What is Web Apollo?

- Web Apollo is a web-based genomic annotation editing
platform.

We need annotation editing tools to modify and refine the

precise location and structure of the genome elements that
predictive algorithms cannot yet resolve automatically.
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Brief history of Apollo*:

Biologists could finally visualize computational analyses and
experimental evidence from genomic features and build
manually-curated consensus gene structures. Apollo became a,
very popular, open source tool (insects, fish, mammals, birds, etc)

a. Desktop:

one person at a time editing a e e L
specific region, annotations | 3 1
saved In local files; slowed down
collaboration.

b. Java Web Start:

users saved annotations directly
to a centralized database;
potential issues with stale
annotation data remained.




» Browser-based; plugin for JBrowse.

* Allows for intuitive annotation creation and editing,

Web Apollo

with gestures and pull-down menus to create

transcripts, add/delete/resize exons, merge/spllt
exons or transcripts, insert comments
(CV, freeform text), etc.

Customizable rules and
appearance.

Edits In one client are
iInstantly pushed to all other
clients.



Dispersed, community-based gene
manual annotation efforts.

Using Web Apollo, we™ have trained
geographically dispersed scientific
communities to perform biologically
supported manual annotations, and
monitored their findings: ~80 institutions,

14 countries, hundreds of scientists, and
gate keepers.

- Training workshops and geneborees.

- Tutorials with detailed Iinstructions. ... .ooration with Elsik o
- Personalized user support. s e

Database.




What have we learned?

Harvesting expertise from dispersed researchers who
assigned functions to predicted and curated peptides,
we have developed more interactive and responsive
tools, as well as better visualization, editing, and
analysis capabilities.

Assessment:
1. Was it helpful / productive to work together?
2. Were manual annotations improved?

3. Did the shared and distributed annotation effort help improve the quality
of scientific findings?




Improved Automated Annotations™®

In many cases, automated annotations have been
Improved.

Also, learned of the challenges of newer sequencing
technologies, e.q.:

- Frameshifts and indel errors

- Split genes across scaffolds
- Highly repetitive sequences

To face these challenges, we train annotators In
recovering coding sequences in agreement with all
available biological evidence.




... groups of
communities
have taught us a
lot!

Understanding the evolution of sociality.

Comparison of the genomes of 7 species of
ants contributed to a better understanding
of the evolution and organization of insect
societies at the molecular level.

Insights drawn mainly from six core aspects of
ant biology:

1. Alternative morphological castes

2. Diwision of labor

3. Chemical Communication

4. Alternative social organization

5. Social immunity
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Web Apollo
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Web Apollo
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Web Apollo

‘File’:
Upload your own

evidence: GFF3,

BAM, BigWig, VCF*.

Add combination

and sequence search
tracks.

Available Tracks
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‘View’: change
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toggle strands,
set highlight.
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“Tools":
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genome with a protein
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Web Apollo

‘File’:
Upload your own

evidence: GFF3,

BAM, BigWig, VCF*.

Add combination

and sequence search
tracks.
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“Tools":
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Web Apollo

‘File’:
U p]uad your own

evidence: GFF3,

BAM, BigWig, VCF*,
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tracks.
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Web Ap 0110 - Two new kinds of tracks:

« annotation editing
» sequence alteration editing

@ @ Q Qua Q Chri0 ¥ Chr10:22213112.22213274 (163b) = Go

22213175 § ) 22,213,200 22,213,225 22,213,25(
' DNA Track |

R P A L G T *» A VvV T § T N A 8 Y 8 A T I T R P 8 *= 8 C S 8 B P

s A ¢c I R B I G €C HE Q H K €C Vv I F 8 H N H S A F L I M F F L T
L 6 L B * aA E R L 8 P A 0 M R B I 0 P 9 8 L6 1 ® D ®B VvV L P 8w
CCTCGGCCTGCATTAGGCACATAGGCTGTCACCAGCACAAAT GCGTCATATTCAGCCACAATCACTCGGCCTTCCTGATCATGTTCTTCCTCACG

- N g 5 tl - _-- r ] 1 - . - -
GGAGCCGGACGTAATCCGTGTATCCGACAGT ACGCAGTA

e e e

6 R & A N .r.' v oY n T v oL v F a "'i:i@“ ¥ E a v : I = :'_ t_i.- " T ; g

A 0Q

‘User-created Annotations’ Track




Web Apollo

. Annotation Information Editor

Annotation Info Editor

Gene

Name Apurinic-Apyrimidinic Endonucleas

Symbol Apex-1
Description Multifunctional DNA Repair Enzym

Status
‘@ Approved Needs review

DBXRefs
Accession

Add Delete

Name
Symbol
Description

® kAppmved

Transcript

Apurinic-Apyrimidinic Endonucleas

Apex-1
Multifunctional DNA Repair Enzym

Status
Needs review

DBXRefs
Accession

wB_000123




Web Apollo

. Annotation Information Editor

Annotation Info Editor

Add Delete Add Delete

Attributes
Value

Aftributes
Value

Add Delete Add Delete

F'u_b med_ IDs

Pubmed IDs
656546

Add Delete Add Delete

&
GO:0000811

Gene Ontology IDs Gene Ontology IDs

Add Delete Add Delete

Comments
Dicistronic transcript

ANNOTATION TYPE: Change an existing GLEAN gene
model

Comments

L IR R RN R R R RN TR RN R RN RN R R RN AR R R N R R RN E R R RN N R R RN R R AR RN N R RN RN RN R R N RN R RN R AR RN RN RN NN R RN RN R RN R




[Some of the] Functionality:

» Protein-coding gene annotation (that you know and love)

. Sequence alterations (less coverage = more fragmentation)

- Visualization of stage and cell-type specific transcription

data as coverage plots, heat maps, and alignments
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Arthropodcentric Thanks!

w AgriPest Base ? \ e
w FlyBase ASN |
& Hymenoptera Genome Database
k& VectorBase

v Apis mellifera

x Iribolium castaneum

w Pogonomyrmex barbatus

e Manduca sexta

. Bombus terrestris

w Helicoverpa armigera
A




 Berkeley Bioinformatics Open-source Projects
(BBOP), Berkeley Lab: Web Apollo and Gene
Ontology teams. Suzanna Lewis (Pl).

 lan Holmes Lab (PIl). *U. of California Berkeley.

BBOP  The team at Hymenoptera Genome Database.
§U. of Missouri. Christine G. Elsik (Pl).

« Arthropod genomics community (fringy Richards,
Monica Poelchau, Alexie Papanicolaou, Gene

Ed Lee Seth Carbon Robinson, Juergen Gadau, Chris R Smith, Owen

Rob Buels * Heiko Dietze McMillan, Owain Edwards, Kevin Hackett, and a

few hundred more).

Web Apollo Gene Ontology
Gregg Helt Chris Mungall

Mitch Skinner *

Justin Reese § . E’)(P:( h?teae(;ip% lglc%gmittee, NAL (USDA), HGSC-

« Web Apollo is supported by NIH grants SR01GM080203
Web Apollo: http://GenomeArchitect.org from NIGMS, and 5R01HG004483 from NHGRI, and by
the Director, Office of Science, Office of Basic Energy
Sciences, of the U.S. Department of Energy under

1I9K: http://arthropodgenomes.org/wiki/IoK Contract No. DE-AC02-05CH11231.

Chris Childers § "

GO: http://GeneOntology.org

* Images used with permission: AlexanderWild.com
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&« C  www.ncbi.nim.nih.gov/protein/2664575907report=~fasta Q2 ® 31 =

~ NCBI Resources ¥/ How To (¥ monicacecilla My NCBI Sian Qut

Protein [ Protein

& mmtorres
Display Settings: (%) FASTA Send to: ) 22000
Change region shown - :

antennapedia-like protein [Nasonia vitripennis] 100
NCBI Reference Sequence: NP_001161164.1 . -

| Analyze this sequence -
GenPept Graphics Run BLAST
>gi|266457590 |ref |[NP 001161164.1| antennapedia-like protein [Nasonia vitripennis] Identify Conserved Domains
MSSYFANSY I PDLRNGGVEHPHQHQQHYGAAVOVPOOQOAVOQOPOQASDPCDPSMLRQGVPGHHGYGAA
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KRGROTYTRYQTLELEKEFHFNRYLTRRRRIEIAHALCLTERQIKIWFONREMKWKKETKTEGEPNSGDG

DTDISPQTSPQG

Articles about the LOC100118060 *
gene

Functional and evolutionary Insights from
the genomes of three parasi [Sclence, 2010]

See all...

Identical proteins for
NP_001161164.1

Antennapedia-like protein [Naso [ACTE3883]

See all...

Reference sequence information

RefSeq mRNA
See reference mRNA sequence for the
LOC100118060 gene (NM_001187692.1).
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= blastx_Priapulida KLQAAAVDHQGGVLDGPDSPDPLVESQMHHQMHPQHPHMQAQQPPLOQHQQHMQQQQHMMYQQQQQGTT
blastx_Tardigrada ATMHPQQQQQPPPQHQGVVTSPLGPQQQGAPQGTAGANLEPSPLYPWMRSQFARQFERSWILPNES
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Specialized BLAST
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o Make specific primers with Primer-BLAST
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€&  C || blast.ncbi.nim.nih.gov/Blast.cgi#alnHdr_58585092

(<) Descriptions

Sequences producing significant alignments:
Select: All None Selected:0

i1 Alignments
Description

| Homeotic gmteln iEII"ItEﬂHEEEd'!H |Eamgunﬂms ﬂﬂl‘ldE!‘lUSl
FREDICTED: homeotic protein antennapedia-like [Megachile rotundata)

| homeobox protein H90 [Apis mellifera] >emb|CAC06383.1| Antennapedia protein [Apis mellifera]
PREDICTED: homeotic

rolein antenna ia-like [Apis florea

Homeotic protein antennapedia [Acromyrmex echinatior]

| Max “ Total .‘ ﬂueryl

E

score score cover value
335 335 B9% 3e-109 65% EFN67244.1

331 331 89% 2e-107 62% XP_003700435.1
3256 325 B9% 4e-105 65% NP 001011571.1

313 313 89%

ﬁ..

Ident Accession

2e-100 63% XP_003691231.1

308 308 89% 1e88 61% EGI64366.1

& mmtorres

(1 2.200.0

n
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€& -~ C | blast.ncbi.nim.nih.gov/Blast.cgi#alnHdr_58585092 v @ B1 =
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(=)Descriptions
Sequences producing significant alignments: \ " & mmtorres
Select: All None Selected:0 ) 2,200,
Description ::::e ;::; f::: v:ue Ident Accession llﬂﬂ
| Homeotic protein antennapedia [Camponotus floridanus 336 335 B9% 3e-109 65% EFN67244.1
_ PREDICTED: homeotic protein antennapedia-like [Megachile rotundata] 331 331 B89% 2e-107 62% XP_003700435.1
.. homeobox protein HB0 [Apis mellifera] >emb|CAC06383.1| Antennapedia protein [Apis mellifera) 3256 325 89% 4e-105 65% NP 0010115714
| PREDICTED: homeotic protein antennapedia-like [Apis florea) 313 313 89% 2e-100 63% XP 003681231.1
| Homeotic protein antennapedia [Acromyrmex echinatior] 308 308 89% 1e88 61% EGIG4366.1
| PREDICTED: homeotic protein anlennapedia [Bombus terrestris] >ablADZ11103.1| antennapedia-like protein [Bombus tenn 307 307 46% 3e-898 84% XP_003402194.1
| PREDICTED: homeotic protein antennapedia-llke [Bombus impatiens] 307 307 46% 4e-88 B84% XP 003487458.1
_/ PREDICTED: LOW QUALITY PROTEIN: homeaotic protein antennapedia-ike [Apis dorsata] 300 300 B9% 2e85 61% XP 00686158251
_| antennapedia-like protein [Nasonia vitripennis] >gb|ACTE3883.1| Antennapedia-like protein [Nasonia vitripennis 286 286 B87% 6GeB0 63% NP 0011611641
_| Homeotic protein antennapedia [Harpeqnathos saltator] 231 231 39% 4de-70 B81% EFNBB930.1

| homeodomaln transcription factor Prothoraxless [Tribollum castaneum] >qb|EEZ89250.1] antennapedia [Tribolium castane 167 167 89% 7e-45 42% AAKI6031.1

hypothetical protein YOE 06892, partial [Dendroctonus ponderosae] >gb|ERL83082 1| hypothetical protein D910 10384, 156 156 70% 2e41 47% ENNT76593.1

_| prothoraxless [Tribolium castaneum] >gb|AAFE9136.1|AF228509 1 prothoraxless [Tribolium castaneum] 137 137 B88% Se-34 3B% NP 0010345051
| conserved hypothelical protein [Pediculus humanus corporis] >ablEEB13904.1| conserved hypothetical protein [Pediculus 127 127 53% 6e-30 46% XP 002426642.1
antennapedia-like proteinue protein [Danaus plexippus 122 122 B89% 1e-28 35% EHJ76618.1

| antennapedia homologue protein [Bombyx moril >db||BAA04087.1] Antennapedia homologue protein [Bombyx moril>gbl¢ 102 102 70% B8e-22 36% NP _001037318.1
AGAP004660-PA [Anopheles gambiae str. PEST] >gblAAC31945.1| Antennapedia homeotic protein [Anopheles gambiae] 93.6 936 73% 2e-18 35% XP 3116182

homeotic antennapedia protein [Culex quinguefasciatus] >gb|EDS27380.1] homeotic antennapedia protein [Culex quingu¢ 85.5 855 T3% 2e-15 33% XP 001842678.1

homeotic antennapedia protein, putative [Aedes aeqyplil >gb|EAT3B125.1] AAELD0S9947-PA [Aedes a ti B51 851 73% 2e-15 33% XP 001660496.1

PREDICTED: homeotic protein antennapedia-like isoform X3 [Ceratilis capitata B09 809 73% 8e14 33% XP 0045243441
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EDownload ~ GenPept Graphics ¥ Next « 'revioos & Descriptions & mmtorres
Homeotic protein antennapedia [Camponotus floridanus] a3, = ._ 2,200,0

Sequence ID: gb|EFNG7244.1| Length: 353 Number of Matches: 1

Related Information

Range 1: 1 to 329 GenPept Graphics

Score Expect Method Identities Positives Gaps
335 bits(860) 3e-109 Compositional matrix adjust. 225/347(65%) 247/347(71%) 24/347(6%)

n

Query 1 MSSYFANQFVPDLRNGGVEHPHOHQQHYGAAVOVPQOTOGMOOQPQOAADPCDPSLLROG 60
MSSYFAN ++PDLRNGGVEHPHQHQOHYGAAVQVPQOTQ +000 OOQA DPCDPSLLRQG

Shjct 1 MSSYFANSY I PDLRNGGVEHPHQHQQHYGAAVQVPQOTOSVOOOSQOQAGDPCDPSLIRQG 60

Query 61 VPGHHYGAT-AGQQGMPYPRFPPYDRMDIRNAAYYQOOOEHGGMDGMAGYRSSSPSSAMG 119
V HHYG T GQQ MPYPRFPPY+R+D+RNAAYYQ QQEHG MDGMAGYRS+SP+ +MG

Bbjct 61 VSAHHYGTTTGGOQDMPYPRFPFYNR I DMRNAAYYQHQOEHGSMDGMAGYRSTSPNPSMG 120

Query 120 GHMGHTPTPNGIPSTFIVYASCEKLOAAAVDHOGGVLDGPDSPDPLVESQMHHOMHPQHPH 179
GHMGHTPTPNG PSTPIVYASCELOAAAVDHQCG VLDGFDEP PLVESQMHHOMH QHPH
Sbjct 121 GHMGHTPTPNGHPSTPIVYASCRKLOAAAVDHOGSVLDGPDEP=-PLVESQMHHOMHSQHPH 179

Query 180 235

Ebjet 180 MOTQOSQHAQOOPOHOHLOQAQOOHMMYQODOSQTTSOOGRSAMHPOOQ00-TOOHOGVVA 238

Query 236 stmmsqrmqmﬁsmmsmzmﬂ 295
§ L QODGAPQ A +NLPSPLYPWMRSQF R+ R
sbjct 239 EELEWPQMEMEPLMW----------------R‘.'Eﬂ 282

Quary 296 VSNFSQQFQVTSLVVRSELRAEISQOTRVVSENE-KISFAFPPIILRRE 341
S + B R EI# ++E + KI F s o

Sbjct 283 TLELEKEFHFNRYLTRRRRIEIAHALCLTERQIKIWFQNRRMKWEEE 329

BlDownload ~ GenPept Graphics ¥ Next A Previous & Descriptions

PREDICTED: homeotic protein antennapedia-like [Megachile rotundata]
Sequence ID: ref|XP 003700435.1] Length: 352 Number of Matches: 1

Related Information

Range 1: 1 to 328 GenPept Graphics
Gene - associated gene details
Score Expect Mathod Idantities Positives Gaps

331 bits(848) 2e-107 Compositional matrix adjust. 214/346(62%) 232/346(67%) 23/346(6%)

Query 1 MSSYFANQFVPDLRNGGVEHPHQHQOHYGAAVOVPQQTOGMOOOPOOAADPCDPSLIRQG 60
MSSYFAN ++PDLRNGGVEHPHQHQOHYGAAVQVPQOTQ +Q00 QQA DPCDPSLLRQG

sbhjet 1 MSSYFANSY I PDLRNGGVEHPHQHQQHYGAAVQVPOOTOSVOOOSQQAGDPCDPSLLROG 60
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AL EGEN  Result Summary | Guide Tree :Phylngenetlc Tree Submission Details

Download Alignment File | Hide Colors Send to ClustalW2_Phylogeny

CLUSTAL 2.1 multiple sequence alignment

Antp Nvit MSSYFANSYIPDLRNGGVEHPHQHQOHYGAAVQVPOQQOAVOQQOPQOASDPCDPSMLRQG 60
Athros_putative seq MSSYFANQFVPDLRNGGVEHPHQHQQHYGAAVQVPQQTQOGMQQQPQQAADPCDPSLLROG 60
*******l==********#****t************* *-=*******=#*****=****
Antp Nvit VPGHHGYGAATGQQPGMPYPRFPPYDRMDIRNAAYYQQQQQEHGMD-MASYRASSPSAGM 119
Athros_putative segq VPGHH-YGATAGQQ-GMPYPRFPPYDRMDIRNAAYYQQQQEHGGMDGMAGYRSSSPSSAM 118

EXXFXH AT aHHT AXAXAAAAENTTAAANFIAIAA A IR Hxd Fw Fvswhwrws &

Antp Nvit AGLHMGHTPTPVNGHPASTPIVYASCELQAAAVDHQGSVLDGPDSP-FLVDAQMHHQMHP 178
Athros putative seq GG-HMGHTPTP-NGIP-STPIVYASCELOAAAVDHQGGVLDGPDSPDPLVESQMHHQMHP 175

yH HHAAATEXX AH K HAAAAAAXTAAAAAAAAAAFTANT FAAAAATT AR s x A AN hw

Antp Nvit QHTHMQAQQSHPQQQPQPQAPHQQOAHMQPQQOTQQOHMMYQQQTQ-~PQOPQPAAMHPQQQ 236
Athros putative seg QHPHMQAQQ-~—~—~=~ PPLQQHQQHHQ——~—QQQHHHYQQQQQGTTQQQQQATHHPQQQ 223
**_****** :-* *E AAEFEFTETTEEER * SR * ks ******
Antp Nvit AQQQ—DHQG??HEPLEQQQPGTPQEHAPTHLPEPEEEEEE@QFEREHGR ——————————— 284
Athros putative seg QQPPPQHQGVVTSPLGPQQQGAPQGTAGANLPSPLYPWMRSQFARQFERSWILPNESHLE 283
* **#***:**** #* & ﬁ':*'ﬁ.‘.:* :******#***t*** 'Jr: 3
Antp Nvit 0 e QTYTRYQTLELEKEFHFNRYLTRRRRIEIAHALCLTE ~— ==~ =m—mmm e RQIK 325
Athros putative seq IGAKVGGLRLYTVSNFSQQFQVTSLVVRSLRAEISQTRVVSENEKISFAFPPIILRREIV 343
® . 1l.03%5.. W % ¥Wigg sLw wiw
Antp Nvit IWFQNRRMEKWKKETKTKGEPNSGDGDTDISPQTSPQG 362
Athros_putative seq IGAKEKVLSISRVSIRPGLTLSGKSFTSFYEPENTSG 380
& w - w a %* % k = *

@ .
E B & E & L] [ R W O E

PLEASE NOTE: Showing colors on large alignments is slow.
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AL EGEN  Result Summary | Guide Tree :Phylngenetlc Tree Submission Details

Download Alignment File | Hide Colors Send to ClustalW2_Phylogeny

CLUSTAL 2.1 multiple sequence alignment

Antp Nvit MSSYFANSYIPDLRNGGVEHPHQHQOHYGAAVQVPOQQOAVOQQOPQOASDPCDPSMLRQG 60
Athros_putative seq MSSYFANQFVPDLRNGGVEHPHQHQQHYGAAVQVPQQTQOGMQQQPQQAADPCDPSLLROG 60
*******l==********#****t************* *-=*******=#*****=****
Antp Nvit VPGHHGYGAATGQQPGMPYPRFPPYDRMDIRNAAYYQQQQQEHGMD-MASYRASSPSAGM 119
Athros_putative segq VPGHH-YGATAGQQ-GMPYPRFPPYDRMDIRNAAYYQQQQEHGGMDGMAGYRSSSPSSAM 118

EXXFXH AT aHHT AXAXAAAAENTTAAANFIAIAA A IR Hxd Fw Fvswhwrws &

Antp Nvit AGLHMGHTPTPVNGHPASTPIVYASCELQAAAVDHQGSVLDGPDSP-FLVDAQMHHQMHP 178
Athros putative seq GG-HMGHTPTP-NGIP-STPIVYASCELOAAAVDHQGGVLDGPDSPDPLVESQMHHQMHP 175

yH HHAAATEXX AH K HAAAAAAXTAAAAAAAAAAFTANT FAAAAATT AR s x A AN hw

Bntp_ﬂvit QHTHMQAQQSHPQQQOPQPQAPHQQAHMOQPOQTQOQOHMMYQQOTQ--PQQPQPAAMHPQOO 236
ﬂthrus_putative_ﬂeq QHPHMOQAQD—- - ===~ PPLQQHDQHHQ——~—QQQHHHYDQQQQGTTQQQQQBTHHPQQQ 223
**_****** :-* # & A ATk ®t * SR * ks ******
ﬂntp_ﬂvit AQOQ-QHQGVVASPLGOQQOPGTPOSAAPTNLPSPLYPWMRSQFERERGR-~-—===—==—=== 284
Bthruﬂ_putﬂtive_ﬂeq QQPPPQHOGVVT SPLGPOOOGAPOQGTAGANLPSPLYPWMRSQFARQFERSWILPNESHLE 283
*x **#***:**** % #:'th_:* :**t***#***t*** t: o
Bntp_ﬂvit ————— QTYTRYQTIAAAN SAG I 148N SRRRIEIAHALCLTE ~ === = o e o RQIK 325
hth:us_putative_seq IGAKVGGLRLYTVSNFSQQFQVTSLVVRSLRAEISQTRVVSENEKISFAFPPIILRREIV 343
" . FTL13WELn Ba™ * ®¥Wiig R 3w *iw
hntp_ﬂvit IWFQNRERMEWEEETETEGEPNSGDGDTDISPQTSPOQG 362
Lthrus_putative_seq IGAKEEVLSISRVSIRPGLTLSGESFTSFYEPENTSG 380
e & & w : * % * - *

@ .
E B & E & L] [ R W O E

PLEASE NOTE: Showing colors on large alignments is slow.
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