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Data	
  



C.	
  elegans	
  small	
  RNA	
  sequencing	
  

Set	
  1	
  (MDC	
  -­‐	
  set)	
  

Data	
  
•  SOLiD	
  sequenzer	
  
•  6,080,238	
  reads	
  
•  18-­‐27	
  nt	
  in	
  length	
  

Mapping	
  
•  3,288,430	
  reads	
  mapped	
  with	
  BWA	
  (54%)	
  
•  remapping	
  by	
  segemehl	
  (377,594	
  tags)	
  



C.	
  elegans	
  small	
  RNA	
  sequencing	
  

Set	
  2	
  (Bartel	
  -­‐	
  set)	
  

Data(GSE5990)	
  	
  
•  mixed-­‐stage	
  C.	
  elegans	
  
•  454	
  sequenzer	
  
•  850,870	
  reads	
  (181,668	
  tags)	
  
•  18-­‐36	
  nt	
  in	
  length	
  

Mapping	
  
•  138,868	
  tags	
  mapped	
  by	
  segemehl	
  (76%)	
  



C.	
  elegans	
  small	
  RNA	
  sequencing	
  

Set	
  3	
  (Berezikov	
  -­‐	
  set)	
  

Data(GSE15169)	
  	
  
•  mixed-­‐stage	
  C.	
  elegans	
  
•  454	
  sequenzer	
  
•  181,849	
  reads	
  (23,327	
  tags)	
  
•  18-­‐38	
  nt	
  in	
  length	
  

Mapping	
  
•  22,277	
  tags	
  mapped	
  by	
  segemehl	
  (95%)	
  



Pre-­‐Analysis	
  



ncRNA	
  mapping	
  results	
  (MDC	
  –	
  set)	
  

ncRNA type	

 # of annotated ncRNAs	

# of annotated ncRNAs 
with read support	



% of annotated 
ncRNAs with read 

support	



all	

 6606	

 4137	

 62.6	


microRNA	

 174	

 165	

 94.8	



tRNA	

 631	

 626	

 99.2	


snoRNA	

 133	

 114	

 85.7	


snRNA	

 90	

 84	

 93.3	


rRNA	

 25	

 25	

 100	



21U-RNA	

 5356	

 2839	

 53.0	


SL2 splice leader	

 8	

 8	

 100	



others	

 189	

 149	

 78.8	





ncRNA	
  mapping	
  results	
  (MDC	
  –	
  set)	
  

ncRNA type	

 # of tags	

 # of reads	

 % of all tags	

 % of all reads	



all 68,385	

 1,045,428	

 18,1	

 31,8	



miRNAs 6,625	

 857,689	

 1,8	

 26,1	



tRNAs 10,93	

 93,789	

 2,9	

 2,9	



snoRNAs 1,163	

 3,774	

 0,3	

 0,1	



snRNAs 2,186	

 5,652	

 0,6	

 0,2	



rRNAs 33,519	

 80,152	

 8,9	

 2,4	



21U-RNAs 3,524	

 6,181	

 0,9	

 0,2	



others 6,946	

 1,626	

 1,8	

 0,0	





miRNA	
  
predic%on	
  



Classifier	
  



Data	
  preparaBon	
  



Data	
  preparaBon	
  

30	
  nt	
  



Data	
  preparaBon	
  

30	
  nt	
  

Blocks	
  are	
  cut	
  at	
  posi%ons	
  with	
  	
  
less	
  than	
  80%	
  read	
  support	
  



Data	
  preparaBon	
  

Scale
chrX:

C16H3.5

Other RefSeq

Conservation

c_remanei
c_briggsae
c_brenneri
c_japonica
p_pacificus

C. brenneri Net

50 bases
17598680 17598690 17598700 17598710 17598720 17598730 17598740 17598750 17598760 17598770 17598780 17598790

blockbuster blocks

read density (+)

read density (-)

WormBase Gene Annotations
WormBase RNA Annotations

Non-C. elegans RefSeq Genes

C. elegans mRNAs from GenBank
Multiz Alignment & Conservation (6 nematodes)

C. brenneri (Feb. 2008/caePb2) Alignment Net

1604 756

read density (+)

No data _

No data _

read density (-)

13.2685 _

1 _

32	
  nt	
  



Data	
  preparaBon	
  

Scale
chrX:

1604
756

1604
756

C16H3.5

Other RefSeq

Conservation

c_remanei
c_briggsae
c_brenneri
c_japonica
p_pacificus

C. brenneri Net

50 bases
17598680 17598690 17598700 17598710 17598720 17598730 17598740 17598750 17598760 17598770 17598780 17598790

blockbuster blocks

blockbuster blocks for MDC

read density MDC (+)

read density MDC (-)

WormBase Gene Annotations
WormBase RNA Annotations

Non-C. elegans RefSeq Genes

C. elegans mRNAs from GenBank
Multiz Alignment & Conservation (6 nematodes)

C. brenneri (Feb. 2008/caePb2) Alignment Net

read density MDC (+)

No data _

No data _

read density MDC (-)

13.2685 _

1 _

21	
  nt	
  



Different	
  ncRNAs	
  have	
  different	
  	
  
read	
  pa]erns	
  



Classifier	
  (random	
  forest)	
  
•  Trained	
  on	
  human	
  reads	
  mapping	
  to	
  human	
  ncRNAs	
  	
  

	
   (khaitovitch	
  –	
  brain	
  data	
  –	
  454	
  sequenzer)	
  

•  Trainingset:	
  

–  243	
  miRNAs	
  
–  19	
  snoRNAs	
  (H/ACA)	
  
–  116	
  snoRNAs	
  (C/D)	
  
–  336	
  tRNAs	
  
–  273	
  other	
  ncRNAs	
  

miRNA snoRNA (H/ACA) snoRNA (C/D) tRNA other <- classified as 

232 (95%) 3 2 4 2 miRNA 

8 3 (2%) 1 3 4 snoRNA (H/ACA) 

2 2 71 (61%) 16 25 snoRNA (C/D) 

3 0 5 291 (87%) 37 tRNA 

9 1 15 53 195 (71%) other 

Confusion	
  Matrix	
  (10-­‐fold	
  cross	
  validaBon)	
  



ClassificaBon	
  of	
  worm	
  ncRNAs	
  

Recall 

miRNA snoRNA tRNA PPV 

MDC set 61%  
(49 of 80)  

 0%  
(0 of 28) 

76%  
(438 of 573) 

94% 

Bartel set 85%  
(61 of 71) 

5%  
(1 of 8) 

76%  
(438 of 573) 

95% 

Berezikov set 79%  
(26 of 33) 

0%  
(0 of 0) 

31%  
(52 of 169) 

96% 



miRDeep	
  







miRanalyzer	
  





Results	
  



miRNA	
  predicBon	
  in	
  worm	
  
MDC miRDeep miRanalyzer Classifier 

miRDeep 335 50 3 

miRanalyzer 50 650 4 

Classifier 3 4 5 

Bartel miRanalyzer Classifier 

miRanalyzer 67 1 

Classifier 1 7 

Berezikov miRanalyzer Classifier 

miRanalyzer 27 0 
Classifier 0 1 



3	
  candidates	
  found	
  by	
  the	
  classifier,	
  miRanalyser	
  and	
  miRDeep	
  
(MDC	
  –	
  set)	
  

chrX:2,329,018-­‐2,329,107	
  



3	
  candidates	
  found	
  by	
  the	
  classifier,	
  miRanalyser	
  and	
  miRDeep	
  
(all	
  sets)	
  

Scale
chrX:

--->

Other RefSeq

Conservation

Gaps
c_elegans
c_remanei
c_briggsae
c_brenneri
c_japonica
p_pacificus

C. brenneri Net

20 bases
2329040 2329050 2329060 2329070 2329080 2329090 2329100

C A C C C C A T A G A A A T A T T T T C T A T G T C A A C C T C T T G C A C G G T T G C C G T A G T T A A T T T T T C T T T G G G A A T A G G C
read density Bartel (+)

read density Bartel (-)

read density Berezikov (+)

read density Berezikov (-)

read density MDC (+)

read density MDC (-)

WormBase Gene Annotations
WormBase RNA Annotations

Non-C. elegans RefSeq Genes

C. elegans mRNAs from GenBank
Multiz Alignment & Conservation (6 nematodes)

C. brenneri (Feb. 2008/caePb2) Alignment Net

C A C C C C A T A G A A A T A T T T T C T A T G T C A A C C T C T T G C A C G G T T G C C G T A G T T A A T T T T T C T T T G G G A A T A G G C
                                                                        
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
                                                                        

read density Bartel (+)

read density Bartel (-)

read density Berezikov (+)

read density Berezikov (-)

read density MDC (+)

read density MDC (-)



3	
  candidates	
  found	
  by	
  the	
  classifier,	
  miRanalyser	
  and	
  miRDeep	
  
(MDC	
  –	
  set)	
  

AnBsense	
  to	
  cel-­‐miR-­‐356	
  

RNAz	
  support	
  

chrIII:7,860,027-­‐7,860,227	
  



3	
  candidates	
  found	
  by	
  the	
  classifier,	
  miRanalyser	
  and	
  miRDeep	
  
(all	
  sets)	
  

Scale
chrIII:

--->

ZK652.12

Other RefSeq

Conservation

Gaps
c_elegans
c_remanei
c_briggsae
c_brenneri
c_japonica
p_pacificus

C. brenneri Net

20 bases
7860100 7860110 7860120 7860130 7860140 7860150 7860160

C A A T G T G G T T G A G C A A C G C G A A C A A A T C A T C A A T G T A A A T T T C A G C G G A T T C G T T A C G A C G T G T C T C A C C A C A T C G
read density Bartel (+)

read density Bartel (-)

read density Berezikov (+)

read density Berezikov (-)

read density MDC (+)

read density MDC (-)

WormBase Gene Annotations
WormBase RNA Annotations

Non-C. elegans RefSeq Genes

C. elegans mRNAs from GenBank
Multiz Alignment & Conservation (6 nematodes)

C. brenneri (Feb. 2008/caePb2) Alignment Net

1
C A A T G T G G T T G A G C A A C G C G A A C A A A T C A T C A A T G T A A A T T T C A G C G G A T T C G T T A C G A C G T G T C T C A C C A C A T C G
C G A T G T G G T T G A G C A A C G C G A A C A A A T C A T - - - C G A A A A T G A C - T G A G A T T T G C G C C A A C G T G G C T C A C C A C A T C G
C A A T G T G G A T G A G C A A C G C G A A C A A A T C C T - - - C T T A T A - - - - - A G A G A T T T G C C A C G C C G C C G C T C A C C A C A C T G
C A A T G T G G T T G A G C A A C G C G A A C A A A T C A T - - A T T T A T A - - - - - C C A G A T T C G T C A C G A C G T C G C C C A C C A C A T T G
T G A T G T G G A T G A G C A A T G C G A A C A A A T C A A - - - T C G A T A A T T C A A T G G A T T T G T T G C C A C G T G G C T C A C C T C A T C A
                                                                            

read density Bartel (+)

read density Bartel (-)

read density Berezikov (+)

read density Berezikov (-)

read density MDC (+)

read density MDC (-)

• 	
  miRanalyzer	
  predicBons	
  for	
  all	
  datasets	
  
• 	
  No	
  classificaBon	
  (only	
  one	
  block	
  in	
  other	
  datasets)	
  



3	
  candidates	
  found	
  by	
  the	
  classifier,	
  miRanalyser	
  and	
  miRDeep	
  
(MDC	
  –	
  set)	
  

chrX:13,759,155-­‐13,759,247	
  

Sense	
  miRNA	
  detected	
  by	
  
all	
  three	
  methods	
  

AnBsense	
  miRNA	
  only	
  
detected	
  by	
  miRanalyzer	
  
and	
  miRDeep	
  



3	
  candidates	
  found	
  by	
  the	
  classifier,	
  miRanalyser	
  and	
  miRDeep	
  
(all	
  sets)	
  

Scale
chrX:

--->

Other RefSeq

Conservation

Gaps
c_elegans
c_remanei
c_briggsae
c_brenneri
c_japonica
p_pacificus

C. brenneri Net

20 bases
13759170 13759180 13759190 13759200 13759210 13759220 13759230 13759240

T T G T A A AG C CC C AG C C GGC C C T T A C C G T T T A A T A C A T GG T GC A T C G A C CGGGA A C A T GT A T T A A A CGG T A A GGG CC GG C T GGGG C T T T AC A T T
read density Bartel (+)

read density Bartel (-)

read density Berezikov (+)

read density Berezikov (-)

read density MDC (+)

read density MDC (-)

WormBase Gene Annotations

WormBase RNA Annotations
Non-C. elegans RefSeq Genes

C. elegans mRNAs from GenBank
Multiz Alignment & Conservation (6 nematodes)

C. brenneri (Feb. 2008/caePb2) Alignment Net

F55F3.1.1

T T G T A A AG C CC C AG C C GGC C C T T A C C G T T T A A T A C A T GG T GC A T C G A C CGGGA A C A T GT A T T A A A CGG T A A GGG CC GG C T GGGG C T T T AC A T T
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
                                                                                             
= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = =
                                                                                             

read density Bartel (+)

read density Bartel (-)

read density Berezikov (+)

read density Berezikov (-)

read density MDC (+)

read density MDC (-)

• 	
  miRanalyzer	
  predicBons	
  for	
  all	
  datasets	
  
• 	
  classificaBon	
  for	
  sets	
  from	
  Bartel	
  and	
  MDC	
  (no	
  classificaBon	
  for	
  Berezikov)	
  



Conclusion	
  

•  There	
  are	
  a	
  lot	
  of	
  not	
  annotated	
  ncRNAs	
  
(amongst	
  others	
  microRNAs)	
  waiBng	
  to	
  be	
  
found	
  by	
  using	
  deep	
  sequencing	
  data	
  

•  Classifier	
  can	
  be	
  used	
  between	
  species	
  
(pa]erns	
  seem	
  to	
  be	
  conserved)	
  

•  Different	
  experiments	
  (454,	
  Solid,	
  Solexa)	
  
generate	
  comparable	
  pa]erns	
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