RNA seq data analysis
without genome information



DI\I N seq
NINA-SE(
e transcriptomics data (cDNA)
 from next generation sequencing

e 2 approach:

— with genome information

— without genome information
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Transcriptomics analysis
with genome infomation
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Transcriptomics analysis
without genome infomation
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* Transcripts contig assembly
e Functional annotation

 Unix command quick reference
— http://192.168.75.28/class/unix_command.pdf
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 Load and Import data
— |load data to server

e Open Terminal

wget http://192.168.75.28/class/testread.fq
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e Check line number

wc -l testread.fq

 Check tail of file

tail -8 testread.fq
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Line 1. Read id
Line 2. Read sequence
Line 3. +
Line 4. Read quality score

@AB0E9RABXX:2:1:16008:20136#TAGCTTAT/1
CGCGGGTTGGTGGGCAGTTCTTGCCGTGGATCCAGATGCGGGAGTTAAGCTCTGGGTCGATCTTAACAACATCTGTGTGCATCATCTTCT
+

frrfrffrfffdeceefffffffefffeefffffefffffeefafbeedfeffcdfd _ee”dbada”™bb”baaecd\dadd eeeccefed
@AB0E9RABXX:2:1:16165:20136#TAGCTTAT/1
CATTATCATTAGCTACTTCAGAGGCGGAGAATAATGGGTTGCTCGCGTGTTGCCTCTTCCATTGGAATTGAGGTTGCAATATGAGTCTCAC
frfdefefffffrffffefdcefeddddYccca cddddcddb\c b~ "d”b\a]]S ] b cT L \] GNJQUTVR\W[ZT\"[Y_
@AB0E9RABXX:2:1:16354:20135#TAGCTTAT/1
CCCTTGATGACGTACTCCTTGAATGGGCCGAAAATGGCGGGGTAATAGTAGAGGGGAGCATCTTGGTAGCCTTCCCCTTCCCCTGGTGGG
+

e rrrrrffffeeeeeBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB



— Open CLC Genomics workbench
— Create folder “course0330”
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Use “NGS Import”

3.1 - Evaluation (Current w De
File Edit Search Yiew Toolbox Workspace Help

Gl Sl AE NG Ll O Sl LT
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] CLC_Data
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File Name: [testread.fg |
Files of Type: |Illumina Genome Analyzer files ¢ty .fastqy .fq/ .qseq) |v|
General options Illumina options

[] Paired reads ) Mate- pair (forward-forwa.. ® Paired-end Forward-rever:
Discard read names Remove failed reads

[[] Discard quality scores Quality $co.. |lllumina Pipeline 1.5 and later |w

Automatic
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INlumina Pipeline 1.2 and earlier
Illumina Pipeline 1.3 and 1.4
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Quality score in different format

lllumina | lllumina | lllumina
ASCIl | Char| Sanger 1.3+ 1.5+ 1.8+
33 ! 0 0
34 " 1 1
35 # 2 2
36 S 3 3
37 % 4 4
38 & 5 5
39 ' 6 6
40 ( 7 7
41 ) 8 8
42 * 9 9
43 + 10 10
44 ) 11 11
45 - 12 12
46 . 13 13
47 / 14 14
48 0 15 15
49 1 16 16
50 2 17 17
51 3 18 18
52 4 19 19
53 5 20 20
54 6 21 21
55 7 22 22
56 8 23 23
57 9 24 24
58 : 25 25
59 ; 26 -5 26
60 < 27 -4 27

61 | = 28 =2 28
62 | > 29 -2 29
63 | ? 30 -1 30
64 | @ 31 0 0 31
65 | A 32 1 1 32
66 | B 33 2 2 33
67 | C 34 3 3 34
68 | D 35 4 4 35
69 | E 36 5 5 36
70 | F 37 6 6 37
71 | G 38 7 7 38
72 | H 39 8 8 39
73 | | 40 9 9 40
74 | J 10 10 41
75 | K 11 11
76 | L 12 12
77 | M 13 13
78 | N 14 14
79 | O 15 15
80 | P 16 16
81 | Q 17 17
82 | R 18 18
83 | S 19 19
84 | T 20 20
85 | U 21 21
86 | V 22 22
87 | W 23 23
88 | X 24 24
89 | Y 25 25
EV A 26 26
91 | [ 27 27
92 [\ 28 28
93 | ] 29 29
94 | A 30 30
95 | _ 31 31
9% | 32 32
97 | a 33 33
98 | b 34 34
99 | ¢ 35 35
100 | d 36 36
101] e 37 37
102 | f 38 38
103 | g 39 B9
104 | h 40 40
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20 40
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o= A General Sequence Analyses : 20 40
o= A Nucleatide Anakyses L I I
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o Sequencing Data Analyses i b4
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EH testread @[ iE testread O]

o [ Exarnple Data
o % coursel10325

Rows: 99,987

Sequence list: testread

Filter: |

=) ?

all

> Column width

Mame

Length

B0 2056#TACCTTATSL
p PAR205SHTACCTTAT 1

i= Graphical Sequence List
¥ O Cloning Editor

Gel
B3 Annotation Table

fEH Table
[l History

[% Element Info

B85 2068#TACCTTATSL

8620648 TACCTTATSL
G5 2062#TACCTTATSL

CHHSHIM-R he3 2 0G4#T AGCTTAT /1

84206 1#TACCTTATSL

o ‘@,E_ecytle & Show Ctrl-0
New:
Show
Toolbox
o Cut Ctrl-x
[Hi Copy Ctrl-C
@ Paste Ctrl-W
@ Delete Delete
ﬁlmpon... Ctrl-|
S Export.. Ctrl-E
@ Local Search... Ctrl-F
Sort Folder
@ Update Folder F5
Restore
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Location

A0 2066H#TACCTTATSL
A7 2063H#TACCTTATSL
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o=
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Sequence Representation
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72208 I#TACCTTATSL

o= @ Alignments and Trees
General Sequence Anakyses
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Primers and Probes
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o [ RMA Structure
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o2
o [ Database Search

BLAST
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ARDESRABIK 2:
ABDESRABI 2:
ARDESRABIK 2:
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ABOESRABN:2:
ARDESRABIK 2:
ABOESRABN:2:
ABDESRABIN 2:
ABOESRABN:2:
ARDESRABIK 2:
ABOESRABXX 2:
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1
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1
1
1
(117452 2065 TACCTTAT L
1
1
1
1
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(16612 2068#TAGCTTAT/L
(16740 2062#TAGCTTAT/L
(1BE29 20694TAGCTTAT /1
(17295 2064#TAGCTTAT/L
(17382206 1#TAGCTTAT/L

(17483 206 7#TAGCTTAT/L
1754V 206EH#TAGCTTAT/L
(1B160:2068#TAGCTTAT/L
(19532 2064#TAGCTTAT/L
(19592 206 2#TAGCTTAT/L
119778 20624 TAGCTTAT /1
120267 2068#TAGCTTAT,/1
120503 20624 TAGCTTAT/1

Automatic | -

> Show column
Name
[] Accession
[] Description
[] Latin name
[] Modification Date
Length

Select All

Deselect All

Create Mew Sequence List
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show Bookmark: MNew Save Import NG5 Import Export Lraphics Print Undo Redo Cut Copy Paste Delete WoHispace Plug-ins Search

? CLC_Data

Ed testread |

Rows: 90,087

Sequence list testread

Filter: |

Diescription | Latin name

SE'Irim Sequences...

o [ Example Data
) % E% course110325
H= | Arcession
T @ Rrecvt £l Show BIEO. .
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.,eg Cut Ctrl-% @. General Sequence Analyses ¥
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t§ Update Folder =3 Fﬁﬂigh—Thruughput Sequencing ¢
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Q- [center sear @ Empty Recy 5324
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l's Mucleotide Analyses ABOESEARKM 2.1 168249
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o= sequencing Data Anahyses ABOESRABXM 2. 117382
o= L Primers and Prabes ASUEIRABN 21117452
o= %j Cloning and REestriction Sites AENESRAEWY 2-1- 17483,
o (@ RNAStructure ABDESRABX 21117547
& & Expression Analysis ABOESRABN2: 118160, .
& [&8 High-Throughout Secuencing ARMEAR AR 3 1-10ET T

= De Novo Assembly..

=% Map Reads to Reference...

@ Create Detailed Mapping Report..
=} Merge Mapping Results...

T2 SNP Detection...

T2 DIP Detection...

£X ChIP-Seq Analysis...
¥E RNA-Seq Analysis..
Eﬁ Expression Profiling by Tags »
E5 Small RNA Analysis »
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Rows: 99,987 Sequence list: testread Filter: |

g Del _
| 1. setect sequencing reacs |

Selected reads
2. Set parameters |

Input | Length | Typoe | Settings |
= testread Long Single Default

Long reads mapping parameters

Mismatch cust|

2
Insertion cust| 3
2

|‘Ib |‘I‘ |‘I'

Deletion cust|

Length fraction |0 %
Similarity (0.8

[ ] Global alignment

[] Color space alignment

Colorspace error cost E

‘ 4 Previous H = Next || +f Finish H ¥ cancel ‘

ABOESRARNN 21112532
ABOESRARNN 2:1:13552




1. Select sequencing reads
2. Set parameters

3. Set general assembly
options

Options

[ ] Add conflict annotations

Conflict resolution

) Unknown nucleotide ()

) Ambiguity nucleotides (R, ¥, etc)
@ Vote (A, C, G, T

Mon-specific matches
i® Random
i) lgnore

Contig length
Minimum contig length|200

| = Previous || = Next H

J Finish

|| xgancel |




g De Novo Assembly

1. Select sequencing reads _
2. S5et parameters
3. Set general assembly
options
4. Result handling Qutput options
) Create simple contig sequences fast
@ Map reads back to contigs (slow)
Update contigs based on mapped reads
Create summary report
Create list of un- mapped reads
Result handling
) Open
) Save
Log handling
Make log
? Y € Previous = Mext «f Finish ¥ cancel
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g CLC Genomics Workbench 4.5.1 - Evalvation (Current wo
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Show Bookmark Mew  Sove | Import WNGS Import | Export Do
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¢ E3 CLC_Data :
& [ Example Data

| &

i= testread

F= testread de nowvo assembly

fe = testread un-mapped reads
[®] testread summary report

o Fecycle bin (L)
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| ey fnf ,r'l TUITY |
1 | Tl:lﬁﬁ lfm :% h;ru‘;l‘:‘l‘e‘lejhl ‘Workspace

f‘_ —
Fit Width | 100% :

5~ De Novo Assem... O F=testread de n.. O

¢ £ CLC_Data

o 7 Example Data

9 2 coursel10325
i= testread

i= testread un-mapped reads
[ testread sumrmary report
o g Reryrie hin (1)

Rows: 1,193

Filter: |

o
| B[ =

Mame

| Length of consensus sEQUENCE

Q‘ |<enter cearch tarms

P =1 Alignments and Trees
General Sequence Analyses
Mucleotide Analyses
Frotein Anakyses

% Sequencing Data Anakyses
o Primers and Probes
o @ Zloning and Restriction Sites
o [dh RNA Structura
o & Expression Analysis
o [3p High-Throughput Sequencing
o (2 BLAST
o [ Database Search

-
-
-
-

testread contig 1

testread contig 2

testread cantig 3

testread contig 4

testread contig &

testread cantig &

testread contig 7

testread contig 8

testread contig 9

testread contig 10
testread contig 11
testread contig 12
testread cantig 12
testread contig 14
testread contig 1%
testread contig 16
testread contig 17
testread contig 18
testread contig 1%
testread contig 20
testread contig 21
testread contig 22
testread contig 23
testread contig 24
testread contig 2%
testread contig 26
testread contig 27
testread contig 28
testread contig 29
testread contig 30
testread contig 21
testread contig 32
testread contig 33
testread contig 34
testread contig 25
testread contig 36
testread contig 27

237
249
214
416

f——————————History PDF (pdf)

> Column width
| Murmber of reads | Awerage coverage | o ot
14 531
52 18.40|=|| * Show column
& 2.52 Name
44 921
15 5 75 Length of consel
175 26.64 [¥] Number of reads
70 1762
229 1753 [¥] Average coverag
(3] 21.71 Select

29 9,27

Deselect

Save In: |] csardas

3 blast
3 CLC_Data
3 CLCdatabases

File Name: |testread de nowo assembly zip

|
Files of Type: [Comma separated values (csy) J
Excel 2010 (xIs»)
Excel 97-2007 (xls) ]

[ »

FASTA (fa/.fsa/.fasta) -

SAM (sam)y =
Tab delimited text (ixn

[«]

Zip file ¢zip)

16 5 45
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? CLC_Data

o [ Example Data

& 5 coursel10325
i= testread
F= testread de nowo assembly
i= testread un-mapped reads
[E] testread summary report

-3

o @, Recyrle bin (1)

f= testread de n.. &

Rows: 1,193

Filter:|

Mame

| Length of consensus sequence |

Mumber of reads

Anerage Coverage

testread contig 1
testread contig 2
testread contig 3
testread contig 4
testread contig &
testread contig &
testread contig ¥
testread contig 8
testread contig &
testread contig 10
testread contig 11
testread contig 12
testread contig 13
testread contig 14

237
249
214
41¢
285
579
353
llse
272
272
419
268
BEY
550

5.2l
15.40
2.52
921
5.25
2664
17.62
17.58
2171
927
1152
7T
12.04
14.2¢6
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[ E= testread de n.. O]

Rows: 36 / 1,193

testread contig &
testread contig 28
testread contig 196
testread contig 198
testread contig 193
testread contig 200
testread contig 201
testread contig 203
testread contig 205
testread contig 2039
testread contig 210
testread contig 212
testread contig 21%
testread contig 218
testread contig 221
testread contig 222
testread contig 223
testread contig 226
testread contig 222
testread contig 241
testread contig 242
testread contig 245%
testread contig 257
testread contig 253

testread contiq 274

Filter: ) Match any i@ Match all =) .'
|Numherufreads |vH> |v||100 | -
|Length of COnsensus sequence |v| |> |v||1000 |

Apply ~
Length of consensus seguence Mumber of reads Awerage cowverage
1186 239 1758
1051 286 23.46
2EE2 7R2 2353
2149 3399 15 .88
1480 719 40 66
1268 673 44 .41
1404 16 772
1346 1044 59 E9
22032 672 26,18
1120 17a 13.74
1868 144 .65
1274 336 22.58
1391 122 742
1574 256 14.00
1178 130 12 26
le4e 337 16,82
1032 25 25 96
2228 450 1781
1021 1o4 B.B87
2536 585 20,27
1154 BN 28,23
1022 G99 5752
10325 280 22.33
1085 11=2 9.13
1065 220 18.745




Use “open contig” to create sequence list

%_1 || '|-.®1'?'51 *54'1 o1

Aant | Undo | Bedo | Cun Cepy | Pasie Delcie | Workspace | Plilg—ilis |

L1

ng)r? |

Selection | Zoom In| Zoom Out |

A

I_ =
DO
Fit Width | 100%

l/ E= testread de n.. ©)|

Filter: ) Match any ‘® Match all Elw - = 7=
|'||> |"| 1100 | * Column width
B — | v~

* Show column

Apply
Name

AwBrage coverage [ Length of consensus sequence

239 17.5812l ] Number of reads
286 23.46
255 52 53 [v] Average coverage
389 15.88 Select All
719 4066 |
5732 44 41| Deselect All
126 7.2
1044 5989
672 2618 |
175 12.74
144 GBS
336 22.559
122 742
256 14.00
130 15326
337 1&. 832
325 25.96
P 17.81 %]

= Open Mapping

‘ i= Open Contig |

Rows: 36 / 1,193
INumber of reads

|Length of consensus sequence

2 Marne |Length of consensus seque
“|ftestread contig & 1186
“|ltestread contig 28 1051
“|ltestread contig 196 2662
2||testread contig 198 21439

2| |testread contig 199 1480

2| Btestread contig 200 1268

2| testread contig 201 1404
2| |testread contig 203 1246
“|ltestread contig 205 2203
2|l testread contig 209 1120
A ftestread contig 210 1868
2|ltestread contig 212 1274
2| testread contig 215 1291
2||testread contig 2 18 1574
2||testread contig 221 1178
2| ltestread contig 222 1646
= || testread contig 223 1032
i||testread contig 226 2228

e e
E

EEFY

(,

1 row selected
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Q- |~:Enter search terms | P Files of Type: [Embl ¢emb/.embl -
........................................................................................................................................... : d ia 9 Excel 2010 (xlsx)
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NCEL.. O EH Multi BLAST ¢..
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¢ 3 CLC_Data

o [ Exarnple Data
¢ EZ course110325
i= testread
F= testread de novo assemblhy
[&] testread summary report
i= Contig sequences from testread de nowvo assernbly
@testread de nowo assembly report
ESeparate magpping statistics
(== Multi BLAST (36 sequences)
o [ temp
o 4} Recycle bin (2)

Rows: 43,433

Sequence list: testread un-mapped reads

Mame

Q- [<enter search terms |

b

ELAST at NCEI (Done)

& |100 % =2
Create Detailed Mapping Report (Done)
(& |100 % @

ASDEIRARNN 2
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ABOESRARKN: 2
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ABOESRARKN:
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CLETS42080#TAGCTTATSL
(14353 2080#TAGCTTATf1
ATO0 207 SHTACCTTAT/L
5285 20VEHTACCTTAT/L

(i LBIE2 207 IHTACCTTAT/L

ABOESRARNN: 2

ABOESRARN
AROFIRARYY 2

(EBE14207EHTACCTTAT/L
LSle0 207 OH#TAGCTTATfL
(9194207 SFTACCTTAT/L
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= wsureau ue .. o 5 Lunuy seyuen... v =] tesureau ue .. v 5 Separate mapp... v =) wesureau ve .. v
1 Summary mapping report B o 7'_3

~ Table of Contents

1.1 Summary statistics = .
~ 1 Summary mapping report

Count Average length Total bases 1.1 Summary statistics
Reads 99,987 86.44 8,642,383 1.2 General algorithm parameters
Matched 56,554 85.95 4,860,847
X p
Not matched 43,433 87.07 3,781,536 1.3 Reads parameters
Contigs 1,193 366 437,539 1.4 Quality measurement

1.5 Distribution of read length

1.2 General algorithm parameters 1.6 Distribution of matched read length

Parameter Value 1.7 Distribution of non- matched read lenqth
Conflict resolution Vote (A,C, G, T)
MNon specific matches random » Text format

1.3 Reads parameters

Reads Length Type Parameters
testread Long Single Default

1.4 Quality measurement

Length
N75 258
N50 357
N25 670
1.5 Distribution of read length
Length Count Percentage Cumulative Percentage
1 9 0.0% 0.0%
2 2 0.0% 0.0%
7 1 0.0% 0.0%
9 1 0.0% 0.0% =
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1 Summary

Contig count

1,193

Type

De novo assembly

Total read count 56,554
Mean read length 85.95
Total read length 4,860,847
Mean contig length 366
Total contig length 437,539
GC contents in % 44.49
2 Contig sequences
2.1 Contigs

Contig set | Contig count| Min contig | Max contig | Mean contig | Standard | Total contig % GC

length length length deviation length

N25 contigs 105 670 2,662 1,045.89 407.73 109,818 46.60
N50 contigs 338 357 2,662 647.72 357.68 218,931 45.64
N75 contigs 704 258 2,662 466.36 303.69 328,315 45.08
All contigs 1,193 91 2,662 366.76 262.42 437,539 44.49
Long contigs 0
(>10,000bp)
Short contigs 29 91 200 184.34 22.62 5,346 41.51
(<200bp)

2.2 Contig length distribution

Contig length distribution
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Show EBookmark MNew  Save | Import NG5 Import Export Graphics Fant | Uade | Bedo Cob Copy Paste Delete Workspace Flug-ins | 3earch

{avigatia : | E=testread de n... O[ i= testread un-m... O E5 testread un-m... O[ [H] testread
b R T W | E=testread de n.. ©[ E= Contig sequen.. O [®]testread de n.. O B Separau
¢ £3 CLC_Data 2
o Example Data Rows: 1,193 Individual contigs Filter:|
=3) % B3 coursell0z2z25
T o o I 1
I E= testread de nowo assembly Contig Reference ...|Mapped r.. [Forward re.. [Reversed r.. Non-speci... |Non-
Fe i= testread un-mapped reads testread contig 1 237 14 12 2 0
| Etestread summany repor dffrestread contig 2 249 G2 33 149 0
i= Contig sequences from testread de nowo assembly §§ testread contig 2 214 £ 2 4 0]
Etestread de nowa assembly repart “||testread cantig 4 416 44 26 1s 0
B testread contig 5 285 19 14 5 0
== Multi BLAST (36 sequences) testread contig & 579 175 94 g1 0
= temp testread contig 7 353 FO 432 27 y]
o Gk Recyrle bin (2) testread contig 8 1186 239 118 121 0
testread contig = 272 eE Y 1) 0
testread contig 10 272 29 13 16 0
testread contig 11 414 58 30 28 0]
testread contig 12 2EH 25 18 7 0]
testread contig 13 BET a4 44 43 0]
testread contig 14 550 B9 34 55 0]
testread contig 15 215 4 2 2 0
testread contig 1e S0l 120 el 54 0]
testread contig 17 207 28 20 2] 0
Qr |<enter search terms o testread contig 18 470 148 7B 7 ]
testread contig 15 207 £ 1 & 0]
testread contig 20 220 25 B 17 0]
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BLAST at NCEI Done) testread contig 22 582 42 17 25 0
F 3 1100 % (=) || | |testread contig 232 242 12 8 5 0
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H= |100 % =) testread contig 29 274 14 B 3] 0
testread contig 20 BT 10 4 & 0]
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{avigatia : | E=testread de n... O[ i= testread un-m... O E5 testread un-m... O[ [H] testread
b R T W | E=testread de n.. ©[ E= Contig sequen.. O [®]testread de n.. O B Separau

¢ 3 CLC_Data :

- Example Data §§ Rows: 36 Filter:|

=3) % B3 coursell0z2z25
E:: testread ............................................................................................................................................................................................................................................................................
b F= testread de nowo assembly : Cuery | Murnber of hits | Lowest E-walue |Description E-...[Greatest identit.. |D
e i testread un-mapped reads “|frestread contig 8 10 .00 fypothetical p.. 10000 k
| Etestread summany repor §§ testread contig 28 158 5.E63E-173 Myb-like DMNA. . 10000 M
i= Contig sequences from testread de nowo assembly §§ testread contig 196 101 0,00 Pyridine nucle. .. 10000 P
Etestread de nowo assembly report §§ testread contig 198 143 0.00 alpha-actinin ... 10000 a
ESEparate mapping statistics §§ testread contig 1949 100 0,00 Clan MH, fami... 10000 ¢
= “|ftestread contig 200 100 Q.00 alcohol dehd. 100,00 a
- termp §§ testread contig 201 74 000 hnypothetical ... 100.00 h
o ﬁ Feoytle bin (23 §§ testread contig 203 100 Q.00 elongation fac. .. 100.00 g
AMtestread cantig 205 171 000 hnypothetical ... 9600 h
testread contig 209 100 Q.00 Alanine dehwd. . Q900 A
testread contig 210 1432 2. 23E-13 hypothetical ... FE00 R
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testread contig 215 101 Q.00 Clathrin and %, .. 100,00
testread contig 218 100 0,00 Phosphogluco. .. 100.00 F
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testread contig 242 100 0,00 FecMame: Full... 99,00 R
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Open Contig (Done) testread contig 742 100 Q.00 enolase 3 [Tri... 100.00 g
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