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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
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 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. Select 800 to
zoom out to the full length of the DNA sequence.

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.



GreenGene Gene Prediction Analysis Tool

Width of Display Add Exon

Mouse Genomic

Rat Genomic
£l C
ARAAACGTCCCAAC GEARAC GEACCCAMATC CACTAGGAG GCCCAATTTCTGTCCCCCTG COUTACTAS

A

Sequence of Selected Feature

Sequence of cODMA Assembly

Sequence of Translated Protein

The cOMA 'Stoplight' | Exon List |

5 AARATATTCAAGCTGLA AACCOTTCAGCAGEC GGG C BlFeature Range: 1..2750
Feature: null Strand: null
null

‘ 15 4

Input Area Tools Message Console

Run Toal | Clear Input [ Get DNA Sequence = Import Results |

131 I<_I>_I;I'_I'-LL

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. We will use DNA2 during
the demonstration; run the entire analysis on DNAL1 yourself.
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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 GENSCAMN Clear Input
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Eukaryotic GeneMark.hmm(12) foios e cace)
References:
1Borodovsky M. and Lukashin A. (unpublished)
2| omsadze A., Ter-Hovhannisyan V., Chernoff ¥. and Borodovsky M.,

"Gene identification in novel eukaryotic genomes by self-training algorithm”,
Nucdleic Acids Research, 2005, Vol. 33, No. 20, 6494-65006

Accuracy comparison
UPDATE October 2005. Added pre-built models of eukaryotic GeneMark.hmm ES-3.0 (E - eukaryotic; S - self-training; 3.0 - the version)
Listing of previous updates

Input Sequence
Title (optional): &

Sequence:a

Sequence File upload:e

Browse

Species:@a|Hsapiens ~| Maodel description

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

¥ Generate PDF graphics (screen)

" Generate PostScript graphics (email)a

™ Print GeneMark 2.4 predictions in addition to GeneMark.hmm predictionse
[~ Translate predicted genes into proteine

Run Default I Start GeneMark hmm |
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GeneMark. hrn (Version 2.
ZJequence name: Fri Feb
SJequence length: 2750 hbp
G+C content: 57.4:2%
Matrix: Homo sapiens

Fri Fek 9 11:30:34 2007

Predicted genes/exons

Gene Exon Strand Exon

# # Type

1 1 + Internal
1 2 + Internal
1 3 + Internal
1 4 + Terminal

2a)
9 11:30:34 EST 2007

Exon Range Exon Start/End
Length Frame
862 250 =l=] 13
1113 11584 72 13
1542 1679 138 13
1958 2086 129 13
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Systems
Biology RepeatMasker Web Server

Eepeatldasker screens DIVA sequences in FASTA format agamst a ibrary of repetitive elements and returns a masked query sequence ready for database searches. Repeathdasker also generates a table
annotating the masked regiens

Reference: AF. A Smit, B Hubley & P. Green, unpublished data. Current Version: open-3.1.6

Check Current Queue Status

Basic Options

Erawse...
or

FCCAGGGCCACAGTACCAC AGCTGTTTATTATGCAGC AGCGTCAGTACTGAGATACTGTGTGL

Select a sequence file to pracess or paste the sequences(s) in FASTA format, Large

Sequence: . .
2cquence sequences will be quened, and may fake a while fo process.

K1 |
Search Fuaine: & croN match wublast Selzct the saqrch engine fo use when searching the saquence. Cross_maich ic slowar but
2o iugme aften more sensitive thar WiiBlast.
Speed/Sensitivity: © rush quick @ default © slow Select the sensitivity af your search. The muore sensitive the longer the processing fime.

I " j Selzct a species from the drop down box or select "Other.. " and enter a spaciss rame in
DNA source: the text box. Try the protein based repeatmasker if the repeat datebass for your specias

15 srmail

Selzct the format jor the resulis af your search. The "iar" aption will return the results
Return Format: @ html © tar file as @ campressed archive file, and "himl" will present the results as a summary web page
with links to the individual data files.

The "HTML" return method will run RepeatMasker on your sequence and return the
Return Method: @ html € email [Your email address resuits impediately to your web browser, provided your sequences are short. The
Momail" return method will email you when your results are ready.

Feset | Submit Sequence

Fepeailacier an your
sequence and refurn ihe

resilis mmeadiately fo
Retm Method: & bl © email |Y0ur email address vaur weh hrawser,

provided your seguences
are shari. The "email
return method will email
Vau When your resulis are

racdy.
Reset I Submit Sequence I
- —y
RepeatMasker started 08-Feb-2007 07:55:21 PST
RepestMasker version open-3.1.6
Search engine: WUBlast
analyzing file fusr/local/rmserver/tmp/RMzsequpload 1170950111
/4

Results
Righi-click and selact "Save As" ia save resullf to your compuier or click on the link to view ths fila in the hrowsar.
Annotation File: EM2sequpload 1170950111%ut
Masked File:  EMZzequpload 1170950111 masked

3W perc perc perc guery position in gquery mwatching repeat position in repeat
score div, del,. ins.  sedguence begin end [left) repeat class/family begin end (left) In

g07 17.7 11.2 0.5 Unnamediecquence 2453 Zez2 (128) C MERzZO DNA/MERL type (2) 217 30 1
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31| 1§ KNl | En

) web Promoter Scan Service - Mozilla Firefox

Fle Edt View Go Bookmarks Tools Help

= ) [0 hetpisibimss. dert.rih.gevfmolbisjorossan

#® Getting Started 15} Latest Headlines

/sis Section
ional Bioscience
Health

Division of Com
National Institutes of

WWW Promoter Scan
Function: Predicts Promoter regions based on scoring homologies with putative eukaryotic Pol I promoter secuences
Biosciences Computing Center, University of Minnesota

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

Please enter or paste a Nucleic Acid sequence to analyze (inost formats accepted):
}GCCECAGTACCACEGCTGTTTRTTATGCAGCAGCGTCAGTECTGRGATACTGTGTGJ!

1] 1
W Eche input sequence (generally recommended

Be Forewamed!

Patience is a virtue: Analysis for a 10Ebp sequence may take as long as 5 minutes (or more)!

submit | reset | Crediis: WHW suplementation by BIMAS staff

The analysis 15 done using the PROSCAN Version 1.7 sutte of programs developed by Dr. Dan Presindge, Information on PROSCAN, mncluding detals on cbtamng a copy, is mamtaned at the Advanced

=] @ [Cl
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Spi + 94 17.211000 Feature: null Strand: null

null

14



NCBI

Mucleotide

BLAST
translating Fig WY

.- rotein Retr RID

S AGGGUCACAGTAC CACAGC TG TTTATTATGCAGC AGCGTCAGTAC TGAGATACTGTGTGJ!

Gearch
-« 1+
100522 [T ANSLATED query- PROTEIN databose [blastd ]

et subsequence From: | Ta: |

Irefseq "l

Genetic codes I Standard (1)

Choose database

53

Format

Show ¥ Graphical Overview M Linkout ¥ Sequence Retrieval ¥ NCBI-,\‘-.';iI Alignment j i.nl HThL

Ilasking Cha.racted Default for protein, n far nucleaotide) j Iasking Cologl Black vI

jformat

Mumber of: Descri]gtionslmﬂ j Alignments| 50 j
Alignment viey [ Hit Table =
Limit results by -
e | |AND leIIDrganlsms j
/ ali i
results of BLAS']
# BLASTX 2.2.15 [Oct-15-Z006]
# Querwy:
# Database: refseq protein
# Fields: query id, subject ids, % identity, % positives, guery/shbjct frames, alignment length, mismatches, gap opens)|
# 130 hits found
1 21789 gi| 109113167 |ref|XP_001111216.1]| §2.86 §7.14 3/0 70 iz a 954 1193 42
1 21789 gi| 109113167 |ref|XP_001111216.1]| 67.12 71.23 1/0 73 Z2 1 862 1080 1
1 21789 gi| 109113167 |ref|XP_001111216.1]| 97.87 100.00 3/0 47 1 a 1542 1652 109
1 21789 gi| 109113167 |ref|XP_001111216.1]| 100.00 100.00 2/0 4z u} a 1958 2053 155
1 21789 gi| 73955588 | ref|XP_859762.1| 90.38 94.23 3/0 52 5 a 1527 1682 15 =]
1 21789 gi| 73955588 | ref|XP_859762.1| 100.00 100.00 270 4z u} a 1958 20383 =] 110
1 21789 gi|73955588 | ref|XP_859762.1| TZ.73 §6.38 z2/0 Zz 6 u] 596 961 1 Zz
1 21789 gi|10864021|ref|NP_067033.1|;gi| 73955584 |ref|XP_536628.2| ;gi| 73955590 | ref| XP_859798.1| ;gi| 109113163 | ref|XF_001
1 21789 gi|10864021|ref|NP_067033.1|;gi| 73955584 |ref|XP_5366268.2| ;gi| 73955590 | ref| XP_859798.1| ;gi| 109113163 | ref|XF_001
1 21789 gi|10864021|ref|NP_067033.1|;gi| 73955584 |ref|XP_5366268.2| ;gi| 73955590 | ref| XP_859798.1| ;gi| 109113163 | ref|XF_001
1 21789 gi|10864021|ref|NP_067033.1|;gi| 73955584 |ref|XP_5366268.2| ;gi| 73955590 | ref| XP_859798.1| ;gi| 109113163 | ref|XF_001
1 21789 gi| 66730565 | ref|NP_001019377.1| ;gi| 56439955 | ref|NP_001034467.1] 95.74 100.00 3/0 47 Z a
1 21789 gi|66730565|ref|NP 00101937 7.1]:gi| 86439955 |ref |NP 001034467.1] 97.62 97.62 2/0 42 1 a
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GGACCATCTTCCCAATTCCGTTCAGALAATATTC AAGC TG AARCCC TTCAGC AGC CGGGGT)

Search
g
Load gquety file |
from disk L
et subsequence me:l To:
& Human genomic plus transcript NEW Two new Human and Mouse
Choose database  C0 Mouge genoric plus transcript databases combine genomic plus

transcript alignments in a single report.
You can also choose from Others to
est_human _""j use nr or an existing database.

o Othere Cor ate
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# BLAZTN Z.2.15 [Oct-15-2006]

# Query:

# Databasze: est_human

# Fields: query id, subject ids, % identity, alignmwent length, mismatches, gap opens, . start, g. eng
# 100 hits found

1 10471 gi|18808711 | gbh|BHS62537.1] 95.54 9z0 15 24 747 1642 1 913
1_10471 gi|B0793350|cb]|DA433015.1] 958.92 555 2z 4 T2z 1274 1 553

1 10471 gi|l19808352 | gh|BQO42042.1] 95.57 558 u} = Z 559 S61 1z

1 10471 gi|19122787 | gb|BHS05964. 1] 97.86 514 5 & 829 1338 = S5z0 B
1 10471 gi|&3211093 |db)|DEOS2544.1] 98.21 503 a = 2 503 495 1
1_10471 gi| 45711089 | end| AL535211.3 98.35 485 a g 2z 4586 477 1

1 10471 gi|83212266|cdb)|DEZS1451.1] 95.14 435 u} 9 Z 435 477 1

1 10471 gi|43442377|emb|BX956549.1] 97.95 485 1 = 2 455 451 2

1 10471 gi|90833551|db)|DE462532.1] 97.92 451 2z g 2z 452 473 1
1_10471 gi|83053300|ch]|DADSESE6. 1] 97.52 483 2z 10 2z 452 475 1

1 10471 gi|81127696|cdb)|DASIZEES.1] 95.08 469 1 = Z 470 461 1

1 40479 o1 47277 | ool | TR OO 11 [w] =4 adesd ml AdE Fall=4 =4
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1_10471 Qil18981231[ab|BMETT 333.1] 1 00=l|Feature Range: 1..2740 =

1_10471 Qil18981231[ab|BMETT 333.1] 100 JIFeature: null Strand: null

1_10471 Qil1896957 4[ab|BMEG3ET3.1] 1000 finull

4] | _'|:I =l
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“What 15 discontiguous Mega BLAST?

—
GEACCATCTTCCCAATTCCGTTCAGAALAATATTCAAGC TGCALACCCTTCAGCAGCCGGEGT
Search
i _Browse._ |
from disk
et subsequence From:l |To:| |
O Hurman genomic plus transcript HEX Twio new Human and Mouse
Choose databass (o Iouse genomic plus transcript databa_ses c_ombine ge_nu:nmic_: plus
@ Others (nr elc.); transcript alignments in a single report,
You can also choose from Others to
Ichromosome use nr or an existing database.
Return alignment
etudpoints only
vl BLAST! BRI Feserquery | "Resetal
\,
—
Options for advanced blasting
Litnit by entrex
ST | [4nD h Mus musculus [ORGN]
L
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1_28007 5ila327 4085 reflAc_n00033.11AC_000 BlFeature Range: 1..2750 =
1_28007 Qi|594471499 reflWC_000075 4|MC_00C ||Feature: null Strand: null
1_26007 gi[3327 4080 refAc_000036 1|AC_000] |nall
N I _>I:I [
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{0 Human genomic plus transcript HMEY Two new Human and Mouse
Chooge database 00 Mouge genomic plus transcript dataha_ses c:lcumblne genomic plus
@ Others (nr etc.); transcript alignments in a single report.
i You can also choose from Others to
|chromusome j use nr or an existing database,
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Options for advanced hlasting

%E?:ez |AN[ jl Rattus norvegicus [ORGN] j
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1_3122 gil62750810)reiNC_005108.2/MG_005109 79, Bl Feature Range: 1..2750 =

1_3122 Qi 0965814 3|refAC_000089.1]AC_00008986.0 ||Feature: null Strand: null
13122 Qil2750821 [reiNC_008120.2|NC_005120 862 |fnull
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The cDMNA Stoplight’ Exon List 1.021Intr+ 111323 <

1_3122 Qil62750810[refiMC_005109 2 a0a 00 To =T Bare mange. T11a.1108 =
1_3122 g1 096581 49[reflAC_000089 1 |AC_0D0008986.0 ||Feature: 1.02 Intr+ 1113 1184 72 20 81 76 10804978 1065
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4 null
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= - =
Sequence of Translated Protein ;'II'GIK\NMNTDLGVGPIRDVLHHIYSALWELWKNPLCF'LGQTVQSELFRSRLDSWRSLPFFSARAG I\Illflzl
The cDMNA "Stoplight' Exaon List 1.08PyA+ 232329 |
1_3122 gile27a0810jref|NC_00s T e o T oy T o | T B e Ay e, 29252328 =
1_3122 gi[1 096581 49|reflAC_000089 1)AC_00008986.0 |[Feature: 1.05 PlyA + 2323 2328 6 1.04
1_3122 gil62750821 |reflMC_005120.2|NC_005120 86.0 || Strand: +

null

| | ] =
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