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http://www.gramene.org

,g"am Search for genes, species, pathways, ontology terms, domains...

Gramene Portals

Genome Browser

Browse genomes with annotations,
variation and comparative tools

Tools

Tools for processing both our data
and yours

BLAST
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A global centralised collection of (]
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Bulk Downloads

| l FTP download of our data
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Plant Reactome

Browse and analyze metabolic and

regulatory pathways

Plant Expression ATLAS ¢

Browse plant expression results at
EBI ATLAS

Gramene Mart

An advanced query interface
powered by BioMart

Outreach and Training

Educational resources and
webinars

Archive

Legacy tools and data (markers,
Cyc pathways, etc)
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2076020 genes in 53 genomes ~

Latest News

Mining Maize with Gramene
Free Webinar May 22, 2018 @ 2
pm EDT

Wed, 16 May 2018

The Gramene Database build
57 is out with a new polyploid
genomes view!

Thu, 03 May 2018

Gramene Workshop at the 2018
Maize Genetics Meeting in
Saint-Malo, France

Tue, 06 Mar 2018

Gramene webinar Feb 27, 2018:
Plant Reactome pathway
updates and new features

Mon, 19 Feb 2018

Gramene release # 56b:
updates to Plant Reactome
Thu, 01 Feb 2018

The Gramene Database build
56 is out with 8 new plant
genomes!

Mon, 15 Jan 2018

Gramene will be at the PAG
Conference 2018 — See you in
San Diego!

Mon, 08 Jan 2018

The Gramene and MaizeCode
Projects launched the first
Maize Annotation Jamboree
Tue. 12 Dec 2017
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Homepage & Search (Video

& ' ® gramene.org

{glla,"c'w Search for genes, species, pathways, ontology terms, domains...

Gramene Portals

Genome Browser

Browse genomes with annotations, variation
and comparative tools

Tools
Tools for processing both our data and yours

l BLAST
l | | ll “ Il I ” Query our genomes with a DNA or protein

sequence

Track Hub Registry ¢

A global centralised collection of publicly
accessible track hubs

Bulk Downloads
FTP download of our data

"o

mart

Plant Reactome

Browse and analyze metabolic and regulatory
pathways

Plant Expression ATLAS @@

Browse plant expression results at EBI ATLAS

Gramene Mart

An advanced query interface powered by
BioMart

Outreach and Training
Educational resources and webinars

Archive

Legacy tools and data (markers, Cyc
pathways, etc)
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Latest News

Gramene Workshop at the 2018 Maize
Genetics Meeting in Saint-Malo, France
Tue, 06 Mar 2018

Gramene webinar Feb 27, 2018: Plant
Reactome pathway updates and new
features

Mon, 19 Feb 2018

Gramene release # 56b: updates to Plant
Reactome
Thu, 01 Feb 2018

The Gramene Database build 56 is out
with 8 new plant genomes!
Mon, 15 Jan 2018

Gramene will be at the PAG Conference
2018 — See you in San Diego!
Mon, 08 Jan 2018

The Gramene and MaizeCode Projects
launched the first Maize Annotation
Jamboree

Tue, 12 Dec 2017

Gramene in the Plant Genome Evolution
2017 Conference
Mon, 02 Oct 2017

Early career Tansley Medal award for
plant scientists!
Wed, 27 Sep 2017

The Gramene Database build 55 is out
with a brand new Jute genome!
Wed, 20 Sep 2017

Gene annotation and Reactome pathway
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Genomes

Gramene Portals

Genome Browser

Browse genomes with annotations, variation

and comparative tools

Tools

BLAST

| I l II “ “ l ll Query our genomes with a DNA or protein

sequence

Track Hub Registry ¢

accessible track hubs

Bulk Downloads

I l FTP download of our data

Tools for processing both our data and yours

A global centralised collection of publicly

"o

bio:§§:mart

Plant Reactome

Browse and analyze metabolic and regulatory
pathways

Plant Expression ATLAS (¢

Browse plant expression results at EBI ATLAS

Gramene Mart

An advanced query interface powered by
BioMart

Outreach and Training
Educational resources and webinars

Archive

Legacy tools and data (markers, Cyc
pathways, etc)
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{g"a”w’w BLAST BioMart Tools Downloads

Search:  All species

e.g. Carboxy* or chx28

All genomes

-- Select a species --

» View full list of all Gramene-Ensembl Plants
species

o Edit your favourites

for

Help Feedback UploadData
Favourite genomes
i Arabidopsis thaliana
“5~ TAIR10
- . Oryza sativa Japonica
i IRGSP-1.0

Triticum aestivum
GACv1

Hordeum vulgare
Hv_IBSC_PGSB_v2

Zea mays
#AGPv4

57
o New features: L‘ Lfa f

o Polyploid view f ﬁ!@ z;f
to view alignmént: geg

What's New in Releage

simultaneoysly, * ¢
s SIFT sooressg re'ehwjdplagg gr#he Genes and

regulation view of a gene variant, Here is a sorghum SNP.
2ne Syn

* Updated data: 4

enabled, allowing users
heat components

Physcomitrella patens
ASM242v1

Did you know...?

You can search the
Track Hub Registry
to find more than
1,400 public RNA-Seq studies

| aligned to plants (read more 7)!

Track
Hub
Registry

Login/Register

Q

Search all species...

Polyploid View Enabled

Polyploid view for wheat has been enabled, allowing users to view alignments between all 3 wheat
components simultaneously.

Functional Genomics
26 new and updated functional genomic databases (example for Arabidopsis).
Arabidopsis variation data from the 1001 Genomes Project

The representation of genetic variation of Arabidopsis thaliana incorporates the full data set from the
1001 Genomes Project#, covering more than 10 million variant loci across 1,135 samples (Cell 2016 ).

Ensembl Plants Archive Site
Alongside release 32, Ensembl Plants launched a new archive site @&, where selected previous releases

of Ensembl Plants are being kept publicly available. The first release available on the archive site is
release 31, and includes the previous assemblies for wheat and maize.

fgmmene

EMBL EBI

This work is a joint project between EnsemblGenomes g at the European Bioinformatics Institute &’ and
the group of Doreen Ware @ at the Cold Spring Harbor Laboratory#, who have developed the

Gramene i database, a resource for plant comparative genomics based on Ensembl technology. A
common set of databases are available through EnsemblGenomes and Gramene, and the two groups are
collaborating on the integration of content, quality control and the development of new features.

Organelle Annotation

For annotations relating to Organelles, see the organelles page

In collaboration with

o Added genaS-lvE Sﬁon;.m,r R &tiva using from E nsembl P I an ts

database sources such as CGSNL &, Oryzabase % and Rap-DB .

» Updated protein features for all (nearly 2 million) plant proteins using InterProScan & with
wvareinn A7 nf IntarPrn 0

fgmmelw
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\ | distachyon
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-
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Setaria italica

Solanum
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tuberosum
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B¢ Triticum urartu

Classification

Liliopsida

Amborellales

eudicotyledons

eudicotyledons

eudicotyledons

Liliopsida

eudicotyledons

eudicotyledons

eudicotyledons

Liliopsida

eudicotyledons

eudicotyledons

Liliopsida

eudicotyledons

eudicotyledons

Liliopsida

Liliopsida

eudicotyledons

Liliopsida

Taxon

37682

13333

81972

3702

15368

3708

109376

4555

4081

-~
=
=
)

4558

(o3
i3

57577

29760

Show/hide columns

Assembly

ASM34733v1

AMTR1.0

TAIR10
RefBeet-1.2.2

vi.0
AST_PRJEB5043_v1
v2.1

IVFCAASV1

_ http://ensembl.gramene.org/species.html

SL2.50

SolTub_3.0

Sorghum_bicolor_NCBIv3

Theobroma_cacao_20110822

Trpr

TGACv1

ASM34745v1

IGGP_12x

AGPv4

Maize Webi

Accession Variation Regulation Whole Other In In pan-
e e lig ]
alignments compara
GCA 000347335.1 - - © © © -
GCA_000471905.1 - - © © © ©
GCA_000004255.1 - - © © © -
GCA 000001735.1 @ © © © © ©
GCA 000511025.2 - - - © © -
GCA_000005505.1 © - © © © -
GCA_000751015.1 - - - © © -
GCA_000695525.1 - - © © © =
GCA_000309985.1 - - © © © -

GCA_000188115.2 @] - © © © ©
GCA 000226075.1 - - © © © =
GCA_000003195.3 © - © © © -
GCA_000403535.1 - - © © © c
GCA_900079335.1 - - - © © -
GCA_900067645.1 © - © © © c
GCA_000347455.1 - - © © © -
GCA_000003745.2 @ © © © © ©
GCA_000005005.6 © © © © © -
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§ Zeamays (acPva) v http//ensem bI grameneOrg/ZGa_mayS

Search

Search Zea mays... m

e.g. Zm00001d048577 or 1:109000-145001 or Carboxypeptidase

About Zea mays

Zea mays (maize) has the highest world-wide production of all grain crops, yielding 875 million tonnes in 2012 (http://faostat.fao.org/). Although a food staple in many regions of the world, most
is used for animal feed and ethanol fuel. Maize was domesticated from wild teosinte in Central America and its cultivation spread throughout the Americas by Pre-Columbian civilizations. In
addition to its economic value, maize is an important model organism for studies in plant genetics, physiology, and development. It has a large genome of of about 2.4 gigabases with a haploid
chromosome number of 10 (Schnable et al., 2009; Zhang et al., 2009). Maize is distinguished from other grasses in that its genome arose from an ancient tetraploidy event unique to its lineage.

Taxonomy ID 4577 &

Data source wareLab

o More information and statistics

Genome assembly: AGPv4 % Gene annotation

Carboxy* CAB

EE8pa
o More information and statistics ﬂ What can | ﬁnd? Protein-coding and npn-coding genes, splice variants, F-box
g cDNA and protein sequences, non-coding RNAs.

&] Download DNA sequence (FASTA) View karyotype o More about this genebuild Example gene
\ Convert your data to AGPv4 coordinates [ = | l!] Download genes, cDNAs, ncRNA, proteins - FASTA - GFF3 PR N—
‘ Display your data in Gramene A ’ e l
25 — rb Update your old Ensembl IDs ‘ ¢
ome
Example region &] Gene function summary Example transcript

l’!‘l Transposon annotation download
Comparative genomics

What can | find? Homologues, gene trees, and whole genome ‘E# Variation

alignments across multiple species. - ATCGAGCT

o More about comparative analyses Example gene tree What can | find? Short sequence variants. ATCCAGCT
. . . 0 More about variation in Zea mays ATCGAGAT

o Phylogenetic overview of gene families ST

More about variation in Gramene
l’!‘l Download alignments (EMF) 0 S UL

L l'!'l Download all variants - GVF - VCF - VEP
o Genomic alignments [7] [Show» ]

Variant Effect Predictor
- Ie,U
Regulation -
What can | find? Microarray annotations. Links

ation i
0 O * Maize B73 RefGen v4 related data at NCBI (raw data included) &

0 More about the Gramene microarray annotation strategy * MaizeSequence.org FTP site

» Legacy Gramene Maize RefGen V4 genome browser (includes RefGen_V3)

» MaizeGDB - Look here for RefGen V3 on the generic genome browser &

# Description of the B73 Zea mays RefGen_V4 assembly in MaizeGDB &7



Navigating Browsers
3 Zea mays ncrva v

_ Gene: yellow endosperm1  Trans: Zm00001d036345_T001  Variant: PZE0680878460  Jobs ¥

Location-based displays
Whole genome Chromosome 6: 85,061,295-85,065,182
Chromosome summary
Region overview
Region in detail
=- Comparative Genomics chromosome 6 I
Synteny )
Alignments (image)
Alignments (text)
Region Comparison
= Genetic Variation
Resequencing Scrol: 4 »  Trackheightt X 4 £ Drag/Select: +»

Region in detail @

Linkage Data
Markers %325 o =
= Other genome browsers
maizeGDB & Genes 1 ] 1 1 [ lllll 1 i
Phytozome &' kg $4.25 o Fas0 WD $a.75 0 $5.75 b

Il ANA gene

£ Configure this page Gene Legend Il protein coding
Custom tracks B S
Location:  6:85061295-85065182 Gene: [« () (T 0 T Tj==| [>] (]

3 Export data

«{ Share this pa Drag/Select: «»

3.89 kb Forward strand g

R Bookmark this page 85.062Mb 85, 063D 85, 06AMD 85, 0ESHb
Genes
Gramene is produced in }: 223332033336345-1002 >
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Navigating Browsers
* Zea mays (AGPv4) ¥

Location: 6:85,061,295-85,065,182  ({Geneyellowendospermil) Trans: Zm00001d036345_T001  Variant: PZEO680878460  Jobs ¥

Gene-based displays
& Summary Gene: yellow endosperm1 zmoooo1d036345
Splice variants
Transcript comparison Description yellow endosperm1
Gene alleles
= Sequence Synonyms GRMZM2G300348, pb1, Psy1, rs130328408, rs131175743, y1, y4

; se°f°"df|’.’y Structure Location Chromosome 6: 85,061,295-85,065,182 forward strand.
ene families
Literature About this gene This gene has 2 transcripts (splice variants), 75 orthologues and 7 paralogues.

= Plant Compara Transcripts
Genomic alignments Show transcript table

Gene tree
Gene gain/loss tree : :
Orthologues Variant image @
Paralogues
Pan-taxonomic Compara S <EEB
Gene Tree
Orthologues
Ontologies
Phenotypes Variant - Allso.. L am T
Genetic Variation

T:
=
% f; Variant table Genes
=

6.46 kb
85.051Mb 85.062Mb 85.063Mb 85, 064Mb 85.005MD 85, 056MD

I
oy

I Imim UL 1T 1 I []

—|lt-m—u—-||—m—-m—| I9% e—

Variant image
Structural variants
Gene expression
Pathway
Regulation
External references
Supporting evidence
ID History
- Gene history

ZmOOOOldO36345&01E

& Configure this page ||I Ik 1N n Wl "| [
PL VWV I V/im
1N Custom tracks s/w | 66 ]
ui
4 Export data LJE HE
&1 =xpo W | T/s/P
T 4+
< S this pa wor [ 0- * ‘ —_-‘ e
Isopreifoid syntHage ddim(ain superfam|iy
I - — 1
b Bookmerk this page PANTHER. R ‘ ﬂ‘ —— = —
Gramene is produced in - ; -
collaboration with Ensembl Plants JHEEARENTE ‘ ‘
PROSITE patterns 1044
Sgualene/phytoene synthasq |l conserved site
%1045; !
Squpleneg, hase, conseryed si
: — S— : = : e U e i
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Navigating Browsers
W Zeamays (acPva v

Location: 6:85,061,205-85,065,182  Gene: yellow endosperm1  ((TfanSHZm00001G03634BAT00T)) Variant: PZE0G80878460  Jobs ¥

Transcript-based displays

|- summary Transcript: Zm00001d036345_T001
= Sequence
I~ Exons Description yellow endosperm1
L ?’?(::in Location Chromosome 6: 85.061,295-85.064.797 forward strand.
= Protein Information About this transcript This transcript has 6 exons, is annotated with 24 domains and features, is associated with 29 variations and maps to 22 oligo probes.

I Protein summary

- Domains & features Gene This transcript is a product of gene Zm00001d036345
- Variants
= Genetic Variation .
- Variant table Protein summary @
- Variant image
- Population comparison Protein domains for Zm00001d036345_P001.

— Comparison image
= External References

vlerenc H<ESD
General identifiers =t
Oligo probes Zm00001d036345 P...
Supporting evidence FeOprenoId Synthase domain superam iy
= ID History
Transcript history SFLDGOI0T8
Protein history SFLDGOIZ12
Pfam. Sauatene; pnytoene synthase
Configure this page ' —
[Bowmonmos ] —
P Tae ore
th Export data g
«{ Share this GenedD !soprenma svntHase qoman supe%m 117
@D, oS T50preny! DIpNoSpate Synthases, neag- b nead
<3 this page ) V. S Al -
Variant - All sources. ariant - All sources
""""""""""""""""""" g n (N | | I 1 1 i i i I 1 I
Gramene is produced in
collaboration with Ensembl Plants
Variant Legend
missense variant I synonymous variant
Scale bar 0 40 80 120 160 200 240 280 320 360 410
Statistics Ave. residue weight: 113.274 g/mol
Charge: 7.0

Isoelectric point: 8.6840
Molecular weight: 46,442.40 g/mol
Number of residues: 410 aa

I( Gramene Maize Webi




Navigating Browsers
¥ Zeamays (acPva) v

Location: 6:85,061,295-85,064,797  Gene: yellow endospermi ~ Trans: Zm00001d036345_T001 ((VaHantIPZE06B0878460) Jobs VY

Variant displays
|- Explore this variant PZE0680878460 snp
= Genomic context
Genes and regulation Most severe consequence | See all predicted consequences
Flanking sequence missense variant
Genotype frequency Alleles ulation MAF: 0.09
Phenotype data ulation MATF: .03
Sample genotypes Location Chromosome 6:85061564 (forward strand) | VCF: 6 85061564 PZE0680878460 G C
Linkage disequilibrium HGVS names This variant has 5 HGVS names - Hide =

g::ft‘i’g:s"e"c context o 6:0.85061564G>C
® Zm00001d036345 T001.:c.155G>C
® Zm00001d036345 P001.:p.Trp52Ser
® Zm00001d036345 T002.:c.155G>C
® Zm00001d036345 P002.:p.Trp52Ser

4 Export data
Original source

About this variant i i i
<& st this page S Vi This variant overlaps 2 transcripts.

Flanking sequence @

Gramene is produced in

collaboration with Ensembl Plants 1 Download sequence [I| # BLAST this sequence

© Flanking sequence

The sequence below is from the reference genome flanking the variant location. The variant is shown in red text. Neighbouring variants are shown with highlighted letters and ambiguity

codes.
To change the display of the flanking sequence (e.g. hide the other variants, change the length of the flanking sequence), use the "Configure this page" link on the left.

Markup loaded

TCCTGTCCAAGCCCGCCCGCTTATTCTACCGTGCCGGGCTCGGACCGGGCCCARAAAGCG
GGCTTCGTGCCGGGCTCACGGGCC'I‘CGTGCTTTTT!GCCATCTA!AGCCGCACACTTAG
CATAC!TACGCAAGAAGAGGAGAGGCCGGAGGTGCGCGTGCTCCTTGCTGTTCTGCTGAC
TGG‘I‘CTCA!CATCTCATCCCACCACCACCACCAC CAlCAC CATCT!TAGGATAAGATAGC
AAATATATGGCCATCATACTCGTACGAGCAGCGTSGCYGGGGCTCTCCGCCGCCGACAGC
ATCAGCCACCAGGGGACTCTCCAGTGCTCCACCCTGCTCAAGACIAAGAGGCCGGCGGC.
CGCCGGTGGATGCCITGCTCGCTCETTGGCCTCCACCCGT§GGAGGCTGGCCGTCCCTCC
CC'GCCGTlTACTCCAGCCTCGCCGTCAACCCGGCGGGAGAGGCCGTCGTCTCGTCCGAG
CAGAAGGTCTACGACGTCGTGCTCAAGCAGGCCGCATTGCTCAAACGCCAGCTGCGCACG
CCGGTCCTCGACGCCAGGCCCCAGGACATGGACATGCCACGCAACGGGCTCAAGGAAGCC
TACGACCGCTGCGGCGAGATCTGTGAGGAGTATGCCAAGACGTTTTACCTCGGTACGTAC
@TATATAEATGGGATCCATCTTE’I‘TCTCCAATTCCACAATCTCATCGTTTCAGTCTGCT

, Gramene Maize Webi



Configuring Browser Views
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= IOther genome browsers

Chromosome bands
Contigs
Gramene gene

Gene Legend

Scroll: ™WF™  Track height: ®WF="  Drag/Select: ™™

45.00 Mb

45,50 Md

46,00 Md

78

EFII

D21 > < GRMZM2G167

45.00 MD

18 < GAMZM2G 160834

262 < GAMZM2G046402

< GRMZM2G345238 < GRAMZM2G 126062
GRAMZM2G051355 >

104843 GRMZMS5GB96728 > GRMZM2G021318 >
GAMZM2G131321 > GRMZN2G021459 >

< GRMZM2(
<Gl

I proten coaing

Location:

Gene:

2:45809642-45885359

Click on
“Configure this
image” symbol

. Gramene gene.

Contigs.

- MRNA allanments
~ Gramene gene.

i

Mouse over track name
| & configure symbol

| Forward strand %

ot
@ Wiggle plot

E] Gradient

[#1] P-vaiue

protein coding
(D

< LOX8
protein coding otein coding
it ] (I E
| -
—— - ==
L (N LTSRS O IS ] ] (] (R[]]SR | RN (I 00 11 WD DL ]
e 1 n I
e P e I:""r‘»-". fY*.‘__J M ."w"“‘-vr-.«"b.'\u".\' 7 "\I M fy, S B pemp o ,’"‘,‘.‘{“'.‘ P

Llllll....hh_lﬂ“ﬂh.'l.wlll‘lmum;“kdu

a
GRMZM2G105617_T01 >
protein coding
AC210825.3-Contig45 >
j

-
< GRMZM2G105542_T01
protein coding

u
< GRMZM2G105608_T01




SNPs

Variation

Structural variants

ENSVATH00125659 snp

Most severe consequence
Alleles

Location

HGVS names

Synonyms

Original source

About this variant

Explore this variant @

| Stop gained | See all predicted consequences

AJT | Highest population MAF: 0.22

Chromosome 1:24628699 (forward strand) | View in location tab
This variant has 3 HGVS names - Show

Perlegen PERL0223135

Variation features from Affy_250k, Perlegen_1M, WTCHG and 1001 Genomes, with Ensembl identifiers
This variant overlaps 2 transcripts, has 200 sample genotypes and is associated with 2 phenotypes.

&l
ATTCATT g
ceeserc P
TCATGCT  J
Flanking Genotype Phenotype
fr data

K&t Tic

Ticcic

Sample

Linkage

H

Citations

Phylogenetic
context

(Arabidopsis & sorghum)

Structural variant: ENSSVATH00000001

Variation class deletion (S0:0000159 &)

Genomic size 390 bp

About this structural variant This structural variant overlaps 1 transcript.

Explore this SV@
- - vep *
I8 RINTR BN TR 1
Genomic Genes and Supporting Phenotype
context regulation evidence data

Source Ensembl - Variation features from Affy_250k, Perlegen_1M, WTCHG and 1001 Genomes, with Ensembl identifiers
Study Structural variation & - unknown
Location Chromosome 1:10019676-10020065 (forward strand) | View in location tab

EMS-induced (sorghum & wheat)

tmp_3_55893324_G_A snp

Most severe consequence

Alleles

Location

HGVS names
Original source
About this variant

Explore this variant @

| See all predicted consequences

ISlop gained
G/A I Highest population MAF: <0.01

Chromosome 3:55905987 (forward strand) | View in location tab

This variant has 3 HGVS names - Show

A Sorghum Mutant Resource as an Efficient Platform for Gene Discovery in Grasses. & Contact Dr. Zhanguo Xing? for seeds
This variant overlaps 1 transcript and has 251 sample genotypes.

velb Z ™y | | ATTCATT o
CGGSGTG L ® <
TR TCATGG ‘ o
g Ea s
oo Genes and Flanking Genotype Phenotype
context v q data
Sample Linkage Phylogenetic
genotypes disequilibrium context Citations




Variation Data Summary
~230 M plant SNPs in 9 species

e Arabidopsis —1001 Genomes (3 studies; includes structural), Horton et al
BBSRC-funded collaboration, Atwell et al [phenotypes]

e Barley — Barley Consortium, Mascher et al, Comadran et al
 Brachypodium — B. sylvaticum (Fox et al)
e Grapevine — USDA germplasm collection (Myles et al)

e Maize —HapMap 1 & 2 (Gore et al, Chia et al), Panzea ﬁav@ba,mmvmp 3
(coming soon) Functional genomics

* Rice [Oryza sativa Japonica & Indica, O. glumaepatulcﬁ,{d@nbe%ﬂnd;l'@.
barthii] — dbSNP (Yu et al), McNally et al, Zhao et al, haatze coviaravinitiyl
3000 Genomes IRRI (coming soon)

e Sorghum — Morris et al, Mace et a/ DGVa (structural)

* Tomato — 100 Tomato Genome Sequencing Consortium
e Wheat — HapMap (Jordan et al), CerealsDB, Krasileva et al [EMS]

[ 'gnamerw ebinar 2018



Sorghum EMS-mutant collection

RN

) 256 mutant lines sequenced

CCCCCCCC

Other | Large-Scale Biology Article

& A Sorghum Mutant Resource as an Efficient
Platform for Gene Discovery in Grasses

Yinping Jiao, John J. Burke, Ratan Chopra, Gloria Burow, Junping Chen, Bo Wang, Chad Hayes,
Yves Emendack, Doreen Ware, Zhanguo Xin

Published June 2016. DOI: https://doi.org/10.1105/tpc.16.00373 | Altmetric 17

Order seeds from USDA

or contact Dr. Xin
Gramene I 0



Variation Use Case

Find “stop_gained” alleles in transcription factors

Step 1: Use Gramene BioMart
Search genes with GO:0003700 (transcription factor

Step 2: Use Genome Browser to explore
structure, expression, conservation, and
other features in gene of interest

Login/Register FYEED)
9’!’0010'10 BLAST BioMart Tools Downloads Help Feedback UploadData Search ll species.... Q [T —
=
e EETE = < [ p—
@6t ;
Ce ' ‘.\‘.; . ' astapesie:  bomokos
commeln: 68 bomabgs
Dataset 77 / 34567 Genes Export all results to File TSV Unique results only X ) —u—-‘_ul_l—ﬁn [
Sorghum bicolor genes (Sorbi1 Email notification to H20_toot BEPclade: 18 homologs
(2007-12-JGI)) e i el e *J o
Filters ] ) 20001029711, 208 s
- View 200 [gJ rows as HTML Unique results only fowers s66m.g, Setars taica
GO term accession [e.g. (GSMUA AcHIG08090_001, Musa acuminata
G0:0050789] : [ID-list Gene stable ID | InterPro ID | InterPro short Variation ID to ipt | Variation source Variant allele o R rosids: 26 omologs
specified] $5049000300 | IPR004827 | TF_bZIP mp 4 112236 G A | stop_gained Mace_2013 o = =
Variation type : stop_gained Sb08g004360 | IPRO00679 | Znf_GATA tmp 8 5166294 C G | stop_gained Mace_2013 clG zomers " m TR S e, At s1tornde
Germline variation source : Sb089004360 | IPRO13088 | Znf_NHR/GATA tmp 8 5166294 C G | stop_gained Mace_2013 ciG i T bl | alb o/l ] = )
Sorghum_EMS_mutants Sb089003700 | IPR007125 | Histone_core_D tmp 8 4256557 G A | stop_gained Mace_2013 G/A e 2013 i L, 0 Emiyophyta: 9 homobogs
Attribute; - Sb08g003700 | IPR007125 | Histone_core_D tmp 8 4256818 G A | stop_gained Mace_2013 GIA Z;’;{"m‘ufg'zz"““
Sb089003700 _| IPRO0S072 | Histone-fold tmp 8 4256557 G A | stop_gained Mace_2013 GIA Ry | LI i ], . 65 o
Gene stable ID Sb080003700 | IPRO0S072 | Histone-fold mp 8 4256818 G_A | stop_gained Mace_2013 GIA - It/
InterPro ID Sb07g004580 [ IPR001471 | TF_ERF_DNA-bd tmp 7 5865063 G A | stop_gained Mace_2013 G/A Varant Legend — e 27095, Osreococcs ucmarns
InterPro short description Sb07q004580 | IPRO16177 | DNA-bd_integrase-typ tmp 7 5865063 G A | stop_gained Mace_2013 G/A = Upsiream gene varrk = Dounstream gene varnt
Sb079004580 | IPRO31112 | AP2-like_transcript_factor tmp_7_5865063 G_A | stop_gained Mace_2013 GIA Z:f:;:”‘"‘ o et
Sb089005635 | IPR004827 | TF_bZIP tmp 8 7821495 C T | stop_gained Mace_2013 [ ey
Dataset 7447 / 8189230 SNPs | [ Sb010038370 | IPR002589 | A1 tmp 1 61895020 G A | stop_gained Sorghum_EMS_mutants | G/A nsembi PlntsSorghum ol versio 8514 Sy hvomsome £ 53,3903 - 53354758
55019038370 P p_g g
Sorghum bicolor variations 5b019038370 | IPRO11146 | His_triad-like_motif tmp_1 61895020 G A | stop_gained Sorghum_EMS_mutants | G/A A = &
(Sorbi1 (2007-12-JGl)) Sb019038370 | IPRO19808 | Histidine_triad_CS tmp 1 61895020 G A | stop_gained Sorghum_EMS_mutants | G/A
Filt Sb019038370 | IPRO26963 | Aprataxin tmp 1 61895020 G A | stop_gained Sorghum_EMS_mutants | G/A — 477 kb =
iEE Sb019038370 | IPR032566 | zI-C2HE tmp_1 61895020 G A | stop_gained Sorghum_EMS_mutants | G/A = = R T EREEIT T —
Consequence type : Sb01g030770 | IPR004827 | TF_bZIP tmp 1 53392629 C T | stop_gained Sorghum_EMS_mutants | C/T Variations : WoEnn
op_gained Sb019039810 | IPR000943 | RNA_pol_sigma70 tmp 1 63256928 G A | stop_gained Sorghum_EMS_mutants | G/A 151 gene
Variation source : 5b019039810 | IPR000943 | RNA_pol_sigma70 tmp 1 63258775 G A | stop_gained Sorghum_EMS_mutants | G/A — — —— —_—
Mace_2013,Morris Sb019039810 | IPR007624 | RNA_pol_sigma70_r3 imp 163256928 G A | stop_gained Sorghum_EMS_mutants | G/A 53391Mb I i 53.334Mb
2013,Sorghum_EMS_mutants | | Sb019039810 [IPR007624 | RNA_pol_sigma70_r3 tmp 1 63258775 G _A | stop_gained Sorghum_EMS_mutants | G/A
Attributes Sb019039810 | IPRO07627 | RNA_pol_sigma70_r2 tmp 1 63256928 G A | stop_gained Sorghum_EMS_mutants | G/A
Sb01g030770.1 | |
 blomart version 0.7 SB01G030770 - _—
i
PF00170

Step 3: Identify germplasm containing genotype of interest:

tmp_1_53392629_C_T snp

Original source

Alleles
Location

Most severe consequence

HGVS names

A Sorghum Mutant Resource as an Efficient Platform for Gene
Discovery in Grasses. Contact Dr. Zhanguo Xing for seeds

C/T | Ambiguity code: Y

Chromosome 1:53392629 (forward strand) | View in location tab

® 1:9.53392629C>T
® Sb01g030770.1:¢c.943C>T
* Sb01g030770.1:p.GIn315Ter

| See all predicted consequences [Genes and regulation]
d

Basic-leucine zipper (bZIP) transcription factor

477 kb

Genotypes for Sorghum_EMS_mutant_population =

Show/hide columns (1 hidden) IFiIter

Sample Genotype v
(forward strand)

ARS230 CIT

ARS1 cic

ARS10 cic

ARS100 cic

ARS101 cic

Gramene




Sorghum msdf

nature \_=

COMMUNICATIONS

ARTICLE

MSD1 regulates pedicellate spikelet fertility in

PS

ss

PS

BTx623 msd1
sorghum through the jasmonic acid pathway
Yinping Jiao"?, Young Koung Lee®3, Nicholas Gladman'?, Ratan Chopra', Shawn A. Christensen®,
Michael Regulskiz, Gloria Burow!, Chad Hayes1, John Burke!, Doreen Ware® 2° & Zhanguo Xin!
1234 56 5
Grain number per panicle (GNP) is a major determinant of grain yield in cereals. However, the [ ﬁ ﬂ ﬂ i l I
mechanisms that regulate GNP remain unclear. To address this issue, we isolate a series of TCP domain
, . I I I I I
sorghum [Sorghum bicolor (L) Moench] multiseeded (msd) mutants that can double GNP by
. . — . . . 0 200 400 600 800
increasing panicle size and altering floral development so that all spikelets are fertile and set
grain. Through bulk segregant analysis by next-generation sequencing, we identify MSD1 as a Gene bOdy (bp)
TCP (Teosinte branched/Cycloidea/PCF) transcription factor. Whole-genome expression PR
SNPID Mutant Chromosome Location Variation  Mutation effect ct:ang:

1 msdi-7 7 54912926 G/A Missense_variant RQ

2 msdi-5 7 54912940 G/A Missense_variamt D/N

3 msdi-6 7 54912085 CT Missense_variant RW

4 msdi-1 7 54912986 G/A Missense_variant RQ

5 msd1-2 7 54913064 CT Missense_variam ™

6 msdi-3 7 54913078 C/T Missense_variant UF

7 msdi-4 7 54913335 G/A Stop gained wr

2 Webinar 2018



Tools

http://ensembl.gramene.org/tools.html

Tool { gl‘{llnelle BLAST BioMart Tools Downloads Help Feedback UploadData
ools

We provide a number of ready-made tools for processing both our data and yours. We routinely delete results from our servers after 10 days, but if you have an gramene genome
account you will be able to save the results for about 2-3 months until next release.

Processing your data

Name Description Online tool Upload limit Download Documentation
script
Variant Effect Predictor Analyse your own variants and predict the functional consequences of X\ 50MB* h

known and unknown variants via our Variant Effect Predictor (VEP) tool.

- le[u

HMMER Quickly search our genomes for your protein sequence. X\
BLAST/BLAT Search our genomes for your DNA or protein sequence. X\ 50MB
Assembly Converter Map (liftover) your data's coordinates to the current assembly. X\ 50MB

* For larger datasets we provide an API script that can be downloaded (you will also need to install our Perl API, below, to run the script).

Accessing Gramene data

Name Description Get it from: Documentation

BioMart Use this data-mining tool to export custom datasets from Gramene BioMart o
Gramene.

Ensembl Perl API Programmatic access to all Ensembl data using simple Perl GitHub g or FTP download# (current release only)

scripts

Ensembl Genomes Virtual Machine  Pre-configured VirtualBox virtual machine (VM) running the
latest Ensembl Genomes browser.

S e

Ensembl Genomes REST server Access Ensembl data using your favourite programming
language

M Cramene



1234 56 7

- p——— msd1 [SORBI_3007G135700]

r T T
0 200 400 600 800

Gene body (bp)

SNPID Mutant Chromosome Location Variation  Mutation effect A’:m;:'d

The msd1 mutants are not in the sequenced

2= BE -1 F-—F population. But... Is the amino acid sequence
§ B - e i el conserved in other species like maize?

2.13 kb -

" [
-
Va rI a t I a g e 56,155,800 56,156,000 56,156,200 56,156,400 56,156,600 56,156,800 56,157,000 56,157,200 56,157,400 56,157,600 56,157,801

Variant =All so... Variant - All sources

LT 1 T | [

Genes

EES13882

PANTHER

PROSITE profiles )
Transcription factor TCP subgroup

Pfam PF03634
Transcription factor, TCP |

/ 1.49 kb e
(o] [w] [w] [on] [on] [aa] [on] [aa] [] [an] [w] [an] [w] [an]

Variant Legend
missense variant I synonymous variant

-
H B S prime UTR variant B 3 prime UTR variant B upstream gene variant
a rl a n a e B downstream gene variant I intergenic variant
Show/hide columns Search...

Variant ID Chr: bp Alleles Source Conseq. Type AA AA coord SIFT

tmp_7 54912721 G A 7:56156345 G/A Sorghum_EMS_mutants D/N 9 [ 0.03 ]
missense variant Most deleterious

tmp_7_54912944 G_A 7:56156568 G/A Sorghum_EMS_mutants R/Q 83 [ 0 ]
missense variant

tmp_7_ 54913223 G _A 7:56156847 G/A Sorghum_EMS_mutants R/K 176 [ 0.25 ]
missense variant

tmp_7_54913237 G_A 7:56156861 G/A Sorghum_EMS_mutants EK 181 [ 0.25 )
missense variant

tmp_7_ 54913398 G_A 7:56157022 G/A Sorghum_EMS_mutants | G 234 =
synonymous variant vsS tolerated

# Cramene



Are the sorghum msd17 variant
sites conserved in maize?

S
204
S0M
404

Sorghum bicolor genes Location Zea mays homologues Location

SORBI_3007G135700 7:56156125-56157410 TCP-transcription factor 11 1:217455034-217455756
(SORBI_3007G135700) (Zm00001d032217)

- |- Alignments (text)
L20M - Region Comparison
[~ +~2000 = Genetic Variation

—| |- Resequencing

L Linkage Data
|~ Markers
£ Other genome browsers
L2S0M L Phytozome

CEr—
. i oo
s —
- No tree is drawn when there is more than one block displayed because each block s represented by a separate tree
B .

Sorghum bicolor bicolor_NCBIv3:7:56156218:56157410:1

L2 0M Gramene is produced in Zea mays > 'v4:4:85370657:85371903:1
collaboration with Ensembl Plants

!

Alignments (text) @
1004

(< FH B d=|» 5\‘

‘ Alignment:  zeamays - lastz

1208

Location:  7:56156218-56157410 Gene:

1408

Laon © Alignment

4 0M Currently showing full alignment. Please click the button below to show the alignment for first 120 columns.

Hide full alignment

601
Sorghum bicolor 7:56156218 TCATTACCCTAACACAGCCGGCCTCTCATCACCHTCATCATCATTGCGTCTACCAGCRAGAGCAGTCA---~TTTACCGAACCCTACTGCAGCTGCTTT-GITTTCTTATGCCGTCGACE 7156156332
100H 4 Zea mays 4:85370657 TCATTACCCTAACA--GCRGGECTC--ATCACMATCRGCGTC---~TACCTACCAGCMAGAGCAGTCAGTCACTTAYCGAACCCTACTGCAGCTGCTTTTGTTYCCTYATGCCCTCEACC 5370768
& 0H Sorghum bicolor 7:56156333 GC---------f TGTCTTGGRACGGGTACGGCGGGCAGATCTTCCECGCCGACATGTCGTCGT TCCACC-- - ACCAGGACACCCTGGAGGCCGTGTTCCG- -~ - -~GCAGCCTGAGACG 7: 56156434
S 0H Zea mays 4:85370769 GCCGCGATGTCGTCGICTTGGGA[PRNT =y rror -y iy CAGACATGTCGTCGITCCACCRCCACCAGGACACCCTGGAGGCGGTGTTCCACCACCHGCCGCCTGAGACG 4185370888
Class SNP
L100M Sorghum bicolor 7:56156435 ACGGCGCCCCTGCAGGCGCCGGC Location 7:56156345 G TCGCECGTAC CGECGTCCATECCGEEGCCECACCRE 6156554
150M 4 Zea mays 4:85370889 ACGACGAC-- Alleles @A [67.GGAACGACRGGTCATC- - - ACCGGTGGTGGACGACGECEGE- ~GGCCACG- CCGCACCGCGARGECH! 5370975
missense variant
Sorghum bicolor 7:56156555 TTCAGGACGGATCRGCACAGCAR . 0 @ GACCGCCGGATGCGECTGTCGETCGEGETCGCGCGAGAGTTCTTCGCGLT CCGGCTTGEGTT 6156674
: G e LS GCCGGATGCGGCTHIC cC CGCGC GCCTCGGCT
L120M Zea mays 4:85370976 TTCCGGACGGACCGC T T G §TCGGYCR YGEGAGTTCTT T 5371095
Class
Sorghum bicolor 7:56156675 AAGGCCAGCAAGACG (GCCGGCCATCGACCGCCTCGTCGACGCCGCCG-AGCCGGCEETRGCTC TAGTCTC CaA 7:56156779
Location
Zea mays 4:85371096 RAGGCCAGCAAGACG pjigios i GCCGGCCATCGACCGCCTCGTCGACGCCGCCGCCGLC TAGCAGCC CGACGA 4:85371215
2001 -5 1404
&0 Sorghum bicolor 7:56156780 CCGAC AN SRS WGCACTTGCTGTTTGACGGTGGACTCGAR GA AGAAGCAGAGGCGGCGG 6156890
Zea mays 4:85371216 CCGACGGTGGTGAGG?"'I:”:-‘"‘“J““{M . GCACTTGCTGCTGCTTGACGKACTC RCCGAGGAGGCG: 5371335
ene/Transcript Locations = -
-160H Sorghum bicolor 7:56156891 GGCGGTACCGGTGGTCCTGAT CATGGAAGAACA---CGGCCGCGGTGAGT e ACG 7:56156998
Zea mays 4:85371336 GAC CACCGGCAGCGCTTCT GCGGCTGCGECGAGE | o, e BACG 4:85371437
- p — Alleles. GA P
Chr 4 Chr 6 Sorghum bicolor 7:56156999 GCGCAGCCGC \GATGGACGGRCTGGAGTACTACTACCAGTATTGCCTGCAGCTC TGG 7:56157106
o L2 Zea mays 4:85371438 ACGACGMCGCAGCAGCYGGACGGGCACRASTACTNCTACCAGTATTGCCTGCAGCTC TGA TGG 4:85371556
Z2ea mays Zea mays = = == Explore this variant

Explore this variant
Gene/Transcript Locations

Sorghum bicolor 7:56157107 TATGCAAACATTATATATAGGICTATAAACTCT - --AACGCGCGTGAGGA- -~ TTTCCATTACGT -~ ~. --A 7:56157199

O rg l I m Zea mays 4:85371557 TATGCAGACGC--GTGATAGGTCT-TGAGCTCTCTARACGC AfTTTCCATTACGTCCTGAGA GCTGCCATGATGATCCRTTACTACTGCATATCTATC 4:85371673
Sorghum bicolor 7:56157200 TAGTACATATATAAATCAACTGGTGGTTTCTCT-ATCAATT ARRRCCCATTAGC TTGTG-TATTGACAT -~~~ TTGETTAATGRCAATTAACCTTATTATAATTA 7:56157304

Zea mays 4:85371674 TAGTACATATAAATCTCAACTGGITCTT¥ATCTCATCAAT TCCAAASGCCCATH) TGTGTTATCGACTTTTGCATTGGTTAATRGEMATTAACCTTATTATGATT 5371793

‘ I lr ; Sorghum bicolor 7:56157305 GCTATTGC-TGITTGICAATTATTC------ATACAATTGTC R TCGTTACT GTACTGATGCTG-~TAACTTIGATGTTTATGAAGTT-TTGCATG 6157410
Zea mays 4:85371794 ACTATGACATGTTCGICAATIGITCARATATINIATAATCGTGHTAAT -~ GGTATCHGTTACTTTIAGT - - - ~GCACTGATGACGTATAAACATRTIL ™ Hccac 5371903

, Gramene aize Webinar 2018
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Track Hubs in Gramene

EBI Atlas team: RNAseqg-er API aligns all ENA short reads for genomes

in Ensembl updated daily
,g’.a,m Search for genes, species, pathways, ontology terms, domains...

Gramene Portals

Genome Browser

Browse genomes with annotations,
variation and comparative tools

Tools

Tools for processing both our data
and yours

BLAST

| | | || “ h I ” Query our genomes with a DNA or
!¥¥ protein sequence

Track Hub Registry

A global centralised collection of
publicly accessible track hubs

Bulk Downloads

l l FTP download of our data

Release Notes (53)  About  Cite  Feedback

Plant Reactome

b Browse and analyze metabolic and
regulatory pathways

Plant Expression ATLAS ¢

Browse plant expression results at
EBI ATLAS

Gramene Mart

An advanced query interface
powered by BioMart

Outreach and Training
Educational resources and

g 8 webinars

Archive

m Legacy tools and data (markers,

Cyc pathways, etc)

1fs Like 469

(2]

1759450 genes in 44 genomes v

Latest News

What's New with Gramene? An
Overview - Webinar May 9,
2017 @ 2 pm EDT

Older news

Plant Breeding for Drought
Tolerance, Online course - Fall 2017

Agricultural Data Curation Survey --
Your feedback matters!

Notes from Biocuration 2017
conference

Gramene webinar 11th April 2017:
Overview, updates and new
fireworks display in Plant Reactome

Gramene at the 2017 Maize
Genetics Pre-Conference
Workshops

Everything you wanted to know
about plants synteny! -- Join our
Gramene Webinar on February 7th

Gramene is attending the PAG
Conference 2017 — See you in San
Diego!

GARNet newsletter available for
download

lllinois Corn Breeders' School,
March 6-7, 2017

¥ Follow @GrameneDatabase <RIV

aize Webi 2018



Track Hubs in Gramene

EBI Atlas team: RNAseqg-er API aligns all ENA short reads for genomes
in Ensembl updated daily

Location view

’ markers
Other genome browsers
L Dl -

e
‘Q Configure this page
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Track Hubs in Gramene

EBI Atlas team: RNAseqg-er API aligns all ENA short reads for genomes
in Ensembl updated daily

Location view

|- markers
Other genome browsers
\ Phitaza o

Configure Region Image  Configure Overview Image
Configure this page
C T
Track Hub Registry Search Your data 0
Manage Configurations

Configure Chrr.aosome Imag;

————sus
Personal Data

0 Search for public track hubs
Add a custom track
Name for this data (optional):

collaboration with Ensembl| Species: Zea mays
Assembly: AGPv4

Data: Paste in data or provide a file URL

z

Or upload file (max 20MB) | Choose File = No file chosen

patefornat Help on supported formats, display types. etc

- -——
UL TR l:ll[l ULIU_I._;%IIIII AUCRT COUMUMIEE 5 1 00 (O
I il I
AP . g‘“‘x“"""»-'"\"n_‘ A __oh A "».r-.f"_f'_ A ,"'l‘ Mo .'n'. S .r" o SO ""'. Py |




Track Hubs in Gramene

EBI Atlas team: RNAseqg-er API aligns all ENA short reads for genomes

in Ensembl updated daily

Location view

markers

I

Other genome browsers
L Phas o

Configure Region Image  Configure Overview Image

Custom tracks

Track Hub Registry Search
Manage Configurations

Your data @

Configure Region Image
Custom tracks

Track Hub Registry Search

Manage Configurations

0 Search for public track hubs
Configure Overview Image

Configure Chr~_dosome Imags | [EEEIIETEY
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RNA-Seq alignment hub SRP063765

Description: Zea mays Genome sequencing ; SRP063765

Data type: transcriptomics

Number of tracks: 2

RNA-Seq alignment hub SRP066138

Description: Zea mays subsp. mays Genome sequencing ; SRP066138

Data type: transcriptomics

Number of tracks: 2

RNA-Seq alignment hub SRP014792

Description: Zea mays Transcriptome or Gene expression : SRP014792
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Track Hubs in Gramene

EBI Atlas team: RNAseqg-er API aligns all ENA short reads for genomes
in Ensembl updated daily
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Yu et al. (2008) Genetics 178:539-551; https://doi.org/10.1534/genetics.107.074245

« Chromosome-level assembly NSF Award # 1744001
« Uniform annotation protocol

« Compara gene trees—ortholog identification

« All pair-wise synteny maps Preview at
« Pan-genome analysis :
maize-pangenome.gramene.org

Variation: copy-number presence/absence
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Maize Genomes at PanMaize

Reference genomes for gene tree analysis: zea_maysph207
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Maize Pan-Genome
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opaque endosperm2 Zm00001d018971 GRMZM2G015534Zea mays B73 ¢ BZIP25 Arabidopsis thaliana

Regulatory protein opaque-2 Basic leucine zipper 25

Location  Expression [Mglelylellle\All X-refs

Compara Gene Tree ¢
This phylogram shows the relationships between this gene and others similar to it, as determined by Ensembl Compara (4.

o Alignment overview: Proteins color-coded by InterPro domain. Resize slider to navigate.
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Maize Pan-Genome

opaque endospermz2 zm00001d018971 Zea mays B73
Regulatory protein opaque-2
Compara Gene Tree
This phylogram shows the relationships between this gene and others similar to it, as determined by Ensembl Compara (4.
Display mode + Color Scheme ~ o Multiple Sequence Alignment: Amino acid MSA. Drag slider to reposition.
e 1 W i 111 WIAEN T T 111 T 1
Zea mays B73; [Zm00001d018971] fr B [EENDE CVEFEGED | EEREEES RKRKE REJRRCRURKY. /KB ER0 RESR /0 K E L U2 RRIZUS KDL D AR, DB "R K CERDRR KRR § HeES K o pEEM - pUereeed I8 B EvES
Zea mays W22; [Zm00004b034938] Pr§ NS EVEEEGED 22 EERERRR RKRKE- IRE_LRRCRMRK.! #KE JERD | SAENSCEDTY D_1\D R FRCDUE SR KK CERDRE KR e o ] § HeES K i PESXE - rUeered T8 I EvES
> Zea mays PH207; [Zm000082026946] [ED 8 KR} K& RR. 1D R FRCDUE AR KK CERDRE KRB ] § eS8 H of pEEE GvES
Sorghum bicolor: 2 genes fr B NG CNEEECES 22 =rRE RKRKE - RE_RRCRURK L\ /XD /ERD | 0 - EEENENTS § ele § o BSEN BvER
© Setaria itallca; [S1029970m.g] §2BE - CITMEG - EVEEEGED b EEKRRES RKRKE_ REJRRCRURK." 'KEER0 RS/ K UE L2 RRU) KD WD P, VB R K ERDRR kR § e » o ANADH 2
BOP clade: 2 genes feH § - CIDNEG - DACANGNN KKRKE JRE_ RRCRCRK.LR KD ERE RUE DPRRED D Ry DUE RUK IR ERE} ErS A ErENVASDA DR §vES
BOP clade: 2 genes B DN CECECEA fR2 D REEES T RRK L IRE L RRCR_RK i B /ER Ul RUE DPRRED ARV N VA s A Az [ - SVENECHNATF-AASTH SIS MeFN § SoETAEETE AV B =F vl
Sorghum bicolor; [SORBI_3001G056700] | o ooD e R = | b0 B N NS A O SEN ARV NV A A o - VEWECHNAREPAVEDN 658 HeRN 6 SrESESTA AV B =N BvEd
Zea mays PH207; [Zm000082019215] B0 - [DNEe DATENGNE evReT B RUE L DPRR DY KBS D RUFKDUE R K K U ERDRE VKR e VD B C R ) Bl D UD R O BN BvEd
Zea mays W22; [Zm00004b011075] | B oDD E R F: 3 R RE) SSTARRINGED &Y N NS S A SN ARV N A A [ - BVISWCHNARvpAVEN SSTS HeFN § SeETSASIS B BN vl
Zea mays B73; [Zm00001d013074] BB CITMEE - CACENGNG 127/ R R RERCRK E/ER ] RUE A VN0 EN ARV NV AR [ EVSWICHNALYPAVS M SSIS MPEN G ErERSASNS o5 BN BvER
Zea mays B73; [Zm00001d034457] § 0 [TENEe SAGEECNE o0 NS T A NO e N ARV N VLA A - BVENECHNGEEPAVEY - SSE8 fipEN § SrETSASTH AV OoF 6§ BvER
Zea mays B73; [Zm00001d034455] B0 - [HNEe DATEEGNE euoeT B NS S A SN ARV N AU o) - BV ECHNGEEPAVELN SSTS HeEN § SrETSASTA AW O BN BvEd
Zea mays PH207; [Zm00008a005482] | oD _E R & L0 R RRK.RE_RRCR_RK CET 5 RCE AN SN AR N AV A [ SUISNECHMNTEFeAVSTH SSES ficF G SoERSASTA AV B BN vl
Zea mays W22; [Zm00004b005435] B TMEE - SACEECNG HevoRR RRK[5) RE-JRR-R-RK E 7E] RUE RR#: D (- K3\ EXV\UD RU#K DUE: AR KUK U END I VKR e U A \G=D ] e} SrECSASTH o5 BN BvER
Zea mays B73; [Zm00001d034447] B NS DATEEGNE L R B VNS L T EA VO TEN ARV NSV E AV AT ) - BVEWECHNGEEPAVELH SSIS HeEN ¢ SrETSASTA AV O BN BvER
Zea mays PH207; [Zm00008a005480] B DN DACEGNG 22 R O RRK L RE L RRORCRK 12 B PER U NS S A SN ARV N AU [ - BVSNECHNGEEPAVSN SSES HeFN § SrETSASTA AW O BN BvER
Setaria talica; [SI035062m.] B DN CACEECRA HeioeT B RUE DR RR DU K E LD R GIK DR IR K K U ENDRE KR ST e D RS R B DD R B =8 BvEl
Arabidopsis thaliana; BZIP10 =D, DERge = ) JK2ED KERERKCRR |/ RE_RR_RRRK.E.._D/ER R D/KEE (0PiKo [ KEDE [ RIS TK DUE R K K ENE] HeEl § N DOSSS B v S NENE
F:mb\dcpsismaliana; B2ZIP25 | 00D 2D R D ] D20 KERRRRURR 12 IRE . RRRRRK B/ B DR} EvFS § § oBASS BT § BN EEECPANSSTNG
Vitis vinifera; [VIT_0750141g00170] BB O CEDEmEeN JRURRIZRERRORRRKCE (B ER | il UNNTSSNESAT AV B 6§ EEEE - erie
] rosids: 7 genes | RO vEE: B e D ] 220 KRR RR - RE L RR_RRRK .\ o m El ] EpBETEIS-EOSAY - AAV [ooR: B o]
Setaria ftalica; [Si022331m.g] Aol oD D RR=E ] D2 L XERRRKRR 7 RE_URR_RKRK.E 2D /Bl RS PRI CE LU (KR 2D LKYKD LD R U2 UDE JRRK ) L E i3 §S CRSCAESA BV {ED B EN O RESE )
Zea mays B73; [Zm00001d030995] B = -0 RB=E | Dz REEEEK 'RRU'/- RE -/ RR-RKRK D} RECE KRZD SRS NN oV M L UNEA Heil 5§ CoSDAASA SASE 8 3 BEED - EeED
Zea mays PH207; [Zm00008a002891] B2 = -0 B8=E | iz REEEEK 'RR /- REC/ RR-RKRK D el ] BHril B8 CrETARSASASASE 8 T BEES  EeED
Zea mays W22; [Zm00004b002812] BB = ©E TN CrRNAT T RE_ZRR-RKRK D /EN- S (SR 7/ A RR D LuLo KMKD -\ D K 144 /Dy B+ URRK. 1 4] Beil B8 CrETAASA EASA 8 % BFEg - BeER
Sorghum bicolor; [SORBI_3008G157100] B = D RREE | D KEEERK 'RRUZ- RE J RR-RKRK Dl fivEl 58 CASDAESA BV 8 BT BEEH - EeEQ
BOP clade: 2 genes | o Dl > | (D21 - KRR KR 12 IRERRRRRK 2 CoDuER ) RE LOPIKRED = RS0 DBV IRRK ] b2 E) il 55 CESTAASAA EDAN 8 S B ERE
] rosids: 6 genes 28 CHGACE0S L0 K] - B EXUKUE U K0 LD Ul UREDL R GIK DU VR K Kl N TN R
BOP clade: 2 genes 88 CSEEEH - ENeTENG LX) L] B8 EXHe GRS
Setaria ialica; [S1007043m.g] 0§ - ESEvEV Cecsce JRURRIC IR RRORRRK ) FER R B REE Vs KO R D Ris K _DUE_VRIK /K E] BN B HC AR
Zea mays B73; [Zm00001d046937) BE O8N ESHey! J RCE KRR RR L RECLRRCRRRK 012 DR} N B Ee pEEN
Zea mays PH207; [Zm00008a034882] BB ESHvTN - E6Hey! | RCLE. KERRERVRR [ RERRRRRK DER-] & e ssui
Zea mays W22; [Zm00004b033169] B8 ESEvEN Eeiey! | RCLE KERRRVRR [ RE_ZRR_RRRK D} ERCKCE D D RE K DUE_URIK /K E] LR RiEs R |
Zea mays W22; [Zm00004b021670] 2 ESEVEV - B6Wey] R KRR RRIV/) REC)/RRERRRK 0D B B
Zea mays B73; [Zm00001dososes] - SEVEREHIGEGS - SSTAVAQCEE Wl > SASTCHTTSANNAL. 5515758 HHVSN 1 SVALS L OCONS T 50 N B Ee A
Zea mays PH207; [Zm00008a016342] RE-\RR-RRRK D EN-] W X e GAEN
Zea mays B73; [Zm00001d003529] el v LR R |
Zea mays PH207; [Zm00008a007256] mrd v@ i X HepEEN
Zea mays PH207; [Zm00008a020514] CBEVEN - Zeury! | RS & KEERERI(RR V7 RE-/.RR-RRRK. D/ER- | K] | 8 reER R D |
Zea mays B73; [Zm00001d014710] EEEVEN - S6¥ry] | R K] L LK i B e QEEN
Zea mays PH207: 2 genes ESEVEN - B6Wey!  RLE KERRRRR [ RE L\ 'R-RRRK R0 D/ER | U B Ee AN
Zea mays B73; [Zm00001d006223)] I e B L R K] 5 L] N B Ee - pAEN
Sorghum bicolor; [SORBI_3010G218500] ESEVEN - E6Wey! | K UE KRR RR [ REC/RRCRRRK L1/ B ) X
T Sorghum bicolor; [SORBI_3004G059900] ESEECN - 56GrCE08 L3 DUKERRRR R/ RECL RRCRKRK DEf } BN 29 A Qe
Zea mays B73; [Zm00001d015421] [CSEERE CCGre08 .20 UK ERRER TRR V7 RE -/ 'RR-RKRK. D/ER ] 2 BaR B R T
Zea mays W22; [Zm00004b013002] DSEERE - GGreros 2Dk BRREIR TRR 1\ /- REJ.RR-RKRK. D/ER ] DO IREE Ko &:D 2 BaR R R )
Zea mays PH207; [Zm00008a040190] RR_\/- REJ-RR-RKRK D eS| D R-E QLI 2 Bar B R )
Setaria ialica; [S1017778m.g] ESEECN - 6GreT08 JRERRIVCRE - RRORKRK LY D7ER R DR KD BN pH BE Qe
BOP clade: 3 genes CSEERE - DECrEI08 120 KRR RR [ RE-URRCRKRK .. 2 D ER. | DORCE KZD BN 006 A6 GNeE
L] seiaginelia moellendorfii: 2 genes oeEcp. D RuE-] {E'2-D K EEERR 'RR [i/:) RE J.RR-RRRK. D /eS| RUE SOLNGINTIFGE) BEETE 0N BN B
Physcomitrella patens: 7 genes DEE RR0E _Be. k) § 2cD- KERRRR KR |- [RE_RRRRRK <.\ 1D /2R -} R REDtl K KE P DEN ORI |

Multiple-sequence alignment view

fgmmuw



Maize Pan-Genome

opaque endosperm2 Zm00001d018971 GRMZM2G015534Zea mays B73 BZIP25 Arabidopsis thaliana
Regulatory protein opaque-2 Basic leucine zipper 25
Location = Expression X-refs
Compara Gene Tree e’

This phylogram shows the relationships between this gene and others similar to it, as determined by Ensembl Compara (4.

Neighborhood conservation: +/- 10 flanking genes color-coded by gene family.
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Gramene Pathways

Plant Reactome: pathways, species,
and analysis features

http://plantreactome.gramene.org
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Get in touch!

* Slides, exercises, brochures, posters:
ftp://ftp.eramene.org/pub/gramene/outreach/maize 2018

* Qutreach: http://gramene.org/outreach

e E-mail: feedback@gramene.org

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

* Gramene YouTube channel & News blog

* Announcements mailing list
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https://www.facebook.com/Gramene @GrameneDatabase
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