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Agenda

Initial conventions
Apollo Access/Overview

Introduction to the Apollo interface
— Viewing evidence tracks

— Logging in/out

BLAST

Annotation

— Process overview
— Finalizing annotations

Additional tips and tricks
Example annotation




Questions for you.

* Do you have any experience using Apollo
already?

* How familiar are you with the terms exon,
intron, UTR, 3’ end, 5’ end, splice site?
Isoform?

* Do you know what the tracks in the E. affinis
genome browser are/where they came from?

* Do you know what genes you want to
annotate in the E. affinis genome?
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Other resources.

 Moni Munoz-Torres’ tutorial to your group from last
year is pretty comprehensive:

— http://www.slideshare.net/MonicaMunozTorres/
introduction-to-apollo-i5k-e-affinis

* The official Apollo annotation guide:
— http://genomearchitect.org/users-guide/

e Another manual curation tutorial:
https://i5k.nal.usda.gov/manual-curation-example

 For more information about the E. affinis genome
project, including data downloads:

— https://i5k.nal.usda.gov/Eurytemora affinis
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Some conventions

e HSP — High scoring pair in BLAST/BLAT alighments
— The ‘Hits’ in an alignment result set
— A subsection of a pair of sequences with sufficient score
— Change based on the alignment parameters

* Five prime end and three prime end
— Based on direction of transcription
— Initiation site is at the five prime end
— Stop codon is at the three prime end

* |Inthe genome browser, arrowheads indicate direction

1 1 OO 00 [ CJC 0
3’ LdecTmpB001070-RA 5’

%
, LdecTmpM001081-RA

5



Apollo/JBrowse

 JBrowse is a web based
genome browser

— Visualize features that are
mapped to a genome

— These features are displayed
as tracks

— Many different types of data
may be displayed
* Apollo adds editing
functions to JBrowse
— Manual gene curation

— Changes automatically saved
back to server

— Edits are visible to other
annotators in real-time




Viewing evidence

The “Available Tracks” panel lists all tracks (grouped hierarchically)
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Viewing evidence

The Navigation panel describes the viewed region
— Coordinate ranges for the entire sequence on top
— Navigation controls including pan, zoom and search in the middle

— Coordinate ranges for the current view along the bottom
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Viewing evidence

The Evidence panel shows the features in genomic context
— Each type of data is a separate track
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Viewing evidence

e Turning tracks on or off
— Click a tracks checkbox to turn it on or off

— Click X’ by the track label also turns the track off

| ¢ JBrowse Scaffoia79:660085... % \ +
€ Oa
Available Tracks
N filter by text
~ 0. Reference Assembly

GC Content
Gaps in assembly

¥ BCM_v0.5.3 47
¥ 1. Gene Sets
Y Pril Gene Sets: Protein Coding
_v0.5.3-Models

~ Supplementary Gene Predictions

1

augustus_masked
snap_masked

¥ 2. Evidence 2
~ Repeats 2
repeatmasker
repeatrunner
41

~ 3. Mapped Proteins

https://apolio.nal.usda.gov/euraff/jorowse/?loc=Scaffold79%3A660085..663865&tracks=DNA%2CAnnotations %2CGaps in assembly%2CGC Content%2Ceuraff_current_models%2Ccufflinks_IGS.

View Tools

wBEB O A d4dR-9 &

¢ | Q search

Help
800,000 900,000

User-created Annotations

Gaps in assembly

GC Content

[

2 \ﬁF_vO.SJ-Models

Mixture of males and females: cufflinks_IGS_UMA1

Mixture of males and females: tophat_fwd_strand-XYplots

¢pollo Kil
o 100,000 200,000 300,000 400,000 500,000 600,000 || 700,000
@ @ Q Q @\a Scaffold79| v |Scaffold79:660085..663865 (3.78 Kb) | Go . &
661,250 662,500 663,750
< l I |

1:CUFF.52343.1

« O { ] e
EaffTmpMO014446-RA
[
LUIrr.z71237.1 CUFF.71340.1

> I I

CUFF.71338.1

2,000

1,000

0

A



Login

 For scaffold selection view:

€« C' | £ https://apollo.nal.usda.gov/lepdec_training/selectTrack.jsp N =

‘ fe)|le] File Tools

(=] >

Show [ 10 ¢ | entries Filter:
Organism Name A Length
No data available in table
Showing 0 to 0 of 0 entries 4 Previous Next b

Login

User name demo
Password

&« C' | 2 https://apollo.nal.usda.gov/lepdec_training/selectTrack.jsp Yl =

(—)pollo File  Tools

Show [ 10 ¢ | entries Filter:

Organism Name 4 Length
) Leptinotarsa decemlineata Scaffold1 3793193

) Leptinotarsa decemlineata Scaffold10 2193025
" Leptinotarsa decemlineata Scaffold100 1122226

Leptinotarsa decemlineata Scaffold1000 265361
) Leptinotarsa decemlineata Scaffold10000 15875
) Leptinotarsa decemlineata Scaffold10001 7998
_J Leptinotarsa decemlineata Scaffold10002 10857
) Leptinotarsa decemlineata Scaffold10003 15698
" Leptinotarsa decemlineata Scaffold10004 10589

Leptinotarsa decemlineata Scaffold10005 10524

Showing 1 to 10 of 24,393 entries 4 Previous Next »
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Login

* Directly from JBrowse genome browser
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The user-created annotations track
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BLAST at the i5k Workspace
https://i5k.nal.usda.gov/webapp/blast/

'§5k @NAL Tools- AboutUs Contact

* Interface updates
options automatically Ongnism Eurytemors i

Drosophila takahashii

Nucleotide
Dufourea novaeangliae @Genome Assembly - Eaff_11172013.genome_new_ids.fa
0 Ephemera danica “Transcript - EAFF_new_ids.fna
— Based on the <Earmrs s .
Fopius arisanus Peptide

. . Frankliniella occidentalis
combination of query
“|Habropoda laboriosa
Halyomorpha halys

a n d d a t a b a S e Homalodisca vitripennis

Hyalella azteca

Ladona fulva
| Lasioglossum albipes

Query Sequence

— Chooses correct options
(blastn, blastx, tblastn, R

MDNCDQDASFRLSHIKEEVKPDISQLNDSNN
SSFSPKAESPVPFMQAMSMVHVLPGSNSASS

NNNSAGDAQMAQAPNSAG
etc GSAAAAVQQQYPPNHPLSGSKHLCSICGDRA
SGKHYGVYSCEGCKGFFKRTVRKDLTYACRE
Or load it from disk

Browse... | No file selected.

Program

Otblastn Reset | Search

tblastn - Peptide vs. Translated Nucleotide




BLAST at the i5k Workspace
https://i5k.nal.usda.gov/webapp/blast/

e Results persist for one
week R

€ ) R its:5icoalusda govivebap

NEOD A AB-O >

h e r e S u I t S U R L C a n b e Query Coverage Graph - FBpp0070332, BLAST Hits 1-9 © Color Subject Coverage Graph - gnl| Eurytemora_affinis | euraff_Scaffold427, BLA! ® Color 1.
I 50 100 150 200 250 300 350 400 450 500 255.1k 255.15k 255.2k 255.25k 255.3k 255.35k
|

TR R EE TRy EERTY R ERTR) EERRY CRT FYERY URRY FRRT FRRR) FUTRY CRR FRRPY RAATe envviny I RN KRS RRRES RRRRE KRN KRR RRRRE RN R |
——

—
— i
C— ¢
S
R
-
N
U S E E I L E S | e
Showing 1 to 9 of 9 entries (filtered from 55 total entr Q BLASTReport  FASTA
Sbjct 81870 KSLHVDAREYSCMKATVLFT 82004
blastdb qid sseqid pident © length' mismatch’ gapopen’ gstart
L] L]
= Score = 86.3 bits (212), Expect = 2e-16, Method: Compositional matrix adjust.
. \ SLCCICEER | EEREST |38 | W B 0 L) Tdentities = 45/76 (59%), Positives = 61/76 (80%), Gaps = 0/76 (&%)
BN reocooro3s2  scaffoldcor  26.67 165 83 4 262 8] Frome = -
3ff_11172013.genome._new idsa [RNUSMRNNS " 0 103 ery 103 L cac TYACRENRNCITOKrarmrcayeryq 162
Ciick to view in genome browser s C +CGD++SGKHYG +CEGCK FFKR+VR++L+Y CR NeNC ID+ RN+CQYCR +
FBpp0070332  Scaffold2sd  56.52 92 37 1 9% Sbjct 255352 I T (QCRGNKNC K 255173
FBppo070332  Scaffold200  57.14 91 36 1 9 1 9% Query 163 KcLTCGHKREAVQEER 178
o KC GHHEAVQ R
FBppo070332  Scaffoldiz  50.57 87 39 2 104 + o6 Sbjct 255172 KCFKTGMRKEAVQPGR 255125
FBppo070332  Scaffoldiz  50.57 87 39 2 104
Score = 62.4 bits (150), Expect = 8e-09, Method: Compositional matrix adjust.
FBpp0070332  Scaffold3 8.1 |35 s ° o Identities = 32/82 (39%), Positives = 48/82 (59%), Gaps = 1/82 (1%)
FBppO070332  Scaffold200  50.62 81 38 1 101 o1 Frane = -3

Query 414 ILYNPDI \CLDEHCRLE LLRLPALRSISLKCQ 473

— HSPs are conservatively = = oo e PR
chained together
[ ] [ ]
— Visible as connected Result URL:

blocks https://i5k.nal.usda.gov/webapp/blast/
bd4723a7f6be4a8787bf140f1c74e6d9

USDA

- - .
I —



BLAST results in Apollo

BUAST Rosult|isk-App % | ¢} JBrowso Scaffolg427:61885... % | +

€ ) Ok htpss nalusda.gov/el ? 7%3AB1885..82541&addStores={"url* %3A{“type" %3A"JBr 62F Store%2F SeqFeature %2FGFF3"%2C urlTemplate"%3A"https%3A% | @  Q Search w B A dR-0 & =

Available Tracks (%pol W) File View Tools Help & euraff_user_admin
X filter by text 0 20,000 40,000 60,000 80, 100,000 120,000 140,000 160,000 180,000 200,000 220,000 240,000 260,0C

N AR B 3 @ @ Q Q Q Q Scaffold427| - | Scaffold427:81885..82541 (658 b) Go | &

1 GC Content 82,000 82,250 82,500
Gaps in assembly e e [ |
BLAST+ Results Seven-Up Isoform B
~ BCM_v0.5.3 : ' |
¥ 1. Gene Sets % BLAST+ Results
FBpp0070332
¥ Primary Gene Sets: Protein Coding 1 . .
) EAFF_v0.5.3-Model [ { F I
EAFF_v0.5.3-Models EaffTmpB026533-RA
¥ Supplementary Gene Predictions 2 200

. Mixture of males and females: tophat_fwd_strand-XYplots
augustus_masked

~ | snap_masked
p_| — = ~1

¥ 2. Evidence 2 [

TF1_accepted_hits (Coverage Plot)
~ Repeats 2

| repeatmasker
| repeatrunner

¥ 3. Mapped Proteins 4
~ Other 1
| cegma
~ Protein2genome 20

~ protein2genome_Annelida

| protein2genome_Arthropoda

| protein2genome_Atelocerata

protein2genome_Cephalochordata

| protein2genome_Chelicerata
protein2genome_Cnidaria

| protein2genome_Craniata
protein2genome_Crustacea
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Annotation Guidelines

cf. http://www.slideshare.net/MonicaMunozTorres/introduction-to-apollo-i5k-e-affinis

1. Find sequence of interest from one or several other species
(e.g. Drosophila melanogaster and Daphnia pulex)

1. If you’re annotating a protein, use the protein sequence, and know
where the protein domains are

2. Align sequence to genome or protein set in order to locate
potential gene region

3. Examine available evidence (tracks) to begin model curation
4. Adjust model based on available evidence

5. Compare sequence of annotated model to related
sequences

6. Repeat steps 1 through 5 as needed to refine model

7. Add annotation details in the “Information Editor”

—  Replaced model, name, symbol, other comments

USDA
—ﬁ—



When finalizing annotations

* Check start, stop and exon boundaries (splice sites)

* Use BLAST or a multiple sequence aligner
— To look at completeness of model
— To verify the appropriateness of the gene name

* |Inthe Information editor mRNA field

— Fill in the Replaced Model for the Maker gene
(EAFF_v0.5.3-Models)

— Update the Name

— Add comments that describe
* your evidence for the annotation
* Modifications that you made to the gene model

USDA
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The Replaced Models field

 Used to generate a
merged, non-redundant
gene set from the
manually curated =
models in Apollo and B
the Maker models
(EAFF_v0.5.3) L .

Accession DB Accession

‘‘‘‘‘‘‘

PPPPPPPPPPPPPPPPPP

https://i5k.nal.usda.gov/apollo-replaced-models-field-explanations-and-examples
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Tips and Tricks

The i5k Workspace BLAST results persist for one week
— You can bookmark and share searches
— BLAST HSPs are ‘draggable’ and can be used in annotations
Jbrowse/Apollo URLs can be shared
— Allow you to share the exact view (including active tracks) with others
— Great for troubleshooting with collaborators
In Apollo “walk” feature boundaries
— Square brackets walk exon boundaries: [ and ]
— Curly brackets walk gene boundaries: { and }
You can pin tracks to the top

If you know the name or ID of the MAKER gene that you’d like to
annotate, you can paste it into the search box to navigate to it




Notes on E. affinis genome/browser

* Big advantage for annotation: you have lots of
RNA-Seq and transcriptome data to use as
contributing evidence for your gene models

— Includes strand-specific RNA-Seq

* Disadvantage: No close reference genomes, so
it may be harder to find homologs for your
genes of interest to inform your annotations.




Live Annotation Example

* Phosphoenolpyruvate carboxykinase (pepck) in
Eurytemora affinis

 What reference protein do | choose to find my protein in
the E. affinis genome?

— Learn how to use and understand UniprotkKB and NCBI
databases

* How do | know that | found the right E. affinis protein?
* Once | am fairly confident of the protein, how do |
correct the sequence? Do | need to?

e What do | enter into the Information Editor?

USDA
—ﬁ—



Choosing reference proteins: D.
melanogaster pepck

* Catalyzes the conversion of oxaloacetate (OAA) to phosphoenolpyruvate

(PEP)
| €& | % | (i) www.uniprot.org/uniprot/P20007 El|l @ C®search w8 g
' . . i
Display Family & Domains
Entry
Publications Region
geature viewer Feature key Position(s) Length Description Sir:::hlcal
Feature table :
Region’ 261 - 263 3 Substrate binding |
None # By similarity «
v .
.m Region' 429 - 431 3 Substrate binding |
Y # By similarity «
Names & Taxonomy
*|Subcell. location Sequence similarities’

Belongs to the phosphoenolpyruvate carboxykinase [GTP] family. & Curated

PTMIPnooesd E

S—au-rce: ht.tp:././\./vww.uniprot.org/uniprot/P20007
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Choosing reference proteins: Papilio
xuthus Pepck
* GenBank record:

https://www.ncbi.nlm.nih.gov/protein/
KPJO0812.1?report=gpwithparts

J ;;' Phosphoenolpyruvate carbo... \ -+
€ | (O & | https://www.ncbi.nim.nih.gov/protein/KPJ00812.1?report=gpwithparts&log$=seqview c 2, Search wB 9O A 4d -0 &
Zhang,G., Kronforst,M.R. and Wang,W. Proteins with Simr
TITLE Outbred genome sequencing and CRISPR/Cas9 gene editing in
. PubMed
butterflies
JOURNAL Nat Commun 6, 8212 (2015) Taxonomy
PUBMED 26351.1079. . WGS Project
REMARK Publication Status: Online-Only

REFERENCE 2 (residues 1 to 638)

AUTHORS Li,X. and Fan,D. o
Recent activity

TITLE Direct Submission
JOURNAL Submitted (11-MAR-2015) Kunming Institute of Zoology, State Key
Laboratory of Genetic Resources and Evolution, No. 32 Jiaochang @ LOC106125!
COMMENT Method: conceptual translation.
T Lot AomRo) v ASLeL: e Q, Phosphoeno

source 1..638 carboxykinas



Choosing reference proteins: Daphnia
pulex Pepck
* GenBank record:

https://www.ncbi.nlm.nih.gov/protein/
EFX80236.1

Lynch,M., Boore,J.L. and Grigoriev,I.V. I% Phosphoenolpy
CONSRTM US DOE Joint Genome Institute (JGI-PGF) carboxykinase, |
TITLE Direct Submission

Q_ (daphnia Phosp

JOURNAL Submitted (02-FEB-2011) US DOE Joint Genome Institute, 2800 _
. , . , : carboxykinase)

sl Gaaalpmiimidid 8-1698, USA
COMMENT Method: conceptual translation. Q, (daphnia Phosp
ATUR ocation/Qualitiers carboxykinase)




BLAST dmel, dpul, pxut proteins
against E. affinis proteins and genome
https://i5k.nal.usda.gov/webapp/blast/

* First, protein results (top hit is on Scaffold33):

&€ ) (O #a  https://i5k.nal.usda.gov/webapp/blast/300140d30f8451ea0bf3174e05fcd27 c Search B 9O A d - &

'ESI(Z;@NAL Tools~ About Us Contact Results

Query Coverage Graph - gi| 321469255 |gb | EFX80236.1|, BLAST | @ Color Subject Coverage Graph - gnl| Eurytemora_affinis_protein_v0.5.3 @ Color O¢
0 50 100 150 200 250 300 350 400 450 500 550 600 650 0 50 100 150 200 250 300 350 400 450 500 550 600

IIIIII[IIIlI\II|II!I||I!IIIIIIllIIII!IIIl!IIIIIIII||I[I|III[|IIIIIIIII|III||I[IlllI!I|II[I|I|1IIIIII|\I||I[III|I!II|III!|III[II|II| |II|!|\III|IIIIIIIlIlIHII|II!IIIIIIIIII|IIIIIIlIIlI[IIIIIIIlIII!IllI|]IIII|[III|[III[II|!|II!IIII|I|IIIIII|II|IIII|II![I

Showing 1 to 3 of 3 entries (filtewgd from 26 to Q BLAST Report FASTA
>gnl|Eurytemora_affinis_protein_v@.5.3|EAFF@@6514-PA unnamed protein product
blastdb gseqid sseqid pident  length  mismatch Length=575
N Score = 6@4 bits (1557), Expect = 0.8, Method: Compositional matrix adjust.
euraff g11321469255|gb|EFX80236.1|  EAFFR@6514-PA 50 612 242 Identities = 306/612 (50%), Positives = 481/612 (66%), Gaps = 64/612 (10%)
suraff g1]930658609|gb|KPJ00812.1]  EAFFOR6514-PA  52.61 S35 L Query 42  KSLPSKVRSFVEDCVKLCQPSQVHICNGSEQENRSLIQQMQQQGMIESLPKMENCWLTRT 101
euraff sp|P200e7 | PCKG_DROME EAFFO6514-PA  51.85 594 235 + +P VR ++ +C+P +HI +G+ +E+ +L + + + G++ LPK ENC+L RT

Sbjct 14  EGVPQHVREWINHWADICEPQDIHIMDGTSEEDVALKKMLVRTGVLIHLPKYENCFLART 73

Result URL: https://i5k.nal.usda.gov/webapp/blast/300f140d30f9451ea0bf3174e05fcd27




BLAST dmel, dmag, pxut proteins
against E. affinis proteins and genome

e Genome results:
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Showing 1 to 8 of 58 entries Q BLAST Report FASTA
263 >gnl|Eurytemora_affinis|euraff_Scaffold33
blastdb gseqid seqid pident length mismatch gapopen 264 Length=1824507
) 266 Score = 92.4 bits (228), Expect(2) = 3e-27, Method: Con
EEEE) i1930658609|gb|KPI00812. 1] Scaffold33  64.15 53 19 0 Tdentities = 43/80 (54%), Positives - 53/80 (66%), Gaps

m i 1930658609 07008 Scaffold33 69.77 43 13 0 : Frame & =3

Eaff_11172013.genome_new_ids.fa

270 Query 420 DSGKPAAHPNSR---=-==--------- FCTPAAQCPTIDE
Click to view in genome browser CIIACCES ) B G 2 ! v +S PA H NSR FCTP  CP++DE
w sp|P20@@7 | PCKG_DROME Scaffold33 84.62 26 4 0 i Sbjct 1488778 NSANPATHSNSRYRxLIQPFFHL*FQFRFCTPLLNCPVLDE
RN 21321469255 gb | EFX80236.1 Scaffold33  45.74 94 35 1 * 274 Query 464 PAGVPLIYEARDNTHGVFIG 483

Result URL: https://i5k.nal.usda.gov/webapp/blast/a65940cc22474264816ae7e02722981a




Modify E. affinis model sequence in
Apollo

* Click on blue ‘euraff’ button next to HSP of choice
in tabular view to view Blast HSPs in JBrowse

* Alternatively, go to Apollo URL:
https://apollo.nal.usda.gov/euraff/jbrowse/

— find EAFFO06514-PA in genome browser by pasting
EAFFO006514 into search box, selecting EAFFO006514-
RA

* Loginto Apollo

 Drag EAFFO06514-RA into the yellow annotation
track

e Check available evidence for model

USDA
—ﬁ—



Modify E. affinis model sequence in
Apollo
* Questions:

— What evidence do you choose?
— Do you need additional evidence?

— How do you evaluate whether the protein
sequence is as complete as it can be?

— Should you add/modify UTRs?




View available evidence

& i) #a https://apollo.nal.usda.gov/euraff/jbrowse/?loc=Scaffold33 %3A1481741..1499000&addStores={"url" %
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Evaluating protein sequence

* Add missing exon to model

* Align EAFFO06514-PA sequence to dmel,
dmag, ptux proteins
— Clustal (https://i5k.nal.usda.gov/webapp/clustal/)
— Can also use NCBI Blast:
http://blast.ncbi.nlm.nih.gov/Blast.cgi?

PAGE=Proteins&PROGRAM=blastp&BLAST PROGRAMS=blastp&PAGE TYPE=BlastSearch&BLA
ST SPEC=blast2seq&DATABASE=n/a&QUERY=&SUBJECTS=

* Check alignment extent, %ID

Clustal result URL:
https://i5k.nal.usda.gov/webapp/clustal/68361de413724675a836e4fcf8a21361




Evaluating protein sequence

e Blast modified EAFFO06514-PA sequence to nr

— Make sure it doesn’t match a potential contaminant
— Get an idea whether you have the right sequence

* Once contamination is ruled out, it’s better to
blast your sequence against a smaller db of high-
quality proteins

* |If you notice that parts of the protein are missing,
check the ‘Gaps in assembly’ track in the browser




Using the Information Editor

* Select the model in Apollo, then right-click, and
select ‘Edit Information’ from the drop-down
menu

— Use the ‘mRNA’ section
— Name —if you’re not sure, leave it blank

— Replaced Models Field —the Maker model

(EAFF _v0.5.3) that your new model will replace in the
OGS

— Comments — Document what changes you performed,
and your justification for the name. These notes will
be visible in the OGS, so make sure that others
understand them




Closing thoughts

* Your annotation work is a community effort.
— Thank you for contributing!

— Because annotating via Apollo is a community
effort, you might notice that someone else might
already be working on your model of choice. In
that case, get in touch with them and collaborate!

— Keep in mind that your work will be used by the
scientific community once you’'re done.




