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Towards the control of cattle tick 

•  R. microplus causes significant economic losses in cattle production in 
Australia ($150M p.a.) and worldwide. 

•  Current control strategies are not appropriate. Further understanding of 
the biology of ticks is required to identify suitable vaccine candidates. 

•  MicroRNAs have been shown to be key regulators of a large number of 
biological processes in a range of species.  

•  No microRNAs were known for the cattle tick (R. microplus)  

–  36 miRNAs were found in Ixodes scapularis a tick from which diverged 
~241MYA. 





miRNA function in Drosophila: 
•  Cell proliferation/anti-apoptosis (bantam) 
•  Fat storage/anti-apoptosis (mir-14) 
•  Homeostasis/anti-apoptosis (mir-278)  
•  Anti-apoptosis (mir-2) 
•  Photoreceptor differentiation (mir-7) 
•  Neurogenesis/neurodegeneration (mir-9) 
•  Muscle differentiation (mir-1) 
•  Homeotic transformation (iab-4) 
•  Energy metabolism/fat storage (mir-278) 
•  Metamorphosis (let-7, mir-100, 125, 34) 

microRNA pathway 

Jaubert et al. Biochimie (2007) 
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Arthropod Evolution 

Pasani et al. (2004) BMC Biology

Wheeler et al. (2009) Evol. & Dev.


Ticks and flies diverged 520~725 Million Years Ago 



1.  Collect Total RNA/small RNA fraction 
•  Eggs 
•  Larvae (larvae, frustrated larvae) 
•  Adult ticks (female, male) 
•  Key organs 

2.  Construct small RNA libraries 
3.  Illumina/Solexa sequencing 

•  Eggs:          4,215,404 
•  Larvae:       9,437,803 
•  Adult ticks:  8,319,734 
•  Gut:             3,501,156 
•  Sal gland:    4,579,483 
•  Ovaries:       5,206,221   

RNA collection and next gen 
Illumina/Solexa sequencing 

Life stages =  21,972,942 short reads 
Key organs = 13,286,860  short reads 
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Identification of evolutionary conserved 
and novel tick-specific miRNAs 
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Conserved 

miRNAs


o  D. melanogaster

o   I. scapularis


De novo discovery

of  miRNAs 

o  I. scapularis

o  R. microplus


Barrero et al. BMC Genomics (2011)
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Short read statistics for evolutionary 
conserved & novel tick-specific miRNAs  

•  The majority [A) 97.3%; B) 97.7%] of miRNA transcripts correspond to evolutionary conserved miRNAs 
•  Novel tick-specific miRNAs are only highly expressed during larval stages  Development? 



Global expression and fold changes  
of R. microplus miRNAs  
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Top 10 most abundant R. microplus miRNAs 
expressed in various cattle tick life stages  



Examples of novel tick-specific miRNAs 



Clustering of tick samples based on  
their miRNA expression profiles  

Barrero et al. BMC Genomics (2011)




Barrero et al. BMC Genomics (2011)


Evolutionary conservation and nucleotide  
changes of R. microplus miRNAs  



Mutational profile of R. microplus miRNAs 
as compared to ancestral sequences  

•  Anciently acquired miRNAs show no 
nucleotide changes  

•  miRNAs and miRNA* sequences show 
similar biases in nucleotide changes 

Barrero et al. BMC Genomics (2011)




http://ccg.murdoch.edu.au/yabi/ 

YABI: Web-based workflow environment 
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Summary 

•  We found 87 miRNAs in R. microplus, of these 51 are conserved in a range of species 
while 36 represent novel tick-specific miRNAs. 

•  Evolutionary conserved miRNAs are ubiquitously expressed at various levels in most life 
stages and organs, which contrast with the restricted expression profiles of novel tick-
specific miRNAs. 

•  73% of conserved R. microplus miRNAs are perfectly conserved throughout evolution 
with 11, 5 and 15 of these conserved since the Nephrozoan (640 MYA), Protostomian 
(620MYA) and Arthropoda (540 MYA) ancestor, respectively.  

•  Anciently acquired miRNAs in the R. microplus lineage accumulate the least 
amount of nucleotide substitutions as compared to more recently acquired 
miRNAs. 

•  We have implemented a web-based analytical environment to aid in the processing of 
next gen sequencing data for miR-seq and other genomics/transcriptomics/proteomics 
applications 
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