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Chris Jones

Prerequisites
 Understanding Eukaryotic Genes Module§ 1

Resources & ools

1 Al links for thidessoncan be foundn the Parasitoid Wasps Projepage of the GEP website
(https://thegep.org/waspsy).
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Introduction

This exercise will walkthrough an example of annotating a wasp venom gene. It will discuss wasp
versions of commoisenomics Education Partnersh(pER annotation tools Genome Browser, Gene
Record Finderand Gene Model Checker andprovide background for the interpretation of data
tracks that are unique to thParasitoid Wasps Project

Note that figures have been configured to fit this document while sidintaining readability;

therefore, your screen may differ slighti@ommas have been included with all coordinates to improve
readability, but you do not have to enter them in the Genome Browser, favigation will work the
same with or without commas)

Evidence foiGene Models

1. Conservation

1 Sequence similarity to genesMasonia vitripennignd/or Drosophilamelanogaster
2. Expression data

1 RNASeq, EST, cDNA
3. Computational predictions

f OpenReadingFrames(ORFs)gene and splice sitaredictions

BasicAnnotation Workflow

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

1. Identify the likely N. vitripennisortholog
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aprwd

Observe thegene structureof the ortholog

Map each exorto the project sequence
Determine theexact coordinatef each exon
Verify the modelusing theGene Model Checker

Accessing th&VaspGenomeBrowsers

Navigate to he wasp genome browseravailable through th&JCSC Assembly Hubs for Parasitoid
Wasps You can select any of the wasp genomes from the -dimpn menu and paste a gene ID into
the position box ® be taken to the relevant genome region. Please note bhatitripennids the
closest reference genome for this project.

Forthis walkthrough, chooséG. species 08-03-2017f under thedWasp Genomes Hub Assenily
drop-down menu and ente6GAIW010107714in the dPosition/Searciiermé  qFghre 1)This is
the 2017 assembly of th@anaspisp. G1 genome.

528 SANTH TR Sepomis 5 { Genome Browser Gateway

fa) Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us
Browse/Select Species Find Position
POPULAR SPECIES Wasps Genomes HubAssembly

\Posmon/Search Term
Enter species or common name GAIW01010771.1
Current position: scaffold_435955:15,000-100,000

Figure 1 Navigate to th&AIW01010771.positionin the G. specied (0803-2017)assemblyhub.

Configure theBrowser

Set up your browser as follows:

1.
2.
3.

Hide all

Mapping and Sequencing tracks: set Base Position: full

Transcript and Protein alignments tracks: set G1 Transcriptome: pack, BlyBake Proteins
and N. vit Proteins (SPALN): pack

Gene Predictions (Speciepecific Parameters) tracks: set Augustus Genes (BUSGOAN
Genes: pack

RNASeq tracks: set Unpaired Coveragel Pairedend Coverage: fulsetSplice Junctionand
StringTe Transcripts tracks: pack

Mass Spectrometry: set G1 Venom Proteins: pack

Clickon 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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UCSC Genome Browser on Ganaspis sp. 1 G. species 1 (08-03-2017) Assembly (ganSpe1)
move [<<< ] <<] <[> [>> |>>>]zoom in [1.5x | _3x [ 10x | base ] zoom out [ 1.5x ] 3x | 10x ] 100x |

( multi-region | scaffold_430672:149,186-153,004 3,819 bp. | enter position or search terms M£
scaffold_430672 (scaffold_430672) [ || 430672scaffold_430672 Nl
Scale 1 kb} | ganSpe1
scaffold_430672: 149,500 150,000| 150,500 151,000] 151,500| 152,000 152,500) 153,000

BLAT Alignments to Ganaspis sp. 1 Transcriptome

GAIW01010772.1
GAIW01008285.
lic N Dennis ins

Augustus Gene Predictions with BUSCO Training Set
caffold_430672.g4795.11 <\ ———8 scaffold_430672.g4796.t1 .—
N-SC 3 ons with N. vitripennis Training Set
affold 430672.018.1 -”' -
Unpaired RNA-Se >male Wasp Abdomens (SRR805500

Paired-end RNA- Seq Read Coverage for Female Wasp Abdomens ( SRR805628)

Paired-end Covemg;eS!‘ ‘ a JL L‘ ‘ h . . ' |

Splice Junctlons Identified by reglools (6 items lll(ered)

JUNC00037888 BB JUNC00037893 [l Juncoo037902 [l
JUNC00037889 [l ] JUNC0003 .
JUNC00037890 JUNC00037901 ||} s
o Il ]
i

bled by StringTie

stringtie.7718.1_m.7757 (KNI} eeeess———
ganSpe1_stringtie.7719.1_m.7770 -*4”'I*"”*”***"".”'*I"‘”_
ganSpe1_stringtie.7719.2_ m.7771 mm——— i} ‘B'ERE B e

Ganaspis Venom Peptides from MS

Peptide i Peptide |
Peptide Bl Peptide ]
Peptide |

Figure 2. GAIW01016771.1 genoinic region '
Interpreting the Transcrippme Track

Each wasp species will have a track that shows the BLAT alignmeai¢ oio&ocassembled
transcriptome with the genome sequence and is named <Species> Transcriptortiree example
020S AU A& aDwm dé hNdvofssetblidslware previoudly useld ® &éhtify wasp
venom proteins. These transcripts are used as the s@pimint for the gene annotation, but please
note the following:
1. These transcripts are often incomplete.
2. The RNASeq data wasnstrandedd ¢ KA & YSFya (KFG GKS GRANBOGA
are NOT accurateherefore, you should not use this track tietermine whether the gene is on
the plus or minus strand of the genomic DNise the other data (i.eStringTie, gene
predictors) instead.

Interpreting the Mass Spectrometrjrack

Another data track unique to the wasp project is the Mass Spectrontietck. 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 particdieunovoor highly diverged genes. For genes
with multiple isoforms, you Wl also be able to assess whether the peptide data supports the
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hypothesis of a venorspecific isoform. For full details about the transcriptome and mass
spectrometry, please sédortimer et al. 2013and Goecks et al. 20£3

Annotation: Identification of thePutative Homolog

Take a look at the different tracks glayed on the viewer window. Information on data provided by
the different tracks can be found by hovering over the-ledind sidebar name of the track and then
clicking on the grey pepp text, or by clicking on the header for the drdpwn control for that track
(refer toUEG Module )L

The most relevant tracks for your annotation are:
1 The SPALN alignments show protein sequences from both the reference gelome (
vitripennis)and theD. melanogasteraligned against your genome project assembly.
1 The gene predictor tracks, which attempt to identify areas in your project that may contain
genes based on thd. vitripennidraining set.
1 The tracks under the RN&(q secton:
0 RNASeq 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 splicedSRNA
reads that have been aligned the genome.
o StringTie transcripts, which shows the RSé&q transcripts assembled by StringTie
algorithm.
1 The G1 venom peptideshow the mass spectrometry results for venom peptides,,
proteins found in purified venoin

The goal at this stage is to determine if your project contains genes with homology to the reference
genome,N. vitripennisand/or D. melanogasteforthologs) to aid in your annotation using comparative
genomics. One good place to start is by looking ft in the SPALN tracks, either frdyn vitripennis
reference genome or from the annotated proteins®f melanogasterThese hits indicate that the

DNA in the matched regions encodes a protein with similarity to tho®é intripennisand/or D.
melanogaser, and therefore could be an ortholog.

In this example, only alignments to proteins in the egfdatabase oN. vitripennisare found under
the SPALN tracks, but there are no alignments ag&instelproteins.Click on the protein ID (circled in
Figure 3) to the left of the longest alignment.

1 https://lwww.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. PutativeN. vitripennishomolog

Your browser will show the NCBI proteecord for the isoform you selected.

WARNING: some of the reference sequencedfsoniahave 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).

NCBI Reference Sequence: XP_003427378.1 (click to see this obsolete version)

_L Record removed.

www.ncbi.nim.nih.gov/genome/annotation_euk/process/ for more information.

Figure 4. NCBI Record removed message

Scroll down taXCD$§ feature to find the gene name associated with that protein isoform:

G[ h/ mnncTT dylboyéur pioedt dodsNiBt shpw ady hits under the SPALN tracks, you can

[ tréfcRs otpeXifBrith $ FBYASTN A Ay Y
search ofN. vitripennigroteins database using one of the gene predictors features as a query; choose
preferably a prediction that best aligns with venom peptides, the G1 Transcriptamdethe StringTie

activate the TBLASTN tracksRug8 NJ &

¢ NJ ya ONJR LJi

This record was removed as a result of standard genome annotation processing. Please see

predictions. Please, consult with your instructor on how to perform that search.
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SPALN Alignments to N. vitripennis RefSeq Proteins (XP_003427378.1)

NCBI Details: XP_003427378.1
Region 41..176

/region_name="AhpC-TSA"
/note="AhpC/TSA family; pfam00578"
/db_xref="CDD:278975"
Site order(71,107,160)
/site_type="active"
/note="catalytic residues [active]"
/db_xref="CDD:238207"
Site order(106,109,111,114,117,121)
/site_type="other"
/note="dimer interface [polypeptide binding]"
/db_xref="CDD:238207"
CDS 1..19 /
/gene4"L0OC100677983"
/coded_by="XM_003427330.3:141..725"
/db_xref="GeneID:100677983"

ORIGIN
1 mrflrttllp vglghfvryf svstvtmsgn edyksatsvy dfvvnnikge evpldkykgh
61 vllivnvask cgltatnyke lnelydkyad skglrilafp cngfnggepg tpedicsfad
121 rgkvkfdlfe kidvngdnth plwkylkkek ggtlgsfikw nftkfivdkd gkvverhgpn
181 vdpsklsenl ekyf
Figure 5. CDS fo\. vitripennisXP_003427378.1

Determine theGene Sructure

Open a newnternet browsertab and navigate tohe Gene Record Finder fdfasonia vitripenniand
paste the gene name in the searchboy’ R G KSy Of AO01 2Yy (Eidu®6)aCAYyR w

(@p])
)¢

This tool is used for determining the numberigbforms in the parasitoid wasp reference genome
(Nasonia vitripennjs 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

Gene Record Finder for Nasonia vitripennis NCBI RefSeq Annotation Release 102

Search N. vitripennis Gene Records:

A
[ LOC100677983 }

LOC100677983 (#mRNA: 6, #exons: 11, #CDS: 6) |

Photo by M.E.Clark

| GEP Home Page | GEP Wiki | GEP Forum |

Figue 6.N. vitripennisGene Record Finder

GeneRecordFAnder shows that theN. vitripennidOC100677983 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 transcpt 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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— I e S B L OC 100677963

T BB« XM_008212450.2

Ei—«—8-—<—1 XP_008210672.1

T BB —— 8 XM_008212448.2

: : Emmros - ==z = I ——— XM_008212447.2
Graphlcal View of — B —— BB« XP_008210669.1
T BB ——-———————<{I XM_0082124512
Isoforms EZ—— -l XP_008210673.1
- — <<« XM_003427330.3
El— BB —<——<—1{ XP_003427378.1
T B —<— <1 XM_008212449.2

ES— BB« XP_008210671.1
N

Select a row to display the corresponding transcript and peptide details:

mRNA Accession  Scaffold Accession 5’ Start 3' End Strand  Protein Accession = Graphical Viewer

i doriassa | NCor 2195146 | 191,100 || 00051001 | viw nseuece Vv
XM_008212450.2 NC_015869.2 11,695,146 11,691,180 XP_008210672.1 View in Sequence Viewer
XM_008212447.2 NC_015869.2 11,695,142 11,691,180 - XP_008210669.1 View in Sequence Viewer
XM_008212451.2 NC_015869.2 11,694,792 11,691,180 - XP_008210673.1 View in Sequence Viewer
XM_003427330.3 NC_015869.2 11,694,781 11,691,180 - XP_003427378.1 View in Sequence Viewer
XM_008212449.2 NC_015869.2 11,694,777 11,691,180 - XP_008210671.1 View in Sequence Viewer

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 sstted (Isoforms willhave XBINBFAEV0O ® ¢ KS &/ 5{ dzal 3§
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 exam 297 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 sacoding exons. Similarly, isoform XP_008210672.1 and isoform
XP_008210673.1 both share the same 4 coding exons. Thus, you will annotate the tidemiosal

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 specisvtripennig, the strand from which they

are transcribed, and their size.
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Figure 8. Gene Record Finder, polypeptide details

Exon byExon Mapping to theProject DNA

You will now start mapping each coding exon for XP_0082Z10§@ne of the two unique igorms of

N. vitripennis}o your Ganaspis sp.ftroject to identify the approximate coordinates where they
match. Because you will be running sevd8hASEearches against the same project sequence, it will
be convenient to have this sequence saved ifea fi

1 Create a .txt or .fasta file with the DNA sequence of the scaffold from G. spe@edo the
GenomeBrowser 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 (FgQ). You will also know
you have the entire project when the number of base pairs is 498,765.

















































































