M2 BIBS. Module ABA.

Travaux Dirigés : Analyse de séquence d’ARN
D. Gautheret

Looking for noncoding RNA with Erpin
ERPIN SHORT DOCUMENTATION

Erpin performs homology search for RNAs. It uses a training set of aligned RNAs with secondary structure annotation. The alignment is translated into a series of PWM (Position Weight Matrices) and these matrices are searched in a given genome sequence using a algorithm that mixes dynamic programming and PWM matching. Erpin is much faster than SCFG algorithms. You can easily scan gigabytes of genomic sequences for any RNA motif. However, it does not implement a full statistical model of the RNA alignment (meaning false negatives), and it requires some user manipulations. Users must decide which parts of the RNA are searched, and in which order.
Users should understand the main Erpin arguments:
erpin <training-set>                                training set file name

      <input-file>                                  database file name (fasta)

      <region>                                      region of interest

      -nomask|((-mask|-umask|-add) <elt1> ...)      level1,

      [-nomask|((-mask|-umask|-add) <elt1> ...)]    level2,    default: void

Compulsory argument <region> contains two comma-separated numbers <r1>,<r2> defining the boundaries of the region of the alignment that will be used for searches. These numbers refer to the structure header of the training set file. When a boundary is a helix, use "plus" or "minus" signs to specify 5' or 3' strand, respectively. The "plus" sign is optional. Output sequence alignments show the defined region only. When a region contains only one strand of a helix, this strand is treated like a single-stranded element during search. 

Another compulsory argument is the Mask. When -nomask is used, the whole region is searched.  Other types of masks are exposed later.

Examples (using the tRNA training set above):

      erpin trna.epn coli.fasta -4,4 -nomask 

-> Search region includes helix 4 and strand 5

      erpin trna.epn coli.fasta -4,11 –nomask

-> Search region includes helix 4 and 7, strands 5, 8 and 9, and the 5' part of stem 20

      erpin trna.epn coli.fasta -2,2 –nomask

-> Search region includes the whole alignment except for strands 1 and 12

Masks are used to restrict searches to certain elements in a region. A mask is followed by numbers indicating which elements are included or excluded. Masks do not use plus or minus signs for helices. When a helix is refered to, both strands are used.

Types of masks:

-mask i j .. n 

: elements i,j..n are excluded 
-umask i j .. n  
: elements i,j..n are included 

-add i j .. n  

: elements i,j..n are added to mask (multi-level search)
-nomask    

: all elements of the region are included
CAUTION: with -nomask: When a region is large or contains several gapped strands, this may result in huge memory and CPU usages. Use multi-level searches in this case (see below).

Examples using the tRNA training set above:

      erpin trna.epn coli.fasta -2,+2 -mask 8

-> Searches region -2 to +2 ignoring strand 8

      erpin trna.epn coli.fasta -2,+2 -umask 2 4 7

-> Searches only elements 2, 4 and 7 in region -2 to +2

Multi-level searches are done by applying several masks consecutively. When the command line contains several masks, Erpin will conduct a first search using the first mask, and continue with the next mask only if a solution above cutoff has been found with the previous mask. Since the search at level n is performed only around solutions found at level n-1 (within distance intervals specified in the input alignment), the search speed is increased. For instance, the following command: 

erpin trna.epn coli.fasta -2,+2 -umask 20 11 -nomask 

will run much faster than: 


erpin trna.epn coli.fasta -2,+2 –nomask
EXERCISES 

1. The Signal recognition particle

1.a 
Obtain the Mycoplasma Genitalium genome (mgen.fasta) from data dir. Approximative size? 
1.b 
Display SRP training set using tview

1.c 
First Erpin run: use central stem (8), vs bacterial genome and training set. Note sensitivity & E-value.

1.d
Second run: use stem 6+8 . Note sensitivity & E-values.

1.e
Second run: use all stems. Note sensitivity, E-values. Note different runtime. (>2minutes!)

1.f. 
Improve runtime using a stepwise strategy. 

Step 1: look for region 5+9

Step 2: extend to complete SRP element.

Runtime is reduced to a few seconds.

2. The miR124 family.

2a.
Copy the miR124 (.epn) alignment from the data dir. Display with tview.
2b.
Design a proper Erpin command line for miR124 and apply it to the 1mb chromosome 8 fragment “human8.fasta” in data dir. Beware: elements 1 and 25 are not informational and reduce runtime considerably.  
2c.
 Improve runtime using a 2-step strategy. Which elements should be used first? 

-> Use elements of low E-value first, then extend search to other elements. E-values can be estimated using the “ev” command.  

Appendix 1: SRP domain IV alignment 

     HHH HH SSSSSSS HHH SSSS HHH SSSSSS HHH SSSS HHH SSSS HH S HHH

     000 00 0000000 000 0000 000 000000 000 0000 000 1111 00 1 000

     222 44 3333333 666 5555 888 777777 888 9999 666 1111 44 3 222

     *** ** *-**--- *** **** *** ***--* *** **** *** *--- ** - ***

1    AGG GT GAACT-C CCC CAGG CCC GAA--A GGG AGCA AGG GTAA GC - CCG

2    GGC GT GAACC-G GGT CAGG TCC GGA--A GGA AGCA GCC CTAA GC - GCC

3    CGC CC GAACC-T GGT CAGA GCC GGA--A GGC AGCA GCC ATAA GG - GAT

4    CCT GC GAATC-G GGT CAGG ACT GGA--A GGT AGCA GCC CTAA GG - AGA

5    CCT GC GAATC-G GGT CAGG ACT GGA--A GGT AGCA GCC CTAA GG - AGA

6    CTT CT GAACC-G GGT CAGG ATC GGA--A GGT AGCA GCC CTAA GG - ATA

7    CTT CT GAACC-G GGT CAGG ATC GGA--A GAT AGCA GCC CTAA GG - AAA

8    TGC CC A-ACC-A TGT CAGG TCC GGA--A GGA AGCA GCA T-CC GG T AAT

9    CGC CC AAACC-T GGT CAGG ATC GGA--A GGT AGCA GCC ACAA GG - GAT

10   CGC CT AAATC-T GGT CAGG ACC GGA--A GGT AGCA GCC ACAA GG - GAT

11   CGC CT AAATC-T GGT CAGG ACC GGA--A GGG AGCA GCC ACAC GG - GAT

12   CGC CC AAATC-T TGT CAGG ACC GGA--A GGT AGCA GCA ATAA GG - GAT

13   CGC CT AAACC-T TGT CAGG ACC GGA--A GGT AGCA GCA ACAC AG - GAT

14   CCC CC AAACC-C CGC TAGG TCC GGA--A GGA AGCA ACG GT-A GG - GGG

15   TTG CT GAATC-C CGT CAGG ACT GGA--A GGT AGCA GCG GT-A AG - CGA

16   GTC GC CAACC-C GGT CAGG TCC GGA--A GGA AGCA GCC GT-A AC - GAA

Appendix 2: MiR124 family alignment 

     SSSSSSSSSSSSSSSSSSS HHH SSS HHHH S HHH S HH SSSSS HHHH S HHH SSSSSSSSSSSSSSSS HHH S HHHH SSS HH S HHH S HHHH SSS HHH SSSSSSSSSSSSSSSSSSSSSSS

     0000000000000000000 000 000 0000 0 000 0 00 00000 1111 1 111 1111111111111111 111 1 1111 111 00 1 000 2 0000 222 000 22222222222222222222222

     1111111111111111111 222 333 4444 5 666 7 88 99999 0000 1 222 3333333333333333 222 5 0000 777 88 9 666 1 4444 333 222 55555555555555555555555

     ------------------- *** *** **** * *** * ** **--* **** * *** **----*---*-**** *** - **** *** ** * *** * **** *** *** -----------------------

1    ------------------- CTC TGC GTGT T CAC A GC GG--A CCTT G ATT TAA-TGT---CTATAC AAT T AAGG CAC GC G GTG A ATGC CAA GAG -----------------------

2    --------TGAGGGCCC-- CTC TGC GTGT T CAC A GC GG--A CCTT G ATT TAA-TGT---CTATAC AAT T AAGG CAC GC G GTG A ATGC CAA GAG AGGCGCCTCC-------------

3    ATCAAGATTAGAGGCTCTG CTC TCC GTGT T CAC A GC GG--A CCTT G ATT TAA-TGT---C-ATAC AAT T AAGG CAC GC G GTG A ATGC CAA GAG CGGAGCCTACGGCTGCACTTGAA

4    -----------AGGCCTCT CTC TCC GTGT T CAC A GC GG--A CCTT G ATT TAAATGT---CCATAC AAT T AAGG CAC GC G GTG A ATGC CAA GAA TGGGGCTG---------------

5    --TCATTTGGTACGTTTTT CTC CTG GTAT C CAC T GT AG--G CCTA T ATG TA----T---TTCCAC CAT - AAGG CAC GC G GTG A ATGC CAA GAG CGAACGCAGTTCTACAAAT----

6    --------GTCCCACTTGT CAT CTG GCAT G CAC C CT AGTGA CTTT A GTG GACATCTAAGTCTTCC AAC T AAGG CAC GC G GTG A ATGC CAC GTG GCCATGATGGG------------

7    --------TTTCCAGTCGT CAT ATG GCGT C CAC C TG AGTGA CTTT A GTG GACATGTATAGTTTCC AAC T AAGG CAC GC G GTG A ATGC CAC GTG GCAATTCTGGGAT----------
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