5, A or B), 96 

(1) no identifiable tick burden, (2) < 10 ticks, (3) 20 to 100 ticks, (4) 100 to 200 ticks, (5) > 97 

200 ticks with (A) representing crusting and (B) no crusting (Figure 1). Animals with a score 98 

of >3 were treated as part of the commercial program and those with <3 untreated. Blood was 99 

collected from mother/sire and offspring in EDTA vacutainer tubes and plasma separated by 100 

centrifugation at 3000 x rcf for 10 min at 4oC. Plasma was stored at -80oC until required for 101 

Figure 1: Cow tick scoring methodology based on the number of ticks and scabs detected in the body of the cow. 
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EV/EX isolation. Detailed information of sire and dam histories and other relevant information 102 

(e.g. last tick treatment, weight, pasture location) was recorded as part of the commercial 103 

program. 104 

From this larger animal group, 3 high tick-resistant (1B) and 3 low  tick-resistant (5A) 105 

mother/sire and offspring (highest and lowest tick burden animals) blood plasma were used for 106 

EV and EX isolation.  107 

 108 

2.1.2 Extracellular vesicle (EV) isolation  109 

EVs were isolated from the blood plasma of animals using as established sequential 110 

centrifugation protocol [32]. Briefly, plasma was centrifuged at 2,000 x rcf for 30 min at 4°C 111 

and 12,000 x rcf for 30 min at 4°C to remove cellular debris and apoptotic bodies. It was then 112 

filtered through a 0.22-μm polyether sulfone membrane filter (Corning Inc., Corning, NY) and 113 

then ultracentrifuged at 100,000 x rcf for 2 hr at 4°C. Finally, the pellets containing the EVs 114 

were resuspended in 500 μl Dulbecco’s Phosphate Buffered Saline (DPBS, pH 7.0 – 7.2; Gibco, 115 

Life Technologies Australia Pty Ltd) and stored at -80°C for further analysis. 116 

2.1.3 EX isolation and characterization 117 

2.1.3.1 Size exclusion chromatography (SEC) 118 

EX were isolated from plasma by ultracentrifugation and size exclusion chromatography (SEC) 119 

as previously described [32]. The high and low tick resistant samples from mother/sire and 120 

offspring were pooled separately. Briefly, 500 µL EV suspensions resulting from sequential 121 

centrifugation were fractionated using qEV original size exclusion columns (Izon Science, 122 

New Zealand). Individual 500 µL fractions were eluted from the column and collected in 123 

separate 1.5 mL microcentrifuge tubes (a total of 16 fractions), as per manufacturer’s 124 

instructions. The fractions were collected as follow s; 1 – 6 as void volume and particles >200 125 

nm, 7 – 10 as exosomal (EX) fractions (particles <200 nm), and 11 – 16 as soluble proteins 126 

(non-EX) fractions. One column was used per animal groups to maintain group heterogeneity. 127 

In between uses, the columns were flushed with 0.5 mL 1M NaOH solution, followed by 15-128 

20 mL filtered DPBS. 129 

Three EX and non-EX samples from each of extreme high (1b) and low (5a) tick resistant 130 

groups were pooled for SEC miRNA analysis.  131 

Final score  * Week ended  cross tabulation 

Count   

  
Week ended 

Total Score % total 
1 2 3 4 5 6 

Final score 

1     1 0 1 91 93 44.2857 

2 0 0 2 6 0 33 41 19.5238 

3 0 14 3 18 0 3 38 18.0952 

4 7 1 2 7 0 2 19 9.04762 

5 1 0 0 7 0 0 8 3.80952 

Total 8 15 8 38 1 129 199  

Table 1 Final tick scores of cow population. 



 

  Differentially expressed extracellular vesicle, 

exosome and non-exosome miRNA profile in high and low tick-resistant beef cattle 

 

5 

 

Quantification of protein concentration of SEC fractions was evaluated using Bicinchoninic 132 

Acid (BCA) assay (Sigma-Aldrich, St Louis, MO, USA) and bovine serum albumin (Sigma-133 

Aldrich, St Louis, MO, USA) dilutions were used as standards. The size distribution by 134 

Nanoparticle tracking analysis was conducted as previously described [32]. 135 

2.1.4 Exosomal miRNA isolation  136 

EX fraction 7-10 (EX) and 11-16 (Non-EX) pooled and samples were incubated with TRIzol 137 

at room temperature for 5 minutes (2.5 volume of sample : 7.5 volume of TRIzol). Chloroform 138 

was added (2.5 volume of sample : 1.5 volume of Chloroform) and centrifuged for 15 min at 139 

4°C, at 12,000 rcf. The upper aqueous layer was carefully transferred to a new microcentrifuge 140 

tube and 1.5 volumes of 100% ethanol was added. This mixture was passed through a 141 

miRNeasy mini column (miRNeasy mini kit, 217004, QIAGEN) and miRNA was isolated 142 

according to the manufacturer’s protocol. 143 

2.1.5 MiRNA 144 

2.1.5.1 Sequencing and data analysis 145 

Isolated miRNA samples were sent to the Australian Genome Research Facility (AGRF) for 146 

next generation sequencing. Novaseq S1 platform was used for single end 100bp sequencing. 147 

A quality control was measured for each sample and samples greater than 78.19% bases above 148 

Q30 were selected. The reads were also screened for the presence of any Illumina 149 

adapter/overrepresented sequences and cross-species contamination. Reads were trimmed and 150 

length filtered using Trim Galore! to be between 14 and 38 base pairs long. The cleaned 151 

sequence reads were then aligned against the Bos taurus genome (Build version UMD3.1). The 152 

STAR aligner (v2.5.3a) was used to map reads to the genomic sequences  153 

(https://github.com/alexdobin/STAR/blob/master/doc/STARmanual.pdf) and alignment files 154 

were in BAM format. The counts of reads mapping to each known miRNA were identified 155 

using unitas (https://sourceforge.net/projects/unitas/). The differential gene expression was 156 

performed using edgeR (version 3.30.3) of R package 4.0.3 157 

(https://bioconductor.org/packages/release/bioc/html/edgeR.html). False discovery rate (FDR) 158 

analysis was performed to correct for multiple hypothesis testing and set to 0.05 (FDR<0.05). 159 

Only miRNA meeting the FDR cut-off were considered statistically significant. MiRDeep2 160 

was used to identify novel miRNAs in each sample https://www.mdc-berlin.de/n-rajewsky#t-161 

data,software&resources [33].  162 

2.1.5.2 Pathway analysis 163 

The differentially expressed miRNA were subjected to miRNet version 2.0 164 

(https://www.mirnet.ca/) for identification of different target genes which were collected from 165 

well-annotated database miRanda. The miRNA list module of miRNet was used for finding 166 

multiple target and network building of annotated miRNAs. In the target prediction, the Bos 167 

taurus was used as organism, miRBase ID as ID type and target type was gene. The produced 168 

miRNA and its multi-target gene list were used as input for network build. The cut off value 169 

for degree of each node was 1, zero cutoff was used for betweenness, and all networks were to 170 

connect with the shortest path. 171 

file:///C:/Users/n10660241/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/879H2TDQ/(https:/github.com/alexdobin/STAR/blob/master/doc/STARmanual.pdf)
https://connectqutedu-my.sharepoint.com/personal/n10660241_qut_edu_au/Documents/PhD%20Study/Projects/AQIP/(https:/sourceforge.net/projects/unitas/)
file:///C:/Users/n10660241/AppData/Local/Microsoft/Windows/INetCache/Content.Outlook/879H2TDQ/(https:/bioconductor.org/packages/release/bioc/html/edgeR.html)
https://www.mdc-berlin.de/n-rajewsky#t-data,software&resources
https://www.mdc-berlin.de/n-rajewsky#t-data,software&resources
https://www.mirnet.ca/
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3. Results 172 

3.1.1 Nanoparticle tracking analysis (NTA) 173 

Individual EX and non-EX fractions were assessed for their particle concentration (Figure 1). 174 

EX fractions 7 – 10 show the highest particle concentrations in fractions 8 – 10 (~4 x 1010 – 8 175 

x 1010 particles/mL). Non-EX fractions 11 – 16 generally had a particle concentration < 2 x 176 

1010 particles/mL. 177 

 178 

3.1.2 Quality assessment for exosomal miRNA samples from high and low  tick 179 

resistant beef cow blood plasma 180 

All the samples yielded more than 100pg (0.1 ng) of miRNA according to quality control 181 

testing (Table 2). 182 

Sample Type miRNA 
Concentration 

[pg/μl] 

miRNA / 
Small RNA 
Ratio [%] 

miRNA 
yield 
[ng] ID Animal type 

Vesicle 
type 

Tick 
resistance 

A1  Mother  EV Low 2402.7 67 189.81 

A2   Mother  EV High 446 17 35.23 

A3   Mother  EV Low 296.4 26 23.42 

A4   Mother  EV High 508.9 20 40.20 

A5   Mother  EV Low 211 20 16.67 

A6   Mother  EV High 119.4 11 9.43 

A7  Offspring Master pool  EX High 18.9 20 1.49 

A8  Offspring Master pool  non-EX High 50.3 14 3.97 

A9  Offspring Master pool  EX Low 2.3 3 0.18 

A10  Offspring Master pool  non-EX Low 35.5 15 2.80 

A11  Mother Master pool  EX High 66.7 8 5.27 

A12  Mother Master pool  non-EX High 5657.4 48 446.93 

A13  Mother Master pool  EX Low 86.1 7 6.80 

A14  Mother Master pool  non-EX Low 88.5 18 6.99 

 183 

Table 2: Bioanalyzer quality control (QC) results for miRNA samples. 

Figure 2: Particle size distribution per total protein for SEC fractions 6 – 16 of a representative sample (NTA 

particles per mL / total protein (µg/mL). 
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3.1.3 miRNA expression profiles  184 

3.1.3.1 SEC (EX and non-EX) miRNA profiles- Mother/Sire – High vs Low tick 185 

resistant 186 

 187 

2632 miRNAs were identified in high and low tick resistant cattle. 2458 miRNAs were 188 

identified in miRbase database, and 174 novel miRNAs were identified by miRDeep2. The 189 

total list of miRNAs including the novel miRNAs are attached in Supplementary file 1 [34]. 190 

Figure 3a shows DE miRNA between high and low tick-resistant cattle, of which there were 191 

10 DE miRNA in total. Specifically, mir-449a-5p, miR-2285-4-3p, miR-12000-5p were more 192 

highly expressed in high tick-resistant cattle, and miR-3578-5p, miR-2323-3p were more 193 

highly expressed in low tick resistant cattle (EX and non-EX fraction). In non-EX samples, low 194 

tick-resistant show a higher expression level of miR-188-3p and miR-3578-5p compared to 195 

high tick resistant. . Most of the novel miRNAs were common to both groups, however 9 and 196 

7 novel miRNAs were unique to high-tick resistant and low-tick resistant EX samples, 197 

respectively (Figure 3b). The sequence fragment with the highest read counts from the 198 

precursor miRNA loop was considered as the novel mature miRNA (Figure 3c). MiRNet 199 

analysis determined that 5 DE miRNAs regulate 93 genes. MiR-449a and miR-188 regulated 200 

a total of 37 and 39 genes respectively (Table 3). The 16 signalling pathways regulated by gene 201 

targets of DE miRNA with p value < 0.05 are shown in the Figure 3d (Supplementary file 2 202 

[34]). 203 

 204 

 205 

 206 

miRNA ID Target gene Qty 

bta-mir-449a 

ABCD1, ABI3, AGGF1, BAIAP2, C9orf69, CCDC189, 
CDC40, CDCA8, CUEDC1, DDX19A, GPR17, GTF3C5, 
HTR4, IL10RB, INPP5K, KCNH2, MGC157263, NARFL, 
NCAN, NTN4, NUMBL, ORAI2, PEBP4, PLA2G4B, PPFIA4, 
RBFA, RPL21, SGTA, SLC16A3, SLC35G2, STX1A, TCTA, 
TGM1, THNSL2, UBE2G2, URM1, ZNF48 37 

bta-mir-188 

CASR, CDC73, CHTOP, CNP, CTTN, DOK1, DUSP18, 
ERICH5, FGD5, FGFR2, FLOT1, FOLH1, FOXF1, GANAB, 
GLUL, GNG7, GUCD1, HAND2, ILDR2, IQCK, KRT80, 
LOC788205, N6AMT1, P2RY2, PPP4R1, PPP6R3, PRUNE1, 
RASSF5, RBM19, RELA, SFRP1, SPSB2, ST13, ST14, 
TCAIM, TEKT3, TMED1, TRIM25, UGT3A1 39 

bta-mir-2323 
ABHD8, ALKBH4, BSG, CAPS, CHERP, KANK3, KCTD20, 
NKIRAS2, RETSAT, SLC48A1, SPACA9, TEX261, TRAK1, 
UBE2V1, VSIG4 15 

bta-mir-2285l PI15 1 

Table 3 : Differentially expressed miRNA of high and low tick-resistant cattle and their associated target 

genes. 
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bta-mir-2285n PI15 1 

 207 

Figure 3 (a) Heatmap of differential expression of miRNAs between high and low  tick resistant mother plasma SEC samples 

(EX and non-EX) (b) Novel miRNAs distributed among high and low  tick resistant mother plasma SEC samples (EX and non-EX) 

(c) An exemplary novel miRNA loop which shows the predicted mature miRNA sequence (d) The enrichment analysis of DE 

miRNA gene targets (Significant cellular signalling pathways (P < 0.05). the total hits of cellular signalling pathways shown with 

regards to the target gene. 

(a) (b) 

(c) 

(d) 
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3.1.4 EV miRNA profiles: High vs low tick-resistant (Mother/Sire) 208 

EV samples from high and low tick-resistant mother plasma samples generated 2808 miRNAs. 209 

The miRDeep2 identified 350 novel miRNAs from the sequence data, in which more than 70% 210 

were shared novel miRNAs between high and low tick-resistant plasma EV samples. Only 44 211 

novel miRNAs expressed in high tick resistant mother plasma EV samples compared to 59 212 

novel miRNAs identified in low tick-resistant mother plasma EV population. The total 213 

expressed miRNA list is in supplementary file 3 [34].  214 

The 10 differentially expressed miRNAs from the mother exosomes were included in the list 215 

as shown in table 4. The top DE miRNAs from mother exosomes, miR-449a-5p, miR-2285-4-216 

3p and miR-12000-5p are highly expressed in high tick resistant mother EVs than low tick-217 

resistant mother EV population in which the pattern is similar as in figure 3a.  218 

The top three miRNAs which were above the threshold (FDR < 0.05) from EdgeR DGE 219 

analysis are shown in figure 4 below . The average miRNA count of miR-2419-3p, miR-220 

7861-3p and miR-2372-5p were higher in high tick resistant compared to low  tick resistant 221 

mother EV population. 222 

 223 

 224 

 225 

 226 

 227 

 228 

 229 

 230 

 231 

 232 

Figure 4 Differential expression of top 3 DE miRNAs (a) miR-2419-3p, (b) miR-7861-3p and (c) miR-

2372-5p between high tick resistance (HTR) and low  tick resistance (LTR) mother EV samples. 

(a) (b) (c) 
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 233 

 234 

 

High tick resistant DE 
Count Low tick resistant DE Count   

miRNA ID 

A2  
(High 
TR) 

A4  
(High 
TR) 

A6  
(High 
TR) 

A1 
(Low 
TR) 

A3 
(Low 
TR) 

A5 
(Low 
TR) p Value FDR 

miR-449a-5p 104 63 371 67 44 42 0.12003 0.6513 

miR-2285m-4-3p 353 75 620 88 93 92 0.06637 0.57264 

miR-12000-5p 35 40 71 24 13 30 0.37063 0.84645 

miR-2285an-5p 5 17 20 8 15 18 0.72195 0.9587 

miR-11994-5p 69 20 70 44 96 21 0.44449 0.87149 

miR-188-3p 18 21 31 17 21 32 0.68127 0.94749 

miR-3578-5p 20 16 24 24 20 32 0.18369 0.75973 

miR-2323-3p 19 0 13 2 4 10 0.61522 0.92908 

miR-2285n-5-5p 13 12 107 21 0 9 0.14444 0.70583 

miR-2285l-3p 0 0 2 0 0 1 0.78156 0.97517 

 235 

 236 

3.1.5 EX and non-EX miRNA profiles: Offspring of high and low tick-resistant 237 

mother/sire 238 

A total of 196 novel miRNAs were identified in the offspring of high and low-tick resistant 239 

mothers/sires. Most miRNAs were common to both groups (Figure 3a). Out of 2254 DE 240 

miRNAs between offspring of high and low tick-resistant mothers/sires, none were below the 241 

FDR cut-off in both EX and non-EX samples. However, the 10 DE miRNAs from mother 242 

exosome samples were present in the DE offspring miRNA list. The total list of miRNAs is 243 

provided in Supplementary file 4 [34]. 244 

 245 

 246 

 247 

 248 

 249 

 250 

 251 

 252 

 253 

 254 

Figure 5 (a) Novel miRNAs distributed among high and low  tick resistant offspring plasma SEC samples 

(EX and non-EX). (b) Smear plot of differentially expressed miRNAs in high and low  tick resistant 

offspring SEC samples. Out of 2254 DE miRNAs none were above the cut off (FDR < 0.05). 

Table 4 Differential expression of top mother exosomal miRNAs in mother EV samples. 
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4. Discussion 255 

This is the first study to evaluate miRNA profiles of high and low tick-resistant cattle. 256 

Inflammation due to tick infestation may disrupt bovine immune system function and thus 257 

facilitate differential expression of miRNAs in low tick-resistant cows. It is interesting to note 258 

that differential expression of miRNA is observed at the end stage after tick burden has been 259 

established, while DE miRNAs are conserved in the offspring their expression levels are not 260 

significantly altered. Further studies may sample cows at an earlier timepoint prior to tick 261 

exposure in order to assess any biological vulnerabilities which may point to a predisposition 262 

to low tick-resistance. 263 

4.1 Differential expression of miRNA in high and low tick-resistant cattle 264 

4.1.1.1 Mir-449a 265 

Mir-449a was highly expressed in maternal high tick-resistant EX. It is commonly associated 266 

with cell death, cell-cycle arrest and differentiation, but has also been implicated in many other 267 

biological pathways [35]. For example, mir-449a acts as a tumour suppressor by inhibiting 268 

inflammation and tumour metastasis [34, 35]. A recent study established that miR-449a is DE 269 

in beef cattle with divergent feed efficiency phenotypes [36]. Finally, in a bovine endometrial 270 

receptivity study involving both in vivo (IVV) and in vitro (IVT) produced embryos, miR-449a 271 

was found to be DE based on whether embryos were IVV or IVT derived [37]. As such, mir-272 

449a may be considered as a kind of master regulator of a diverse array of biological processes. 273 

4.1.1.2 Altered signalling pathways are associated with inflammation and the cell cycle 274 

The 10 DE miRNAs in the current study regulate inflammatory-related pathways and 275 

suggest that perturbations to these pathways are related to tick-resistance. For example, the 276 

NFķβ signalling pathway and chemokine signalling pathway are both inflammatory pathways 277 

that are affected by novel and differentially expressed miRNA in this study. Additionally, the 278 

Ras, PI3KT-Akt, and pathways related to cancer are interconnected pathways and known to be 279 

related to cell proliferation and differentiation [38, 39]. Therefore, it is possible that low tick 280 

resistance is linked to dysregulation of the immune system and pathways related to normal cell 281 

cycle function, leading to the inability of the host cattle to reject tick infiltration. 282 

4.1.1.3 Plasma EV and EX exhibit unique differentially expressed miRNA profiles 283 

The 10 DE miRNAs determined in maternal EX samples were also found in maternal 284 

EV samples. However, these 10 DE miRNAs were not among the top DE miRNAs in the 285 

maternal EV samples, which supports the idea that EX represent a subpopulation of EVs. 286 

Larger vesicles, for example microvesicles (diameter >200 nm) may indeed carry more genetic 287 

material, including miRNA. Additionally, the 100,000 rcf UC pellet may contain circulating 288 

miRNA and other RNA fragments. A recent study illustrates the presence of higher number of 289 

EX proteins using the UC+SEC isolation and enrichment strategy for blood plasma EX [40]. 290 

UC followed by SEC of plasma samples may therefore contain uniquely sorted exosomal cargo 291 

and provides a better cross-section of genetic materials including miRNA. Differential miRNA 292 

expression in EX and non-EX samples suggest the involvement of miRNA in the regulation of 293 

many different biological functions at both the cellular and systemic level [18, 41]. 294 

Highly expressed miRNAs from maternal EV populations relates to key bovine traits 295 

of interests. An Irish study has revealed polymorphisms in bovine miR-2419 modify its binding 296 
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properties to target genes related to milk production [42]. A recent multi-omics analysis shows 297 

that miR-2419-3p is associated with muscle fatty acid traits of Nelore cattle, which may exhibit 298 

regulatory function at mRNA or protein level [43]. In a previous study, miR-7861 was 299 

differentially expressed as a unique miRNA in Bovine serum compared to EX [44]. 300 

4.1.1.4 Differential expression of EX miRNA is not heritable 301 

The lack of miRNA differential expression in offspring plasma EX could be related to 302 

environmental factors, fewer exposure to ticks or calf immune system immaturity rather than 303 

being a genetic trait [45]. A low correlation of circulating plasma miRNA transcript level 304 

between human mother-child duos has been observed in a recent study [46]. Future studies may 305 

perform sequential sample of the same cattle throughout their lifetime, to provide a time course 306 

of the changes occurring at a physiological level that leads to high or low tick-resistance.  307 

 This is the first exploratory study on EV and EX vs non-EX miRNA expression profiles 308 

of cows and their offspring based on a novel tick scoring system. As a step further, proteomic 309 

studies are currently ongoing to ascertain the plasma EX protein expression profiles between 310 

the high and low-tick resistant cattle using the same animals used in this study (unpublished 311 

data). Further studies expanding the animal number may validate and follow on from the basis 312 

of this work to identify the potential role of miRNA as biomarkers or regulators of tick 313 

resistance in cattle. 314 
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Figures

Figure 1

Cow tick scoring methodology based on the number of ticks and scabs detected in the body of the cow.



Figure 2

Particle size distribution per total protein for SEC fractions 6 – 16 of a representative sample (NTA
particles per mL / total protein (µg/mL).



Figure 3

(a) Heatmap of differential expression of miRNAs between high and low tick resistant mother plasma
SEC samples (EX and non-EX) (b) Novel miRNAs distributed among high and low tick resistant mother
plasma SEC samples (EX and non-EX) (c) An exemplary novel miRNA loop which shows the predicted
mature miRNA sequence (d) The enrichment analysis of DE miRNA gene targets (Signi�cant cellular



signalling pathways (P < 0.05). the total hits of cellular signalling pathways shown with regards to the
target gene.

Figure 4

Differential expression of top 3 DE miRNAs (a) miR-2419-3p, (b) miR-7861-3p and (c) miR-2372-5p
between high tick resistance (HTR) and low tick resistance (LTR) mother EV samples.

Figure 5

(a) Novel miRNAs distributed among high and low tick resistant offspring plasma SEC samples (EX and
non-EX). (b) Smear plot of differentially expressed miRNAs in high and low tick resistant offspring SEC
samples. Out of 2254 DE miRNAs none were above the cut off (FDR < 0.05).
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