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Elements of Bioinformatics

KEY TO TOOL TYPE (stripes Indicate new update)
Algners (pairwise) Gene Prediction (MRNA)
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We author a range of R/Bioconductor
packages tailored for genomics research

limma

edgeR

crimm
Rsubread
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Typical R script...

# Read in sample & hairpin information
sampleanno = read.table("Samples2.txt", header=TRUE, sep="\t")
sampleanno

hairpinseqs = read.table("Hairpins2.txt", header=TRUE, sep="\t")
hairpinseqs[1:5,]

# Process raw sequences from fastq file
x2 = processHairpinReads("screen2.fastq

, "Samples2.txt", "Hairpins2.txt", ver

# Make an MDS plot to visualise relationships between replicate samp
par(mfrow=c(1,3))
plotMDS(x2, labels=x2$samples$group, col=rep(l:4, times=3), main="An
legend("topright", legend=c("Day2", "Dayl@", "Day5-", "Day5+"), col=

# Begin differential representation analysis
# We will use GLMs in edgeR in this case since there are more than 2
# Set up design matrix for GLM

des = model.matrix(~x2$samples$group)
des

¥ Estimate dispersions




Compile script into a report

thresh = 0.05
top2 = topTags(lrt, n = Inf)
top2ids = top2$table[top2$table$FDR < thresh, 1]

plotSmear(lrt, de.tags = top2ids, h = 20, cex = 0.6, main = "Another small screen: logFC
abline(h = c(-1, 0, 1), col = c("dodgerblue", "yellow", "dodgerblue"), 1ty = 2)

Another small screen: MDS Plot Another small screen: logFC ve logCPM
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The biological coefficent of variation (BCV) plot (middle panel) summarises the variability in the
screen as a functon of hairpin abundance. These plots tend to have a characteristic shape of decreasing
variability as hairpin abundance increases, which is similar to what is observed for other applications
such as RNA-seq. The individual black points show hairpin-specific (referred to as ‘Tagwise’ variability,
while the blue line shows the trend value as hairpin abundance changes ( ‘Trended’) and the red line is
the common value (calculated by assuming all counts come from the same hairpin).

Summary: In this second small screen, the variation between replicate samples is much higher than

From scripts to Galaxy tools

Analyze Data

shRNAseq Tool (version 1.0.5)

Input File Type:
Table of Counts %

Counts Table:

[ 37: zuber_count_nature.txt :]
Hairpin Annotation:
[ 38: zuber_hairpinanno_nature.txt :]

Sample Annotation:

[ 39: zuber_samples_nature.txt

<>
—/

Filter Low CPM?:

Ignore hairpins with very low representation when performing analysis.

Search for ‘shRNAseq’ on Tool Shed




Representation of shRNAs within a
pool can be established by sequencing
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Summary of edgeR workflow

Step Function
Data Import processHairpinReads
Quality Assessment, piotggs
. o
Plotting & pliotSmear
Normalization calcNormFactors
Differential estimateDisp
) exactTest
Representation glmFit
Analysis glmLRT
topTags
Gene-level camera
Analysis roast

Robinson, McCarthy, Smyth (2010) Bioinformatics
Dai et al. (2014) [in preparation]

Input files for shRNA-seq
analysis
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Input files for shRNA-seq
analysis

®@no Samples2a.txt "
P 8 &m0 @l 386 B (Qr Csearcnin sneet P
| A Home | layour | Tables | Chars | SmarArt | Formulas | Data | Review A v
Edit font Alignmans Number Format Cells Themes
Calibri (Body) vjl2 |» 1_ .  General v . [ iy =i a5 HE,
— =2 L :—] )
paste (LB LU\ ir Al % Eg;‘,:%’,";’ Stfes  Actions  Themes Aa~
EL 0 Q@ fx hd
A | B C D I £ | G | 8 | 1 1T 1 1T K=
Sequences |group [Replicate | 1
3 GAAAG y 2 1
6 GAACC Day 10 1
9 GAAGA Day 5 GFP neg 1
16 GAATT Day 5 GFP pos 1
18 GACAC Day2 2
21 GACCA Day 10 2
28 GACGT Day 5 GFP neg 2
31 GACTG Day 5 GFP pos 2
33 GAGAA Day2 3
40 GAGCT Day 10 3
43 GAGGG Day 5 GFP neg 3
46 GAGTC Day 5 GFP pos 3

Input files for shRNA-seq
analysis

en0o6 Hairpins2a.txt "
O G I e B R e e V>
\ # Home ‘ Layout | Tables \ Charts | SmartArt J Formulas | Data | Review A v
Edit fon: Alignmere Number format Cells Themes
—— [ £ F =L —-e .,
Calibri (Body) [rl12 |~ 1 Ceneral v E' ‘ i, L':__]' -
pase LBIL| Uil Nign (B %> Eg:ﬁ:@:g‘ Stles  Actions  Themes Aa~
Al 10 & fx 1D A
B_ P | [ s Y P 5 [ R R e
0 lsequences Gene
|Controll TCTCGCTTGGGCGAGAGTAAG
Control2 CCGCCTGAAGTCTCTGATTAA
|Control3 AGGAATTATAATGCTTATCTA
| Hairpinl AAGGCAGAGACTGACCACCTA
|Hairpin2 GAGCGACCTGGTGTTACTCTA
Hairpin3 ATGGTGTAAATAGAGCTGTTA
|Halrpind CAGCTCATCTTCTGTGAAGAA
|Hairpins CAGCTCTGTGGGTCAGAAGAA
Hairping CCAGGCACAGATCTCAAGATA
Hairpin? ATGACAAGAAAGACATCTCAA
2_|Halrpin8 GAAGATGATGTTTATGGTTTA
|Hairgind AAAGACCATAGAGAAGTTCAA

Hairpin10 TAGAGAAGTTCAAGACCATAA
|Hairpinll ACCCTTGATCTTCGAGTGCAA
|Hairpinl2 CCGAGGATAGTAGGACTTCTA
Hairpin13 CTGGTGTTTCTTTGCTAGGAA
.Iuirpintt TACGACTGTGTTGTCCTCTIT
|Hairpinls AACGAAGAATGGGAACCTATA
|Hairpinls CTGCGAGACATCGACCATGAA
Hairpin17 AAGGTGATCCTTATGCTGTTA
'luirpinls TTCATGCTGCACCAAGATCTA
23 |Halrginl9 CACAGGACAGGTGGACGTCAA

o Wwwonw®EeNPENNTDLESLEDEDENNN




Demo

Analyse data from Zuber et al. (2011) Nature
AML mouse model

~ 1000 shRNAs (3-6 per gene) targeting
known chromatin regulators

Samples taken at Day 0 and Day 14. Hits
identified by comparing hairpin abundance
between these two time points, and looking
for shRNAs that drop out over time

shRNAseq Tool (version 1.0.5)

Input File Type:
Table of Counts ¢

Counts Table:

[ 37: zuber_count_nature.txt #]

Hairpin Annotation:
[ 38: zuber_hairpinanno_nature.txt :]

Sample Annotation:
[ 39: zuber_samples_nature.txt ¢]

Filter Low CPM?:

Ignore hairpins with very low representation when performing analysis.

Minimum CPM:
0.5

Minimum Samples:
2

Filter out all the genes that do not meet the minimum CPM in at least this many samples.




Analysis Type:

[ Generalised Linear Model ¢]

Classic Exact Tests are useful for simple comparisons across two sampling groups.
Generalised linear models allow for more complex contrasts and gene level analysis to be
made.

Contrasts of interest:
Day 14 - Day 0

Specify equations defining contrasts to be made. Eg. KD-Control will result in positive fold
change if KD has greater expression and negative if Control has greater expression.

Perform Gene Level Analysis?:

Analyse LogFC tendencies for hairpins belonging to the same gene.
Minimum Hairpins:
2 |

Only genes with at least this many hairpins will be analysed.

Gene Selection Method:
( By Gene Identifier %]

Symbols of Genes to Plot:
’ Brd4

Select genes based on their identifier in the 'Gene' column of the sample information file.
Please ensure exact match with the values in input file and separate selections with
commas.

FDR Threshold:

0.05

All observations below this threshold will be highlighted in the smear plot.
Absolute LogFC Threshold:

6.0

In additional to meeting the FDR requirement, the absolute value of the log-fold-change of
the observation must be above this threshold to be highlighted.

Execute




EdgeR Analysis Output:
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EdgeR Analysis Output:
Input Summary:

Number of Samples: 4

Number of Hairpins: 1105

Number of annotations provided: 1105

Number of annotations matched to hairpin: 1105

The estimated common biological coefficient of variation (BCV) is: 0.92641
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Smear Plot: Day 14-Day 0
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statistics

P-value = 0.0003
Wu et al. (2010) Bioinformatics
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Future work: RNA-seq
analysis workflow

» Goal is to put together a workflow that
uses WEHI developed tools:

— subread for mapping short reads to the
genome

— featureCounts to obtain gene-level summaries
in each sample

— limma-voom to perform differential expression

analysis
Liao et al. (2013) Nucleic Acids Res
Liao et al. (2013) Bioinformatics
Law et al. (2014) Genome Biology
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