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O que são microRNAs? Agenda 

2 

Fisheries and Aquaculture 

Nile tilapia crossbreed and 
microRNAs 

Workflow 

Main findings 



 12.951.766 Km2 of coast 

12%  world freshwater 

Overview 



 

Brasil nowadays: 1.2 million ton/year 

 

Ministry of Fisheries and Aquaculture 

 

 

2008 – plan “Improving Fisheries and 
Aquaculture” – aim to increase by 40% total 
production 

 

 

Fisheries and Aquaculture 



Fisheries production (marine and continental) 1950-2010  

Fisheries 



Aquaculture production (marine and continental) 1950-2010  

Aquaculture 



– Top farmed freshwater fish 
 

– 40% - 133,000 tons/year 
 

– Genome sequenced 
 

– Genetically improved 
 

– Breeds and lines were developed 
 

Nile tilapia (Oreochromis niloticus) 

Chitralada 

Red Stirling 



Chitralada Red Stirling X 

F1 (50% Chitralada) 

Chitralada F1 (Red) X 

RC1 (75% Chitralada) 

Chitralada RC1 (Red) X 

RC2 (87,5% Chitralada) 

Hilsdorf, 2013 

Introgressive crossbreeding 

Heterotic crossbreed 



 

• What are the molecular mechanisms 
underlying heterosis? 

 

– DNA – SNPs; QTLs 

– RNA – variable gene expression 

– Proteins 

Main question 

ncRNAs: microRNAs 



Transcriptome 
 
MicroRNAs 



microRNAs 
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Tilapia microRNAs 

 

Still need to be better addressed: 

 

Total miRNA composition in Nile 

tilapia 

 

miRNAs roles in growth 

 

miRNA roles in the crossbreed 

heterosis phenotype (if any) 

 

 

 

 

 



 

 

- Characterize the miRNA expression profile in 
Nile tilapia  

 

- Compare miRNA signatures  between 
crossbreed and parentals (lines) 

Objective 



RNA extraction 

HiSeq 2000 Illumina 

- muscle, gonads, brain, gill,  skin, kidney, splen, 
liver, heart 

Adults  

miRNA 
characterization 

Material and Methods 

Bioinformatics  miRProf (The UEA small RNA Workbench) 
 

Embryos  



Read count numbers generated by global miRNA sequencing 

Results 

Reads Counts 

Total 284.734.849 

Sized between 15 and 26nt 116.816.138 

100% genome similarity 90.596.359 

Unique 5.519.754 
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Results 

• 271  pre-miRNAs could be traced to genomic locations 
representing 314  miRBase known mature miRNAs  

 

• Mature miRNAs were:  
– 195  miRNAs-5p 

– 206  miRNAs-3p 

 

• Grouped into 234 families  

 

• Also several isoforms (isomiRs) were identified  
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Raw reads distribution in tissues from 
known miRBase miRNAs    
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Raw reads distribution  in embryo stage 
from novel miRNAs 
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Raw reads distributions in tissues from novel 
miRNAs  
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Results 
List of the top 10 highly expressed miRNAs in O. niloticus. 

Eyes liver heart red muscle(female) white muscle (female) 

mir-183 544000 mir-122 363000 mir-126 224000 mir-10 175000 mir-26 122000 

mir-182 65900 let-7 60200 mir-100 163000 mir-100 114000 let-7 106000 

let-7 57100 mir-100 58300 let-7 93300 mir-26 90800 mir-10 105000 

mir-100 53400 mir-199 53000 mir-99 91400 let-7 88100 mir-1 105000 

mir-96 49900 mir-26 32800 mir-26 87800 mir-143 36600 mir-206 60000 

mir-181 33200 mir-126 30600 mir-27 41400 mir-126 31700 mir-100 57300 

mir-184 24900 mir-192 30300 mir-499 38900 mir-27 27500 mir-125 54000 

mir-99 19000 mir-181 19900 mir-1 26800 mir-30 27300 mir-133 47100 

mir-124 12500 mir-30 19400 mir-30 20500 mir-181 25000 mir-21 28900 

mir-146 8240,88 mir-146 17700 mir-21 20400 mir-99 21800 mir-199 23900 

mir-26 5899,12 mir-99 10900 mir-125 19200 mir-21 19300 mir-22 20400 



Results 
List of the top 10 highly expressed miRNAs in O. niloticus. 

red muscle (male) white muscle (male) gonads Testis brain (female) 

mir-10 209000 mir-10 208000 mir-100 143000 mir-10 79900 mir-100 253000 

mir-100 200000 mir-1 147000 let-7 107000 mir-100 66300 mir-125 150000 

mir-26 102000 let-7 81900 mir-146 107000 mir-143 45700 let-7 149000 

let-7 68900 mir-100 72700 mir-21 41800 mir-26 43600 mir-26 79500 

mir-181 54200 mir-26 69200 mir-143 39100 mir-126 41300 mir-99 68700 

mir-125 43900 mir-206 63400 mir-27 27400 let-7 30000 mir-126 37500 

mir-99 37700 mir-133 45100 mir-10 26800 mir-30 23700 mir-9 33600 

mir-143 36900 mir-21 39500 mir-126 22500 mir-146 21400 mir-124 26200 

mir-30 28000 mir-99 18900 mir-99 12900 mir-7 19400 mir-10 24500 

mir-126 23800 mir-199 15000 mir-22 5892,45 mir-21 17700 mir-128 20500 

mir-27 22100 mir-126 14600 mir-7 5890,49 mir-22 14600 mir-27 14800 



Results 

miRNAs distribution in Nile tilapia 
genome (linkage groups) 
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Results 



 

 

– ↓ Crossbreed (Red Stirling) 
 

• 13 miRNAs 

 

 

– ↑ Crossbreed (Chitralada) 
 

• 4 miRNAs 

Results 



miRNA H5 H6 R5 R6 R5/ H5 R6 /H6 

let-7e-3p 0,77 0,14 1,23 0,63 0,67 2,12 

mir-16-3p 1,03 0,58 0,98 4,08 -0,25 1,26 

mir-24-5p 1,03 2,32 5,4 6,44 2,4 1,47 

mir-122-5p 40,01 2356,2 609,95 2317,05 3,93 -0,02 

mir-124-3p 0,51 1,88 0,57 13,67 0,16 2,86 

mir-135a-5p 0,77 0,43 0,25 3,30 -1,65 2,92 

mir-153-3p 0,51 4,15 2,29 8,48 2,16 1,03 

mir-192-5p 17,44 1008,3 215,10 1171,56 3,62 0,21 

mir-194-5p 1,54 23,74 7,86 44,61 2,35 0,91 

mir-216b-3p 0,00 0,58 0,98 3,14 0 2,44 

mir-219-5p 0,00 0,14 0,00 0,63 0 2,12 

mir-301-5p 0,51 6,37 3,44 5,03 2,74 -0,34 

mir-458-5p 0,51 6,66 3,93 5,66 2,94 -0,24 

Results 

Low expressed in Crossbreed in comparison to Red Stirling 



miRNA H5 H6 C5 C6 C5/H5 C6/H6 

mir-124-3p 0,51 1,88 0,32 0,26 -0,68 -2,86 

mir-219-5p 9,23 24,03 1,44 24,92 -2,68 0,05 

mir-301-3p 1,03 0,87 0,24 0,32 -2,1 -1,42 

mir-458-5p 0,51 0,14 0,12 0,19 -2,1 0,43 

Results 

High expressed in Crossbreed in comparison to Chitralada 



• Among these miRNAs  

  

– let-7 has been previously enrolled in fish 
growth 

 

– mir-122 - pigs 

Results 



• let-7 (let-7a-3p) 

• GH-2 (Barozai, 2012) 

Results 



• let-7  

• Myostatin (De Santis et al., 2008)  

Results 



• miR-122  

 

– Fat deposition – pigs (Chen et al., 2012) 

Results 



• Several novel miRNAs candidates were 
identified 

• Prevalence of miRNA-3p in some tissues is 
indicative of arm-shifting 

• Differentally expressed miRNAs in Crossbreed 
individuals may support their phenotype 
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