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Gramene.Org
,gllalm Search for genes, species, pathways, ontology terms, domains...

Gramene Portals
Pathways

Plant Reactome

Browse and analyze metabolic and regulatory
t ) pathways

Genome Browser

Dt
Gene Trees, Homologs, Synteny,
Whole-Genome Alignments

Tools
Tools for processing both our data and yours

Plant Expression ATLAS (¢

Bro

o

Gene Expression

| BLAST Gramene Mart
! E I Query our genomes with a DNAg \S 't An advanced query interface powered by
| | || h i I I seqguence 100 \ Da‘a BioMart
(e
e

U Sl R & 8 - Outreach and Training

A global centralised collection of publicly

accessible track hubs & & %

Archive

Bulk Downloads
FTP download of our data

W Legacy tools and data (markers, Cyc

pathways, etc)

Gene & Protein
Expression

e., Ensembl
I( Gramene

WW.gramene.org

(2] 2264698 genes in 61 genomes v

Latest News

Gramene will be at Plant Biology 2019 —
Hope to see you in San Jose, CA!
Fri, 26 Jul 2019

Community Annotation Poster at SUNY Old
Westbury's 2019 Student Research Day
Conference

Tue, 04 Jun 2019

Saturday DNA: Get to Know GMOs! - A
WISE event
Tue, 04 Jun 2019

Plant domestication and the secrets in a
plant's genome for 4th graders
Mon, 03 Jun 2019

Announcing Gramene Knowledgebase
release #61 with new and updated plant
genomes and pathways

Thu, 02 May 2019

Workshop on Cereal Genomics at CSHL,
October 15 - 21, 2019. Apply by Aug 15
Thu. 25 Aor 2019

Outreach, Education & Training motation Jambores for

irs. St. Louis, MO. March
13-14, 2019
Wed, 17 Apr 2019

Announcing Gramene release #60: New &
updated genomes, pathways and other
features

Fri, 08 Feb 2019

W reactome




What can | do with Gramene?

Is my gene conserved in other species? Can |
identify function of a novel gene through
homology?

Where and when is my gene expressed?

s my gene in a metabolic pathway? Is the
nathway conserved in other crops?

Have genetic variants been identified in my
gene? Can | access germplasm lines with
naturally occurring or introduced genetic
variants in my gene?




Work Example

ldentify the sorghum ortholog of the maize tassel
seedl (ts1) gene

Reduce the complexity of the gene’s family tree,
focusing on species of interest

Visualize synteny between species

Explore gene structure and identify functional
annotations associated with this gene family

Explore patterns of gene expression
ldentify pathways associated with the gene

Explore genetic variation in ts1 and find induced
EMS-mutants in sorghum

w.gramene.org



Find orthologs & paralogs

Search: tassel see‘cﬂ

0

ms, domains... 3 genes in 2 genomes v

Gene | tassel seed1 X

tassel seed1 zmo00001d003533 GRMZM2G104843Zea mays ¢

Lipoxygenase

Location  Expression [EGIGGICIA Pathways  X-refs

Show All Species

Pick Species from List

LOXB Arabidopsis thaliana

Lipoxygenase 3, chloroplastic

Compara Gene Tree

&

Display mode ~

—® Zoa mave:

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

Alignment overview: Proteins color-coded by InterPro domain. Resize slia ate.
[ T T T T W T T T [ |

600 [msd2] |

Sorghum ortholog: SORBI 3006G095

Musa acuminata subsp. malaccensis: 3 genes
Dioscorea rotundata; Dr12372

Petrosaviidae: 29 genes, 1 paralog

Pentapetalae: 35 genes

Brassica: 8 genes

© Arabidopsis thaliana; AT1G17420

Arabidopsis: 2 genes

Brassicaceae: 7 genes

Beta vulgaris subsp. vulgaris; BVRB_79169930

i AMTR_s0!

p 050
Pentapetalae: 23 genes

Pentapetalae: 5 genes

Magnoliophyta: 41 genes

Embryophyta: 21 genes

Search Gramene

{ Show All Homologs €X3) ]

{ Show Orthologs €7D
Show Paralogs €)

0504904471 00 Oryza sativa Japonica Group &
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Links to other resources

Ensembl Gene Tree view (&

LOX3 Arabidopsis thaliana
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Gene Trees: Focus on species of interest

=> Prune unwanted species

tassel seed1 zm00001d003533 GRMZM2G104843Zea mays

Lipoxygenase

Location  Expression [gllylllele\’All Pathways  X-refs

2

12 genes in 8 genomes ~ ‘

Show All Species

Pick Species from List ‘l
!

LOX3 Arabidopsis thaliana

Lipoxygenase 3, chloroplastic

Compara Gene Tree

&

Display mode ~

Zea mays; Zm00001d003533

Zea mays; Zm00001d025524
Sorghum bicolor; SORBI_3006G095600
Panicoideae: 3 genes

BOP clade: 21 genes

Musa acuminata subsp. malaccensis: 3 genes
Dioscorea rotundata; Dr12372

Petrosaviidae: 29 genes, 1 paralog

Pentapetalae: 35 genes

Brassica: 8 genes

Arabidopsis thaliana; AT1G17420

Arabidopsis: 2 genes

Brassicaceae: 7 genes

Beta vulgaris subsp. vulgaris; BVRB_7g169930
Amborella trichopoda; AMTR_s00024p00245050
Pentapetalae: 23 genes

Pentapetalae: 5 genes
Magnoliophyta: 41 genes
Embryophyta: 21 genes

This phylogram shows the relationships between this gene and others similar to it, as determined by Ensembl Compara (4.
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Alignment overview: Proteins color-coded by InterPro domain. Resize slider to navigate.
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Gene Trees: Focus on species of interest

=> Prune unwanted species fgmmene

tassel seed1 zmo0001d003533 GRMZM2G104843Zea mays ¢ LOXS Arabloiopste thellans

Lipoxygenase Lipoxygenase 3, chloroplastic

Location  Expression [Mglelylellels\’Al Pathways  X-refs

Compara Gene Tree

This phylogram shows the relati

I Display mode ~ I e

Zea mays; Zm00001d003533
Zea mays; Zm00001d025524

ned by Ensembl Compara (4.

Alignment overview: Proteins color-coded by InterPro domain. Resize slider to navigate.
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Sorghum bicolor; SORBI_3006G095600 I (| [ I | I N R
Setaria italica; SETIT_009302mg HE .- T | O R
Oryza sativa Japonica Group; 0s04g0447100 HEN [ J1 ]

Oryza sativa Japonica Group; Os05g0355800

] Oryza sativa Japonica Group; Os03g0179900 . . -I - - ”--- l-l
Setaria italica; SETIT_034131mg HENRI [ ] ]

Sorghum bicolor; SORBI_3001G483400 [ | -II I\-_- [ [

Zea mays; Zm00001d027893 I N - _I - [ [ 1 [l

Arabidopsis thaliana; AT1G17420 . .-I N NN --_ Y | Y |

_E; Arabidopsis thaliana; AT1G72520 NN -= Y | N |
L Arabidopsis thaliana; AT1G67560 l -Il HIE DN | N /R

S oramene



Explore a gene family tree #Gramene

=>Zoom In to view aligned amino acids

r
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 ~ & Multiple Sequence Alignment: Amino acid MSA. Drag slider to reposition.
0000 BN 6 10000 N O UMM g L o 10 0
Alignment overview 000014003533 >BCHIEET: Y Py AT CEEWSATII WA Y VAM v v PSE ESVOCI-EOSH Y ToAVETCRA I AP P RSTr ASIASTETTEONGTS
Muttiple Sequence Alignment o b Caee *BGLELLIZ:YPYAT GLLLWSATTENCGAY VAT Y YPS]] ESVQATTELOSHY TZAVQTGHATECAPWWPELTTPGELASLLITLLWLTS
, , - SORBI_3006G095600 »HCEIEETT:y Py AT CELEWI ATTWCR A Y VAM Y v PST DAVOCIT-EOSH Y ToAVOTCHA T GAP Wil LS TP G IASLLTTLLNETS
Neighborhood conservation i oog302mg >HOU BN e Y AT CEEENSATWCA Y VAT ST FSVICTAEOAN v JoAVIVCHAT IS Ae > J5ST > A EASEUNILERETS
I [ Oryzasfiva Japonioa Group; Os04g0447100 »HCHEET: Y Py ARG CEETWSATSIWCT A Y VAK Y v PS] CAVOAT YOS Y AAVOSCHATICAP P RSTr CoIASTETTEVWECS
O Oryza sativa Japonica Group; 0s0590355300 EWSATSTWSTA Y VARY Y P TAVOAL YEEOSWy ACAVOSTHAN S APWWSTIESHP G
Oryza sativa Japonica Group; Os03g0179900 *HGVELLITYPYANIGLLLWSATISWVIS YVQLYYPTA GIVQCILILOGHY S THVGHGILIHAPWWPPLSTPVSLASTLITLVWLAS
Setaria talica; SETIT_034131mg >BCITELT:y Py AN CLLWSATINWVS Y VOT v P78 GIVONZI-LOGH Y FoIVEVCEAD T AP PSS TP S IASTHTTLIWEAS
Sorghum bicolor; SORBI_3001G483400 *BGITLLIZ:YPYANIGLLLWSATENWVES YVQLYYPTA GIVQSTII-LOGHY BEIVEVGHAT ITHAPWWPSLSTPASLAS TLITLIWLAS
Zea mays; Zm00001027893 *HGILLIZYPYANGLLLWSATISWVIS YVQLYYPTA GIVQSI-LOGHY BTVEVGHAL ITHAPWHPSLSTPGILAS TLITLVWLAS
| Aanidopsls thaans; ATiGi7420 »HGEIEETT: Y Py AN CELWSATOTWVE v =y vl PNETEr S EOSH Y SS TNVCRAD L AL WH P LS TV EVS TETTLIWGAS
) Arabidopsis thaliana; AT1G72520 >BCETEEV: Y Py AN CEEWSATOTHVES v ol VAN SNETQT I E0AW Y SS TNVCEA B AWH P RES TV EVSVITTTTWEAS
L o Arabidopsis thaliana; AT1G67560 ESCUR A2 DD DA S UK S KD AE K - 34-DI"K 32 -D7E 20U DE- K K< MDKKDEZULIZK 2 Lo oD 2 ek i)

=> Zoom Out to view conserved gene neighborhoods

Compara Gene Tree

LY

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

‘ Display mode ~ o Neighborhood conservation: +/- 10 flanking genes color-coded by gene family.

Alignment overview 000014003533 - ®» e

Multiple Sequence Alignment ~ )0001d025524 -

: y ; SORBI_3006G095600 —— - -
Neighborhood conservation IT_009302mg &+ —--
E Oryza sativa Japonica Group; Os04g0447100 — —.- - &

,_J O Oryza sativa Japonica Group; Os05g03658( == == .« .

[© Oryza sativa Japonica Group; Os03g0179900 S S W
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Explore synteny
€lensempi

Show/hide columns
Sorghum bicolor Location Zea mays Location
genes homologues
SORBI_3006G095600 6:46566240-46571064 — tassel seed1 2:47105187-47109372 Region
(SORBI_3006G095600) (Zm00001d003533) Comparison
— lipoxygenase7 10:121268606-121272616 Region
(Zm00001d025524) Comparison

IOOHJ

[

lox7 = T ... | |

F200M

« Comparative
— |k Region View
Chr 10 Chr 6 chrz = Download Gene
Maize Sorghum Maize Lists

S oramene



Explore gene structure
=> |dentify protein domains I Gramene

tassel seed1 zmo0001d003533 GRMZM2G104843Zea mays ¢ LOX3 Arabidopsis thalians

Lipoxygenase Lipoxygenase 3, chloroplastic

Location  Expression [glelylellele\YAl Pathways  X-refs

Compara Gene Tree

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

Display mode ~ Fo Alignment overview: Proteins color-coded by InterPro domain. Resize slider to navigate.

(UMWY T AWV T TR T VRN T T

Zea mays; Zm00001d003533 I e II—I-_ I Y | N N RN
Zea mays; Zm00001d025524 1 N I e e |
Sorghum bicolor; SORBI_3006G095600 ] []] [l [ | I 1PR013819 - LipOase_C N .
Setaria italica; SETIT_009302mg Nl (NS - NI
Oryza sativa Japonica Group; 0s04g0447100 HENN | | - B Lipoxygenase, C-terminal ..
Oryza sativa Japonica Group; Os05g0355800 l-l . I-
] Oryza sativa Japonica Group; Os03g0179900 . . - - Shared by all 205 genes in this -- l-.
Setaria italica; SETIT_034131mg 1 | | - - genetree. I |
Sorghum bicolor; SORBI_3001G483400 [ § [ [l [ 1] ]

HEE':E B S merm————

N . -= I | B A
NN B . | I | N I A

Zea mays; Zm00001d027893
_E: Arabidopsis thaliana; AT1G17420
Arabidopsis thaliana; AT1G72520

L Arabidopsis thaliana; AT1G67560 (1 | []]

S oramene



Explore gene structure

=> |dentify splice junctions

fgmmene




Explore functional gene structure

=> Highlight InterPro & GO annotations €lensembi

B<EBEMN

Pentapetalae: 54 homologs

Petrosavidae: 20 homolkgs

Musa acuminata: 3 homologs

BEP clade: 21 homolbgs

—F Fanicoldeae: 3 homolkgs

' tassel seed1, Zea mays
llpoxygenase?, Zea mays

SOREI_3006G09 5600, Sorghum bikolor
{0 Dr12372, Dbscorea rotundata
0 AMTR_s00024p00245050, Am borella trichopoda
————= Pentapetalae: 23 homolbgs
—= Pentapetalae: 5 homologs
— = Flowering plnts: 41 homokgs | I | TN T T N N I
L -~ Land plnts: 21 homokgs T 1 AT T TN W e e
LEGEND
Branch Length Genes Nodes Collapsed Nodes Collapsed Alignments
—  x1 branch length Gene ID gene of interest o geng npde collapsed sub-tree [0 0- 33% aligned AA
--- x10 branch length St Raalog u speciation node « collapsed (paralog) B 33 - 66% aligned AA
--- x100 branch length Gene ID annotated with ® duplication node « collapsed 4
IPROD0DS07 ®» ambiguous node (gene of interest) Bl 66 - 100% aligned AA
o gene split event

S oramene



View patterns of gene expression

=> Visualize & download expression data from
800+ experiments in >24 plant species (EBI-Atlas)

Location Homology  Pathways  X-refs

Showing 5 experiments: 1iBy experiment type ~ it Filters  Download  ~
.g\°°
£ . . R
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& & & &S E L E &L OO <& & & s F > N & e
M f ST ES T E AP PSS & & S S &L FE
v o o & EF LR EFEITIFTES @@ &L & &N @

| Experiment: 6 Wang

Experimental condition: endosperm
Walley et al = Expression level: 0.5 TPM
‘ v Gwang II I
: 5 Xu et al l I I
endosperm
4 Chettoor et al
Organism Part - Chang et al 2012 . l

Q Proteomics Transcriptomics

im M Medium [l Low Below cutoff No data available

Plant
Reactome

Gramene Pathways

e., Ensembl , Gramene




Project publicly available transcriptomics data

=> Find patterns of gene expression from 4,100 public
RNA-Seq studies in Track Hub

7.00-{ ENA Run:SRR364433 ,

it L0 €/Ensembl
R -~ . R | 0

3.00-{ ENA Run:SRR364436

om0 s Llwm 1

4.00-| ENA Run :SRR364432
ENA Run:SRR364432. i ' ‘ i l L
~ i — N
: e I I 88
un:

< Zm00001d003533_T001
otein coding

pre
< Zm00001d003533_T002
protein coding
Variant - HapMap2 l‘u‘anant - HapMap2
""""""""""" PEARS M e | 1N (L AT N 1} 1 (O (Y0111 (TN T
4.00-|{ ENA Run:SRR364435
ENA Run:SRR364435 I I L
0.00 | . | | | ANRER
.00 B e — ST, S AR S
4.00—-{ ENA Run :SRR364437
ENA Run:SRR364437. I i ) 1 I i i
00 . e - e

RNA-Seq Experiment: SRP009313 — Parent-of-origin effects on gene expression & DNA methylation
in the maize endosperm.

(ramene



Identify pathways associated with my gene

Lipoxygenase

WV Metabolism and regulation

v Hormone si port, and

Location  Expression = Homology X-refs

tabholi

‘v Jasmonic acid biosynthesis
[02+iinolenste->13-HpoT)
v Secondary metabolism
v 13-LOX and 13-HPL pathway
02+linolenate->13-HPOT
Lipoxygenase
v Divinyl ether biosynthesis Il (13-LOX)

Lipoxygenase

Search Gramene

o [ All genes in this Reaction

Links to other resources

o Plant Reactome Gene (9
o Plant Reactome Reaction (4

=> Explore Pathway & Overlay Omics Data] |

fgl'amene

tassel seed1 zmo00001d003533 GRMZM2G104843Zea mays ¢

LOX3 Arabidopsis thaliana

Lipoxygenase 3, chloroplastic

=8
"% Event Hierarchy:
® =% Circadian rhythm

Picea abies

Pinus taeda

Populus trichocarpa
Prunus persica
Selaginella moellendorffii
Setaria italica

Solanum lycopersicum
Solanum tuberosum
Sorghum bicolor
Synechocystis sp. PCC 6803
Theobroma cacao
Trifolium pratense
Triticum aestivum

2 » Growth and developmental

SE AT Metabolism and regulatio

‘¥¢ » Generation of precursor

%1 » Amino acid metabolism
%4 » Amine and polyamine b
'¥- » Carbohydrate metabolis
‘¥¢ » Cofactor biosyntheses
%1 » Detoxification
¢ g
M AA biosynthesis |
=24 9 |AA biosynthesis Il )
Vigna radiata
£ |AA biosynthesis VI (\  vitis vinifera

09 erassoster oy KT

'& » Cytokinins 7-N-glucoside biosynthe

Triticum dicoccoides
Triticum turgidum
Triticum urartu
Vigna angularis

"E » Cytokinins 9-N-glucoside biosynthe
= Cytokinins-O-glucoside biosynthes|
P » Allene-oxide cyclase
Be» 12-oxophytodienoate reductase
% a phosphatidylcholine+H20->a
p»
% » Jasmonic acid signaling

=%, » GA12 biosynthesis

Description

"35 » Gibberellin biosynthesis | (non C-3
'& » Gibberellin biosynthesis Il (early C

=2 » Gibberellin biosynthesis Il (early O . '

= Ethylene biosynthesis and signalin

o4y Molecules 928

Zm00001d003533 - 0 entities fl... 0

& Expression &ifl Analysis D

Analysis results are shown here when an analysis has been run. To
start an analysis, click on the Analyse Data button in the top bar.

\ Re

o

Downloads

Plant

actome

Gramene Pathways

WWwWw.gramene.o



Explore genetic variation
e.,EnsembI

=> |dentify germplasm with genetic variants

»x
5

Show/hide columns Search...

Variant ID Chr: bp Alleles Source Transcript

tmp_6_ 47486610 G_A 6:46568309 G/A Sorghum_EMS EES10882
_mutants

tmp_6 47487006 C_T 6:46568705 C/IT Sorghum_EMS EES10882
_mutants

tmp_6 47487513 _G_A 6:46569212 G/A Sorghum_EMS EES10882
_mutants

tmp_6 47487541 C_ T 6:46569240 cT Sorghum_EMS EES10882
_mutants

tmp_6 47487823 G_A 6:46569522 G/A Sorghum_EMS EES10882
_mutants

tmp_6 47488026 C_ T 6:46569725 cT Sorghum_EMS EES10882
_mutants

tmp_6_ 47488163 _G_A 6:46569862 G/A Sorghum_EMS EES10882
_mutants

tmp_6 47488256 _G_A 6:46569955 G/A Sorghum_EMS EES10882
_mutants

tmp_6_47488R12 C T R'4RR7N312 (o728 Sarahim FMS FFS10882

MSD2 phenotype Jlao et al (2016)
“A Sorghum Mutant Resource as an Efficient Platform for Gene Discovery in Grasses.”

tmp_6_474:

tmp_6_474Leuiv_u_n veruouuoue win OUIYHIUI_LIvIU | 1110961 10T o cro u.ulI [T )
_mutants \

tmp_6 47487006 C T 6:46568705 (o2} Sorghum_EMS mlssert\se AN 333 0Qus1659
_mutants varian

EMS-mutant collections for sorghum & wheat
#Cramene



Posters # 300-011

Thank you & Contact Us! 300-012
* Qutreach: http://gramene.org/outreach gﬁ*ﬁ
* Slides, exercises, brochures, posters: *z?*zf
ftp://ftp.gramene.org/pub/gramene/outreach AgBioData
Booth # 602

e E-mail: feedback@gramene.org

. J

e Collections in

* Mailing list & social networks

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

Gramene



http://gramene.org/outreach
ftp://ftp.gramene.org/pub/gramene/outreach/maize_2
mailto:webinars@gramene.org
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Workshop on Cereal Genomics
October 15 - 21, 2019 Applications Due: August 15

@ Cold Spring Harbor Laboratory
MEETINGS & COURSES PROGRAM

This one-week workshop in Cereal Genomics will
enable participants to take advantage of emerging
genetic tools and the completed cereal genome
sequences of most of the major cereal crops.

The workshop will feature morning and evening
lectures with afternoon lab exercises, including
hands-on lab work and computer sessions in
comparative anatomy, GWAS, Next Gen expression
analysis, whole genome sequencing assembly,
emerging model systems, genome editing and
phenomics.

The faculty (instructors and invited lecturers) are
active researchers in cereal genetics and genomics
who have made significant contributions to the field,
ensuring that the latest techniques and ideas will be
presented. The course will be structured to provide
time for informal discussions and exchange with
instructors. Students from academic institutions are
eligible to apply for partial scholarships.

INSTRUCTORS

Sarah Hake, USDA/UC Berkeley Plant Gene
Expression Center

David Jackson, Cold Spring Harbor Laboratory

Doreen Ware, USDA/Cold Spring Harbor Laboratory

Cold Spring Harbor, New York
web: meetings.cshl.edu/cereal19

TOPICS

e Comparative anatomy and phylogeny

* Cereal genomes, assembly, annotation
and synteny

* Genetics and databases

* Quantitative trait locus mapping and
genome wide association studies

* Genome wide expression analyses

* Reverse genetics and genome editing

e Phenomics
2019 SPEAKERS

Edward Buckler, USDA-ARS

Katrien Devos, University of Georgia

Jorge Dubcovsky, University of California Davis
Andrea Eveland, Donald Danforth Plant Science Center
Lisa Harper, University of California Berkeley
Elizabeth Kellogg, Donald Danforth Plant Science Center
Devin O'Connor, Pairwise Plants

Uta Paszkowski, University of Cambridge, UK
Christopher Topp, Donald Danforth Plant Science Center
Bing Yang, Donald Danforth Plant Science Center

Post-doctoral
positions available
in the Ware Lab




