
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
GAATGTACAGTCTCTGGAAAGCCTGTGCCCACTGTGAATTGGATGAAGAATGGAGATGTGGTCATTCCTA
GTGATTATTTTCAGATAGTGGGAGGAAGCAACTTACGGATACTTGGGGTGGTGAAGTCAGATGAAGGCTT
TTATCAATGTGTGGCTGAAAATGAGGCTGGAAATGCCCAGACCAGTGCACAGCTCATTGTCCCTAAGCCT
GCAATCCCAAGCTCCAGTGTCCTCCCTTCGGCTCCCAGAGATGTGGTCCCTGTCTTGGTTTCCAGCCGAT
TTGTCCGTCTCAGCTGGCGCCCACCTGCAGAAGCGAAAGGGAACATTCAAACTTTCACGGTCTTTTTCTC
CAGAGAAGGTGACAACAGGGAACGAGCATTGAATACAACACAGCCTGGGTCCCTTCAGCTCACTGTGGGA
AACCTGAAGCCAGAAGCCATGTACACCTTTCGAGTTGTGGCTTACAATGAATGGGGACCGGGAGAGAGTT
CTCAACCCATCAAGGTGGCCACACAGCCTGAGTTGCAAGTTCCAGGGCCAGTAGAAAACCTGCAAGCTGT
ATCTACCTCACCTACCTCAATTCTTATTACCTGGGAACCCCCTGCCTATGCAAACGGTCCAGTCCAAGGT
TACAGATTGTTCTGCACTGAGGTGTCCACAGGAAAAGAACAGAATATAGAGGTTGATGGACTATCTTATA
AACTGGAAGGCCTGAAAAAATTCACCGAATATAGTCTTCGATTCTTAGCTTATAATCGCTATGGTCCGGG
CGTCTCTACTGATGATATAACAGTGGTTACACTTTCTGACGTGCCAAGTGCCCCGCCTCAGAACGTCTCC
CTGGAAGTGGTCAATTCAAGAAGTATCAAAGTTAGCTGGCTGCCTCCTCCATCAGGAACACAAAATGGAT
TTATTACCGGCTATAAAATTCGACACAGAAAGACGACCCGCAGGGGTGAGATGGAAACACTGGAGCCAAA
CAACCTCTGGTACCTATTCACAGGACTGGAGAAAGGAAGTCAGTACAGTTTCCAGGTGTCAGCCATGACA
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Simple Mathematics:
Human Genome

3 x 10 9 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



40,000 x 35% 
x 5~10 splicing=
70,000 ~ 140,000

+

40,000 x 65% =
26,000

96,000 ~ 166,000



Find non-coding features 
of interest in the sequence 

Gene identification involves 
4 main stages

Determine the exon-intron organization

Identify the gene 

Find the putative coding region(s) 
in the sequence 

motif, signal and pattern
Blast, FASTA
Functional studies

CpG islands
Tandemly and dispersed repeats
Promoter regions (TATA box, cap signal,
CCAAT-box)
Transcription factors, Poly-A sites

Branch point signal
CT(G,A)A(C,T)

5’ and 3’ splice sites: 
AG/GUAAGU--------------PyPyPyPyPyPyPyPy-CAG/G

Open reading frame



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

GENE FINDERS



GENSCAN
Web Server at MIT
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Gene prediction programs:



Accuracy per nucleotide Accuracy per exon
Method Sn Sp AC Sn Sp (Sn+Sp) ME WE

/2
GENSCAN 0.93 0.93 0.91 0.78 0.81 0.80 0.09 0.05
FGENEH 0.77 0.85 0.78 0.61 0.61 0.61 0.15 0.11 
GeneID 0.63 0.81 0.67 0.44 0.45 0.45 0.28 0.24 
GenePa2 0.66 0.79 0.66 0.35 0.39 0.37 0.29 0.17 
GenLang 0.72 0.75 0.69 0.50 0.49 0.50 0.21 0.21 
GRAILII 0.72 0.84 0.75 0.36 0.41 0.38 0.25 0.10 
SORFIND 0.71 0.85 0.73 0.42 0.47 0.45 0.24 0.14 
Xpound 0.61 0.82 0.68 0.15 0.17 0.16 0.32 0.13 

GENSCAN Performance Data



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 2 283 81 11 7
175 - 199 167 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

Accuracy as a Function of Exon Length



cDNA and genomic DNA alignment and matrix analysis:

GRAIL 2
10138 - 11018 +
12608 - 12748 x
13530 - 13923 x

GENSCAN
10138 - 11018 +
11268 - 11341 +
11450 - 11518 +
11644 - 11808 +
11989 - 12144 +
12360 - 12454 x
12608 - 12748 x

FGENES
1880 - 1908 x
5061 - 5175 x
5900 - 6049 x
8317 - 8544 +
10357 - 11018 +
11268 - 11341 +
11450 - 11518 +
11644 - 11864 +
polyA: 12521 +



Find non-coding features 
of interest in the sequence 

Gene identification involves 
4 main stages

Determine the exon-intron organization

Identify the gene 

Find the putative coding region(s) 
in the sequence 

motif, signal and pattern
Blast, FASTA
Functional studies

CpG islands
Tandemly and dispersed repeats
Promoter regions (TATA box, cap signal,
CCAAT-box)
Transcription factors, Poly-A sites

Branch point signal
CT(G,A)A(C,T)

5’ and 3’ splice sites: 
AG/GUAAGU--------------PyPyPyPyPyPyPyPy-CAG/G

Open reading frame

































Find non-coding features 
of interest in the sequence 

Gene identification involves 
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CpG islands
Tandemly and dispersed repeats
Promoter regions (TATA box, cap signal,
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Transcription factors, Poly-A sites

Branch point signal
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http://sullivan.bu.edu/~mfrith/HPD.html



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



http://transfac.gbf.de/







40,000 x 35% 
x 5~10 splicing=
70,000 ~ 140,000

+

40,000 x 65% =
26,000

96,000 ~ 166,000



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





http://cgsigma.cshl.org/new_alt_exon_db2/



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







Find non-coding features 
of interest in the sequence 

Gene identification involves 
4 main stages

Determine the exon-intron organization

Identify the gene 

Find the putative coding region(s) 
in the sequence 

motif, signal and pattern
Blast, FASTA
Functional studies

CpG islands
Tandemly and dispersed repeats
Promoter regions (TATA box, cap signal,
CCAAT-box)
Transcription factors, Poly-A sites

Branch point signal
CT(G,A)A(C,T)

5’ and 3’ splice sites: 
AG/GUAAGU--------------PyPyPyPyPyPyPyPy-CAG/G

Open reading frame



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



Hidden Markov Models

 An example of the HMM

TTACTTGACGCCAGAAATCTATATTTGGTAACCCGACGCTAA

NNNNNNNNNRRRRRNNNNNNNNNNNNNNNNNRRRRRRRRNNN
Normal region       GC-rich region 

A    T     G    C 
Mean 
length-----------------------------

N  0.3  0.3  0.2  0.2   10
R  0.1  0.1  0.4  0.4   5





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























http://compbio.ornl.gov/grailexp/

















Predicts GenScan GRAIL MZEF HMMgen

1 10138-
11018

10138-
11022

11464-
11518

10138-
11018

2 11268-
11341

12608-
12711

12024-
12079

11268-
11341

3 11450-
11518

13530-
13923

13530-
13892

11450-
11518

4 11644-
11808

15698-
15771

14980-
15052

11644-
11808

5 11989-
12144

16358-
16532

16358-
16451

15002-
15052



cDNA and genomic DNA alignment and matrix analysis:

GRAIL 2
10138 - 11018 +
12608 - 12748 x
13530 - 13923 x

GENSCAN
10138 - 11018 +
11268 - 11341 +
11450 - 11518 +
11644 - 11808 +
11989 - 12144 +
12360 - 12454 x
12608 - 12748 x

FGENES
1880 - 1908 x
5061 - 5175 x
5900 - 6049 x
8317 - 8544 +
10357 - 11018 +
11268 - 11341 +
11450 - 11518 +
11644 - 11864 +
polyA: 12521 +



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







BioEdit introduction
 BioEdit is a mouse-driven, easy-to-use sequence alignment editor 

and sequence analysis program 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 
sequence manipulation. 

 BioEdit is intended to supply a single program 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



1

2

1. BioEdit installation



1 2

Press “NEXT” all the way……..



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

>FOSB_MOUSE Protein fosB. 338 bp  | P13346
MFQAFPGDYDSGSRCSSSPSAESQYLSSVDSFGSPPTAAASQECAGLGEMPGSFVPTVTA
ITTSQDLQWLVQPTLISSMAQSQGQPLASQPPAVDPYDMPGTSYSTPGLSAYSTGGASGS
GGPSTSTTTSGPVSARPARARPRRPREETLTPEEEEKRRVRRERNKLAAAKCRNRRRELT
DRLQAETDQLEEEKAELESEIAELQKEKERLEFVLVAHKPGCKIPYEEGPGPGPLAEVRD
LPGSTSAKEDGFGWLLPPPPPPPLPFQSSRDAPPNLTASLFTHSEVQVLGDPFPVVSPSY
TSSFVLTCPEVSAFAGAQRTSGSEQPSDPLNSPSLLAL 
>HsRAD51_human
MAMQMQLEANADTSVEEESFGPQPISRLEQCGINANDVKKLEEAGFHTVEAVAYAPKKELINIKGISEAKADKILAEAAK 
LVPMGFTTATEFHQRRSEIIQITTGSKELDKLLQGGIETGSITEMFGEFRTGKTQICHTLAVTCQLPIDRGGGEGKAMYI 
DTEGTFRPERLLAVAERYGLSGSDVLDNVAYARAFNTDHQTQLLYQASAMMVESRYALLIVDSATALYRTDYSGRGELSA 
RQMHLARFLRMLLRLADEFGVAVVITNQVVAQVDGAAMFAADPKKPIGGNIIAHASTTRLYLRKGRGETRICKIYDSPCL 
PEAEAMFAINADGVGDAKD

Fasta Format: 
 This format contains a one line header followed by lines of sequence data. 
 Sequences in fasta formatted files are preceded by a line starting with a " >" symbol. 
 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.
 The remaining lines contain the sequence itself.
 Blank lines in a FASTA file are ignored, and so are spaces in a sequence. 
 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. 



2. Input/output sequences







 從課程網頁上下載並匯入 pET31 sequence 到 BioEdit 中
 [Sequence] > [Nucleic Acid] > 

[Create Plasmid from Aequence] >
– Properties
– Position Marks
– Restriction sites

 存檔 [File] > [Save as …] > *.pmd file
 匯出圖檔 [File] > [Export Image …] > *.wmf file

Plasmid Drawing 



練習加入如右圖所示之 features & restriction sites:



Split view of an alignment of 6205 prokaryotic 16S RNAs showing identities and similaritie

Shows single sequence editing and GenBank info



Hydrophobicity plots

Plasmid drawing and annotation

ABI and SCF trace viewing, editing



Mutual information analysis and graphical data examination

User-defined motif searching



Graphic shaded view of alignment

Automated link to ClustalW with command line options available

Configuration of external accessory analysis applications



Dynamic feature annotation shading and information

Easy editing of graphical feature annotations



http://informagen.com/SA/





Next Generation Sequencing



NGS Data Format

 Different NGS platforms produce a variety of data 
formats
– Solexa (Illumina): *.fastq
– SOLiD (ABI): *.cFasta, *.qual, *.stats

 Fastq format is more popular.
 There are also different flavors of fastq formats

– Sanger
– Solexa
– Illumina 1.3+, 1.5+, 1.8+



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



Turn command line into ….



Way better interface



Integration of Tools

Statistic
s

Galaxy 
Platform

NGS 
Analysis

Alignme
nt Tools

Visualizatio
n

Text 
Manipulation

Data 
Managemen

t



Basic Tutorial: Text Manipulation 

 Cut
 Sort
 Word Count
 Extract first lines of a file
 Format conversion



Cut



Sort



Search tools



Basic Steps of NGS Data Processing



NGS Data Processing Overview



Overview of RNA-seq Data Analysis 

QC/QA

Expression level 
assessment
(cufflinks)

Map to Reference 
Genome

(Bowtie, BWA, TopHat)

RNA-Seq Data



QC: FastQC



QC: FastQC



Tool for NGS Data QC: FASTQC























Trim Adaptor (Fastx-tools)



Mapping Algorithms



Map to Genome (Bowtie)



Map to Genome (Bowtie)



Map to Genome (TopHat)



SAM/BAM Format



Data in SAM/BAM Format



Normalization (RPKM)



Examples of Differentially Expressed Genes (activating 
transcription factor 3) 



Data Management



Data Management
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