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Websites you will need

Basecamp:  https://basecamp.com/

Apollo:  https://apollo.nal.usda.gov/diacit/sequences

i5k Blast or hmmer:  https://i5k.nal.usda.gov/webapp/blast/

https://i5k.nal.usda.gov/webapp/hmmer/

NCBI Blast:  https://blast.ncbi.nlm.nih.gov/Blast.cgi

MCOT database: https://citrusgreening.org/tools/blast?db_id=27

https://basecamp.com/
https://apollo.nal.usda.gov/diacit/sequences
https://i5k.nal.usda.gov/webapp/blast/
https://i5k.nal.usda.gov/webapp/hmmer/
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://citrusgreening.org/tools/blast?db_id=27


Chose Gene or Gene family from Basecamp

Example: 

Orthologs

This page will take you to 
orthologous sequences & 
Gene family description 

Test ALL orthologous sequences one by one 
in Apollo (Next slide)



“Blat” sequences in Apollo

Menu bar: Click Tools > Search Sequence
• Enter orthologous sequence (not in FASTA) 
• Indicate nucleotide or protein
• Click Search

Results in 
different scaffolds

• Look at all scaffolds
• Significance that is very low and Score that is high is ideal
• *Remember* Test all orthologs given from basecamp

Change to BLAT protein if using a protein sequence (most often).
Be sure to check “search all genome sequences” if you want 
anything not already on your page.
Insert the letter sequence only. Do not use the > or any spaces. 

This is one 
scaffold

This is 
another 
scaffold,
etc.



This example shows the columns out of place, this may happen, The ID section starts with gi. 

Choose a scaffold. By clicking on it. You can then X out of the dialog box. 

ID: The scaffold 
location

Start or End : The number 
where the sequence starts 
or ends

Score: A number that the BLAT results “scores” the hit. The higher is often better, 
but not always. There is a balance with score and Significance.

Identity: How well the sequence entered 
matches the location of the scaffold. 

Significance: The “E-value” given by the BLAT results. The smaller 
the number is often better, but not always. There is a balance with 
Score and Significance.

Apollo Search Results



If Apollo says “No matches found”  

Use i5k Blast

Enter sequence

Indicate organism 

Indicate protein 
(if applicable)

Apollo Blat vs i5k Blast
• Apollo Blatt is more “sensitive” than i5k Blast.
• i5k Blast will broaden the search. 

• Chose best result(s) (Low e-value, best coverage, etc.)
• Copy sequence and Blat in Apollo.



If Apollo says “No matches found” 
Search your sequence on D. citri MCOT database

https://citrusgreening.org/tools/blast?db_id=27

Indicate MCOT protein DB

Indicate blastp, blastn, etc.

Your sequence 

Results

Click for sequence, and blat on Apollo

https://citrusgreening.org/tools/blast?db_id=27


If Apollo says “No matches found” 
Search your sequence in i5k blast hmmer (hidden Markov model) created from a multiple sequence alignment of the ortholog proteins

https://i5k.nal.usda.gov/webapp/hmmer/

Tutorial
https://i5k.nal.usda.gov/webapp/hmmer/manual/

https://i5k.nal.usda.gov/webapp/hmmer/
https://i5k.nal.usda.gov/webapp/hmmer/manual/


Be sure that the items you want to view are chosen on the left side of the screen. For the psyllid, we start to base our models off 
of NCBI predictions. Be sure the following gene sets are chosen.  

We will base our models off of RNAseq data, so be sure to choose some tracks under Mapped Reads as well. 

Note: Be sure to check all RNAseq data, but it may overload the system if they are all turned on at once. 

On Apollo, once you have selected a scaffold. 



Predicted Gene Models

You may choose a potential gene model 
(Usually starting with XM) by clicking on the 
model and dragging it up to the User Created 
section and dropping it. 

The highlighted area shows 
where the section within 
the BLAT results of the 
previous step. (slides 4 & 5)

Zoom out if need be and 
locate the ends of a potential 
gene model.

*Useful tip*: You can 
use this as an “URL” in 
Apollo. As you need to 
look at all scaffolds 
(BLAT results), use this 
URL to organize all 
your potential gene 
models and to get 
back to them.



Right click on the model in the User Created section and choose “Get sequence” 

Highlight the entire section in its FASTA format and copy it. 

Check Gene Models



Protein BLAST 

Enter the FASTA sequence into the appropriate box, choose 
any selection / parameters. And press BLAST at the bottom. 

Use blastp for protein BLAST

Indicate “Insecta”. This will limited your search to insects only.



The top portion gives 
information on the 
searched sequence

The NCBI Results Page 

The NCBI conserved domains database is used to 
identify the conserved domains in the orthologs and 
candidate genes.

Query= your sequence 

Results

You can see how the results align 
with your sequence



The NCBI Results Page cont'd
Pairwise Alignment

You can see how similar your gene model is 
to other similar genes in related organism(s), 
by clicking on each result (previous slide).

Example: The gene model is 38% identical 
and 52% similar to gene in A. pisum. 



NCBI Smart BLAST
https://blast.ncbi.nlm.nih.gov/smartblast/?LINK_LOC=BlastHomeLinkn

Or check gene model by using

Conserved domains within
the sequences 

Green: subject 
sequences
Yellow: your sequence 
(query)

Smart BLAST will 
provide a 
phylogenetic 
tree
with model 
organisms.

Sequence name that corresponds to sequences on right. 
(hover over to get more details)

More info. on query vs model organisms.

End of page would be BLASTp results.

https://blast.ncbi.nlm.nih.gov/smartblast/?LINK_LOC=BlastHomeLinkn


RNASeq Data

Look closely at the results and see how they line up with 
RNASeq data. You may have to zoom in close and look by 
sections. 

Dark blue RNA seq reads indicate evidence for 

exons and light blue for introns.

The colored outlined boxes represent exons, while 
the thin blue lines connecting them represent 
introns. The blue boxes without an outline 
represent UTRs

To view gene model in different colors 
indicating the diff. frames: (As seen)
Click View, Color by CDS frame.



If you zoom in and see letters, this is the reference 
sequence, as shown here. You can view stops on the 
different frames by an *.

You can also view the RNAseq Coverage Plots. 
(On the left side on Apollo (Available Tracks))

RNASeq Data 
More details



Making Edits 
Matching Data

Delete exons, or UTR (Untranslated region)

Merge exons, or gene models

Split

Duplicate

Make Intron

Set to Downstream Splice Donor

Set to Upstream Splice Donor

Set to Downstream Splice Acceptor

Set to Upstream Splice Acceptor

View History

Indicates which direction 
(Upstream or Downstream) 
the sequence is reading.
In this case = downstream (-) 
strand 

Splice sites:
Reverse (-) strand gene model:
3’ acceptor of intron, GA
5’ donor of intron, TG, CG
Positive (+) strand gene model:
3’ acceptor of intron, AG
5’ donor of intron, GT, GC 

Make sure your gene model starts with ATG (M) 
and ends with TAG, TGA, or TAA (stop codons).

Important:

UTR’s are dark blue and are on the 5’ and 3’ ends of 
the gene model.

Example: This is the 3’ UTR of the gene model



Fixing splice sites

Positive strand
3’ acceptor of intron

For this example, the donor would be moved upstream. 
(RNAseq evidence to do so)
Right click exon, Set to upstream splice donor.

Splice sites:
Reverse (-) strand gene model:
3’ acceptor of intron, GA
5’ donor of intron, TG, CG
Positive (+) strand gene model:
3’ acceptor of intron, AG
5’ donor of intron, GT, GC5’ donor of intron



Adding an exon

There is evidence that an 
exon should be added to 
the gene model

Other gene predictions can be used, not limited to,
Maker, augustus, snap.

Click and drag exon on top of gene model and drop. 

After



Isoforms
When the gene can undergo alternative splicing

If you have evidence for isoforms, right click your gene model in 
the “user-created annotations” space, and duplicate.

RNAseq reads indicate intron and exon evidence for the same 
part of the model.  

If there were many results containing isoforms when the gene 
model was initially blasted on NCBI, this is good evidence for 
isoforms as well.



Edited Gene Models

After a change is made, check your results using the BLASTp or Smart BLAST again

Predicted Model Conserved domain results Conserved domain results after matching your gene model with RNASeq data



Information editor
Right click on the model in the User Created section and choose “Edit Information” 

Name of the gene. Do NOT use Dcitr

Description of the gene, usually function. Uniprot is a good 
source.

Symbol or abbreviation of the gene

Click approved once all edits are made and your gene model 
is complete

You will need the name of the original model that your 
annotation will be replacing

Example:

Right click on model > View details

Fill in both sections: Gene and mRNA panels



Information editor cont'd

Here you will enter comments about all the edits 
(splice sites moved, added exons, deleted exons,  etc.) 
made to your gene model and other relevant info.

Naming isoforms:

The gene section should be the same for all isoforms.

But the mRNA section should be different for all isoforms, 
comments should contain the edits made for the particular isoform clicked on.

Naming convention for isoforms should have RA, RB, RC, etc. at the 
end for each isoform you have, respectively. (look at slide 20)



Gene Family Report

Once your gene or gene family is annotated, the gene report should 
include:

• Introduction to the gene or gene family including the pathway (use literature)

• Methods of annotation and phylogenetic analysis

• Results and Discussion (use literature)

• References cited



Tables to include in report

Table with gene count in:
• Drosophila melanogaster

• Anopheles gambiae

• Tribolium castaneum

• Apis mellifera

• Nasonia vitripennis

• Acyrthosiphon pisum

• Bemicia tabaci

Table with blast match:
• Indicate organism and name of gene 

• Query coverage 

• % identity

• Bit score

Include legend for each table.



Comparative and Phylogenetic Analysis 

When your gene model(s) are completed, perform analysis in MEGA.

1. Construct tree with D. citri gene models only.

2. Construct tree with D. citri gene models and orthologs. Use related sequences from, but not limited to, 
• Drosophila melanogaster

• Anopheles gambiae

• Tribolium castaneum

• Apis mellifera

• Nasonia vitripennis

• Acyrthosiphon pisum

• Bemicia tabaci

Can find orthologous sequences in NCBI, Ensembl, Uniprot, etc.



Multiple Sequence Alignments (MSA)
Multiple sequence alignments should be generated using MUSCLE, tcoffee, or clustal to compare the ACP gene model to the query 
gene set. The final model should be refined in Apollo using homology, RNAseq and proteomics evidence tracks.



Tree of all D. citri gene models

This would include all genes (paralogs) for the particular family 
annotated in the genome. 

Tree should be included in report with legend.

cathepsin B-like isoform X2 Diaphorina citri

cathepsin B-like isoform X1 Diaphorina citri

cathepsin B-like cysteine peptidase Diaphorina citri

cathepsin B-like cysteine proteinase 4 Diaphorina citri

cathepsin B-like Diaphorina citri

cathepsin B-like cysteine proteinase 4 isoform X2 Diaphorina citri

cathepsin B-like cysteine proteinase 4 isoform X1 Diaphorina citri

100

100

100

60

0.05

Example:



Tree of all D. citri gene models and other 
orthologs

Tree should be included in report with legend
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