ReRABZE D
(mMRNA)
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RNA (tRNA ) &IEGHIBRNA
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Metabolites

Lipids
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Phenotype/Function
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SERBLRRI4E (RNA-Seq )

Samples of interest Isolate RNAs Generate cDNA, fragment,

?)))ﬁ/ - WW*" e

Condition 1 Condition 2 AAAANAAAAAAAAANAA .
(e.g. tumor) (e.g. normal) . .

Poly(A) tail 1

Map to genome, transcriptome,
and predicted exon junctions

Intron  pre-mRNA

Exon Unsequenced RNA RNA reads
" . .-\ g EETE 8 Ay \—l

| S — S — L m

Transcript ] ) N —— ——
Shortreads =—fF—=——=—"- i om

e —_— e —— | DG e e ] - i m

" Short reads
split by intron

Short insert

100s of millions of paired reads
l 10s of billions bases of sequence

Downstream analysis
Griffith et af, 2015
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e RAIBIEFHEEI—FASTQ

@ST-E00126:128 :HIJFLHCCXX:2:1101:7405:1133 1:N:0:CTTGTA

GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT

_|_

LUK ((((FFFH) ) %S5 H+) ($%55%) . 1¥**—4% 1 1)) ¥*¥55CCF>>>>>>CCCCCCCH5

BUTEEMEEFYINFRTRISTEHER |

FATMRNFBEINFINER , —ARAATCGNRER R , HFNETRESTIEZARIERE B MAERT IR S |
FE3TLL "+ Fra | TLMEFEEIINER | BB astg X —IT—RETHY.

FMTEFHIRRERRE | SFEATHRERIIE—XINA , HFRIES— S NAIASCIEREZT RERIphredE , AL
B EREE AN ERENNFREE , @XRENFNRENRT. ARMRAIINAIphredESEEAE.



MEFIRIA

@ST-E00126:128:HJFLHCCXX:2:1101:7405:1133 1:N:0:CTTGTA

Sk Wi B

ST-E00126 the unique instrument name

128 run ID

HJFLHCCXX flowcell 1D

2 flowcell lane

1101 tile number within the flowcell lane

7405 'X'-coordinate of the cluster within the tile
1133 'y'-coordinate of the cluster within the tile
1 the member of a pair, 1 or 2

N Y if the read is filtered, N otherwise

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

CTTGTA Index sequence



M FREERE—phred{E

PhredERIFHXNMOpllFRERNE , MF BT FIRTEHE SR FAIMTRERNSE | ATCGH BRI NLEEE , S8R |
EXFMER FENERFIEREREE—MRRE | XMERMEFAASCIRBR L, HAHn T

ASCII BASE=33 Illumina, Ion Torrent, PacBio and Sanger

: = Huf - Ay — | P error ASCII P error ASCII P error ASCII P error ASCII
- GZEEFISREE(EPRlog10  ° - . g e B
0 1.00000 33 ! 11 0.07943 44 , 22 0.00631 55 7 33 0.00050 66 B
EN-10 2344 1 0.79433 34 " 12 0.06310 45 - 23 0.00501 56 8 34 0.00040 67 C
Z EF3RLA , FEIBERAQ. 2 0.63096 35 # 13 0.05012 46 . 24 0.00398 57 9 35 0.00032 68 D
3 0.50119 36 § 14 0.03981 47 / 25 0.00316 58 : 36 0.00025 69 E
40398107 37 % 15 0.03162 48 0O 26 0.00251 59 ; 37 0.00020 70 F
++p_10 J 5 0.31623 38 & 16 0.02512 49 1 27 0.00200 60 < 38 0.00016 71 G
#HP=1% , ABPAIIRIAT 6 0.25119 39 °' 17 0.01995 50 2 28 0.00158 61 = 39 0.00013 72 H
7 0.19953 40 ( 18 0.01585 51 3 29 0.00126 62 > 40 0.00010 73 I
— * —
Q=-10*log10 ( 0.01) =20 8 0.15849 41 ) 19 0.01259 52 4 30 0.00100 63 ? 41 0.00008 74 J
S As .. . 9 0.12589 42 * 20 0.01000 53 5 31 0.00079 64 @ 42 0.00006 75 K
( XMTEAIilluminasE&ER |, 10 0.10000 43 + 21 0.00794 54 6 32 0.00063 65 A
N v — —y M
SolexaZFM AU ERARBAREKLT
ASCII BASE=64 Old Illumina
HR=EE Q=-10|og(P/'] -P)) Q P error ASCII Q P error ASCII Q P error ASCII Q P error ASCII
0 1.00000 64 @ 11 0.07943 75 K 22 0.00631 86 V 33 0.00050 97 a
1 0.79433 65 A 12 0.06310 76 L 23 0.00501 87 W 34 0.00040 98 b
. 2 0.63096 66 B 13 0.05012 77 M 24 0.00398 88 X 35 0.00032 99 c
o EXNQINLE33kE 6455 — N 3 0.50119 67 C 14 0.03981 78 N 25 0.00316 89 Y 36 0.00025 100 d
4 0.39811 68 D 15 0.03162 179 O 26 0.00251 90 Z 37 0.00020 101 e
B9E%E , #19Phred , iRf518BPhred 5 0.31623 69 E 16 0.02512 80 P 27 0.00200 91 [ 38 0.00016 102 f
6 0.25119 170 F 17 0.01995 81 Q 28 0.00158 92 \ 39 0.00013 103 g
FR7IAGAS CHERSE N R EIBIANME 7 0.19953 71 G 18 0.01585 82 R 29 0.00126 93 ] 40 0.00010 104 h
XIRIZHY FRHNREIXMRE. 8 0.15849 72 H 19 0.01259 83 S 30 0.00100 94 ~ 41 0.00008 105 i
9 0.12589 73 I 20 0.01000 84 T 31 0.00079 95 _ 42 0.00006 106 j
10 0.10000 74 J 21 0.00794 85 U 32 0.00063 96 °



PS : FR5IF(EEIUFASTA

FEHR[&fastaX {4

>sp | P69905|HBA HUMAN Hemoglobin subunit alpha OS=Homo sapiliens GN=HBAl
MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMEFLSFPTTKTYFPHEDLSHGSAQVKGHGKKVADALTNAVAHVDD
MPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTPAVHASLDKLASVSTVLTSKYR

ZEEFFINH ( mRNARFIRRYUITRATRAE )

>g1 13650073 |gb|AF349571.1| Homo sapiens hemoglobin alpha-1 globin chain
(HBA1l) mRNA, complete cds
CCCACAGACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGACGACAAGACCAACGTCAAGGCCGCCTGGGGTAAG
GTCGGCGCGCACGCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGATGTTCCTGTCCTTCCCCACCACCAAGACCT
ACTTCCCGCACTTCGACCTGAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAGAAGGTGGCCGACGCGCTGAC
CAACGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCGCACAAGCTTCGG
GTGGACCCGGTCAACTTCAAGCTCCTAAGCCACTGCCTGCTGGTGACCCTGGCCGCCCACCTCCCCGCCGAGTTCA
CCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCTGGCTTCTGTGAGCACCGTGCTGACCTCCAAATACCGTTAAGC
TGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTTG
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e RELLRAREEN—FastQC

Sl O /N

IZ1TOp=<?

fastgc -t 8 -o path/fastqgc
samplel R1l.fqg samplel RZ2.fqg

S

-0 --outdir:HHIKEF

--extract : ZERMN{FHRIESE

--noextract : FRNIHEYE

-f --format : BIAHSET|

-t --threads: Zf28)

-c --contaminants : HlESHRFS

-~a --adapters : I§XEZLFS!

-k --kmers : I§EkmersiKE ( 2-10bp, EKIA7bp )
-q --quiet ! TFHREI|

1B17

&R ( htmlFdzip )

@FastQC Report

@Per base sequence quality

@Per tile sequence quality

@Per sequence quality scores

@Per base sequence content

@Per sequence GC content

@Per base N content

@Sequence Length Distribution

@Sequence Duplication Levels

@OVEI’I’EDI’ESEI’]tEd SEQUENCES

@Adapter Content

@Kmer Content




Yo RAE:

@Basic Statistics

T T

Filename SERG345622. fastq

File type Conventional base calls
Encoding Sanger ,/ Illumina 1.9
Total Sequences 47613077

Sequences flageed as poor quality 0

Sequence length (ali]
. Te G4
@Adapter Content
% Adapter

100

90

80

70

60

50

40

30

20

10

lllumina Universal Adapter
lllumina Small RNA 3' Adapter

llumina Small RNA 5" Adapte!
Nextera Transposase Sequence
SOLD Small RNA Adapter

123450789 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 351 53
Fosition in read (bp}

B R SIS N——FastQCLE R ARIE

@Per base sequence quality

Quality scores across all bases (Sanger { lllumina 1.9 encoding)
N 1 UULLLLNTT TN
34

32
30

26 - B I f

y . gLl

22 \.J 8 \J

20

18

y 1 I1

12

10

1234567289 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65
Position in read (bp)
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tEFALIERERSEIEHl——FASTX-Toolkit

(1) fastx clipperZi%sk

Il

1Z{Tap<?

fastx clipper [-h] [-a ADAPTER] [-D] [-1
N] [-n] [-d N] [-c] [-C] [-o] [-Vv] [-z]
[-1 INFILE] [-o OUTFILE]

LA+

Clipping Example:

>1

ATGTAATGTTTATATATATCGTARATCCAACACAAT

>2 >9
TATTTTGGAATTCCACGACCCTGTAGGCACCATCAA TATTTTGCAATTCCACGACT
>3

>3

ACOTTGTTCGGTACGTCCTGAACTGTAGGCACCATC ACCTTICTTCCOTCOCTCOTCAA
»d >4
TTTCTTCTTATCTCTTCGAGTCTGTAGGCACCATCA > TTTCTICTTATCTCTTCCAGT
>5

TGGAACTTGCTGTAGGCACCATCATTATTTATATARA
»6 e
TTTACCGGAAGCATAACTCTTCTGTAGGCACCATCA TTTACCOCAAGCATAACTCTT
T >T

TETATTAGCGGTGGGGCCCGACTCTAGGCACCATCA

In the above example:
en
y

=]

TGTATTAGCGGTGGGGCECCGA

fastx clipper&#!

[-a ADAPTER] = IELFEH ( BKIAJHCCTTAAGG)
[-1 N] = RERHPLRELB D FNRIreads , BUIAAIS
[-d N] = {REZLFIISRINDREEIA -d 0
[-c] = RIREBEGIELRIFS!

[-C] = RIRERBELRIFS!

[-k] = RERBELNFS

[-n] = {(REBNZFS , BOARRE

[-v] = FA-IREFIRS

[E4e5H

[-D] = HHIENER

[-M N] = EKE/\eElLBCEEEELANKEN

[-i INFILE] = MANXH

[-o OUTFILE] = i34

I
N
I

o. 1 was discarded since it wasn't clipped (i.e. didn't contain the adapter sequence). (Output parametear),
o, 5 was discarded --- it's length (after clipping) was shorter than 15 nt (Minimum Sequence Length parametear).



ERABEIRREREIEHl——FASTX-Toolkit
(2) fastq quality filtenZiEBEEERF5

@i}ﬁ@ fastg quality filter [-h] [-v] [-g N] [-p N] [-z] [-1 INFILE] [-o OUTFILE]

S8 [-a N] = RI\NEEBTHREZEE
[-p N] = B readsPRPEADZZIHREETES-IGREE
[-z] = [E4gkid

- [-v] = FH-IREFYRS , NREFERT - NiRESEZEESTDOUT , MRZBENHANEISTDERR

Quality score distribution (of all cycles) is calculated for each read. If it is lower than the quality cut-off value - the read is discarded.

Example:

@CSHL_4 FCO42AG00I1:1: 2: 214: 584

GACAATARAC
+CSHL_4 FCO428G00I1: 1: 2: 214: 584
30 30 30 30 30 30 30 30 20 10

Using percent = 50 and cut-off = 30 - This read will not be discarded (the median quality 15 higher than 30).
Using percent = 90 and cut-off = 30 - This read will be discarded (20% of the cycles do no have quality equal to / higher than 30).
Using percent = 100 and cut-off = 20 - This read will be discarded (not all cycles have quality equal to / higher than 20).
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SEERALLY

Condition A

Reads

Condition B

Reads

e

.. .

Mapped
reads

—

Mapped
reads

| Map

tophat -p 8 -G

tophat -p

tophat -p
tophat -p

tophat -p

1
S
S
$ tophat -p
S
S
S

the reads

gen
—-G| gen
—-G| gen
gen

—-G| gen

0] 0] 00) 00) 00)
|
G

—-G| gen

es.gtf
es.gtf
es.gtf
es.gtf
es.gtf

es.gtf

Tophat (i@ bowtie )

Tk

accepted hits.bam
align summary.txt
deletions.bed
insertions.bed
Junctions.bed
logs

prep reads.info

unmapped.bam

genes . gt f AERHEFRESH
. fq MR

Bbowtie index[E
bowtie-build genome. fa

genome

for each sample toEgg/réfg;;Zce

—0O

—0O

—0O

Cl R1 thout
Cl R2 thout| genome
Cl1 R3 thout
CZ2 R1 thout| genome
CZ2 R2 thout| genome

genome

C2 R3 thout

genome (]I R1 1.fg C1 R1 2.fqg
Cl R2 1.fqg C1 RZ2 2.fqg
genome {J1 R3 1.fg Cl R3 2.fq
CZz Rl 1.fg C2 R1 2.fqg
C2 R2 1.fqg C2 RZ2 2.fqg
C2 R3 1.fg C2 R3 2.fqg




tARgtfigzt?

#gtf (General Transfer Format) format

1 Ensembl gene 11869 14409 . + . gene id "ENSG00000223972";

#Details

1. segname - name of the chromosome or scaffold.

2. source - name of the program that generated this feature, or the data source

3. feature - feature type name, e.g. Gene, Variation, Similarity

4. start - Start position of the feature, with sequence numbering starting at 1.
5. end - End position of the feature, with sequence numbering starting at 1.

6. score - A floating point wvalue.

7. strand - defined as + (forward) or - (reverse).

8. frame - One of '0', '1l' or '2'.

9. attribute - A semicolon-separated list of tag-value pairs, providing additional

information about each feature.



4 Ebamigz?

#bamEsam ( Sequence Alignment/Map format ) iﬁ:ﬂ(.]:iﬁﬁﬂ?ﬁit
1:497:R:-272+13M17D24M 113 1 497 37 37M 15 100338662 0 CGGGTCTGACCTGAGGAGAACTGTGCTCCGCCTTCAG 0;==-
==0;>>>>>=>>>>>>>>>>>=>>>>>>>>>> XT:A:U NM:1:0 SM:1i:37 AM:1:0 X0:1:1 X1:1:0 XM:1:0 XO:1:0 XG:1:0 MD:Z:37

Col Field Brief Description Alignment

1 QNAME Query template NAME 1:497:R:-272+13M17D24M

2 FLAG bitwise FLAG 113

3 RNAME References sequence NAME 1

4 POS 1- based leftmost mapping Position 497

5 MAPQ Mapping Quality 37

6 CIGAR CIGAR String 37M

7 MRNM/RNEXT | Ref. name of the mate/next read 15

8 MPOS/NEXT Position of the mate/next read 100338662

9 ISIZE/TLEN observed Template LENgth 0

10 | SEQ segment SEQuence CGGGTCTGACCTGAGGAGAACTGTGCTCCGCCTTCAG

11  QUAL ASCII of Phred-scaled b 0:==-==0>>>>>=>>>>>>>>>>>=>>>>>>>>>>
12 TAGs TAGs XT:A:U NM:i:0 SM:i:37 AM:i:0 X0:i:1 X1:i:0 XM:i:0 XO:i:0 XG:i:0 MD:Z:37



SEEHEALLX—HISAT (iFHEBWA )

Extract splice-site and exon information from the gene annotation file
$ extract splice sites.py chrX data/genes/chrX.gtf >chrX.ss

$ extract exons.py chrX data/genes/chrX.gtf >chrX.exon

Build a HISATZ2 index

$ hisat2-build --ss chrX.ss —--exon chrX.exon chrX data/genome/chrX.fa chrX tran

Map the reads for each sample to the reference genome
$ hisat2 -p 8 --dta -x chrX data/indexes/chrX tran -1
chrX data/samples/ERR188044 chrX 1l.fastg.gz -2

chrX data/samples/ERR188044 chrX 2.fastg.gz -S ERR188044 chrX.sam

Sort and convert the SAM files to BAM (SAMtools version 1.3 or newer)

$ samtools sort -@ 8 -o ERR188044 chrX.bam ERR188044 chrX.sam
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Mapped
reads

R

tEFRAHHE/H3E——Cufflinks

Mapped
reads

/ Cufflinks \

Assembled
transcripts

Sy

Assembled
transcripts

Tk b4

genes.

isoforms.fpkm tracking

fpkm tracking

skipped.gtf

transcripts.gtf

[ e O T T

[ e

=

=

[T T % T R o R L R L R Y (S (R (R
=

=

:]
a

2| Assemble
S cufflinks
S cufflinks
S cufflinks
S cufflinks
S cufflinks
S cufflinks
Cufflinks exon 7348
Cufflinks excn 74530
Cufflinks exon 7507
Cufflinks transcript
Cufflinks excn 7448
Cufflinks exon 74590
Cufflinks exon 7507
Cufflinks transcript
Cufflinks exon 1023
Cufflinks excn 1030
Cufflinks exon 1035
Cufflinks transcript
Cufflinks excn 1023

ThACA

MaE ST G mlerm  marme

transcripts for each sample:

Cl R1 clout|Cl R1 thout/accepted hits.bam

Cl R2 clout|Cl R2 thout/accepted hits.bam
Cl R3 clout|Cl R3 thout/accepted hits.bam
C2 R1 clout|C2 Rl thout/accepted hits.bam

C2 R2 clout|C2 R2 thout/accepted hits.bam

C2 R3 clout|C2 R3 thout/accepted hits.bam

5-73€582 1000 + gene_id "CUOFF.7"; transcript id "CUFF.7.2"; exon number "1%;
3>75018-1000> + gene_id "CUOFF.7"; transcript id "CUFF.7.2Z"; exon number "zZ™
B-76210-1000> + gene_id "CUFEF.7"; transcript id "CUFF.7.2"; excon number "3";
74485 TeZ10-310°+ gene_id "CUFF.7"; transcript id "CUFF.7.3"; FPEM "3.Z427:
574572310+ gene_id "COFF.7"; tramnscript id "CUOFF.7.3"; exon number "1"; FI
375018310+ gene_id "CUOFF.7"; transcript id "CUFF.7.3"; exon number "Z"; FI
878210310+ gene_id "CUOFF.7"; transcript _id "CUFF.7.3"; exon number "3"; FI
102382 105332 1000 + gene id "CUFF_.28"; transcript id "COFF.E.1"; FPEM "]
g2 10z2%0%c- 1000~ + gene_id "CUOFF.28"; transcript id "CUFF.E.1"; exon number '
Q&> 103434> 1000 + gene_id "COFF.E"™; transcript id "CUFF.E.1"; exon number °
le- 105332~ 1000 4+ gene_id "CUFF.E"; tranacript id "CUFF.2.1"; exon number '
10z3sZ2- 1o0e710- 1000~ - gene_id "CUFF.3"; transcript id "CUOFF.3.1"; FPEM "¢
g2> 104947 1000> - gene_id "COFF.9"; transcript id "CUFF.9.1"; exon number '
[all= 1AC22S 1 ann - e aeA WOTTITTE QM- ermmmmrtdmes A TOTITET QO 1T - marme w7



BRE

‘-0

Assembled
transcripts

Cuffmerge

v

Assembled
transcripts

Final
transcriptome
assembly

T

18 /H%E——CuffmergeEE S CufflinksHZEREER A

Replicate 1 = | S S _—----——
Cufflinks assemblies Replicate 2 w= B O
for condition A :
Replicate 3 = = Se—— —_—
-Replicate 1  E——
for condition B ;
Replicate 3 - E— =

Merged assembly

./Cl Rl clout/transcripts.gtf
./C2_R2 clout/transcripts.gtf
./Cl _R2 clout/transcripts.gtf
./C2_R1 clout/transcripts.gtf
./Cl_R3 clout/transcripts.gtf
./C2_R3 clout/transcripts.gtf

from Cuffmerge

FlyBase reference

| S -
annotation | s | i

MESER merged asm/merged.gtf

3| Create a file called assemblies.txt that
4| Run Cuffmerge on all your assemblies to cre
cuffmerge -g genes.gtf -s genome.fa -p 8|assemblies.txt

1sts the assembly file for each sgample.
e a single merged transcriptome annotation:




2

1% /¢R%——StringTie

‘-0

Assemble transcripts for each sample:
$ stringtie -p 8 -G chrX data/genes/chrX.gtf -o ERR188044 chrX.gtf -1 ERR188044

ERR188044 chrX.bam

Merge transcripts from all samples
$ stringtie --merge -p 8 -G chrX data/genes/chrX.gtf -o stringtie merged.gtf

chrX data/mergelist.txt

Samp|e 1  — [— = ——]
mergelist.txt is a text file that has Sample 2 = e =
the names of the gene transfer Sample 3 = _— =
format (GTF) files created in the Sample 4 e — =_— o
previous step, with each file Reference
. . annotation " R e e e
name on a single line (see
ChrX_data for an example file). Merged | — ——ER— s (A)
assemblies e m—— (B)
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A EEESIFT—TrMATS

python rmats.py \

--bl bl.txt --b2 b2.txt \
Alternative Splicing Events

--od out dir \

Skipped exon (SE)

-t paired \
--readLength 101 \

Alternative 5’ splice
site (ASSS)

—-cstat 0.1 \

--1ibType fr-unstranded

Alternative 3’ splice
site (A3SS)

python rmats.py \

. --sl sl.txt --s2 s2.txt \
Mutually exclusive

exons (MXE)

—-—gtf ref.transcript.gtf \

—--bi /STARindex/hgl9 \

Retained intron (RI) ——od out dir \

Ly

-t paired \

I Constitutive exon L] Alternatively spliced exon

——-nthread 6 \

—-—-readLength 151

——gtf ref.transcript.gtf \

bl.txtRFHEEMEARLL
X572 E F A A9bam X4 HY
BR1Z

SLixtPRENEE MR

fastqg XX HHAYERTE, rmatss

B 511EASTARFTELXS, bi
SHIEESEERASTAR

i



A ERESth—rMATS

=]

= 0 @ =~ 3@ W &aw h= D

IJC_SAMPLE_1
706,762,624
10,261,009,897
490,524 470
323,317,318
859,804,747
520,491,490
302,339,321

412 467 422
0,2,10

51,7

1 87.114,78

|JCZF7inclusion isoform counts, SICEF77=skipping isoform counts, £ F=EE =+ A H

SJC_SAMPLE_1 |JC_SAMPLE_2

0,0,0 801,811,683
3,40 120,914,591, 117
0,00 647,753,612
0,00 352,335,353
3,6,2 9,141,040,865
0,0,1 608,604,570
0,0,0 455,396,385
204 597 506,459
0,03 223

1,0,0 46,2

884,086,842 a1z

SJC_SAMPLE_2
2,00

23,0

2,00

2,00

22,7

0,0,0

1,0,0

0,1,0

0,0,0

0,20
10,721,366,971

IncFormLen SkipFormLen PValue

198
198
198
194
194
198
147
198
184
198
185

89
29
29
8o
B9
89
89
99
89
29
89

1

I
|
[
1
1
1
1
1
[
0

FDR
1
1
1
1
1
1
1
1
1

IncLevell IncLevel2 IncLevelDifference
1.0,1.0,1.0 0.995,1.0,1.0 0.002
0.994,0.992 1., 0.997,0.996,1.0 -0.002
1.0,1.0,1.0 0.994.1.0,1.0 0.002
1.0,1.0,1.0 0.989,1.0,1.0 0.004
0.993,0.086,0.! 0.996,0.996,0.884 -0.001
1.0,1.0,0.996 1.0,1.0,1.0 -0.001
1.0,1.0,1.0 0.997,1.0,1.0 0.001
0.99,1.0,0.981 1.0,0.996,1.0 -0.008
NA1.0,0.642 1.0,1.0,1.0 -0.179
0.714,1.0.1.0 1.0,0.6,1.0 0.038
075639 0927277 0.05,0.058,0.0-0.042,0.042,0.043 0.009
2500

IncFormLenfXZkeffective inclusion isoform length, SkipFormLen'f—%i\%effective inclusion isoform length ;

13 PvalueFIFDRT] | Xt

lencLevelR R E=
AT R AR .

+
L2

25 R, InclevelDifferenceftE MAFEAF RIEAENEE,
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TR

{EACuffcomparetZcuffmergeB2IRNEERAS
[REREFRFEUFHITECER

cuffcompare -r hg38.gtf -s hg38.fa -C
merged.gtf

gffcompare -r chrX data/genes/chrX.gtf -

G -o merged stringtie merged.gtf

- RIFHIARINER (BT REEREESUS )
- RIMENERFHIINE F XI5
- WENERMERZ I EH TN

Code

Description
Complete match of intron chain
Contained

Potentially novel isoform (fragment) : at least one splice junction is shared with a
reference transcript

Single exon transfrag overlapping a reference exon and at least 10 bp of a reference
intron, indicating a possible pre-mRNA fragment

A trans frag falling entirely within a reference intron
Generic exonic overlap with a reference transcript

Possible polymerase run-on fragment (within 2k bases of a reference transcripts)

Repeat. Currently determined by looking at the soft masked reference sequence and
applied to transcripts where at least 50% of the bases are lower case

Unknown, intergenic transcript

Exonic overlap with reference on the opposite strand

An intron of transfrag overalps a reference intron on the opposite strand

tracking file only, indicates multiple classifications
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SNPHlInDelftr ( EFRNA-seq#

<

DATA CLEANUP ) VARIANT DISCOVERY mmmmd EVALUATION

___ | Analysis-Ready
Variants &lndels

[ Raw RNAseq Reads ]
v

[Analysis-Ready RNAseq Reads ]

SplitNCigarReads

[ Base Recalibration J
v

AnaIySiS-Ready [ A X N X N AN NN NN ]
RNAseq Reads

RNAseg-specific settings

[Variant Evaluation]

Look good?

ooereel | sNPs [Indels]
[ [ ] ] ® A, O

Troubleshoot Use in project

: \ :
< Map to Reference : Variant Calling :
'& STAR 2-pass E HaplotypeCaller E S
Q : . Genotype
= : . ' w : Refinement
=} Mark Duplicates . : Variant [ ]
< & Sort (Picard) : Raw Variants [ SNPs ) [Indels J : Pt uceul

: ! !

Variant Filtering !




SNP#lInDel&tr ( EFRNA-seqifiiE )

Mapping to the Reference
Tools involved: STAR

Data Cleanup
Tools involved: MergeBamAlignment, MarkDuplicates

SplitNCigarReads
Tools involved: SplitNCigarReads

Base Quality Recalibration
Tools involved: BaseRecalibrator, Apply Recalibration, AnalyzeCovariates (optional)

Variant Calling
Tools involved: HaplotypeCaller

Variant Filtering
Tools involved: VariantFiltration



https://github.com/alexdobin/STAR
https://software.broadinstitute.org/gatk/documentation/tooldocs/current/picard_sam_MergeBamAlignment.php
https://software.broadinstitute.org/gatk/documentation/tooldocs/current/picard_sam_markduplicates_MarkDuplicates.php
https://software.broadinstitute.org/gatk/documentation/tooldocs/current/org_broadinstitute_hellbender_tools_walkers_rnaseq_SplitNCigarReads.php
https://software.broadinstitute.org/gatk/documentation/tooldocs/current/org_broadinstitute_hellbender_tools_walkers_bqsr_BaseRecalibrator.php
https://software.broadinstitute.org/gatk/documentation/tooldocs/current/org_broadinstitute_hellbender_tools_walkers_bqsr_ApplyBQSR.php
https://software.broadinstitute.org/gatk/documentation/tooldocs/current/org_broadinstitute_hellbender_tools_walkers_bqsr_AnalyzeCovariates.php
https://software.broadinstitute.org/gatk/documentation/tooldocs/current/org_broadinstitute_hellbender_tools_walkers_haplotypecaller_HaplotypeCaller.php
https://software.broadinstitute.org/gatk/documentation/tooldocs/current/org_broadinstitute_hellbender_tools_walkers_filters_VariantFiltration.php
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MRNAEE——FPKM/RPKM. TPM. read count

Calculating expression of genes and transcripts

h

_S= -— == = =X E=S
1 . i— 2 —A
Low High
—-— = oSS —
3 s i 4 | —{]
Short transcript Long transcript
L
- =
= S
S :
- g
@ o
o Q
>
w
1 2 3 4 i1 2 3 4

* DESeqg2#ledgeRAN FHRPKM/FPKMEL TPMI—1k,, T
& B 1 ARIRAYread countsfifty— 1L 4b3E

X;
TPM = )L(, 1X = L“X
Xi
i e R B
L; Z_]XJ E_]XJ

o XiFRRLEXNENEER EAYFragmentE B, BhiZ

Millions Fragments ; Lifk7mRIXPMEREINE FHIK
B, BAEKb,

« ZENEAE, TPMIDEHRER T KERNF T,

o PR B NEXAEE | MFPKMA, 2F
ZEKEZW, o IR Z R FragmentE B



ERREDr—Cuffdiff

transcriptome

Final

assembly

Mapped

reads \ /

Cuffdiff

v

expr

Differential

ession results

5| Run Cuffdiff by using the merged

for each repl
$ cuffdiff -o

icate:

diff out

S diff out/isoforms.count tracking
diff out/bias params.info diff out/isoforms.fpkm tracking
diff out/cds.count tracking diff out/isoforms.read group tracking
diff out/cds.diff diff out/promoters.diff
Mapped diff out/cds.fpkm tracking diff out/read groups.info
e diff out/cds.read group trackinc diff out/run.info
diff out/cds exp.diff diff out/splicing.diff
diff out/gene exp.diff diff out/tss group exp.diff
diff out/genes.count tracking diff out/tss groups.count tracking
diff out/genes.fpkm tracking diff out/tss groups.fpkm tracking

diff out/genes.read group tracki diff out/tss groups.read group tracking

diff out/isoform exp.diff diff out/var model.info

riptome assembly along with the BAM files from TopHat

-b genome.fa -p 8 -L C1,C2 -u merged asm/merged.gtf

./Cl R1 thout/accepted hits.bam,./Cl R2 thout/accepted hits.bam,./Cl R3 thout/accepted hits.bam
./C2_R1 thout/accepted hits.bam,./C2 R3 thout/accepted hits.bam,./C2 R2 thout/accepted hits.bam



=RFER4E——CummeRbund

Ei expressionPlot (isoforms (tpnl) , logMode=T) t)

Differential sig_genes <- getGenes(cd, geneldList)
expression results
1030 ) csHeatmap (sig_genes,
clustering="row",
labRow=F)
1025 i

e 2.0

+ 1077
<

5

Expression & L
plots

10'° -
library (cummeRbund) 10%5 -

cuff data < - readCufflinks('diff out')

csDensity (genes (cuff data))

I |
mygene < - getGene (cuff data, 'regucalcin') Exp H60 H120 H168
Sample_name

expressionBarplot (mygene)

Tracking_id
expressionPlot (isoforms (tpnl), logMode=T) — AK002271.1  — AK077713.1
— AK032942.1 — NM_024427.4

sig genes <- getGenes (cd, geneldList)

csHeatmap (sig genes, clustering="row", labRow=F)
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HEAREEXESHT (cummeRbund ) S

1a+05-

PS
PS 0
t
. | .
J5 Distance h 1esdas
HESC 1 - E
0.10 b
0.05
HESC 0 -
0.00

Famoastz 0-0.0000

1a+01 1a+03 1a+05
1 1 | 1 I hES{:
= = T T
] i Ll L

> s<-csScatter (genes (cuff),"hESC","Fibroblasts", smooth=T)
> s

S0
| S|SEOOIO4
3
3

0 SisEqoug

> myRepDistHeat<-csDistHeat (genes (cuff),replicates=T)
> myRepDistHeat



0.050
G40
Fibrobrasts
0025 =
o 0.000 -
=
Fibroba
-0.025 4
4 00501 pg P8 0
—IE L] :IE :1 lli —{Ilﬂﬁ ﬂjlilﬂ ﬂjlilﬁ
PCH M1
> genes.PCA.rep<-PCAplot (genes (cuff), "PC1l","PC2", replicates=T)
> genes.PCA.rep
> genes.MDS.rep<-MDSplot (genes (cuff),replicates=T)
> genes.MDS.rep

names
Fiordolasts_0
Fiorcblasts_1
HESC 0
HESC 1
iPs 0

iPS_1

= (D> D =
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INgERth——GO

GO ( Gene Ontology , EEAAE) #E
FEGEEINgED R=K3E -

SFINEE (Molecular Function).
£MFISFE (Biological Process),
“ApELE S (Cellular Component),

LRSI |, AREFARH LR
EEF— M HENGONEED T , FASLT
FRIAIESREGEEFRITZEEN , MM
BHE—EERTESS 7 IRLEYIITIEE.

1. Select analysis tool:

Singular Enrichment Analysis (SEA) =

Parametric Analysis of Gene Set Enrichment (PAGE)
Transfer IDs by BLAST (BLAST4ID)

Cross comparison of SEA (SEACOMPARE)
Customized comparison

Reduce + Visual Gene Ontology (REVIGO)

2. Select the species: @

® Supported species

O Customized annotation

|Arabidop5is thaliana w

Query list [ Example ]

3. Select reference:

® Suggested backgrounds
O customized reference [ Example ]

) customized annotated reference

|Arabidnp5is genemaodel (TAIRS) v|

lEl4, Advanced options (optional):

v /;0‘ GO Analysig Toolgit and Databage

for Agricultural Commmnity

SEA is a traditional and widely used method, User only neads to
prepare a list of gene/probe names, and enrichment GO terms will
be found out after statistical test frem pre-calculated background or
customized one,

<allowed ID types in Arabidepsis=>

TAIR locus ID: AT3G34250

TAIR alias ID: ACL3

TAIR transcript [D: ATZGE34250.1

GenBank ID: A4P5S0233.1

CDBJ ID: BAB11514.1

EMEL ID: CAA18188.1

UniProt ID: Q9LYAS

RefSeq Peptide ID: NP_S564434

PDBE ID: 2zsi_B

Affymetrix ATHL Genome Array (GPL198): 267636 _at
Affymetriz 8K Genome Array [GPL71): 16876_at
Operon Array w3, Meyerowitz (GPLZS10): ADZ21028_01
Agilent 2 Oligo Microarray (GPLZE71): A_ 84 P59894
OARZ7K array, Yale University (GPL388): 2243009

Mo your ID? Try BLAST4ID

For each species, suggested backgrounds are provided, These
backgrounds are all pre-computated, and are available te download.
To those species without a relatively completed GO profile,
backgrounds frem near organisms are used as suggestien, If you
don't like these backgrounds, then you may submit your custemized
with/without GO annatation.




GOINfES K ——AGRIGOLER

Analysis Brief Summary
Job ID: 286731400 [Useful within 7 days]
Job Name: 286731400
Species: Arabidopsis thaliana
GO type: Completed GO
Background/Reference: Affymetrix ATH1 Genome Array (GPL198)

Annotated number in query list: 168 [I::I Download ]
Annotated number in background/reference: 22479

Significant GO terms: 20 [ 1 Details ]

Graphical Results €
Select Category

® Biological Process O Cellular Component O Mollecular Function
Advanced Parameter Settings

Graphic result format: ®png O poF OIpec O GIF O svG
Graph rank direction: ® Top to Bottom O Left to Right O Bottom to Top O Right to Left
Graph font size (pt): ©7 Og Oo ®10 O11 O12

GO flash Chart @

Select Category

Biological Process O cellular Component [ Mollecular Function
Advanced Parameter Settings

Bar style: ® Glass Bar OFilled Bar O 3D Bar OCNIinder Bar

Query bar color: Bg/Ref bar color: [HEX format only] [ default ]

¥ legend content: ® GO annotation O GO accession  font:
¥ legend rotation: [270 to 215 is suggested]

" Guamto i

Detail information &

GO:0006870 (0.000315)

osmatic stress
13/168 | 372/22479

response to

GO:0009631 (6. 16e-05)
cold acclimation
5/168 | 20/22479

GO:0009651 (0.0409)
response to
salt stress
/168 | 344/22479

GO:0042221 (0.00538)
response to
chemical stimulus
27/168 | 1684/22479

GO:0008150
biclogical_process
h 4 7N
GO:0008152 GO:0009987
metabolic process cellular process
A | 4 Y
GO:0044238 GO:0044237
primary metabolic cellular metabolic
process process
T
l
: 1
v 1
:0009719 (0. !
GO:0010033 (L AR (l: ) GO:0005975 |
to e carbohyckate metabolic I
. L |
organic substance 14/168 | 748122479 process |
L
1
/’ : A ~ 1
. o S
GO:0009725 GO:0009311 (0.00206) GO:0044262 (0.0409)
) oligosaccharide metabolic cellular carbohyckate
response to ;
hormone stimulus R — mstalad| o oot
6/168 | 82/22479 10/168 | 415/22479
I
1
I
Y y
GO:0009737 (0.000278) GO:0005984 (0.0015) GO:0016137 (0.00539)
response to disaccharide metabolic glycoside metabolic
abscisic acid stimulus process process
11/168 | 255/22479 6/168 | 76/22479 6/168 | 101/22479

Significance level

Leveld
Leveld
Level7
Levels
Levels
Leveld
_ Level3
- Level2

— Levell

You can [ = Browse in tree traversing mode ] [ 2 Browse all GO terms 10 I:\;I Download ] [ REVIGO 1 | ]
or select from following significant terms to [ Draw graphical results ;= ] [ Create bar chart [l ]

sand Arrow types Diagram
—- 53

- part_of

- poOsitive_regulate
—— regulate

- negative_regulate
= = mp two significant nodes

snnnnmp One significant node
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ENFAERSERERREP. BRXTERA.
QE"T'%{I:I lux%&}E

BAR. EURNLRE
Fe. HAZNFEEIRL.

XS EEH , KEGG PATHWAY #UREE 2T X
SESERER.
Pathway HUBETNDR7 1MN&BD 1 1)

Metabolism , 2 ) Genetic Information

EYFRESEYE

Processing , 3 ) Environmental Information
Processing , 4 ) Cellular Processes , 5)

Organismal Systems , 6 ) Human Diseases , 7))

Drug Development,

BIEHGE

yelopedin o
and Genomes

66

KEGG v|| | Search Help
» Japanese
KEGG Home KEGG: Kyoto Encyclopedia of Genes and Genomes
Release notes
Current statistics
Plea from KEGG KEGG is a database resource for understanding high-level functions and utilities
of the biological system, such as the cell, the arganism and the ecosystem, from
KEGG Database molecular-level information, especially large-scale molecular datasets generated

KEGG overview
Searching KEGG
KEGG mapping

Color codes

KEGG Objects
Pathway maps
Brite hierarchies
KEGG DB links

KEGG Software
KEGG API
KGML

KEGG FTP
Subscription
GenomeMNet
DBGET/LinkDB
Feedback
Copyright request

Kanehisa Labs

by genome sequencing and other high-throughput experimental technologies.
See Release notes (Ocober 15, zo18) for new and updated features.

Article in 2019 NAR DB Issue
New approach for understanding genome variations in KEGG

& Main entry point to the KEGG web service

KEGG2

KEGG Table of Contents [Update notes | Release
history]

& Data-oriented entry points

KEGG PATHWAY

KEGG pathway maps Classification

KEGG BRITE BRITE hierarchies and tables Pathway
KEGG MODULE  KEGG modules Brite
KEGG ORTHOLOGY KO functional orthologs [Annotation] Brite table
KEGG GENOME Genomes [Pathogen | Virus | Plant] Mod{ule o
KEGG GENES Genes and proteins [SegData] g?gg:;:gr%tmn’l
KEGG COMPOUND Small molecules Compound
KEGG GLYCAN Ghycans N_etwork
KEGG REACTION  Biochemical reactions [RModule] Disease (ICD)
Drug (ATC)

KEGG ENZYME

KEGG NETWORK

KEGG DISEASE
KEGG DRUG

KEGG MEDICUS

Enzyme nomenclature
Disease-related network elements
Human diseases [Cancer]

Drugs [New drug approvals]

Drug (Target)

Health information resource [Drug labels search]

& Organism-specific entry points
KEGG Organisms  Enter org code(s) |:| Go | hsa hsaeco

& Analysis tools
KEGG Mapper
BlastKOALA
GhostKOALA
BLAST/FASTA
SIMCOMP

KEGG PATHWAY/BRITE/MODULE mapping tools
Genome annotation and KEGG mapping
Metagenome annotation and KEGG mapping
Sequence similarity search

Chemical structure similarity search

Copyright 1995-2018 Kanehisa Laboratories



KOBAS 3.0 ftome MHaAnnotate [ iYeEEERUML=0I8N M Exp-data Enrichment & Download @ Help

Input
Type: @ O Fasta Protein Sequence O Fasta Nucleotide Sequence O Tabular BLAST Quiput O Entrez Gene ID
O UniProtkB AC O Refseq Protein ID @ Ensembl Gene ID
Species: @ Input key words here, and choose the species below (Default:human)
Homo sapiens (human) Mus musculus (mouse) Drosophila melanogaster (fruit fly) Arabidopsis thaliana (thale cress) Saccharomyces cerevisiae (budding yeast)
Escherichia coli K-12 MG1655 Caenorhabditis elegans (nematode)
Input Ensembl Gene 1D, one Or upload a file:
id in one line: ST
#example
[ Use KO to do orthologous analysis between different species? (This may take a long time.)
Database Select your desired databases (Note: the Corrected P-Values will be affected by the number of selected databases)
Pathway Disease GO
I KEGG Pathway & oM M Go
M Reactome [ KEGG Disease M GO slim
1 BioCyc ¥ NHGRI GWAS Catalog
4 PANTHER

Copyright @ 2005-2017, Center for Bioinformatics, Peking University. All rights reserved.
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Circadian entrainment
Dopaminergic synapse

Retrograde endocannabinoid
signaling

Pathways in cancer
Amphetamine addiction
Estrogen signaling pathway
CAMP signaling pathway
Serotonergic synapse
Glutamatergic synapse
MAPK signaling pathway
GABAergic synapse

Gap junction

Cholinergic synapse
HIF-1 signaling pathway
Cocaine addiction

Neuroactive ligand-receptor
interaction

HTLV-l infection
Alcoholism

Oxytocin signaling pathway

Database

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

KEGG PATHWAY

hsa04713

hsa04728

hsa04723

hsa05200

hsa03031

hsa04915

hsa04024

hsa04726

hsa04724

hsa04010

hsa04727

hsa04340

hsa03010

hsa04723

hsa04066

hsa05030

hsa04080

hsa05166

hsa03034

hsa04921

Background

Input number number

23 95

P-Value

1.27808899232e-19

Corrected P-V

[alue

3.15687981103e-17
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clusterProfiler——GO%#r

enrichGO Usage:
enrichGO (gene,
HMF " ,

OrgDb, keyType = "ENTREZID",
0.05, pAdjustMethod = "BH",
0.2, minGSSize 10,

FALSE, pool FALSE)

pvalueCutoff =

universe, gvalueCutoff =

500,

maxGSSize = readable =

> go <- enrichGO (genelist, OrgDb =
ont="ALL',pAdjustMethod =

org.Hs.eg.db,
'BH',pvalueCutoff =
gvalueCutoff = 0.2, keyType = 'ENTREZID’)
# T

> barplot (go, showCategory=20, drop=T)

> dotplot (go, showCategory=50)

HIGOMME R R E, FTRARE
) B9EHE
> go.BP <- enrichGO (genelist,
ont="'BP',pAdjustMethod = 'BH'

~EE—/ GO (BP. CCEMF

OrgDb =

,pvalueCutoff = 0.05,

gvalueCutoff = 0.2, keyType = 'ENTREZID')

> plotGOgraph (go.BP)

ont =

0.05,

org.Hs.eg.db,
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clusterProfiler——KEGG%9#

enrichKEGG Usage:

enrichKEGG (gene, organism = "hsa",
keyType = "kegg", pvalueCutoff
0.05,pAdjustMethod = "BH", universe,
minGSSize = 10, maxGSSize = 500,

gvalueCutoff = 0.2, use internal data

FALSE)

> kegg <- enrichKEGG (genelist,

'hsa', keyType = 'kegg', pvalueCutoff
0.05,pAdjustMethod = '"BH', minGSSize
10, maxGSSize = 500, gvalueCutoff

0.2,use internal data = FALSE)

# oIk

> dotplot (kegg, showCategory=30)

organism
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Multiple Proteins by Names / Identifiers

List Of Names: (one per line; examples: #1 #2 #3)
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Information

Protein smoothened; Segment polarity protein
required for correct patterning of every segment. G
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(hh) signal through the activation of an inhibitory
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