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Parasitoid Wasps Project: Annotation 
Walkthrough 

      Modified by Marisol Santisteban and Charles Hauser from Version 2.1 created by  
     Nate Mortimer, Melanie Van Stry, Rebecca Burgess, Michael Rubin, Rivka Glaser,    

                               Chris Jones 
                   

Prerequisites 
¶ Understanding Eukaryotic Genes Modules 1-6 

 

Resources & Tools 
¶ All links for this lesson can be found on the Parasitoid Wasps Project page of the GEP website 

(https://thegep.org/wasps/). 
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Introduction  
 
This exercise will walkthrough an example of annotating a wasp venom gene. It will discuss wasp 
versions of common Genomics Education Partnership (GEP) annotation toolsτGenome Browser, Gene 
Record Finder, and Gene Model Checker τ and provide background for the interpretation of data 
tracks that are unique to the Parasitoid Wasps Project. 
 
Note that figures have been configured to fit this document while still maintaining readability; 
therefore, your screen may differ slightly. Commas have been included with all coordinates to improve 
readability, but you do not have to enter them in the Genome Browser (i.e., navigation will work the 
same with or without commas).  
 

Evidence for Gene Models  
 

1. Conservation 

¶ Sequence similarity to genes in Nasonia vitripennis and/or Drosophila melanogaster 
2. Expression data 

¶ RNA-Seq, EST, cDNA 
3. Computational predictions 

¶ Open Reading Frames (ORFs); gene and splice site predictions 
 

Basic Annotation Workflow 
 
The following annotation workflow is optimized for genes encoding proteins with homology to the 
reference organism Nasonia vitripennis. Please, share with your instructor if your gene does not fit this 
category. 
 

1. Identify the likely N. vitripennis ortholog 
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2. Observe the gene structure of the ortholog 
3. Map each exon to the project sequence 
4. Determine the exact coordinates of each exon 
5. Verify the model using the Gene Model Checker 

 

Accessing the Wasp Genome Browsers 
 
Navigate to the wasp genome browsers, available through the UCSC Assembly Hubs for Parasitoid 
Wasps. You can select any of the wasp genomes from the drop-down menu and paste a gene ID into 
the position box to be taken to the relevant genome region. Please note that N. vitripennis is the 
closest reference genome for this project.  
 
For this walkthrough, choose άG. species 1 (08-03-2017)έ under the άWasp Genomes Hub Assemblyέ 
drop-down menu and enter άGAIW01010771.1έ in the άPosition/Search Termέ ōƻȄ (Figure 1). This is 
the 2017 assembly of the Ganaspis sp. G1 genome. 
 

 
Figure 1   Navigate to the GAIW01010771.1 position in the G. species 1 (08-03-2017) assembly hub. 

 

Configure the Browser 
 
Set up your browser as follows: 

1. Hide all 
2. Mapping and Sequencing tracks: set Base Position: full 
3. Transcript and Protein alignments tracks: set G1 Transcriptome: pack, D. mel FlyBase Proteins 

and N. vit Proteins (SPALN): pack 
4. Gene Predictions (Species-specific Parameters) tracks: set Augustus Genes (BUSCO), N-SCAN 

Genes: pack 
5. RNA-Seq tracks: set Unpaired Coverage and Paired-end Coverage: full; set Splice Junctions and 

StringTie Transcripts tracks: pack 
6. Mass Spectrometry: set G1 Venom Proteins: pack 
7. Click on any of the refresh buttons 

 
The browser will be centered on the GAIW01010771.1 gene model (Figure 2). 
 

https://thegep.org/wasps-browser
https://thegep.org/wasps-browser
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Figure 2. GAIW01010771.1 genomic region 
 

Interpreting the Transcriptome Track 
 
Each wasp species will have a track that shows the BLAT alignment of a de novo assembled 
transcriptome with the genome sequence and is named <Species> Transcriptome ς in the example 
ŀōƻǾŜ ƛǘ ƛǎ άDм ¢ǊŀƴǎŎǊƛǇǘƻƳŜέΦ ¢ƘŜǎŜ de novo assemblies were previously used to identify wasp 
venom proteins. These transcripts are used as the starting point for the gene annotation, but please 
note the following: 

1. These transcripts are often incomplete. 
2. The RNA-Seq data was unstrandedΦ ¢Ƙƛǎ ƳŜŀƴǎ ǘƘŀǘ ǘƘŜ άŘƛǊŜŎǘƛƻƴ ŀǊǊƻǿǎέ ƎƛǾŜƴ ƛƴ ǘƘŜ ǘǊŀŎƪ 

are NOT accurate; therefore, you should not use this track to determine whether the gene is on 
the plus or minus strand of the genomic DNA. Use the other data (i.e., StringTie, gene 
predictors) instead. 

 

Interpreting the Mass Spectrometry Track 
 
Another data track unique to the wasp project is the Mass Spectrometry track. This track maps mass 
spectrometry data of peptides isolated from wasp venom onto the genome. These data will likely be 
very helpful in defining wasp venom genes, in particular de novo or highly diverged genes. For genes 
with multiple isoforms, you will also be able to assess whether the peptide data supports the 
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hypothesis of a venom-specific isoform. For full details about the transcriptome and mass 
spectrometry, please see Mortimer et al. 20131 and Goecks et al. 20132. 
 

Annotation: Identification of the Putative Homolog 
 
Take a look at the different tracks displayed on the viewer window. Information on data provided by 
the different tracks can be found by hovering over the left-hand sidebar name of the track and then 
clicking on the grey pop-up text, or by clicking on the header for the drop-down control for that track 
(refer to UEG Module 1). 
 
The most relevant tracks for your annotation are: 

¶ The SPALN alignments show protein sequences from both the reference genome (N. 
vitripennis) and the D. melanogaster, aligned against your genome project assembly. 

¶ The gene predictor tracks, which attempt to identify areas in your project that may contain 
genes based on the N. vitripennis training set. 

¶ The tracks under the RNA-Seq section:  
o RNA-Seq tracks (unpaired and paired end coverage), which indicates the location 

and abundance of RNA reads mapped against the project genome. 
o Splice junctions, which shows the exon junctions extracted from spliced RNA-Seq 

reads that have been aligned to the genome. 
o StringTie transcripts, which shows the RNA-Seq transcripts assembled by StringTie 

algorithm. 

¶ The G1 venom peptides show the mass spectrometry results for venom peptides, (i.e., 
proteins found in purified venom). 

 
The goal at this stage is to determine if your project contains genes with homology to the reference 
genome, N. vitripennis and/or D. melanogaster (orthologs) to aid in your annotation using comparative 
genomics. One good place to start is by looking for hits in the SPALN tracks, either from N. vitripennis 
reference genome or from the annotated proteins of D. melanogaster. These hits indicate that the 
DNA in the matched regions encodes a protein with similarity to those in N. vitripennis and/or D. 
melanogaster, and therefore could be an ortholog. 
  
In this example, only alignments to proteins in the RefSeq database of N. vitripennis are found under 
the SPALN tracks, but there are no alignments against D. mel proteins. Click on the protein ID (circled in 
Figure 3) to the left of the longest alignment.  

 

 
1 https://www.pnas.org/content/110/23/9427 
2 https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0064125 

https://doi.org/10.1073/pnas.1222351110
https://doi.org/10.1371/journal.pone.0064125
https://thegep.org/lessons/jstamm-lesson_with_exercises-ueg_module1_gene/
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Figure 3. Putative N. vitripennis homolog 

 
Your browser will show the NCBI protein record for the isoform you selected.  
 
WARNING: some of the reference sequences for Nasonia have been removed from the NCBI database. 
Students can refer to the archived, "obsolete version" to find the locus ID to use for Gene Record 
Finder (Figure 4). 

Figure 4. NCBI Record removed message 

 
Scroll down to άCDSέ feature to find the gene name associated with that protein isoform: 
ά[h/мллсттфуоέ όCƛƎǳǊŜ рύΦ If your project does not show any hits under the SPALN tracks, you can 
activate the TBLASTN tracks unŘŜǊ ά¢ǊŀƴǎŎǊƛǇǘ ŀƴŘ tǊƻǘŜƛƴ ŀƭƛƎƴƳŜƴǘǎέ tracks or perform a TBLASTN 
search of N. vitripennis proteins database using one of the gene predictors features as a query; choose 
preferably a prediction that best aligns with venom peptides, the G1 Transcriptome, and the StringTie 
predictions. Please, consult with your instructor on how to perform that search. 
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Figure 5. CDS for N. vitripennis XP_003427378.1 

 

Determine the Gene Structure 
   
Open a new internet browser tab and navigate to the Gene Record Finder for Nasonia vitripennis and 
paste the gene name in the search box ŀƴŘ ǘƘŜƴ ŎƭƛŎƪ ƻƴ ǘƘŜ άCƛƴŘ wŜŎƻǊŘέ ōǳǘǘƻƴ (Figure 6). 
 
This tool is used for determining the number of isoforms in the parasitoid wasp reference genome 
(Nasonia vitripennis). Knowing the number of isoforms in the reference wasp species will help guide 
the annotation process in G1 species, since we assume a certain level of evolutionary conservation. 
 

 
Figure 6. N. vitripennis Gene Record Finder 

 
Gene Record Finder shows that the N. vitripennis LOC100677983 has six isoforms. Figure 7 below 
shows a graphical view of the isoforms (top) and a list form (bottom). The purple features (XM prefix) 
show the transcript isoforms which are all different and the red features show the corresponding 
polypeptides (XP prefix). Exons are depicted by boxes that are connected by introns shown as lines.   
 

http://gander.wustl.edu/~wilson/nvitrefseqrecord/
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Figure 7. Transcript and peptide details 

 

Annotation of All Non-identical Isoforms  
 
To start this process, in the Gene Record Finder window scroll down to the bottom of the page. The 
last section there has the options transcript detail and polypeptide details (Figure 8). Make sure the 
polypeptide details tab is selected (Isoforms will have XP- ǇǊŜŦƛȄύΦ ¢ƘŜ ά/5{ ǳǎŀƎŜ ƳŀǇǎέ ǘŀōƭŜ ǎƘƻǿǎ 
the list of all the isoforms and their coding exons (CDSs) as green blocks. Each coding exon is labeled at 
the top of the table with its ID number. Some of the coding exons, for example 4_7297_1, are present 
in all the isoforms; others, for example 1_7297_0, are only present in some of the isoforms (Figure 8). 
Isoform XP_008210670.1 has five coding exons, and isoforms XP_008210669.1, XP_003427378.1, and 
XP_008210671.1 all have those same coding exons. Similarly, isoform XP_008210672.1 and isoform 
XP_008210673.1 both share the same 4 coding exons. Thus, you will annotate the two non-identical 
isoforms XP_008210670.1 and XP_008210672.1; annotate the longer isoform first (XP_008210670.1). 
Under the CDS usage map section, clicking on the XP_008210670.1 isoform, will display the 
information of the 5 coding exons on a table at the bottom of the screen: their IDs, the start and end 
coordinates in the chromosome of the reference species (N. vitripennis), the strand from which they 
are transcribed, and their size. 
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Figure 8. Gene Record Finder, polypeptide details 

 

Exon by Exon Mapping to the Project DNA 
    
You will now start mapping each coding exon for XP_008210670.1 (one of the two unique isoforms of 
N. vitripennis) to your Ganaspis sp.1 project to identify the approximate coordinates where they 
match. Because you will be running several BLAST searches against the same project sequence, it will 
be convenient to have this sequence saved in a file.   
 

¶ Create a .txt or .fasta file with the DNA sequence of the scaffold from G. species: Go to the 
Genome Browser and zoom out 100% (you need to click 2 or 3 times) till you see the box 
with the red outline covering the entire length of the project (Figure 9). You will also know 
you have the entire project when the number of base pairs is 498,765.  

 






















































