(a) Pre-analysis
Experimental design Sequencing design Quality control
A A A
[ N N ' )
Library Sequencing Replicate number 4on.inen Randomization @  Randomization @ Read —— .
type length and sequencing depth Spkesinst library prep sequencing run b ) alignment Guantification Reproducllity
Single Longer reads 3 replicates For quality control Avoids confounding Sequence quality,  Read 3’ bias, Correlation,
Vs better for isoform  or power analysis  and library-size experimental factors GC content, uniformity, biotypes, PCA,
paired-end analysis software normalization with technical factors K-mers, duplicates GC content low-counts batch effects
(b) Core-analysis
Transcriptome profiling Differential expression Interpretation
A A A
C N - N n
Read Transcript Quantification Quantification . ) . . Alternative . -
alignment discovery e TEERNO Preprocessing  Differential expression splicing analysis Functional profiling
* >
L
Mapping Compare to Transcript-level, Counts, Low-count filter, Parametric Splicing events, Overrepresented
or existing gene-level, RPKM/FPKM, bias removal, vs. isoform expression functions, GSEA,
assembly annotations exon-level TPM normalization non-parametric pathway analysis
(c) Advanced-analysis
Visualization Other RNA-seq Integration
A A A
C A C N )
(;-enome $ash|m| plots, Small a.nd other Gt?ne fusion Long-read Slngle-qell eQTL/SQTL Chromatin TF binding Proteomlgs/
rowser  splice graphs, etc. non-coding RNAs  discovery analysis (e.g. ATAC-seq) (e.g. ChIP-seq) metabolomics
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Fig. 1 A generic roadmap for RNA-seq computational analyses. The major analysis steps are listed above the lines for pre-analysis, core analysis
and advanced analysis. The key analysis issues for each step that are listed below the lines are discussed in the text. a Preprocessing includes
experimental design, sequencing design, and quality control steps. b Core analyses include transcriptome profiling, differential gene expression,
and functional profiling. ¢ Advanced analysis includes visualization, other RNA-seq technologies, and data integration. Abbreviations: Ch/P-seq
Chromatin immunoprecipitation sequencing, eQTL Expression quantitative loci, FPKM Fragments per kilobase of exon model per million mapped
reads, GSEA Gene set enrichment analysis, PCA Principal component analysis, RPKM Reads per kilobase of exon model per million reads, sQTL
Splicing quantitative trait loci, TF Transcription factor, TPM Transcripts per million
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Coverage

P(Y=y) = (CY * e)/y!

We can use theoverageas the average number of occurrenceandy as the exact number of times a bast
IS sequencedand then compute the probability that would happen:

P(Y=3) = (6.33* e-63)/3! = 0.077

Of course, this is the value for exactly 3 times.

It probably is more interesting to see the probability the base is sequenced 3 times or less, as most Si
require at least four calls at a base position to call SNPs.
We can determine this probability simply by summing up the probabilities for

Y=2,Y=1, and Y=0:
P(Y<=3) = P(Y=3) + P(Y=2) + P(Y=1) + P(Y=0) =0.077 + 0.036 + 0.012 + 0.002 = 0.127

Sowe see that about 12.7% of the bases in the genome will be covered by three or fewer reads



Coverage

P(Y<=8) = P(Y=8) + E + P(Y=0) = 0.113+0.143+0.159+0.152+0.120 +0.077 + 0.036 + 0.012 + 063 :

Sowe see that about 66% of the bases in the genome will be covered by eight or fewer reads

Probability Density Function of Coverage Poisson distribution
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7 , . Table 1 Statistical power to detect differential expression varies
@ | / @] 5 with effect size, sequencing depth and number of replicates
/ Replicates per group
§°] / §° 3 5 10
g b ! 8 < / .
= ST / Effect size (fold change)
~f / s/ 125 17% 25 % 44 %
|/ o] 15 43% 64 % 91 %
R S S s 20 25 %0 2 87 % 98 % 100 %
Sample size Fold change
Sequencing depth (millions of reads)
7 3 19% 29 % 52 %
3 . 10 33% 51 % 80 %
o 15 38 9% 57 % 85 %
g } Example of calculations for the probability of detecting differential expression
& 34 in a single test at a significance level of 5 %, for a two-group comparison using
] a Negative Binomial model, as computed by the RNASeqPower package of
R / Hart et al. [190]. For a fixed within-group variance (package default value), the
. ! statistical power increases with the difference between the two groups (effect
= size), the sequencing depth, and the number of replicates per group. This
. 0 M M table shows the statistical power for a gene with 70 aligned reads, which was
Read counts the median coverage for a protein-coding gene for one whole-blood RNA-seq

sample with 30 million aligned reads from the GTEx Project [214]

Examples of the power curves produced by RNAsegPS.
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FASTA Ple

A sequence in FASTA format begins with a single-line description, followed by lines of
sequence data.

The description line (defline) is distinguished from the sequence data by a greater-
than (">") symbol at the beginning. It is recommended that all lines of text be
shorter than 80 characters in length.

The sequence (aminoacid or nucleotide) is report by lines which length is equal to 80

An example sequence in FASTA format is:

>P01013 GENE X PROTEIN (OVALBUMIN-RELATED)
QIKDLLVSSSTDLDTTLVLVNAIYFKGMWKTAFNAEDTREMPFHVTKQESKPVOMMCMNNSFNVATLPAE
KMKILELPFASGDLSMLVLLPDEVSDLERIEKTINFEKLTEWTNPNTMEKRRVKVYLPOMKIEEKYNLTS
VLMALGMTDLFIPSANLTGISSAESLKISQAVHGAFMELSEDGIEMAGSTGVIEDIKHSPESEQFRADHP
FLFLIKHNPTNTIVYFGRYWSP



BT (RS HIS*,
(4 -1,

@D44TDFP1_1:1:1101:1320:1948/1

NGGAGGCAGAGGCAGGTGGATTTCTGAGTTCAAGGCCAGCCTGGTCTACAAAGTGAGTNCCAGGACGGCCAGGGCTATACAGAGAAACAGAGAAACCCTGT
+

#1=DDDDDHFHHHIIIAEHGHIIGIIGHGHHIIIIGIIGHIIIIFHIIIIIIIFHIIG#-5@EHHHECCBBBBBBBBCECECCCCCCCCCCCCCCCABBCC
@D44TDFP1_1:1:1101:1817:1955/1

NGGGTTGGGGAGGAGAAGATGACGACATTTTTAACAGATTAGTTCATAAAGGCATGTCNATATCACGTCCAAATGCTGTAGTAGGGAGGTGTCGAATGATC

+

#1=DBDDFHHHHHGIIJJJJJIIJHGIIIIIIIIIIII1IIIII1III1II]1]II]IHHH#- ; BFAEEDEDDDDDDDCDDDDDDEEDDCBD<BCDDDDDDDDD
@D44TDFP1_1:1:1101:1790:1968/1
GAGGCCAGGTTGAGGATTTTGGAGGACAGAGGGATAAGAAAAATAAGTGGAACAGGAANGGCATTAGCAAAAGCAGAAAAGTATGAACACAAAAGTGAAGT

.

CCCFFFFFHFFHHJIJIJHIJJIGHIIJIIGHIIHIII]]]1111]1]11GI)]]]11))))#-; EHHHHFFFFFFEEECEDDDDACDEDEDDDDDDDDDDDEDC
@D44TDFP1_1:1:1101:1870:1994/1
AGGGGCTGAGTGACTCGGGGCCACATAGGCAGCAAGGAGCAAGGGGCCTGAGCAAGAGNTACCATATTTACCTCAGTGTGTGAAGATCATTTGCCCAGGCT
S

CCCFFFFFHHHHHIJJJJJJJJIJJIJJIIIIIIIIIIGIIIII))FGHHHFFFFFEE#, 5=BDDDDEFEEDDDDDDDEDDDDEDDDDDDEEEDDDDDDDD
@D44TDFP1_1:1:1101:2079:1923/1
NGCAGNCCNAGGTCTGAGTTCCAAGGACANGTATGTGAAAGGCCTGATTGAGGGCAAANCGGATCCCTACGCGCTCGTCCGTGTGGGCACCCAGACGTTCT
.
#0;00#20#2=7=0007070000000CRRH L ; 7775>7777777777777777777777#- 77777777 7==<<<<< ] €< €<<<< ] <<<<<C<C<CLL I <<<<




@SEQ ID

I"#$%&' (% (&) %*$+%%*, SR TORI T AAAGCA SR TG TC A KT FTAANTCCN T T PN CACNG TS

PP o (((***+) ) 3884+ ) (5828 ) . 1***—4*" ") ) **55CCF>>>>>>CCCCCCCHS

EAS139 the unique instrument name
136 the runiid
FC706VJ  the flowcell id
2 .flowcell lane
2104 .tile number within the flowcell lane
15343 »‘x'-coordinate of the cluster within the tile
197393 | 'y'-coordinate of the cluster within the tile

1 the member of a pair, 1 or 2 (paired-end or mate-pair reads only)

Y Y if the read is filtered, N otherwise

18 0 when none of the control bits are on, otherwise it is an even number
ATCACG index seqguence




Input Data Structure FASTQ: Phred base-call qualities

quality score Q. error prob. p characters

0.. 9 1..0.13 V" H#E%&" () *
10..19 0.1 ..0.013 +,-./01234

20 .. 0.01 .. 0.0013 56789: ;<=>
30 .. 0.001 .. 0.00013 ?@ABCDEFGH
40 0.0001 I

L 1"#B6Q)P #*+,-,%.%1-" '()$,-&)F0-..Do&*+234$' ()5 (*)6
&0+ YRk
1 89% ;<$.+3.#

| =()$&0+* & %")2 1% ($OR(-*-0)* 1(+&) >?@!1$0+6)$
%8 ABBSR3)* 128'%'D'R-26-*6EF
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33 59 64 73 104 126
o R g DR 7. S | 40
- T T B 40
7 B e e s e e s s e 40
2 R o . TR | AR 41
S - Sanger Phred+33, raw reads typically (0, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)
I - Illumina 1.3+ Phred+64, raw reads typically (0, 40)

—
1

Illumina 1.8+ Phred+33, raw reads typically (0, 41)

Figure 8 Phred score



