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Introduction

This exercise will walkthrough an example of annotating a wasp venom géreg.does it mean to

annotate a gene? When you look at a gene in the Genome Browser, you can look at the evidence
tracksto identify the start and stop codons, the introns, exons, and UTRs. Annotation is the process of
identifying those features in a gene. Using many types of data and your understanding of genetics, you
will determine the most likely structure of an unstudigene.

LT @2dz KI @Sy Qi R2yS 3ISyS lyy2ilG4A2y o0ST2NBz &2d
automatically know this kind of information about every gene. The parasitoid wasp genomes used in

this project aredraft genomes these genomes still hawggnificanterrors. Furthermore, most of the

analysis of the genes in these genomes has been done by computer algorithms. You will be one of the
first people to ever pay serious attention to the gene you annotate. Those algorithms do a good job of
finding gene squences, but it takes human analysis to complete the annotation to high quality.

This walkthrougtwill discuss wasp versions of comm@enomics Education PartnershipER
annotation tools Genome Browser, Gene Record Finded Gene Model Checkeiandprovide
background for the interpretation of data tracks that are unique to Begasitoid Wasps Project

Note that figures have been configured to fit this document while still maintaining readability;
therefore, your screen may differ slighti@gommas have been included with all coordinates to improve
readability, but you do not have to enter them in the Genome Browiser, favigation will work the
same with or without commas).
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Evidence foiGene Models

1. Conservation

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

1 RNASeq, EST, cDNA
3. Computational predictions

I OpenReadingFrames(ORFs)gene and splice site predictions

BasicAnnotation Workflow

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

Identify thelikely N. vitripenniortholog
Observe thegene structureof the ortholog

Map each exomo the project sequence
Determine theexact coordinatesf each exon
Verify the modelsing theGene Model Checker

apwONE

Accessing th&VaspGenomeBrowsers

Navigate to he waspGenomeBrowsers available through thé&JCSC Assembly Hubs for Parasitoid
Waspdink. You can select any of the wasp genomes from the -dimpn menu and paste a gene ID
into the position box to be taken to the relevant genome region. Please note\thaitripennigs the
closest reference genome for this project.

Forthis walkthrough, chooséG. species (0803-2017F under thedWasp Genomes Hub Assently
drop-down menu and ente6GAIW010107714in the dPosition/Searciiermé  qFghrel). This is
the 2017 assembly of th@anaspisp. G1 genome.

UNIVERSITY OF CALIFORNIA )
SANTH CRUJ Senomics §8%7p0p
Institute Genome Browser Gateway

Browse/Select Species Find Position
POPULAR SPECIES Wasps Genomes Hub Assembly
3 a G. species 1 (08-03-2017) v
o] 8@ I
Human Mouse Rat Zebrafish Fruitfly Worm Yeast e
Position/Search Term

Search through thousands of genome browsers GAIW01010771.1

Enter species, common name or assembly ID [ Current position: scaffold_435955:15,000-100,000 ()

Figurel. Navigate to the GAIW01010771.1 position in the G. species 10®2017) assembly hub


https://thegep.org/wasps-browser
https://thegep.org/wasps-browser
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Configure theBrowser

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 (Specispecific Parameters) tracks: set Augustus Genes (BUSGUOAN
Genes: pack

5. RNASeq tracks: set Unpaired Coveragwl Pairedend Coverage: fulsetSplice Junctions
and StringTie Transcripts tracks: pack

6. Mass Spectrometry: set G1 Venom Proteins: pack

7. Click on any of th&efresh buttons

TheGenome Browsewill be centered on the GAIW01010771.1 gene moHgyre2).

UCSC Genome Browser on Ganaspis sp. 1 G. species 1 (08-03-2017) (ganSpe1)
Move <<< << < > >> >>> Zoomin 15x 3x 10x Base Zoom out 1.5x 3x 10x 100x

Multi-region scaffold_430672:149,186-153,004 3,819 bp. chromosome range, search terms, help pages, see examples Search Examples
tscaﬂold7430672 (scaffold_430672) | || 430672scaffold_430672 |
Scale 1 kb} | ganSpet
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

GAIW01008285.1
SPALN Alignments to D. melanogaster FlyBase Proteins

SPALN Alignments to N. vitripennis RefSeq Proteins
xP_003427378.1 [}~ HEB B [
XP_008210669.1 [f————— . B B BB
xp 0082106701 [l——" 11—
XP_008210671.1 [}~ EE B | ]
xp_oos210672.1 il -—1R— R
xp_ 0082106731 [l R

Augustus Gene Predictions with BUSCO Training Set
caffold_430672.g4795.t1 <\ ——— o scaffold_430672.g4796.t1 -—':i—-——.»———-

N-SCAN Gene Predictions with N. vitripennis Training Set

scaffold_430672.018.1 [ IIN—0——8——
scaffold_430672.019.1 ifl}———1——

Unpaired RNA-Seq Read Coverage for Female Wasp Abdomens (SRR805500)

Unpaired (;UV.,,.W;‘,SRI‘ ‘ - A L L ‘ h ‘ “—.-

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

Paired-end Coverage (S| L h
Addnda h A A i,

Sphce Junctions Identified b regtools (6 items hhered out)
JUNC00037888 ] £ JUNC00( nmui B ‘ JUNC00037901 Il
JUNC00037889 i} fa| JUNC00037897 [l =
JUNC00037890 i - JUN( 00037899 - =

JUNC00037895 [Il}

2

JUN( 00037902 [l
Transcripts Assembled by StringTie

stringtie.7718.1_m.7757 [k_ . . _
ganSpe1_stringtie.7719.1_m.7770 IR ————————— . . = _
ganSpe1_stringtie.7719.2 m.7771 IR ‘ .-a _
Ganaspis Venom Pephdes from MS
Peptide Peptide |
Peptide Peplndel
Peptidel

Figure2. GAIW01010771.1 genomic region
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Interpreting the Transcriptomeélrack

A transcriptome is a list of all the mRNA sequences from a sample. That is information that can be very
useful in identifying exon sequences. However, transcriptome data sets are never perfectly complete
2NJ TNBES 2F SNNENARI &g triihkT® énak®&thefr@nscrifiofhe data uséfyl fol & | 0
annotation,the mRNA sequences have been compared to the genomic DNA sequence with a tool

called BLAT. BLAT finds regions of highly similar sequences. Often that will indicate that a particular
MRNA wa transcribed from that genomic DNA.

Each wasp species will have a track that shows the BLAT alignmexi¢ ofoaroassembled

transcriptome with the genome sequence and is named <Species> Transcriptamie example
Fo2@®S A0 A& d&aDwm dé Ndvodsiedblidslware previoudly useld ® iéhtify 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 RNASeq data wasnstrandedd ¢ KA & YSIFya (GKFG GKS GRANBOGA
are NOT accurateherefore, you should not use this track to determine whether the gene is
on the plus or minus strand of the genomic DNse the other data (i.eStringTie, gene
predictors) instead.

3. To find regions of similarity, BLAT needs a decent amount of sequence to compare. Short
sequences, like exons that are smaller than 20 nucleotides, can be especially difficult for BLAT
to find.

Interpreting the Mass Spectrometrifrack

Another data track unigue to the wasp project is the Mass Spectrometry théaks spectrometry

gives the amino acid sequence of short fragments of a protein. In this case, the proteins were purified
FNRBY G(GKS g1 aLlAQ OSy2Yo0 PAAY3 I O2YLI NRazy (22f¢
matched to the regions of the genome that could haweeled for them.These data will likely be very

helpful in defining wasp venom genes, in particularnovoor highly diverged genes. For genes with

multiple isoforms, you will also be able to assess whether the peptide data supports the hypothesis of

a venomspecific isoform. For full details about the transcriptome and mass spectrometry, please see
Mortimer et al. 2013 and Goecks et al. 20%3

Annotation: ldentification of thePutative 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-ledind sidebar name of the track and then
clicking on the grey pepp text, or by clicking on thieeader for the dropdown control for that track
(refer toUEG Module )L

1 https://doi.org/10.1073/pnas.1222351110
2 https://doi.org/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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The most relevant tracks for your annotation are:
1 The SPALN alignments show protein sequences from both the reference gelome (
vitripennis)and D. 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 thH. vitripennidraining set.
1 The tracks under the RN&e(q section:
0 RNASeq tracks (unpaired and pairethd 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 to the genome.
o StringTie transcripts, which shows the REé&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 for hits in the SPALN tracks, eith&k. fviripennis
reference genome or from the annotated proteins®f melanogasterThese hits indicate that the

DNA in the matched regions encodes a protein with similarity to thodé ntripennisand/or D.
melanogaser, and therefore could be an ortholog.

In this example, only alignments to proteins in the ®efdatabase oN. vitripennisare found under
the SPALN track3here are no alignments against melanogasteproteinsin FlyBaseClick on the
protein ID (circled ifrigure3) to the left of the longest alignment.

UCSC Genome Browser on Ganaspis sp. 1 G. species 1 (08-03-2017) (ganSpe1)
Move <<< << < > >> >>> Zoomin 1.5x 3x 10x Base Zoom out 1.5x 3x 10x 100x

Multi-region scaﬂold_430672:149.186-153.004 3.819 bp chromosome range, search terms, help pages, see examples Search Examples
‘scaﬂold 430672 (scaffold_430672) | || 430672scaffold_430672 ||
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

GAIW01008285.1
SPALN Alignments to D. melanogaster FlyBase Proteins
PALN Alignments to N. vitripenr {Seq Proteir
[_XP 003427378 1) i} B ma s |
P-ooez 1060 1 [ EE E BN
xP_008210670.1 [l EE B BN
p_00e210671.1 Il AN B
<P 00s210672.1 [ —— -
P_oos210673.1 il
Augustus Gene Predictions with BUSCO Training Set

caffold_430672.g4795.t1 <\ IlEGEGl-——}—————8 scaffold_430672.g47%.t1 [l

Figure3. PutativeN. vitripennishomolog
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In thedtem Detail§ LJ- 3 ST Of AWPOUP3427978¢él1 KESA yail dzy RSNJ G KSviewb/ . L E
the NCBI protein record for the isoform you selec{Edyure4).

N. vit Proteins (SPALN) (Item Details)

ganSpel hub_2381949_Ganaspis sp. 1: SPALN Alignments to N. vitripennis RefSeq Proteins (XP_003427378.1)

NCBI Details: E_00342?378.1/

Item: XP_003427378.1

Score: 814

Position: scaffold_430672:151101-152523
Genomic Size: 1423

Strand: +

View DNA for this feature (ganSpel/Ganaspis sp. 1)

Gene symbol LOC100677983
Definition PREDICTED: probable phospholipid hydroperoxide glutathione peroxidase isoform X1 [Nasonia vitripennis].
Alignment score 814

Figured./ t A O1 XPy0342RIT8é t Ayl dzy RSNJ G KS b/ .L 58GFAt&aé FASIR G2 yI @A3

WARNING: some of the reference sequenced\fsoniahave 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 Figureb).

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

£\ Record suppressed. This record was removed as a result of standard genome annotation processing. Please see
www.ncbi.nlm.nih.gov/genome/annotation_euk/process/ for more information.

Figure5. NCBI Recorduppressednessage

Scroll down taXCD$§ feature to find the gene name associated with that protein isoform:
a[ h/ mnncHgurefy o€ 0O

PREDICTED: probable phospholipid hydroperoxide glutathione
peroxidase isoform X1 [Nasonia vitripennis]
NCBI Reference Sequence: XP_003427378.1

Region 38..186
/region_name="GSH_Peroxidase"
/note="Glutathione (GSH) peroxidase family; tetrameric
selenoenzymes that catalyze the reduction of a variety of
hydroperoxides including lipid peroxidases, using GSH as a
specific electron donor substrate. GSH peroxidase contains
one selenocysteine residue per...; cd0e34e"
/db_xref="CDD:238207"

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"

/gene="L0C100677983"
coded_by="XM_0034 30.3:141..725"
/db_xref="GeneID:100677983"

Figure6. CDS foN. vitripennisXP_003427378.1

DS



https://www.ncbi.nlm.nih.gov/protein/XP_003427378.1
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If your project does not show any hits under the SPALN tracks, you can activate the TBLASTN tracks
underthed ¢ NI y & ONJ LA A3y Rssufibidd (p&faryi atblastnsearch oiN. 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 aech.

Determine theGene Sructure

Open a newveb browsertab and navigate tohe Gene Record Finder fdfasonia vitripenniand paste
the gene name inthe searchbbxy R G KSy Of A0 2y (Bidu®7).aCAyR wSO2N.

This tool is used for determining the number of isoforms in the parasitoid wasp reference genome
(Nasonia vitripennijs 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:

LOC100677983 4 | Find Record

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

Photo by M.E.Clark

| GEP Home Page |

Figure?. N. vitripennisGene Record Finder

GeneRecordFAnder shows that théN. vitripennid OC100677988as six isoformd=igure8 below

shows a graphical view of the isoforms (top) and a list form (bottom). The purple featuresp(&fik)
show the transcript isoforms which are all different and the red features show the corresponding
polypeptides (XPprefix). Exons are depicted by boxes that are connected by introns shown as lines.

=‘ 00677983 LOC100677983
0082 12450 2 —E- B ——— <« XM 0082124502
Eg——B-8—8 xrP_008210672.1
[~ XM 008212446 2 | —B-B——8——8— & XM 0082124482
Eg——@- B« XP_008210670.1
Graphical View of —E-——a——X S XM _008212447.2
-~ EE——B8——8—18 XP 008210669.1
Isoforms XM 0082124512 —— - —— - ———————<1l XM 008212451.2
ES——8-3—<« XP_008210673.1
- ———L—<1l XM_003427330.3
== =,_=_ .__E_ —-I XP_003427378.1
-l ——8——8—1 XM_008212449.2
Ei—8B8B——8—1 XP_008210671.1
~—
Select a row to display the corresponding transcript and peptide details:
mRNA Accession  Scaffold Accession  5' Start 3'End Strand  Protein Accession Graphlcal Viewer
XM_008212450.2 | NC_015869.2 11,695,146 | 11,691,180 - XP_008210672.1
XM_008212448.2 NC_015869.2 11,695,146 11,691,180 XP_008210670.1 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

Figure8. Transcript and peptide details


https://gander.wustl.edu/~wilson/nvitrefseqrecord/
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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 hatwvo tabs & anscriptDetaila &ndd olypeptideDetails (Figure9). Make sure the
& olypeptideDetailst tab is selected (Isoforms will ha@PELINS FAELVL ® ¢ KS

Last Update: 12/30/2025

a/ 5

dza |

shows 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 althe isoforms; others, for examp& 7297 _0Q are only present in some of the isoforms

(Figure9). 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 thefeanmding exons. Thus, you will

annotate the two noAdentical 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 informatin of thefive coding exons on a table at the bottom of the screen:

their IDs, the start and end coordinates in the chromosome of the reference spétiggr{pennis,

the strand from which they are transcribed, and their size.

Transcript Details Polypeptide Details
HM Export All Unique CDS to FASTA I Export All CDS for Selected Isoform to FASTA I Download CDS Workbook I

CDS usage map:

Isoform
XP_008210670.1
XP_008210672.1
XP_008210669.1
XP_008210673.1
XP_003427378.1

XP_008210671.1

Isoforms with unique coding exons:

1.7297.0 | 2.7297_2 | 3_7297.0 | 4_7297_1 5_7297_2 | 6_7297.0

Unique isoform(s) based on coding sequence

XP_008210670.1

XP_008210672.1

Other isoforms with identical coding sequences

XP_008210669.1, XP_003427378.1, XP_008210671.1

XP_008210673.1

Select a row to display the corresponding CDS sequence:

DS ID 5 Start
172970 11,694,145
2.7297.2 11,693,647
XP_008210670.1 4.7297_1 11,693,156
CDSs 572972 11,692,966
672970 11,692,154

Figure9. Gene Record Finder, polypeptide details

Exon byExon Mapping to theProject DNA

You will now start mapping each coding exon for XP_008Z10§@ne of the two unique isoforms of

3 End

Strand

11,694,082 -
11,693,545 -
11,693,047 -
11,692,875 -
11,691,939 -

Phase

o MR = N o

Size (aa)
21
3
36
30
72

N. vitripennis}o your Ganaspis sp.firoject to identify the approximate coordinates where they

match. Because you will be running sevd8aASEearches against the same project sequence, it will

be convenient to have this sequence saved in a file.
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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 timas) you see the box
with the red outline covering the entire length of the projeEiqurel0). You will also know
you have the entire project when the number of base pairs is 498,765.

Genomes Genome Browser Tools Mirrors Downloads My Data View Help About Us
UCSC Genome Browser on Ganaspis sp. 1 G. spe_PDF )
Move (<<< << < > >> >>> Zoomin 1.5x 3x 10x Ballif{- NI R Ox
Multi-region scaffold_430672:1-498,765]498,765 bp.§ chromosome range, search I; In Other Genomes (Convert) Search Examples
Cl
|sca"old_430672 (scaffold_430672) | 43067, :{— Red box
In External Tools covering
‘ Scale 100kb}— Configure Browser th ti
scaffold_430672: 50,000  100,000] 150,000 200,000/  250,00( i 400,000  450,000| € entire
BLAT Alignments to Gar SO scaffold
GAIW01000043.1 [ GAIW01016025.1 |{ Default Tracks —
GAIW01004129.1 H GAIW01010772.1 GAIW01016026.1 pefault Track Order b
GAIW01003336.1 H GAIW01008285.1|  GAIW01005097.1 | o el )1000052.1 |
GAIW01010176.1 [H-H GAIW010 shdosbblle 01009187.1 |
GAIW01022662.1 | GAIWO1( Highlight here +
GAIW01022661.1 | Reset All User Settings A\IW01020100.1 |
GAIW01014750.1 [{iH 3AIW01002185.1 |

Figurel0. Retrieve Scaffold DNA Sequence

¢CKSY FNRBY (KS YSydz 6F NJ VA SBKES | iy TONAKFRISNEEEEN tieONS Sy
drop-down menu optionsKigurel0). In the new window that opens, undéBequence Formatting

Optiong, selectdGet DNA, which will display the DNA sequence for the entire project

(scaffold_430672) copy and paste the scaffold sequence in a text edidmtépad, TextEditpr Word
documentand save it as a txt file (scaffold_4306ganSpelxt) or fasta file

(scaffold_430672ganSpeXasta) on your computer.

1 Obtain the protein sequence of theslexonfrom N. vitripennisto perform the search
against the G. species scaffolfio obtain the protein sequence of the first CDS for this
isoform, go back to th&ene RecordHnder page scroll down to the table at the bottom of
the screen and select the first ro¥ pop-up window will show the corresponding CDS
sequencekigurell). Copy the sequence.

Isoforms with unique coding exons:

Unique isoform(s) based on coding sequence Other isoforms with identical coding sequences

XP_008210670.1 XP_008210669.1, XP_003427378.1, XP_008210671.1
XP_008210672.1 XP_008210673.1

Select a row to display the corresponding CDS sequence: Sequence viewer for LOC100677983: LOC100677983:1_7297_0
CDS ID 5' Start 3 End Strand  Phase Size (aa)

1.7297_0 | 11,694,145 | 11,694,082 ___ ;i?ii??ﬂlﬁii&;&ii;ﬁ

27297 2 11,693,647 11,693,545 2

4.7297_1 11,693,156 11,693,047 1 36
5_7297_2 11,692,966 11,692,875 2 30
6_7297_0 11,692,154 11,691,939 0 72

Figurell CDS1 sequence of the. vitripennisXP_00821067.1 isoform
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9 tblastn BLAST search
Open a newveb browsertab and navigate ttélCBI BLASTIick orétblastng, which will allow

us to compare a protein sequence (the CDSs) to a translated nucleotide sequence (our project).

hy GKS NBadzZ GAy3 LI 3IAST LI adsS G§KS CenepeR
S |j dzS gebtdriand clickoni KS 62E 0SSt SR a! t ATy (62
GOYGSNI { dzo 250G { Brthdz&yoQs8FA f aBtBe@ i ANZ yhRit@B@Ednd s8lgct
the scaffold_430672_ganSpel sequefileeon your computer.lote: You could have used
blastxsearch, but in that case, you would have used your scaffold sequence as the query

sequence and the CDS as the subject seqdeace / £ A O] 2y GKS a! £ 32 N

the BLAST button to expand this sectiGigirel20 @ / K y3S GKS a/ 2 YLI
F A SENR adjugtmedt  lugicReckil KS a[ 26 O2YLX SEAGE NBIA
FYR alaiAy3déeé aSOuAazyd £+SNAFe GKS g2NR aa

/

5 {

2 NJ Y

2
z
|

yS6 6AYR26¢é o02E ySEG G2 GKS . [!{¢ odzilizy

BLASTor the remainingexons. Clickn a LASE Figureld).

Align Sequences Translated BLAST: tblastn

blastn blastp blastx tblastn thlastx

TBLASTN search translated nucleotide subjects using a protein query. more...

Enter Query Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) © Clear Quarysmbrange@
>LOC100677983:1_7297_0 - :]
MRFLRTTLLPVGLQHFVRYFS L

I —
O, upload fils Browse... | No file selected. 7]
Job Title [ LoC100677983:1_7297_0 |

Enter a descriptive title for your BLAST search 9
Align two or more sequences @

Enter Subject Sequence

Enter accession number(s), gi(s), or FASTA sequence(s) @ Clear Subject subrange @
From [
Or, upload file Browse... | scaffold_430672_ganSpe1 fasta (2]
BLAST Search nucleotide sequence using Tblastn (search translated nucleotide subjects using a protein query)

b4 Show results in a new window

Note: Parameter values that differ from the default are highlighted in yellow and marked with 4 sign

< Algorithm parameters

Figure12. NCBlblastn job submission site
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Max target
sequences

Expect threshold
Word size

Max matches in a
query range

Last Update: 12/30/2025

Note: Parameter values that differ from the default are highlighted in yellow and marked with ¢ sign
= Algorithm parameters

General Parameters

Select the maximum number of aligned sequences to display (2]

=
[3v @

[0 |©

Scoring Parameters

Matrix
Gap Costs

Compositional
adjustments

BLOSUMB2 ¥ | @

| Existence: 11 Extension: 1 ¥ |9

+| No adjustment v |@

Filters and Masking

Filter

Mask

BLAST

¢+ I Low complexity regions @

[_] Mask for lookup table only @
[ ) Mask lower case letters @

Semcleotide sequence using Tblastn (search translated nucleotide subjects using a protein query)

Show results in a new window

Figurel3. thlastn Algorithm parameters

¢ KS

[ {¢

NBadzZ Ga LJ 3S

gAtt

NBGdzNY |+ ab2

parameters, nothing in the translated scaffot80672 sequence @éanaspis sp. had similarity to the
first exon of XP_008210670rbm N. vitripennis

Change i K S

GOELISOI

i K NB &t 2herRepeatftielidstRseddch fodzSExped
thresholds are more stringent, leading to fewer chance matches being reported, increasing the Expect

M N

threshold will increase the number of matches report&a¢eNCBI BLASopicpagefor additional
informationon the Expect threshold.

Ly

G§KS NXadzZ da

LJ 383

ez2dz oAt t

aSS F2dzNJ (loay

t £ 20¢ @ DysBiptivas talk Be see there is only or@LASTit, and the score is very poor, <40
(scores are colecoded under thet D NJ LIK A O tah)dasdtheNERvaue of thisatchis very high,
0.41 Figureld). We would normally disregard any matches with arakie over 15 as it is not
a0FGAaGAOl f fThe Shakisiby & FehuBrce/Similarity Scrpage on the NCBI website for
a more comprehensive explanation of bit scores andlbes.

3 https://www.ncbi.nlm.nih.gov/BLAST/tutorial/Altschdl.html
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Job Title LOC100677983:1_7297_0 Filter Results
RID MSG50BZM114 Search expires on 12:26 02:36 am Download All v Percent idantity E value Y Covarars
Program Blast 2 sequences  Citation v ‘
to to ‘ to

Query ID Icl|Query_8340467 (amino acid)
Query Descr LOC100677983:1_7297_0 m
Query Length 21
Subject ID IcllQuery_8340469 (dna)
Subject Descr  ganSpel_dna range=scaffold_430672:1-498765 5pad=0 - _
Subject Length 498765
Other reports (2]

Descriptions Graphic Summary Alignments Dot Plot

Sequences producing significant alignments Download “~ Select columns ~ Show | 100 ¥ e

select all 1 sequences selected Graphics

. _— Max Total Query E Per. Acc.
Descr:pllon Saenhff L Score Score Cover value | Ident Len Accession

ﬂ ganSpe1_dna range=scaffold_430672:1-498765 5'pad=0 3'pad=0 strand=+ repeatMasking=none

Figurel4. thlastn output (Descriptions)

¢KS a! fAIyYSyihasé

- - - - - -

200 190

100% 0.41 ) 36.84% 498765 Query 8340469

aSOoOUuA2y akKz2ga UGUKS fAIyaweyda

(Figurelb). Remember the query is the CDS sequence, and the subject is your translated project

sequence. Note that none of the matches have coordinates on the subject line in the range we expect

to find this CDS (somewhere around 151,0@1,500) based on the SPA&lMjnments tracks on the

Genome BrowserHigure3). We can con

clude that none of these matches have any biological

significance and probably this first CDS is not well conserved betiWeeitripennisand Ganaspis sp.1

& Download v Graphics Sort by

. | E value v

ganSpe1_dna range=scaffold_430672:1-498765 5'pad=0 3'pad=0 strand=+ repeatMasking=none

Sequence ID: Query_8340469 Length:

Range 1: 359752 to 359808 Graphics

Score

20.0 bits(40)

Identities

7/19(37%)

: 498765 Number of Matches: 11

¥ Next Match

Positives

11/19(57%)

Gaps Frame

0/19(0%) -1

Query 2 RFLRTTLLPVGLQHFVRYF 20
RF++ L P+ + H YF
Sbjct 359808 RFIKVFLNPISIFHNFEYF 359752
Range 2: 47465 to 47512 Graphics ¥ Next Match A Previous Match 4 First Match
Score Expect Identities Positives Gaps Frame
19.6 bits(39) 0.56 7/16(44%) 10/16(62%) 0/16(0%) -3

Query 2
+RT+ L

RFLRTTLLPVGLQHFV 17
+ HFV

F
Sbjct 47512 KFIRTSFLSKSADHFV 47465

Range 3: 265799 to 265858 Graphics

¥ Next Match A Previous Match 4 First Match

Score Expect Identities Positives Gaps Frame
18.5 bits(36) 1.5 9/20(45%) 14/20(70%) 1/20(5%) +2
Query 2 RFLRTTLLPVG-LQHFVRYF 20
+ L+TTL  +G LQ+ +YF
Sbjct 265799 KILKTTLTYIGLLONTSKYF 265858
Range 4: 456094 to 456120 Graphics ¥ Next Match A Previous Match 4 First Match
Score Expect Identities Positives Gaps Frame
17.3 bits(33) 3.8 6/9(67%) 6/9(66%) 0/9(0%) -1

Query 13 LQHFVRYFS 21

L HF YFS
Sbjct 456120 LHHFPEYFS 456094

Figurel5. tblastn alignment to exon 1
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We will nevertheless continue searching for the other CDSs following the same protocol. Go to the
Gene Record Finder tab and select the second CDS©100677988nd paste it in the Query

sequence box of théblastnwindow. Keep all the parameters the same and click BLAST. In this case,
the BLASBearch returnghree hits with Expect values less than 10. The most significant hé besre
value of 55.1 and antalue of 3el3 (Figurel6). This hitis listed first in the alignments section. The
two other alignments produced have significadtiyer scores and higherEvalues Theyalso match
coordinates in the scaffold that are not where we expect the ortholog to be.

Make a note of three items from this BLAST alignment result:

T

T

the subject coordinates where the CDS aligned to the scaffold sequence, in this case
151,558151,653
the translated frame from your scaffold to which the amino acid sequence matches, in this
case +1

o Remember, any DNA fragment can be read in three frames on the plus (top) strand,

and 3 frames in the minus (bottom) strand.

whether the alignment was fulength; in this case, the query length was 33 amino acids,
and the BLAST alignment began at #1, and extended through #32, so the last amino acid
was not aligned

Descriptions Graphic Summary Alignments Dot Plot

Alignment view | Pairwise v| @

1 sequences selected 9

& Download v  Graphics sort by:’ E value v ’

ganSpe1_dna range=scaffold_430672:1-498765 5'pad=0 3'pad=0 strand=+ repeatMasking=none
Sequence ID: Query_21743 Length: 498765 Number of Matches: 3

Range 1: 151558 to 151653 Graphics ¥ Next Match
Score Expect Identities Positives Gaps Frame
55.1 bits(131) 3e-13 24/32(75%) 28/32(87%) l 0/32(0%) +1
Querygl STVTMSGNEDYKSATSVYDFVVNNIKGEEVPL 32

- S_ TMSGN+DYKSA+S+YDF  N+IKGEEVPL /
SbjCtgy,151558 SIATMSGNQDYKSASSIYDFTANSIKGEEVPL 15165

-

Figurel6. tblastn alignment for LOC100677983:2_7297_2
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Repeating this process with the three other CDSs for isoform XP_008210670.1 identifies significant
matches for these three CD33dgurel?).

CDS3: LOC100677983:4_7297_1

ganSpe1_dna range=scaffold_430672:1-498765 5'pad=0 3'pad=0 strand=+ repeatMasking=none
Sequence ID: Query_86059 Length: 498765 Number of Matches: 4

Range 1: 151737 to 151844 Graphics ¥ Next Match

Score Expect Identities Positives Gaps
69.7 bits(169) 2e-18 32/36(89%) 34/36(94%) 0/36(0%)
YKGHVLLIVNVASKCGLTATNYKELNELYDKYADSK 36

Query 1 /
YKGHV LIVNVASKCGLT TNYKELNEL+DKYA+SK
Sbjct 151737 YKGHVCLIVNVASKCGLTKTNYKELNELHDKYAESK 151844

CDS4: LOC100677983:5_7297_2

ganSpe1_dna range=scaffold_430672:1-498765 5'pad=0 3'pad=0 strand=+ repeatMasking=none
Sequence ID: Query_86059 Length: 498765 Number of Matches: 5

Range 1: 152021 to 152110 Graphics ¥ Next Match

Score Expect Identities Positives Gaps
62.0 bits(149) 9e-16 27/30(90%) 28/30(93%) 0/30(0%)

Query 1 / LRILAFPCNQFNGQEPGTPEDICSFADRQK 30/
LRILAFPCNQFNGQEPG +DICSFADRQK

Sbjct 152021 LRILAFPCNQFNGQEPGDAQDICSFADRQK 152110

CDS5: LOC100677983:6_7297_0

ganSpe1_dna range=scaffold_430672:1-498765 5'pad=0 3'pad=0 strand=+ repeatMasking=none
Sequence ID: Query_86059 Length: 498765 Number of Matches: 3

Range 1: 152311 to 152526 Graphics ¥ Next Match

Score Expect Identities Positives Gaps

131 bits(330) 2e-39 59/72(82%) 66/72(91%) 0/72(0%)

Query 1 VKFDLFEKIDVNGDNTHPLWKYLKKEKGGTLGSFIKWNFTKFIVDKDGKVVERHGPNVDP 60

VKFDLFEKIDVNGD+ HPLWKYLKKE+GGTLG FIKWNFTKFI++K+GKVVERHGP V+P
Sbjct 152311 VKFDLFEKIDVNGDSAHPLWKYLKKEQGGTLGDFIKWNFTKFIINKEGKVVERHGPYVEP 152490

Query 61 SKLSENLEKY Fx* 72/
KL +LEKYFx*

Sbjct 152491 KKLEPHLEKYF* 152526
Figurel?. Isoform XP_008210670.1 CDS 3ignificant matches

Notice that the entire sequences of these last three CDSs aligned to the scaffold sequence, which
AYRAOFI 0 SEYRKI2ZHF (iKS ASyYy S Aa &nd Mo, thLeyanfldltiSrares (i K |y
the concept that it is recommended searching for sequence similarity using the largest CDS's first to
anchor the gene model (in this case CDS5 which is 72 amino acids long; CDS1 is just 21). A larger
sequence has highgrobability of finding some regions of similarity.
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Map the Exact Coordinates ofEach CDS

Once you have thapproximatelocation of the CDSs you will return to tenomeBrowser to map
their exact start and end coordinates for each of them. In this case becauseldalsén matchfor CD3
is not statistically significant {E&alue = 0.41)we will start with the second CDS.

Recall thatblastnidentified a match for CDS2 in frame +1 from 151;%58,653 of the DNA assembly
and begins with the amino acid sequence STV (query). CenteGgoomeBrowser on
scaffold_430672:15558151,653 in the search box, cligh(i KS & { S| NtfheK 2oond alziRi 2 y
Your screen should look similar to thatFifurel8. Look at the Unpaired and Pairedd RNASeq

Read Coverage tracks. These tracks were obtained by sequencisgriRdéfly mature mRNg and

the reads were mapped against the genome assembly. The more abundant the RNA, the more reads
were produced and so the highthe peaks. Both of the displayed RI$SAq tracks show peaks,
indicating that this region is transcribed into RNA (red arrows or-tgarel8 mark the beginning and
end of the RNA signal). Also, notice that for the region with good-8&¢coverage, only frame +1
shows an Open Reading Fraf@RFt there are no stop codons (indicated bydrboxes in th@&Base
Positiorg track)in this reading frame.

UCSC Genome Browser on Ganaspis sp. 1 G. species 1 (08-03-2017) (ganSpe1)
Move <<< << < > >> >>> Zoomin 1.5x 3x 10x Base Zoom out 1.5x 3x 10x 100x

Multi-region = scaffold_430672:151,462-151,749 288 bp. |chromosome range, search terms, help pages, see examples || Search | Examples
Iscaﬁold7430672 (scaffold_430672) [ | 430672scaffold_430672 ]|
Scale 100 bases No stop codons in Frame +1 ganSpel
caffold_430672

4 mmumnuumuumu\\mmmm\m

SPALN Alignments to D. melanogaster FlyBase Proteins
SPALN Alignments to N. vitripennis RefSeq Proteins

XP_003427378.1 ] I
XP_008210669.1 ] R ——
XP_008210670.1| s =
XP_008210671.1 4 B

XP_008210672.1 |

Augustus Gene Predictions with BUSCO Training Set
scatioit 430672 g4706.1

N-SCAN Gene Predictions with N. vitripennis Training Set

scaffold_430672.019.1

Unpaired RNA-Seq Read Coverage for Female Wasp Abdomens (SRR805500)
Unpaired Coverage (SRF

" Paired-end RNA-Se;{Read Coverage for Female Wasp Abdomens (SRR805628)
Paired-end Coverage (Sl

Splice Junctions Identified by regtools (3 items filtered out) )
JUNCOOOSTBE8) -3 e JUNC0003790])

JUNGOOOGTEG? | s S ——

JUNC00037899

Transcripts Assembled by StringTie

Ganaspis Venom Peptides from MS
Peptide
Peptide

Figure18. Genome Browser view of the region surroundirige tblastn alignment forCDSat 151,558¢ 151,653

stringtie.7719.1_m.7770 <K}
| stringtie.7719.2_m.7771 ] }
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Determine the exact position of the beginning of the second CDS: LOC100677983:2_7297 2

¢t2 RSUSNXNAYS

iKS SEI O

LI2aA0A2Y 2F GKS-MpMIpyyiky

in the search box, alternatively you can navigate to 151,558 and zoonmalyou have about 120

nucleotides in viewKigurel9).

Scale

scaffold_430672: 151,556| 151,557| 151,558| 151,559| 151,560| 151,561| |5_1r.56
A

- A A T C T
s
L

GAIW0101

ACA codon
for (T)

151,567| 151,568| 151,569
A

Acceptor
Site

151,563| 151,564
A G
S

%
BLAT Alignments to Ganaspis sp. 1 Tral

5 bases |

. U

| ganSpe1

151,565| 151,566
Cc A
Q

nscriptome

AlW(

GAIWD1010772.1

|

XP_003427378.1

SPALN Alignments to D. melanogaster FlyBase Proteins
SPALN Alignments to N. vitripennis RefSeg Proteins

XP_008210669.1 -

XP_008210670.1

XP_008210671.1

scaffold_430672.019.1

XP_008210672.1
XP_008210673. 1

Augustus Gene Predictions with BUSCO Training Set
scaffold_430672.g4796.t1 EEEEEER

N-SCAN Gene Predictions with N. vitripennis Training Set

18
Unpaired Coverage (SRF
2

I

Unpaired RNA-Seq Read Coverage for Female Wasp Abdomens (SRR805500)

18
Paired-end Coverage (S|
2

Abdomens (SRR805628)

Paired-end RNA-Seq Read Coverage for Female Wasp

JUNC00037895
JUNC00037897

Splice Junctions Identified by regtools (3 items filtered|

I

AR 2332 333332333 RS SRR RR SRR RARTRIARIRIRISIASIRSAASSARIASAL)

Transcripts Assembled by StringTie

stringtie.7719.1_m.7770
stringtie.7719.2_m.7771

|

Ganaspis Venom Peptides from MS

Figurel9. p end ofthe second CDS: LOC100677983:2_7297_2

The RNASeq coverage starts to peak at 151,565, the nucleotide at that position is C. Right before this
nucleotide, and still as part of the intron, you can observe the nucleotides AG, which are the consensus
signal for the splieacceptor. Several other lines of evidence support the idea that the C at position
151,565 marks the beginning of the exon: (1) The StringTie assembly of transcripts, which builds
transcript models by assembling the RBAq reads using the genome sequeaseaeference, predicts

two transcripts both of which have an intré® E 2 y

¢ NI yaONRLIG2YSE
genome sequence, also predicts

02dzy RINB 0 GKFG LIaAada:
¢ Kde abioasieinBlenl dranscriptorne with thet A Iy Y
02dzy R NB GKSNBE® 600 ¢KS

0NF O =
an in#®rE 2 y

tries to predict exorAntron boundaries based oRNASegreads that span the introns, has two

LINSRAOGAZ2Y A aGW! b/ nnnotydpé YR aW b/ nnnotydré L
our tblastn search using the individul. vitripenni<CDSs for the XP_008210670.1 isoform, which
F2dzy R I LISNFSOG FEtAIYYSYd FNRBY FYAy2 QAR ¢ 0S3

vitripennisw S ¥ { S |j

t N 0 S A yalurrotéinskh& supporkikeystariskerds e exon. In

conclusion, the evidence supports annotating the C at position 151,565 as the start of the exon in
frame +1. Theblastnalignment had tried to extend the homology past the exon/intron boundary, but
as you seén Figurel6, from the firstfour amino acids only the S was aligned, and the best alignment

starts with amino acid T.

[N
~
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Before moving on to annotate the end of the CDS, there is one more piece of evidence we need to
collect, namely th@haseof the reading frame (to review splicing and the concept of phase, watch the
Splicing and Phase vidko

Phasedepends on the reading frame of the CBfd is defined as the number of bases between the
complete codon and the splice site.
91 Donor phasenumber of bases between the end of the last complete codon and the splice
donor site (GT/GC)
1 Acceptor phasenumber of bases between the splice acceptor (AG) and the start of the first
complete codon

For exampleFigure20illustrates the three possible phases.

Phase 0| I Phase 0

CTG AGA GT .. .. .. AG GAT

Phase 1! ! Phase 2
] |
Phase 2 Phase 1
CTG AGA gerw GT .. ... ... AGEWTTT CCG
Donor Acceptor

<+— |ntron —

Figure20. Three possible phases of acceptor site

I LILJE @Ay 3 GKAA GSNXYAy2ft238 (2 FRigkr8l9)|oyesees thaieazy 2 F
two nucleotides (C and A) between the splice acceptor site (AG) and the first full amino acid of the CDS
(T amino acid encoded by ACA). Therefore, the beginning of @35 is in phase 2 for frame +1.

4 https://lyoutu.be/9VWjyu3PUJO
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Determine the exact position of the end of the second CDS: LOC100677983:2_7297_2
¢t2 RSGSNIXYAYS (KS éndodf theiCDB)ZRRdsdafol? Vi3067F:151i,63551,688in
the search box. The RN&eq coverage ends at the nucleotide A at position 151,658, and it is followed

by the canonical splice donor GT. As with the start of the CDS, several lines of evidence support the A
at 151,658 marking the end of the CDS.

9EI YAYAY3 (GKS 0Q SyR 2F GKS /5{3x 2yS a88a G(KI i
interrupting the lysine codon between thé®and 39 nucleotides Figure21). As a result, the start of
the next exon should be in phase 1 in order to reconstitute the reading frame.

Splice Donor

151,661|
A

) ) 151,662|
The first two nucleotides (AA) A

of the lysine (K) codon

K
Ganasiis si. 1 Transcriptome

). melanogaster FlyBase Proteins
N. vitripennis RefSeq Proteins

||||||u

Figure21. Splicing phase

Determine the exact position of the start of the third CDS: LOC100677983:4 7297 1

The coordinates of next several CDSs can be determined using the same procedure as just described
for the 2"4 CDS. First, oublastnalignment for the third exon LOC100677983:4_729Fidurel?),

begins at 151,737 and ends at 151,844 in reading frame +3. To observe all three translated frames,
center yourGenomeBrowser on scaffold_430672:15137-151,844 in the search box, click the

G { S I& NdibK, then zoom out 8. Consistent with theblastn data, we see there are no stop codons

in frame +3, whereas both +1 and +2 frames do contain stop codons in this region. Now, navigate to
the beginning of the CDS by zooming aroundrdinate151,737 so you see about 6 nucleotides
(Figure22). The RNASeq coverage starts at 151,736, the nucleotide at that position is A, which is
preceded by nucleotides AG, which are the consensus signal for the aptieptor. Theblastn

alignment suggests the CDS of this exon should start with the amino acids YKG, and we see the codon
for Y begins at 151,737. As a result, there is a single A nucleotide (151,736) between the splice
acceptor and the first full codon (Y), making this a ghhsicceptor. This A nucleotide together with

two AA nucleotides at the end of the previous CDS generates the AAA codon, which codes for lysine
(Figure22).
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34 A of
lysine (K)
5 base Splice Donor codon TAC codon for tyrosine (Y)
151,733 151,734| 151,735] 151,736] 151.737] 151,738 151,739
G A G A T A C
g —— - —_——
[ ] R

Ganaspis sp. 1 Transcriptome

BLAT Alignments to

|

SPALN Alignments to D. melanogaster FlyBase Proteins
SPALN Alignments to N. vitripennis RefSeq Proteins

I

Augustus Gene Predictions with BUSCO Training Set

|

N-SCAN Gene Predictions with N. vitripennis Training Set

|

Unpaired RNA-Seq Read Coverage for Female Wasp Abdomens (SRR805500)

|

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

|

Splice Junctions Identified by regtools (1 items filtered

i

Transcripts Assembled by StringTie

|

Ganaspis Venom Peptides from MS
Figure22. Phase 1 splice acceptor

Determine the exact position of the end of the third CDS: LOC100677983:4 7297 1

CdzNYy Ay 3 @2dzNJ | GG Sy dA 2 ytblastBalighiedt emdSat B5Y,84 i réadiigk S S E 2
frame +3, with the lastwo conserved amino acids being SK. Center your browser on that location to
identify the exact end of the exon. The RSAqQ evidence supports the end of the exon occurring at G
residue located at 151,845 with a splice donor (GT) immediately following. Tditeopas also

supported by BLAT alignments, SPALN alignmenitis Witripennis RNASeq junctions and StringTie

data. Examininghie phase arrangement, we find the intron is inserted after thiadcleotide (G) of a

codon, i.e, phase 1 intronKigure23).
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lysine (K) codon Splice Donor

4 ganSpet

151,848| 151,849|
A A

BLAT Alignments to Ganaspis sp. 1 Transcriptome

SPALN Alignments to D. melanogaster FlyBase Proteins
SPALN Alignments to N. vitripennis RefSeq Proteins

l

Augustus Gene Predictions with BUSCO Training Set

l

N-SCAN Gene Predictions with N. vitripennis Training Set

Unpaired RNA-Seq Read Coverage for Female Wasp Abdomens (SRR805500)

|

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

|

Splice Junctions Identified by regtools

i

Transcripts Assembled by StringTie

l
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Figure23. 3' end of exon

Determine the exact position of the start of the fourth CDS: LOC100677983:5 7297 2

Thetblastn alignment for the & exon LOC100677983:5_ 7297 Figlurel7), begins at 15921 and

ends at 152110 in reading frame +2. Consistent with tidastn data, we see there are no stop codons
in frame +2, whereas both the +1 and +3 frames do contain stop codons in this region. Hse®NA
coverage starts at 152,019, the nucleotide at that position is G, and is preceded by splice acceptor
consensus nucleates AG. Thiblastnalignment suggests the CDS of this exon should start with the
amino acids LRI, and we see the codon for L (TTG) begins,@21.5Pherefore, the GT residues at
position 152,019152,020 completes the glycine codon from the previous exon (G&anfirming this
exon starts in phase Figure24).

z Phase 2: GT of
Splice Acceptor ;
5 bases ——— glycine (G) codon —— ganSpet
152,014| 152,015 152,016| 8 152,021| 152,022| 152,023| 152,024]
T T T T T G c
: F

V - c

(o) Ganasiis si 1 Transcn'itome

SPALN Alignments to D. melanogaster FlyBase Proteins
SPALN Alignments to N. vitripennis RefSeqg Proteins

BLAT Alignments t

[———— ——————— ]
Figure24. LOC100677983:5_7297_2
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Determine the exact position of the end of the fourth CDS: LOC100677983:5_7297 2

Thetblastnalignment ends at 152,110 in reading frame +2, with thetl@stconserved amino acids
being QK. Center your browser on that location to identify the exact end of the exon. TRE&NA
evidence supports the end of the exon occurring at G residue located at 152,110 with a splice donor
(GT) immediately following. This gition is also supported by BLAT alignments, SPALN alignmehts to
vitripennis RNASeq junctions and StringTie data. Examining the phase arrangement, we find the
intron is in phase 0, theodon terminates with a complete AAG lysine codbig(re25).

lysine (K) codon Splice Donor
152.108] 152.109] 152.110| 152.111] 152,112
A A G G 1
G

|
V

BLAT Alignments to Ganaspis sp. 1 Transc

SPALN Alignments to D. melanogaster FlyBas
SPALN Alignments to N. vitripennis RefSeqg

Figure25. 3' end LOC100677983:5_7297_2

Determine the exact position of the start of the last CDS: LOC100677983:6_7297 0

Thetblastnalignment for the last CDS LOC100677983:6_72%ig0rel7), begins at the 152,311 and
ends at 152,526 in reading frame +1. Consistent withtiheestn data, we see there are no stop codons
in frame +1, whereas both the +2 and +3 frames do contain stop codons in this region. Hse®NA
coverage starts at 152,311, the nucleotide at that position is G, and is preceded by splice acceptor
consensus nucleates AG. Thiblastnalignment suggests the CDS of this exon should start with the
amino acids VKF, and we see the codon for V (GTG) begins at 152,311 in phgse=Rq).

Splice Acceptor GTG codon (V)

SPALN Alignments to D. melanogaster FlyBas

SPALN Aliinments to N. vitriliennis RefSeﬁ

Figure26. 5' end of LOC100677983:6_7297_0
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Determine the exact position of the end of the last CDS: LOC100677983:6 7297 0, and
location of the stop codon.

Thetblastnalignment for the last CDS LOC100677983:6_72%ig0rel7) ends at 152,526 in reading
frame +1 and the laghree aligned amino acids are KYF. The codon (TTC) at pedifigh21-152523
for the terminal Phenylalanine (F) amino acid is immediately followed by a stop codon (TAA) at
152524-152526. Therefore, we would annotate the end of the last CDS to be @5252nd the stop
codon to be at 15524152526 Figure27).

phenylalanine (F) codon Stop (TAA) codon
5 bases | ganSpet

152,515| 152,516] 152,517| 152,518] 152,519] 152,520 4 6
A A A T A T T T AEE N A A A
Y F d
1 S K
E F = N
B!
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sp Abdomens (SRR805500)
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Paired-end RNA-Seq Read Coverage for Female Wasp Abdomens (SRR805628)

Splice Junctions Identified by regtools
Transcripts Assembled by StringTie

Figure27. 3' end and STOP codon of LOC100677983:6_7297_0

Determine the exact position of the end of the first CDS: LOC100677298297 0

At this point, we have multiple lines of evidence supporting the start and end positions for tHeuast
CDS exons farOC10067798dut wee unable to locate theLCDS byblastn. [The besttblastn

match to the 2'CDS is located at 359,8@89,752in frame-1 (Figurel5), which is inconsistent with
the locationsand orientationsof the other CDS exorjdVe expect the I CDS to béocatedupstream

of the 224 CDSwhich begins at 151,56%igurel9). To determine the best location for thé!DS, we
should surveyhe region upstream athe 2" CDSor evidence that points to the presence of another
CDS. Examining the region scaffold_430672:1531@30680 Figure28), one sees five lines of
evidence that potentially predict the position of thé' CDS: (1) four SPALN alignmenthltgitripennis
(purple box), (2) MSCAN gene prediction overlaps with SPALN alignments (green arrow), (3) one
regtools splicgunction prediction(JUNC00037897, blue arrow) links tf&@DS to the region
identified by SPALN alignments, (4) one StringTie prediction (7719.2_m.7771, red arrow) links the
beginning of CDS2 to the same region, (5) fSidé data (brown box) also overlaps the SPALN
alignments.
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Figure28. Region showindeginning of the second CDS: LOC100677983:2_7297_2 and upstream

Zooming into this region, scaffold_430672:151,49,179, considering the SPALN alignments: (1)
reading frame +3 begins with a Methionine codon (coordinates 151]1811103), (2) frame +3 is
uninterrupted by stop codons, (3o potential splice donor sites are identified towards the end of the
SPALN alignment (51,165 and GI51,177), the first of which is supported bgpaired andoaired
endRNASeqread coveragelata, the latter supported by theplicejunction data and is consistent

with the end of the SPALN alignmeRigure29).
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Figure29. Potential location LOC100677983:7297_0
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We know the start of the ® CDS was in phase 2, therefore we predict the end of the S will be in
phase 1. Examining the end of the CDSKigure30) we see that both potential splice donors would
generate a phase 1 in frame +3, however as can be seé&igone28 and Figure29, mostof the
evidence (SPALN alignmentaNovitripennis,splicejunction JUNC00037897, StringTie prediction
7719.2_m.7771, MsCAN gene prediction) suppsitie end of the CDS at 151,176. Thus, we would
annotate the ¥ CDS coordinates to be 151,10%1,176.

potential splice donors
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Figure30. 3' splice sites LOC1006779837297_0

Ly y20F G!S¢ w KISYyTRsQo Q

SOFdzaS GKS pQ FYyR 0Q ! ¢watheseNd wespspecidsaydzl willih@d O 2 y &
useblastnsearches to locate these. Instead, you will rely on fBtdata tracks (i.ePaired and
Unpaired Coverage, Splice Junctions, and StringTie Transcripts predictions).

lyy2GF G@BTRGKS pQ

You expect to have untranslated RNA upstream of CDS1, either as part of the same exon or as an
upstream exon separated by an intron. In t@enomeBrowser, zoom in the area to the left of CDS1
including it Figure31). Three lines of evidence indicate that CDS1 is contained within a larger exon that
extends to the left of CDS1: RM¥g coverage, Splice Junction predictitditNC0003789@nd a

StringTie prediction 7719.2_m.7771. The methionine of the CDS1 is indicatedhutnearow, and

RNAS:q coverage can be observed upstream of it (red box). Consistent with this data, 7719.2 m.7771
StringTie prediction shows a block with a thin box (untranslated RNA) and a thick box (translated). The
Splice Junction predictiaHJNC0003789lso shows that this exon would be connected to another
upstream exon.
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UCSC Genome Browser on Ganaspis sp. 1 G. species 1 (08-03-2017) (ganSpe1)
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Figure31. Region to the left of the annotated CDS1
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acceptor, AG, can be seen at 151,411,022 and thus we would annotate the beginning of this exon

at 151,023 Figure32). Since we already determined that CDS1 was 1511501176 Figure28and

Figure30). The entire exon coordinates are 151,051,176, of which 151,023 to 151,100 nucleotides

are untranslated.
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Figure32. Beginning of the exon containing CDS1
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Figure33. End of the first 5' exon
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Figure34. Mapping the 5' end of the first exon

As indicated above Splice Junction predictitiNC0003789(hks this exon to another exon upstream.
Zooming in at the end of that exon so about 10bp are in view, shows a GT donor site8&3150

150,824, putting the end of that exon at 150,8F2gure33).

Judging by the RN£eq coverage profile this appears to be the first exon of the gene. To annotate the
beginning of this transcript, you can observe the R¥# coverage and the StringTie transcripts tracks
(Figure34). According to the RNf£eq coverage, RNA reads seem to go down at 150,735 (red arrows)

y LAYy 2y GKS { Srdabbidwodiekgant gedes theoyie we LILIS |-
are annotating going right and another gene going to the left. The left&gAistogram (box in

Figure34) may be totally or partially contributed by the left gene (notice the sharp ending of the RNA

Sq coverage on the left end indicative of an exon/intron boundary).
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However, the StringTie prediction that we have been following (7719.2_m7771, blue arFoguie

34) puts the beginning of the transcript somewhere upstream ofrégion with noORNASeq coverage

at 150,642 Figure35). Considering that it is hard to ascertain what R&4 reads may be coming

from the gene on the left versus the gene on the right, we would go with the StringTie prediction and
annotate this first exon coordinates as 150,6420,822.
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Figure35. First nucleotide of the transcript
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152,524152,526 Figure27). On theGenomeBrowser zoom in around the last CDS and include the
area to the right as shown frigure36 (~152,277153,030). Judging by the RI8q profile, the last

St

CDS appears to be part of the final exon: R8dé coverage gradually winds down, there are no splice
junction predictions going into the right, and the StringTie predictions also end in thatFirad36).
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Figure36. Last exon area

Although the RNAq coverage appears to go down at 152,923 (red arrows, you will need to zoom in
to determine the exact coordinate) and it is in agreement with the StringTie transcript prediction
7719.1_m7770, both the GAIW01010771.1 transcriptome assembly and the StrirayEcript

prediction 7719.2_m.7771 point to the end of the transcript being at 153,004. On the Genome
Browser, set the Pagnded RNASeq BAM and Unpaired RN#&q BAM tracks to pack. Zoom in close
to the end of the StringTie prediction 7719.1 7771 aswshin Figure37. The Pakended RNAS(
reads also end at 153,004. Thus, we would annotate the last exon at 152531004, where the
152,311152526 corresponds to the last CDS including the stop codon, and th62I5253,004 is the

o OTR.
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