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Sequence annotation

Steps:
* Identify Repeats
o Dotter
o RepBase/Censor
o TREP

o Blast2Sequences
* Identify Putative Genes
o BLASTX — find possible proteins
o BLASTn — find real ESTs that may match your proteins
o FGENESH+ - polish your annotation
o BLASTDp — validate your predicted protein with ortholog from BLASTX
o DNA Subway

Objective: Annotate genes and repetitive elements using a combination of gene-finding
programs, and BLAST searches. Sequence text files for annotation are located on SmartSite
in the Lab5 folder. These include a 7. monococcum BAC and two P. taeda BAC sequences.

Open 322N09consensus.txt

1. Dotter
Dotter helps to identify repetitive elements present in a sequence.
1.1. Use Dotter to align the 7. monococcum sequence with itself.

- Can you identify any repeat?

- Are they direct or inverted repeats?

- To facilitate annotation, let us divide the sequence into two separate regions: the one
where repeats were identified, and the one with no repeats and where potentially genes
will be found.

2. Annotating REPETITIVE ELEMENTS
2.1. Censor is a tool that screens query sequences against a reference collection of repeats and
masks homologous portions. It also is able to generate reports classifying all found repeats.

2.1.1. Go to http://www.girinst.org/censor/index.php and access the CENSOR tool. Use the
provided wheat and loblolly BAC sequence to query for repetitive elements. Choose A. All
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for sequence source, Paste the sequence into the B. textbox and hit the C. Submit Sequence
button.

eat Masking

Submit sequence to CENSOR

CENSOR is a software tool which screens query sequences against a reference

Submit sequence to
CENSOR
Download CENSOR collection of repeats and "censors" (masks) homologous portions with masking
symbols, as well as generating a report classifying all found repeats. If you use
Help/Information

CENSOR as a tool in your published research, please quote:

References
Kohany O, Gentles AL, Hankus L. lurka
Annotation, submission and screening of repetitive elements in -
Repbase: RepbaseSubmitter and Censor.

BMC Bioinformatics, 2006 Oct 25;7:474

Sequence source:

All

Force translated search: [

Search for identity:
Report simple repeats:
Mask pseudogenes:

a
=]
a

Enter query file name:
(Up to 2MB; IC-Stanford, FASTA, CENBANK, EMBL formats are supported)

OR

Paste query sequences here:
(Up to 2MB; IG-Stanford, FASTA, GENBANK, EMBL formats are supported)
>322N08_01_D08.b_030-0875 1.0.42

et

Submit Sequence

332

©2001-2011 - Genetic Information Research Institute

2.1.1. When the job is finished running, take note of the A. alignments, the B. names, the
C. classes of the repetitive elements. Further down the page you will find a more detailed
explanation of the alignments, the masked FASTA file, and a summary table.

Conferen Repeat Masking nloads

Map of Hits

SVG viewer is required to view graphical representation of the map as Scalable Vector Graphics
(SVG plot).

322N09_01 DO08.b_030-0875 (SVG Plot; Alignments; Masked)

acaa2r2 ATrATOTOR

casacaTa

3220400 01 D08.b 0300875 $OS»
Name Erom [ To Name  [From [ To | Class Pir[ Sim [ Pos

322N092_01 D08.b_030-0875| 528 696 [LINE1-70 SBi|3985 (4151 | NonLTR/L1 c |0.6957 0.6957
322N09_01_DO08.b_030-0875| 2118 |2208 MuDR3 OS 3697 |3778 DNA/MuDR d [0.7500[0.7500
322N09_01_D08.b_030-0875| 5091 | 5345 | MERMITE18D 551 807 DNA d [0.6548|0.6548
[322N09_01_D08.b_030-0875 7183 [8599 [HAM3 TM LTR| 10 |1411 | LTR/Gypsy | ¢ [0.9211[0.9211
322N09_01_DOE.b_030-0875 | 8609 [15360 | WHAM3S TM I 1 6783 | LTR/Gypsy c |0.8984 (0.8984
[322N09_01_D08.5b_030-0875 [15361 [16778 [dHaM2 TM LTR[ 1 |1419 | LTR/Gypsy | ¢ [0.9177[0.9177
322N09_01_D08.b_030-0875|17188 |17234 | EnSpmé¢ SB 1064 |1107 | DNA/EnSpm d [0.8000[0.8000
322N09_01_D0E.b_030-0875|17487 |17548 | RTEX-2 BF 4368 | 4425 [NonLTR/RTEX| ¢ [0.7833[0.7833
[322N09_01_D08.5b_030-0875 [17982 [18295 | Enspm3 TM [5138 [5457 | DNA/EnSpm | ¢ [0.7690 [0.7630
322N09_01_D08.b_030-0875|18454 |18524 | MERLIN3 CB 89 153 |DNA/Merlin | ¢ [0.7576(0.7576
322N09_01_D08.b_030-0875 19345 [19388 | EnSpm-1 TM (14534 (14576 | DNA/EnSpm | c [0.8636[0.8636
322N09_01_DO8.b_030-0875 |19394 [21282 | ALBERT TA 5218 | 7146 | DNA/EnSpm c |0.9343(0.9343
322N09_01_D08.b_030-0875|21283 |21401 | EnSpr 9315 | 9433 | DNA/EnSpm c |0.9496 (0.9496
322¥09_01_D08.b_030-0875 [21402 [21890 [ EnSpm- 8673 | 9320 | DNA/EnSpm | ¢ [0.9172[0.9172
322N09_01_DO0E.b_030-0875 |22420 [22580 4199 | 4361 | NonLTR/L1 d [0.6728|0.6728
322N09_01_D08.b_030-0875 23029 [23983 3 |1021 | DRA/EnSpm | ¢ [0.71520.7152
322N09_01_DO08.b_030-0875 |24213 [24380 TREP80 155 320 NenLTR/L1 d [0.6667|0.6667
Masked Sequence &
>322N09_01_D08.b_030-0875 ‘—I e

TGATGACCTCIGTCGAGT TCAATCTGAATTGARTGATAC TGICATTTGCAAGTAGTAGICC

TGGTACATCGCCAATACTT TGCATCACTAATGTATGGTATAGGGGAACATGACGCAGC!

v
TreeGenes
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2.2. Perform a blastn alignment with the region of the sequence where the repeats where
identified, using the nucleotide collection database.

- Click on the best blastn alignment. What is the accession/version number?

- Open the flat file in a new tab. Go to the ‘features’ section to see the annotation of the
element present in this region of the subject sequence. What is it? Using the
coordinates of the alignment between your query sequence and the subject sequence
from the database, find and highlight this element in your sequence in Word.

- Divide now the region of the sequence where the repeats where identified into two
approximate halves, and align the two halves using blast2sequences to help yourself
identify the LTRs of the repetitive element found. Mark the LTRs with bold letters.
Can you identify the host duplication and the inverted repeats flanking the LTRs?
Highlight them in your sequence in Word. Highlight the inverted repeats flanking the
LTRs with the same color used to highlight the complete repetitive element, but a use
a different color to highlight the host duplication, since it is not part of the repetitive
element.

- Annotate the repetitive elements in the 7. monococcum sequence in Word.

2.2.1. TREP: BLAST repeats

Go to http://wheat.pw.usda.gov/ggpages/Repeats/blastrepeats3.html . This specialized repeat
database allows you to discover and annotate the repetitive elements present in a sequence.
Copy the region of the sequence where the repeats where identified and paste it in the TREP
window. Select blastn program and Cereal repeat sequences, complete set database. Click
on Search.

- Do you get any significant hit? What is it? Does it agree with your previous finding?

Types of Retroelements

LTR Retroelement

i

Reverse complement

SOLO LTRs

- Sequence Annotation Tutorial - Page 3




3. Annotating GENES
3.1. Perform a blastn alignment with the region of the sequence with no repeats, using the
est_others database.
- How many exons would you predict the gene present in this region has? Highlight
them in your sequence in Word.

3.3.1. Gene prediction programs

3.3.1.1. FGENESH

Goto

http://linux1.softberry.com/berry.phtml?topic=fgenesh& group=programs&subgroup=gfind .
Copy the region of the sequence with no repeats and paste it in the FGENESH window.
Select Monocot plants as organism, and click on Search. Take a look at the predicted genes
by Clicking on show picture of predicted genes in PDF file.

- How many genes are predicted? How many exons?

- Using a combination of your blastn search and the gene finding programs, identify
start codon, splicing sites, exons, stop codon, and PolyA, and highlight them in your
sequence in Word.

3.3.1.2. You can go to Gene Sequer at http://www.plantgdb.org/PlantGDB-
cgi/GeneSeger/PlantGDBgs.cgi, and GENSCAN at http://genes.mit.edu/GENSCAN.html,
and compare the results between the different gene prediction programs.

- How many genes/exons are identified by each of the programs?

3.3.2. Gene annotation
3.3.2.1. BLASTP (protein blast) and BLASTX
Go to http://www.ncbi.nlm.nih.gov/BLAST/ and then to BLASTP (protein blast) to perform
a search with the translated protein (after translation using GeneTool), or to BLASTX to
perform a search using the protein database with the cDNA.

- Do you get any significant hit? What is it?

- Do you find any conserved domain? What is it?

- Annotate the gene in the 7. monococcum sequence in Word

Basic Gene Structure

—
o — T —

TATA ATG GT AG GT AG TGA

| BROHB and Start and Stop are part of the cDNA coding sequence. Splice sites are not.
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3.3.2.2 DNA Subway
Go to http://dnasubway.iplantcollaborative.org/ and then click on A. Enter as Guest in the
top left corner.
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This site ties together key bioinformatics tools and databases to assemble gene
models, investigate genomes, work with phylogenetic trees and analyze DNA
barcodes. Roll over the "stations” on the subway map to find out more about the
analysis steps. Analyze your own data or sample data provided. To start a project,
select one of the "lines"” (red, yellow, blue). Register and login to be able to save and
share your results.

DNA Subway Training
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On the right hand side, click on B. Annotate a Genomic Sequence.
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© Tour @ Manual @ Background ® About ® Credits ® Resources *® Feedback
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On this next page, paste in the A. textbox the 2 BAC sequences, give the B. project a name,
fill in the organisms’ scientific name C. Pinus Taeda, Common name D. Loblolly Pine, and
Class E. Other. Press the F. continue button when finished.

~
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Select Sequence Source

Upload a sequence file in FASTA format (max 15

[ Browse...

9 Enter a sequence in FASTA format (max 150kb):
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Name Your Project
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Organism

Scientific name (genus species)
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Select a sample sequence:

Common name:

Arabidopsis thaliana (mous:

Arabidopsis thalian:

Arabidopsis thaliana (mouse-ear cress) Chr1. 100.00 kb
Arabidopsis thaliana (mouse-ear cress) Chr1. 79.50 kb
Arabidops hrl. 14.00 kb
Arabidops hrl, 12.00 kb

Description

Total characters (max.140): 0
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Now, we can run each step in the pipeline as they become available. For example, we can see
a A. green R next to RepeatMasker in the circle under the first heading, Find Repeats. This
means the RepeatMasker step is ready to run. You can see under the next heading, Predict
Genes, the circles have a B. red X meaning that those steps can not be ran currently, since
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they depend on the RepeatMasker step.
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User Guest Y5zjwdv
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Status @ Private Public

Organism - loblolly pine
Classification : Other

Sequence 138.70 kb
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Let’s go ahead and click on the A. RepeatMasker button to start running that process. Once
it has finished running, the R will change to a V so that you may click on the box to view the
results of that individual step. Also, the next steps under Predict Genes, have changed from a
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red X to a green R indicating they are ready to be ran. Once the RepeatMasker step is
finished, click on the B. Augustus, C. Snap, and D. tRNA Scan boxes to start running those
steps.
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Afiliation - Classification : Other
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Continue stepwise through the DNA Subway pipeline by running A. BLASTN and B.
BLASTX. Use Apollo to Build models and visualize your results. You can then view final
results in the Local Browser.
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