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Today's Outline 

• Introduction to Caenorhabditis elegans and 
small noncoding RNAs 

 

• miRNA-seq analysis in Caenorhabditis elegans 
(differential analysis) and Panagrellus 
Redivivus (miRNA discovery) 

 

 

 

 



microRNAs (miRNAs) 
      

     MiRNAs are small , ~22nt,  

 non-coding RNAs that act as 
posttranscriptional regulators 
of gene expression 

 

     MiRNAs were discovered 1993 
as small temporal RNAs that 
regulate developmental timing 
in C. elegans  (lin-4).  

      

     Presently miRNAs are found in 
a wide range of organisms 

Chen, N Engl J med  2005 



C. elegans Life Cycle 

4 

Sydney Brenner 



Neurogenesis in C. elegans: Cell lineages are invariant and known 

5 O. Hobert, Wormbook 



Heterochronic/Developmental Timing mutants 



lin-4 animals lack adult structures and 
is epistatic to lin-14 

Victor Ambros 
Nature Medicine 14, 1036 - 1040 (2008) 



Discovery of miRNA 

Victor Ambros 



miRNAs target genes using 6-8nt seed sequences 

 

. 
Nature Reviews Genetics 5, 522-531 (2004) 
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Multiple heterochronic genes identified by 
forward genetic screening  

 

V. Ambros 
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let-7 targets lin-41 

11 

Gary Ruvkun 



Three pathways for miRNA biogenesis 

Huang and Lin,  Wiley Interdisciplinary Reviews: Developmental Biology 
Volume 1, Issue 1, pages 83–95, January/February 2012 
 

http://onlinelibrary.wiley.com/doi/10.1002/wdev.v1.1/issuetoc


Kowalczyk et al,   Nature 482, 310–311 (16 February 2012) 

http://www.nature.com/nature/journal/v482/n7385/full/482310a.html


21U-RNA 

Ruby et al., 2006 



Endo siRNAs in C. elegans have specific sizes and structure 

15 
Asikainen et al., BMC Genomics, 2008 



endo-siRNAs and their targets  

Asikainen et al., 2008 



3 distinct RNAi pathways 

Yigit et al., Cell 127, 747–757, November 17, 2006 
 



Summary of Part 1 

• miRNAs represent a novel class of non-coding 
RNAs recently discovered serendipitously 

 

• Many other classes of small noncoding RNAs 
exist 

 

• Model organisms 



Small RNA sample preparation 



NEB small RNA sample prep 

PCR product 
CGATC 

GCTAG 49 bp 21 bp 

Size selected pcr products on gel 

135-140 = tRNAs, pre miRNAs 
100 bp = piwi RNAs 
97 bp = 26G RNAs 
91 bp = endo siRNAs, miRNAs 
70 bp = primer dimers 



 
Illumina Raw Data Output: 

FASTQ format 
 
 

  

 @HWUSI-EAS100R:6:73:941:1973#0/1   

 GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT 

 +HWUSI-EAS100R:6:73:941:1973#0/1 

 !''*((((***+))%%%++)(%%%%).1***-+*''))**55CCF>>>>>>CCCCCCC65 

cel-let-7 hairpin precursor 

cel-mir-67 hairpin precursor 

miRBase Release 18 Nov 2011 

gaucaaagauuc       cg   a     -cc      u     auuau  

            gucgauc  cuc uucug   gguugu augcu     c 

            |||||||  ||| |||||   |||||| |||||       

            uagcuag  gag aagau   ccaaca uacga     a 

--uucaaaauuu       au   a     ccu      c     auuag  
miR-67 

miR-67* 

let-7* 

let-7 





Methods 

• miRAnalyzer -  web-based, but data needs to 
reformatted to readcount or multifasta 
format, slow (Hackenberg et al., 2009) 

• miRDeep2 – limited control, easy to 
implement, standard tool (Friedländer et al., 
2012) 

• Manual – complete control over the process, 
requires skill and effort to implement 
(Srinivasan et al., 2013) 

 



READ-COUNT format: 
ACTCTCGATCTATTT 57882 
TCTCACGTGCGGTAAGC  23815 
GTGATTGCATATCAT 432 
 
 
MULTIFASTA format: 
>gene1 57882 
ACTCTCGATCTATTT  
>gene2 23815 
TCTCACGTGCGGTAAGC   
>gene3 432 
GTGATTGCATATCAT 
  
 
  





miRDeep2 

Friedländer et al. miRDeep2 accurately 
identifies known and hundreds of novel 
microRNA genes in seven animal clades. 
NAR, September 12, 2011 



miRDeep2 output 

data set total read count mature read count loop read count star read count mature miRBase miRNA consensus mature sequence consensus star sequence 

mehg_ctrl 38150 38130 0 20 cel-let-7-5p_MIMAT0000001_Caenorhabditis_elegans_let-7-5p gguaguagguuguauaguu ugcaauuuucuaccuuacc 

mehg_ctrl 2616 2614 0 2 cel-lin-4-5p_MIMAT0000002_Caenorhabditis_elegans_lin-4-5p ccugagaccucaaguguga accugggcucuccggguacca 

mehg_ctrl 62 62 0 0 cel-lsy-6_MIMAT0000749_Caenorhabditis_elegans_lsy-6 uguaugagacgcauuucga caaaugcgucuaguaucaaa 

mehg_ctrl 114605 114591 0 14 cel-miR-1-5p_MIMAT0020301_Caenorhabditis_elegans_miR-1-5p aauguaaagaaguaugua cuuccuuacaugcccaua 

mehg_ctrl 15 15 0 0 cel-miR-1018_MIMAT0005031_Caenorhabditis_elegans_miR-1018 gagaucauuggacuuacag guaaguucaugauuucuc 

mehg_ctrl 208 208 0 0 cel-miR-1022-5p_MIMAT0005523_Caenorhabditis_elegans_miR-1022-5p ucauuguuaggacgccauc ugauaguccaaugaugauc 

mehg_ctrl 94 93 0 1 cel-miR-124-5p_MIMAT0015111_Caenorhabditis_elegans_miR-124-5p aggcacgcggugaaugcca cacccuagugacuuuagu 

mehg_ctrl 29 29 0 0 cel-miR-1817_MIMAT0006584_Caenorhabditis_elegans_miR-1817 ccaaugucuucucuaucaug ugauagugaaauauuugcu 

mehg_ctrl 8 8 0 0 cel-miR-1819-5p_MIMAT0020358_Caenorhabditis_elegans_miR-1819-5p aaugauugagcuugauggau caaucaugcucaaaacauucg 

mehg_ctrl 1011 940 0 71 cel-miR-1820-5p_MIMAT0006587_Caenorhabditis_elegans_miR-1820-5p ugauuguuuuucgaugauguuc uuguaaacaaucaaagaa 

mehg_ctrl 30 30 0 0 cel-miR-1821_MIMAT0006588_Caenorhabditis_elegans_miR-1821 ggucuuauaguuagguaga ugcccaacuugcagacuuu 



Linked output from mirDeep2 



mRNA and miRNA differential expression in 
MeHg treated C. elegans 

NEED FOR DATA INTEGRATION 

Rudgalvyte et al., 2013 



miRNA discovery in  
Panagrellus redivivus 



miR-seq Bioinformatics Workflow 

Filter/Quality Step 
1. Remove E. Coli sequences 
2. Remove tRNA sequences 
3. Remove primer-dimers 
4. Stratify for length 
Analysis Step 
5. Map to Genome or Contigs 
6. Identify Hairpins 
7. Calculate Reads per Hairpin  
8. Identify miRNA*, miRNA clusters 

Annotation Step 
9. Determine MFE Structure 
10. Identify orthologs in miRBase 

 

Trim adapters 
 

Conserved sequence 
- seed 
- mature miR  
- hairpin precursor 

38 nt reads 

High Quality 
READS 

Predicted 
miRNAs 

Annotate 
miRNAs 



miR-seq Bioinformatics Workflow 

38 nt reads 
Filter/Quality Step 
1. Remove E. Coli sequences 
2. Remove tRNA sequences 
3. Remove primer-dimers 
4. Stratify for length High Quality 

READS 

Predicted 
miRNAs 

Analysis Step 
5. Map to Genome or Contigs 
6. Identify Hairpins 
7. Calculate Reads per Hairpin  
8. Identify miRNA*, miRNA clusters 

Annotate 
miRNAs 

Cleaned data:  
23981346 reads (99.3%) 
 10-28 nt reads:      749677 
 29-38 nt reads:  23231669 
 

Annotation Step 
9. Determine MFE Structure 
10. Identify orthologs in miRBase 

# Reads Mapped (no mismtches): 
1 location  659159 (88%)  
2-10 locations   14505 (2%) 
>10 locations       450 

# Predicted miRNAs: 224 
MFE form: hairpin 
>10 reads 
63 (25.4%) conserved  
(6 worms, fruit fly and 
human) 

 

Trim adapters 
 Raw data:  24161842 reads 

 

Conserved sequence 
- seed 
- mature miR  
- hairpin precursor 



203 miRNAs were predicted with both methods 

203 21 24 

miRDeep2 

Our method 

5 conserved in 
C. elegans, 
includes let-7  

203 + 21 + 24 = 248 miRNAs 



C. elegans vs. P. redivivus 
miRNAs 

C. elegans P. redivivus 

miRNAs 223 248 

miRNA* 153 108 

miRNA clusters 30 9 

Shrinivasan et al., 2013 



Clustering Heat Map of Orthology Between P. redivivus and other species 

Srinivasan et al., 2013 



Top 20 miRNAs comprise 78% of all miRNA reads 

Srinivasan et al., 2013 



Small RNA classes in P. redivivus 

Srinivasan et al., 2013 



Summary 

• miRNAs represent a class of an expanding family 
of small noncoding RNAs 
 

• Small RNA-seq analysis tools can be used 
annotate known and unknown sequences from 
RNA seq data – KNOW WHAT TO LOOK FOR ! 
 

• Comparative genomics shows some well know 
miRNAs, and also some well conserved miRNAs 
with unknown function 
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F2 Mutagenesis Screen 

50 mM EMS; 4 h  

F1 

P0 

50 eggs/plate,  

 
F2 

1000 F2 worms/plate 

Clone mutants X X X 
sterile fake breeds true 

30% 60% 10% 

Select and 


