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lllumina GA2 high-throughput sequencing

Current performance:

10 to 20 million reads per lane
8 lanes per chip

single read - 85 to 125 nt
paired reads - 125 <-> 41+

80 to 160 million reads per slide

Conservative calculations: 100 M reads X 100 ntlengt h =10 Gb per run
( lumina aiming at 90+ Gb per run - 10 Gb per lane - by the end of 2009 )

Computational Facilities at the UCD Genome Center
Storage arrays - 48 Th HD space

Computational servers with up to 128 and 512 Gbof R AM
Computational clusters with 100+ nodes



lllumina sequencing dataflow

rsync/sftp

lllumina raw reads .
file transfer

on sequencing machine

QC and filtering for
high QUV

input files for downstream
assembly and analysis

processed reads on
file server (storage array)

assembly using
CLC and/or Velvet

.....

0000000

de novo assembled contigs

analysis and annotation
of assemblies

data distribution via
sftp or web servers



PI’OjECt Goals lettuce transcriptome seguencing

lettuce gene space sequencing

lettuce whole genome sequencing (~3 Mb)

Current Sequencing Scale Estimate

Cover and sequence transcriptome - 4 to 6 lanes suffic  ient
(1 lane by end of 2009 ?)

Gene space - 3 to 6 chips currently required
( 0.5 chip - 4 lanes - by end of 2009 ?)
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ILLUMINA Filtering Options for HQ reads

To remove the least reliable data from the analysis, the raw data can be filtered to
remove any clusters that have “too much” intensity corresponding to bases other than
the called base. By default, the purity of the signal from each cluster is examined over
the first 25 cycles and chastity is calculated for each cycle:

chastity = Highest_Intensity / (Highest_Intensity + N ext_Highest_Intensity)

Chastity:
the ratio of the brightest intensity over the sum of the brightest and second brightest intensities

Filtering Options:
failed-chastity: the number of bases where the chastity is lower than the given threshold (1)
chastity: the minimum chastity (0.6)
purity: the minimum purity (25)

By default, the pipeline filters the clusters accor ding to the relation "failed-chastity<=1",

using a chastity threshold of 0.6, on the first 25 cycles. This removes all clusters with a
chastity less than 0.6 on two or more bases amongt  he first 25 bases.

--snt-filter failed-chastity --snt-relation e (less or equal)
--snt-threshold 1 --chastity-threshold 0.6
- - pur e- bases 25

[ The new default filtering implemented in Bustard is that at most one cycle is less than the chastity threshold ]



chastity = Highest_Intensity / (Highest_Intensity + N

ext_Highest_Intensity)
simple_ratio = Next_Highest_Intensity / Highest_Inten

guality categories for simple ratio:

400] pale] 200 100 A [ 0.0 <Q<= 0.2 ]
B- [02<Q<=04]
- C [ 0.4 <Q<= 0.6 ]
— . D [ 0.6 <Q<= 0.8 ]
A c @ T F [ 0.8 <Q<=1.0]
ey 1 1000 1000 1000 1000 1000 1000 1000
'”f_?jy 100 200 300 400 600 800 900
ATy 0.91 0.83 0.77 0.71 0.63 0.56 0.53
chastity : : : : : ' '
(1.0-ratio) | 0.90 0.80 0.70 0.60 0.40 0.20 0.10
ratio 0.1 0.2 0.3 0.4 0.6 0.8 0.9
quality
el A0 | A0 | B@ | B® | ce® | DO | F®




http://www.illumina.com/pagesnrn.iimn?ID=343 ILLUMINA Quality scores
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15ds El Quality Scoring {dick to expand)

qs E gt. what kind of quality scoring scheme doas Ilumina use?

ublications A1. Since Pipeline release 1.3, the quality scoring scheme is the Phred scoring scheme,
roduct documentation usually en-coded as an ASCII character by adding 64 to the Phred value.

alning A Phred score of a base is

1are my desktop " - oon
: : Qphred =-10 logiofe)
arranty information
whiere e is the estimated probability of a base being wrong. If a base is estimated to

p login have a 1% chance of being wrong, it gets & Phred score of 20, Phred score=320
rdering and contact corresponds to 0.1% esti-mated error, 40 to 0.01%, and so on.
iformation

J The base scores produced by the base caller use 3 4-values-per-base scheme which
alsc en-ctodes information on the next most likely base call.

int this page

:nd feedback on this page

Ve 3 Tep contact me

e Bl sovaeni The base scores produced by the base caller use
‘a 4-values-per-base scheme which also en-codes

Writing Resources

B SoRTe g e ~ information on the next most likely base call.
Important point: the highest old Illuminz base score and the Phred score are

asymptotically identical. This means that for scores of about 15 and above they
are =o close as to be effectively the same

A | »

| Done v

A quality value Q is an integer mapping of p,

the probability of the corresponding http://en.wikipedia.org/wiki/Phred quality score
sequence letter being incorrect.

It is calculated as follows: Qphred = —10 lﬂgm P




Binary

100 0010
100 0011
100 0100
100 0101
100 0110
100 0111
100 1000
100 1001
100 1010
100 1011
100 1100
100 1101
100 1110
100 1111
101 0000
101 0001
101 0010
101 0011
101 0100
101 0101
101 0110
101 0111
101 1000
101 1001
101 1010
101 1011
101 1100
101 1101
101 1110
101 1111
110 0000
110 0001
110 0010

Oct

102
103
104
105
106
107
110
111
112
113
114
115
116
117
120
121
122
123
124
125
126
127
130
131
132
133
134
135
136
137
140
141
142

http://en.wikipedia.org/wiki/FASTO format

A quality value Q is an integer mapping of p,

| the probability of the corresponding

sequence letter being incorrect.
It is calculated as follows:

Qphred = —10 log o p
low quality

| -10*log, (0.5) = -10*(-0.3) =3

-10%l0g, (0.1) = -10* (-1) = 10

medium quality
-10*IoglO(O.Ol) = -10*(-2) =20

http://en.wikipedia.org/wiki/ASCII

Quality String - in symbolic ASCII format
(ASCII chracter code = quality value + 64)

high quality

| -10*log, (0.001) = -10*(-3) = 30

Dec Hex Glyph

66 42 B 2
67 43 C 3
68 44 D

69 45 E

70 46 F

. 47 G

72 48 H

73 49 |

74 AA J 10
75 4B K

76 4C |

v 4D M

78 4E N

79 4F o)

80 50 P

81 51 Q

82 52 R

83 53 S

84 54 T 20 ||
85 55 U

86 56 Y

87 57 w

88 58 X

89 59 Y

90 5A z

91 5B [

92 5C \

93 5D ]

94 5E A 30
95 5F -

96 60 ‘

97 61 a

98 62 b

lllumina 1.3+ format can encode a Phred
quality score from 0O to 62 using ASCII 64 to
126 (although in raw read data Phred scores
from O to 40 only are expected).



The main output files in Bustard are the * gseq file  s. They have the following format:

1. Machine name: (hopefully) unique identifier of t he sequencer.

2. Run number: (hopefully) unique number to identif y the run on the sequencer.
3. Lane number: positive integer (currently 1-8).

4. Tile number: positive integer.

. X coordinate of the spet. Integer (can be neg ative).

~Y: y coordinate of the spot. Integer (can be neg ative).

7. Index: positive integer.\No indexing should have a value of 1.

8. Read Number: 1 for singie reads; 1 or 2 for pair ed ends.

9. Sequence

_—_—_—_—_——C" qseq f||e e e, s~ —————————— —_——
[}
C .

SOLEXA190707 2 ¥ 6 m

TGTCAACAGAAAATTCAGAAATAGABCTTAAA AGATTGTATTCCATTCGCATCG

ab_bbbb] M'T aab\a'\balJaaaaaa a]S]a'aaa aXaaa] aa a CAWAQTIMAMNMYAMIITT

SOLEXA1 90707 2 1 6 333 0 1

ATTCTTGATTGCCAAACGTTGATGSTGCCCAATTTTAGCGGGTGGTAAAGAATTTGGGGTCGCGGEIGGAGACT

aaaabaaQM'Y__ " JM "Y' Rla QYPIRTSGG]* \ZGXR _XDTNWUBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

FASTA file:
>90707:SOLEXA1:2:1:6:88#0/1 891 LEN: 85
TGTCAACAGAAAATTCAGAAATAGCTGACTTAAATCCTTTAGATTERNTTKISCATCGGCTAATTCAGAAATTTTATCTAG

FASTQ file:

@90707:SOLEXA1:2:1:6:88#0/1
TGTCAACAGAAAATTCAGAAATAGCTGACTTAAATCCTTTAGATTEIATIKESCATCGGCTAATTCAGAAATTTTATCTAG
+90707:SOLEXA1:2:1:6:88#0/1

ab_bbbb] N T aab\a'\balJaaaaaa a]S]a'aaa aXaaa] a'a a CAWAQIMMITTAY MV Y OX
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http://code.google.com/p/atgc-illumina/

") atgc-illumina - Project Hosting on Google Code - Mozilla Firefox s IEIIEI

File Edit View History Bookmarks Tools Help

6.- - C X & |-'_"|http:chde.gnngle.cnmfpfatgc-iIIurninafsnurce;‘hruwsef#srunftrunk T I'?.'v
J *§ atgc-illumina - Project Hosting ... | -

= .-""\_
Google o I@I )
e s 2

akozik@gmail.com | My favorites |+ | | Profile | Sign out 2]

@ atgc-illumina | S|
%_— Iools to process and manipulate (lumina sequences
Project Home Downloads Wiki Issues Source Administer
Checkout | Browse | Changes || Search Trunkll Request code review
Source path: swn/ <7 T8
Directories Filename Size Rev Date Author
R tcl_illupa_rectificator_2009 05 13 Beta 10 tcl 100KB B Jun10, 2009 akozik
e tml:k tcl_solexa_gseq_parser 2009 07 16_Beta tcl 25KB 18 Jul 16, 2009  akozik
wiki
tcl_sclexa_sig? base caller 2009 05 14 Beta tcl 126 KB r5  Jun 09, 2009  akezik
tcl_solexa sig? base caller 2009 06 10 Beta tcl 127 KB 7 Jul 15, 2008 akozik
Z
7 =

B

L / / /

/ /si92 basecalling / filtering ( obsolete ?)

gseq parser - it takes into account IGA quality score S

illupa rectificator - to transform raw intensities in vertical format into linear sig2 like order




gseq filtering approach summary:

gseq parser analyzes data from gseq files filtering criteria ‘1’

N

SOLEXA190707 8 120 6 1512 O 1
AAAAACAGATGCTACTTACTTTACTACCATATTTCCCAAAACAAAGKIAGIPAGAACATGACGO AACATTCTCATGA
a'aab_Z V__aXaa\[aa a'[ab'aataa_a]SXZZ] UXXS_Y __ MSAMYASAGUINT DI DLISSZYPWUI[[V]
N J

Y

seqguence after first failed call is removed

>90707:SOLEXA1:8:120:6:1512#0/1 691 LEN: 68
AAAAACAGATGCTACTTACTTTACTACCATATTTCCCAAAACAAAGKIAGIPAGAACATGACGC

future plans - to analyze string of quality scores r egardless of IGA default filtering criteria



#!/usr/bin/tcl

gseq parser output example - *.trim.fa file proc Process_Qseq {argv} {

# set length_cut 60
length_cut 40

bash-2.03$ tclsh8.3 tcl_solexa_gseq_parser_2009_07_ 16_Beta.tcl setf inl [open [lindex $argv 0] "r']
Program usage: setf out [open [lindex $argv 1]"w"]
gseq_file_to_process, output_file, tag_length, read _length _

bash-2.03% settag_| [lindex $argv 2]

setr_len [lindex $argv 3]

Wt hout Tag:
>90707:SOLEXA1:8:120:6:1333#0/1 692 LEN: 68
GAATTCCTTCGCACATCATCATAAACCTCGGTTCCTCCATTTGTCRAAARGGGGAATTTTTG

>90707:SOLEXA1:8:120:6:1245#0/1 693 LEN: 68
GGGTGAATGTAAAGGAATATGAGGCTCTTCGACCTGACAAGCTTAUEGAGGCGAACAGAAT

>90707:SOLEXA1:8:120:6:236#0/1 694 LEN: 85
CGGCGATCTGATTCCGATGAGCAGTCAACCGCAAGCTCCACAGATREEIABTTACGGCTGGCGCAGGCGGAACCAAA

>90707:SOLEXA1:8:120:6:98#0/1 696 LEN: 85
ATCAGCTTTCCATGTAGCATAATAGTAACGCTGCCTAAGAAGTTGCRABTTGTCTAGAGAAACTGGCTGAGAGCCTGGA

Wth Tag (bar code):
>PEFC42D7CAAXX:SOLEXA1:2:1:6:980#0/1 [ADPT: _ GCTACAT] 404 LEN: 54
ATAATAAAATACTTCATATCTATGTGTAAGATTAAAGGGACCATGAXIITCA

>PEFC42D7CAAXX:SOLEXA1:2:1:6:509#0/1 [ADPT: _ GCATAGT] 405 LEN:54
CATCATCTTGATCTTTTGCTCCACTTGGCCCTGCTCCATCATCTTGLEGAT

>PEFC42D7CAAXX:SOLEXA1:2:1:6:1127#0/1 [ADPT: _ ACTAGCT] 408 LEN:54
TCCCTCCTTTAAAACACCCCAAATTGCAATTTAACAATACTTGAGARHITTG



sig2 file example

Q QO . . .

5 = calibrated intensity scores per channel

= A=

o ©

L] S - - -
Q © 5 5 1-st cycle 2-nd cycle 3-d cycle
© = O O

X >

A C G T A C G T A C G T
8 120 5 1105 -249 44 523 315 248 79 25 443 -146 -138 146 535
8 120 5 942 -103 164 486 26 -25 598 -59 -34 -77 564 18 43
8 120 5 1392 -67 97 501 1 -101 234 -40 154 -128-101 306 238
8 120 5 1114 658 62 61 52 711 165 43 -46 646 13 -1 101
8 120 5 1409 -124 424 2271 -82 548 -92 -19  -99 210 25 98 26
8 120 5 327 -18 _ -69 485 -24 -39 355 -31  -72 -173 450 -14 -3
8 120 5 1017 -149 587 144 15 -259 14 _ -12 697 -67 472 1161
8 120 5 413 476 -23 -44 40 -97 88 17 429 95 56 -53 493
g 1p 5. 4n3 4G 661 B g7 6l G5 003l gy oo 344 130
A A A

C A G




sig2 filtering approach summary:

sig2 basecaller analyzes calibrated peak intensities per channel

>SBO8_8 120 6 1512 | LINE: 692 [FAIL: 69] :: LONG__Q: 24 :: CLEAN_LENGTH: 44
[ABCD_Q:56 F_QUAL:29] [ Q_FRACT:66 ]
AAAAACAGATGCTACTTACTTTACTACCATATTTCCCAAAKDMACNAACAGNANNANANNNCNC*N*NNAnNnnnnNNnnN

N _/
V

low quality sequence after first failed call is rem oved

>SBO8 8 120 6_1512 | LINE: 692 [LENGTH: 44] ( __GC___:13/44)
[ABCD_Q:44 F_QUAL:0] [ Q_FRACT:100]
AAAAACAGATGCTACTTACTTTACTACCATATTTCCCAAAACAA

future plans - to find correlation between IGA quali ty scores and peak intensities

AAAAACAGATGCTACTTACTTTACTACCATATTTCCCAAAKMICNAACAGNANNANANNNCNC*N*NNnnNnnnnNNnnN
a'‘aab_Z V__aXaa\[aa "a[ab'aa™aa_a]SXZZ]'UXXS_Y" _ MSMYNSAGUINTDIDL]SSZYPWU[[VI



sig2 basecall / filtering

) tcl_solexa_sig2_base_caller_2009 06_10_ Beta.tcl - atgc-illumina - Project Hosting on Google Code - Mozilla - | Ellil

File Edit View History Bookmarks Tools Help

é ~ C X @ I'.-'l|htt|:|:ffcnde.gnclgIe.cnm;‘pfatgc-illuminafsnurcefhrnwse,-’trun T I'_-'l*|G|:u:|qIE 2L ~

J *3 td_ﬂO‘EKE_S'Ig?__hase_caler_iu...l - | F

akozik@gmail.com | My favorites| v | | Profile | Sign out =

ﬂtgﬂ-lllum Ina | Search projects |
fools fo process and manipulate lllumina sequences
Project Home Downloads Wiki Issues Source Administer
Checkout | Browse | Changes || Search Trunk | | Beguest code review
Source path: swn/ trunk/tcl solexa sig2 base caller 2009 06 10 Beta.tcl <ré rT
Show details
. \ . .. _
| Fr/men s critical parameters
3

proc 5ig2_Table {argv] |

###4 FARLMETERS ##d#

i get upper_cut 180 ; # DONT CALL IF MARXY WALUE BELOW THIS CUIOEF
7 get upper dif &0 ; # ACCEFTRELE DIFF BETWEEN VALUES

. get good diff 100 ; # GOOD DIFF BETWEEN VALUES

9 et quelity upper cut 1000 ; # QUALITY IN CAFITAL LETTERS AROVE THIS VALUE

10 get guality len cut 20 ; # CUIOFF LENGTH OF ARCCEFTABLE QUALITY 3CORES

00D DM LENGTH CUTCEF

UPEER GC CONIENT CUTOFF

LOWER GC CONIENT CUTOEF

HUMEBEE. OF SEQUENCES IN DEBUG FILE

COLUMN NUMBER WITH FIRST VALUES - QUADRO 3ET - COUNT FROM ZERO

1 set good length 24 ;
set gc_upper 0.8 ;
get gc_lower 0.2 ;
3et max reads debug 10000 ;
get sigZ_wal start 4 ;
$# END OF FRERM #3

e | o
A

|Done

[
LELI U I

o=

sHe e s sHe sl

1 ohn N




example of basecalling and filtering for sig2 files

A C G T - diff ratio qlﬂ
>SBO8_8 120 5 1105 COUNT: 636 basecall
1: A:-249 C:44 G523 T:315 GOOD BASE_CALL:-> G FIRST_FAIL: -- MAX_DIFF: 208 RATIO: 060 QUAL:d
2: A:-248 C:79 G:25 T:443 GOOD BASE_CALL:->T| FIRST_FAIL: -- MAX_DIFF: 364 RATIO: 0.17 QUAL: a
3: A:-146 C:-138 G:146 T:535 GOOD BAS E _CALL:->TT FIRST_FAIL: -- MAX_DIFF: 389 RATIO: |0 .27 QUAL: b
4. A:-15 C:-177 G:159 T:372 GOOD BAS E _CALL:->TT FRST_FAIL: -- MAX_ DIFF: 213 RATIO: |0 42 QUAL: c
5: A:-241 C:-77 G:79 T:667 GOOD BAS E _CALL:->TT FIRST_FAIL: -- MAX_DIFF: 588 RATIO: |0 11 QUAL: a
6: A2 C:-25 G:-10 T:558 GOOD BAS E _CALL:->TT FIRST_FAIL: -- MAX_ DIFF: 556 RATIO: |0 .00 QUAL: a
7: A:-54 C:-72 G:-1 T:561 GOOD BAS E _CALL:->TT FRST_FAIL: -- MAX_ DIFF: 562 RATIO: {0 .00 QUAL: a
8: A:281 C:349 G:-13 T:-55 GOOD BASE_CALL:->c FIRST_FAIL: --  MAX _DIFF: 68 RATIO: 0.81 RQUAL:f
9: A:-67 C:-138 G:359 T:226 GOOD BAS E _CALL:-> (G HRIRST_FAIL: -- MAX DIFF: 133 RATIO:|0 .62 QUAL: d
10: A:-160 C:-58 G:123 T:440 GOOD BAS E _CALL:->TT FIRST_FAIL: -- MAX DIFF: 317 RATIO: |0 .27 QUAL: b
11: A:-260 C:-21 G:6 T:668 GOOD BAS E _CALL:->TT FIRST_FAIL: -- MAX_DIFF: 662 RATIO: |0 .00 QUAL: a
12: A:-17 C:-55 G:-31 T:613 GOOD BAS E _CALL:->TT FRST_FAIL: -- MAX_ DIFF: 630 RATIO: {0 .02 QUAL: a
13:  A:250 C:306 G:-35 T:-5 HOPE BASE_CALL:->x FIRST]FAJL: --  MAX_DIFF: 56 RATIO: 0.81 RUAL:f
14: A:176 C:-13 G:-23 T:317 GOOD BAS E _CALL:->TT FIRST_FAIL: -- MAX DIFF: 141 RATIO: |0 .55 QUAL: c
15 A:318 C:7 G:32 T:17 GOOD BAS E _CALL:-> A HRST_FAIL: -- MAX_DIFF: 286 RATIO: |0 .10 QUAL: a
16: A:194 C:303 G:69 T:-20 GOOD BAS E _CALL:->C HIRST_FAIL: -- MAX DIFF: 109 RATIO: |0 .64 QUAL: d
17 A:-86 C:13 G:-56 T:461 GOOD BAS E _CALL:->TT FIRST_FAIL: -- MAX_DIFF: 448 RATIO: |0 .02 QUAL: a
18: A:353 C:-84 G:0 T:157 GOOD BAS E _CALL:-> A HRST_FAIL: -- MAX_DIFF: 196 RATIO: |0 44 QUAL: c
19: A:327 C:171 G:-19 T:54 GOOD BAS E _CALL:-> A HRST_FAIL: -- MAX_DIFF: 156 RATIO: |0 .52 QUAL: c
20: A:149 C:-8 G:-18 T:288 GOOD BAS E _CALL:->TT FIRST_FAIL: -- MAX_ DIFF: 139 RATIO: |0 .51 QUAL: c
21: A:334 C:44 G:46 T:12 GOOD BAS E _CALL:-> A HRST_FAIL: -- MAX_DIFF: 288 RATIO: |0 .13 QUAL: a
22:  A:173 C:62 G:-11 T:218 HOPE BASE_CALL:-> x|FIRST_FAIL: -- MAX_DIFF: 45 RATIO: 079 QUAL: d
23: A:130 C:-238 G:14 T:509 GOOD BAS E _CALL:->TT FIRST_FAIL: -- MAX_DIFF: 379 RATIO: |0 .25 QUAL: b
24: A:89 C:80 G:-50 T:324 GOOD BAS E _CALL:->TT FIRST_FAIL: -- MAX_DIFF: 235 RATIO: |0 .27 QUAL: b
25 A:-63 C:-70 G:361 T:74 GOOD BAS E _CALL:-> (G HRIRST_FAIL: -- MAX _DIFF: 287 RATIO:|0 .20 QUAL: b
26: A41 C:-6 G:27 T:186 GOOD BAS E _CALL:->TT FIRST_FAIL: -- MAX DIFF: 145 RATIO: |0 .22 QUAL: b
27 A86 C:36 G:-27 T:306 GOOD BAS E _CALL:->TT FIRST_FAIL: -- MAX_DIFF: 220 RATIO: |0 .28 QUAL: b
28: A:-34 C:40 G:-11 T:346 GOOD BAS E _CALL:->TT FIRST_FAIL: -- MAX_DIFF: 306 RATIO: |0 11 QUAL: a
29: A:-147 C:80 G:-5 T:380 GOOD BAS E _CALL:->TT FIRST_FAIL: -- MAX_DIFF: 300 RATIO: |0 .21 QUAL: b
30: A:-101 C:-94 G:389 T:260 GOOD BAS E _CALL:-> (G HRIRST_FAIL: -- MAX _DIFF: 129 RATIO:|0 .66 QUAL: d
31: A0 CO GO T:0 CRAP BAS E CALL:->f FIRST FAIL: 31 MAX DIFF: 0 RATIO: XXX QUAL: x
59: A:74 C:54 G:115 T:83 NONE BASE_CALL:-> n| FIRST_FAIL: 31 MAX_DIFF: 32 RATIO: 0.2 QUAL: x
60: A:173 C:-104 G:66 T:38 NONE BASE_CALL:->N FIRST|_FAIL: 31 MAX _DIFF: 107 RATIO: 0.3 QUAL]x
>SBO8 8 120 5 1105 | LINE: 636 [FAIL: 31] :: SHORT_Q 22
CLEAN_LENGTH: 12 [ABCD_Q:56 F_QUAL:29] [Q_FRA CT:66] asta output

GTTTTTTcGTTTXTACTAATAXTTGTTTTG*A*AGTGXgCCTCCCTXT@WA TCTTnN*GA*Gnn**t*G**nn**nNNn*nnn



sig2 basecalling and filtering - example of *.good.tr im.fasta output file

>SBOB 8 120 65 1105 | LINE 9728 [ LENGTH 44 ] ( __ _GC___: 20/44)
[ ABCD Q44 F QUAL:0 ] [ Q FRACT: 100 ]
AACAAATGTCTCGAAT CTTAACCGCACATCAAGCT GCAAGAGSG

>SBOB 8 120 65 1326 | LINE 9734 [ LENGTH 46 ] ( __ GC___: 20/46)
[ ABCD Q46 F QUAL:0 ] [ Q FRACT: 100 ]
AGAACAAGGAGGAT TATGCCAAGT TCTACGAGGCT TTCTCCAAGAA

>SBOB 8 120 88 573 | LINE 13230 [ LENGTH 83 ] ( _ GC__: 22/83)
[ ABCD Q83 F QUAL:0 ] [ QFRACT: 100 ]
CGAGAATATATATGAACAAGAGT TAGAACAAAAAGAAAGGAT GAAAAT GAAAT CATACAAAATTCTGAATCATTTCTCTAACT

>SBOB 8 120 88 899 | LINE 13235 [ LENGTH 63 ] ( _ GC__: 17/63)
[ ABCD Q63 F QUAL:0] [ Q FRACT: 100 ]
CTCATAAGTAATTCAAAGCTTTTTCAAACT TCATTaCAAATAATTAACGT TTCATTTCCATGG

GC% content info

>SBOB 8 120 166 1586 | LINE: 25397 [ LENGTH. 48 ] ( LOAER GC. 6/48 )
[ ABCD Q48 F QUAL:0 ] [ Q FRACT: 100 ]
ATTCTGITCACTAATGGTTTATTTaTTTATTTATTTTTTTTTTTATAA

>SBO8 8 120 170 1139 | LINE 26020 [ LENGTH 30 ] ( UPPER GC. 24/30 )

[ ABCD Q30 F QUAL:0 ] [ Q FRACT: 100 ]

CGT CGATCCCCACCACGCCCGRCT COGCCG
grep-able fasta header



sig2 basecalling and filtering of reads with adapter

@SBN4_4 24 177 1635 _ TCGTAT : 21
TTCAAGGATAACTTTTGCATAGTAT
+

HITTOONIONS9911190919

@SBN4_4 24 178 1771 _ TCGTAT : 19

- example of *.good.trim.fastq

### TRIMMING WITH ADAPTER OPTIONS ###
set number_of runs $cycle_last

### set trimming_with_adapter "FALSE"

set trimming_with_adapter "TRUE"

set adapter_seqs " TCGTAT

set adapter_status " NOT_FOUND_"

TCCCAAATGTAGACAAAGIS TAGCCGTCTTCT ### END OF TRIMMING WITH ADAPTER ###

+ /
HTT1991511111959591195115991199 _ o
comment / uncomment options within source code

@SBN4 4 24 179 1454 NOT FOUND_:-1
AAATGAACTCAGCCGTAACGCGATTC

+ - 40(73)9- 24(57)5- 20(53)0- 15(48)# 2(35)
HHSITTIO9ISI199510I19l1 —

Phred pseudo-quality scores ( ASCII - 33)

@SBN4_4 24 181 1684 NOT_FOUND_:-1
AGTGGTCATGAGAAGAAAGATTGCT

+

19119111151511511911951 grep-able fasta header:

@SBN4_4 24 182 1666 _ TCGTAT :23 grep -A1l" _TCGTAT_”

GGGTGAGGGAGATAGATGGATTA AT

+ [ to extract all segs with tag ]
99919115919111911951199195919

grep -A1“ TCGTAT :21’
@SBN4_4 24 183 1747 _ TCGTAT : 24

AAGAGGGAAAAGGGCTATTAAGTATAT _
+ [ to extract seqs with tag at pos 21 ]

HOIOHTTTIOG99911TNISIIIOSIIY




illupa rectificator - re-format position, intensity, n

oise raw files into linear form

POS int nse
-0.50 339.55 -25.0-104.9 43.2 163.0 31 57 26 33
-0.47 29.30 6.2 28.5-145.9 502.6 30 58 28 55
-0.43 364.48 -12.1 -16.1 -77.0 368.6 30 58 28 55
-0.37 653.60 2.9 139 12.9 522.6 30 58 28 55
-0.37 956.44 7.8 21.2 131.9 215.9 34 63 3.0 3.4
1.2 9.3 233.4 3429 34 63 30 34
1793.15 1684.18 2.2 -43 -9.6 490.6 28 51 25 53
1793.15 1756.25 3.6 124 5.1 2633 28 51 25 53
1793.15 1790.75 1.8 7.4 20 822 28 51 25 53
1793.15 1850.09 2.9 -23.6 4.8 451.0 32 57 25 4.4
1793.15 1911.18 6.1 19.9 -2.5 511.6 32 57 25 4.4
1793.15 1955.35 5.8 14.7 60.9 140.3 26 52 24 38
1793.15 1982.12 0.8 10.2 -33.7 39.9 26 52 24 38
1793.18 298.99 151.3 584.0 -199.8 -74.3 32 6.4 28 4.0
1793.46 1776.56 188.4 623.9 0.0 -49.1 28 51 0.0 5.3
X % #END CYCLE 1 #END CYCLE 1
cycle 1 cycle 2 cycle 3 cycle 4
line tile X Y ACGT ACGT ACGT ACGT
3 0012 108.61 1169.14 -102022630 92 1894479 1325756411 182539 2 20
3 0012 108.63 1586.81 57068519 43 37 770 545 38 45540394 770529 -7 15
3 0012 108.67 1305.63 127503214 11 104 19 670 37 57 703 442 121 13 766 462
3 0012 108.72 1600.48 -98-105 6 609 -56 528 -32 -18 676 489 -15 -32 651 407 -57 16
3 0012 108.75 1644.07 165582224 39 5420 620 208 657 5-13 868574 4 -18
3 0012 108.75 1357.78 191665125 92 621639 182683424 6725031321
3 0012 108.76 1894.18 -26 -9 445540 12 12 543354 794580417 46445255
3 0012 108.78 1694.68 175611-71 -16 2918569 187 633-39 271581 -16
3 0012 108.82 1556.78 893519 -418 182 54543 1517 614 343 5553748 12
3 0012 108.83 1365.97 148645227 908 74038 773635625 694538224
3 0012 108.88 875.17 1035650362 145 509 2 -43 135453021 464364314




120

Lettuce cDNA GC% IGA sequence content

QC for GC% content and quality scores

OLD CHEMISTRY

100
——A fr
80 =T fr
G_fr
—>%—C_fr
60 —*— ATGC
—— AT
—— GC
40 — NXZ
—=— ALL_fr
20 |
0
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58
120
Lettuce genomic DNA GC% sequence content
100
——A fr
80 =T fr
G_fr
< C_fr
60 —*—ATGC
—e— AT
—+— GC
40 — Nz
—=—ALL_fr
20 - \A\k‘Aval“w
0

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58

120

Lettuce genomic DNA quality scores

100

80

60

40

20

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58

——A fr
—=—B fr
C_fr
——D_fr
——F_fr
—— X fr
—+—ALL_fr
—8— ABCD_fr
—0— FX_fr




120 GC% content of lettuce mMRNA IGA reads 85 nt length QC examples for
(0]
GC% content
MRNA-Seq data from sig2 files —
e NEW CHEMISTRY

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77 81 85

120 -

GC% content of lettuce genomic IGA reads 125 ntleng th

100 -
. —eo— A_fr
o data from gseq files S
G_ fr
C_fr

—— ATGC
—e— AT
———GC
—=— NXZ
ALL_fr

1 8 15 22 29 36 43 50 57 64 71 78 85 92 99 106 113 120




120
lettuce genomic DNA paired reads GC% content
100
—— A _fr
—=— T _fr
80 G_fr
—<— C_fr
60 —«— ATGC
—— AT
40 —— GC
— NXZ
— ALL_fr
20
(0]
1 117 21 31 41 51 61 71 81 91 101 111 121|131 141 151 161
120
lettuce genomic DNA paired reads quality
100
—— A _fr
—=— B _ fr
80 C fr
—— D_fr
60 —— F_fr
—— X _fr
40 —— ALL_fr
—e— ABCD_fr
—o— FX_fr
20
(@]

11

21 31 41 51

61 71 81 91 101 111 121 131 141 151 161




project overview and dataflow
IGA output files
IGA quality scores

filtering for high quality reads
assembly parameters

visualization with Python Contig Viewer



de novo assembly software -

Velvet - publicly available
http://www.ebi.ac.uk/~zerbino/velvet/

CLC Genomics workbench -
commercial
http://www.clcbio.com/

different algorithms - different assemblies

806 CLC Genomics Workbench 1.0 - Evaluation (Current werkspace: Default)

E | o ey =D = m
& = SN N Y S B B AR ENY
Show New Import Export Craphics  Print Workspace Plug-ins  Search

= :
b = NC_000913.2r... ©
b 82 e

FitWidth 100 Fan  Selection

example data from web U-f°“ 11300 11400
Y B3 454
Reference Assembly log

# akozik@aristotle:

Velvet

[ E. coll K-12 genome refe NC_000913.2
= E. coll K-12 genome refe
E. coli K-12 genome refe C
454 E coli reads trimmec =y
Coverage _——— = . e

Trim Sequences log

454 E coli reads

%< E. coll K-12 genome
Reference Assembly log-|

solexa

= NC_000913.2

[=] NC_000913.2 reference

£5 NC_000913.2 reference

[ _ )

Q- <enter search term>

¥ [ Cloning and Restriction Sites

> [8b RNA Structure

¥ b3 High-Throughput Sequencing
£5 Import Sequencing Data
& Trim Sequences
T De Novo Assembly

=} Merge Contigs
J54 SNP Detection
» [ Multiplexing
» [ BLAST Search
Database Search

[E idie...

Solexa E coli reads (paire |
i= Solexa E coli reads (paire,,

1007 —
Single paired-ends reads ——— =2 e
o

Velvet -
- large input 120+ million reads
- low number of chimeric contigs

[ CLC -
- 20 million reads input limit
- higher number of chimeras

CLC contigs usually longer

than Velvet contigs




Velvet

critical parameter K-mer value

Velvet: Algorithms for de novo short read assembly using de Bruijn graphs Pore
Daniel R. Zerbino and Ewan Birney 4

Figure 1.

Schematic representation of our implementation of the de Bruijn graph. Each node, represented by a single rectangle,
represents a series of overlapping k-mers (in this case, k = 5), listed directly above or below. (Red) The last nucleotide of each
k-mer. The sequence of those final nucleotides, copied in large letters in the rectangle, is the sequence of the node. The twin
node, directly attached to the node, either below or above, represents the reverse series of reverse complement k-mers. Arcs
are represented as arrows between nodes. The last k-mer of an arc’s origin overlaps with the first of its destination. Each arc
has a symmetric arc. Note that the two nodes on the left could be merged into one without loss of information, because they
form a chain.

Genome Res. 2008 May; 18(5): 821-829.

doi: 10.1101/gr.074492.107.

Copyright © 2008, Cold Spring Harbor Laboratory Press

http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2336801



case study - assembly of 22.62 million mRNA reads

120

100

80

60

40

1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 61 65 69 73 77

——A fr
—=—T fr

G fr
——C_fr
—x— ATGC
—— AT
—— GC
—— NXZ

— ALL_fr

QC trimming and assembly with 22.62 million reads

four subsets: 80 nt, 70 nt, 65 nt and 60 nt




a (=1 =] 1= a7 p=2= B =25 29 =3 =7 41 a5 49 5= s57 S 1 [SE=H [SE=] = 7

bash-2.03% tail -2 090707_SOLEXAl_FCA2EK3AAXX | ettuce_cDNA. Cl ean. GC. Q 80.fa

>SBO8 8 1201651 1715
CAACAAGGCAAACCAT CTTGGACAAAACGT TTGTTGCT TGAT GACAAACTAT TAT GCAAAAAGAT CCGGGAAGAAGCAGA

babh-2.03$ tail -2 090707 SOLEXAl FCA2EK3AAXX_ | ettuce cDNA. O ean. GC\Q 70 A. fa
>5B08_8 120 1651 1715
A

AACCATCT TGGACAAAACGT TTGT TGCT TGATGACAAACTATTAT GCAAAAAGAT CCCGGAAGAA

bash-2.03% tail -2 090707_SOLEXAl_FCA2EK3AAXX | ettuce_cDNA. C ean. GC. Q 70_D.fa

SBOB_8 120 1651 1715
CAACAAGGCAAACCAT CTTGGACAAAACGT TTGT TGCT TGATGACAAACTATTAT GCAAAAAGAT CCGGG

D

set ‘A’ - trim left part of original sequence
set ‘D’ - trim right part of original sequence

10 nt trimming




a (=1 =] 1= a7 p=2= B =25 29 =3 =7 41 a5 49 5= s57 S 1 [SE=H [SE=] = 7

bash-2.03% tail -2 090707_SOLEXAl_FCA2EK3AAXX | ettuce_cDNA. Cl ean. GC. Q 80.fa

>SBOB_8 120 16511715
CAACAAGGCAAACCATCTTFCEACAAAACETTTGTTCETTEATGACAAACTATTATGCAAAAAGATCOBBGAAGRAGCAGA

bagh-2.03% tail -2 090707_SOLEXALl_FCA2EK3AAXX | ettuce_cDNA. d ean. GZ. Q 65_A.fa

08_8 120 1651 1715
TQTTGGACAAAACGT TTGT TGCTTGATGACAAACTATTAT GCAAAAAGAT CCGGGAAGAAGCAGA

A

ash-2.03$ tail -2 090707 SOLEXAl FCA2EK3AAXX_| ettuce cDNA. O ean./GC. Q 65 B.fa

SBOB_8 120 1651 1715
AACCAT CTTGGACAAAACGT TTGT TGCTTGATGACAAACT AT TATGCAAAAAGAT CCGGGAA

ash-2.03$ tail -2 090707 SOLEXAl FCA2EK3AAXX_| ettuce cDNA. C ean. GC. Q 65 D.fa

SBOB_8 120 1651 1715
CAACAAGGCAAACCAT CTTGGACAAAACGT TTGT TGCT TGATGACAAACTATTATGCAAAAAGAT

15 nt trimming



a (=1 =] 1= a7 p=2= B =25 29 =3 =7 41 a5 49 5= s57 S 1 [SE=H [SE=] = 7

bash-2.03% tail -2 090707_SOLEXAl_FCA2EK3AAXX | ettuce_cDNA. Cl ean. GC. Q 80.fa
>SBC8_8 120 1651 171
E:AACAAGGCA,’AACCA}TCT T/GGACAAAACL;I TTGTTGCTTGATGACAAACT. ATTATGCAAQAAGATCCGGGAAGAAGCAGA

.03$ tail -2 090707 SOLEXAl FCA2EK3AAXX_ | ettuce ¢DNA. Cl e
8 120 1651 1715
CGTTTGTTGCTTGATGACAAACTATTATGCAAAAGAT CCGGGAAGAAGCAGA | /A

GC.Q 60 _A. fa

bdsh-2.03$ tail -2 090707 SOLEXAl FCA2EK3AAXX_| ettuce cDNA. C/fean. GC. Q 60 B.fa
BO8_8 120 1651 1715
TCTTGGACAAAACGT TTGTTGCTTGATGACAAACT ATTATGCAAAAAGATC GAA

B

ash-2.03% tail -2 090707_SOLEXAL FCA2EK3AAXX | ettuce_cDl ean. GC.Q 60_C. fa
SBOB_8 120 1651 1715

AACCATCTTGGACAAAACGT TTGT TGCTTGATGACAAACTATTATGCAAAAAGATC

bash-2.03% tail -2 090707 _SOLEXAl FC42EK3AAXX | ettuce cDNA.\Cl ean. GC. Q 60_D.fa
SBO8 8 120 1651 1715

CAACAAGGCAAACCAT CTTGGACAAAACGT TTGTTGCT TGATGACAAACTATTATGCAAA D 20 nt trimmi ng




Trimming effect on assemblies (transcriptome)

used
sample # (E:i Ir"eoa;c;s reads
(million)

80_K27 | 22.62 8.91 126 968,002 53.08 2428 260 312 79,889 24.94
80_K29 | 22.62 9.78 141 829,641 50.38 2448 262 318 82,619 26.28
80 _K31 | 22.62 10.73 156 719,028 48.97 4417 267 326 85,123 27.76
70_D 22.62 12.78 191 483,450 43.01 3752 278 344 80,045 27.53
70_A 22.62 13.08 197 469,949 42.62 4752 279 349 79,578 27.74
65 D 22.62 14.53 229 353,683 39.51 4964 290 366 75,602 27.64
65 B 22.62 14.68 233 347,461 39.28 3995 289 368 75,387 27.76
65 A 22.62 14.75 235 343,477 | 39.11 4523 290 370 75,038 | 27.76
60_D 22.62 16.61 288 239,076 | 35.71 4964 307 402 67,942 | 27.29
60_C 22.62 16.67 292 237,207 | 35.57 3900 305 403 68,112 | 27.41
60_B 22.62 16.71 295 235,140 | 35.44 4720 306 404 67,836 | 27.41
60_A 22.62 16.76 299 233,365 | 35.33 6459 306 405 67,744 | 27.43




Trimming effect on assemblies (transcriptome)

%
chanée
100 60D 60C 60B 60A
—— Velvet N50
65_B > R—
50 65_D - S —8— used reads
70_A
20 b 0_ —0— Average length
- ° 180+
—&— Longest Contig
80 K31
0 % *— v —8— Total 180+ length
e — —1- # contigs 180nt+
—- Velvet length
-50
—i#- Velvet nodes
| — K

-100




Velvet K-mer effect on assemblies (transcriptome)

# of reads used
sample . reads

(million) .

(million)

80 _QC
K31 47.50 17.03 126 1,160,217 | 60.85 4272 261 318 93,175 | 29.67
60 QC
K31 47.50 33.44 303 325,378 | 42.83 5131 313 422 76,994 | 3255
60 QC
K33 47.50 36.64 381 242,908 | 40.68 7682 328 461 72,092 33.26
60 QC
K35 47.50 38.39 441 194,847 | 38.58 7640 338 484 68,241 33.03
60 QC
K37 47.50 39.17 476 162,163 | 36.46 7682 342 495 65,230 | 32.26
60 QC
K39 47.50 39.58 502 136,282 | 34.20 7141 343 498 62,557 31.16
60 _QC
Kal 47.50 39.47 507 117,446 | 31.76 7141 338 491 60,446 | 29.68




Velvet K-mer effect on assemblies (transcriptome):
same input 47.50 million reads of 60 nt length - diff  erent K-mer values

% change
100
K39 K41
80 -
K37
K35
60 K33
-=-velvet_N50
40 7 longest contig
20 K31 —+—used reads
b 0 o
-e—average 180nt+
0 -eo—total 180+ length
- Velvet length
-20 - # contigs 180nt+
——# Velvet nodes
-40
-60

-80




Velvet K-mer effect on assemblies (gene space)

used
# of reads
sample . reads
(million) .
(million)
050 K31| 55.41 NA 71 | 2,412,943 | 52.68 | 5610
075_K31| 55.41 NA 86 | 15,931,390 | 433.43 | 3680
100 _K31| 55.41 NA 83 | 28,268,865 | 723.08 | 3906
1
125 K31| 55.41 NA 80 | 37,395,673 | 890.06 || 4247 <
[
050 K37| 55.41 2.20 78 378,970 8.56 | 21703
075_K37| 55.41 9.58 110 | 7,368,125 | 312.01 | 4386
100 K37| 55.41 | 17.83 | 122 | 17,113,337 | 654.16 | 3520
125 K37| 55.41 | 21.00 || 118 | 24,634,813 | 872.36 || 4769 -
125 K47| 55.41 | 26.78 | 189 | 11,692,947 | 753.67 | 6265
125 K53| 55.41 | 28.11 || 217 | 7,359,161 | 662.23 || 4809 h




assembly of the assemblies

1 step

Velvet and/or CLC with different parameters and sam  ples

2 step

CAP3 assembly with Velvet and/or CLC contigs

3 step

Visualization and validation
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Query= SBOX V07 399 L:7396
(7396 letters)

Dat abase:
246, 809 sequences;

>Arab_t hal . NP_190

t hal.i-a
Leng

1771 bits (4588), Expec
1050/ 2534 (41%,

Score = =
| dentities

Frane -2

Query: 7395
KC + +GtLD
KCSMWLGKLDI VFEYSSLFSLALLI

Sbjct: 652

7215 VEKELHKVI PEKLI
+E LH+V PE+ | +
YDEYQ@ YRRSI ELSLHRVHPERQ Q

Query:

Shjct: 711

528 GDSSFSHPLHHLRGONEVRI GPTI LT
GSSP L G EWIGT+LT

2938 GDPSSSRPRRRLHGDKEVKI GPTVLT

Pl ant Ref Seq_ (B 2009 07 _07.fasta
93, 580, 655 total

letters

607 ( NP_190607.1 G :15229738 ) { unknown protein } [ Arabidopsis

0.0
Positives

1510/ 2534 (59%, Gaps 121/ 2534 (4%

KCCLAMGQLDFFLGYSSALSLTLLLRQ ONAFSLEKAQTSTPTYDTPLVRVWDCDSSI AE 7216
YSS SL LL+ Q+ A L

+ + + LV D +A
Q EWAQKLLVDDYTGEVHSSSLV- TGGVDPEMAS 710

GPRI RVSLRK- DSLHKAVD- - DI HLSFDC 7075
+ GP+l++ + K+ ++ + D L FD
LLGGPQ KLLVEKAEEVNTLI GKKDI - LLFDF 769

| CEHLFVNFAI GW.REQAGDL TAKI
| CEHLFV+FAI  L++ A A+
| CEHLFVSFAI Rl LKQHATKAI TSLRPKKEEAEA 2997

376

375 NWGEDRFKCGDPPKEI VKEEESSKMSV
D +V + + KM

ETSDSGSNTAMWPVVSDNKKKKVKF

2998
198 SGFVLSFLDKTRDK 157
SG-+LSFLDK+ ++

SGFLLSFLDKS

3058

- KWGVGRFVFAGWAY| DGRLCRCI PNPVARRI V 199

K G+G FV +G+VAYI DGRLCR | PNP+ARRI V
AGI GNFVASG VAYI DGRLCRQ PNPI ARRI V 3057
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Query= SBOX VO7_1 L:6481
(6481 letters)

Dat abase: Pl ant Ref Seq_GB 2009 _07_07.fasta
246, 809 sequences; 93,580,655 total letters

>Viti_vini.XP_002267871 ( XP_002267871.1 d:225430631 ) { PREDI CTED: hypothetical protein } |

Viti nife
Length = 2543

Score = 3073 bits (7968), Expect = 0.0
ldentities = 1577/ 2092 (75%, Positives = 1801/2092 (869
Frame = -3

Query: 6272 EPW/SLASSI PTSSTKKRI Rl FRNEI PSI LLNSEMSSDSTSQLVDLI FTTLY!1 YD
E ++A S+ T STKKR+RI FR+EI P | L NSEMS++ S LVD+I F TLYI YDD GS
Sbjct: 6 ESLAAI AGSVSTVSTKKRVRI FRDEI PPl LTNSEMSAELASLLVDI | FNTLYI YDDHGSR

Query: 6092 KAVDDLI | KSLSEVVFMKTFAAALVQVMDKQL KVQSHVGCSRLMBWSC! LLCKTQFI SAS
KAVDD+l  K+L EV+FMK+FAA LVQ MHKQ K QS++GC RL+ WSCH+LL K++F S S
Sbjct: 66 KAVDDVI SKALGEVI FMKSFAATLVQFVEKQSKFQSNI GCYRLLKWSCLLL SKSRFASVS 125

Query: 338 LAFSTLYKSAGVIQAI DEI VPTLLRALEDDDVADTALDGLKQ LSVRTAAVLPHI LPKLVH 15#
LAFSTLYKSAGVQAI DEI VPTLL +LEDD +DTALDGLKQ LSVRT AVLPHI LPKLVH
Sbjct: 1901 LAFSTLYKSAGVQAI DEI VPTLLHSLEDDQTSDTALDGLKQ LSVRTTAVLPHI LPKLVH 1960

Query: 158 LPLSAFNAHAI GAVAEVAGAGLNVHL STVLPAL L SAMGDDDHAEVONLAKKA 3

LPL+AFNAHA+GA+AEVAG GLN HL  VLPALLSAM DDD +VQ LA
Sbj ct: 1961 LPLTAFNAHALGALAEVAGPGLNFHLG VLPALLSAMSDDD- TDVQKLAKKA 2011




Lettuce Transcriptome Sequencing and Assembly Pipeline

IGA, 6 lanes, single read, 85 cycles

v

92.5 Million gseq filtered reads

P

CLC assembly Velvet assembly

all 92.5 million reads in
one run

several rounds of CLC assembly
~20 million reads per run

8 subassemblies (7 to 12 h each) (several runs for

CLC input limitation- up to 20,000,000 reads per run future assemblies)

~ Pl

Assembly of assemblies using CAP3
70,685 unigenes

4

Visualization in Contig Viewer




Lettuce Gene Space Sequencing

55 million, 125 nt single reads
6 GB (= 2x coverage w/o repeat reduction)

— N\ —,

Velvet assembly in four sets:
125, 100, 75, 50 nt
\
CAP3 assembly of Velvet assemblies
v
1 Million contigs
(10 pieces per ~100K “gene spaces”)

5,930 nt longest,
average length — 317 nt, median — 250 nt

Aligning to 356
lettuce COS
genes

y

8 x
average

coverage per nt
(1 to 60)

Aligning to
gene space
of lettuce
BAC

l

10 x
coverage
per nt




QC Analysis of Transcriptome Assembly

hits (similarity) to known protein sequences (expectation cutoff 1e-10)

BLASTX versus Plant RefSeq Database: out of 8,300 longest contigs only 83 (1%) have no

QUERY SUBJECT HIT Que ry_r::ngth_ H|t_AI:;: rI:rr:!ant_Len
(NP_186875.2 GI.30678519 ) { BIG (BIG), binding/
LSst_DN_x01_992 | Arsb_thalNP_136875 | ubiquitin-protein ligase/ zinc ion binding } [ Arabidopsis 15382 2096
thaliana ]
(NP_001154245 1 GI-238480786 ) { unknown protein } [
LSat_DMN_X01_25623 Arab_thal MP_001154245 =
S T Arabidopsis thaliana | 13037 4214
] o (XP_002274761.1 GI:225437162 ) { PREDICTED:
-5e1DNX01_20108 | Vit vini XP_002274707 hypothetical protein } [ Vitis vinifera ] 12279 3562
. (XP_002327756.1 GI.224134102 ) { predicted protein } |
LSat_DMN_X01_15972 |[Popu_tric. XP_002327756 S
- T Fe- B Populus trichocarpa ] 12155 3881
.. (XP_002267079.1 GI-225425575 ) { PREDICTED: . .
LSat DM X001 9488 | Viti vini.XP_ 002267073 —
- - hypothetical protein } [ Vitis vinifera ] 12112 508 chimeric?
- (XP_002268896.1 GI:225461945 ) { PREDICTED: similar]
FESLERII ) VELvInLXP 002288895 |4 TEs biquitin-protein ligase UPL1 } [ Vitis vinifera ] 11800 3754
oot on X012 | v cozzsaris | (XP_0022837111 GI 225450044 ) { PREDICTED: 11743 1948
hypothetical protein }[ Vitis vinifera |
(XP_002274451.1 GI:225432116 ) { PREDICTED: similar
LSst_DM_X01_6 | Viti_viniXP_002274451 |  tovacuolar protein sorting 13C proteindike } [ Vitis 11434 3718
vinifera]
N . —[(XP_002327931.1 GI:224132904 ) { predicted protein } [
LSat_DMN_X01_11175 |Popu_trc. XP_002327831 S
- Pe- - Populus trichocarpa ] 11311 3060
] I (XP_002283711.1 GI.225450044 ) { PREDICTED:
-oetDNLK0T 30703 | VL viniXP_002283711 hypothetical protein}[ Vitis vinifera ] 10588 3651
.... (XP_002283711.1 GI.225450044 ) { PREDICTED:
LSat_DMN_X01_37 Wi AP_0D2283711
Rl - hypothetical protein } [ Vitis vinifera 10568 1948

Majority (over 80 - 90%) of longest contigs produce uninterrupted ORFs of expected size




Viewer *LACT_4XSSVC_12637*

‘3X Combo’ assembly: example of consensus generated
CAP3 using CLC, Velvet and Sanger EST assemblies as

total contig length - 11,688 nt

BLAST-X alignme
11,085 nt
from 256 to 11,340 nt

TWe  EO  WIew  Fsiory  GOORITark: pal=

G-

B |f-j http://blast.ncbi.nlm.nih.gov/Blast.cq -

6. EE PREDICTED: similar to E3 ubigquitin-protein ligase UPL1
proteln Iength 3754 aa

| similar to E3 ubiguitin-pr

Lﬂugtn 3754

otein ligase UPL1

Score

Id=1t1

"= 3043/3855

LA PLESTEEFLESFFI
/T+ PLE+IEEFLE F W+F]
[ISTPLENIEEFLECFIWEF

FNHFD+EF
LFNHFDSFF &0

) NCEI Blast:L ACT_4XSSVC_12637 - Mozilla Firefox

Elle Edit View Higtory Bookmarks Tools Help

-

(<)

XP_002266896 PREDICTED: similar to E3 ubiquitin-protein ligase UPL1

Y%
input

CLC

Velvet

L. sativa ESTs
L. serriola ESTs

o =

Distribution of 57 Blast Hits on the Query Sequence ©

http://blast.nebi.nim.nih.gov/Bla

3 [=F

S=4983 E=0

Color key for alignment sco;

I
4000

Help

ncbi.nlm.nih.gov/Blast.ct

WVDLVAEHILTNATRPQINSFLEGENELIFRDLI

|5l

http://blast.ncbi.nim.nih.gov/Blast.cgi# 225461945

Query
Sbict
Query
Sbict

A4

Done

11114

LLLATHERASEG
LLLATHEASE

LLLATHEASEGN

PERLPSAHTC m“L LEEISEFI”L”ER

Query end




% Identity

Hﬂ g a0 55 5 &0
de novo SEOX_YLY10_1429.C05 R IE T e 24
transcriptome

assembly //

SEPE_W]_23544

\ 4

SERX_WY_17591

SBEPA_14513271 424 5

SEPC_S¥41561_218_3

SEPE_G§010d6_212_d

de novo
gene space
a_ssemb“es sEPA_Np07981_565_2 ...W:

SBPC_ASTI0EE_185_2

SEPC_Z2047735_182_2

o

SEPB_1§8a9813_301_1 E: - detection of ¢ \ /—-
SEPE_5{60432_151_3 Intron-exon boundaries S

1553 1379

127 1

Intron discovery by alignment of \ ity
gene space to transcriptome -
step toward GBrowse data display

SEPX_i11_9511 — S —
Arabidopsis putative DNA-binding protein, Myb
gene mOdeI :31'5}2K: — :31|5=3k,: — :316=4}q: — :31|5=5}q:
Protein Coding Gene Hodels

ATLGOS7 0.1
N o s ey VO gy IO I



2 ldentity
5191

[ N ] [ ]
10095 20 85 80 <on

SBOX_WLWL0_10777 ,COS

de novo transcriptome assembly

SBPA_1663046_1304_¢

SBPB_1265316_447_4

SBPA_B6E0455_473_3

SBPB_6689336_448_2

SBPY_\1_d2918

SBPA_6534798_443_4

SBPA_2468010_478_3

SBPC_3034757_177_3

SBPB_10038492_346_3

de novo gene
space assemblies

SBPC_4797351_346_2

SEPYH_VL_262776

SBPC_3150464_266_2

SBPB_1890995_188_4

SBPC_1120442_289_2

SBPB_5241536_291_2

Intron discovery by alignment of
gene space to transcriptome -
step toward GBrowse data display

SBPC_2201530_156_3

SBPE_19259681_283_3

SBPA_G778962_243_5

SBPB_G607300_192_4

SEPH_VL 243878

SBPA_16355665_181_2

SBPE_12604676_156_2

SBPA_2466434_319_2

e e oSN TBotier TEatin T6sbox TEobik _ -
meaz L] o Cddlile Bhrle ddbla lysine-ketoglutarate reductase/saccharopine
B I i - O dehydrogenase (LKR/SDH)

AT4G33150 .2

W“mm““m ArabidopSiS gene mOdel



How Low Can We Go to Figure the Exon-intron Structure?

E.g. gene covered by only 6.6 genomic reads per nt of coding sequence

16137.CDS

Consensus

d
Coverage FW
0

Arabidopsis homolog

I
AT3GOESZ20.1 ' \ \ ! !
I S




project overview and dataflow
IGA output files

IGA guality scores

filtering for high quality reads

assembly parameters

visualization with Python Contig Viewer



http://code.google.com/p/atgc-align/

post-processing of CAP3 output and
assembly visualization with Python Contig Viewer

") Downloads - atgc-align - Project Hosting on Google Code - Mogzilla Firefoox = IElIﬁI
File Edit View History Bookmarks Tools Help
6 il G X |"l| http://code.google.com/p/atgc-align/downloads/list By - I-'."lv Google y5) @l -
J *§ Downloads - atgc-align - ijec...l = | |T

akozik@gmail.com | My favorites |~ || Profile | Sign out =

@ atg c-a I I g n | Search projects |
——

visualization and analysis of DNA alignments

Project Home Downloads Wiki Issues Source Administer
llew download | Search | Currentdownloads =] for | Search'
1-30f3
Filename * Summary + Labels~ Uploaded * Size ¥ DownloadCount~
Python_ContigViewer Uni_2009 06 02 betaXS py contig viewer Featured Jun 08 1256 KB 9 —
Pythen CAP3_MM_Finder Uni 2008 01 26c py mis-match (SNP} finder in CAP3 alignments  Featursd  Jun 08 248 KB 9
Python_CAP3_ ContigExtractor Uni_2007_03_19.py contig extractor from CAP3 output  Featured Jun 08 13.9KEB 8
1-30f3
[
Done v




0

B Lsat_Di

012.aln - WordPad
File Edit View Insert Format Help

=lolx]|

LVE31B_73738_10+
SLNA CLCZ_3733-
SLNE_CLCZ_17+
SLNZ_CLC1_15388+
SLNA_CLCZ_7411+
SLN&_CLC1_12380-
SLNA_CLC2_g050-
SLNZ_CLC1_13630—
SIN7_CLC1_14614-
LVK31E_315325_13-
SLNA_CLC2_5251-
LVK21E 136615 _14-
SLNA CLCZ_1313+
SLNZ_CLC1_21081+
SLNE CLCZ 2044+
SLNE_CLCZ_2307+
SLNA_CLC2_4811-
SLN7_CLC1_21128-
SLNA CLCZ_4570-
SLNG_CLC1_560+
SLN3_CLC1_10755+
SLN24 CLCL 7835+
SLNz_CLC1_2363+
SLN7_CLC1_12930+
SINE CLCZ 1583-
LVK31E_3747_21+
SLNA_CLCZ_$098-
SLNZ_CLC1_1363+
SLNZ_CLC1_4823+
SINT_CLC1_3141+
SLN&_CLC1_2802+
SLNC_CLC3_1350+

Lsac_ow_xo1_zoiz

4|

For Help, press F1

D[el| SR a0 (@o] &)

GIGARTTTCTEATCICATCT I TARACACTCATTA T TeeECAT TEARG T CETTCATAA T T ACTCAGCTCI TCCCAT TCATGCTCARTTTTACCT AR TACCTTACTCAR R ATCTGETCAGGATACACCEITTGATEITCCTAGTTCCAGACCACT
CTTCATAATCTACTCACCTCTI TCCCATTCATGCTCAATTTTACCT AR TACCTIACTCAR A ATCTCCTCACCATACACCCITTCATCTITCCTAGTTCCACACCACT
CICAARTTTTACCTARTACCTIACTCARARTCTCEICACGCATACACCETITICGATCTITCCTACTICCAGACCACT

CAP3 Usage: cap3 File_of reads [options]

cap3 my fasta file.fa -080-p90 > my fasta file

.cap3.out &

processing of CAP3 output with
Python CAP3_ContigExtractor_Uni_2007 _03_19.py:

GTGAATTTCTEATCICATICTT

1. - Info table

=lolx]|

2. - Alignment files

T CATCTCATCCATCITCI IGTCEE I TTCAT T TCTCCATCAR A TCATCCTCTCATCEAGECCACTATITCACCACTTATTARCCTTCCR

T CATCICATCEATCITCITCICEETTTCATTIICTGEATCARATCATCCTCTCRTCE

RTCARTCTCATCCRATCTITCITCTICEEITTCATTIICTR AACCTTGCEARR A CACCACGACTTIARCARRCTTACGATATCETARACTCC

CATCARATCATCCTCTCATCCAGECCACTATTITCACCACTIAT

S ACACCACACTTTARCARACTTACATATECTARACTCCCEEETCATTCAT:

TCATTCAT

AATTCICTIGCTITTACTCCCAACTCCCTCARCTECTTT

TR TETCATCEATCTTCI IGTICEEI TTCAT T ICTCEAT CAR A TEATECTC T CATCEAGECCAET AT I TCAGCACT TAT T A ACCT TeEA AR A CRCCAGACT TT ARG R A CTTAGATATGETAR A CTCCEEEETCATTEATAATTEICTIGCITTACTCCCARCTECCTCARCTEETTT
ARTTCICTICCTITTACTCCCARCTCCCTCARGTEETTT
AT TR A CT TG AR A R OO R AT T T ARG A R A T T AR T AT T AR A CTCCAGEETCAT TEATART TETCTTECT TTACTCCCRAACTECCTCRARGTEETTT

4 |

For Help, press F1

AT AT T CATCEA T I TCI IGTCEEI T T AT T ICTeGAT CAR A TEATECTC T CATCRAGECC AT AT I TCAGCACT TAT T A ARG T TECA AR A CRCCAGACT T T ARG R ACTTAGATATCETAR A CTCCEEEETCATTEATAATTEICTIGCT TTACTCCCARCTECCTCARET C—C—Ii[lj

T




Info table - Contig Complexity information

SBOX_VO07_10677 99  SBOD_Q65_46506_491_1-(1,521 )[SBOA_Q70_63067_184_1+(11,224)|...
SBOX_VO07_15959 99 SBOD_Q60 38311 405 1+(1,435 )|SBOB_Q65 71217 151_6+(11,191)]...
SBOX_VO07_33750 98  SBOB80K31_405877_272_+(1,302 )|SBO8BOK29_460109_274_+(1,302)]...
SBOX_V07_2653 96 SBOC_Q60_29343 843 2-(1,873 )ISBOA_Q60_29209_863_2-(1,893)|...
SBOX_V07_27418 96 SBOB_Q60_23920_307_1-(1,337 )|ISBOC_Q60_24036_283_2-(22,332)|...
SBOX_V07_9935 18 SBO80K29_44764_509_4+(1,537 )|SBO8BOK27_49894_511_4+(1,537)]...
SBOX_V07_9961 18 SBOD_Q65_112060_507_+(1,537 )|SBOD_Q60_84313_508_8+(1,537)|...
SBOX_V07_10000 17  SBOC_Q60_49726_506_8+(1,536 )|SBOA_Q60_49428_287_1+(11,327)|...
SBOX_V07_10018 17  SBOD_Q70_259498_506_+(1,536 )|SBOB_Q65_196026_486_+(16,523)|...
o] I
contig ID seguence position and orientation in contig

number of sequences in contig



Python CAP3_ContigExtractor_Uni_2007_03_19.py usage

bash-2.03%

bash-2.03% python Python_CAP3_ContigExtractor_Uni_2 007_03_19.py

What type of output do you want? (1/2): 1 —

Enter the SOURCE file name: my_fasta_file.cap3.out option ‘1’ to extract Info table
Enter the DESTINATION file name: my_fasta_file.cap3.out.Info

Default contig file name prefix is Contig

Enter the contig file name prefix: ASSY V1 _

read data from the input file my_fasta_file.cap3.ou t...

bash-2.03$

bash-2.03% python Python_CAP3_ContigExtractor_Uni_2 007_03_19.py

What type of output do you want? (1/2): 2 -— A _

Enter the SOURCE file name: my_fasta_file.cap3.out option ‘2’ to extract alignments
Enter the DESTINATION directory with alignments: my_fasta_file.cap3.out.Align

Default contig file extension is aln

Enter the contig file extension :

Default contig file name prefix is Contig

Enter the contig file name prefix: ASSY_V1_

read data from the input file my_fasta_file.cap3.ou t...



T=TER)
ile  Hel .
=° =P ignore

capdb Ledavis sdw/SHE Discovery 0D w[orutlg'-'lewwcapd cich! e
copdb undaviz edu/asteraceas_azserbl/Conticviewsr/ruthor_saswer/data_nontia_files/aster!

copdb.ucdavis edulasteraceas bl ot x:ze’mewpufhx:m viewer/data_cordig_fles } 1anfhu i
capdb.ucdavis edud azteraceas assemblv/Contigviemer/puthon_viewer/data_contig_filezdactuca/ -

Color selection in Python Contig Viewer — [reiceelbreee code -

Prefis_Type_2 [nine_letter_code_2)

Basic unchiors of Dontig Viewer

Path it 7

Prefix

T“|:n-' 4|r||rn- I-:Ih:r |:|:u:|.- 4]

File Edit View Insert Format Help

File Extenzion: |-~
.alignment

. 4aln. ot Fa.x. aln LI

Contig 10: |EIEH_2EDS.ESA1 112
D[ (a| Sl s 4[| /
if prefix type == 4: / Get Data Remately | Chooze file form Hard Diskl

prefix type RS
FEEREE R R R R R R R R HE R R AR A LR R R R AR R AN
£#4## UNIVERSAL 4-PREFIX PROJECT ###

if seq index '= num seg-1: H H
Eeq_t},-'pe =| (zeqg.getSeqglame () ) [0:4] . . = CO|OI’ deflned by preflx
if seq_typg = "LACT": preflx Size Of Sequence ID
barcglor = '#FFFFOO0°
if seq_type == TOoABOT:

barcolor = '"#AAFFFF

=10l x|

l File Edit View Insert Format Help

or Help, press
o e e D|=(@ SIR #] 4[5(@]-|

=]

F{b by if seq_type == "SLN2" or seq_type == "5LN3" or seq_type == "3LN4" or seq_type == "SLNA":

F O barcolor = '"#FFFF0O0°

if seq_type == "SLN&" or seq_type == "S5LNT" or seq_type == "3LNE" or seq_type == "SLNB":
harcolor = "¥FFFFO0"

if seq type == "SLNHC": )
barcolor = '#FFFFO0" RGB - yellow _

1f seq_type == "LVK3": corresponding color

yellow barcolor = '§FFOQFF’ RGB - purp|e

if seq_type == "L5at":

" barcolor = '#FFFFFF' -
Kl | 3
For Help, press F1 A

“# FF

red
green




® Z:\Documents and Setbngs'\mnt‘;i}ﬁlrtnpﬂnn_mtﬁ'imr&_ =10 x|
File Edit View Go Favorites FTP Seftings Tools Help
{__‘i‘j - 4@ -9 | . i]_, « root + Desktop » TMum_Align » ViewerTest » :_] Ic:DisaI:nIed-‘* :_]
x..} Z:\Documents and Settings\root\Desktop\Illum_Align\ViewerTest e+ 4+ I CrOSS'plathrm
Mame j Size] Relative Size i Type ] Mndified] applica‘tion
iCaAlignDir_1 File Folder Today 9:22 AM
i AlignDir_2 File Folder Today 9:56 AM
. Python_ContigViewer_Uni_2009_07_28_betaXs.py 126 k& | Fython File 7/28/2009 5:36 PM
2, Python_ Cuntlg”lemer Uni_2009_07_29_betaXs. p*.f 126 k6 | Fython File 7/29/2009 7:04 AM
: : 126 k& | Fython File 8/5/2009 10:20 PM
=
File Help

B azic functions of Contig Yiewer:

y SMP_Dizcovery CDS/Contigiiewer/capd_cichd
cgpdb uu:davm eu:lu asteraceae_azzembly/Contigviewer/python_viewer/data_contig_files/aster/
copdb. ucdaviz edudasteraceas_aszsembly/Contigviewer/python_viewer/data_contia_files/helianthus?
copdb.ucdavis. edudasteraceae_aszsembly/Contigviewer/python_viewer/data_contig_filez/lactucal

i.IZI,"E folders, 1/3 files, 126 KB selected

tﬁ C:\Python24\ python.exe

4
nine_letter_code_4

|

Path http:#/

[+

Prefis_Type 1 [nine_letter_code_1]

D Prsfis F'refl:-: Type 2[n|ne Ietter u:ncJIe E!

' I _'
Tll|:n-' 4|r||rE let

Contig ID: |CICH_2C05.C541.1112 1 File Extension: [ 2197
_alignment
Aaln.out.fa.x.aln =l

Get Data Remotely | 2

L Choogze file form Hard Diskl

Estended functionality - for experienced uzers only:

[proper database setup is required)

Uze BLAST Report: falze —l| Singleton;  no —l|

i |:||:|l:|t| ucd LI/ o =
BLAST http: /! Joopdb.ucdaviz, edu!astetaceae assemhly.*’EDntl

python message box

iewer oyt Dn wewer.v'data blast_files/aster!
copdb.ucdaviz.edulasteraceae_aszembly/Contigiewer/python_viewer/data_blast_files/helianthus/

BLAST file extension: vs.athBIastX.t:-:t
g, ath.Blazt, bt

viewer_coordinates_|

Pele Lv]e []»

cgpdb.ucdavis. edudbr: _azzembly/Contigiiswer/get_

coordinates: httpeds

K

viewer_contig_data_bra

emnbly/Contigyiewer/get_

copdb. ucdavis. edulbra
contiq data; http: £/

Python Contig Viewer input selection

=




Sequence Text *LSat_DN_X01_2012*

=101 %]

- eEeEr

CCCATTCATGCTCAATTTTACC BI-LI'.:I
CCCATTCATGCTCAATTTTACCTRAAT.

CICAARTTTTACCTRAT.

21

LVE3ILB 73738 104 GIGAATTTCTIGATCTCATCTTTARACACTCATTATTGEGCATTGARAGTCGTTCATAATGTAC
SLHA|CLCZ 89733- GTTCATARATGTAC
SLNEB|CLCZ2 17+
SLNZ|CLC1 15388+ . .
SLNA[crc2 7411+ prefix defines the color
SLN&|CLC1 1
SLNA[cLC O
SLNZ | CLC] Lockn: [ & AignDir_1
SLH7|CcLCI T

el R [4]Lsat_DN_x01_1.aln
LVvEsIlE 31 [4]L5at_DN_X01_2.aln

| 7]LSat_DN_X01_d.aln

SLMNA > tEXt bOX |7]LSat_DN_X01_6.aln
LVE3 4] L5at_DN_X01_10.aln
== |#]LSat_DN_X01_11.aln

|#]LSat_DN_X01_103.aln
|#]LSat_DN_X01_107.aln
|4]LSat_DN_X01_650.aln
[#]LSat_DN_X01_992.aln
| 4] L5at_DN_%01_1183.aln
|4]LSat_DM_x01_1236.aln
[EfiLSat DN X01 2012.aln;
|#]LSat_DN_X01_2561.aln
4] LSat_DM_x01_2692.aln

I

1] LSat_DN_x01_2937
[#) LSat_DN_x01_4108
7] LSat_DN_X01_4884
|i1]LSat_DN_X01_4894
i) LSat_DN_x01_5997

|i4]LSat_DN_x01_6182 - I

4] Lsat_DN_x01_6510

[i#] LSat_DN_X01_7148
|i4]LSat_DN_x01_7589
|#]Lsat_DN_x01 7876
4] LSat_DN_x01_0498
|1]LSat_DN_X01_1117
i) Lsat_DN_x01 1129
4] LSat_DN_X01_1328
i) LSat_DN_x01_1480

2

File name:

|LSat_DN_x01_2012 4

Ll [ Cpen I

I 40 Files of type; |A Files )

I
1405 I 741
1502 I

text window box

graphical alignment display

consensus

Save az PostScoript

&

GC% content




last remarks



UNIX tricks fasta header modifications:

>NODE_24 length_783 cov_47.872288

perl -p -i -e ‘sINODE_/SBPD_/" my_fasta_file.txt

regular expressions and perl -p -i-e ‘s/_length_/ /' my fasta_file.txt

perl /find/replace/ function perl -p-i-e‘s/_cov_/_/' my_fasta_file.txt

perl -p -i-e ‘sN\..*/' my_fasta file.txt

>SBPD 24 783_47

trimming:

>SBO8_8 120 1640 1715
CCAAGAACGACATARACATTTTACATAATCTGGGGAACACTTGAAGAACATCAAAAGCAGTBABATGAAAACAGCTC

perl -p -i -e 'S\>SBO/XXXXXXXXXXXXXXX\>SBO/' my_fas ta_file.orig.txt

XXXXXXXXXXXXXXX>SBO8_8_120_1640_1715
CCAAGAACGACATAAACATTTTACATAATCTGGGGAACACTTGAAGAACATCAAAAGCAGBABATGAAAACAGCTC

cut -c16-75 my_fasta_file.orig.txt > my_fasta_file.t rim.txt

>SBO8 8 120 1640 1715 Unix ‘cut’ command
AAACATTTTACATAATCTGGGGAACACTTGAAGAACATCAAAAGCAGTBRBATGA



Troubleshooting

#* pofmars.ucdavis.edu - PuTTY

#* pgfmars.ucdavis.edu - PuTTY

Lact_sati.DY960922+
Lact_eldr_Z&ZS_CLC—
Lact_eldr_E&QS_CLC—

COnsensus

Lact_sati.DY960922+

corrupted output bec

http://en.wikipedia.org/wiki/Newline

Lact_sati.DY960922+
Lact_eldr_Z&ZS_CLC—
Lact_eldr_E&QS_CLC—

CONSEensSus
Lact_sati.DY960922+
Lact_eldr_Z&ZS_CLC—
Lact_eldr_E&QS_CLC—
CONSEensSus

Lact_sati.DY960922+
Lact_eldr_Z&ZS_CLC—
Lact_eldr_E&QS_CLC—

COnsensus

TTCCCAGE
TTCCCAGE
TTCCCAGE

TTCCCAGE

CTCCTGIT

CATTCAGC
CATTCAGC
CATTCAGC

CATTCAGC

ACRARCAC
ACRARCAC
ACRARCAC

ACRARCAC

TTTCCGATRRACARRCRARARCCGR
ITTTCCGATRARCARBCRRARACCS
ITTTCCGATRARACARRCRARARCCGR-TAGTTITCAATTCCGTTGE

Lact_eldr 5531 CLC-
Lact eldr 24344 CLC-

COoOnsensus

Lact_eldr 5531 CLC-
Lact eldr 24344 CLC-
CONSEensus

Lact_eldr 5531 CLC-
Lact_eldr 24344 C

IGAATGGRARTGGARCTGAGGTGECTGTGARGALGTTTATGAAT
AAGTTTATGALC

GIGAGGTTTATCGTTC

GIEAGGTTTATCGTTCANGRAATGEAL TGEALCTGAGGTGGCTGTGALGRRGTTTATGALC

CAGGATATATC-AGGCCATESIGCACTARCTCAGTTTALAAAGCGALGTTGAGATCATGTTGR
CAGGATATATCEEAGGCGAT—GCACTAACTCAGTTTAAAAGCGAAGTTGAGATCETGTTGE

ATCHAGGCGATHGCACTALCTCAGTTTARRRGCGARGTTGAGRATCATGTTGR

GITGAGACATCC-TRAATATTeIGT TCTTTTCATGEGAGCAGTTACTCGTCCGCCARRTCT
GEITGAGRCATCCeTALTATT-GTTCTTTTCATGERAGCAGTTACTCGTCCGCCARATCT

GGTTGAGRCATCCHTAATATTHGTTCTTTTCATGGGAGCAGTTACTCGTCCGCCARRTCT

ause of ‘new line’ problem

COoOnsensus

Lact _eldr 2434

COoOnsensus

Lact _eldr 2434

COoOnsensus

AHEATTTCTACCAAGGGGTAGTTTATTTAAATTATTGCATCGTTCGE

ITCCATACTTACAGANATTTCTACCARGEGETAGTTTATTTARRATTATTGCATCGTTCGR

GTATCCAAGTTGATGAHEAAAGAGACGAATGCGTATGGCTCTTGATGTGGCCAAGGGGETG

GIATCCARGTTGATGANAARLGRAGACGRATGCGTATGEGCTCTTGATGTGECCALGHEGATG

ARCTATTTGCACACTAG

ARCTATTTGCACACTAG

\

visual inspection of output

TAGTTTCAATTCCGTTGCG-TCTTCCGCTTCCATTCA

TCTTCCGCTTCCATTCA

ITTCCGATRARCARRCRRARCCGANTAGTTTCAATTCCGTTGCGHNTCTTCCGCTTCCATTCR




record and keep all Log files, run parameters

bash-2. 03% | ess 090721 SOLEXAl_PEFC42D3MAAXX | act _genom c_QSEQ 0_125. K53/ Log

Thu Sep 3 03:07:09 2009
vel vet h. 7. 49. K53. exec 090721 SOLEXAl PEFC42D3MAAXX | act _genom c_(QSEQ 0 125. Kb3 53 -fasta -short
090721 SOLEXA1l PEFCA2D3MAAXX | act _genomi c_ QSEQ 0 _125. K37/ Sequences

Thu Sep 3 09:02:46 2009

vel vet g. 7. 49. K53. exec 090721 SOLEXAL PEFC42D3MAAXX | act _genom c_QSEQ 0 125. K53 -min_contig | gth 180
-unused_reads yes -anos_file yes -read trkg yes

B |
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==

CHmEmamEE

=}

and ns0 of ]

and ns0 of 217, max

bash-2. 03%$ for

Fi
Fi
Fi
Fi
Fi
Fi

nal
nal
nal
nal
nal
nal

gr aph
gr aph
gr aph
gr aph
gr aph
gr aph

bash-2. 03%

has
has
has
has
has
has

itemin 09*.g.Log; do tail -2 $item| head -1; done

378970 nodes and n50 of 78, max 21703, total 8562157, using 2201878/ 55410522 reads
7368125 nodes and n50 of 110, nax 4386, total 312012775, using 9578368/ 55410522 reads
17113337 nodes and n50 of 122, max 3520, total 654162060, using 17828231/55410522 reads
24634813 nodes and n50 of 118, max 4769, total 872364097, using 20995312/55410522 reads
11692947 nodes and n50 of 189, max 6265, total 753667204, using 26783299/ 55410522 reads
7359161 nodes and n50 of 217, nax 4809, total 662230865, using 28107536/55410522 reads



SUMMARY

ILLUMINA output data format

criteria for filtering

trimming and sampling effect on assemblies
assembly parameters

assembly validation and
exon-intron prediction by alignment

visualization with Python Contig Viewer



Acknowledgements

Marta Matvienko
UCD Genome Center Bioinformatics Core for IT support
UCD DNA Technologies Core

special credits to Huagin Xu - database and web programmer
Brian Chan - initial work with Python Contig Viewer

Richard Michelmore

SEQanswers forum and Velvet newsgroup



