Biology 644

Old Title: Bioinformatics for Molecular Biologists

Potential New Title: Integrated Bioinformatics
Using R for Both Wet and Dry Scientists

RNA-seq
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Advantages of RNA-seq

A Themain deficiernuyof microarraysthat mak Segmore 0 imited
coverage:

A Arays i n aly
approximately500,000to 2,000/000514$ of the imoreitharl 0,000/000n the human
genome
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A Many cancessiarenausdd byrtesd %mutations and goundetectedwith microarrays

A The secordmat défiticncy with microarraysiissaddiionahoise due to crosshybridization
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Selecting for mRNA, poly-A RNA, Ribosomal

A F PR polyadenylstedi(poly-A) tail is targetelincotento-ensure
that coding i Wlismﬂﬁeﬂfﬂbﬁrrt':umng RRM

A Accomplishedsimply with poly-T oligos covalentiyattached to asgiven sthistrate.
Presentlyrmany:studiestitilizena gnetic badd for this step

A The flow-through RNA(Gon-poly-A RAK) containsnoncadivg FNA
Probe hybridization with microarayscan separaieauRibesar RNA
A Ribosmmal RNK representscave90%of the R within a givencell
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Selecting for mRNA via poly(A) RNA
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RNA-seq Preparation and Paired-end Sequencing
i Single-end sequencing

CONA synthesis

— Paired-end sequencing
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Adapter ligation

Image adapted from Znermakova, et al., PLoS Genel 2013 June; 9(6): ¢1003594,

RNA-seq “Align & Assemble” Vs. “De Novo”

ANA-Seq reads
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Transcriptome Assembly

Two different assemiimethods are usedrforpraddnipg sranscriptome from

reads
1. Denovo
Doesrutirely,on the preseneer0f ae cegenomedn order to reconstuuct the
nucleotide sequenee.
A Requiresdeep coverageand inc compptingpowerte track all the possible
alignments
2. Genemeguided
: and computationally cheapir approachiisaligning the millions of reatis:toaa
A isbictiort readlzllgnment) and recentysspecialized

algorithmsfar transcriptanie alignment ihavetheerdevelopet

Bowt
Topt
Cufflinksto Hae ok

le for RAseq short readalignment
for all it

SNP Detection Using RNA-seq
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Exon-Intron Boundaries and Isoform Abundance
via RNA-seq
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Short reads

Short read is split by
intron when aligning
to Genome




Gene Fusion Detection

Causedy different structural madifications
and zbnormalitiesin the genome: o M
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of their relationship with cancer

Theability of RiVAseqte analyzeassamile's S——— e
whole transcriptomein an unbiased fashion
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RNA-seq Analysis Workflow

1. Reatimapping

2. Countingreads oxetlappinguitgenes

3. Analysisofif

entially Exfiressed G

4. Cluster

rof co-expressedgenes

5. GenessetG0term enrichment analysis

Fastq Raw Reads File

A A i i ines per

Line1 b Yiak envecidéatifiecand an
optional description|((likesaFAsTAAIt line).

Is the raw sex
Line 3 beginswiith:z' eriand i oyt thax e
identifier (and anydiesaription) again.

Line 4 encolestthephred quality scavesdfor the ikine, 2rand in:the
herokeymbol fin the
A Example:
@SEQIID
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+
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SAMTools

A Setof utilitias for interacting with andpostprocessingof short, DA
alignmentsin the SAn/BAn format

sequenecread

SAnayEAM filles TVET i Ik, Bowtle, etc.

A Suppetiscomplex tasisdike varlant callingand allgnment viewing aswelbasorting, indexing,
extractionand format convers

SAnfiles canthevery larg(10s dfGigabyiesisscommon); sampressicn into BAM is usedl o
savespace.

San files arehuman-readabiletext files, while BAW files aressimplytthebinary equil

BAM files icient for b i imsimall
SANtosl kesii b ldirectly with a compressect BEA file, without having to
uncompresdeo a SAMfile.

SANY/BANM filesare complex containingreads, re
and userspedifietiannotations

Ignments; quality information,

smnotation

easyRNASeq

A packagatoeassthe processingnf RN seq)
data in RBiocontluctor

A The mainffunction:of the:asyRNsEy
packagsiis asyRNASER

A shouldbe the o) . hod
you neetlttolknowsaboutatberusing
the package.

A Itis essentialjysanrapper around other
functions performing the different tasks

A Thelower-level functionswhich arezal
exported too, if you feelyoumedddo _/
have allaokaat them
s court couni table (defauli]
summarization | ——— o
IRanges. DESeq o edgeR or RNAseq

Package ‘edgeR’
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GE i fDigital Gene Expi in R¢
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A packagerforthesanglysistafigital geneexp)
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ession dataarising fram
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(paired-end), witih emphasiscon testingdor:

(singleend)or Rk sexy
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A Partiout f it Ladedncludadhe:dbil gl
between replicate libraries; and to contiuctxact testsof significanze-which are
suitable for smalkcounts

A The patkagis alliletiormaken aximal useof replicates

" RN d diiciitall

Differential expression !
biologicallrgplicat:
A Usesempirical Baygs il testcbaseti@ntthenegativebinomial

distribution.

>

Alsousefull for di nitial signall analysis with other types of genome scaleccounidata.




Package ‘DESeq’
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A énifferential geneExp!
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A Estimates/ariancesmean dependence dn count datafiom him
sequencing assays anestsfor base

using the:
isa of the
number of in a sequence of independent and identically distributed
Bernoulli trials! a T
; definea "1" as , and allé ¢ & slcd
A Rolla die repeatedly until the (r = Bfailures)
A The of the that had

appeared will be

A The represents the , which is equal to 10 in each of thegdots
A The shows the )

for display of:
A GCpercent, probability scores, anttanscriptomedata

A Dataelements must be

A wiggledata is: and stored internally in 128 uniquéins

A Thiscompressiorcausesa when data is exported from a
wiggletrack

A Ifyour data is or contains: cuse thel or

format instead of the wiggle format
format for almost all graphing track needsata elements must be

equallysized

A Main advantage of thebigWigfiles is that only the; needed to
display a are transferredand loaded into browser

A Forlarge data setbigWigis considerably than regular wiggldiles

A Onlythe portion that is needed for the chromosomal position you are currently

is locally: a"




