Small RNA Analysis Tool v0.3

Data analysis tool for human small RNA profiling based on
SOLID™ System Small RNA Expression Kit

l. Overview

SOLID™ systemTranscriptome Sequencing differs from traditiomgbridization-
based microarray analysis techniques in that gguincies of particular sequences
detected by sequencing reflect the measure of sgjorerather than quantified intensities
of hybridization of labeled target molecules tospe probes on a microarray...

The tool described here is intended to be useddta analysis of RNA samples
processed using the SOLID™ system small RNA Expragsit (Applied Biosystems,
P/N 4397682), and sequenced on the SOLID™ Systarhrief, total RNA undergoes a
sequence of specific sample preparation stepsrédudting libraries are sequenced on
the SOLID™ system instrument, images are gene@pthining intensities and color
calls for each step in the sequential ligation-dassuencing process. The SOLID™
system primary analysis tools record intensitie#sch color call and generate fasta-
formatted color space sequences files and hawesfasta extension.

The small RNA Analysis Tool v0.3 is designed toyide analysis downstream of the
instrument software, providing a matching tool addgo small RNA libraries generated
using the SOLID™ Small RNA Expression Kit.

It is recommended that all analyses be done off&iD instrument on a cluster that
meets the hardware and software specificatioredliselow. The package requires PBS
or LSF job management system to run.

Please note, in the RNA_pipeline_v0.31.tar filer¢hs a file
‘example_miRNA_1.csfasta’ located in the data selstry This file contains 50,000
color space sequences from a sample miRNA expetimiéns data set should be used
first to test the functionality of the pipeline Wiyour system following the directions
below. You should only go on to test your own daftar successfully running this test
data set.

[l. Installation



Copy the tar file to a directory (/foo/bar) whehe tsoftware is to be installed. (This
directory has to be accessible from all the nodeke compute cluster or grid). Then
type the command:

cd /foo/bar
tar -xf RNA_pipeline_v0.31.tar

The package will be expanded into /foo/bar/RNA_[iiyee v0.31 directory.
The package is ready for use.

[corona@dicer ~<RENA _pipeline w0 .31]1% ls —gGl
total 16

drvErvwErvHE
drvErwETr—X

2 4096 Jun 20 16:15 bin

2 29 Jun 16 15:38 conf
drvErvEr-=z 2 36 Jun 22 14:48 data
drvxrweEr-= ¢ 143 Jun 23 14:48 docs
drvzrwEr-= & 64 Jun 16 15:38 etc
drvzrwvzr—-z 4 43 Jun 16 15:38 gffwv2. 03
drvxrweErwv=z § 4096 Jun 19 12:12 lib
drvarwvEr-= ¢ 341 Jun 18 18:17 reference
[corona@dicer ~~RNA_pipeline w0 .31]%

RNA_pipeline_v0.31 directory contains several stdxtories:

bin - perl scripts required for analysis

lib - perl libraries (.pm)

gffv2.03 - library converting ma files into dffes
etc - library of schemas used for matching

reference - repository of sequence/informatefenences
lll. Requirements

1. Software requirement:
a) PBS or LSF job management system (if you ddiawe any of this see Usage
section)
b) Operation system: 64-bit Linux
c) Python: version 2.3.4 and above. It works dn12but fails on 2.2.3.
d) Perl: version 5.8.5 and above. It works on6lfit fails on 5.8.0.
e) The Linux/Unix compress utility

2. Hardware requirement:
a) CPU: both intel and AMD chips are fine.
b) RAM: 4GB/CPU. The mapping portion of the pipe requires about 2.7GB
RAM per job when running against human chromosor(@&tIMbp). If you have
2GB/CPU, you will have to restrict the jobs to 2W&Aob or 3GB RAM/job.
c) Temporary file space on local drives: 50GB/jBl.default, the mapping tool
and a few other scripts use current working dingcowd).



d) Shared network drive space: Around 100GB pksfide data (around
120Million reads). The final result is around 80@&vending on what files the
users prefer to save.

3. Files
a) The human genome needs to be saved locallycfooenosomef/file). User
needs to generate a .txt file containing the pathtions of chromosome files (an
example of such file is saved in
/foo/bar/RNA_pipeline_v0.31/reference/hgl8.cmayhe Tormat of this file is

chr_ID(must be digit)<TAB>chr_name<TAB>path to FASHTeference(must exist).

b) The reads file (extension .csfasta) generatetthdBOLID instrument. This file
is generated in primary analysis and is usuallgtied on instrument cluster in
/data/results/instrument_name/experiment_name/samaime/results/primary.an
alisysiD/reads/ . The file needs to be transfetoea location where it can be
accessed by RNA_pipeline software. You can dolihikgging into the
instrument, locate reads file and type:

rsync —avz reads.csfasta user_name@clusterew location/

V. Usage

Before running the analysis some environment véagabeed to be defined (each time
you use the package).

For csh/tcsh

setenv CORONAROQOT /foo/bar/RNA_ pipeline_v0.31

setenv PERL5LIB /foo/bar/RNA _ pipeline_v0.31/libfpe

setenv PYTHONPATH /foo/bar/RNA_pipeline_v0.31/ligthon.

For sh/ksh/bash:
export CORONAROOT /foo/bar/RNA_ pipeline_v0.31

export PERL5LIB /foo/bar/RNA _ pipeline_v0.31/libkbe
export PYTHONPATH /foo/bar/RNA_pipeline_v0.31/lityghon.

STEP 1:Generate the shell scripts representing all joasriked to run in order for
analysis to complete.

Usage:
[foo/bar/RNA_pipeline_v0.31/bin/RNA_matching_anasygipeline_save_script.pl

-CS instrument (unmatched) .csfasta file
-t read length (25, 35, 50)



-r library type: miRNA or transcriptome

-cmap path to the file containing human gendooation (user generated; see
Requirements.3.b)

-corona full patto RNA_pipeline package directory
(/foo/bar/RNA_pipeline_v0.31)

-0 output directory

The output directory will be accessed by the paekagread/write so you need to set
privacy rights to 755 (chmod —R 755 ./output_dioegt).

Example :

perl /foo/bar/RNA_pipeline_v0.31/bin/RNA_matchirapalysis_pipeline_save_script.pl
-cs /foo/bar/RNA_pipeline_v0.31/data/example_miRNAsfasta -t 35 -r miRNA -cmap
/foo/bar/RNA_pipeline_v0.31/reference/hgl8.cmapceoa
/foo/bar/RNA_pipeline_v0.31 -0 ./output_directory

[corona@dicer ~~ENA_pipeline w0.31]% perl . ~binsENA_matching_analysis pipeline save =cript.pl
—c= . sdatasexample_miEHA_ 1 . c=sfasta —t 35 —r miRENA —cmap . ~referenceshgld. cmap
—corona Sfoosbar~RHA _pipeline w0 .31 —-o soutput_directory

SUBMIT: ALIGH_ chrByproducts_1:
SUBMIT: Byproducts

SUBMIT: Filter:

SUBHIT:. miRNA_ Sanger:

SUBHIT:. ReiSeg 36:

SUBMIT: ALIGH chrl_ 1:

SUBMIT: ALIGH_chr2 1:

Submitted 10

SUBMIT: ALIGH_chri3_1:

Submitted 33

SUBMIT: POST_MATCHING ALL_CHE_STATS:
[corona@dicer ~~ENA_pipeline w0.31]%

Full path must be specified for .csfasta file (-cshap file (-cmap) package directory (-
corona) and output directory (-0). pwd command gjiyeu the full path of current
directory. This step produces one subdirectorytpiaiu directory/scripts/ containing all
(sh) jobs that need to be run.

[corona@dicer script=s]s ls —gicl
total 188
—rwErwEr—x 1 3558 Jun 27 15:21 output_ALIGH Byproduct=_1.=h
—rwxErwEr—x 1 3437 Jun 27 15:21 output_ALIGH Filter 1.=h
—rwErwEr—x 1 4375 Jun 27 15:21 output_ALIGH mniRNA Sanger 1.sh
—rwErwEr—E 1 3465 Jun 27 15:21 output ALIGH RefSeq 36_1.=h
—rwErwEr—x 1 3928 Jun 27 15:21 output_ALIGH chrl 1.=h

1

—rWETWET—X 3990 Jun 27 15:21 output_ALIGH _chr?_ 1 . =h

—rwxErwEr—x 1 2816 Jun 27 15:21 output_POST MATCHING ALL CHRE _STATS.=sh
[corona@dicer script=s]$s

Additionally a list of all jobs is saved in ./outpdirectory/ JOB_LIST.txt together with a
subdirectory for each reference that is used imrtatching step.



[corona@dicer output_directorv]s l= —giGl
total 4

drv=Er-Er-=
drvEr-Er—=
drvEr-zEr—=
—ry—r——1r——
drwzEr—-zr-x

132 Jun 27 11:09 byproducts

162 Jun 27 11:09 filtered

58 Jun 27 11:17 hg_ 36

969 Jun 27 15:21 JOB_LIST. t=t
368 Jun 27 11:09 miENA_ Sanger 11
drwEr-Er—-= 162 Jun 27 11:18 RefSeqg 36
drvEr-Er—= 248 Jun 27 15:21 =cript=
[coronalldicer output directory]$

Pt Tt Pl = e [0 [0

The JOB_LIST.txt file is the source for the nexdpst

[corona@dicer output_directory]$ more JOB _LIST. txt

1 soutput_directorysscriptscsoutput_ALIGH chrByproducts 1. .sh

2 echo "wait for matching jobs to finish" 1

3 soutput_directorysscriptscsoutput_ALIGH Filter 1 .=h

4 echo "wait for matching jobs to finish" 1 3

5 soutput_directorysscripts<soutput_ALIGH miBWA Sanger_ 1 =h

& echo "wait for matching jobs to finish" 1 3 5

7 soutput_directoryesscripts<soutput_ ALIGH _RefSeq 36_1.=h

a echo "wait for matching jobs to finish" 1 3 5 7
9 soutput_directorysscripts<soutput_ALIGH chrl 1 .sh

10 soutput_directorysscripts<soutput_ALIGH chr? 1 .sh

34 echo "wait for post_matching by _chr jobs to finish" 1.3.5.7.9.10,11. ..
35 soutput_directorysscriptssoutput POST_MATCHING _ALL CHE_STATS.=sh
[corona@dicer output_directory]$

STEP 2: If you have PBS or LSF job managing systemgeads are matched using the
list of jobs created in the first step.

Usage:
/foo/bar/RNA_pipeline_v0.31/bin/submit_scripts_t&83pl [-h] -] job_list_file [options]

-h : Print usage

-j file  : Job list file,format script_numberdtascript_name<tab>depended_jobs
-g queue : PBS jobs running queue name, desaatindary

-t queue : Tracking quene name, default tracking

-b num  : The first job to run, default 1

-e num : The last job to run, default the Jabton the job list

-p num  : Jobs per node, if not specified impscdefault will be 1

Parameters b and e allow running only part of theyais (useful if you need to stop
analysis for various reasons and start it at arlditner).

If your cluster uses PBS job management systemytbarwill need to type

perl /foo/bar/RNA_pipeline_v0.31/bin/submit_scspto PBS.pl -
] .Joutput_directory/JOB_LIST.txt



If your cluster uses LSF job management system ybarwill need to type

perl /foo/bar/RNA_pipeline_v0.31/bin/submit_scspto LSF.pl -
| .Joutput_directory/JOB_LIST.txt

[corona@dicer output_directory]$ . ~ENA _matching analvyis pipeline v0. 31l-bin<submit_scripts to PBS . pl
-3 .soutput_directory~JOB _LIST.t=t

Par=e a job list file containing script names and run them on PBES.

SUBMIT: output_ALIGH chrByproduct=s 1: . ~soutput_directory-scripts-output_ALIGH chrByproducts 1.=sh
Submitted 144538 dicer

Submitted 144539 dicer . na.ab.applera. net — Waiting for Tracking Job 1

SUBMIT: output_ALIGH Filter 1: . ~output_directory-script=-output_ALIGH _Filter_1.sh

Submitted 144540 dicer

Submitted 144541 dicer . na.ab.applera. net — Waiting for Tracking Job 2

SUBMIT: output_ALIGH miENA Sanger_1: . ~output_directory<scripts-<output_ALIGH_miENA Sanger_1.sh
Submitted 144542 dicer

Submitted 144543 dicer . na.ab.applera. net — Waiting for Tracking Job 3

SUBMIT: output_ALIGH _RefSeq 36_1: . output_directory-scripts<output_ALIGH REefSeq 36_1.=h
Submitted 144544 dicer

Submitted 144545 dicer . na.ab.applera. net — Waiting for Tracking Job 4

SUBMIT: output_ALIGH chrl_1: . ~soutput_directory-scripts<output_ALIGH chrl 1.=h

Submitted 144546 dicer

SUBMIT: output_ALIGH chri_1: . ~soutput_directory scripts<output_ALIGH chr? 1.=h

Submitted 144547 dicer

Submitted 144548 dicer — Waiting for Tracking Job §

SUBMIT: output_POST MATCHING_ALIL CHR STATS: . ~output_directory-scripts<output_POST _WATCHING_ALIL CHE_STATS.=h
Submitted 144572 dicer

Finished running all jobs.

STEP 2: If you do not have PBS or LSFyou can run the analysis manually as follows.

The JOB_LIST.txt file contains the all jobs thaedeo run in order for analysis to
complete (in the required order). You will neecctpy each line from this file
representing a call to a shell script (the finselfor example

is ./Joutput_directory/scripts/output_ ALIGN_chrBypiicts_1.sh) and paste it to
commend line. You will need to wait for jobs to qalete in order to launch following
jobs as indicated in JOB_LIST.txt file.

V. Output files description

The results of this package are saved in 5 diftesehdirectories depending on reference

used (see section VIl for details).

[corona@dicer output_directory]$ ls —gGl
total 4

drwvEr-zr-=
drv=Er-Er-=
drvEr-Er—=
—rW—Tr——T——
drv=Er-Er-=

132 Jun 27 11:09% byproducts

162 Jun 27 11:09 filtered

58 Jun 27 11:17 hg_3n

969 Jun 27 15:21 JOB_LIST. t=t
368 Jun 27 11:09 miRENA Sanger 11
drvEr-Er—= 162 Jun 27 11:18 RefSeqg_36
drwEr-Er—-= 248 Jun 27 15:21 scripts
[coronafidicer output_directory]s

[ I L et S S ]

There are 6 main types of files that are generaedare listed below:



[corona@dicer output_directorv]$ cod miEHA Sanger 11~
[corona@dicer miENA Sanger 11]% l= —gil
total 45813

—ry—rv—r— 1 corona users 2734003 Jun 20 16:29 examnple miENA_ 1 c=fa=ta

—Irw—-rv—-r—— 1 corona users 782465 Jun 20 16:38 example miRWA 1 c=fasta_extend boc
—IW—-rTV—-r—— 1 COrona Users 76779 Jun 20 16:38 examnple_miENA_ 1 c=fasta_extend counts
—ryv—rv—r— 1 corona users 756189 Jun 20 16:38 example miENA_ 1 c=fa=ts_extend . gff
—Irw—rv—-r—— 1 corona users 333496 Jun 20 16:38 example miRNA 1 c=fasta_extend ma
—ry—rv—r— 1 corona users 720 Jun 20 16:38 example miEN4 1 c=fasta _extend =tats
[corona@dicer miRENA Sanger 111%

.csfasta if the fasta format file used for matchimgontains the reads not matched to
previous references.

[coronaf@dicer miENA Sanger 11]1% more example miBEHA 1. c=fasta
»1548_ 13_39_F3
T21021031231110113121030200200023110
»1548_ 13_110_F3
T21111303301322012000101320200030003
»1548 13 _127_F3
T112113312022003332220003230001330331
»1548 13 _168_F3
TO310313032311331131312330020132333311
»1548 13 _174_F3
TO12201120231112030100233000100030310
»1548 13 184 F3

THioad a4 4 da0a0a0d0anad 04409094904 04 0000

.bc — a table (optional) containing all matcheddse@iniquely or not) in the format:
Bead_ID<tab>Strand<tab>Read<tab>Reference<tab>ioocaab>NumberMM<tab>B
aseChanges<tab>Placement<tab>NumberOfHits<tab>Meangth<tab>AdaptorDetecti
on<tab>AdaptorStartPoint<tab>AdaptorNumberMM<tabaptbrBaseChanges<tab>All
MatchLocations_ NumberMM



1 # Con output_divectory j
240 Strand Read Reference Locafion  NumberdM BaseChanges - Placement NumberORatchLength AdaptorDe Adaptarat: Adsptorhlu AdaptarBa AlstchLacation:
3190 3 0% fop  TADNOMOANTHIONONGEOANE &0 7 A0NA0N wige ] T oam 0 - 481062
RN o G s O 1 S wnige 1 /i [
01048 13067 o COTNSMTZCOTZT e w0 wnige 1 Ji [ A 1 25
BI04 11T ADTATIZRNALINRRA0? e 0 - wnige 1 Ji LI A I A
7104 1D TANDZIBE T RGN B 1 Al wnige 1 i L TR A

8 1043 1 94 Fiiop A0 20302 AZ0A 2032021200 B9 7 BNE0E wge 2 1 &0 J61942

9 1543 10 6% Fop  GIOVAODDZIDNGT2ZIO0O0I 020G 158 0 wnigee 1 U 1m0 15379

1D 1548 16 4 Fiop  ADSIODIDDIZALZDANONIBZMN Y 2080 0 - wnige 1 U [ Pl
111543 16 1118 top  ATSIR213001 A2t A2 3101 20020001 S MR wnige 1 ) 0 - h1919.1
121540 161247 top  CINDNNGROBAIDINT0 & 1 AF wrige 1 i [ R A X
131540 17 506 frop  TOODGIOVSATAOHONINTZOGON &R 3 M NA0GH wige i 1 B 1 BD A3
141548 17 573 ftop A1 A0 AT 2020230 AT B 000 wige i 1 @k 3 1378 B
191045 17 1069 op  COTTATOSZZ OV MOD220038220102. g D @ f Ji 1w 1 gD Pl

16 1645 18269 Frop 200010212002 C201 D021 2002200120001 Mmoo wnige 1 J 1 % 0 5

17 1045 18 602 Frop  COZMAT3T20031 A1 30203 12101 SR 7 0CAIBH w1 19 1 BB 7 01302 5EM2
15 1045 18 949 Frop  ADD2VIRIRAIDNGRENZNIZ BB 1 DAL wgw ] 1T B0 £
191643 19 463 Frop  ADDICICBHOTC AT DR C 101203121 228 moon - wnige 1 A 1 7 R30I I

20 1043 19 1040 top  CRODVIBUAMCCIANDANONNZZ 462 4 B 0019220 wge ! 2 [ N 2
20 1548 20 794 Fop TRORZOOZIR2TOOOE0 2Rt ;e 2 VN2 g ! Ji 1AW 10D 202

| 22 1543 20 1857 reverse 13330301 020330 30023000033 1011354 AR 3 NGNS andm 2 i LI LS 0 O T . 1o
|23 1548 21 479 Frop DSOS ZATIIIZt3120¢ 32000 ¥ an wnige 1 i 1 &h 0 paisitl

H 1502 60y TANNOANTAZONOE R S 7 2080 wige ] [ IR A 1 I ¥

.counts — a table with columns representing
precursor_genomic_start(chr_coordinate)<tab>Tag<¢éd>Tag_end<tab>Top_strand_
counts<tab>Reverse_strand_counts<tab>Referencefmguab>Name.

A [ B | C | D [ E [ F I
| 1 |[#Precursor_start Tag_start Tag_end Top_strand_counts Reverse_strand_coun ReferenceSequence Mame
| 2 |22 44885231 22_44888235 |22 44888257 1 0 TGAGGTAGTAGGTTGTGTGGTT  hsa-let-7h
| 3 |22 44885231 22_44888235 |22 44888255 2 0 TGAGGTAGTAGGTTGTGTGG hsa-let-7h
| 4 |22 44585231 22_44858235 |22 44858255 1 0 TGAGGTAGTAGGTTGTGTEGTTT  hsa-let-7h
| 5 |22 44885231 22_44888235 |22 44888256 2 0 TGAGGTAGTAGGTTGTGTGGT  hsa-let-7h
| B |22 44835231 22_448882358 |22 44888256 1 0 GGTAGTAGGTIGTGTGGT hsa-let-7h
| 7 |21_16834020 21_16834028 | 21_16834050 1 0 TGAGGTAGTAGGTIGTATGGT hsa-let-7c
| 8 |21_16534020 21_18834025 | 21_16834049 1 0 TGAGGTAGTAGGTTGTATGG hsa-let-7c
| 9 |9 58380533 9_55950944 9_55930962 1 0 AGAGGTAGTAGGTTGCAT hsa-let-7d
| 10 |9_553580533 9_55950944 9_55930964 4 0 AGAGGTAGTAGGTTGCATAG hsa-let-7d
| 11 |9_55380533 9_55950944 9_55980971 1 0 AGAGGTAGTAGGTTGCATAGTTTT hsa-let-7d
| 12 |19_565837552 19_568578588  19_56857877 2 0 TGAGGTAGGAGGTTGTATA hsa-let-7e
| 13 |19_565857552 19_568578588  19_56857879 2 0 TGAGGTAGGAGGTTGTATAGT  hsa-let-7e
| 14 |19_565837552 19_568578588  19_56857875 5 0 TGAGGTAGGAGGTTGTATAG hsa-let-7e
| 16 -3 62477335 -3 52277338 |-3 52277358 1 0 TGAGGTAGTAGTTTGTACAGT hsa-let-7g
| 16 -3 62477335 -3 52277338 |-3 52277358 5 0 TGAGGTAGTAGTTTGTACAG hsa-let-7g
| 17 -3 82477335 -3 82277338 |-3 82277357 5 0 TGAGGTAGTAGTTTGTACA hsa-let-7g
| 18 [12_B1283734 1261283738 12_B1253758 5 0 TGAGGTAGTAGTTTGTGCTG hsa-let-7i
| 1912 R1283734 1261263738 12 _F1253759 1 0 TGAGGTAGTAGTITGTGCTGT hsa-let-7i
| 20 11 121828148 11 1215281589 -11_121528179 1 0 AACCCGTAGATCCGAACTTG hsa-mir-100
| 21 |-11 121528148 -11_1215281558 -11_121528180 13 0 AACCCGTAGATCCGAACTTGT  hsa-mir-100
| 22 11121828148 11 1215281589 -11_ 121528183 1 0 AACCCGTAGATCCGAACTTGTGG hea-mir-100
| 23 11121828148 -11_ 121528159 -11_121528181 1 0 AACCCGTAGATCCGAACTTGTG hsa-mir-100
24 |-11 1215268148 11 121528160 -11 121525179 4 0 ACCCCTAGATCCGAACTTG hea-mir-100

.gff — a table containing only the reads matchmg unique place, with columns
representing
Bead_ID,tab>segname<tab>source<tab>feature<talxistarend<tab>score<tab>stran
d<tab>frame<tab>[attributes]



A | e [ ¢ [ o [ E [ F [ & [ H [ 1 [ o [ w [ L [ M [ v [ d
#ine-order fragment
##history MaToGff java fhomesbarbaccc/RNA_matching_analyis_pipeline_v0.2/test/miRMA_1/miRNA_Sanger_11/example_miRNA_1.csfasta_extend.ma.35.1 --cof
##history AnnotateChanges.java fhome/barbacco/RNA_matching_analyis_pipeline_v 2/4est/miRNA_1/miRNA_Sanger_11/example_miRNA_1. csfasta_extend. gff)

12
| 13

| 14 |###hdr seqrsource feature start end score strand frame |attributes] [comments]

| 15 |1548_323_ solid read 22 44885222 448887 -1+ b=TGAGGTAGTAGGTIGTGTGGTT,g=T122013213201011111010;i=1; p4
| 16 [1546_346_solid read 22 44885222 448885 -1+ b=TGAGGTAGTAGGTIGTGTGEATTC, g=T12201321320101111102300;i
| 17 |1548_415_salid read 22 44000222 44000 -1+ b=TGAGGTAGTAGGTTGTeaGtT,g=T12201321320101121210;i=1;p=1.0
| 18 |1548_582_salid read 22 44885222 4488585 -1+ b=TGAGGTAGTAGGTIGTGTGGTT, g=T122013213201011111010;i=1; p4
| 19 |1548_673 solid read 22 44885222 448887 -1+ b=TGAGGTAGTAGGTIGTGTGGecT,g=T1220132132010111110302;i=1;
| 20 [1545_801_solid read 22 44885222 4488585 -1+ b=TGAGGTAGTAGGTIGTGTaGT,g=T12201321320101111321;i=1;p=1.0
| 21 [1546_1347 solid read 22 44885222 448885 -1+ b=GGTAGTAGGTTGTGTGEGTT, g=G013213201011111010;i=1; p=1.000;u
| 22 |1548_283 solid read 21_16834021_16834C -1+ b=TGAGGTAGTAGGTTGTtacGT,g=T12201321320101103131;i=1;p=1.0
| 23 |1548_109€ salid read 21 16834021 16834C -1+ b=TGAGGTAGTAGGTIGTATGGAT, g=T122013213201011331023;i=1; p=
| 24 |1548_162_solid read 9_95250949_ 955509 -1+ b=AGAGGTAGTAGGTTGCATA, g=A222013213201013133;i=1;p=1.000;
| 25 [1546_394_solid read 9_95580949_955809¢F -1+ b=AGAGGTAGTAGGTTGCATAGT, g=AZ2201321320101313321 i=1,p=1
| 26 |1548_495_ salid read 9_95500949_ 955809 -1+ b=AGAGGTAGTAGGTTGCATAGT, g=AZ2201 32132210131 3323 i=1;p=1
| 27 |1548_911_salid read 9_95880949_ 955309 -1+ b=AGAGGTAGTAGGTTGCATAGT, g=AZ2201321320101313321;i=1;p=1
| 28 |1548_128=s0lid read 9_95880949_ 9558097 -1+ b=AGAGGTAGTAGGTTGCATAGT TaaAGG G, g=AZ22013213201013133
| 29 [1545_142 salid read 9_95550949_955309¢E -1+ b=AGAGGTAGTAGGTTGCATAGT, g=AZ2201321320101313321i=1;p=1
| 30 [1546_185_solid read 19_56887E19_56887E -1+ b=TGAGGTAGGAGGTTGTATAG, p=T1220132022010110321;i=1,p=1.00|
| 31 |1548_253 salid read 19_56887E 19 56387E -1+ b=TGAGGTAGGAGGTTGTATAGT,g=T12201320220101133321;i=1 .
| 32 |1548_393 solid read 19 6688719 56387E -1+ b=TGAGGTAGGAGGTTGTATAG, g=T1220132022010113311;=1;

| 33 |1548_395_solid read 19_668587E 19 56387E -1+ b=TGAGGTAGGAGGTTGTACAGT,g=T12201320220101131121;i=1;p=

| 34 [15468_837_salid read 19_AG887E19_56587E -1+ b=TGAGGTAGGAGGTTGTATAGT,g=T12201320220101133301;i=1

| 35 |1548_1061 salid read 19_566807E 19 56047C -1+ b=TGAGGTAGGAGGTTGTAAGT,g=T12201320220101130001;i=1;p=1.
| 36 |1548_109€ salid read 19_56887E 19 56387E -1+ b=TGAGGTAGGAGGTTGTATcT, g=T122013202201011330231;i=1;p=
| 37 |1548_123€ salid read 19_66887E 19 56387 -1+ b=TGAGGTAGGAGGTTGTATAaYT, g=T122013202201011333021

| 36 [1545_142E salid read 19_AG8587E19_56387E -1+ b=TGAGGTAGGAGGTTGTAAGT,g=T12201320220101132221;i=1 .
| 39 [1546_214_solid read -3 227733 52V -1+ b=TGAGGTAGTAGTTTGTACIG,g=T1220132132100113021;i=1;p=1.000;
| 40 |1548_230_salid read -3 5227733 52773 -1+ b=TGAGGTAGTAGTTTGTACHyT, g=T122013213210011312011; =1 p=1.
| 41 |1548_403 solid read -3 B207TE-3 RV -1+ b=TGAGGTAGTAGTTITGTACeGT,g=T112201321321001131031;i=1;p=1.0
| 42 1548 725 solid read -3 822773 -3_ 822773 -1+ b=TGAGGTAGTAGTTTGTACAGT,g=T12201321321001131121 :
| 43 [1546_676_salid read -3 227733 62V -1+ b=TGAGGTAGTAGTTTGTACAGT,g=T12201321321001131121;i=1;p=1.00
| 44 11548_111Z s0lid read -3 5227733 527V -1+ b=TGAGGTAGTAGTTTGTACG, g=T1220132132100113021;i=1;p=1.000;
| 45 |1548_1235 solid read -3 E22VTL-3 5LV -1+ b=TGAGGTAGTAGTTTGTACIG, g=T1220132132100112121;i=1;p=1.000;
| 46 |1548_347_ salid read 12_B1283712 612837 -1+ b=TGAGGTAGTAGTITGTGCAGT,g=T12201321321001113121;i=1;p=1.00
| 47 [15458_385_solid read 12 61283712 612837 -1+ b=TGAGGTAGTAGTTTGTGCTATT, g=T122013213210011132330;

| 46 [1546_F36_solid read 12_B61283712_F12837 -1+ b=TGAGGTAGTAGTTITGTGCTGT,g=T122013213210011 13001 p=1.0
49 11548 141F solid read 12 61203712 612837 A+ b=TGAGGTAGTAGTITGTGCACT, g=T12201321 321001113121 i=1;

.ma — a fasta format file containing all matchealie(uniquely or not) in the format:
>pbead_ID,genomic_coordinate.number of mm
sequence (color) with P2 adaptor removed

[corona@dicer miENA Sangerll]s more exanple miRENA 1 . csfasta_eztend. ma
»1548_13_695_F3,-7_5502036 .2
Toz1iz20110031303010200100
»1548_13_1101_F3, -9_85774543 0
Tz2101100321112122130133
»1548_13_ 1257 _F3 . -X 76142235.0
T20232132011120121302111

»1548_ 14 1227 _F3,-3_49032593.0
Ta0312111323211220031012

»1548_ 14 1407_F3.14_1004106338.1
TO201232202333312313000022
»1548_15 G54 F3, -3 172307207 .2
T321030312032021020201
»1548_15_898_F3.5_148790417 .0
T112012100020012020320020

.stats — file containing a summary of matching itssu



[corona@dicer miENA Sanger_11]1% more examnple miRNA_1 . csfaste_extend stats. 35.1.t=t
499382 total beads found

Total Beads

0 mismnatches 2345 4693

1 mismatches 980 ¢ 1.98%) 3325 { kB.BSH)
2 mismatches 1689 {  3.38%) 5014  10.03%)
3 mismatches 598 ( 1.20%) Se1z2  11.23%)
4 mismatches 186 0.37%) 5798 { 11 .60%)
5 mismatches 16 ¢ 0.03%) B814 ( 11.83%)

Tniquely FPlaced Beads

0 mi=mnatches 2130 ¢ 4.26%)

1 mismatches 919 ¢ 1.84%) 3049 ( 6.10%)
2 mismnatches 1872 (  3.15%) 4621 (  9.25%)
3 mismnatches B45 ¢ 1.09%) Blee ( 10.34%)
4 mismatches 172 §  0.34%) 5338 ( 10.88%)
5 mismatches 15 {  0.03%) 5353 { 10.71%)

[corona®@dicer miRENA_Sanger 11]%

The .ma file contains (all) genomic coordinatessafds that map to the reference
irrespective of the number of locations and coé@d sequences. The .gff file contains
base read sequences but only for uniquely mapets$ re

VII. Run time:

a) Matching against known references takes 10-20tes for Sanger reference and 50-
60 minutes for RefSeq reference.

b) Human genome matching requires about a dapighfif given enough CPUs.

The exact run time may vary. The longer the readd/or the more mismatch allowed,
the more time it is required to run the matchinlg jo

VIII. Algorithm discussion

There are three major points to consider when paifg the matching procedures.
1. Small RNA fragments may be smaller that thelsdangth (miRNA sizes are range
from 18 to 28 bp while the reads length on the $Ddystem are currently 35 bp.. This
results in sequences containing small RNA fragmsequience plus P2 adaptor sequence
(+ P2 sequence).
2. The adaptor sequence CGCCTTGGCCGTACAGCAG cdeddo color
C330201030313112312 has the particular propertythiesfirst eight colors have 50%
concordance when matched against itself with 2g8isEt as shown in the example
below.
3302010303

3320103
This makes the P2 adaptor identification diffiq@specially for the case of reads
containing long small RNA fragments).

3. The current matching tools provided on the $Dibistrument are designed for

reads of equal length making adaptor removal alilesly option.



To address these points, this RNA analysis tootains 4 major subsequent steps:
1. filtering

2. matching against miRBase sequences
3. matching against RefSeq sequences
4. human genome matching.

The analysis workflow is shown in the following gram:

SmallRNA Analysis Tool Workflow

Process Pipeline Generated Output Files
Map Against Yes
Non-miRNA —
sequences
1 o
Yes
Match to
miRBase
‘ No
- Yes
Map Against >
RefSeq
[corona@dicer output_directory]$ cd hg_ 36~
No [corona@dicer hg 361% ls —gGl
total 2216
drwxr-xr-x 2 barbaccc bioinfo? 146 Jun 20 17:21 chrl
H d: —HT— 2 barb. b fa? 146 J 20 17:14 chrill
Map Against Yes Grwr—wr—% 2 barbacee biminfa? 145 Jum 20 1714 chrll
dryzr-xr-x < barbaccc bioinfo? 146 Jun 20 17:14 chrlz
Human —
Genome
[corona@dicer hg_36]3% od chrls
[corona@dicer chri]$ ls —gGl
total 196
‘ NO —rw—rw—r—— 1 barbaccc bioinfo? 90281 Jun 20 17:14 ezample miRNA 1 csfasta.extend bo
—ry—rw-r—— 1 barbaccc bioinfo? 65760 Jun 20 17:14 example miRWA 1 c=fasta. extend gff
—ry—rw-r—— 1 barbaccc bioinfo? 32837 Jun 20 17:14 example miRNA_1 c=fasta.extend ma
Unmapped [corona@dicer chrl]$
1. Filtering

All reads are mapped against a reference contabyryoduct sequences (P2 adaptor,
P1 and P2 primers; reference provided). The magakibased on 15 colors of the reads,
the first one and last 19 being masked, allowirng @ mismatch. The output of this step
is saved in byproduct directory. Reads not matckiegorevious reference are mapped
against a reference containing rRNA, tRNA, repeaggibns of the human genome
(reference provided and stored in /RNA_pipeline3fr@ference/). Matching is based on
first 20 colors of the reads, allowing 0 or 1 misoh&s. The output of this step is saved in
filtered directory. Reads not matching these refees are parsed to the next step.



2. Matching against miRBase sequences

A reference based on miRBase sequences is genévatads step, by concatenating

each miRNA precursor sequence (Sanger build 1igrémece provided and stored in
/IRNA_pipeline_v0.3/reference/).

Reads are first matched based on the first 18 €¢@last positions are masked), allowing

0 or 1 mismatch. If the library type parameter isr¥et to “miRNA” than the matching
locations are used as seeds for the next exteagpr(see Extension section). The results
are stored in miRNA_Sanger_11 directory. Readsmaithing this reference are parsed
to the next step.

3. RefSeq matching

A reference based on RefSeq sequences (NCBI bgjld $jenerated for this step, by
concatenating each RefSeq sequence (32662) (reéepeavided and stored in
/IRNA_pipeline_v0.3/reference/HUMAN _refseq_118884@3zbncat_v3_validated.fasta
).

Reads are first matched based on the first 25 €@last positions are masked), allowing
up to 3 mismatches. If the library type parametgrig set to “transcriptome” than the
matching locations are used as seeds for the reettigon step (see Extension section).
The results are stored in RefSeq_36 directory. Reatimatching this reference are
parsed to the human genome matching step.

4. Human genome matching

Finally reads not matching the previous referermresnapped against human genome
reference. We use again a “seeding” step, in wtgalds are matched against human
genome reference (NCBI build 36 with one fastaffileeach chromosome; reference
NOT provided) based on the first 20 colors (ladifions are masked), allowing 0 or 1
mismatch. The matching results are used as seeda fextension” step.

The matching process starts with the standard ofitps (extension.csfasta) fasta format
files containing bead location information and sa¢golor) sequence.

>1379_8_1167_F3
T30010310300130311122123302010003131

The first letter represents the last base of fodmimmer and the entire analysis is
performed at color level, the conversion to basgiseces being applied to the end
results.

Extension

For each seed we estimate adaptor starting posiidallows: if the adaptor starts at
positionn then the read (35 colors long) is compared wigh“ttypothetical” sequence



composed oh colors from the reference (with same start pasnth@ seed) followed by
the first 35 -n colors from the adaptor. The actual read is coergéiull 35 bases long)
to the “hypothetical” one and the number of misrhatcis recorded. The location

giving the smallest number of mismatches is comsii@daptor start point, while the
number of mismatches from full length of the remdssociated with the starting seed.
Seeds of the same read producing the same smaliedter of mismatches are reported
as hit locations of the read. The .bc files contagolumn with explicit fragment length
(read with trimmed adaptor). .ma and .gff files tzmm the color/base reads with adaptor
trimmed.



