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agenda

1. updates to endogenous alignment  
 

2. support for *N random barcodes
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updates to endogenous alignment
• sRNABench was not performing as desired for reads  

multi-mapping to non-miRNA libraries 

• causing problems for tRNA/piRNA quants in particular 

• decided on complete overhaul- replaced sRNABench with custom 
endogenous alignment & quantification 

• some of Anna Krichevsky’s samples show differences with analysis done at 
the BGI:

3



.fq.gz.fq .sra

sequenced read (50nt)

smallRNA (~20-30nt) adapter (~20-30nt)
AGATCGGAAGAGCACACGTCTGAACTCCAGTCAC

optional: map to spike-in library

map to UniVec contaminants

read length analysisfastQC

map to  
tRNAs, piRNAs, & gencode

map to host genome  
(hg19 hg38 mm10)

sR
N

A
B

en
ch

map to  
endogenous miRNAs

map to 45S, 5S, & mitochondrial rRNAs

unmapped reads

unmapped reads

unmapped reads

preprocessing 
filtering 
QC

input

endogenous 
alignment

unmapped reads

map to  
exogenous miRNAs

exogenous 
alignment

map to all genomes in ensembl & NCBI

• automatic pre-
processing and QC of 
sequence reads 

• absolute quantitation 
by quantification of 
exogenous spike-in 
sequences 

• explicit rRNA filtering & 
QC 

• quantify many different 
smallRNA types 

• choice of 3 end-points

unmapped reads

unmapped reads

standard formats

remove adapters  
+ primers

for reads >15nt 
 

map using 
bowtie2

hierarchical 
mapping 

using bowtie

choreographed 
by sRNABench

map using STAR

read-quality filter

1

2

31 2 3

exceRpt

4



.fq.gz.fq .sra

sequenced read (50nt)

smallRNA (~20-30nt) adapter (~20-30nt)
AGATCGGAAGAGCACACGTCTGAACTCCAGTCAC

optional: map to spike-in library

map to UniVec contaminants

read length analysisfastQC

map to 45S, 5S, & mitochondrial rRNAs

unmapped reads

unmapped reads

unmapped reads

preprocessing 
filtering 
QC

input

endogenous  
alignment

unmapped reads

exogenous 
alignment

map to all genomes in ensembl & NCBI

unmapped reads

unmapped reads

standard formats

remove adapters  
+ primers

for reads >15nt 
 

map using 
bowtie2

hierarchical 
mapping 

using bowtie1

19nt seed
1 mismatch

map using STAR

read-quality filter

3

sRNABench

map to host genome  
(hg19 hg38 mm10)

1. miRNAs (miRBase)
2. tRNAs (gtRNAdb)
3. piRNAs (RNAdb)
4. all other transcripts (gencode)
5. circularRNA junctions (circBase)

map to endogenous genome (again!)
and repetitive elements

1

map using 
bowtie2

map to  
exogenous miRNAs 2

• automatic pre-
processing and QC of 
sequence reads 

• absolute quantitation 
by quantification of 
exogenous spike-in 
sequences 

• explicit rRNA filtering & 
QC 

• quantify many different 
smallRNA types 

• choice of 3 end-points
1 2 3

exceRpt

5



Anna Krichevsky’s missing tRNAs
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advantages
• much more reliable quantification of non-miRNA libraries 

• full use of read qualities during alignment 

• can prioritise alignments to different classes of RNA 

• output genome alignments in BAM/WIG for viewing in a browser 

• much better control over memory usage 

• fully modular species databases 

• do not need bowtie1/ViennaRNA on the PATH 

• faster*!

*for most samples7



agenda

1. updates to endogenous alignment  
 

2. support for *N random barcodes
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support for *N random barcodes
• several investigators moving toward use of random sequences 

to detect amplification artefacts: 
 
 
 

• with two 4N random barcodes we potentially get 48=65,536 
unique reads for each insert sequence 

• need to support identification, removal, and quantification of 
these random sequences - also, do they help normalisation?

3'	  adapter	  -‐	  5'	  NNNNATCACCGACTGCCCATAGAGAGG	  3'	  
5'	  adapter-‐	  5'	  GGCCAAGGCGNNNN	  3'	  

sequenced	  read-‐	  5'	  NNNN<insert	  smRNA>NNNNATCACCGACTGCCCATAGAGAGG	  3'
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• created a Java app to read a fastq and remove the *N barcodes 

• for this example:  
 

• the command to run would be:

*N random barcodes - app
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java ProcessFastqWithRandomBarcode -n 4 --5p --3p --stats clippedReads.fq > clippedReads.noRand.fq 2> clippedReads.stats
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output reads
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• as well as removing barcodes, we can use them to help 
normalise the read-counts for amplification artefacts:  
 
 
 

• we calculate an relative entropy score (KL divergence) for each 
unique insert, more negative values indicate more ‘order’, less 
randomness, to the barcodes:

                                            seq nReads nBarcodes entropy     barcode_1     barcode_2    barcode_3
1 ACGGCCCTGGCGGAGCGCTGAGAAGACGGTCGAACTTGACTATCT  39980     10048  -0.815  TGGGTCTC 150  TAGGTCTC 148  TTGGTCTC 98
2              CCCCACAACCGCGCTTGACTAGCTTGCTGTTT  32263      2760  -2.392 GTGGGGGA 1157 GTGAGGGA 1017 GTGGGGGG 616
3                           AACTTGACCGCTCTGACCA  30047      8221  -0.580  GGCGAGTT 108   GGCAAGTT 62  GGTGAGTT 59
4                                CGGCCGGGCGCGAC  26551      8085  -0.704  GTGGGGCC 103   GGGGGGCC 81  TAGGGGTA 65
5                            ACGGCCCTGGCGGAGCGC  25164      8550  -0.584   TAAGCGTA 77   TAGGCTCG 51  TAGGCGTA 46
6                     GAGGCGTCCAGTGCGGTAACGCGAC  23434      2744  -1.906  GTGGGCTC 498  GTGGGCTT 397 GTGGGCAC 384

*N random barcodes - statistics

                                                        seq nReads nBarcodes entropy    barcode_1    barcode_2    barcode_3
1911  TGAATCACCGACTGCCCACTAGAGAGGCTGAGACTGCCAAGGCACACAGGGGA    190        10  -2.743 TGATTAGG 176   GTGATAGG 6   GTGGTAGG 1
2626 TCAAATCACCGACTGCCCACTAGAGAGGCTGAGACTGCCAAGGCACACAGGGGA    142        13  -2.702 GTGATAGG 123   GAGATAGG 6   ATGATAGG 2
25                              CCCCCCACTGCTAAATTTGACTGGCTT   9215      1211  -2.698 GTGGGGGG 913 GTGGGGGA 715 GTGTGGGG 385
554  AGTAATCACCGACTGCCCACTAGAGAGGCTGAGACTGCCAAGGCACACAGGGGA    574        39  -2.642 GTGTTAGG 325  GGATTAGG 58  GTGCTAGG 45
2680 TTAAATCACCGACTGCCCACTAGAGAGGCTGAGACTGCCAAGGCACACAGGGGA    139        10  -2.611 GTGATAGG 126   GAGATAGG 5   GTGCTAGG 1
2382   ACCTACACCGACTGCCCATAGAGAGGCTGAGACTGCCAAGGCACACAGGGGA    154        25  -2.491 GTGTTAGG 106  GTGCTAGG 11   GAGTTAGG 7
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*N random barcodes - counts
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• easy to plot # reads against number of barcodes:

• some inserts have many more reads than they ‘should’ get 
according to the barcodes



*N random barcodes - counts
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log10(#)

# inserts# barcodes

*N random barcodes - counts

14



agenda

1. updates to endogenous alignment  

2. support for *N random barcodes 

3. to-do 
- include random barcode removal/analysis in pipeline 
- further explore barcode quant for normalisation & QC 
- modify R script for multi-sample merge for new pipeline 
- compute reference-sequence similarity matrix/network
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