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e Qverview
1) Search > Puinch':‘Iant Data
2) Genomes » Analysis Tools for
3) Pathways Your Data

 Educational resources

* Exercises

Genomes

Reference sequence assemblies &
comparative genomics (synteny,
WGAS)

Gene annotations & gene-centered
phylogenetic data (gene family trees,
orthologs/paralogs)

Genetic & structural variation (SNP's,
EMS-mutants, indels)

Download data (browser, Mart, FTP) &
graphs (browser)



Upload & analyze your own data - Tools
(assembly/ID converter, etc.)

Pathways
Pathway browser
Omics analysis

Species comparison

Expression

ATLAS widget (genome browser &
pathways views)

Videotutorials in the Gramene
YouTube channel:
https://goo.gl/In9RLD

Use case: Explore functional variants
In cle18
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© Current Release (51)
o Search

o Genomes

o Pathways

o BLAST

© Gramene Mart

» News

© Archive (Build 39)

o Download

o Web Services

o Contact

o Mailing list

© Related genome browsers
o Tools

Recent blog posts

* Branching out at CSHL:
adding plant genomics to
statistics and math as an
URP*

* Highlights of the 2016
SolGenomics Network
meeting

o Highlights of the 2016 GODAN
Summit

* Updates to Gramene's Search

Gramene: A comparative resource for plants

g

I Ger!es l Pathways
Gramene is a curated, open-source, integrated data resource for comparative functional genomics in
crops and model plant species. Our goal is to facilitate the study of cross-species comparisons using
information generated from projects supported by public funds. Gramene currently hosts annotated
whole genomes in over two dozen plant species and partial assemblies for almost a dozen wild rice
species in the Ensembl browser, genetic and physical maps with genes, ESTs and QTLs locations,

genetic diversity data sets, structure-function analysis of proteins, plant pathways databases (BioCyc
and Plant Reactome platforms), and descriptions of phenotypic traits and mutations.

Gramene Portals

« Genome Browser: Browse gene annotations & diversity data
* PlantR : Browse metabolic & regulatory pathways

* Bulk downloads

« Gramene Mart: Customized data queries

* BLAST: Align DNA & protein sequences

Search entry points

1) General Search => search.gramene.org
2) Genome Browser (ensembl style)
3) Plant Reactome (reactome style)
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# Gramene

<Define Gramene>

The Gramene project encompasses a set of best-in-class software tools
that specialize in subsets of functionality.

Most significantly:

» Ensembl for Genomes, Gene Annotations and Comparative

Genomics

+ Plant Reactome for Pathways and Metabolic networks

And also:

» ATLAS for expression data in both, genomic and gene network

context



2.5 Month Coordinated Release Cycle

( Data Acquisition & Preparation
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Data preparation is a continuous process. ~2 months before a release,
genomes to be released or updated are frozen

We use EBI's Ensembl pipelines and schema to build or update

genomes and the Reactome platform to curate and portrait
pathways.



51 major data & software releases

www.gramene.org * We are the major data providers for
cereal crop plants in Asia

LT

2007-2015
Gramene BiealGenomies Course |

Other individuals/projects accessing Gramene using web services (API)
not included in these counts

We get more hits from Asia because folks in Asia access Gramene primarily, because
there is no good alternative. We are the major data providers for cereal crop plants.

Pie chart: Top Countries - Visits% January 2016 — June 2016 by Google
Analytics

Mapmundi 2007-2015



<& sol genomics network T ;!lf- sadnana 'C};_)i[o).p @ | - [IL;,
4 £,

Y i acao Genome Database T
\ ta’r » Arizona Genomics Insuge
) WANTERNATIONAL
GEl I,@"l",lfﬂ’f‘. " ARLEY AG.
i & QUENCING
! [§ONSORTIUM

(
CRIBI Genomics 7& o ES J

| f B (=
Brachypodium.org -

J. Craig Venter-
Amborella

International
mheaf Genome

Sequencing mGI ZeGDB

- MAIZE GENETIC
%r Consortium

(,cnomeProuc A e

Gramene

Genomics Course

We owe this resource to the many publicly funded genome projects.
Gramene has aggregated these data to develop a resource in which the
whole is greater than the sum of its parts.
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Ensembl -

core q Ensembl Ensembl :

variation web server
compara [T~ Biomart
biomart

Plant Reactome Reactome < Plant
pathways B web server " M\, Reactome Reactome :
reactions :

LGramene il 2016 CSHL Cereal Genomics Course

When you think about the architecture of these tools, you see siloes
databases, services and user interfaces.

We have been working to build a data warehouse that combines these data
and makes them searchable together.
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Gramene Features
Suggesticns Visualization Gene view
SLGGested 1rMs A provided as you Soe the distrution of resuits across al Concise view ai fomration
type genomes about a gene
Gramene Port ' —
Gram e —
Plant Eor Example
You can use 10 ask sophisticated questions about the ¥ of our databases conceming crop and moded plant genomes:
I'l’m BLAS, e e
litH uery
(k|
&E Outreach and Training \L Bulk Downloads
00O ¢ o8 and wet S ——
[alala) Ll
Archive
SRAMEN .
SRANERR http://search.gramene.org
Gramene

Joe now at New York Genome Center & we’re hiring!

Comparative genomics search interface built on top of
data.gramene.org

We call it search but it does a lot more... Filtering

Goals

to enable complex questions to be asked of gramene's
COMPARATIVE dataset *simply*

to encourage the asking of relatively broad questions and gaining
meaningful insights for large result sets

to encorporate all gramene’s datasets with those of relevant third
parties

Key features of this application:
* Suggestions
* Filters

10



* Visualization

10



http://search.gramene.org

° 00ne8 In 44 Gnomes =

Gramene
Tor

ramene
G PLANT REACTOME

INTERPRO

Gramene Porl =

Gramene

Gramene General Search — user redirected to => search.gramene.org

Focused search engines:

1) Genomes Browser
2) Plant Reactome

at search.gramene.org

Start typing jasmonic acid signaling
Suggested filters appear grouped by category, with top scoring matches
displayed first



Gramene hd

JAR1 A12G46370 Arat oo s emcrate emie shease it 2 momb of o

Auxin-responsive GH3 family protein

GH3.3 JAR1
Jasmonic ac MTROrC SO AT SyTe

Gramene _ TS—--S

Note the selected suggestion becomes displayed below the search box,
numbers in the search status area are updated

Taxagenomic distribution shows species tree (based on ncbi taxonomy)
Count of genes in each species

Linear view of each genome — color by chromosome. Unanchored
portions of a genome are gray and don’t show the position of search
results

Below is a list view — arabidopsis results appear first because they tend
to be best annotated

Non-arabidopsis genes have a model species homolog to provide some
hints of annotation to a gene

12



Gramene © 81 gwwsin33gmomes~

Encodes & jasmonate-amido synhetase that s & memter of e
GO tamly of protene. JAY Catalyzes the formation of &
.

The location view shows a lightweight genome browser that lets you
see the annotated gene structure.

You can scroll and zoom in/out

Gramene sal Genomics Course
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# Gramene

# Gramene PR P ree—

TAU Gurated Deacrioten
JAR1 AT2G46370 Arabidopsis thaliana Encoces 8 asrmonate-amd synihetzse that i & memter of e
GHO farty o proteina. JARY catayzen the fermaion of &
Auin-responsive GH3 famiy protein it iyl L
m Homology  X-refs
ion: Cl 2:19033741-1
Currently viewing: 2-10034302- 19034353
Reset
Q| = r— R}

Zoom to 100bp zoom level to see splice acceptor sequence and start

codon

14
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The ensembl gene page (for a different gene in the jasmonic signaling
pathway)

15



ensembl.gramene.org
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I'( Gramene

Click Gene expression in the sidebar

This expression atlas view widget is something we’d like to incorporate
into the gramene search results
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Same data at the pathway level available from Plant Reactome
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Compara Gene Tree

This phylogram shows the relationships between this genes and others similar to it, as determined by Ersembl Compara

Gene Tree
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Search Gramene Links 50 other sesowoss Shaved by all 7 genes in this clace.
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Click on “Show
[Homolog type]”

Popover on an InterPro domain shows how many genes in the gene
tree are annotated with this domain, and for collapsed clades it shows
the number of genes in the clade with the domain

Click on Show All Homologs to update the search filter.
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If you change the genomes you are searching to just rice and
Arabidopsis, the search results are filtered down to the 36 rice and
Arabidopsis genes in the gene family.

This special filter also prunes the species tree and gene tree views to
hide branches that don’t lead to Arabidopsis or rice.

It is now tractable to visualize the evolutionary relationships between a
pair of species.

19
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Search beta
testers wanted!

Sign up at gramene.org/beta
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Is this useful information? What other type of info would you like to see
in an inset?

20
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Progress in Plant Genomics

100 published genomes

Pine
100 Barley 3000 » Declining cost
===Cumulative genomes Wheat . . o

& g = = Genome size-average (Mb) Potato _ 2500 = ¢ DeC“nlng quallty
§ Tomato/ & s
= ( 2000 & Gt
2 Soybeanl, @ Variation data
o .
- Sorghum | = § Expression
@ Maize ! 5 - -
g w0 Poplar A oo © Epigenetics

o0 o
g Rice Grape N S ENCODE-like
3 H 2 >
C 20 Arablfj_cip_s'ls’ et s0 T projects

QTL & GWAS

0 0

g Q ) N %) D
IO SR I I Phenotype data
Year

Graph drawn by Josh Stein. Data from Michael & VanBuren (2015) COPB

See also J Schnable’s compilation:

https://genomevolution.org/wiki/index.php/Sequenced_plant_genomes
Gramene nics Course

Progress in Plant Genomics

Gramene to the rescue

Over 100 published genomes
[https://genomevolution.org/wiki/index.p
hp/Sequenced_plant_genomes by J
Schnable]

Subset in COPB table by Michael &
VanBuren (2015):

» 63% crops

> 76% dicots, 19% monocots & 5%
lower plants

22



Oryza sativa japonica

Oryza rufipogon
Oryza sativa indica EnsemblPlants
g liﬂlene Oryza nivara

Oryza glabernma

Build 51 P Build 32

Oryza

Oryza

Otyza longistaminata

Oryza punctata

Oryza

Learsia permien Y Bread wheat

1|

]

44 Species e T TeAon

Asglops tauschii

* 21 monocots { o wigue
[ ZOAMAYS  se—

* 15 dicots
Setaria italica fG
* 1 basal plant ' s RefGen v

Arabidopsis lyrata
Arabuwdopsis thallana
C 7 |OW€|' plants Brassica oleracea
_— Brassica rapa *
Brassica napus

Theobroma cacao

Glycine max
—E Trifolium pratense *
Medicago truncatula

— DTS PETSICA
* New Populus
Vites vindera

* Updated ————

Beta vulgars subsp. vulgars *

sogumbicdor e Maize B73

P patens
~ 5

CCES901

o
[ Chondrus crispus

E Galdieria sulphuraria *
Cyanlidioschyzon merolae
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Gramene: A comparative resource for plants

‘ Pathways

Gramene is a curated, open-source, integrated data resource for comparative functional genomics in
crops and model plant species. Our goal is to facilitate the study of cross-species comparisons using
information generated from projects supported by public funds. Gramene currently hosts annotated
whole genomes in over two dozen plant species and partial assemblies for almost a dozen wild rice
species in the Ensembl browser, genetic and physical maps with genes, ESTs and QTLs locations,
genetic diversity data sets, structure-function analysis of proteins, plant pathways databases (BioCyc
and Plant Reactome platforms), and descriptions of phenotypic traits and mutations.

Gramene Portals

Browse gene annotations & diversity data
Browse metabolic & regulatory pathways

* Bulk downloads
« Gramene Mart: Customized data queries
* BLAST: Align DNA & protein sequences

How to access Gramene’s Genome Browser

Entry points

1) General Search =>

2) Genomes

24
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Logn/Register
,c"ﬁl"?m‘ BLAST BoMat Tools Downioads Holp Feodback UpioadData Search afl species. . Q|
Search: Al sgecies B o | New Maize B73 and Gene
0.9. Carboxy* or chx28 An enfirely new assembly of ?he maize gencme (B73 RelGen_v4) was constructed from PacBio

Single Molecule Real-Time (SMRT) sequencing a1 approximately 60-lokd coverage and scatioided
with the aid of a high-resolution whaie-gencme restriction (optical) mapping. The
of maize B73 RelGen_v4 were assembled nearty end-10-0nd, ropresenting a 52-fokl improvement in

Popular genomes average contiy size relative 10 the previous reference (B73 RetGen_va),
Arabidopsis thaliana Genes were annotated with the Maker pipeiine (Campbell ef al, 2014) using 111,000 transcripts
. AR obtained by single-mokecule sequencing. These long-read iso-Seq data (Wang ef al, 2016)
improved annotation of alemative spicing, more than doubling the number of alternative transcripts
from 1.5 1o 3.8 per gene, thereby Impraving our knowedge of gene structure and transcript variation,
Triticum sestivum resuiting in substantial Improvements inCluding r050ved gaps and MSassembdIes, COMECions 10
TaACY strand, consalidation of gene models, and anchoring of unanchored genes.
Gene annotation was performed in the laboratory of Doreen Ware (CSHUUSDA). Protein-coding
genes were idernified using MAKER-P software version 3.1 (Campbell of a, 2014) with the following
~ Zoa mays transcrigt evidence: 111,151 PacBio 10-Seq long-reads from 6 tissues (Wang of a, 201€), 69,163
AaPv full-length cONAs deposited in Genbank (Alexandrov of al, 2008; Soderund ef al 2009), 1,574,442
leywvmﬂmw B73 RNA-Seq experiments (Law of al, 2015), and 112,963
of & B73 seeding (Martin ef ai, 2014). Additional
& Log in 1o customize this kst mmmmmm&vﬁmm Oryza satva, Setaria kakca,
Al and from Ensembl Plants Release 20
genomes (Oct-2015). Gene caling was assisted by Augustus (Keller of al 2011) and FGENESH (Salamov &
- Select a species -« B Solavyev, 2000) trained on maize and Monocats, respectively. Low-confidence gene calls were
finerec on the basis of an Annotation Edit Distance (AED) score and other criteria and are viewable
as a separate irack. In the end, the higher confidence set (called Sltered gene set) has 30,324
Viow il kst of ail Ensembi Parts species protein coding genes. Gene annotations from B73 RetGen_va were mapped 10 the new assembly
and ar also avaliabie as a separate tack. In addition, 2,532 long non-coding ANA (INCANA) genes
were mapped and annotated from prior studes (Ui of al 2014; Wang of al, 2016), while 2,200 tANA
What's New in Release 51 mmmmwwmmszmum 1997), and 154 MiIANA genes mapped
* New genomes New Bread Wheat Genome Assembly
* Bota vulgaris (sLoar beet)
. mos) A new genome assembly of Thicum aestiviam cv. Chinese Spring is now availadle in Gramene and
Brassica napus (lsoed | Ensembi Plants. The assembly (TGACV1) and ifs accompanying annotation was produced by the
.
Trifofum pratense (red clover)

Earham Instiute £, formerly The Centre for Genome Analysis (TGAC), as part of the Triicese
Genomics for Sustainable Agriculture# project.

The assembly has a scaffold NSO of 88 Kbp and a total length of 13.4 Gbp In contigs greater than
500 bp (read more). The gene model annotation consists of 217,907 loci and 273,739 transcripts. A
1ntal of 104 0 rentain coding aanas (154 798 trasacsinta) And 10 158 e NEANAS haun hawa

« Translor of two Rhodopiyta genomes from Ensembl
Protists, GaiSeria sulphurana and Chondrus crispus

* Updated software

M Gramene

HL Cereal Genomics Course

Gramene & Ensembl Plants shared interface

http://ensembl.gramene.org

http://plants.ensembl.org
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Genome Browsers
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* Gene prediction

Variation A

) * EST Alignment
Ontologies
Repeats & transposable elements \_ J

Regulatory & Epigenetic marks




GFF

i Iy 1| * Methylome (Ecker) BAM
l « Uploaded from an URL Ver
v |- L Ii] + BED file format bedGraph
¥ 1 L1 Gbrowse
U PSL
(‘U WIG
- ;:--"-:_”"": ------------ GTF
|_ ________________________ - BigBed
: \ BigWi
E ol bl clon b Sk T-DNANNES s
O |&. =sr—=SmwwSr=""—r"""| . Uploaded from my laptop
£ = e by s o GFF file format
3 . w z
O
N®) ST wer o RNA-seq
© T pm § " |+ Uploaded from iPlant URL
< e g |« BAM alignment file
I( Gramene = L enomics Course
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Navigating Browsers

fgmmefw BLAST BioMat Tools Downloads Help Feedback
Oryza sativa Japonica v Location:

Variation displays
I~ Explore this variation
= Genomic contaxt
|~ Genes and regulation (7)
Flanking sequence
I~ Genotype frequency
I+ Individual genctypes (11)
- Unikage disequiibrium

I Phiylogenetic Comext
I~ Citations

- External Data

£ Configure this page
4 Export data

1:8,001-18000  Gene: C

3| Varlation: ENSVOSA00000001 |

ENSVOSA00000001 sne

Original source

Alletes
Location
Synonyms
HGVS name

Genes and regulation @

A collection of SNPs produced by the BGI based on comparison of the Indica and Japonica genomes, Yu et al. (2008)

(refease 129) | [View in Indica vs. Japonica]

TN

Chromosome 1:14147 (forward strand) | View in location tab
OryzaSNP TBGI000006

None

Gene and Transcript consequences

Bookmark this E
Gene Transcript (strand)  Allole Consequence Position Position  Position  Amino  Codons  Detall
< Share this page 4 (transcrip & Type . In in CDS In ackd
ranseript protin
C 0S01T0 01(+) N | Coding 1335 1282 a8 - TTANTA  Show
iotype: prosen_codng ~
Gramene is produced in variant
collaboration with Ensembl Plants C 0501 00() N 1 gene . N R . s
botype: promn_codeg N variant
C 0S01TO 001() N ] pene - . - - Show
Sotype: ~ variant
050160100500 0S01T0100500-01 (+) N | Upstream gene - - - - B Show
Biotype: proten_codng ~ variant
EPIO EPIO: IN | Downstreamn - - - - Show
3 © ~ gene variant
biotype: ncANA
LGramene 6 CSHL Cereal Genomics C
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Location:  2.45809642-45885359 [ o |

Configuring Browser View

CURR I
1<
1> <

4600 M8 w0V

Gene: \H

GA<EEED

Mouse over track name
/ ~ == & configure symbol =

Click on
“Configure this
image” symbol -

b s
073 oG e ER GGt
-g-tl A

1
.53 03,56 _covernge

b3 o6 anernce [NTTRoR
- @ B £ K X

fgl'amme

o Mok bl i &

[oNa
ST Quter (Maze)  Change irack style:
MAXER-P genes [Jon
)
| Gramene gene. @‘Nw-w raum::;o-n.n_ral >
preten coor
—— ] Gradieot AC210625.3
TANA iQOments 3] Pvalue
E
~amene gene < GRMZM2G105542_To1
Trotein ceding proten coding
- "
< LOXS < GRMZM2G1056¢8_T01
coding oten codng
MAKER-P genes Gaia's -
EST Quster (Maam) — - =
HapMap2 L 1110 [ DR l:lllll SNUDTERII B -] N DISRRRRINIEE 1 (LR RN LT ]
Panzea 2.7
P — -, LY SN » VIO E—— e e

Collaboration with

Ensembl Genomes (Paul Kersey)

6 CSHL Cereal Genomics Course
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Comparative Phylogenomics

Reconstructing evolutionary histories

Whole Genome DNA Alignment

+ Pairwise alignments _ TN
* B/LASTZ-CHAIN-NET method i LT R >

Phylogenetic Gene Trees |
« Infers orthologs and paralogs R
« Taxonomic dating ' ——

 dN, dS, dN/dS . i —
« Oryza-centered trees ——l

Vilella A.)., et al, (2008). Genome Res, doi:10.1101/gr.073585,107
Schwartz S et al., Genome Res,;13(1):103-7, Kent W) et al., Proc Natl Acad Scl USA,, 2003;100(20):11484-9

[ -/ ensembl f p _method html |

Llanene




Exporting Images & Data

590Mb

SI003928M.G >
-
SI003116M G >

< S1000884M.G

Soomo ToonD TSm0 T5iho
48.67 kb
Iqrn»
% EnsEMBL_Web_Component_Location_MultiBottom-Oryza_
Region: chromosome:JGIv2.0:5:5868186:5916853:1
scaffolod_5:5800001..5900000 Ensembl Contig 1 31815 . + . id=scaffold_5:580000
scaffold_5:5900001..6000000 Ensembl Contig 31816 18668 . + . id=scaffold_ 000"
5 Ensenbl Exon 5868120 5868305 . gene_1d=51000098m.g; gene_name=SI1000092M.G;
exon_id=51000890n.exon3; gene_type=NOVEL | prolesn :od&ng
5 Ensenbl Exon 5868650 5868757 . + gene_id=S g9: gene_name=S. G;
exon_id=51000890n.exond; gene_type=NOVEL_| protein :ndinq
Ensenbl Exon 5869304 5869504 . gene_1id=51000090m.g; gene_name=510000950M.6G;
- exon_id=51000890n.exon5; gene_! type-nwtl.Jrotun (odxng
0S01G010: 5 Ensenbl Exon 5869585 5871677 . 2 gene_id 9; gene_names: G;
exon_10=51000890n.exonb; gene_type=NOVEL_| protun coding
Ensenbl Exon 5871920 5872919 . 1 gene_id=S 9i gene_name=S. G;
< 0501G0103400_ exon_id=S1808090n.exon7; gene_type=NOVEL prntem :odlng
5 Ensenbl Exon 5873224 5873292 . gene_id=5i003928m.9; gene_name=SI003928M.G;
< 0501Go1036 exon_id=5i003928n.exonl; gene_type=NOVEL prolesu :oding

< LOC_Os0190} 5 Ensenbl Exon 5873415 5873582 . 1 gene_1d=51003928m.9; gene_name=5SI1003928M.6;
cxon_xd-sxﬂsnll exon2; -NW(I.Jrotﬂn_coding i

>SHL Cereal Genomics Course
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Exporting Images & Data

GO TR
- Genomic alignmerts (text) eeeeerqerr
= Gene tree (image) 3

FE4IAF
9TATZBASD.1_Taes
(Traes_3DS_B754A8! Taes
EMT27641_Atau_:0):0.0149):0

.009
0.03

Newick tree format

NL4 1485.1 .028%)

ORGLA01G0002400.1_of
0B01G10260.1_Obra_
({ ¢ (GRMZM2G049952_
26352042_P01_24
GRMZIM2G408294_PO1_2
Sb03g008910.1_Sbic_|

(fgenesk
AET04914

Solye03gl
(EFJ22762

Gramene release 40 - Jan 2

KDIENSL QASLLK---I
SMDANNST ETSISKVFOT

Multiple & pairwise
alignments

fgmmw 2016 CSHL Cereal Genomics Course

LEQCLLHLANLYAAIPSAD-LPDRLALCYVEPAA-
QS FLKLGNLH, TORIGLCY.
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Browse Homoeologous Regions
From Ancient Polyploidy

) Sorghum ) Grapevine
Maize Maize Poplar Poplar
Oryza sativa genes Location Zea mays homologues “Location
050160120500 (0S01G0120500) 1;1160168-1164619 - Zm00001d008499 (ZmO00010008499)  8:10458582-10460554 Region Comparison
0S01G0120600 (0S01G0120600) 1:1165737-1168396 - Zm000014039519 (Zm000016039519)  3.6563954-6567416 Region Comparison
0S01G0120700 (0S01G0120700) 1:1168737-1171126 - Zm00001d040118 (ZmO0001A040118)  328238999-28239742 Region Comparison
- Zm00001d008500 (ZmO00013008500)  8:10485507-10486334 Region Comparison
0S01G0120800 (OS01GO120800) 1:1171902-1179370 - Zm00001d039518 (ZMO00010039518)  3.6553963-6562166 Region Comparison
- Zm00001d008788 (ZMmO00010008788)  8:20196084-20206557 Region Comparison
0850160121000 (0S01G0121000) 1:1181317-1182147 - Zm00001d040120 (ZMm000010040120)  328257656-28258249 Region Comparison
- Zm00001d040057 (ZMmO00010040057)  3:25371011-25371619 Region Comparison
- ZmD0001d008S01 (ZMO00014008501)  8:10522697-10523299 Region Comparison
080160121100 (0S01G0121100) 1:1183466-1186699 - Zm00001d008502 (ZMmO00010008502)  8:10651967-10655029 Region Comparison
0501G0121200 (0S01G0121200) 1:1186667-1191013 - Zm00001d008503 (Zm000013008503)  8:10655716-10659597 Region Comparison
0801G0121300 (0S01G0121300) 1:1198687-1203502 - Zm00001d040056 (ZmO00013040056)  3:25353066-25358271 Region Comparison
0850160121400 (0S01G0121400) 1:1198958-1203465 No homologues
W

Gramene ereal Genomics Course

Synteny is based on Compara gene trees

http://ensembl.gramene.org/Vitis_vinifera/Location/Synteny?otherspecies=P
opulus_trichocarpa&r=13%3A1-1000

http://ensembl.gramene.org/Sorghum_bicolor/Location/Synteny?otherspecie
s=Zea_mays&r=4%3A1-1000

http://ensembl.gramene.org/Oryza_sativa/Location/Synteny?db=core&r=1%3
A1160000-1231000&g=0S01G0120500&t=0S01T0120500-
01&otherspecies=Zea_mays



* SNPs & Structural Variants .

* Natural & EMS-induced ’”“ (e

EPITAEVO0010568 s

* Interhomoelogous variants e
(wheat A, B, D genomes, barley E o=
& brachy)

Gramene

Single-nucleotide level vs SVs = range from tens to millions of base

pairs in size and include insertions, deletions, inversions, translocations
and CNPs

Inter-homoeologous variants. Reported as seq diffs where 1-to-1
homoeology btw bread wheat component genomes. 1st computed
using Compara pipeline 4 detecting protein orthology, then parsing
supporting WGAs to find nt seq diffs

EMS-induced: a premature STOP codon introduced in Sb03g028120
(ems =ethyl methanesulfonate)

http://ensembl.gramene.org/Triticum_aestivum/Variation/Explore?r=4B:
75937031-75938031;v=EPITAEV00010568;vdb=variation;vf=6737904

http://ensembl.gramene.org/Sorghum_bicolor/Variation/Explore?db=cor
e;0=Sb039028120;r=3:55892797-
55900180;source=Sorghum_EMS_mutants;t=Sb039g028120.1;v=tmp_3
55893324 _G_A;vdb=variation;vf=7315833

As part of the wheat genome analysis, we have aligned a set of Triticum
aestivum (bread wheat) homoeologous SNPs (SNPs between the
component A, B, and D genomes of wheat) against the Brachypodium
distachyon genome. SNPs have been classified into two groups, 1)
SNPs that differ between the A and D genomes (where the B genome is

35



unknown) and, 2) SNPs that are the same between the A and D genomes, but
differ in B (Brencheley et al, 2012).

The wheat sequence alignments and the projected homoeologous SNPs are
available as tracks under the "Wheat SNPs and alignments" section of the
"Configure This page" menu

Seq alignments for barley & brachy

35



- — 419
CAL=TS ALy T 150 T 15
Varianons L [ 1 i I [ 11 I L
T 0 T AT T 15 e,
419k
ENSVATH00125659 sne =
Vari |
Original source Variation features from Afty_250k, Perlegen_1M, WTCHG and 1001 Genomes, with Ensembl identifiers —i
Alleles AT Ambiguity code: W o0
Arg Location Chromosome 1:24628699 (forward strand) | View in location tab
At Most severe consequence ] | See all predicted cONSEQUENCES (Genes and reguiatcn)
Stop gained
ar. Synonyms Perlegen PERL0223135
" HGVS names This variant has 3 HGVS names - Show &
»r. About this variant This variant overiaps 2 transcripts and is associated with 2 phenotypes.
Genotype frequency @
Frequency data (7) =
s
syp Population Allele: frequency (count) Genotype: frequency (count)
1001 A:0.859 (410) T:0.141 (410) AIA: 0.859 (410) TIT: 0.141 (410)
AFFY_250k A:0.881(1179) T:0.119(1179) AIA: 0.881 (1179) TIT: 0.119 (1179) -
Cao A:0.963 (80) T:0.037 (80) AIA: 0.963 (80) TIT: 0.037 (80)
Nordborg A:0.778 (180) T:0.222 (180) AIA: 0.778 (180) TIT: 0.222 (180)
vai PERL_IM A: 0.900 (20) T:0.100 (20) AJA: 0.900 (20) TIT: 0.100 (20)
Sak A:0909(132)  T:0.091(132) AIA: 0.909 (132) TIT: 0.091 (132)
WTCHG A:0.833 (18) T:0.167 (18) AJA: 0.833 (18) TIT: 0.167 (18)
. 3 prime UTR vanant R learon variant
Gramene al Genomics Course

http://ensembl.gramene.org/Zea_mays/Transcript/Variation_Transcript/I|
mage?db=core;g=Zm00001d003533;r=2:47104443-
47110654;t=Z2m00001d003533_T001

To get the color coded sequence alignment (if available for this region
against desired species — not available for example region between
maize and sorghum):

Go to Location tab -> Select Alignments (text) -> “Configure this page”
- “Show variants” (to color code variants)

To get more data on a particular variant, go to the Transcript tab ->
Select Variant Table -> Select SNP of interest (e.g., one with stop
gained or affecting a splice junction)

http://ensembl.gramene.org/Zea_mays/Transcript/Variation_Transcript/
Table?db=core;g=Zm00001d003533;r=2:47104443-
47110654;t=Zm00001d003533_T001
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http://ensembl.gramene.org/Zea_mays/Variation/Explore?db=core;g=Zm00001

d003533;r=2:47104443-
47110654;t=Zm00001d003533_T001;v=PZE0245647646;vdb=variation;vf=869

4234
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Variation Data

445K SNPs in
16,718 lines

Arabidopsis —1001 Genomes (3 studies), Horton et al , BB
collaboration, Atwell et al (phenotypes)

[0}
Maize — HapMap 1 & 2 (Gore et al & Chia et al), Panzea 2.7 GBS
Wheat — HapMap (Jordan et al), CerealsDB, Inter-homeologous

Rice [Oryza sativa Japonica & |g :
barthii] - dbSNP (Yu et af), Mg IETNESNESIR
3000 Genomes IRRI (coming @ 84 lines

* Tomato — 100 Tomato Gen&’n Seque

Brachypodium — B. sylvaticum (Fox et al)

&tula, O. glaberrima, O.
, Duitama et al (b50) &

ng Consortium et al

Barley — Barley Consortium, Mascher et al, Comadran et al
Sorghum — Morris et al, Mace et al, Xin et al [EMS]
Grapevine — USDA germplasm collection (Myles et al)

Over 230M plant SNPs
Gramene .

A. Thaliana ~1,600 strains. Phenotype data added from a GWAS study
of 107 phenotypes in 95 inbred lines by Atwell et al

Maize HapMap2 — 55M SNPs & x 103 pre-domesticated and
domesticated varieties

Panzea 2.7 GBS - 719,472 SNPs x 16,718 maize and teosinte lines,
grouped in 14 overlapping populations

27,869,011 OS japonica SNPs in EG31

Duitama set consisted of 26,012,124 SNPs in 104 lines (exclude chrM,
C, Sy & Un)

USDA grape collection: 17 strains

Wheat homoeologous SNPs: >10M variant features (insertions,
deletions and substitutions) identified. 1-to-1 homoeology relationship
between genes on the different bread wheat component genomes

Computed using 1) Compara pipeline for detecting protein orthology,

37



and 2) supporting WGAs to find sequence diffs at the nucleotide level

http://www.vegkitchen.com/tips/cooking-with-whole-grains/attachment/ge-rice-
threatens-biodiversity/

37



Ensembl Diversity Databases

* Loaded using standard VCF & metadata files

» Each SNP/Variant allele assigned stable id
* Obtain individual genotypes & population frequencies
* Variant Effect Prediction (VEP)

» Classifies SNPs based on predicted effect on transcript
using Sequence Ontology (SO) terms => Controlled
vocabulary & standards support complex data mining

llntron variant
Imlssense variant
Isynonymous variant

sto ined
Example VEP SO classifications |stop jost

splice_donor_variant
Isplice acceptor_variant
|Inltlator codon_variant
lstop retained_variant

Lpanene
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BioMart
Complex custom queries to mine data: - — -
« InterPro Use case: Find transcription factors having
“stop_gained” alleles
* GO
* VEP
* Orthologs/Paralogs http://ensembl.gramene.org/biomart/martview/
O New i Count [ Results #wURL @ XML | Perl @ Help
| Dataset 28964 / 71156260 Export all results to File B v Unique results only
SNPs Email notification to
oo
| (SL2.50 (2014-10- biosssemart
nsembiPlants)) View 100 [Jrowsas HTML |J @ Unique results only g
' Filters
Consequence type : Gene stable 10| Con 10 transcript | Variation 10| InterPro 1D | InterPro shor descrption
:stop_gamodw 02031 v%ﬂml 57 | Homeodomain-ike |
" Attributes [ Solyc02g031620.1 | stop_ganed VCZ1250NP | IPAD09057 | Homeodomain-ike |
| Soiyc10g055550.1] siop._ganed AR LTl 12 L
Gene stable ID Solyc10g055550.1 | $10p_gained VCZIVIZOA | IPR004627 | DOP
Consequence to transcript Solyc10g081350.1 | stop_gained veZ1WCBDS | IPR004E27 | b2IP
| Variation ID Solyc02g0654390 2 | $top_gained VeZ13HYWN | IPR009057 | Hompodomain-ike
' 0.2 | stop_gained VeZ13HYWH | IPROOS05T | Homeodomain-lice
50lyc02g080720.1 | stop_gained VeZ140F09 | IPAOOS057 | Homeodomain-lke
| Dataset 722 / 38735 Genes z%mgwmwz sop_gained VEZ10GMAZ | IPRCOS0S 7 o
i's genes Soly002g0846302 | VeZ13F Y05 | IPA009057 | Homeodomain-iike
| (SL2.50 (2014-10- mwfgwuwv m VeZ1THGFO wnw'am_r‘m%ﬁ
' Ensem [ Solyc02g024070.2 | siop_ganed VCZ12NADS | IPADOB0S7 | Homeodomain-ike |
EH“:IPIar\(s)) Soly cv;:os;xswv S10p_gained u&n\vhwo PRCO4B27 | bOP
Solyc 8 |siop_gamed | vZIWES7 | IPROOABZT (b2® |
Gene type : protein_coding miilf?omw. m$md ::Z:\mm wnw«uzl (24
i InterPro 10(s): [ID-list f Solyc11g044580.1 | sop_gained veZ1YGAVR | IPA004S27 | b2
Attributes Solyc 11044560, 1 | siop_gained VeZ1YGAWZ | IPR00AB27 | 62IP
" InterPro ID Solyc11g044560.1 | stop_gained veZ1YGAWA | IPROO4E2T | bZiP
nterPro | Solyc 1150445601 | siop_gained VeZ1 YUAWU | IPHDOAB27 | 2P
InterPro short Solyc 1190445001 | shop_gained veZ1YOAZS | IPROOABZT | 2P
Bolyc11gOAA500.1 | siop_gained VeZ1YODZ3 | PROOAB2T | b2iP
Solycl 19100300 7 | wlop_gained ve2 11 P2SA T TIPRGOI0ST T Homeodomain-lke
WVLLUT%TWWWE:TM VeZTTHANT TTPROOI05T T Homoodomain-ike |
I( Gramene

IPRO01005
IPRO06447
IPRO09057
IPRO04827
IPR011598
IPRO09057
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Tools

{g{‘dlﬂé[le BLAST BioMart Tools Downloads Help Feedback UploadData

YN IR L SISO T

Name Description o Search Online tool Download Documentation
o Genomes coce

Variant Effect Predictor :m yg'li(r1 mm o Pathways ;noss | h

\ Ie!u (VEP) tool. i

BLAST/BLAT Search our genomes | © Gramene Mart 3\

BloMart Use this data-miningt  » News iembl. 3 O] @

Assembly converter Map (liftover) yourdat o Archive (Build 39) '- N

Virtual Ma::hlne Errl';emblben;r\r{lensu:: ° Downloac.i o t o

Ensembl Genomes Access Ensembl data : \é*:)e':)tascetwlces vage S ) 0
o Mailing list

http://ense Im amene.org/tools.html

Lrancne
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FTP site

,g’ial'w”e EnsemblPlants

Gramene FTP site

In addition to data produced in collaboration with Ensembl Plants (see below), Gramene provides
legacy data from the MaizeSequence.Org website, and in-house developed BioCyc pathway databases.

Ensembl Plants FTP server

Data (and file formats) available for the plant reference genomes in Gramene and Ensembl Plants
include:

e DNA, cDNA and Protein (FASTA)
e Genomic DNA sequence (EMBL and GenBank flatfile dumps)

e Ensembl core databases and specific features (MySQL and simple text format)
® Species-centered data including comparative genomics annotations (TSV)

e Gene annotations (GTF and GFF3)
e Variation data (GVF and VCF)

http://gramene.org/ftp-download

[{ Gramene 2016 CSHL Cereal Genomics Course
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PATHWAYS
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Pathways Platform

Metabolic &

signaling ——

pathways for

crops & plant ‘Ei &—‘%
Browse Pathways Analyze Data Tutorial Video

models N ‘

Pathway o.%.o'... wlzlu.

enrichment &  prmse—

inter-species  TomiiiET = e

comparison fg'mnwlwusu"O'CR o evees RE:E-TC;:E

ATLAS baseline ===~ SIS

& differential

expression

I( Gramene enomics Course

Current Gramene Release (51)
/ Geamene Database

For a sneak poek of all you can #nd in cur
databases, join Gur Hat webings,

{o-—m-nnnn

Come work 0n ool raw Interactive visuakzasons.
For Grarmane. wite o, ned A sl

fov—umnn-o.-
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Orthology-based x:g;__-:ﬁ?i? e
pathway e ——
projections == ==

* 241 curated -
reference FEs=: = : ==
pathways (O. ' :': R ——
sativa japonica) ’ e
I ——

* Orthologous == CEReegE e
projections for 62 e Sl
species —C  z = e
Omeonpum T - 1% ? i :::

http://plantreactome.gramene.org/pages/content/release-summary
£ Gramene
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‘i‘% Analyze your data

Analyze Data
Analysis Tools
This tool merges pathway identifier jon and expi
integrated visualization and summary features.

analysis into a single tabbed data analysis portal, with

Select a file from your computer and click on the "Analyse” button to perform the analysis.

Select data file for analysis Browse..  No file selected. 4 Project to Oryza sativa Analyse
¥ Click here to paste your data or try example data sets...

This tool allows you to compare O.sativa pathways with those in any of the other species inferred from Reactome by orthology.

Use the species sedector 1o choose the other species and click on the *Compare” button to perform the comparison.

B

Compare Oryza sativa with  Select a species...

[ Overviow | Molecies | Expression LY

Vwrmbmwawm«mwmmmmmmmum.mwmmmwdmmmm(ig)
in the top bar above pathway browser window

I'( Gramene

: IL Cereal Genomics Course
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plantreactome.gramene.org

Tools for enrichment analysis and species comparison

')

T

Mo [ 7| m——

IMD Smat molece () Compiex () ¥
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LN

®

& . grbersiin bicaysthesi | (aon C-3, non C-13 by
# “E4 ghbarin biosytess Il (sarty C-3 hycronytate

& . grosrein tiosyethesis 11 (earty C-13 hycronyle

e M e o s | o Y e | o

* . Emyene biosyntress and signaing

Rowsts or. NPROTM) & | | Type: Exprossion
Shb T T Eries Erdies Entes  Entties Ertties  Reactons
* < Swgolactone signatng Spacies rame fond  Tol  rato  pVake FOR tound

1.11E-18

ol HFE .
-

o

CERES I

Corrponert Nare Expresson ©[Uxpressicn Lovel
14.33 (LOC_Os11934450) [oytosol] GF1€0]  [343

T AT CN—
TR AT SR

Ex pression Overlay Sampie data dvawn from EBI Exprassian Aflss 7-fssua basalne xprossion experiments (Petryzsak ef al, NAR, Oct 2015)

el =

ereal 2
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# % gttuate bomystens 1 ety 13 by N e T
. ovar Goimame et Tt mie gt ron et |
:::tmmwm—mn Gy A a0 o o ; .
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-
o o Oronm a ® om ™ "o @ @
LAy e Giycinm max n » L) " w 3 tl
T 2 o 2 vuws o« ';wun-us i
Events with Enrich Download pathway Use arrows to view expression Data for unmapped
Statistics Enrichment data and from different data points* gene loci
pped gene loci

I( Gramene
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Species comparison

Comparative pathway analysis
Example: JA signaling in rice vs 3 species
tﬂ. = ‘gf J ) o=
cE
@ - [
CARS . ) ',._. e a - ) - - =
=\ ST =\ @
— m(::’ = = — -- =
- =2 Maize 1} g aaginell
= = elaginella
= ":'.qT — ;-.—-m—- - - 2
) T S =
1
a - @ - | Percror amcrs freomen [~} -
= - “a o = = & “a =
: R - -
= ) g - = = ’3 o o
® —. A ™ — - === =
c-:-- ] Tomato -- == Chlamydomonas
E No homolog found
Match between rice and target s?ecies homologs
If more than one gene (e.g. paralogs) is associated to a reaction, then only some (yellow) had orthologous match
Gramene ereal Genomics Course
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#Gramene

EDUCATIONAL RESOURCES
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Videotutorials

— o
Gramene Webinar OCT 2016: Gramene Webunar Jun 2016 April 2016 webinar: New March 2016 Webinar: Variation
Gramene Search by Andrew Tomato genomic resources an. Gramene Search Interfaces Data in Gramene

. L —

N
Gramene Webinars, Dec, 2015 Gramene Webinars: Updates on Gramene Webinar Nov 2015 Gramene webinar Aug2015

Plant Data Minining with Biomart  Plant Reactome 16 Febd, 2016 Variant Effect Prediction analy. Plant Reactome

Programatic Acess to Ensembl  Exploring Gene Trees by Dr. Gramene Webinar June 2015 Browsing & Comparing Genomes
Genome by Dr. Paul Kersey Joshua Stein - Gramene Webin. . Upload and anlyze your data by using the Geamene Ensembl

T —
The Wew Reactome Matform —
[18:45} J

Rice Data and Resources in Plant Reactome @ PAG 2015 Introduction to the Gramene Introduction to Gramene
Gramene Database views * 1 year ag Website - Nov 2014 Wabinar views * 1yea

Gramene

http://www.gramene.org/outreach

You(T1

-7

Gramene's Plant Reactome:
resources for maize research

Gramene Webinar July 2015 by
Dr. Paniaj Jaiswal: Arabidopsis

Maize Data and Resources by Dr
Marcela Karey Tello-Ruiz

Plant Reactomne final

https://goo.gl/In9RLD
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How to reach us

E-mail: feedback@gramene.org

Contact form:
http://www.gramene.org/contact

* Gramene YouTube channel & News blog
* Announcements mailing list

Y

https://www.facebook.com/Gramene @GrameneDatabase

f Gramene

http://brie4.cshl.edu/mailman/listinfo/gramene-announce
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Team of very talented scientists and developers. Thanks!
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Gramene - Exploring Function through Comparative
Genomics and Network Analysis
NSF 10S 1127112 (2011- 2017)

Doreen Ware, Pl (USDA-ARS, CSHL)

Michael Campbell, Kapeel Chougule, Yinping Jiao, Sunita Kumari, Joe Mulvaney, Andrew
Olson, Joshua Stein, Marcela K. Tello-Ruiz, Jim Thomason, Peter van Buren, Bo Wang,
Sharon Wei

Pankaj Jaiswal, Co-PI (OSU)

Noor Al-Bader, Justin Elser, Matthew Geniza, Parul Gupta, Sushma Naithani, Justin Preece
Paul Kersey / Robert Petryszyk (EMBL-EBI)

Dan Bolser, Christopher Grabmuller, Chuang Kee Ong, Dan Staines, Brandon Walts /
Elisabet Barrera, Maria Keays, Oliver Mannion, Nuno Fonseca, Laura Huerta Martinez

Lincoln Stein (OICR)
Peter D’ Eustachio (NYU); Guanming Wu, Robin Haw, Joel Weiser, Sheldon McKay; Antonio
Fabregat (EBI)

Crispin Taylor (ASPB)
Patty Lockhart; Weijia Xu (TACC), Amit Gupta(TACC)

_— 55 USDA @
EMBL-EBI | if ;zgl_gR @ s&y i ,??\

# Gramene ereal G
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Use Case

EXPLORING CLE18
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Gene Example: cle18 g‘?nmctics

* CLAVATA3/ESR-related (CLE) peptide 18
* Involved in plant growth and development

Whole-genome sequencing of multiple Arabidopsis
thaliana populations

Jun Cao'#, Korbinian Schneeberger'#4, Stephan Ossowski'*4%, Torsten Giinther®#, Sebastian Bender',
Joffrey Fitz!, Daniel Koenig', Christa Lanz', Oliver Stegle®, Christoph Lippert®, Xi Wang', Felix O,
Jonas Miiller’, Carlos Alonso-Blanco”, Karsten Borgwardt®, Karl | Schmid® & Detlef Weigel'

The plant Arabidopsis thaliana occurs naturally in many different habitats Eurasia. As 2
genetic variation to 1o di 2 1001 Genomes Praiect Lo sequence gfnva'hl( ally diverse
A. thaliara strairs has been inifiated. Here we present the first phase of this project, bhased on population-scale sequencing,

of 80 strains drawn from eight regions throughout the species’ native range. We describe the majority of common smallscale
polymorphisems as well as many Larger insertions and delelions in the A. thaliana pan-genome, their effects on gene funclion,

and the patterms of local and global linkage amorg, these variants. The action of processes olher than spontanecous mutation is
identified by comparing the spectrum of mutations that have accumulated since A. thaliana diverged from its dlosest relative

10 million years ago with he spectrum observed in the laboratory. Recent species-wide selective sweeps are rare, and potentially
deleterious mutations are more common in marginal populations.

Supplementary Table 3: CNVs, SNPs with predicted drastic effects on gene function, and SV deletions that
overlap coding sequences by at least 50 bp. . . .

SNPs with predicted drastic effects on gene function.

£
O Pos Type Strains Locus ID A

1 24,632,348 stop 1 AT1G66145 CLE18 (CLAVATA3/ESR-RELATED 18); receptor binding
1 24,632,362 stop 3 AT1G66145 CLE18 (CLAVATA3/ESR-RELATED 18); receptor binding

£ Gramene )mics Course

e

CLE 18 (CLAVATA3/ESR-related)

Plant CLAVATA3/ESR-related (CLE) peptides have diverse roles in
plant growth and development

A different gene:

CLV3

AT2G27250

Contributes to meristem structure and identity in both, shoot and flower

stop-gained

ENSVATH00125659
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Search results

f Gramene

CLE 8 e et N,.-/
s

Location  Homology el

GLYMAD02G44620 Gycne max

CLE1S protein; Uncharacterized proten

Location Momology  Xerwhs

CLE18 scaffoi_201322.1 Aritidopsis lyrata subsp. hyrata
Putative uncharacteraed proten

Location  Momology  Xowhs

° 3 genes i 3 genomes +

MTR_5Q089080 sieccase rurcesse

ChmaeayESA CL) gare vy mervom WCLEZ

CLE18 araticopus retara

CLMATAVESR (0L e v 18

Cereal Genomics Course
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http://ensembl.gramene.org

LoginRegister
fqm”m’w BLAST BioMart Tools Downloads Help Feedback UploadData Q
Search: Al species B for = Updated assembly for wheat
©.g. Carboxy* or chx28 The bread wheat assembly in Gramene from release 45 onwards has been updated by

ordering the existing Chromosome Survey Sequence (CSS) # contigs into chromosomal
psevdomolecules. This was done using anchoring data from high marker density
population sequencing (POPSEQ) generated by Chapman ef af (2015).

Popular genomes The resulting set of chromosomes have been combined with the IWGSC's BAC by BAC
Arabidopsis thaliana Oryza sativa Ja) and of 38, by the GDEC # group at INRA
TARTO E o :. ponica (Paux et al, 2008), which replaces the CSS-derived assembly and annotation of 38.
The contig level gene models (PGSB - formerly known as MIPS version 2.2) were
projected 1o the using the ly Converter Tool. For
4 Triticum aestivum Hordeum vulgare chromosome 3B, the GDEC-derived models have replaced the PGS8 annotations are
WGSC1.04popseq ca21en primary but where mappable, the PGSB genes are viewable as an additional track.
The anchoring process (with the exception of 3B) places 1,290,751 CSS contigs into
= Zea mays Physcomitrella patens chromosomal pseudomolecules for a total length of 4,237,502,413 bp. Ensembl Plants
" % AGPVI ASM42v1 also incorporates 261,251 unanchored scaffolds, with cumulative length of

1,307,508,887 bp.

% Log in to customize this list

All genomes  Mascher M, Muchibauer GJ, Rokhsar DS, Chapman J, Schmutz J, Barry K, Mufioz-
Amatriain M, Close TJ, Wise RP, Schuiman A, Himmelbach A, Mayer KF, Scholz
= Select a species — ] U, Poland JA, Stein N, Waugh R (2013). Anchoring and ordering NGS contig
by (POPSEQ). The Plant Journal 76(4):718-727.
View full kst of all Ensembl Plants species DOI: 10.1111/p.12319

* Paux E, Sourdille P, Saise J, Saintenac C, Choulet F, Leroy P, Korol A, Michalak M,
v

...... € Crinlmasine W | nniidah € Camars 1 Wilinn A Alni M Vnidrin ©

Llpanene

Plant CLAVATA3/ESR-related (CLE) peptides have diverse roles in
plant growth and development



I( Gramene

Search results

’(,‘mmmc BLAST BoMat Toos Downloads Help Feeback  UpkadDats

Species v
Search Ensembl Plants.
New Soarch Search results for 'CLE18'
= Gere (3)
Ensembl Plants (3) Showing 3 Genes found in Ensembl Plants

CLme e
Description
Jonita
LTI
Location
Gramene is produced n
collabonton with Ensemts Plants Synonyms.
Gene trees

Filter by Spocies: |_Sedect a spacies...

124628530 24628835
CLAVATAVESR RELATED 18
EPGTO0140000C0700 (Plart Comparsl

CLE18 | scatols 2013221 ]

Description
Gene 1D
Speces
Location
Gone trees.

GLYMA02G44620
Description

Gene 1D

Species

Location

Gene trees

Putative uncharactenznd protsis [Source UniProtkE/TrENBL Ace OTXTICH
scafold 2013221

Aratwiapss yrata

210746223107 46565

EPGTO0140000C0760 (Plare Compara)

CLE18 protesn; Uncharaciered protesn [Sourte UniSros TEMEL Acc ESLS64
GLYMADZG44620

Giycne max

ZAATI240145008

EPIGTO0180000045708 (Plart Comparai

Gramene relesse 40 - Jan 2016 © E8

CSHL Cereal Genomics Course
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CLE18 gene page

f(,‘mmmu.w BoMat  Tos Oowsoats Hep  Feadeck  UpkaiOats
Anbidopsis thatana (TAR10) v Locesion: 124,626530-24 628855  (IERGHCRIIE) Transcriot: CLE1S
Gane-based Gnsiays
} Gene: CLE18 ariassias

Sphcn varants

L (CLE) 18 [SouceUn Aoc GUECHS 41
Location Crromosome 1: 24.020.530-24.020.835 roverss strand
About this gene This gene has 1 Manscagt (SpR00 varant) and 1 crhologus.

-
G s annad

External rofo-ences.

Supporing evidence

GO Molecular hncsion Name  TranscriptiD  Bp  Protein  Biotype UniProt RefSeq Flags

GO Bologeal process CLE1S  ATI0681451 306 10108 QIECHIS NM_148631 4
Lumm NP GUT29

& Plact Compara Summary @
rgrrenty
Gere tree Name CLE18 (UnProscB Gene Name)
Gene gainvioss ree UniProtkn This gene has gromsns 1 e lolowing UniPr QECHIS

Proten coding
Gane snrotaton by TAIR @ Brough & process of automatic and manusl curation

Persoral armctation TAR sene

£ Configure this page
-

N AS3 your deta TAR gene.
Gene Lepend

M Gramene

HL Cereal Genomics Course
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M Gramene

Arabidopsis halana (TAR1O) v Locaton: 124,62853024,628535  (MRICUEMN) Transcrot: CLE1S

Gene-based displays
t Gene: CLE18 aries14s
Solon variants
Transcript comparison JAT) R
l - Description CLAVATAVESR (CLE)-<wited grotein 18 [Souce UniPro
|- Gene alcies Location Chromosome 1: 24,628,530-24 628 B35 reverse strand.
—3 - Sequence .
— About this gene This gene has 1 transcrict (sphon viviant) and 1 oihokgue
agited) Tassctpts
|- Extemal references
Marked-up seq (2]
3 juence
GO: Cotuiar P

50 g s

2 A your e

Gene sequence

Exons CLE1Bexons Al exons in this region

GTCTAGMCAATATATATATATATATATATTTAAT
AGTATGAGAA TARAACCGTAA

CAG
MAAACA

2016 CSHL Cereal Genomics Course
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Configure (Sequence) page:
Show variants

‘Mmrmmmmmm

Legm

i ST e

Gene-taser I TS
s CECXETITT, Dol oPtons

e 5 Flanking sequance (upstrean] w * (Maximum of 1900000)
[ et S5 Lood confywaten ¥ Fuanbing sequance (downstrear) “ * (Maximun of 1000000)
o] & Peset corfgraten Numiber of tase pairs per row: e
- Gere fan Additional exsns 1o dapiey Core exom
- Extemat
- Pguac Orentation o sdaticnsl excns [rp e y——
4 Omiooge
LGO’O Show veriants. Yes and show beks ‘—- 1
GO
laos Hide varianes loager than 100p .
gl
L po. P Hide variarés by trequancy (WATY et hde
- Lnoratay
5 Pt Cox Fitter varants by cznsequence rpe ——
+ Genon 3 perma UTR.
| § prime UTR variant
L“"l Conbrg secyserce varire
= Downitrean gere varies
Paal Une numbaring: Ratave 12 o €« 2
S Pantan
- Gene’ Dispiay pop-up nformation cn mousecver: Yo
.- Ormok
- Prenctys Fiais markd * aro requied
= Geretic\
 venan
- s
© vean
5 Extemal
| Gene«
L P
5 10 Hator
“ Gena |

?ai

fgmmme o

w
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Mouse hover a variant to reveal details

.. v (Loceion: (GRORCERN)  Trocecrot CLE1S
Gene-based dispiays

Summary Gene: CLE18 ariaseres

Splce vararts.

Travscrpt compartsca

Deserption L 18 [Source: QECH 4

Gare alsies Lecetion Chromosome 1. 24,628 530-24, 628,635 severse svand.

= Sequence
P About this gene This gene has | transcrgt (spice varant and | orthoogee.

| Gare amses Tanscros

Exerra seterences.

Regulaton

; :
1 AT1GA6145. 1 exon ]
CECTTN oo g i e [
961 AJTATGN TRTRTEE—TOCA :

Gramane is produced I

nramni o

1383 ATEL

r—ATIEELAC 1

1 Gramene 6 CSHL Cereal Genomics Course
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Variant table (Gene & Transcript

Mramene sssr boser Gon Comints v Fentus Upcncen Sewch Araseipes fatens Q
Arabichopsis thatara (TARI0) ¥ Location: 124,600,500-24 020005  (GRNHOUNIN)  Tranecriot: CLE10
Gane-based dsplays.
Summary Gene: CLE18 ar1aesies
Traneores compaseon ODescripton CLAVATAVESH (CLE) rotated proten 10 [Scusce UniPootSwas ProtAce QIECHD 61
Gore aloles. Location Chvomosome 1; 24,628 530-24,628 835 revorse svand
Sequence Abcut this gene This pare has 1 transcrgt (59808 varnl) and 1 CNoKgwe.
Gore lamiles Tranacripts Show Yarecrot lable
Exomal rutorences
"
2 Variant table @
GO: Cotustar
GO: Maecular Anction
oo Varian table o

This table shows known variants 4or this gena. Uise the Consequence Type' fler 13 view & subset of these

Lreradse
Part Compara
e ¥ corcasocn |
o [T 'Y Consequences: All [l 'Y Fiter Cthe
Gene gan/ices vee
Paralogues
 aaanis Conpen Variant 1© vy Mieies  Class Consaq.Trpe  AA AN cosed
ENSVATHOST0608 124623538 ™ = 1 . . AT1086145.1
Prenctyoe Downstrean gens
Goretic ]
Varlant ENSVATMOSOTS607 124623543 (=) = ] . . AT1G86145.1
Structurel varants Downstrean gens
Vanart mage | verlart.
Cxtomal deta ENSVATHIIT41708 124082 = L - - ATIG86145.1
Gene expressicn L,-v--ug-
Porsora
= 10 Mstory ENSVATHO1 4067 124623658 QA e L . AT1086145.1
Gene Natcry Downstream gens
=
ontgure e &
e e ENSVATHOSCT0008 124623080 AT - 1 . . ATIG86145.1
-
ENSYATHOSOTO60) 1 24623600 TA NP Ersomet | . AT1086145.1
Downsrean gene
- verart
ENSVATHO14TH00 1 24623005 AT b Ermamt 1 - . ATIGE0145.1
Sepiveen gene

M Gramene

2016 CSHL Cereal Genomics Course
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Filter consequences

Avaiicopus hatena (TARI0) ¥ Locwson: 124 608 53024 600 605 (NERRIENIINY  Tranecrpe: CLE1S

Gere-tsed Gapiys
Surmmary
Splca vertants

Tranacriot comparacn
Supporing evwsence

Gene: CLE18 aricesias

Descrigtion CLAVATASE SR (CLE) ressted prosew 18 [Sowsce Unirot(BSwas Frotace QIECHD )
Lecason Crvomosome 1. 24 628 53024 628, 836 weerse stiand

Aot ths gone This gene has | raracrpt (sphos varant) and | rhogue.

T

A

Gere ganvioss tee
S Y CEEESOTTOETTE T e 7
Parsiogues
Parstascrcemic Comparn ) P —————— v - AT1086145.1
Gern Tre jurnd
Ortoogues 1

PO | J— [ J— | O
Garetc Varision "
Strvcaral vartants
Varart mage 1
o N P B B

Poretns pvctston | B NI
e~ SNPs with predicted drastic effects on gene function.

L

E
© Pos Type Strains Locus ID  Annotation

£ ramene

1 24632348 stop 1  AT1G66145 CLE18 (CLAVATA3/ESR-RELATED 18); receptor binding
1 24632362 stop 3  AT1G66145 CLE18 (CLAVATA3/ESR-RELATED 18); receptor binding

. 2016 CSHL Cereal Genomics Course
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Supporing evcence
Gore abees
= Sequence
Seconsary Swscre
Gere taviies
Extemal swlo-orces

Omoogies
GO Catsar component

Crarmene 18 produced in
cotaoraton Wik Lnsenes Pacts

Structural variants

v e AR S (LA | 10 AR LA ST S U A AIEADR
Locaton Cheomosome 1: 24.628.500-24 628805 reverse sanc.
Ancrat s gene This gene has 1 Sanscrot (phon v and 1 omhokgun

riant image @

- - =
e T e TR
Vs ;
L 1 1 | —
— s s T
= - —
Locwson 1 peadear denime
A o
Location: 1 246I4100-20620465  Commmmmnen | Upaien gune varient | = CNCIC S = S
Sommn N Nemnil Commaance | Coing saparce v |
Sdmos - Sowse  Geamtt
e
) —_—
e e e
-
—
1 1 1 [ 1 1 1 inon
TR = T T
a1o8sIesL
e
- 4

Vet leged W Stcp gared
. Cotng wavence varant

Mimense varare
- ptrear gese va-wnt

—Synorymous verane
- gersc varant

I( Gramene

HL Cereal Genomics Course
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Mromene wrst  wown

Araticopals Badiana (TARY) v
Tranacript-based Sagiays
Summary

Domains & features
Variarts
Exo—a caa
Perscnal annctation
= 1D Histery
Transcrgt story
Prosen history

Go to Transcript page

5 Oowniosds Mep Feedback  UpkecOst Search Arstckpes Sl
Locaton: 124628500 24620065 Gene: CLE1S  (RRSHDECURIN)
Transcript: CLE18 aricestes
Description CLAVATAMUSA (CLE)-retated prosen 18 [Sousce Un@otXIbSwss Prot Ao QILCHD 61
Locaton Chromosame 1: 24,626.50-24 620,535 reverse steand
ABout this transcript This Manscrpt has 1 euon, i annctated with 3 SOmaing And leeures, & associaled with 24 yaralions and mags 10 1 0RO probe.

Gene Thos anscrgt i et of gwem AT1G06145 [Ty

Name  TranscrigtID  Bp  Protein  Biotype  UsiProt RefSeq  Flags

CLEM  ATIGE61451 306 10130 QIECHI & NM 148631 &
| S NE_86M729

Summary @

LognRogsx
'

q!m g InIL

£ Configure this page
Uniprot This kanscrt comemponds 10 e folowing Unprot ersters: QXECH? &
e s vt

S o 7 A e s it e e
— pe———

Goamene s produced
colaboraton wih Ensemb! Plants

I( Gramene

Stavatics Ex0ns: 1 Coding exons: | Transcript length; 300 bos Translation length: 101 reskcuss

About Gramene | About EnsemeiGencmes | Contact Us | Me

5 CSHL Cereal Genomics Course
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Transcript Sequence: Exons

’e’“ﬂmf BLAST  BoMat  Took Downosds  Melp  Fesdbeck  UposdOwn Search Arstckpms tatana Q
Aabidopss Palana (TARIO) ¥ Location: 1:24,628,500.24,626.685  Gene: CLEY  (TRRESIDRICEEIN)
Transcript-based daplays
Summary Transcript: CLE18 ar1oes14s
i gpeenng maceren
Sequence € Description CLAVATAMESA (CLIE) selated (roteds 10 [Bource Uni otV Bwies- ProtAco GIECH #1
CONA Locetion Chromosome 1. 24,620,500 24,620,605 severse srand
About this v " .
. g Retorences naariph Ths ranecrpt has 1 GRON. % M voMted Wi 3 Gomaks And Satures, I8 assoceied with 24 virations #nd meps 1 1 0hgo probe.
General wermtars Qe T rarvecript i procuet of gene AT1080145 [[XEREIERERRTEY
Otgo probes
Garenc Vwiaon
Vertart labe ]
Venant mage
PosuAsion Competeon Name  TranscrigtID  bp  Proten  Dotype UniProt  RetSeq  Flags
Comparison mags CLEWS  ATI01451 308  101m ' QUECHR S MM 140831 &
- Proten Whomason cosng L
Proten wmmary
Domans & lesures
Exons @
- Crteraicats
Porsonal -
3 ot ot
Transcrox history
N A% your data
B Boouman ths saje
TR
Gramaens is Sroduoed n
coRatoration with Ensemid Plarts No.  Exen/Intron Start nd Start. nd Langm Sequerce
Phase  Phase
5 usstrean sequence . . SAAAATCLALACARIAACAALCARIAAICAIIARAT RGO CAJARAG
1 ATIGHIS L amn]  MEBES MEMS®D 0 ° 208

S TAMCTTRTTOCTANTIAG
o A

¥ downstrean sequence

1 Gramene . 2016 CSHL Cereal Genomics Course
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Transcript Sequence: cDNA

, NE BAST BoMat Toos Downoads Hep Feodback  UpioadData SearchAn
Arnticopeis thakans (TARTO) v Location: 124,628.500-24,620865  Gene: CLETS  ([TRRNGHDEICEEIN)
Transcript-based displays
Summary Transcript: CLE18 ariasst1es1
Sugportng micence
1 Description [ £ 188 Pt
Excns e '8 (S
| CONA e Location {7 Chvomosome 1: 24,620,500-24,620,505 revers strand.
Proton About this transcript TR Vet metm i SVRG W 3 coma Soutures, is associated riations and mags rode
L e ieronces ™ L Wit 3 domains and s Wit 24 vau and mags 10 1 050
Gereral ernters Gene This transcrpt is & product of gene AT1666145 [l et
5 Geretc Variston
Vaart able "]
Varart image
Population comparison Name  Transcrigtid  bp  Protein  Biotype UniProt  RefSeq  Flags
Comparison mage cLews | ATiomal (%8 o1 () COECHR % M. 140631 &
= Proten intrmaon coding NP E83T2%
Pretin summary
Domains & feateres
ririn cDNA sequence @
= Bxtormnal cata
oy

Codons  Ammatieg cosons  Alemating codons

¢ Bookmark s page

Gramene is produced in
colaborton wih Ensemts Plants

1 Gramene 2016 CSHL Cereal Genomics Course
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Go to location page

D Feomeck  UpkcadOata

' Gramene piast  moman o Oowni
Acadopes Takena (TARIO) v
Location Desesd disgiays

Wholo genome Chromosome 1: 24,628,500-24,628,865

Gene: CLEIS  Tramscsgpt: CLETS

Comparatve Gercrmic e -

th Expert dea

Location: 1 24628306 24428883 | o B =2 I S e

Crarmense 18 produced i
LI O A < 2@ OragSelect. o+

oy T AR ey

I miEunE

6 CSHL Cereal Genomics Course
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Configure (location) page: Show
variation

(] Ay zmox_sos o
[ Per_sm_snPs. * 0 -._.
Enable‘dsatie all 1001 All Variatiocns by Class
[0 1001_an_Variwsons,_by_Cuass (ut cata) * 0
: i8
* 0
- 31
[J:88] Normal (collapsed for windows over 200kb) * O
EME Collapsed et
m) for over 10kb) * 0 PRT
* 0
m
* 0
* 0
* 0
G XTSI [ v o
= s 2
[ Sak_Setmtastons * 0
e R ‘e
EnSEIAGaRBle Al WTCHG AL Yoo
[] WIGHG_AS_Varissors at dess) * 0
[ WTCHG_Delesiors. * 0
[ Wi, swes * 0
] WrcHo_insesces * 0
esT Queer
ST Quser (Dyaut)
ey s TETT "™ 2 | 4 [s i 1 1 o WLl i omam
E w Senaier warants L U DU S I O Y N O B
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B Goocmark this cage

Acaticopuis Baliaca (TARIQ) v

S<E
avomoserre 1 [ 1 )
e Alignments (text) @ 2
3 Genetic Varlation
Pesequarcrg
Lrkage Osta
Markers
Gencern Srowiees
TARE n « <+ -

Gramene is produced in
colaboraton wih Ensemt

Location: show variants for a
, Sequence alignmen

Gene: CLE'S  Teanscript: CLENS

Chromosome 1: 24,628,469-24,628,896

Ciycine max - biastz

wencatula str. ALY - laste
O Speciod Nevior i

Misa acuminata - las

MAANTTH AMAAATAN ATTATAMAMTAGACCTON TCTAN ANGATTTAGTCTCAN ANTTTTATCTA A
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Sequence alignment with variants
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Transcript Sequence: cDNA

( WMP BLAST  BloMart

Armbicopsis thakiana (TAR10) ¥
Transcript-based displays

Gramene is produced n
cofabonton wth Ensemts Plants

M Gramene

Toos Downloads Help Feedback UpioadData Search Aa

Location: 124 628.50024,620865  Gene: CLETS  (TRRNGHDEICEEIN)

Transcript: CLE18 ariass14s.1

Description CLAVATAVESR (CLE)celatiod proteis 18 | Pret

Location Chromosome 1: 24,628,530-24,620 405 reverse strand.
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Gene This transcript is a product of gene AT1GE6145

[
Name TranscriptiD bp  Protein  Biothype  UniProt  RefSeq  Flags
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o Click
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Explore this variant
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Genomic context
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Flanking sequence TAATGCT

Flanking

sequence
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Genotype frequency %

Arabidopsis thatlana (TAIR10) ¥ Location: 124,628,600-24,628.865  Gono: CLE18  Transcript: CLE1S  (SSRRIENSVATHODIZSSSS)
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h Export data
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This variant overiaps 2 transcripts and is assoclated with 2 phenotypes.
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e , Ensembl variations quick reference card

*The g is

..‘ Al
Ssanger

shown as a blue Ormromee ety
bar, labeled with -
contig names

= Configure this page|
to turn on variation
tracks s

I‘z‘M

= Variations are
coloured i
according to their |50
consequence type

= Conserved sequences

= Transcripts for the
TAGAP gene are
aligned to the
genome

-
Bt N sperarver s 61 37 SGAOHTT Chvamesme & 199 434509 - 199 466 304

« Gene and transcript
locations

= Allele frequencies
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POpP

= Associated
phenotypes
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LS WELLTYS. MR ICTORON
i = v

Location 6159465 500169 466,14 {Variation: 1730074
.

Follow the blue link to
open the variation tab,

www.ensembl.org

Contact us at helpdesk@ensembl.org

Reference: Flicek, P. et al.
- BMC Bi

Ensembl 2011 (2011) Nucleic Acids Research 39:0800-D806

Tutorials: hitp /mww.

Update 2010 http/Awww.

Click a variation for
a detailed pop-up

Vasiation: 1s1730074

21730374 propmrtes
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I( Gramene

Ensembl videos & tutorials

Video: Browsing SNPs and CNVs in Ensembl
[http://ensembl.gramene.org/Help/Movie?id=208]

Demo: Structural variation for a region
[http://ensembl.gramene.org/Help/Movie?id=316]

Programmatic access tutorial: Accessing
variation data with the Variation API

[http://ensembl.gramene.org/info/docs/api/variation/variatio
n_tutorial.html]
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