Unknown sequence (http://www.wiley.com/legacy/products/subject/life/bioinformatics/questions_10.html)

ATGGAGAATAGTCTTAGATGTGTTTGGGTACCCAAGCTGGCTTTTGTACTCTTCGGAGCTTCCTTGCTCA
GCGCGCATCTTCAAGTAACCGGTTTTCAAATTAAAGCTTTCACAGCACTGCGCTTCCTCTCAGAACCTTC
TGATGCCGTCACAATGCGGGGAGGAAATGTCCTCCTCGACTGCTCCGCGGAGTCCGACCGAGGAGTTCCA
GTGATCAAGTGGAAGAAAGATGGCATTCATCTGGCCTTGGGAATGGATGAAAGGAAGCAGCAACTTTCAA
ATGGGTCTCTGCTGATACAAAACATACTTCATTCCAGACACCACAAGCCAGATGAGGGACTTTACCAATG
TGAGGCATCTTTAGGAGATTCTGGCTCAATTATTAGTCGGACAGCAAAAGTTGCAGTAGCAGGACCACTG
AGGTTCCTTTCACAGACAGAATCTGTCACAGCCTTCATGGGAGACACAGTGCTACTCAAGTGTGAAGTCA
TTGGGGAGCCCATGCCAACAATCCACTGGCAGAAGAACCAACAAGACCTGACTCCAATCCCAGGTGACTC
CCGAGTGGTGGTCTTGCCCTCTGGAGCATTGCAGATCAGCCGACTCCAACCGGGGGACATTGGAATTTAC
CGATGCTCAGCTCGAAATCCAGCCAGCTCAAGAACAGGAAATGAAGCAGAAGTCAGAATTTTATCAGATC
CAGGACTGCATAGACAGCTGTATTTTCTGCAAAGACCATCCAATGTAGTAGCCATTGAAGGAAAAGATGC
TGTCCTGGAATGTTGTGTTTCTGGCTATCCTCCACCAAGTTTTACCTGGTTACGAGGCGAGGAAGTCATC
CAACTCAGGTCTAAAAAGTATTCTTTATTGGGTGGAAGCAACTTGCTTATCTCCAATGTGACAGATGATG
ACAGTGGAATGTATACCTGTGTTGTCACATATAAAAATGAGAATATTAGTGCCTCTGCAGAGCTCACAGT
CTTGGTTCCGCCATGGTTTTTAAATCATCCTTCCAACCTGTATGCCTATGAAAGCATGGATATTGAGTTT
GAATGTACAGTCTCTGGAAAGCCTGTGCCCACTGTGAATTGGATGAAGAATGGCAGATGTGGTCATTCCTA
GTGATTATTTTCAGATAGTGGGAGGAAGCAACTTACGGATACTTGGGGTGGTGAAGTCAGATGAAGGCTT
TTATCAATGTGTGGCTGAAAATGAGGCTGGAAATGCCCAGACCAGTGCACAGCTCATTGTCCCTAAGCCT
GCAATCCCAAGCTCCAGTGTCCTCCCTTCGGCTCCCAGAGATGTGGTCCCTGTCTTGGTTTCCAGCCGAT
TTGTCCGTCTCAGCTGGCGCCCACCTGCAGAAGCGAAAGGGAACATTCAAACTTTCACGGTCTTTTTCTC
CAGAGAAGGTGACAACAGGGAACGAGCATTGAATACAACACAGCCTGGGTCCCTTCAGCTCACTGTGGGA
AACCTGAAGCCAGAAGCCATGTACACCTTTCGAGTTGTGGCTTACAATGAATGGGGACCGGGAGAGAGTT
CTCAACCCATCAAGGTGGCCACACAGCCTGAGTTGCAAGTTCCAGGGCCAGTAGAAAACCTGCAAGCTGT
ATCTACCTCACCTACCTCAATTCTTATTACCTGGGAACCCCCTGCCTATGCAAACGGTCCAGTCCAAGGT
TACAGATTGTTCTGCACTGAGGTGTCCACAGGAAAAGAACAGAATATAGAGGTTGATGGACTATCTTATA
AACTGGAAGGCCTGAAAAAATTCACCGAATATAGTCTTCGATTCTTAGCTTATAATCGCTATGGTCCGGG
CGTCTCTACTGATGATATAACAGTGGTTACACTTTCTGACGTGCCAAGTGCCCCGCCTCAGAACGTCTCC
CTGGAAGTGGTCAATTCAAGAAGTATCAAAGTTAGCTGGCTGCCTCCTCCATCAGGAACACAAAATGGAT
TTATTACCGGCTATAAAATTCGACACAGAAAGACGACCCGCAGGGGTGAGATGGAAACACTGGAGCCAAA
CAACCTCTGGTACCTATTCACAGGACTGGAGAAAGGAAGTCAGTACAGTTTCCAGGTGTCAGCCATGACA
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The Organization of an Eukaryotic Gene

Exon 1 Intron Exon 2 Intron Exon 3 Intron Exon 4

Transcription
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Simple Mathematics:
Human Genome
3x10° bps
Human Genes (1.5% of the genome)
40,000 genes

In a given cell type at a certain stage, it is estimated that around
25 to 50 % of the genes are transcribed or expressed.

10,000 to 20,000 genes X -
*x
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A B
:” 40 000 x 35%

B

N x 5~10 splicing=
mbp 70,000 ~ 140,000

HEEAFI HE9

2A m g
316 bp
40,000 x 65% =
2B m-- 26,000

96,000 ~ 166,000
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Gene identification involves
4 main stages

Find the putative coding region(s) Open reading frame
In the sequence

: ) : CpG islands
Find non-coding features Tandemly and dispersed repeats

of interest in the sequence Promoter regions (TATA box, cap signal,

CCAAT-box)
Transcription factors, Poly-A sites

Branch point signal

Determle the exon-intron organization CT(G,A)AC.T)
5 and 3’ splice sites:
AG/GUAAGU-------------- PyPyPyPyPyPyPyPy-CAG/G *

. motif, signal and pattern '
Identify the gene [N AN i

Functional studi



GENE FINDERS

Banbury Cross
FGENEH
GenelD
GeneMachine
GeneParser
GENSCAN
Genotator
GRAIL
GRAIL-EXP
HMMgene
MZEF
PROCRUSTES
RepeatMasker
Sputnik

http://igs-server.cnrs-mrs.fr/igs/banbury
http://genomic.sanger.ac.uk/gf/gf.shtml
http://www1.imim.es/geneid.html
http://genome.nhgri.nih.gov/genemachine
http://beagle.colorado.edu/_eesnyder/GeneParser.htl
http://genes.mit.edu/GENSCAN.html
http://www.fruitfly.org/_nomi/genotator/
http://compbio.ornl.gov/tools/index.shtml
http://compbio.ornl.gov/grailexp/
http://www.cbs.dtu.dk/servicessrHMMgene/
http://www.cshl.org/genefinder
http://www-hto.usc.edu/software/procrustes
http://ftp.genome.washington.edu/RM/RepeatMasker.html
http://rast.abajian.com/sputnik/

x
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Gene prediction programs:

Genlang Linguistic Sequence Analyzer

Universiiy of Pennsylvania
Computational Biology and
promater primary iragscripi Informatics Labﬂra’[ﬂr}-‘

GENSCAN
Web Server at MIT

\W
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.. - -0000~( )~0000-. - - - .- w - *
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GENSCAN Performance Data

Method

GENSCAN
FGENEH
GenelD
GenePa2
GenLang
GRAILII
SORFIND
Xpound

Accuracy per nucleotide Accuracy per exon

L DL LR LT

Sn Sp .\ @ Sn Sp (Sn+Sp) ME WE
/2
0.93 0.93 0.91 0.78 0.81 0.80 0.09 0.05
0.77 0.85 0.78 0.61 0.61 0.61 0.15 0.11
0.63 0.81 0.67 0.44 0.45 0.45 0.28 0.24
0.66 0.79 0.66 0.35 0.39 0.37 0.29 0.17
0.72 0.75 0.69 0.50 0.49 0.50 0.21 0.21
0.72 0.84 0.75 0.36 0.41 0.38 0.25 0.10
0.71 0.85 0.73 0.42 0.47 0.45 0.24 0.14
0.61 0.82 0.68 0.15 0.17 0.16 0.32 (INK

x

~ %
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L L VLR TR

Accuracy as a Function of Exon Length

Length Annotated exons Predicted exons

range (bp) No. %Exact %Part %Miss No. %Exact %/Part %Wrong
<=24 89 38 8 52 44 77 11 11
25-49 163 58 15 25 124 76 6 18
50 - 74 248 70 12 16 204 85 9 6
75-99 382 85 8 6 389 84 6 10
100 - 124 351 84 9 7 366 81 8 11
125 - 149 425 88 8 4 460 81 10 7
150 - 174 261 88 9 v 283 81 11 7
175 -199 1y4 91 7 2 188 81 12 7
200 - 299 353 90 8 1 390 82 8 8
>= 300 211 66 19 1 204 69 20 10
Total 2650 81 10 8 2678 81 10 9



GRAIL 2
_ G _ 10138 - 11018
j’IrJrn:: E:I:I:: |1Ei|:|’r. h Scoring Matrix: DMNA database matrix 12608 - 12748
13530 - 13923

" | | 10138 - 11018
11268 - 11341
11450 - 11518

11644 - 11808
1000 11989 - 12144
| = 12360 - 12454

12608 - 12748

400

5O0

1200

1400

1500 1880 - 1908
| 5061 - 5175
10000 10500 11000 11500 12000 12500 12000 12500 14000 14500 15000 5 9 00 _ 60 49
15000 8317 - 8544

10357 - 11018

11268 - 11341

11450 - 1151

cDNA and genomic DNA alignment and matrix analysis: 11644 - 11864

pol* 12521

R R
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+|¥+|+|+ R R X



Gene identification involves
4 main stages

Find the putative coding region(s) Open reading frame
In the sequence

: ) : CpG islands
Find non-coding features Tandemly and dispersed repeats

of interest in the sequence Promoter regions (TATA box, cap signal,

CCAAT-box)
Transcription factors, Poly-A sites

Branch point signal

Determle the exon-intron organization CT(G,A)AC.T)
5 and 3’ splice sites:
AG/GUAAGU-------------- PyPyPyPyPyPyPyPy-CAG/G *

. motif, signal and pattern '
Identify the gene [N AN i

Functional studi



FubMed

NCEI

Tools
for data mining

GenBank
sequence
submission support
and software

FTP site
download data and
software

NI Taxonomy structure

The ORF Finder (Open Reading Frame Finder) is a graphical analysis
tool which finds all open reading frames of a selectable minimum size in
a user's sequence or in a sequence already in the database.

This tool identifies all open reading frames using the standard or
alternative genetic codes. The deduced amino acid sequence can be
saved in various formats and searched against the sequence database
using the WWW BLAST server. The ORF Finder should be helpful in
preparing complete and accurate sequence submissions. ltis also
packaged with the Sequin sequence submission software.

Enter Gl or ACCESSION [ |OrfFind][Clear|

or sequence in FASTA format

ACCAGTGTACAGGTCACCCATCAGG ~
ACCACTCAGTTAAGGAAGAT
CCTGAAGCAGTTCAGAAGGAATAAG
CATTCCTTCTTTCACAGGCATCAGG
AATTGTCAAATGATGATTAT
GAGTTCCCTAAACAAAAGCAAAGAT
GCATTTTCACTGCAATGTCAAAGTTT |4
AGCTGCT ¥

FROM: | TO:|

Genetic codes

[ 1 Standard




v 1 Standard
2 Vertebrate Mitochondrial
3 Yeast Mitochondrial
4 Mold, Protozoan, and Coelenterate Mitochondria and the Mycoplasma Code
5 Invertebrate Mitochondrial
6 Ciliate, Dasycladacean and Hexamita Nuclear
9 Echinoderm Mitochondrial
10 Euplotid Nuclear
11 Bacterial Code

12 Alternative Yeast Nuclear

13 Ascidian Mitochondrial

14 Flatworm Mitochondrial

15 Blepharisma Nuclear

16 Chlorophycean Mitochondrial

21 Trematode Mitochondrial

22 Scenedesmus obliquus mitochondrial
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| GenBank # || Redraw|[ 100 4 || SixFrames FTFE.“”“: L’“"}F_HLZ“}:‘:;:I;

-2 @ 342. 620 279

+2 mI181..1432 252

-2 B4104..432 222

+2 m2921.3127 207

-1 m2386..257 186
mI194..1376 183
m2712..289 180
E3344..3505 162
m1955..2098 144
@ 215 . 144
B 96. 141
m 767.. 135
m3621...
m 627.
m4482. 4
@ 130..
m2707..
I 488.
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LoCTs
DEFIMITICHN
CCESSI0ON
VEESION
KEEYWORDS
SOUECE

] f—c.-.;.l'-. NISM

FEATURES
sourc
BASE COUNT

CRIGIN

tmpszeq O
Mo defin

tmpszeq O

Onknown.
Mnknown.
Dnelass=si

=]

1282

atggagaata
tecttgetea
cgettoctet
tgctecgogg
ctggecttgg
aacatactte
ttaggagatt
aggtteocttt
tgtgaagteca
actccaateco
cgactoccaac
agaacaggaa
tattttetge
tgttgtgttt
caactcaggt
acagatgatg
goctetgoag
tatgectatg
actgtgaatt
ggaggaagca
gtggetgaaa
graatcocaa
tecagecgat

ition

fied.

Location/Qu

.. 4808
a 117% =

gtettagatg
gogogeatet
cagaacctteo
agtoccgaceg
gaatggatga
attccagaca
ctggcotcaat
cacagacaga
ttggggagec
caggtgacte
cgggggacat
atgaagcaga
aaagaccate
ctggeotateco
ctaaaaagta
acagtggaat
agctcacagt
aaagcatgga
ggatgaagaa
acttacggat
atgaggetgg
gotocagtbgt
ttgtcegtet

alifiers
1058 g

tgtttgggta
tcaagtaace
tgatgocogte
aggagttecea
aaggaagcag
ccacaagocoa
tattagtcagg
atctgtcaca
catgocaaca
cogagtggtyg
tggaatttac
agtcagaatt
caatgtagta
tccaccaagt
Ltctttattg
gtatacctgt
cttggttceg
tattgagttt
tggagatgtg
acttggggtyg
aaatgeococag
cotocctteg
cagetggege

108% ¢

cocaagotgg
ggttttcaaa
acaatgcggg
gtgatcaagt
caactttcaa
gatgagggac
acagcaaaadg
goecttoatgg
atccactggeo
gtcttgocet
cgatgotoag
ttatcagate
gocattgaag
tttacctggt
ggtggaageca
gttgtcacat
ccatggtttt
gaatgtacag
gtcattocta
gtgaagtcag
accagtgeac
gotoccagag
ceaccetgeag

cttttgtact
ttaaagettt
gaggaaatgt
ggaagaaaga
atgggtcotet
tttaccaatg
ttgocagtage
gagacacagt
agaagaacca
ctggageatt
ctogaaateco
caggactgea
gaaaagatgeo
tacgaggcga
acttgettat
ataaaaatga
taaatecateco
tctetggaaa
gtgattattt
atgaaggett
agetcattgt
atgtggtceeo
aagegaaagyg

11-0CT-2002

cttocggaget
cacagoactyg
cotooctogac
tggecatteat
goctgatacaa
tgaggecatct
aggaccactyg
gotacteoaag
acaagacctyg
gocagatcage
agccageotoa
tagacagectyg
tgtococtggaa
ggaagteate
ctocaatgty
gaatattagt
ttocaacctyg
gooctgtgooe
tcagatagtyg
ttatcaatgt
coctaagoct
tgtcttggtt
gaacattcaa
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|m (1 GenBank || _SixFrames | Frame from to Length
: : +1 @ 1.4344 4344

-2 @ 342. 620 279

+2 mI181..1432 252

-2 B4104..432 222

+2 m2921.3127 207

-1 m2386..257 186
mI194..1376 183
m2712..289 180
E3344..3505 162
m1955..2098 144
@ 215 . 144
B 96. 141
m 767.. 135
m3621...
m 627.
m4482. 4
@ 130..
m2707..
I 488.
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Anonymous

["u"iEWI[ 1 GenBank = ”Redrawl[ 50 | = || SixFranes | Frame from to Length

e ——— e ) T SR
= 2 m 342, 620 279

I R 5 1 T o 1 | m1181..1432 252
B4104..4325 222

E2021..3127 207
E2386..2571 186
EI194..1376 183
E2712..289] 180
E3344. 3505 162
EI955.. 2098 144
B 215.. 358 144
B 96. 236 141
B 767.. 901 135
E3621..3752 132
B 627.. 755 129
E4482..4607 127
= 130, 240 111
E2T707.2808 102
B 48%.. 589 102
E 9051003 a9
= 1.. 99 a9
E3376..3471 06
E2609..2704 06
E3079..3171 03
E2807..2896 a0
EI026..1115 a0
4134 87
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|View|[ 1 GenBank | # |[Redraw|[ 300 # ]| SixFrames Fraln1e.t"rur1l1 T‘_HLT‘E:I;
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| view|[ 1 GenBank  # ||Redraw|[ 100 3% | Frame from to Length

+1 B 1.4344 4344
-2 B 342, 620 279
+2 @E1181..1432 252
-2 B4104..432 222
+2 m2921.3127 207
-1 E2386..25 1 86
@I194..1376 183
@2712..28¢ 1 &0
@3344.3505 162
@I955..2098 144
@ 215. . 144
B 96.. 141
@ 767. 135
@3621..
B 627.
B4482. .
@ 130.
m2707..
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[View] [ 2 Fasta nucleotide |2 [ ViewAll|[Redraw] | 0rfFind |

[T T TTT T TTT T W WiT T TT Tl
WLTLUTINEE B L [TL ST T N LA L L T T TR [T

T LT L T T T TR T T T W T T T TR T T LT

LTI ATINTT T T T TN TN L T A L N TR B AT

T TR WA T T T AT T T T T T anm




[‘nfiewl[)z Fasta nucleotide % I[viewﬂllllﬂedraw” OrfFind

I|_III|I|| LI T O T T FTrannh (™ g v 118 Ui

| T T A TR T T T T T T T TR T THRNTTIT,

TR TR AT T TR T T N TN
Length: 1535 aa
[Alternatiue Initiation Codons

gagaatagtcttagatgtgtttgggtacccaagetggettttgtactetteggaget
E N 2 L R C WV W W P E L A E v Lk G A

& L L == A H L © ¥ T G E 0 1 A A I a L
cgottoctotecagaaccttotgatgeogteacaatocggggaggaaatgtectectegac
£k L & E F = D & ¥V T E &6 G N ¥ L L D
tgocteocgeggagtcogacegaggagttocagtgatcaagtggaagaaagatggeatteat
cC = A E & D E G W S 1 E W E EKE D G 1 H
ctggocttgggaatogatgaaaggaageoageoaactttoaaatgggtetotgotgatacaa
L & L G b B E E 0 © L & H & = L L 1 o
aacatacttoattecagacaccacaagocagatgagggactttaccaatgtgaggeatet
Ll 1 L H 5 = H H B = 0 kB G L I 0 C B A s
ttaggagattetggeteaattattagtoggacagoaaaagttgoagtageaggaccactyg
L &6 D =5 G = 1 1 & E T A E W & WV A G P L
aggtteocttteacagacagaatotgtoacageetteatoggagacacagtgotacteaag
£k L = o0 T E & ¥ T A E = b T v L L E
tgtgaagteattggggagecoatoccaacaatocactggeagaagaaccaacaagaccetg
C E W L z E r | 1 H W o0 E ©H © o0 D L
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[‘nfiewl[ 2 Fasta nucleotide :m»m)mdraw” OrfFind
0~ 711

I|_III|I|| LI T O T T FTrannh (™ g v 118 Ui

| T T A TR T T T T T T T TR T THRNTTIT,

TR TR AT T TR T T N TN
Length: 1535 aa
[Alternatiue Initiation Codons

gagaatagtcttagatgtgtttgggtacccaagetggettttgtactetteggaget
E N 2 L R C WV W W P E L A E v Lk G A

& L L == A H L © ¥ T G E 0 1 A A I a L
cgottoctotecagaaccttotgatgeogteacaatocggggaggaaatgtectectegac
£k L & E F = D & ¥V T E &6 G N ¥ L L D
tgocteocgeggagtcogacegaggagttocagtgatcaagtggaagaaagatggeatteat
cC = A E & D E G W S 1 E W E EKE D G 1 H
ctggocttgggaatogatgaaaggaageoageoaactttoaaatgggtetotgotgatacaa
L & L G b B E E 0 © L & H & = L L 1 o
aacatacttoattecagacaccacaagocagatgagggactttaccaatgtgaggeatet
Ll 1 L H 5 = H H B = 0 kB G L I 0 C B A s
ttaggagattetggeteaattattagtoggacagoaaaagttgoagtageaggaccactyg
L &6 D =5 G = 1 1 & E T A E W & WV A G P L
aggtteocttteacagacagaatotgtoacageetteatoggagacacagtgotacteaag
£k L = o0 T E & ¥ T A E = b T v L L E
tgtgaagteattggggagecoatoccaacaatocactggeagaagaaccaacaagaccetg
C E W L z E r | 1 H W o0 E ©H © o0 D L




*3equence 1 Frame +1
szﬂhwfvwwfﬁhgrHLrGAﬂLLﬂA~Lﬂ”TGrﬂ EAFTALEFLSEPSDAVTMEGGNVLLDCSAESDRGY
VIEKWEEDGIHLALGMDEREQOLENGSLLIONILHSEHHEPDEGLYQCEASLGDEGSIISRTAEVAVAGE
EFLSQTESVTAFMGDTVLLECEVIGEPMPTIHWNQKNOQDLTPI EGJi“ WVLPSGALQISRLOPGDIGI
ECSARNPASSRTGNEAEVREILEDPGLHEQLY FLORPSNVVAIEGEDAVLECCVEGYPPPESFTHWLEGEEY
OLESKEYSLLGGSNLLISHNVTDDDSGMY TCVVTYENENI SASAELTVLVEPPHNFLNHPSNLYAYESMDIEE
_fUhiGﬂE“ETHNWH{NEJEU_Eﬂ‘“bﬂ_ZGEEHLi_LEHZ{hJ;ul”ﬂﬁ” dHLAuNAﬂUwﬂﬂL_“E{
ATPSSESVLPSAPEDVVEVLVSSREEN e
NLEPEAMYTFEVVAYNEWNG ud_hﬂE_ﬂ A“QE Lﬂ EHET;HLﬂﬂhiUiEUi_L_Uw_EEA”AHuE fule
TGEEQNIEVDGLAYE LEGLEEFTEY SLEFLAYNREY GPGVSTDDITVVTLSDVEPSAPPONVE
LLHENEi&-ﬂHcWLEEEiGUQHul_UEEﬂ_“:*ﬂUUﬁ*udH_UL  PHNLWYLFTGLEEGEOYSFOVSAMT
vw:TGEEﬁwszAzTE;wJLJEEQHE‘QE55L~:<E9_NL__Hﬁw_EELNEN_fuﬂaz__qu 'GEPYAE
TEVDESEQE 2 IERLES TESITDPTDEPVDYYPLLDDFPTSVED
ETEHLEE?quA:AL_:JA?ifﬂHAJHﬁ" - SEVELYTVEWRETSFEASAKYKSEDTTSLEYTATG
EPNTMYEFSVMVTENERSSTWSMTAE AUUE_AAEUiAE{ IFTVITREGEPREAVIVENQPPLEANGEITA
ILFYTLDENIPIDDWIMETISGDELTHOIMDLNLDTMY Y FREIQARNSEGVGPLSDPILFETLEVEHPDEN
ANDOGEHGDGGYWPVDTHNLIDESTLHNEPPIGOMHPPHGEVTPOENSNLLVIIVVTVGVITVLVVVIVAY
CTERSSAQQRKERATHSAGKREGSQKDLEPPDLWIHHEEMEMENIEKPSGTDPAGRDSPIQSCODLTEV
HEOSETOLGEKETSHEGODTEEAGSSMETLERSLAARRAPE A{LH_EH;AﬂﬂHHEA””Qﬂ_EEETLEEA
YPGILPSPTCGY PHPOFTLEPVEPFPTLAVDREGFGAGRS)SVEEGPTTOOPPMLEPPSOPEHSSS
_EUAEHEEU;ELiclAHELLEEEHEA-;Eﬂ;EEUELLEQEUE”LE{U:ﬂﬂ”AﬂLuLAuﬂﬂﬂcELLEUEE
TAEE?EEEE;&ETEJEHH”EEﬂJJLEEQHAELEGLHiQLNH-_ucﬂl‘;.lhw"ﬂ_l_quAAEQLE_E
STPVESENSNOQCTGHPSGPLEY GE S SEGISIPEFTGIENCOMMIMSSLNESEDAFSLOQCOSLAR
>Sequence 2 Frame +2
WEIVLDVFGYPEWLLYSSELPCSARIFEY PVFELELSQHCASSONLLMPEQCGEEMSSSTAPRSPTEEE
* SGREMAFIWNPWEWMEGSSNFOMGLC* YETYFIPDTTSOMREDFTHVEHLY EILAQLLVGQOQELOY QDH*
GEFHEQNLEOPEWETOCY S8VESLGSPCOOSTGRRETNET* LOSOVTPEWNSCPLEHCESADSNEGTLER T
DAQLEIQPAQEQEMEQKSEFYQIQDCIDSCIFCEDHPMY * PLEEEMLSWNVVEFLAILHOVLPGYERRESS
NEGLESILYWVEATCLEPM* QMMTVECIPVLEHIKMEILVPLOSSOSWFREHGEFY IILPTCMPMEAWILSE
NVOSLESLCPL* IG* EMEMWNSFLVIIFE* WEEATYGYLGW* SOMEAFINVWLEMELEMPEPVHSSLELS
NE0APVESLELPEMN S LEWFPADLEVEAGAHLOKREGTFELESREFSPEEVTTGNEHY IQHELGPFESLWE
T* SQKPCTPFELWLTMNGDRERVLNPSEWNPHSLESCEFQGO* KTCELYLPHLPOFLLPGNPLEPMQTVOSE
TODCSALRCPOEENEI* ELMDYLINWEA* KNSPHNIVFDSY LITAMVEASLLMI* QWLHFLTCOVPE L4:5
WEWSIOEVSELAGCLLHQEHEMDLLPAIKFDTERRPAGVENEHNSOTTSGTY SQDWEREEVSTVSRECOP
SMVLDHLPTGILQRELOEMI* MNLEFLINQALFM* GPELTASS* VGLLEP* TOTSWCEVILEVMALGALTLE




Anonymous

Program | blastp | # | Database [ nr $]| BLHSTI _! with parameters

["ufiewl[ 3 Fasta protein = I[viewﬁlll[ﬁedrawl
-  zz 0©9B9B9m ]

I|_III|I|| NI LY T S TLL T N I T ‘UL L T UL LT T TR W L T

| IR LT A A T T T T T T TR T T T T TR T THENTTIN

I! LTI BT BT ETETETIE R TN TN I

TN TR AT T AT TR T T T T TR
Length: 1535 aa
[Alternatwe Initiation Cudnnﬁl

gagaatagtocttagatgtgtttgggtacccaagetggettttgtactettoggaget
E N & L E C WV W W P & L & k v Lok G A4
&1
= L L & A H L 9 W T G E o L Fooa k r & L
121 ecgettectetcagaaccttetgatgocgtoaca cggggaggaaatgtectectogac
=k L & E | s W T E 6 6 N W L L D




Feference: Alt=chul, Stephen F., Thomas L. Madden, Alejandro A. Schaffer,
Jinghui Zhang, Zheng Zhang, Webb Miller, and Dawvid J. Lipman (15%57),
"Gapped BLAST and PSI-BELAST: a new generation of protein database =search

programs", HNucleic Acids
Database: /jusr/peopleld/tatusov/cog200l/xyva
108,091 sequences; 33,061,072 total letters

Score
Sequences producing significant alignments: (bit=) WValue
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Gene identification involves
4 main stages

Find the putative coding region(s) Open reading frame
In the sequence

: ) : CpG islands
Find non-coding features Tandemly and dispersed repeats

of interest in the sequence Promoter regions (TATA box, cap signal,

CCAAT-box)
Transcription factors, Poly-A sites

Branch point signal

Determle the exon-intron organization CT(G,A)AC.T)
5 and 3’ splice sites:
AG/GUAAGU-------------- PyPyPyPyPyPyPyPy-CAG/G *

. motif, signal and pattern '
Identify the gene [N AN i

Functional studi
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S IeR N CpGPlot/CpGReport/lsochore

Detection of regions of genomic sequences that are rich in the CpG pattern is important because
such regions are resistant to methylation and tend to be associated with genes which are
frequently switched on. Regions rich in the CpG pattern are known as CpG islands.

The function of the program cpaplot is to plot CpG rich areas, and cpgreport to report all CpG rich
regions.

The nuclear genomes of vertebrates are mosaics of isochores, very long stretches of DNA that
are homogeneous in base composition and are compositionally correlated with the coding
sequences that they embed. Isochores can be partitioned in a small number of families that cover
a range of GC levels. Program isochore plots GU content over a sequence.

Frogram Window Step Obs/Exp @ MinPC Length Reverse Complement

cpgplot :][WD :][1 #][D_E- #][ED #][EDD :][nr_‘- :][nﬂ #]

Enter or Paste a nucleic acid Sequence (at least 100bp) in any format:
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http://sullivan.bu.edu/~mfrith/HPD.html

See also DBTSS.

The Database: 2004 transcription start sites

Format

First column
An accession number for the sequence used to find the transcription start site
Second column
The accession number of the contig in the NCBI genome assembly on which the transcription start site 1s located
Third column
The position of the transcription start site in this contig
Fourth column
The sense strand for transcription

Get promoter sequences from |-500 relative to the transcription start site.
| Submit | | RESET]




L fouhg g l\.',l AT l'l'.|!-'|'-'l\.'|'||l-' Sk Ssplbis

DRTSS

Go to Japanese Page

Database Search (Mar11,2002)

Detailed Search (Apr26,2002)

About this Database (Apr
12,2002)

Related Links (Mar 11,2002)

Download (Mar11,2002)

Acknowledgements (Mar
11,2002)

http://www.epd.isb-sib.ch/

- ﬂumtﬂusa ﬂf Inur&. ﬂpifﬂﬁ:{ﬂfﬂﬂ Sites, -

' Version 2.0 (March 11, 2002)

We recommend to use the Internet Explorer 5.0 or later for visiting our database

Add SNP Info (Optional)

™ Overlap SNPs HELP ¥ Random SNPs HELP

Search Entries by

<Database ID>

RefSeq ID (NM_) (e.g., 123) + |=|

<Sequence Similarity>




TRANSFAC

TRANSFAC - The Transcription Factor Database

Release 5.0 public

The TRANSFAC database is free for users from non-profit organizations only. Users from commercial enterprises
have to license the TRANSFAC databases and accompanying programs. Please read the DISCLAIMER !

Previous

TRANSFAC releases Documentation Extended Search

How to cite
TRAMNSFAC ?
TRANSFAC-
Reports
Classification of
Transcription factors

http://transfac.gbf.de/ -




Research Group
Bioinformatics/ AG Bioinformatik

FunSiteP 2.1 Promoter Recognition
Job Submission Form

H

THRESHOLD
SEARCHTITLE |(default: 1.0 Use the EXAMPLE
range: 0.2 to 4.0

Enter or Paste one or more Sequence(s) in EMBL, GENBANK, FASTA or free text format:
Max. 30000 characters possible in the input window!

TATGAACAGGATG
ATCTGAGTGAACAAATGGCAAGTTTGGAAGGACTCATGAAGCAGCTTAATGCCATCAC

AGGCTCAGCCTT
TTAACATGTATTTCTGAATGGATGAGGTGAATTTTCCGGGAACTTTGCAGCATACCAATT

ACCCATAAAC
AGCACACCTGTGTCCAAGAACTCTAACCAGTGTACAGGTCACCCATCAGGACCACTC

AGTTAAGGAAGAT
CCTGAAGCAGTTCAGAAGGAATAAGCATTCCTTCTTTCACAGGCATCAGGAATTGTCA

AATGATGATTAT
GAGTTCCCTAAACAAAAGCAAAGATGCATTTTCACTGCAATGTCAAAGTTTAGCTGCT | ¥

ik

Upload a file| " Browse... ) (should be < 1MB)




S JAENC: adIns:

In Frwmmef tran=fac/ htdocs/ programs/

DIRECT STEAND
Hamber of found binding =site=s = 1
Humber of found potential transcription starct=s = 6

Jtart Interwal
of Confidential Moo=t probable
transcripktion lewel e ightz Bucher clas=es

waguae l.02
waqae 1.11
wagqie 1.04
1.0%
1.a0
1.0z

COMFLEMENT ARY STEAND
Hamber of found binding =site=s = 21
Humber of found potential transcription =

Jtart Interwal
of Confidential Moo=t probable

transcripktion lewel e ightz

ol Lol 503 (2] wague= 1.09
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: i x 5~10 splicing=
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316 bp

B il 40,000 x 65% =
28 26,000
96,000 ~ 166,000

x %
*



http://binfo.ym.edu.tw/passdb/index.html

Putative ALternative Splicing Database
(PALS db)

[Introduction] [Rationale] [History] [Statistics] [User's Guide] [Chinese Version] [Mirror Sites] [Supplementary
Material]

Introduction of PALS db

Putative ALternative Splicing Database (PALS db) is a database designed to provide biologists a wide
coverage of putative alternative splicing (AS) sites to all known human genes. We used the unique sequences of
UniGene clusters as reference sequences to construct PALS db.

To collect the human and mouse EST sequences that are absent in the UniGene database, the reference
sequence was used as a query sequence for blast analysis against dbEST. The splicing sites can then be discovered by
comparing reference sequence with other sequences in the same UniGene cluster or with related EST sequences from

dbEST.

The work of us differs from other available databases in that we tried to cover all known human genes and all
available sources of sequences possibly containing AS information. Though genomic sequences are the absolute
reference sequences to find AS, half of human genome draft is still unordered and fragmented, which makes alignment
more complicated.




Summary| Text |OMIM HUGO dbSNP | SAGE |GeneCards| Ensembl |Search again! Help
iProClass (InterPro| Dart | CDD [PSORT TMHMM  NetOGlyve i ma mRNA | Homologs |Similarities
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http://cgsigma.cshl.org/new_alt_exon_db2/

Alternative Splicing Database

This project i1s supported by the Human Frontier Science Program. It is also partly supported by a
Grant-in-Aid "Cenome Science” for Scientific Research on Priority Areas from The Ministry of
Education, Science, Sports, and Culture in Japan

You are the 2850-th visitor of this page

e« About This Project

e Members of This Project

e Data Entry

e Search Data

¢ Define Groups

e |Analyze Data(Java)

¢ Predict Exons

e Predict enhancer/silencer: by consensus
e GibbsDNA(multisequence alignment)
+ Blast search

e Links to Other Sites




ASAP Search Page

1

Search b}-‘ - Cene Symbol I ']
For Tcw1 [ search

You may search by any of the following items:

* (zene Symbol: search by a gene symbol (e.g. TCN1)

¢ UniGene Sequence Identifier: search by a UniGene sequence identifer (e.g. Hs#53362)

¢ UniGene Cluster Identifier: search by a UniGene cluster identifier (e.g. Hs.2012)

o (Gene Title: search by a gene title (e.g. transcobalamin I (vitamin B 12 binding protein, R binder family) )
¢ GeneBank Sequence Identifier: search by a GeneBank sequence identifier (e.g. JOS068)

http://www.bioinformatics.ucla.edu/HASDB/




UniGene
Cluster

(_Graphical

View )

Table View

transcobalamin I
(vitamin B12 binding
protein, R binder
family) (TCN1)

Splicing Overview




Splicing of
TCNI1
( Cluster Hs.2012

)

mENA 1soform
38542

(1.58 kb)

mENA i1soform
38543

(1.20 kb

mENA 1soform
38544

(1.40 kb)




Gene identification involves
4 main stages

Find the putative coding region(s) Open reading frame
In the sequence

: ) : CpG islands
Find non-coding features Tandemly and dispersed repeats

of interest in the sequence Promoter regions (TATA box, cap signal,

CCAAT-box)
Transcription factors, Poly-A sites

Branch point signal

Determle the exon-intron organization CT(G,A)AC.T)
5 and 3’ splice sites:
AG/GUAAGU-------------- PyPyPyPyPyPyPyPy-CAG/G *

. motif, signal and pattern '
Identify the gene [N AN i

Functional studi



Ab Initio Gene Discovery

Protein coding sequences within a whole genome sequence can
be identified using a process known as ab initio gene discovery,
In which software that recognizes features common to protein
coding transcripts is used.

The existence of long open reading frames

Particularly ones for which the codon bias is typical of that
observed for the species being studied

Proximity of transcriptional and Translational initiation motifs and
3’ polyadenylation site

Splicing consensus sequences at putative intron-exon boundaries

x 2%
*



Hidden Markov Models

An example of the HMM

Normal region GC-rich region

NNNNNNNNNRRRRRNNNNNNNNNNNNNNNNNRRRRRRRRNNN
TTACTTGACGCCAGAAATCTATATTTGGTAACCCGACGCTAA

N 0.3 0.3 0.2 0.2 10
R 01010404 5




5 untranslated
region

Begin
€5 Start

oene :
b translation

Initial
exon

Final 3' untranslated
exon region

End
gene
region

Acceptor Stop
splice — ftranslation —>

‘nglt eon—m—m———————————

*



The New GENSCAN Web Server at MIT

Identification of complete gene structures in genomic DNA

WSS
(o o)
- .-, .—ﬂf}f}ﬂ*-[_]*-ﬂuf}f}ﬂ—- P Pm e e f—m e . P Pm e e f—m e . . =
ol NS X Wl ol o4 ol NS X Wl ol o4 ol o4 X Wl ol o4

For information about Genscan, click here

SITE MM
P

This server provides access to the program Genscan for predicting the locations and exon-intron structures of
renes in genomic sequences from a variety of organisms.

News: http://genes.mit.edu/GENSCAN.html F

* The server is back online. Apologies for the delay.



Organism: Suboptimal exon cutoff (optional):
Sequence name (optional): [ INGNG

St Fredicted peptides only >

1e-letter code, upper or lower case, spaces/numbers ignored):

Upload your DNA seque
" Browse... |

Or paste vour DNA sequence here (one-letter code, upper or lower case, spaces/numbers ignored):
ACAGCCCCTGAAGTGTCTGAGGAGAGCCACAAACCAACAGAGGATTCAGCC
AATGTGTATGAACAGGATG
ATCTGAGTGAACAAATGGCAAGTTTGGAAGGACTCATGAAGCAGCTTAATGC
CATCACAGGCTCAGCCTT
TTAACATGTATTTCTGAATGGATGAGGTGAATTTTCCGGGAACTTTGCAGCATA
CCAATTACCCATAAAC

AGCACACCTGTGTCCAAGAACTCTAACCAGTGTACAGGTCACCCATCAGGA
L.-L.- m_. TC .fu JTA.EU_,._,_.&L&. ,,e.lT

TTHTLHAATHATHATTHT
GAGTTCCCTAAACAAAAGCAAAGATGCATTTTCACTGCAATGTCAAAGTTTAG

CTGCT

'y

¥




GENSCAN 1.0 Date run: 31-Qecc-102 Time: 15:53:11

Sequence 15:53:10 : 4808 bp ¢ 48.55% C+G ! Isochore 2 (43 - 51 C+G%)
Parameter matrix: HumanIso.smat

Pradicted genes/exons:

Gn.Ex Type S .Begin ...End .Len Fr Ph I/Aec Deo/T CodRg P.... Tser
1.01 Sngl + 1 4344 4344 0 O 75 38 2516 0.868 230.84
1.02 PlyA + 4561 4566 6 -3.64

Click here to view a PDF image of the predicted gene(s)

Click here for a PostScript image of the predicted gene(s)

Pradictad peptide saquence (s):

>15:53:10|GENSCAN predicted peptide 1|1447 aa

MENSLRCVWVPELAFVLFGASLLSAHLOVTGFQIKAFTALRFLSEPSDAVTMRGGNVLLD
CESAESDRGVPVIKWKKDGIHLALGMDERKQQLSNGSLLIQNILHSRHHEPDEGLYQCEAS
LGDSGSIISRTAKVAVAGPLRFLSQTESVTAFMGDTVLLECEVIGEFPMPT IHWNQENQQDL
TPIPGDSRVVVLPSGALOISRLOPGDIGIYRCSARNPASSRTGNEAEVRILSDPGLHRQL
YFLORPSHNVVAIEGKDAVLECCVSGYPPPSFTHLRGEEVIQLRSKKY SLLGGSNLLISNV
TDDDSGMY TCVVTYKNENI SASARLTVLVPPWFLNHPSNLYAYESMDIEFECTVSGEEVE
TVHNWMENGDVVIPSDYFQIVGGSNLRILGVVESDEGEFYQCVAENEAGNAQTSAQLIVEEF
AIPSSSVLPSAPRDVVEVLVSSRFVRLSWRPPAEAKGNIQTFIVFFSREGDNRERALNTT
QPGSLOLTVGNLEPEAMY TFRVVAYNEWNGPGESSQPIKVATQPELOQVPGPVENLQAVSTS
PTSILITWEPPAYANGPVOGYRLFCTEVSTGKEQNIEVDGLSYKLEGLEKFTEYSLRFLA
YNRYGPGVSTDDITVVTLSDVESAPPONVSLEVVNSRSIKVSNLPPPSGTONGFITGYRI

*



GENSCAN predicted genes in sequence 15:53:10




_1: AD000671
Homo sapiens DNA from chromosome 19-cosmid 24109 containing HR X2
CENOMIC sequence

i|1905893[gb|AD000671.1|AD000671[1905893]

[Diﬁplayr[ default > ISEWEITEHII [Add o Cllpbnardl [Eet Subsequence

_1: AD000671. Homo sapiens DNA .. [gi:1905893]

Lﬁ*H* ADOOOETL 46251 bp DNA linear PRI

IEFINITION Homo =sapiens DNA from chromosome l1%-cosmid £2410% contal
genomic sequence.

CCESSION ADCOOET

VERSION ADOODOETL .1

EEYWNCEDS chromosome

SOURCE Homo =aplens

CRGANIEM Homo sapien
Eukaryota; Metazoa; Chordata; Cranliata; Vertebrata;

HaNHa__a, Eutheria; Primates; Catarrhini; Hominidae; Homo.
EEFERENCE 1 (baze=s 1 to 46251)

AUTHGORS Lamerdin, J.E.

TITLE Direct SZubmizsion

JOUEMAL Zubmitted (27T-NCOV-15%&) J.E. Lamerdin, Human Genome Center,
Lawrence Livermore National Laboratory, 7000 East Ave, Livermore,
Ca, U5A, 54551 janefdacgt.llnl.gov ow@tornak.llnl.gowv

EEFERENCE 2 (baze=s 1 to 46251)

ANTHCOES Lamerdin,J.E., McCready,P.M., Adamson,A.W., Burkhart-Schultz, K.,
Garcia,E., K;-E,A., Famirez M., Stilwagen,3., Garnes,J.,
banganan, L., Bruce,R., Quan,G., Montgomery,M., Ow,D., Kobayashi,A.,
Clzen,A.0. and Carrano, A.V.

TITLE Direct Submizsion

JOUERNAL Submitted (27-NOV-15%&) Sequence analysis of a 1 Mb region in




Organism: Suboptimal exon cutoff (optional):
Sequence name (optional): [ INGNNG

S ineel Fredicted peptides only -

Or paste your DN A sequence here (one-letter code, upper or lower case, spacesnumbers igr

To have the results mailed to yvou, enter your email address here (optional): *

|
Run GENSCAN § Clear Input
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4718
11018
11341
11518
11808
12144
12454
12748
13892
15052
17315
17983
18229
18785
19013
19517
20241
20597
20843
21159
21328
21863
22779
23132
23297
23495
23681
24399
24586
24806
25635
25972

.Len Fr Ph I/Aec Do/T CedRg

40
881
T4
&9
165
156
95
141
363
T3
2021
114
151
280
56
204
95
99
114
171
96
160
114
185
90
105
T4
116
92
138
159
121

OO R RO R BMABEREEBEORMRMOEEDOORERBMORESEMFMRB DO OO
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81
70
115
147
T4
25
17
37
=)
111
97
100
el
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83
15
125
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94
52
&0
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(14
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&5
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80
=15
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=1
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84
100
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155
138
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221
89
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48
&3
122
17
38
le8
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el
a7
218
180
252

o0 D000 00000000000 000000000000000

.994
.996
. 954
.994
. 050
. 040
.047
.030
. 6685
.8398
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.998
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-1
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.09
.19
.04
.45
15
.99
.02
.06
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.47
LT
.45
.85
.28
.31
.40
.48
.11
.35
.95
.21
.37
.52
.43
.99
.11
.40
.99
.11
.07
.40
.67



>gi|GENSCAN predicted peptide 1|3182 aa

MSLPPIRLPSPYGSDRLVOLAARLRPALCDTLITVGEQEFPAHSLVLAGVSQQLGRRGOW
ALGEGISPSTFAQLLNFVYGESVELQPGELRPLOEARRALGVQSLEEACWNRARGDRAEKKF
DPGLEKHQEEPEKP SRNPERELGDPGEKQKPEQVSRTGGREQEMLHEHSPPRGRPEMAGA
TOEAQQEQTRSKEKRLOAPVGORGADGKHGVLTNLRENPGGSEESLRELPGPLFPAGSLQ
TSVTPRPSWAEAPWLVGGOPALWSILLMPPRYGIPFYHSTPTTGANQEVNREQRIPLSLH
APKGLWSONQLASSSPTPGSLPQGPAQLSPGEMEESDOGHTGALATCAGHEDKAGCFEPRF
HFPPAPPARSRPYACSVCGERFSLEHQMETHYRVHTGEKPFSCSLCPQRSRDFSAMTEHL
RTHGAAPYRCSLCGAGCPSLASMOAHMRANSAPEAPQEGRRVPSPGRERVAEAQASEFYR
RPLVALRPLSSGMDTSSTPEAPRPPOEAAGPEDSVSGHTLRHAGPGLMAAAAGGGSCPGE
GSARGRFPGRPRGAGGGGGRGGRGNGAERVRVALRRGGGATGPGGAEPGEDTALLRLLGL
RRGLERLRRLWAGPRVQRGRGRGRGRGNGPSRGCVPEEESSDGESDEEEFQGFHSDEDVA
PSSLRSALRSQRGRAPRGRGREHKTTPFLPFPRLADVAPTPPKTPARKRGEEGTERMVQAL
TELLRRAQAPQAPRSRACEPSTPRRSRGRPPGRPAGPCRREQOAVVVAEAAVTIPKPEFPP
PPVVFVEHOTGSWKCKEGPGPGPGTPRRGGOS SRGGRGGRGRGRGGGLPFVIKFVSRAKK
VEMGQLSLGLESGQGQGQHEE SWQDVPORRVGSGRGGS PCHEEQEQRELDDEEEEKKEEEE
KDKEGEEKEERAVAEEMMPAAFRKEEAKLPFFPLTPPAPSFPPPPLFPPSTSFPFFLCFEFF
PPVSFPPLPSPPPPPAQEEQEESPPPVVPATCSRERGRPPLTPSQRAEREAARAGPEGTS
PPTPTPSTATGGPPEDSPTVAPKSTTFLENIRQFIMPVVSARSSRVIKTPRRFMDEDEFK
PPEVEVSPVLRPPITTSPPVPQEPAPVPSPPRAPTPPSTEPVPLPEEKRRSILREFPTFRWTS
LTRELFFFPPPAFPFPPPAPSPPPAPATSSRRPLLLRAPQFTPSEAHLKIYESVLTFPPLGA
PEAPEPEPPPADDSPAEPEPRAVGRTNHLELPRFAPVVITPVEAEVSPHGAPALSNGEPQT
QAQLLOPLOALQTQLLFQALFPPQPQLOFPPPSFQOMPPLEKARIAGVGSLPLSGVEERME
SLLERAKVOLFEIDQQQQORVAASMPLESPGGOMEEVAGAVEQISDRGPVRSEDESVEAERR
ERPSGPESPVQGPRIKHVCRHAAVALGOARAMVPEDVPRLSALPLEDROQDLATEDTSSAS
ETESVPSRESRRGEVEAAGPGGESEPTGEGGTLAHTPRRSLPSHHGEEMEMARCGHCRGCL
RVQDCGSCVNCLDEPEFGGPNTEREQCCVYRKCDKIEARKMERLAKKGPRRGAGAGGFREE
VVAHPGPEEQDSLLORKSARRCVEQRPSYDIFEDSDDSEPGGPPAPRRRTPRENELPLEPE
PEEQSRPREFPTLOPVLOLKARRRLDKDALAPGPFASFPNGHNTGEQESPDGVHRVEVDFEE
DCDLENVWLMGGLSVLTSVPGGPPMVCLLCASKGLHELVFCQVCCDPFHPFCLEEAERFPL
POHHDTWCCRRCEKFCHVCGREGRGSKVNAQGLARHLLECERCRHAYHPACLGPSYFPTRAT
RERRHWSSAWFSPNIALLPQICSACVRCESCGATPGENWDVENSGDY SLCPRCTQLYEERG
NYCPICTRCYEDNDYESKMMQCAQCDHWVHAKCEGLSDEDYEILSGLPDSVLYTCGPCAG
AAOPRWREALSGALQGGLROVLOGLLSSEVVGPLLLCTQCGPDGEQLHPGPCGLOAVSEQR
FEDGHYKSVHSFMEDMVGILMRHSEEGET PDRRAGGOMEGLLLELLESAFGWFDAHDPEY
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>gi | GENSCAN predicted peptide 2|1&7 aa
MGPGRCLLTALLLLALAPPPEASOYCGRLEYWNPDHNECCESCLORFGPPPCPELSSLASY)
PLSRLLDELEVLEELIVLLDPEPGPGGGMAHGTTRHLAARYGLPARWSTFAYSLRPSRSP
LEALIEMVVAREPSASLGOLGTHLAQLGRADALRVLEELGSSGVCHA

>gi| GENSCAN predicted peptide 3|1%5% aa
MAEYLASIFGTEKDEVNCSEFYFEIGVCRHGDRCSRLHNEPTFSQTIVLLNLYRNPONTAD
TADGSHCHYSDVEVQEHYDSFFEEVFTELQERYGEIEEMNVCDNLGDHLVGNVYVEFRRE
EDGERAVAELSNREWFNGQAVHGELSPVTDFRESCCROYEMGECTRGGFCNFMHLEPI SON
LORQLYGRGPRERRLPGSIM

>gl|GENSCAN predicted peptide 4|101 aa
MNLERVENEEELNLCREY Y LGGFAFLPFLWLVNIFWFFREAFLVPAYTEQSQIKGYVWRS
AVGFLFWVIVLTSWITIFQIYRPRWGALGDYLSFTIPLGTE

*



GENSCAN predicted genes in sequence gi
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http://compbio.ornl.gov/grailexp/

GrailEXP
Grail Experimental Gene Discovery Suite

Home
FAQ
Download
References

Credits/
Acknowlederments

Bugs/Questions/
Comments

alloenes.ore

GraillEXP 1s a software package that predicts exons, genes, promoters, polyas,
CpG islands, EST similarities, and repetitive elements within DNA sequence.
GraillEXP is used by the Computational Biosciences Section at Oak Ridge
National Laboratory to annotate the entire known portion of the human genom

(including both finished and draft data).

If you are interested in microbial genome analysis and annotation, you should g
to the Generation home page.

Perform Analysis

Select urganism:[ Human (Homo sapiens) = ]

Select output type: [ Human-Readable Text = ]




GRAILEXP
Grail Experimental Gene Discovery

Jreanism: human
Sequence: =gl 1905893 |gb| ADOD06T L. 1|ADO006T 1 Homo sapiens DNA from chromosom

containing HRX 2, genomic sequence
Leneth: 46251 bases
Estimated Time to Analyze: 19.2502 seconds

"our analysis has been dispatched to the server. The request [D 15 1036098954-21618.

Check results |
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Gene Finder

This page contains software tools designed to predict putative internal protein coding exons in genomic DNA
sequences. Human, mouse and arabidopsis exons are predicted by a program called MZEF (developed by Dr.
lichael Zhang). fission yeast exons are predicted by a program called Pombe (developed by Dr. Tim Chen and Dr
Michael Zhang).

Human

Mouse

Arabidopsis

Fission Yeast

or more information about MZEF click here
o contact Dr. Zhang mzhang(@eshlorg
hange's Lab Home Pave




Human Internal Coding Exon Finder by Michac
Zhang

Strand (1 for Watson, 2 for Crick) [t
Overlap (integer) [0
Prior Probability (Between 0.00 and 1.00) [0z

Please paste vour sequence in FASTA format (First title line begin with a "=". Max = 200 kb)

Or, eive the name of a file in FASTA format containinge the sequences here: :
|ADD0067 1.txt Browse...

Please mail the results to : |

[ Submit ] [ Chear]




uploaded sequence file: ADOOO67T 1 . txt

Internal coding exons predicted by MZEF
Sequence length: 46251 G+C _content: 0.568

| Coordinates TWWWWWWW

11464 - 11518/[0.666/(0.497 0445 [0.360 [112[0.522 [0.487 [0.68¢
2024 - 12079//0.830//0.379/[0.518 WWWW
530 - 13892 WWWWEWWW

4980 - 786/0.522(0.5200.356 [112/[0.515[0.515 0.6
ZTIEZ-IE1-1*=I|”7-1|T|WW"I 0.488/[0.569 [0.632
7160 - 17315//0.930[0.416[0.500/[0.620 [211/[0.490 [0.564 [0.702
12666 - 22779 0.9940.452/0.51410.625 221 0.546 0.611/0.670
3391 - 23495(0.992//0.384//0.389/[0.672/[211//0.495[0.569 0.630
24495 - 24586/[0.840(0.395[0.571 [0.416 [111[0.498 [0.519 [0.634
2 ':;-*4wuc1|Ta|W|WW|_|W|W|F

5477 - 25635/[0.9440.632/[0.4120.411[1220.5340.549][0.48;

5852 - 259720, m 395(0.377[1220.526 [0.598[c

8 -26126][¢ Wﬁﬁmmm




HMMgene (v. 1.1)

Prediction of vertebrate and C. elegans genes

One of the World Wide Web Predietion Servers

Informatio

from the Center [or Biolerical Sequence Analvsis

This server was set up on Feb. 27, 1998, Please mail krogh{w cbs. dtu.dk in case of problems.

Jan. 18, 2002:
Error in the processing of annotation in the Sequence file corrected.

Submission of a local file (HTML 3.0 or higher)

Organism: Options:
".?' Human (and other vertebrates) __ Predict signals
_ C. elegans | best prediction s

File in FASTA format File with annotation (optional)

| _’@rGWSE--._ | Browse...
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Predicts | GenScan | GRAIL MZEF | HMMgen

1 10138- 10138- 11464- 10138-
11018 11022 11518 11018

2 11268- 12608- 12024- 11268-
11341 12711 12079 11341

3 11450- 13530- 13530- 11450-
11518 13923 13892 11518

4 11644- 15698- 14980- 11644-
11808 15771 15052 11808

5 11989- 16358- 16358- 15002-
12144 16532 16451 15052 4 *



GRAIL 2
_ G _ 10138 - 11018
j’IrJrn:: E:I:I:: |1Ei|:|’r. h Scoring Matrix: DMNA database matrix 12608 - 12748
13530 - 13923

" | | 10138 - 11018
11268 - 11341
11450 - 11518

11644 - 11808
1000 11989 - 12144
| = 12360 - 12454

12608 - 12748

400

5O0

1200

1400

1500 1880 - 1908
| 5061 - 5175
10000 10500 11000 11500 12000 12500 12000 12500 14000 14500 15000 5 9 00 _ 60 49
15000 8317 - 8544

10357 - 11018

11268 - 11341

11450 - 1151

cDNA and genomic DNA alignment and matrix analysis: 11644 - 11864

pol* 12521

R R

% R+ + + + +

+|¥+|+|+ R R X



http://research.nhgri.nih.gov/genemachine/

genome.gov

T _ _
w National Human Genome Research Institute

£ Research
Research @ NHGRI +» Online Research Resources » GeneMachine

GeneMachine

GeneMachine is an integrated tool intended to perform both comparative and predictive
gene identification technigques in a single run. The output is returned in ASN.1 format

and can then be viewed using NCEI's Sequin tool.

« Run GeneMachine on the Web
Abstract

Figure of Sequin viewing GeneMachine Output (24K)

README

Terms and Legal stuff
DOWNLOAD




File Edit Search Options Misc Annotate

Done

Target Sequence bigcont — ‘

Display Format Graphic — | 5tyle GeneMachine — | Scale 50
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‘
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BioEdit.zip
(full installation12.6 Mhb)

Bug fixes / changes

BioEdit
General information

BioDoc.pdf
[pdf format help doc)

Yiew Screenshots

Tom Hall

Ihis Therapentics
Carlsbad, CA 92008

Bi fﬂﬂi"‘fjf sequence f!f!gﬂmﬁ’ﬂf f:,r’,rmr Jor Win95/98/N 172 E/X P

ﬁ Copyright © 1997-2005

BioEdit iz a biological sequence alignment editor wntten for Windows 95/08/NT/2000/XP. An

intuitive multiple document interface with convenient features makes alignment and
manipulation of sequences relatively easy on your desktop computer. Several sequence
manipulation and analysis options and links to external anaylsis programs facilitate a working
environment which allows you to view and manipulate sequences with simple point-and-click
operations.

BioEdit's features include: New version is WinXP compatible

Several modes of hand alignment ® ENA comparative analysis tools
Automated ClustalW alignment Graphical matrnix data viewing tools
Automated Blast searches (local and WWW) Shaded alignment figures

Plasmid drawing and annotation Translation-based nucleic acid alignment
Accessory application configuration ABI trace viewing, editing and printing
Restriction mapping Customizable ... other features

Note: Although BioEdit was recently updated, it is no longer being
reliably maintained, and the documentation is out of date and no longer
maintained. It is being updated slowly, but there is no guaranteed finish
date. Until documentation is complete, play with the menus and see what
happens, or email with a question; If you would like to support our effort
to create a better alignment editor, please send an email to Carla Kuiken at




BioEdit introduction

BioEdit is a mouse-driven, easy-to-use
designed and written by a graduate

student who knows how frustrating and time consuming it can be
to rely upon word-processors and command-line programs for
seguence manipulation.

BioEdit is intended to supply a that can handle
most simple sequence and alignment editing and manipulation
functions that researchers are likely to do on a daily basis, as well
as a few basic sequences analyses.

http://www.mbio.ncsu.edu/BioEdit/page2.html

x %
*



09:56
2:21
12:49
0G:15
10:28
0314

0552

fi¥. BioEdit - InstallShield Wizard

Wwelcome to the InstallShield Wizard for
BioEdit

The Installshield{R) Wizard will install BioEdit on wour computer,
To conkinue, click Me:x 0e-10
1023
0726
10:28
a5:.08
0945
WARMING: This program is prokected by copyright law and 0342
inkernational treaties, 032:14
0z2:17
0z:1a
ov:17
0924
09:24

0923

02:16

0552

-__T.r & ntoromn.inf 1KE = 2005545 F<F 11:13

P setup e 13,264 KB FEFRFES 2005/6/5 _F4F 11:13




fii. BioEdit - InstallShield Wizard

License Agreement

Please read the Following license agreement carefully.

License u|-1']_|:|:1[||—-];1' for BioLign 4.
BEioLign =<4.C

copyright (o) ._.I_II_I1—.E.I:II:IE|, Tom Hall
*#**** By choozsing to inst:

lic

YO ISt not inst:

(I do not accept the terms in the license agreement

ITEEE WOl are

do not want to accept

Cancel

Press “NEXT” all the way




Fasta Format:

m This format contains a one line header followed by lines of sequence data.

m Sequences in fasta formatted files are preceded by a line starting with a " >" symbol.

m The first word on the first line is usually the name of the sequence. The rest of the line is a
description of the sequence.

m The remaining lines contain the sequence itself.

m Blank lines in a FASTA file are ignored, and so are spaces in a sequence.

m Fasta files containing multiple sequences are just the same, with one sequence listed right after
another. This format is accepted for many multiple sequence alignment programs.

>FOSB_MOUSE Protein fosB. 338 bp |
MFQAFPGDYDSGSRCSSSPSAESQYLSSVDSFGSPPTAAASQECAGLGEMPGSFVPTVTA

ITTSQDLQWLVQPTL ISSMAQSQGQPLASQPPAVDPYDMPGTSYSTPGLSAYSTGGASGS
GGPSTSTTTSGPVSARPARARPRRPREETLTPEEEEKRRVRRERNKLAAAKCRNRRRELT
DRLQAETDQLEEEKAELESEIAELQKEKERLEFVLVAHKPGCKIPYEEGPGPGPLAEVRD
LPGSTSAKEDGFGWLLPPPPPPPLPFQSSRDAPPNLTASLFTHSEVQVLGDPFPVVSPSY
TSSFVLTCPEVSAFAGAQRTSGSEQPSDPLNSPSLLAL

>HsSRAD51 human

MAMQMQLEANADTSVEEESFGPQP I SRLEQCG INANDVKKLEEAGFHTVEAVAYAPKKEL INIKGISEAKADKILAEAAK
LVPMGFTTATEFHQRRSE I IQITTGSKELDKLLQGGIETGSI TEMFGEFRTGKTQICHTLAVTCQLP IDRGGGEGKAMY'1
DTEGTFRPERLLAVAERYGLSGSDVLDNVAYARAFNTDHQTQLLYQASAMMVESRYALL IVDSATALYRTDYSGRGELSA
RQMHLARFLRMLLRLADEFGVAVVITNQVVAQVDGAAMFAADPKKP IGGN I AHASTTRLYLRKGRGETRICKIYDSPCL *
PEAEAMFAINADGVGDAKD *

Ref: http://www.ebi.ac.uk/help/formats_frame.html




”“" BioEdit Sequence Alignment Editor
File Accesooy Apphcaton EN& World Wide Web

= el

Mew &1 gnment

MNews Al gnment
Cpen ...
Mews from Clipboard

ENAMotf

Mew Text

Cpen Az Text

Bawe

Bawe Az

Fetrieve seguences from GenBank or GenPept
Copy file name to clipbosrsd

Export

Import

Import from Clipbosand

Merge mmto & Hgnment based on a Reference Segquence

Merge from Clipboand

Align and merge mto alignment vsng top seguence az an aligomment reference
Append ANgnment

GFo o GenBank

Close

Batch &BI to 3CF trace file conversion
Batch Export of Faw Sequence Trace Data

Eevert to Sawved

Crraphic Wiew
Print Window:
Print &ligmment az Text

ZBioEdit\Temp'-out. tmp
CADocwments and Settingsikeyinw e E4est fasta

Exit

Chltis

Chl+E

Chl+F




f’“’ BioEdit Sequence Alignment Editor
Edit Beguence Algwment View Accesmory Application ENA  World Wide Web Ophon:  Window  Help
= O

r

::“' BioEdit Sequence Alignment Editor

File Edit Format File Accesory Application ENA  World Wide Web Option: Window Help
Mode: | Select / 9 = &

< HEIE
-] |I:|:uurier M ey ﬂ |.|.| j B 0 total sequences

b ode: i - Selection: 0 Sequence Maszk: Mone
e |Selec:t / Shae J Pozition: MNumbering Maszk: None

- Ontitled Text

= o 3% % % |EnurierNew

M 1 1 1 1 1

»FO3E_MOT3E Protein fosBE. 3353 bp
MFQAFPGDY DGR CE S P AE S QY LA VDA PGS P P TAMASOECAGLGEMPGEFVP TVTAITTZQDLOWLVOPTL IS SN
AQSOGQPLASQPPANVD PYDMPGT Y STPGLAAY S TGEASGAGGP A TATITAGPVIARPARARPERRPREETLTPEEEEER
EVERERNELAAAK CENFFRELTDRLOAETDOLEEEFAELESEIAELOFEEKERLEFVLVAHEF GCETIFYEEGFGPGPLAE

VEDLPGSTIAKEDGFGULLPFPPFPPLEPFOSSRDAP PN L TASLFTHIEVOVLGD PFPY WP S Y T3S FVLTCPEVIAFAG
AQRTIGIEQPSDPLNEPSLLAL
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A Jignment

Tndo

Cut

Copy

Copy reverss complenent
Paste

Pazte Orver

Paste Ower Titles

Paste Onto Titles

Delete

Cut Zequence(z)
Copy Sequences)
Paste Sequence s
Delete Hegquence(z)

Copy Sequence(z) Verticallyr (tab-formmatted )
Copy Sequences to clipboard (Fazta Format)
Copy smguence titles

Copy sequence titles up to first 1

search

Belect All Sequences
Mnselect A1 Sequences
Tnzelect All Besidues
Iipwert title selection
Iivert residue selections

select to End
Zelect to Begindng
aelect Resdues of Selected Sequences

View Accesmooy Application EJ

Crl+Z

Cul+E
Crl+C

CHl+V
Shift+C i+

Del

Cul+F?
il Fa
CHlFI
Ctl+Del

Shift+C i1+

Aligmment  View

e Bequence

Lccesory Application  ENA  World Wide Web  Option:  Window  Help

Sequence

Edit Bequence

Edit all selected

Select Positions

Cpen at cursor position
Extract Fositions

3o to Pubmed references
CreerwriteiFetrieve sequences by g1 nmber i title by HT TP to GenBank

CreeryriteiFetrieve Genbarnk data b g noomber in title by HTTE to GenBank (gnome sequence)
True posttions from slignment positions

Fhodogenyr ! Taxomooms

Filter omt sequences containing certain characters

Fename

Sort

PCE Primers ! oligoz

Pairerise aligroment

Sirmdlarity Matrise (for padewise alignments and shading)
Featores

Zequence groups (or families)

Edit Mode
Mazk
Toggle Color

Faps
Manipulations

Nucleic Acid

Protein

Tranzlate or Eeverse- Translate {permanent)
Translate in selected frame (permsamnent)
Toggle Translation

Toggle translation in selected. frame

Toggle translation of CDE annotations

Dot Plot (padirvsise comparisomn)




TEERTE 4 E _E T EE A pET31 sequence % BioEdit H

[Sequence] > [Nucleic Acid] >
[Create Plasmid from Aequence] >

Properties

[ %" BioEdit Sequence Al nt Editor 10Edit Yector Map: Tntitled
POSItl On M al'kS ¥ File Edit View F = e FI-IL
Restriction sites =i ‘ |

pET-31b(+)
5742 bp

T71g [File] > [Saveas ...] > * .
& 4 @#% [File] > [Export Image ...] > *.wmf file

World Wide

Web Options
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Hydrophobicity plots ABI and SCF trace viewing, editing

Plasmid drawing and annotation *



User-defined motif searching *



Graphic shaded view of alignment

i
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H
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Automated link to ClustalW with command line optiongvailable
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Easy editing of graphical feature annotations




http://informagen.com/SA/

Sequence Analysis

This (Java) application is a collage of coding projects which I have written over the past several years for various clients in
work as a bioinformatics consultant. These clients have graciously allowed me to release these works into the public domai
as freeware for Macintosh OS X in order to promote the platform and to encourage migration from Classic.

The upper window panel can hold several sequences, which are both editable and selectable. The tabs in the lower analysis
panel try to keep up with the current sequence selection to provide immediate feedback. The selection is used in some mod

as only the portion being analyzed for other modules i.e. Digest is used to determine if enzymes cut in the in or outside of
selection.

Most commonly available sequence formats have been reverse engineered. You can also access a sequences from the NCB
via its GID or UID. This currently cannot be done from behind a firewall.

x




806

Sampled 1 (2000 na)
Sampled nucleic acid sequence using ACGT

Sequence Analysis:1

Position: 1
GCGCCAMAAGTGGATAATAAGGCCTCACTGAACTCTARAGCGARGAATCGACATTCC TC TGCAGAGTAGC TGCACGCCTGGCCAAGTCGTCACAGCTACAGTAGAGCARCG
GCAGCAAGGTATTTTTCCCTCATATGTTTGCCEARCGCCATTTAMC CCATACTTAC TCCGGAATTACCCTTATGTCCCCETTAAGAGGECTTCGCACTTCTTTGEGEAGTS
PTGCAACGCACCGCTETCARATCGEGTTAATAGC TGCCEECETAGCGCCCETGTCARATC TATGGATTATGTTTACTCCGCAGGACCCCECTACAMCATTCCAGTGEGAMGA
GATGTTCGGCTGAACAAGCTTGECEATACAGCCCGCCACTCGCACTTCTGCTAATTC CARGAC TGEGETECAC TATGCATCACCCGAACTGTGCCGTTTATACCCTCCAAT
GTTCATTCTACTATCTCACCATGETEGTCCCACTGETCCTTETECACCGEEEEGAANCTCCAGAMGTAGATCCTAGGACCAAGTCAGAGCGAGEGTCACCACAGCGCATGETC
CGACCCGTATAGAACTCTACGTATGTTCAAGCAGGATATATC TATACCGATCCGTANTTGGC TTATAGGARAGGETTATCAATCGCTARGTATC TACTAGTGTGCTCGTT

Features [¥] Format [ pl
Block size: 15

- €y
Line size: 80

- )

10 20 30 40 50 60 70

2000 bp
110
220
330 m
440
550

660

ORF Publish = Primer3

3 Digest '

T A A e w
i Structure == Pairwise  Composition

@ Use cursor position as start #s.

E Obey stop codons

GCGCCARRGTGGATA ATAMAGGCCTCACTGA

80 1] 140
CCTEECCAAGTCCTC ACAGCTACAGTAGAG

180 170 180
TTTAACCCATACTTA CTCCGGAATTACCCT

230 240 250
AOGCACCGCTETCAR ATCGETTAATAGCTE

310 320 330
AGEEARCCCCGCTACAR CATTCCAGTEEANGRA

380 400

ACTCTAAARGCGAAGE ATCGACATTCCTCTG

1140 120 130
CARCGECAGGAAGET ATTTTTCCCTCATAT

130 200 210
TATGTCCCCGTTARG AGGEGCTTCECACTTC

2e0 270 280
COGEECETAGCGCCCE TETCAAATCTATEER

340 350 360
CGATGTTOGECTEARC ARGCTTEEEATACAL

410

420 430

CAGAGTAGCTGCACG

140 150
GCTTTECOGARCGCCA

220
TTTFEEACTETTECA

230 300
TTATGTTTACTCCOGC

370
CCOGCCACTCGCACT

440 450




Next Generation Sequencing

Cost-effective e
iHlumina

N4I§J4 Ultra throughput
. Cloning-free
Short reads

4

@ PACIFIC
BIOSCIENCES™

ion torrent
A % OXDO+=
" t.ib :

%) Helicos




NGS Data Format

Different NGS platforms produce a variety of data
formats

Solexa (lllumina): *.fastq
SOLID (ABI): *.cFasta, *.qual, *.stats
Fastg format is more popular.
There are also different flavors of fastg formats
Sanger
Solexa
lllumina 1.3+, 1.5+, 1.8+ - *

x



FASTQ and FASTA Formats

FastA format (everybody knows about it)
Header line starts with “>” followed by a sequence ID
Sequence (string of nt).

FastQ format
First is the sequence (like Fasta but starting with “@")

Then “+” and sequence ID (optional) and in the following
line are QVs encoded as single byte ASCII codes

Different quality encode variants
Nearly all downstream analysis take FastQ as input

sequence * *
*



Galaxy Platform

= Galaxy i ; \ ric Admin

IH

To customize this page edit static/welcome.html

o Hello world! It's running...
search tools
Get Data

Send Data

ENCODE Tools

Lift-Owver

Text Manipulation WWFSMD?
Filter and Sort grow noodly appendages...
Join, Subtract and Group
Convert Formats

Extract Features

Fetch Sequences

Fetch Alignments
Get Genomic Scores

Input dutanet EEr -

ratar

Operate on Genomic Intervals
Statistics
Wavelet Analvsis

usegalaxy.or
Graph/Display Data g y g

Regional Variation

Multiple regression

Multivariate Analysis

This project is supported in part by NSF, NHGRI, and the Huck Institutes of the Life Sciences.

Evolution
Motif Tools
Multiple Alignments

Metagenomic analyses
FASTA manipulation
NCBI BLAST+

Using 3.2 TB

Bsh

=l %

Dr Hsieh - Pig 32.5 GB
Transcriptome analysis
(ensembl 10.2 -

2012.9.20) novel

transcript

# 13: calculate read @ & 3
count from gtf on data 1 and
data 5: log

ETEEITHHZ

@

#* 12: calculate read @ J %
count from gtf on data 1 and
data 5

9: Remo AH: Tophat @ § &
for

£~

Sus scrofa.Sscrofal0.2.67.mod

ified.gtf : accepted hits

8: Remo AH: Tophat @ § &
for

Sus scrofa.Sscrofal10.2.67.mod

ified.gtf : splice junctions

7: Remo 4H: Tophat @ § &
for

Sus scrofa.Sscrofal0.2.67.mod

ified.gtf : deletions

6: Remo 4H: Tophat @ %




Turn command Ime |nto

646 rm cuffdiff.log
661l history | grep cuffdiff
662 cuffdiff
663 cuffdiff —--library—-type fr-—
fa.Sscrofall.2.67.modified.gtf Sus
&> cuffdiff Sus scrofa.Sscrofall.
666 cat cuffdiff Sus scrofa.Ssc
670 cat cuffdiff Sus scrofa.Ssc
T24 cat cuffdiff Sus scrofa.Ssc
I T332 cd cuffdiff_Sus_scrafa.Sscr
786 cat cuffdiff Sus scrofa.Ssc
E 788 less cuffdiff Sus scrofa.Ss
789 tail cuffdiff Sus scrofa.Ss
966 cd cuffdiff Sus scrofa.Sscr
P 968 cat cuffdiff Sus scrofa.Ssc
971 cat cuffdiff Sus scrofa.Ssc
I 975 cat cuffdiff Sus scrofa.Ssc
976 cat cuffdiff Sus scrofa.Ssc
101eé history | grep cuffdiff
[lunchbox@Tal transcripome analysis 2012 8 20]5 cuffdiff --library-type
fr—-secondstrand ——no—update—-check ——upper—quartile—norm ——multi-read-c
orrect ——num—threads 12 --labels Infa,Remo —--output-dir cuffdiff Sus sc
rofa.S8scrofal0.2.67.modified.gtf Sus scrofa.Sscrofall.2.67.modified.gtf
Infa 4H Tophat Sus scrofa.Sscrofal0.2.67.modified.bam Remo Tophat Sus
scrofa.Sscrofall.2.67.modified.bam &> cuffdiff Sus scrofa.Sscrofald.Z. I3
T7.modified.gtf. laglscrafa Sscrofal0.2.67.modified.bam &>




Way better interface

Cuffdiff (version 0.0.5)

Transcripts:
1: pig's novel trans.. merged.gtf -
A transcript GTF file produced by cufflinks, cuffcompare, or other source.
Perform replicate analysis:
No -
Perform cuffdiff with replicates in each group.
SAM or BAM file of aligned RNA-Seq reads:
9: Remo_4H: Tophat f..cepted_hits -

SAM or BAM file of aligned RNA-Seq reads:
9: Remo_4dH: Tophat f..cepted_hits «

False Discovery Rate:

0.05
The allowed false discovery rate.

Min Alignment Count:

10
The minimum number of alignments in a locus for needed to conduct significance testing on changes in that locus ocbserved
between samples.

Perform quartile normalization:

MNo -

Removes top 25% of genes from FPEM denominator to improve accuracy of differential expression calls for low abundance
transcripts.

Perform Bias Correction:

MNo -

Bias detection and correction can significantly improve accuracy of transcript abundance estimates.

Set Parameters for Paired-end Reads? (not recommended):

Cuffdiff Overview




Integration of Tools

Galaxy

Platform



Basic Tutorial: Text Manipulation

Cut

Sort

Word Count

Extract first lines of a file
Format conversion



Cut

TH

Get Data
Send Data
ENCODE Tools

Concaten
taill-to-hea




Sort =

Get Data

Send Data
ENMCODE Tools
Lift-Owver

Text Manipulation

m Filter data on any column
using simple expressions

Sort data in ascending or
descending order




Search tools




Basic Steps of NGS Data Processing

SNVs
Indels
Rearrang.

‘ Feature II"| RPKM
identification Splicing

| acand |

| | Mapping
read cleaning | ,'

DNA
Binding site




NGS Data Processing Overview

QC / FastX
Toolkit

Sequencing Transform

o -lll i g _ GFF
Filtering

Samtools
Pileup Samtools.pl Samtools

&awk Plleup
\/CF <ummmm Pjleyp <(mmmmmm Pileup




Overview of RNA-seq Data Analysis

¥
Expression level * *

assessment
(cufflinks) *



QC: FastQC

FastQC:Read QC (version 0.51)

Short read data from your current history:
39 Infa_4H: Tophat f..cepted_hits -
Title for the output file - to remind you what the job was for:
FastQiC
Letters and numbers only please - other characters will be removed
Workflows Contaminant list:

s tophat from history 'DGE - Selection is Optional -
skeketal muscle : tophat NMO' tab delimited file with 2 columns: name and sequence. For example: Illumina Small R

m All workflows
S




QC: FastQC

7 Per base sequence quality

Cuality scores across all bases Ganger f lllumina 1.2 encoding)




Tool for NGS Data QC: FASTQC

@ FastQC
File Help

17 19

Position in read (bp)
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Sequence Quality
Per base Position

Quality scores across all bases (Ilumina >v1.3 encoding) G 0 0 d d a t a

= Consistent

= High quality along
the read

* The central red line is the median value

* The yellow box represents the inter-quartile range (25-75%)

* The upper and lower whiskers represent the 10% and 90% points
* The blue line represents the mean quality

1 2 3 &« 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Position in read (bp)
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Sequence Quality
Per base Position

Quality scores across all bases (Thumina >v1.3 encoding)
Ill!lllllliiiiiiiillll_ IIIIIIIIIIIIIII
TR
ML |
____________IIII_____JI_____

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Position in read (bp)

Bad data
= High variance

= Quality decrease
with length



Per Sequence Quality
Distribution

Quality score distribution over &l sequences

Average Quality per read

” Good data

= Most are high-quality
sequences




Per Sequence Quality
Distribution

Quality score distribution over all sequences

Bad data
= Not uniform
distribution

Low Quality Reads

I

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
Mean Sequence Quality (Phred Score)



Nucleotide Content
per position

Good data

= Smooth over
length

= Organism
dependent (GC)




Nucleotide Content
per position

Sequence content across all bases
%T
i %C
Bad data

= Sequence
position bias

18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40




GC Distribution

GC distribution over all sequences

Theoretical Distribution

Good data

= Fits with the
expected

= QOrganism
dependent




S0000

30000

Per sequence
GC Distribution

GC distribution over all sequences

Bad data

= |t does not fit
with expected

= Organism
dependent

Library
contamination?

4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 V2 T6 B0 B84 83 92 96 100
Mean GC conbent (%)




100

20

70

50

40

Per base
GC Distribution

GC content across all bases

%GC

30 - - -4

20

10

12345678910 12 14

16 18 20 22 24 26 28 30 32 34 36 38 40

Position in rea

Good data

= No variation
across read
sequence



Per base
GC Distribution

GC content across all bases

100
%GC

=10}

80

Bad data

= Variation
across

- M read

a0 | L IS | | e (8 sequence

30 7

70

20

10 o — S e — — M — A — — — — —— S B — — — S

12345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Position in read (bp}



Trim Adaptor (Fastx-tools)

TH

clip

NGS: OC and manipulation

FASTX-TOOLKIT FOR FASTQ
DATA

m lipi adapter sequences

Clip (version 1.0.1)

Library to clip:

-

Minimum sequence length (after clipping, sequences shorter than this length will be discarded)
15

Source:
Standard (select from the list below) -

Choose Adapter:
Dummy-Adapter (don't use me) -

enter non-zero value to keep the adapter sequence and x bases that follow it:

0
use this for hairpin barcoding. keep at 0 unless yvou know what you're doing.

Discard sequences with unknown (N) bases:
Yes -

Output options:
Output only clipped sequences (i.e. sequences which contained the adapter)




Mapping Algorithms

TAV/AN
@ Short reads up to 200bp with error << 5%

@ Do not account for read quality

@ Gapped alignment

Bowtie

@ Very fast for short reads
@ Does not align with gaps

@ Use the read quality to evaluate the alignment

Tophat

@ Improved Bowtie with gap alignment

Other
@ ELAND (lllumina software), SOAP, MAQ), etc.




Map to Genome (Bowtie)

Map with Bowtie for lllumina (version 1.1.2)

Will you select a reference genome from your history or use a built-in index?:

Use a built-in index -
Built-ins were indexed using default options

Select a reference genome:

Internal Control (YourGene Company, Klebsiella pneumoniae subsp. pneumonias NTUH-K2044 DMNA) -
if vour genome of interest is not listed - contact Galaxy team

Is this library mate-paired?:
Single-end -

FASTQ file:

4: Select first on data 3 -
Must have ASCII encoded guality scores
Bowtie settings to use:

Commonly used -

For most mapping needs use Commonly used settings.

Suppress the header in the cutput SAM file:

If you want full control use Full parameter list

Bowtie produces SaAM with several lines of header information by default




Map to Genome (Bowtie)

QNAME FLAGRNAME POS MAPQ CIGAR MERNMMPOSISIZESEQ
@HD VN:1.0 SO:unsorted
@S5Q SM:chrl LN:249250621
@5Q SM:chr2 LN:243199373
@5Q SM:chr3 LN:198022430
@5Q SN:chrd LN:191154276
@5Q SN:chr5 LN:180915260
@SQ SM:chro LN:171115067
@SQ SM:chr7 LN:159138663
@SQ SM:chr8 LN:146364022
@SQ SM:chr9 LN:141213431
@SQ SM:chr10 LN:135534747
@SQ SM:chr1l LN:135006516
@S5Q SM:chrl2 LN:133851895
@5Q SMN:chrl3 LN:115169878
@SQ SM:chri4 LN:107349540
@5Q SM:chr15 LN:102531392
@5Q SM:chrls LN:90354753
@5Q SM:chr17 LN:81195210
@5Q SN:chrl8 LN: 78077248
@SQ SM:chr19 LN:59128983
@SQ SM:chr20 LN:63025520
@SQ SM:chr2l LN:48129895
@SQ SM:chr22 LN:51304566
@SQ SM:chr¥ LN:155270560
@SQ SM:chry LN:59373566
@SQ SM:chrM LN:16571
@PG ID:Bowtie VN:0.12.7 CL:"bowtie -g -p 4 -5 --phred33-quals /mnt/das4/lunchbox/galaxy_data/bowtie_index/hg19/hg19 /mnt/galaxy_dist/database/files/005/dataset_5001.d
ERRO20888.1 16 chriz 56668626 255 40M = o o CTTCCTTATGCAGCTGTGTTAGCCAGACAAGT,
ERRO20888.2 16 chri19 309369666 255 40M = GGGAGCTGTANGAGATTGGGGGATGTTCTGAC
ERRO20888.6 16 chreg 139232438 255 S59M = GTCTTTTCTTCANNTTTACTATCTGTTTTGGCAL
ERRO20888.7 16 chrz 136956675 255 40M TCACTAGTCTTAGAAAAACTTTCCAGAATACTG
ERRO20888.9 16 chrm 11200 255 39M CATACTTCCTATTCTACACACTAGTAGGCTCCE
ERRO20888.11 16 chré 99355329 255 35M TCCATNCCACAACCATCCTTTTCTGCATAGGC.
ERRO20888.10 [u] chrs 180658580 255 40M GCGAAGGCCACACTCAGCACATCCTGGGTATC
ERRO30888.15 HWI-BRUNOP 16X _0001:1:1:5506:1018#0 length=75 4 = 0 a = GTCGGACGCGCGGCTGCGCCAGGTTATTCAA
ERRO30888.17 16 chré 32412617 255 58M CTGTCTATTGCNNTTTCCTGTATCTATTTTCCTL
ERRO30888.19 4] chril 62327251 255 40M CCAGGATCCAGTTITCCGCCATGTGTATGACTC
ERR0O30888.43 4] chril 16996278 255 35M CTCCCAGTTCAAAATGCTTGCATCTTTTAATAG
ERRO30888.37 4] chr22 39713537 255 75M GCCTCGAGGGGTTTCCACGTAGCCCACAATGE
ERRO20888.45 o] chrs 141592297 255 TATGCATGCAACAAGTACCTACCCACTGGACE
ERRO20888.47 16 chriz 96271884 255 ACAACTTGACCAAAMATTTGTCACAGAATTTTG
ERRO20E888.46 16 chrio 114836019 255 CCTGAGCGGCTNGNNCTGTNGGTGTGAATTAC
ERRO20888.50 16 chra 91759888 255 AGGCGCGGCCNTCGTTGTCAGTAGTTCTTTGA
ERRO20888.49 16 chris 33963652 255 GGTTCCGGGGNGAGTATGGTTGCAAAGCTGAL
ERRO20888.52 16 chri1z 56553800 255 ATGCTGCAGACAGTGGCCAAGAACACGGACC,
ERRO20888.53 [u] chrio 22615385 255 CAAACAACGAGAATCAAGATCACTGAGCTAAA
ERRO30888.61 HWI-BRUNOP16X_0001:1:1:18792:1018#0 length=75 4 = 0 a GTACTATGGGAGGTGGAGACGGAACACACGG!
ERRO20888.41 16 chr21 15245346 255 GTGACAATGAGATNNTCCATATGGCAGGAGTA
ERR0O30888.54 4] chr21 28290289 255 GCTTAATTTTACAGTTTAAAGTCACACATAGGG

0000000000000 OoO0OO0OO0OOoOOoOaOoO
0000000000000 OoO0OO0OO0OOoOOoOaOoO




Map to Genome (TopHat)

~-_ Galaxy AFEIE  TIER  HTEHIE-  Visualization-  Admin

Tophat for llumina (version 1.5.0)
tophat .
RMNA-Seq FASTQ file:
NGS: RNA Analysis 4: Select first on data 3 -
RMNA-SEQ i C

5 Find splice
junctions using RMNA-seq data n ind

» Tophat for SOLID Find splice Built-ins N d using default options

junctions using RNA-seq data Select a reference genome:

Worklows ¢ ; : -_ _ubsp. pneumaoniae NTUH-K2044 DMNA) -
m tophat from history 'DGE -
etal muscle : hat NMO* Is this library mate-paired?:
= All workflows Single-end ~
TopHat settings to use:

Default setting:

e default settings.




SAM/BAM Format

SAM file example

@HD VN:1.0

@SQ SN:chr20 LN:62435964

@RG ID:L1 PU:SC 1 10LB:SC 1SM:NA12891

@RG ID:L2 PU:SC_2 12 LB:SC_2 SM:NA12891
read_28833 29006 6945 99 chr20 28833 20 10M1D25M = 28993 195\
AGCTTAGCTAGCTACCTATATCTTGGTCTTGGCCG

<LK LLLILLLLL<<:<9/,&8,22;;<<< \

] NM:i:1 RG:Z:L1
Alignment =} o4 28701 28881 323b 147 chr20 28834 30 35M = 28701 -168 \

ACCTATATCTTGGCCTTGGCCGATGCGGCCTTGCA
<< << T <<<h << T«

MF:i:18 RG:Z:L2




Data in SAM/BAM Format

Table 1. Mandatory fields in the SAM format

Name Description

ONAME Query NAME of the read or the read pair

FLAG Bitwise FLAG (pairing, strand, mate strand, etc.)
RNAME Reference sequence NAME

POS [-Based leftmost POSition of clipped alignment
MAPQ MAPping Quality (Phred-scaled)

CIGAR Extended CIGAR string (operations: MIDNSHP)
MRNM Mate Reference NaMe (‘=" if same as RNAME)
MPOS 1-Based leftmost Mate POSition

ISIZE Inferred Insert SIZE

SEQ Query SEQuence on the same strand as the reference
QUAL Query QUALIity (ASCII-33=Phred base quality)




Normalization (RPKM)

RPKM

Compute the RPKM (Reads per kilobase per million reads) value for a gene in a given
experiment and compare your results with those obtained by cufflinks

number of reads of the region
total reads region length

RPKM =

1000




Examples of Differentially Expressed Genes (activating
transcription factor 3)

ENSP00000355954 1
XLOC_006643




Data Management

- GEIIEI)(Y e | H= visualization Admin  EEEN ser

Data Libraries

search dataset name, info, message, dhkey

Advanced Search

Data library name | Data library description
Dr Hsieh

Dr Lin NGS dataset 2012/02/22

duplicate gene loci project: Differential Expression of duplicated genes

ERPOOD418 ERPOO0418 Gene expression profiles between normal and breast tumor genomes
Gene Model Annotations in GTF format

gene model from illumina data hgis

human rRMNA bowtie index

ilumina Adaptor Seguence List

illumina BodyMap2 illumina BodyMap?2

John Rinn ¢ lincRMA info

merged gtf - DSN normalized samples

merged gtf - Ribo free Cufflinks based on gencode w3 (UCSC hglg)

Meshif

SEP001563 RMA-seq dataset from NCBI SRA: RNA-seq_of _human_immortalized_B-cells
TEST

Tool test

FME711




Data Management

-_ Galaxy FIHTERE - Visu: ic Admin  #EBD ser
Data Library "Dr Lin NGS dataset 2012/02/22"

Name Data type Date uploaded File size

AGS_mir_1966_2 clean.fastg ~ |
AGS_shlLUc_2 clean.fastg ~ |
G1240M_ACAGTG_LO03_R1.fastqg
G1240T_CGATGT_L0O0D2_ Rl.fastg
G1243M_GCCAAT LO03_R1.fastg
G1243T _TGACCA_L0OD2_R1l.fastg
G1245N_CCGTCC_LO0S_R1.fastg

| G1245T_CAGATC LOD4 R1l.fastg

For selected datasets: Import to current history

fastgsanger
fastgsanger
fastgsanger
fastgsanger
fastgsanger
fastgsanger
fastgsanger

fastgsanger

2012-06-29

2012-05-24

2012-03-25

2012-03-25

2012-03-25

2012-03-25

2012-02-22

2012-02-22

20.3

18.6

22.2

20.3

21.4

23.8

22.1

22.2

GEB

GB

GB

GB

GB

GB

GB

GEB

) TIF: You can download individual library datasets by selecting "Download this dataset” from the context menu (triangle) next to each dataset's name.

ﬂ TIP: Several compression options are available for downloading multiple library datasets simultaneously:

« gzip: Recommended for fast network connections

# bhzip2: Recommended for slower network connections (smaller size but takes longer to compress)
+ z7ip: Mot recommended but is provided as an option for those who cannot open the above formats
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