B RALNIED
SEISIME



FERELUERITE
FERELHIERFIEEIN—FASTQ
AR 1—AtA=Ephred{g
IR 22— RS IEFERETUFASTA
ERAEUREIREIEN——FastQC
HeRBLIIERIRE I HI——FASTX-Toolkit
tERBEIE D IRTRIE Tophat, Cufflinks, Cuffdiff, CummeRbund
AR 3—T A= gtiiER
MR m4——AT A=2bamigzl
HithtERABLESRiRIE (HZENMEHISAT, STRINGTIE, BALLGOWN )
GOILjJgEsSR
KEGG3Hr——KOBASER{H




Y RBEEAIFE

Samples of interest

Bl
b)),

Condition 1 Condition 2
(e.g. tumor)

Map to genome, transcriptome,
and predicted exon junctions

Intron  pre-mRMNA
Exon

R L —

Transcript l..._.__"__.l__.

Shart reads = """_'F'_t' —
— rr&:u---:-_-

Short reads
split by intron

!

Downstream analysis

(e.g. normal)

Generate cDNA, fragment,
size select, add linkers

Isolate RNAS

W_

Paly(A) tail

Un sequenced RMA FH"-IH. reads

_r L — ‘-.‘;..:-
[ e e L - * ==

= o P -=-*_=.—'=' —
_c"—"_-=|:l_=l_=.

B el e R e =

=il RS il

P i '=_" [T . |
Short insert

1005 of millions of paired reads
10s of billions bases of sequence

Griffith et al, 2015



YR ALBERIFHERET

FASTQ

@ST-FE00126:128 :HJFLHCCXX:2:1101:7405:1133

GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT
_|_

PYIX((((F* % +) ) ST55++) (55%F) .1 *X**=+*1 1)) **55CCF>>>>>>CCCCCCC65D

FTEEREFEFIINFATRHLIFERER;

FATRENFBINFINEE, —MAATCONEKRR, HPNATRAES T EHETE KM wEEFRK
®HEFS;

ST “+” FFiR, TTEE—LMMER, BEBNFEfastadX X —{T—RESH.
BMTHENERERER, SEUTHREFIZ—MEEN, EPHE—INFSITRRIASCI {ERZTHRER
phred{f, FAIAERIBRAMNNMMEFENNFREBE, BXRAUFHNRELT. FENRAE A phredESE
EAE.



HMiAml—At A =2phred{B

Phred(E21FHiX

BRI R E==({EPEog 10
ZEEELL-10 , BEINEERBQ,

£#P=1% , ABAIIRAY
Q=-10*log10 ( 0.01 ) =20

(X
Solexa,z%ﬁﬂ;‘ﬂﬂf%&ﬁﬁﬂzlﬁﬁ’ﬂﬁ

MtEATIuminaFARA
TRt
FRffE : Q=-10log(P/1-P))
IEIR QUL 33T E 6 AR — M
ROEUE , Fr/APhred , &RE1EPhred
RIRAIAS CIFRIFI B MR,

[

ASCII BASE=64 Old Illumina
P

|

O WmJdmnm b WK O

O W Jdm Wb Wheo O

o

OO0 O0000 000

oo

O00 0000000

error

. 00000
. 79433
. 63096
.50119
.39811
.31623
+ 29119
. 19953
.15849
.12589
.10000

error

.00000
. 19433
. 63096
.50119
.39811
.31623
.25119
.19953
.15849
.12589
.10000

MopllFRERNE , MFNETFRTEOHES
EXFER FXEMERAVAIRTRIIER IR E—TMER(E |,

ASCII BASE=33 Illumina,
P

ASCII

33
34
35
36
37
38
39
40
41
42
43

+ k= e = AN e T =

ASCII

64
65
66
67
68
69
70
71
72
a3
74

QI OMmMEMODOWP®

Q

1 B
12
13
14
15
16
17
18
19
20
21

Q

11
12
13
14
15
16
17
18
19
20
21

error

P
0.07943
0.06310
0.05012
0.03981
0.
0
0
0
0
0
0

03162

.02512
.01995
.01585
.01259
.01000
.00794

error

P
0.07943
0.06310
0.05012
0.03981
0.
0
0
0
0
0
0

03162

.02512
.01995
.01585
.01259
.01000
.00794

RUERE S HrimERIFPSE |
X MEWMEF HASCIREL | Bzl

Jon Torrent,

ATCG%y

PacBio and Sanger
ASCII

44
45
46
47
48
49
S0
51
52
53
o4

b W N O SN

ASCITI

75
76
¥ i
78
79
80
81
82
83
84
85

ooz =R

Q

22
23
24
25
26
27
28
29
30
31
32

22
23
24
25
26
27
28
29
30
31
32

P_

-.00631
.00501
.00398
.00316
.00251
.00200
.00158
.00126
. 00100
.00079
.00063

o

OO0 0O0000 000

error

error

P
0.00631
0.00501
0.00398
0.00316
0.
0
0
0
0
0
0

00251

.00200
.00158
.00126
.00100
.00079
.00063

BRI R EIELR |

ASCII

99
56
57
58
59
60
61
62
63
64
65

PV A e e

ASCII

86
87
88
89
80
91
92
93
94
85
86

Yt s N OE <

%]

33
34
35
36
37
38
39
40
41
42

33
34
35
36
37
38
39
40
41
42

5 55RI9 A

error

P
0.00050
0.00040
0.00032
0.00025
0.
0
0
0
0
0

00020

.00016
.00013
.00010
.00008
.00006

ASCII

66
&7
68
69
70
71
72
73
74
75

AGgHIIGOE MO O W

ASCII

87

98

99
100
101
102
103
104
105
106

b= e T o R @ A O &

}-J.

[



iR = 2—F5 Itz FASTA

FEHR[&fastaX {4

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

ZEEFFINH ( mMRNARFIHRRYUISEATRAE )

>g1|13650073|gb|AF349571.1| Homo sapiens hemoglobin alpha-1 globin chain
(HBA1) mRNA, complete cds
CCCACAGACTCAGAGAGAACCCACCATGGTGCTGTCTCCTGACGACAAGACCAACGTCAAGGCCGCCTGGGGTAAG
GTCGGCGCGCACGCTGGCGAGTATGGTGCGGAGGCCCTGGAGAGGATGTTCCTGTCCTTCCCCACCACCAAGACCT
ACTTCCCGCACTTCGACCTGAGCCACGGCTCTGCCCAGGTTAAGGGCCACGGCAAGAAGGTGGCCGACGCGLCTGAC
CAACGCCGTGGCGCACGTGGACGACATGCCCAACGCGCTGTCCGCCCTGAGCGACCTGCACGCGCACAAGCTTCGG
GTGGACCCGGTCAACTTCAAGCTCCTAAGCCACTGCCTGCTGGTGACCCTGGCCGCCCACCTCCCCGCCGAGTTCA
CCCCTGCGGTGCACGCCTCCCTGGACAAGTTCCTGGCTTCTGTGAGCACCGTGCTGACCTCCAAATACCGTTAAGC
TGGAGCCTCGGTGGCCATGCTTCTTGCCCCTTTG



R ELHIERIRENRN——FastQC

BT S

fastgqc -t 8 -o path/fastqgc
samplel R1.fg samplel R2.fqg

B4

-0 --outdir: it
-—extract: SRR ES
--noextract: &R IFEYE

-f —-format:fI AR

-t --threads:ZFEEL

-c --contaminants: iillE{5H4TF
—a ——adapters: fe e Bk 75

-k --kmers: {fHEkmersKE (2-10bp, BN 7bp)

-g —-—-quiet: R R

TER ( htmlF0zip )

@FastQC Report

Summary

@Basic Statistics

@Per base sequence quality

@Per tile sequence quality

@ Per sequence guality scores

@Per base sequence content

@ Per sequence GC content

@Per base N content

@ Sequence Length Distribution

Q Seqguence Duplication Levels

@OVEI’I’EDI’ESE‘HtEd seguences

@Adapter Content

@Kmer Content




Y REL

@Basic Statistics

I T

Filename SERG345622. fastq

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

Sequences flageged as poor quality 0O

Sequence length lali]
 Tels! G4
@Adapter Content
% Adapter

100

90

80

70

60

50

40

30

20

10

lllumina Universal Adapter

llumina Small RNA 3' Adapter
umina Small RNA 5' Adaptel

Nextera Transposase Sequence

SOLID Small RNA Adapter

123456789 11 13 15 17 19 21 23 25 27 290 31 33 35 37 39 41 43 45 47 496 51 33
Fosition in read (bp)

38
36
34
32
30
28
26
24
22
20
18

BRI E I ——FastQCLERAFEE

I

@Per base sequence quality

Quality scores across all bases (Sanger / lllumina 1.9 encoding)

LI II_ [1HU

L IZL

123456789 11

13 15 17 18 21 23 25 27 29 31 33 35 37 39 41 453 45 47 48 51 53 55 57 58 61 63 65
Position in read (bp)



ERALERNREIEHEl——FASTX-Toolkit
(1) fastx_clipperE#zsk

IZ1TR S

fastx clipper [-h] [-a ADAPTER] [-D] [-1
N] [-n] [-d N] [-c] [-C] [-o] [-v] [-2Z]
[-1 INFILE] [-o OUTFILE]

EEELF

Clipping Example:

>1

ATGTAATGTTTATATATATCGTAAATCCAACACAAT

>3

TATTTTGGAATTCCACGACCCTGTAGGCACCATCAA ;‘iTTTTG GAATTCCACGACC
=3 >3

ACGTTGTTCGGTGCGTCCTGAACTGTAGGCACCATC

ACGTTGTTCGGTCCGTCCTGAA
i >4
TTTCTTCTTATCTCTTCGAGTCTGTAGCCACCATCA TTTCTTCTTATCTCTTCGAGT

»5
TGGAACTTGCTGTAGGCACCATCATTATTTATATAA

>6 >6
TTTACCGGAAGCATAACTCTTCTGTAGGCACCATCA TTTACCCCAACCATAACTCTT
>7 >T

TGTATTAGCGGTGGGGCCCGACTGTAGGCACCATCA TGTATTAGCGGTGGGGCCCGA

In the above example:

fastx_clipper&&§

[-a ADAPTER] = #3LFF%] (BRIAJNCCTTAAGG)
[-1 N] = ZEAPLEHIELH DT NFIreads, BRIANS
[-d NI = fREESLFPIEFINMRERIN -4 0
[-c] = REREEEHLITS

[-C] = RIREIAEELITS

[-k] = #R&ERBEELWFS

[-n] = REANZTH, BIAAIRE

[-v] = WH-RE TS

[-z] = E4a%ih

[-D] = fFarthiAalss R

[-M N] = ZERE/MEEITER R BRI K EN

[-i INFILE] = BAXH

[-o OUTFILE] = X0t

* Sequence no. 1 was discarded since it wasn't clipped (i.e. didn't contain the adapter sequence). (Output parameter).
* Sequence no. 5 was discarded --- it's length (after clipping) was shorter than 15 nt (Minimum Sequence Length parameter).



sEF ARG SiEH——FASTX-Toolkit
(2) fastq_quality filtenZiEREEF51

BEfF@&4S  fastg_quality filter [-h] [-v] [-g N] [-p N] [-z] [-i1 INFILE] [-o OUTFILE]
85 [-g N] = m/DUFEH FRREE

[-p N] = A readsH&/DA A 2/ FER -qgl R EHE

[-z] = K4t

[-v] = TFEH-IREFIIHS, WRMEH T -olk &< HEEEAAESTDOUT, R A N4 A FSTDERR
B+

Quality score distribution (of all cycles) 1s calculated for each read. If it is lower than the quality cut-off value - the read is discarded.

Example:
@CSHL_4 FCD42AGOO0II: 1:2: 214: 584
GACAATAAAC

+CSHL 4 FCO428G00I1: 1: 2: 214: 584
20 30 30 30 20 20 30 30 20 10

Using percent = 50 and cut-off = 30 - This read will not be discarded (the median quality is 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).



RRAMBEDIT—ASHNES

WIR/B— RN

*Contig KM N ) Bshee _

+Scaffod K41 YT
*Unigene [+ 75 ——r T~

Uniger.leiﬁﬁ

¥ 9 %5 REME : Unigene ) fEFERE

GoitB | " +Go /KEGG/COGH R
*Pathway B #1577 *HiNsNEa
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Se

Bowtie
Extremely fast, general purpose short read aligner

TopHat

Aligns RNA-Seq reads to the genome using Bowtie

Discovers splice sites

CummeRbund
Plots abundance and differential
expression results from Cuffdiff

e iniEAZa{——Bowtie, Tophat, Cufflinks, CummeRbund

Cufflinks package

[ U W S W T ;S — S ;) — - " - - - b |

]
1 Cufflinks :
I Assembles transcripts :
i e T e B -—
S i S S O S " W o o {— -

J
: Cuffcompare I
I Compares transcript assemblies to annotation :
e e i A X

Cuffmerge
1 Merges two or more transcript assemblies

Cuffdiff :
Finds differentially expressed genes and transcripts |
Detects differential splicing and promoter use !

I




RBIIRDIRIRE

Condition A Condition B

Reads —\ f—— Reads

S .. Ny

Mapped Mapped

reads ﬁ f—‘ reads
Step 2 / Cufflinks \

Assembled Assembled
transcripts transcripts

Steps 3—4 Cuffmerge

Step 5

Steps 6-18

v

Final
transcriptome
assembly

Mapped
reads

Mapped
reads

v

Differential
expression results

CummeRbund

Expression
plots

1. Read alignment
with TopHat

2. Transcript
assembly with
Cufflinks

3. Differential
analysis with
Cuffdiff

4. Visualization with
CummeRbund

Trapnell et al, 2012



F7UEL3d

Condition A

Reads

e

Tophat

Condition B

Reads

.. .

Mapped
reads

1
$
$
$
$
$
$

tophat
tophat
tophat
tophat
tophat

tophat

P

8

c© ©O o O o

— —

| Map the reads

Mapped
reads

for each sample to

genes.
genes
genes
genes.
genes.

genes.

gtt

.gtf
.gtf

fan H U

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

prep reads.info

genes . gt f N3 K HER
- £ P A

Hbowtie index/E
bowtie-build genome.fa

unmapped.bam

genome

‘Ehe/;;;;:;;ce

(=

Cl_Rl_thoutlgenome (
Cl R2 thoufl genome
Cl R3 thout||genome (
C2 R1 thoutl genome
C2 R2 thoutfl genome
C2 R3 thoufl genome

1 R1 1.fg C1 R1 2.fqg
Cl R2 1.fg C1 R2 2.fqg
1 R3 1.fg C1 R3 2.fqg
C2 Rl1 1.fg C2 R1 2.fqg
C2 R2 1.fg C2 R2 2.fqg
C2 R3 1.fg C2 R3 2.fqg




R R3—At AR gtfiszt

#gtf (General Transfer Format) format

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

#Details
segqname - name of the chromosome or scaffold.
source - name of the program that generated this feature, or the data source
feature - feature type name, e.g. Gene, Variation, Similarity

start - Start position of the feature, with sequence numbering starting at 1.

1
2
3
4
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', '1' or '2'.

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

information about each feature.



HiRm4—AtAR2bamizzl

#bamsEsam (Sequence Alignment/Map format) JCAFH) =
1:497:R:-272+13M17D24M 113 1 497 37 37M 15 100338662 0 CGGGTCTGACCTGAGGAGAACTGTGCTCCGCCTTCAG 0;==-
==0;>>>>>=>>>>>>>>>>>=>>>>>>>>>> XT:A:U NM:1:0 SM:1:37 AM:1:0 X0:1:1 X1:1:0 XM:1:0 XO:1:0 XG:1:0 MD:7Z:37

Col

O [ 0| 1| | O =W | Do |+

N
o = O

Field
QNAME
FLAG
RNAME
POS
MAPQ
CIGAR
MRNM/RNEXT
MPOS/NEXT
ISIZE/TLEN
SEQ
QUAL
TAGs

Brief Description
Query template NAME
bitwise FLAG
References sequence NAME
1- based leftmost mapping Position
Mapping Quality
CIGAR String
Ref. name of the mate/next read
Position of the mate/next read
observed Template LENgth
segment SEQuence
ASCII of Phred-scaled b
TAGs

Alignment
1:497:R:-272+13M17D24M
113
1
497
37
3™
15
100338662
0
CGGGTCTGACCTGAGGAGAACTGTGCTCCGCCTTCAG

0;=====9;00000=00000000000=00 00000000

XT:A:U NM:1:0 SM:1:37 AM:1:0 XO:1:1 X1:1:0 XM:1:0 X0:1:0
XG:1:0 MD:Z:37



R A HE ——Cufflinks

Mapped
reads

e

Mapped
reads

=

Assembled
transcripts

~,

Assembled
transcripts

it SO

genes.

isoforms.fpkm tracking

fpkm tracking

skipped.gtf

transcripts.gtf

ZL
2L
ZL
cL
2L
ZL
2L
L
ZL
ZL
ZL

cL
2L

2T

exon_number "1";

'|IEII -

gxon_number
excon number "3V

r
"S.2427:

2| Assemble transcripts for each sample:
$ cufflinks -p 8 -o|Cl Rl clout|Cl R1 thout/accepted hits.bam
$ cufflinks -p 8 -o|Cl R2 clout|Cl R2 thout/accepted hits.bam
$ cufflinks -p 8 -o|Cl R3 clout|Cl R3 thout/accepted hits.bam
$ cufflinks -p 8 -o|C2 Rl clout|C2 Rl thout/accepted hits.bam
$ cufflinks -p 8 -o|C2 R2 clout|C2 R2 thout/accepted hits.bam
$ cufflinks -p 8 -o|C2 R3 clout|C2 R3 thout/accepted hits.bam
Cufflinks exon- 73485 730532-1000- + gene id "CUFF.7"; tranacript id "CUFF.7_2Z™
Cufflinks-exon- 74903-75018-1000> +>_.>gene_ id "CUFF.7T"; transcript id "CUFF.7.2
Cufflinkarexon- 75078-76210-1000> +>_-gene jid "CUFF_7"; tramacript id "COFF_7_Z";
Cufflinks-tranacript- 74485 78210310+ _. gene_id "CUFF.7"; tranacript id "CUFF
Cufflinks exon- 74485-74572-310>+ gene id "CUFF.7"; tramnscript id "CUOFF.7.3";
Cufflinks -exon- 74303 75018 310-+-_ gene_id "CUFF.7"; transcript id "CUFF.7.3";
Cufflinks-exon- 75078 V8210310 +-. gene id "CUFF.7"; transcript id "CUFF.7.3";
Cufflinks*transcript 102382 105332 1000 +.:gene_id "CUFF.8"; transcript id
Cufflinks-exon- 102382 102%90&> 1000 + gene id "CUOFF._8"; transcript id "CUFF.
Cufflinks-exon- 10300&> 103434> 1000 + gene_id "CUOFF.E™; transcript id "CUFF.
Cufflinks excon- 10351&- 105332~ 1000~ + gene_id "CUFF.B"™; tranacript id "CUFF.
Cufflinks-tranacript- 102382 104710~ 1000- --_-gene_id "CUFF.3"™; tranacript id
Cufflinks-exon- 102382> 104947 1000 ->_>gene id "CUFF.9"; transcript id "CUFF
M EET 5 e e TACANC 1TACD22S 1 Anan - e A TOTITET QM- ermmamartdmes A TOTTRT

-7.a";_FPEM

exon number "1™; FI
exon number "Z"; FI
exon number "3"; FI
"CUFF.8.1"; FPEM "]
B.1"; exon number °
B.1"; exon number °
B.1"; exon number "
"CUFF.3.1"; FPEM ™t
.89.1"; exon number "
O 1T marme e T



HERAEBE —CuffmergeBES CufflinksBEERIEERA

Assembled
transcripts

Cuffmerge

v

Assembled
transcripts

Final
transcriptome

assembly

Cufflinks assemblies
for condition A

Cufflinks assemblies
for condition B

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
annotation

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

HEp"CﬂtE 1 == O —— — —

Replicate 2 w=

Replicate 3

Replicate 1

Replicate 2
Replicate 3

4R merged asm/merged.gtf

ists the assembly file for each sample.
e a single merged transcriptome annotation:
assemblies.txt




EFotr—Cuffdiff

Final
transcriptome
assembly

Mapped
reads

5| Run Cuffdiff by using the merged

for each replicate:

Differential
expression results

$ cuffdiff -o|diff out
./Cl Rl 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

Mapped

_““\\\:‘ ‘4///””" reads

i SO

diff out/bias params.info

diff out/cds.count tracking
diff out/cds.diff

diff out/cds.fpkm tracking

diff out/cds.read group trackinc
diff out/cds exp.diff

diff out/gene exp.diff

diff out/genes.count tracking
diff out/genes.fpkm tracking
diff out/genes.read group tracki

diff out/isoform exp.diff

diff out/isoforms.count tracking

diff out/isoforms.fpkm tracking

diff out/isoforms.read group tracking
diff out/promoters.diff

diff out/read groups.info

diff out/run.info

diff out/splicing.diff

diff out/tss group exp.diff

diff out/tss groups.count tracking
diff out/tss groups.fpkm tracking
diff out/tss groups.read group tracking

diff out/var model.info

iptome assembly along with the BAM files from TopHat

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




A #i{t——CummeRbund

Differential
expression results

CummeRbund

Expression
plots

library (cummeRbund)

cuff data < - readCufflinks('diff out')
csDensity(genes (cuff data))

mygene < - getGene (cuff data, 'regucalcin')

expressionBarplot (mygene)

expressionPlot (isoforms (tpnl), LlogMode=T)

sig genes <- getGenes (cd, geneldList)

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

E] expressionPlot (isoforms (tpnl) , logMode=T) t)

FPKM + 1

1030 _
102.5 -
102.0 -

10" -

101 .0

10%°

[

Exp

H60

— AK002271.1
— AK032942.1

H120
Sample_name

Tracking_id
— AKO077713.1
— NM_024427 .4

!
H168

sig_genes <- getGenes{cd, geneldList)
csHeatmap (sig_genes,

clustering="row",
labRow=F)

log,q FPKM + 1

QS D P

Q#é%§b§



Reference '
L JP— i anno'tatfon 54 RNA-seq reads‘
H{theRB LR iR | W
Steps 1 and 2 \—
i" Read
allgnments
HISAT ( Hierarchical Indexing for Spliced Alignment of Transcripts ) gy 3 ﬁ
IZE4F] tophat FFRTRE—1E(L , BHEST tophat BIFHRAR | T
EESTERELY, tophat2 5015, —
Step 4 \
Merged
String TietBXSFEftbHtHEE4 ( Cufflinks, IsoLasso, Scripture [~ | transcripts
TraphZ ) , BEBPHENT =8 SEMRIEE , #BStingTiex — %
ran_sc_rlpt
AENEERLHT , B THMSDE  HEEEREINER. Siotehos
No transcript assembi:y /SF{\-‘-

Ballgown2— 1 REIA , ARDITERERE , ERDHHNERE m .
EFF-testSRASTINY ; SRS |, cuffdifffig148G6 94N, °*° S —

Read coverage

miballgownF18#)8G , MERELERME | cuffdiffE{RTF—L, | tebies
Steps 7-21 -

}and

differential

expression tables




GOIEeT %

GO ( Gene Ontology , EEZAMKIE) HiE
FESEEINEED N=EE
SFIhBE(Molecular Function)
£MFISF2 (Biological Process)
#ApELE S (Cellular Component),

EEUEDTT |, AREAHELE R
EEF— M RENGOINEED T , FASZLT
FRIAIEEREGEEFRITFEEN , MM
BH—RERTESS T HRLEYITIRE.

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

|-’-\rabidn|:r5is genemaodel (TAIRS) v|

s, Advanced options (optional):

it

GO Analygig Toolgit and Databasge

for Agricultural Commmnity

SEA is a traditional and widely used method, User only neads to
prepare 3 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: AT3G34250.1

GenBank ID: AA4PS0233.1

DDBJ 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
Affymetrix 8K Genome Array [GPL7 1): 16876_at
Operon Array w3, Meyerowitz (GPLZS10): ADZ21028_01
Agilent 2 Oligo Microarray (GPLZE871): 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 fram near organisms are used as suggestien, If you
'don't like these backgrounds, then you may submit your custemized
with/without GO annatation.




GOIgED FE——AGRIGOEHE

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:J Download ]
Annotated number in background/reference: 22479

Significant GO terms: 20 [ i Details ]

Graphical Results @
Select Category

® Biological Process O cellular Component (O Mollecular Function
Advanced Parameter Settings

Graphic result format: ®pnG COpPpF OIPEG 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): O7 Oa Og ®10 O11 O12

Generatellmage]

GO flash Chart @
Select Category

Biological Process [ Cellular Compenent []Mallecular Function

e

osmotic stress
13/168 | 372/22479

fresponse to

‘GO:0009631 (6. 16e-05)
5168 | 2022479

GO:0000651 (0.0409)
response to
salt stress
9/168 | 344/22479

metabolic process

GO:0008150
biological_process
A J A
GO:0008152 GO:0009987

cellular process

h 4

N

GO:O:::EZ!SS);IZUSGQ] e o = poe
chemi::|n;1imu|u5 primary metabolic cellular metabolic
27/168 | 1684/22479 process process
I
\
I
\‘ : :
1
Y Y
i 1
G0O:0010033 GO:0009718 ﬂ:mss} B ohmaTE 1
respanse to .
! arbohydrate metabol ]
:!.;p:nzt:n " endogenous stimulus ¢ e m e ;
IC Sul Ic &ss
i 14/168 | 748/22479 proe i
7 f ¥ 1
i ’ d :
. /. iy
€« ¥ y 4 v
GO:0000725 GO:0008311 (0.00206) GO:0044262 (0.0409)
reslpwse to oligosaccharicle metabolic cellular carbohydrate
i etaboli
hormone stimulus roscas m ic process
6/168 | 82/22479 10/168 | 41522479
A
GO:0005984 (0.0015) GO:0016137 (0.00539)
disaccharide metabolic glycoside metabolic
precess process
6/168 | 76/22479 6/168 | 101/22479

Advanced Parameter Settings
Bar style: ® Glass Bar O Filled Bar O 3D Bar O cylinder Bar

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

X legend content: ® GO annotation O GO accession  font:
X legend rotation: [270 to 315 is suggested]

Detail information €

Significance levels and Arrow types Diagram

Leveld
Leveld
Level7
Levels
Levels
Leveld
_ Level3
- Level2

— Levell

You can [ = Browse in tree traversing mode ] [ _E! Browse all GO terms ] [ EJ Download ] [ REVIGO « ]

Or select from following significant terms to [ Draw graphical results .5 ] [ Create bar chart [l ]

— 53

- part_of
positive_regulate
regulate

- negative_regulate
= = mp two significant nodes

snnnnmp one significant node
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KEGG v|| | Search Help

» Japanese

KEGG Home
Release notes
Current statistics
Plea from KEGG

KEGG: Kyoto Encyclopedia of Genes and Genomes

ENFHEESERERREH. BER_RXTER.
FAR. EURNLBBINGESEYEEEE

KEGG is a database resource for understanding high-level functions and utilities
of the biological system, such as the cell, the organism and the ecosystem, from

KEGG Database molecular-level information, especially large-scale molecular datasets generated

Fe. HAZFEEERL.

XLFEEf , KEGG PATHWAY $UEEREETXK
EYHIEHSEYESESERER.
Pathway #UBEE T A7 18fm : 1)

Metabolism , 2 ) Genetic Information
Processing , 3 ) Environmental Information

Processing , 4 ) Cellular Processes , 5)

Organismal Systems , 6 ) Human Diseases , 7))

Drug Development,

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
GenomeMet
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 Brita
KEGG ORTHOLOGY KO functional orthologs [Annotation] Brite table
KEGG GENOME Genomes [Pathogen | Virus | Plant] Module

KEGG GENES

KEGG COMPOUND

KEGG GLYCAN

KEGG REACTION

KEGG ENZYME

KEGG NETWORK

KEGG DISEASE
KEGG DRUG

KEGG MEDICUS

Genes and proteins [SegData] E?QI;F;:Q;UOHJ

Small molecules Compound

Glycans MNetwork

Biochemical reactions [RModule] Disease (ICD)

- S Drug (ATC)
nzyme nomenclature Drug (Target)

Disease-related network elements

Human diseases [Cancer]

Drugs [MNew drug approwvals]

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
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KOBAS 3.0 ftome MAnnotate [ iNeEEoa=iiil=ii8l M Exp-data Enrichment & Download @ Help

Input
Type: @ O Fasta Protein Sequence O Fasta Nucleotide Sequence O Tabular BLAST Output O Entrez Gene ID
O UniProtkB AC O Refseq ProteinID @ Ensembl Gene ID
Species: @ Input key words here, and choose the species below (Defaulthuman)
Homa sapiens {human) Mus musculus (mouse) Drosophila melanogaster (fruit fly) Arabidopsis thaliana ({thale cress) Saccharomyces cerevisiae (budding yeast)
Escherichia coli K-12 MG 1655 Caencrhabditis elegans (nematode)
Input Ensembl Gene ID, one Or upload a file:
id in one line: |_}‘)"(|_[ﬁ -| iR,

#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
KEGG Pathway OMIM GO
Reactome I KEGG Disease 7 GO Slim
BioCyc NHGRI GWAS Catalog

PANTHER

 Check Al | Clear Al

Copyright @ 2005-2017, Center for Bioinformatics, Peking University. All rights reserved.
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oy F
Backaraund
Background

Term Database ID Input number number P-Value Corrected P-Value
Circadian entrainment KEGG PATHWAY hsal4713 23 95 1.278085899232e-19 3.15687951103e-17
Dopaminergic synapse KEGG PATHWAY hsa04728
Retrograde endocannabinoid KEGG PATHWAY hsa04723 CIRCADIAN ENTRAINMENT |
signaling
Posteynaptic suprachiasmatic nucleus (SCN) newron
Pathways in cancer KEGG PATHWAY hsa05200 Light
|
Amphetamine addiction KEGG PATHWAY hsal5031 I
D&
. I — — # Phase delay
Estrogen signaling pathway KEGG PATHWAY hsa04915 f
|
CAMP signaling pathway KEGG PATHWAY hsa04024 *
|
Serotonergic synapse KEGG PATHWAY hsa04726 p - =
resyhaptic RGC.neumn Crircadian rhythm
Glutamatergic synapse KEGG PATHWAY hsa04724 L;Gﬁtaj;m ( ==
L 8 :
MAPK signaling pathway KEGG PATHWAY hsa04010 a® 8 E——
Qﬁ Irreediate eatly genes
GABAergic synapse KEGG PATHWAY hsal4727
oGP
Gap junction KEGG PATHWAY hsa04540 MAPK signaling
pathwray -
PACAF O s DA
Alzheimer's disease KEGG PATHWAY hsa05010 || NS NN T R0 e Ror T T L e
¥
Cholinergic synapse KEGG PATHWAY hsal4725 N
HIF-1 signaling pathway KEGG PATHWAY hsa04066 \_4
Cocaine addiction KEGG PATHWAY hsa05030
Neuroactive ligand-receptor KEGG PATHWAY hsa0408&0
interaction
HTLV- infection KEGG PATHWAY hsa05166 S e o< - S ————> Pt e cocees
DAG
Alcoholism KEGG PATHWAY hsa05034
Oxytocin signaling pathway KEGG PATHWAY hsa04921 Do T el e
ep induction
04713 724117
() Kanehisa Laboratories
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