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This course is an introduction to mining the human genome.

First, we will predict the exons in the protein-coding genes using two gene prediction
tools:

1. GenScan (http://genes.mit.edu/GENSCAN.html)
2. GeneMark (http//dixie.biology.gatech.edu/GeneMark/eukhmm.cgi)

in conjunction with

1. BLASTX (http://www.ncbi.nlm.nih.gov/BLAST/)

2. BLASTN against EST database. (http://www.ncbi.nim.nih.qov/BLAST/)
3. Comparison with the mouse and rat genomic sequences
(http://www.ncbi.nim.nih.gov/BLAST/)

In addition, we will also predict the presence of
1. Promoters using PROSCAN (http://bimas.dcrt.nih.gov/molbio/proscan/)

2. Repeat elements using RepeatMasker
(http://ftp.genome.washington.edu/cgi-bin/RepeatMasker)

We will then assemble the amino acid sequence of the gene product, on the basis of the
exons chosen, using the translation tool provided on the class web page.

The web page contains links to all the necessary tools for the analysis. It also includes
an ability to translate the DNA sequence into amino acid sequence by selecting the
appropriate exon sequences. During the first hour, an instructor will walk you through an
analysis of some genomic sequences. During the second hour of the class, you will
perform the same analysis using different genomic sequences that will be provided to
you.

Greengene is a Java application which accesses several web-based sequence-analysis
tools relevant to the identification of eukaryotic genes, then captures and integrates their
output in a single view for ease of comprehension. Using Greengene, exons can be
picked interactively and assembled into a coding sequence, then translated into a
protein product. The exon choices made by the user reflect the information provided by
several of the tools used rather than that of a single tool and are, therefore, more
reliable. The tools accessed are GenScan and Genemark (exon prediction),
Repeatmasker (repeat identification), Proscan (promoter prediction), and blastx and
blastn (to support exon prediction).

At least 50% of the human genome sequence is made up of repeat elements. Most of
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the eukaryotic protein coding genes contain exons and non-coding introns. The exons
make up only about 1% of the human genome.

To correctly identify the exons in a eukaryotic gene you will need to compare the output
of at least two different gene-prediction programs and couple this with the outputs given
by a blastx search against protein sequences and a blastn search against ESTSs.
Greengene performs the data integration for you. The most reliable exons should be
predicted by both programs and should align with blastx and/or blastn hits. In some
cases, an exon prediction program may generate a potentially spurious exon without
blastx or blastn support. In this case, you may want to exclude this exon in your gene
model assembly. Greengene will allow you to do this easily so that you can create a
custom coding sequence and the corresponding protein sequence without having to
accept the automatically generated output of any single program.



Sequence-analysis tools are selected from a list-box labeled “Tools”. Once selected, a
tool can either be “Run” or its output can be “Imported” into Greengene. When a tool is
run, a second browser window is opened to the input page of the tool. The sequence to
be analyzed must then be pasted into the tool’s input box and the tool must be run.
When the tool has returned its output, the entire output should be selected (Select All),

and pasted in the “Input Area”. To import the data, the “Import Results” button is then
pressed.
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To import one of the example sequences, select the “Sequence” tool, click on “Run”,
highlight and copy the sequence desired, paste it in the “Input Area” and click on “Import

Results.” You may paste DNA sequence of your choice not provided in the Sequence
file.
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Once the import operation is complete, colored blocks will appear on the line
corresponding to the proper tool in the display pane under the green line representing
the DNA sequence. These blocks give the locations of features returned by the analysis
tool. The width of the Display panel can be adjusted using the list box.

To get information about a feature, click on the colored block. A click prints information
in the “Message Console” area and puts the sequence of the feature in question into the
“Sequence of Selected Feature” area. To put the entire DNA sequence into the
“Sequence of Selected Feature” area, as required for pasting into an analysis tool, just
click the green sequence line.
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To assemble a coding sequence, click on the first exon you want to include from the
GenScan or the GeneMark output and press the “Add Exon” button. Continue doing this
until you have added the sequences of all the exons you wish to include in your gene
model. The cDNA sequence of the assembled gene model is shown in the “Sequence
of cDNA Assembly” box and its amino acid translation in the first reading frame in the
“Sequence of Translated Protein”. Look out for asterisks as they indicate stops and
should be present only at the end of your protein translation. Internal stops indicate a
problem in your exon assembly and are indicated by red color in “The cDNA stoplight”
whereas a terminal stop codon is indicated by grey color. You can get to the list of all
exons used in the assembly from the “Exon List” pull down menu. You may delete an
exon by selecting it from the list and clicking on “Delete Exon. There is also a button to
“Clear All Exons” and start over the assembly.

Below are Greengene outputs for 2 example DNA sequences that will be used in the



class. To analyze one of these yourself, select “Initial Sequence” and hit ‘Run”. This will
open a browser window containing the initial sequences to use as well as complete
outputs from the various tools to use in case of web problems. Run the entire analysis
on DNA1 yourself.
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DNA1l: Note the 7% feature in the Genscan track; is this likely
to be a real exon?
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DNA2: All exon predictions supported by blastx and blastn hits.



The New GENSCAN Web Server at MIT

Identification of complete gene structures in genomic DNA

For information ahout Gens

News:

+ The server

j r DA sequence here etter © uf 3 3
"CCCARLGGTGCAGGACCATCTTCCCARTTCCGTTCAGALRATATTC AAGCTGCARACCCTTCAGC AGCCGGGGC

Run GEMSCAN Clear Input




Predicted genesfexons:

Type -Begin

Intr 862 84 £ 168
Intr 1113 91 108
Intr 1542 107 184
Term 1958 78 4 92
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Eukaryotic GeneMark.hmm (reiosd hie cage)
Reference: Borodovsky M. and Lukashin A, (unpublished)

UPDATE (May 10, 2002): O. sativa (Rice) Eukaryotic GeneMark. hmm model has been updated
Listing of previous updates

Input Sequence

Title {optional): &

Sequence: @
FCAGGACCATCTTCCCAATTCCGTTCAGALLATATTCAAGCTGCLL lV'f'f'TTf'ﬂf'f'lV'f'f'f'f'f'f'ﬂ
1 sl

Sequence File upload e

Browse...

Specids 8| H.sapiens -

Cutput Options
Email Address: (required for graphical output or sequences longer than 400000 bp)e

¥ Generate PDF graphics (screen)

T Generate PostScript graphics (email)e
[© Print GeneMark 2.4 predictions in addition to Genel
[T Translate predicted genes into proteine

B Default

Start GeneMark. hrmm

rk.hmm predictionse

GeneMark. hmn (Version 2.2a

Seguence neme: Wed Sep 22 13:31:04 EDT 2004
Seguence length: 2750 bp

G+C content: 57.42%

Matrix: Homo sapiens

Wed Sep 22 13:31:05 2004

Predicted genes/exons

Gene Exon Strand Exon Exon Range Exon Start/End
# # Type Length Frame
1 1 + Internal 862 260 29 13
1 2 + Internal 1113 1154 72 13
1 &l + Internal 1542 1679 138 13
1 4 + Terminal 1953 2088 129 13
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‘Width of Display
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Systems
Biology = RepeatMasker Web Server

Eepeathfasker screens DIMA sequences in FASTA format against a ibrary of repetitive elements and returns a masked quety sequence ready

for database searches. Eepeatldasker also generates a table annotating the masked regions.
Eeference: & F A Srut, B Hubley & P. Green, unpublished data. Current Version: open-3.1.3

Check Current Clueue Status

Basic Options

Browse... |

or Salect a sequence fils to
WO ACCATCTTCCCAATTCCSTTCAGAALATATTCAAGC TGCALLCCCTTCAGC AGICGGGGE  PFacess ar pasie the
sequencas(s) in FASTA

Sequence:
formal, Laroe seguences

will he gueued, and may
iade @ while to process.

K1 i

Salect the search engine ta
s when searching the
Search Engine: @ cross_match wublast sequence. Crass_maich is
slower but affen mare
sensitive than WU Blast.

Select the sensitivity af
Speed/Sensitivity: ' rush quick & default © slow yourlslearch. Ut 25
sensitive ihe longer the

Processing e,

Salect a apacias from the

drap dovn box ar select

"Other.." and enter a
Hurnan j spacies name i1 the taxt

box. Try the protein based

DINA source:

FepeaiMasker on your

sequance and return the

resilis immediately to
Retwm Method: & bl © email |Your email address vaur web brawser,

provided your seguences
are shari. The "email"
raturn method will email
vou when your resulis are
ready.

Reset | Submit Sequence
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RepeatMasker started 10-Mar-2006 13:17:56 PST
REepeatMasker wversion open-3.1.3

Search engine: WUEBlast

analyzing file /fusr/local/rmserver/tmp/RM2Zsequpload 1142025390

Checking for E. coli insertion elements
s . : : .

1 Y Y 4

Results

Right-click and select "Save As" io save resylis to your computer or click on the Bnk to view the file in the browser.
Annotation File: EM2sequpload 1142025380, out
Masleed File: ElZ2zequpload 1142025390 masked

3W perc perc perc

query position in query matching repeat position in repeat
score div. del. ins. Sequence hegin end (lefr) rEpeat class/family khegin end [left) In
g07 17.7 11.2 0.5 Unnamediequence 2453 2622 (128) C MERz20 IMA/MERL type (2] 217 30 1

GreenGene Gene Prediction Analysis Toal
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Computational Bioscience and Enginesring Lab, Division of Comy 1l Bioscience

Center for Information Technology, National Institutes of Healtl

WWW Promoter Scan

Function: Predicts Promoter regions based on sconng homelogies with putatrre eukaryotic Pol II promoter sequences.
The analysis 15 done using the PROSCAN Version 1.7 sutte of programs developed by Dir. Dian Prestndge, Information on PROSCAN, ncluding
details on obtaning a copy, 18 mamtaned at the Advanced Biosciences Computing Center, Uiversity of Minnesota

A DITA sequence 15 all that needs to be supplied. There are no optional pararneters for PEOSCAT.

Please enter or paste a Nucleic Acid sequence to analyze (most formats accepted):
ATCTTCCCARTTCCGTTCAGALAATATTCARGCTGCALACCCTTC AGCAGCCGGGGT

« 1v]
¥ Echo input sequence (generally recommended)

Be Forewarned!

Patience 15 a vivtue; Analvss for a 10Ebp sequence may take as long as 5 munutes (or more)!

sdwit | reset | Credits: WIFW implementation by BIMAE staff

Significant Signals:

Narme TFD # Strand Location Weight
H3V_IE repeat lEH ST 351 1.363000
Spl BRI 354 3.608000
JCV_repeated sequenc CEEEE g 364 1.658000
T—Loy 00974 + 398 1.088000
NF-KE 301495 - 432 1.008000
EARLY-SEQ1 Slolatioksiat e 472 6.322000
Spl 300801 + 473 Z.755000
Spl 300802 + 474 3.2582000
Spl 300781 - 4758 Z.772000
Spl 300978 - 479 3.361000
JCV_repeated sequenc 501193 - 479 1.658000
Spl 300952 + 490 S50.000000
Spl SlEREE 499 3.608000
heta-pol C3 300559 + 510 §.603000
ATF 301058  + SIplly 1.157000
CREE 300969 + Skl 3.442000
CREE 00072 + 511 §.603000
CREE S02107 + 511 3.886000
ATF 301940 + LAl 3.721000
CREE 300144 + 512 1.91z2000

GreenGene Gene Prediction Analysis Toal
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Entri BLAST
Hew 15 Nov 2004 Download the BLAST poster from SC2004!

»

Nucleotide Protein

Quickly search for highly similar sequences
(megablast)

FProtein-protein BLAST (blastp)

PHI- and PSI-BLAST

Quickly search for divergent sequences Search for short, nearly exact matches
(discontiguous megablast) Search the conserved dormain database
Mucleotide-nuclentide BLAST (hlastn) (rpshlast)

Search for short, nearly exact matches Search hy domain architecture {cdart)
Search trace archives with megahlast or

discontiguous megahlast

Translated Genomes

» Translated queryvs. protein datahase (hlastd) » Chicken, cow, pig, dog, sheep, cat
* Protein queryvs, translated database (hlastn) * Environmental samples
* Translated query vs. translated database * Hurman, mouse, rat
(thlasts) * Fugu rubripes, zebrafish
* |nsects, nematodes, plants, fungi, malaria
» hicrobial genomes, other eukaryotic genomes
Special Meta

Search for gene expression data (GED BLAST) * Retrieve results by RID
Align two sequences (hl2sedq)

Screen for vectar contamination (YecScreen)

Immunoglobin BLAST (lgBlast)

SRP BLAST HEW




C.
3 NCBI

Nucleotide

Frotein

Search

Chooss & [ UETATED query - PROTEIN database [blast] |

tranglation
To:

Set sybzeguence

Choase database |refseq hd

Genetic codes | Standaud (1) =l

S BLAST! R reverauen rsran

Format

Show ¥ Graphical Overview W Linkout W Sequence Retrieval W NCEII-,Q;iI Alignment j i.nl HTHL

Ilasking Cha.racted Default for protein, n far nucleaotide) j Iasking Cologl Black vI
Mumber of: Descri]gtionslmﬂ j Alignments| 50 j

Alignment viey | Hit Table

-

Lﬁn:;{::;lgts:g{ I IAND leIIorganisms j

jformat

# BLASTX 2.2.13 [Now-27-2005]

# Query:

# Database: refseq_protein

# Fields: query id, subject ids, % identity, % positiwves, query/sbjct frames, alignment length, mismatches,
# 224 hits found

1 22507 gi|S556465811|ref|XP_511951.1| 95.61 100.00 1/0 TE 1 a 745 960 Z5
1 22507 gi|55646811|ref|XP_511951.1] 100.00 100.00 Z/0 54 u] u] 1199 1380 125
1 22507 gi| 55646811 |ref|XP_5115951.1] 96.00 100.00 340 25 1 a 1110 1154 96
1 22507 gi| 55646811 |ref|XP_S511951.1] 100.00  100.00 340 139 u] u] 510 566 1
1 22507 gi| 76643499 |ref|XP_85858015.1) 62.00 T6.00 3/0 100 34 1 1539 1838 6l
1 22507 gi|76643499 |ref|XP_555015.1] i00.00 100.00 170 33 a a =14 Q60 1
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ST

an RID|

megablast Eﬁ E_J :%

“What is Mega BLAST?

AAARACGTCCCAACGGALACGGACCCALATCCACTAGGAGGCCCALATTTCTGTCCCCCTGCCT

Hearch
KN i
Load gquery file I—
from disk Brawse... |
et subsegquence From:l To:l

Choose databhse Iest_human 'l

Return alignment r
endpoints only

N BLAST! [y Reserauory Vroseran

results of %%E_J%ﬁ%rﬁ

14790 gi|24029756|gb|BUS45315.1] 97.94 437

# BELASTH 2.2.10 [Oct-19-2004]

# Query:

# Database: est_human

# Fields: Query id, Subject id, % identity, alignwent length, mismatches, gap openings,
1 14790 gi| 18808711 |gh|BN562537.1| 95.54 Sz0 15 Z4 747 1642
1 14790 gi| 19808382 |gh|BQO45042.1| 95.57 558 a g Z 559
1 14790 gi| 19122787 |gh|BEHS05964.1| 97.86 514 & & gz29 1338
1 14790 gi|45711089|emb| ALS535211.3| 95.35 455 a g Z 456
1 14790 gi| 43442377 emb|BX956949.1| 97.95 455 1 9 Z 438
1 14790 gi| 47378328 gh| CHN390733.1| 95.26 461 a g Z 462
1 14790 gi|46183624|emb| ALS58225.3| 95.25 457 a g Z 458
1 14790 gi| 14082547 |gh|BG771894.1| 95.23 452 a g 4 455
1 14790 gi|47378326|gh|CHN390731.1| 95.21 447 a g Z 445
1 14790 gi|31125501|gh|CD355090.1] a7.97 444 1 g Z 445
1 14790 gi|14071429|gh|BG760759.1| 95.19 441 a g Z 442
1 14790 gi|Z24040360|gh|BUS55394.1| o7.74 443 1 9 Z 444
1 14790 gi|14074706|gb|BG764053.1| 97.73 441 2 =] 2 443
1 14790 gi|Z24040866|gh|BUS55500.1] 97.94 437 1 g Z 438
1 1 g Z 438

q.
1

561
9

477
451
455
452
449
444
436
433
472
433
429
429

start, do.

915
iz

o
3]
[}

[ R R - - - R VI
w

end

o e e s e e e s s o s o o

o e e s s e e e e s o o e 1

start,
1508
1019
919
879
871
833
825
815
806
794
794
785
783
7581
7581

a.
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- -
<3 NCBI

Mucleotide

megablast Eg idz 1% F‘; r[

Translations

Praotein Retrieve results for an RID

“What 15 dizcontimuous hMega BLAST?

-
LA A TC TTCCCAATTCCGTTC AGAARATATTCAAGC TGCARACCCTTC AGCAGICGGGET
Search
[4] [T e
Laad gl;:yddﬁi; | Browse... |
Het subsequence me:l Tn:l

Choose database | chromosome LI

Fetun aligtument .
etidpoitits only

How:

Options for advanced hlasting

Limit by entrez | |AND

query ﬂl Mus musculus [ORGMN] ;l

GreenGene Gene Prediction Analvsis Tool
Width of Display Add Exon

GeneMark

RepeatMasker

ProScan

Mouse Genomic
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% NCBI megablast E}l: E__r ’% H l’i‘

Mucleotide Protein Translations Retrieve results for an RID

“What 12 discontimuous hega BLASTY

-
ARARACGTCCCAACGGALACGGACCCALATCCAC TAGGAGGCCCAATTTC TGTCCCCCTGCC
Search
1 [ (]
Load ?rlu;fmﬁili I Erowse... |
2et subsequence From:l To:i
Choose database Eu:hrcumc:su:me ;iJ
Return aﬁgﬁament r
enudpoints only
.
r—
Options for advanced hlasting
Bhuilisis I IAND ;i Rattus norvegicus [ORGM)] Ll
Gquery

GreenGene Gene Prediction Analysis Toal
Width of Display Add Exon

RepeatMasker

ProScan

Mouse Genomic
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Create a custom coding sequence and the corresponding protein sequence:

Width of Display

RepeatMasker

ProScan

Mouse Genomic
Sequence of Selected Feature
Sequence of cDMNA Assembly

Sequence of Translated Protein

The cDMA 'Stoplight'

GreenGene Gene Prediction Analysis Toal

Add Exon

3
AAGEATGGCTTCCTGGCCTTO CAAACTAGCCIGTI'ACAAACTC CATTACTACGAGACGCCCACTOGI=
4 3

jGTCATGAATACTGACTI’GGGCGTGGGACCCATCCGAGATGTG CTGCAC CACATCTACAGTG(I)GF.'
4 3

MTYHMNLYLF DRMGYCLHYS EWHRKKQAGIPKEEEYKLMYGMLFISIRSFVS KMSPLDMKDGFLAFQTE=S

56117994 56118151
56118603 561168784
56118904 56118477
52648346 52645396
4
Input Area

Run Tool |

3 Exon List
214 ~|lFe Range: 1542 1679

eature: 1.03Intr+ 1542 1679 138 2 0 107 61 1840998 19.44
Strand: +
null

4g-38
Se-04 564
1e-04 &84

Tools Message Console

|Rat Genomic (#-Species Megablast) j Import Results |
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