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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.nlm.nih.qov/BLAST/)
3. Comparison with the mouse and rat genomic sequences
(http://www.ncbi.nlm.nih.qov/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
the eukaryotic protein coding genes contain exons and non-coding introns. The exons
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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 ESTs.
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

S CCAA GG TG AGGAC CATC TTCC CAATTCCGTTCAGALARTATTCAAGC TGCALAACCCTTCAGC AGZCGGEGGT

Run GEMSCAN Clear Input




Predicted genesfexons:
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Eukaryotic GeneMark.hmm (reiosd hie cage)
Reference: Borodovsky M. and Lukashin A, (unpublished)

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...
Species : @| 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 GeneMg#.hmm predictionse
[T Translate predicted genes into proteine

B Default
Start GeneMark. hrmm

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

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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S}s:te ms
Biology RepeatMasker Web Server

Eepeathlasker screens DMA sequences m fasta format agamst a ibrary of repetitive elements and returns a mag
searches as well ag a table annotating the masked regions.
Eeference: A F A Smit & P. Green, unpublished data Current Version: 3.0.2

Checl Current Queue Status

Basic Options

Large sequences will be quened, and may take a while to process.

Enter the file to process:l Browse... |

Or paste the sequence(s) m FASTA format:
LG CATC T T CAATTCC G TTCAGAAAATATTCAAGC TGC AALCCCTTCAGC AGCCGGGGT

K a
Select return format $% html © tar file © links
Select return method: & html © emaﬂlYouremaiIaddress

Resat I Submit Sequence

Advanced Optio

Speed/Sensitivity: © rush ¢ quick ¢ default © slow

DA source:l Hurnan =l

Repeat Annotations:

SW perc perc perc guery position in query matching repeat pogition in repeat
del. ins. sequence hegin end [left) repeat class/family begin end (left) I
17.8 11.2 0.6 TUnnamedSegquence 2453 ZRZZ [125) C MERZO DNA,-"HERl_t,ype (2] 217 30

GreenGene Gene Prediction Analysis Tool
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Welcome to the
BioInformatics & Molecular Analysis Section (BIMAS)

v WIWW Promoter Scan e

Function: Predicts Promoter regions based on scenng homologies with putative eukaryetic Pol I prometer sequences.
[he analysis is done using the PROSCAN Version 1.7 sute of programs developed by Dr. Dan Prestndae, Information on PROSCAN, inchs
btaining a copy, is maintained at the Advanced Biosciences Computing Center, University of Minnesota.

A DHA sequence is all that needs to be supplied. There are no optional parameters for PROSCATN

Please enter or paste a Nucleic Acid sequence to analyze (most formats accepted):
ATCTTCCCAATTCCGTTCAGRARATATTC ALGCTGCAAACCCTTC AGCAGCC GGGGY

Rl i
I¥ Echo input sequence (generally recommended)

Be Forewarned!

atience is a virtue: Analysis for a 10K bp sequence may talce as long as 5 minutes {or more)!

reset | Crediis: W implementation by BIMAS staff

Significant Signals:

Narme TFD # Strand Location Weight
H3V_IE repeat Sl ER 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 SlEHLAEIE 432 1.005000
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 SEREEE 499 3.608000
beta-pol C3 300558 + 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 S00144 + 512 1.91z2000
E4F1 501252 + 513 3.5824000
E4F1 501249 + 513 3.764000
ATF/CREE 300534 + 513 1.564000
CREE 004589 - SHES 1.147000
ATF/CREE 300534 - 516 1.135000
CREE 00144 - 517 Z.545000
ATF 301940 - 518 3.721000
ATF SIRIER IS e 518 1.5591000

GreenGene Gene Prediction Analysis Tool

Width of Display
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Entri BLAST il
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
* Pucleotide-nucleotide 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 (GEOD BLAST) * Retrieve results by RID
» Align two sequences (bl2sed)

= Screen for vector contamination (YecScreen)

* |mmunoglohin BLAST {lgBlast)

* SMP BLAST HEW




Protein i1 an RID)

Search

choost 2 [T NSLATED query- PROTEIN database [blast] =l

translation

et subsequence From I To:

Choose database | refseq d

Genstic oodes [ Standard (1) El

Rl ‘BLAST! B rosorauer  maseran

Format
Show ¥ Graphical Overview ¥ Liniout W Sequence Retrieval 7 NCEL gif Alignment =] in[HTML ¥ |format
Use new formatter W Maslqngchaxactegl Detaulti for protein, n for nuclectice) j MaslcmgCulugl Black j
Humber of. Descriptions| 100 7] Alignments 50 =

IAhgmammw [HitTable H I

% I IAND leHDrgamsms H

# BLASTX 2.2.9 [May-01-2004]
# Query:

# Database: nr

#

1

Fields: Query id, Subject id, % identity, aligmwent length, mismatches, gap openings, o. start, d. end, 5. start, =.
_ 32073 gi| 10564021 |ref|NP_067033.1] 97.87 47 1 a 1542 1682 58 104 Je-19 99.8
1 32073 gi| 10864021 |ref|NP_067033.1| i00.00 42 a a 1958 2083 104 145 4e-15 86.3
1 32073 gi| 10864021 |ref|NP_067033.1| i00.00 33 a a 862 960 1 33 Ze-12 77.0
1 32073 gi| 10864021 |ref|NP_067033.1| §9.29 Z8 3 a 1110 1193 33 &0 Se-05 52.8
1 32073 gi|27672872 |ref|XP_213342.1| 95.74 47 Z a 1542 1682 58 104 Te-19 95.6
1 32073 gi|27672872 |ref|XP_213342.1| 7. 62 42 1 a 1958 2083 104 145 le-14 54.7
1 32073 gi|27672872 |ref|XP_213342.1| i00.00 33 a a 862 960 1 33 Ze-12 77.0
1 32073 gi|27672872 |ref|XP_213342.1| §9.29 Z8 3 a 1110 1193 33 &0 Se-05 52.8
1 32073 gqilS51625487 |ref|XP 126252.2] 97.583 46 1 a 1542 1679 55 103 le-158 95.2
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megablast Eﬁ E_J :% S rEj

> NUOBI

Mucleotide

Protein

“What is Mega BLAST?

AAARACGTCCCAACGGALACGGACCCALATCCACTAGGAGGCCCALATTTCTGTCCCCCTGCCT

Hearch
KIN| 2
Load gquery file I—
from disk Brawse... |
et subsegquence From:l To:l

Choose databhse Iest_human 'l

Return alignment r
endpoints only

Mo

R eserauary Ureseran)

results of %%E_J%ﬁ%rﬁ

# BLASTN 2.2.10 [Oct-19-2004]
# Query:
# Database: est_human

1 14790 gi| 18505711|ob|BNS62537. 1] 95.54 920 15 24 747
1 14790 gi| 19508352 | ob| BQO45042 . 1] 095.57 558 0 g z
1 14790 gi|19122787|ob|BNS05964. 1] 097.86 514 5 3 829
1 14790 gi| 45711089 end| AL535211.3 05.35  4a5 0 g z
1 14790 gi|43442377|enb | BX956949. 1] 97.95  4as 1 g z
1 14790 gi|47375325|0b| CN390733. 1] 08.26 461 0 g z
1 14790 gi|46183624|enb|AL558225.3 08.25 457 0 g z
1 14790 gi| 14082547 |ob|BGT71594. 1] 05.23 452 0 g q
1 14790 gi|47375326|0b|CN390731.1] 08.21 447 0 g z
1 14790 gi|31125501|gb|CD358090. 1] 97.97 444 1 g z
1 14790 gi|14071429|0b|BGT60789. 1] 05.19 441 0 g z
1 14790 gi|24040360|ob|BUS55394. 1] 97.74 443 1 g z
1 14790 gi|14074706|gh| BG764053. 1] 97.73 441 2 ] 2
1 14790 gi|24040866|ob|BUS55500. 1] 97.94 437 1 g z
1 g z

1 14790 gi|240259756|ob|BUS45315.1] 97.94 437

# Fields: Query id, Subject id, % identity, alignwent length, mismatches, gap openings,

164z
559
1338
456
4588
462
458
455
445
445
442
444
4432
438
438

q.
1

561
9

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

start,

915
iz

o
3]
[}

[ R R - - - R VI
w

q.

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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- -
<> NCBI

Mucleotide

megablast Eg ij lg ?% r[

Translations

Protein Retrieve results for an RID

What 12 dizcontimuous Mega BLAST?
f

LA AT TTCCCAATTCCGTTCAGARAATATTCAAGC TGCAALC CCTTCAGC AGCCGGGGE

Search
L [11Te]
Load guery file
from disk I Erowse... |
Het subsequence From | To:

Choose database I chromasome LI

Return alignment i
enudpoitts only

Mo

Options for advanced hlasting

Limat by entrez I

— [AND | Mus musculus [ORGN] d|

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

GeneMark
RepeatMasker

Proscan
Mouse Genomic

Rat Genomic
K

Seguence of Selected Feature

Sequence of cDMA Assembly

reenGene Gene Prediction Analysis Tool

G.?GTATAAG CTGATGTACGGGATGCTCTTCTCTATCCGCTCGTTTGTCAG CMGATGTCICCCGCEI_:._'
4 3

i(IBCTGATGTACGGGATGCTC'I'I'CTCTATCCGCTC GTTTGTCAGTAAGATGTCC COGCTAGACATS =
1 +

Sequence of Translated Protein MTYHMLYLFDRMGYC LHYSEWHR KK QAGIPRKEEEYKLMYGMLF SIRSFYSKMEPLDM ﬂ
The cDMA ‘Stoplight' Exon List 1.02Intr+ 111323 hal
1_3595 gi|37699745|reflNC_0051 07 Range: 1113.1184 =
1_3595 il 37699521 [reflNC_0051 051 [NC eature: 1.02 Intr+ 1113 1184 72 20 91 76 1080878 1065

Strand: +

null
4 | | » LI
Input Area Tools Message Console

Run Tool | |RatGen0mic (#-Species Megablast) j Import Results |
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