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Gramene - Exploring the Plant Gene Space through
Comparative Genomics & Network Analysis

Transnational‘collaboration g’m

Gramene - Comparative Plants DB since 2001
e CSHL/ : 67 plant genomes (gene
Pankaj Jaiswal . .
Doreen Ware family trees, sequence alignments, synteny,
0SU — USA
USDA ARS, CSHL — USA homologs)
Crispin Taylor ) )
ASPB — USA : Gene expression (baseline,

differential & single-cell)

e OSU-Reactome: Curated pathways &
orthology-based projections to 97 species

* ASPB-DiVE: Automated ingestion of functional

Irene Papatheodorou

Bruno Contreras-Moreira EXpression Atlas

Ensembl Plants EMBL-EBI - UK Lincoln Stein annotations from publications
EMBL-EBI — UK OICR - Canada
EMBL-EBI ¥ 4\‘:)"(: US/DA @»
€8 g FOICR —
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Gramene.Org
gl'ﬂlnelw 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
Query our genomes with a DNA or protein
sequence

Track Hub Registry (¢

A global centralised collection of publicly
accessible track hubs

Bulk Downloads

| l FTP download of our data

e., Ensembl

@

AL

b\o:§§:mart

Do Do

BN

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)

Gene & Protein
Expression

www.gramene.org

(2] 2475408 genes in 67 genomes v

Latest News

The fascinating origin of some favorite
foods and how plants help in the fight
against COVID-19

Sat, 20 Jun 2020

Biocuration of Plant Developmental
Processes in the Plant Reactome pathway
resource

Tue, 26 May 2020

First Virtual Maize Annotati.
(March 10-12th, 2020)
Mon, 18 May 2020

mboree

New and updat. Nas
pathways dataset.

Gramene release #6.

Wed, 13 May 2020

PAG me.
Wed, 22 Jan 202u

Gramene at Plant & Animal G
Thu, 09 Jan 2020

Teaching Scholarships! Apply by Dec
Maize Annotation Jamboree - 2020 h
Genetics Conference

Mon, 18 Nov 2019

Announcing Gramene Database Re .ase
#62
Tue, 12 Nov 2019

https://goo.gl/In9RLD

Gramene will
Hope to see
Fri, 26 Jul 20

freoctome
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https://goo.gl/ln9RLD

What can | do with [ Gramene ?

« Is my gene conserved in other species? Can | identify the
function(s) of a novel gene through homology?

« When and where is my gene expressed?

« Is my gene in a metabolic or signaling pathway? Is the
pathway conserved in other crops?

« Have genetic variants affecting my gene been identified?
Can | access germplasm lines with naturally occurring (or
introduced by mutagenesis) variants in my gene?

www.gramene.org , @GrameneDatabase



Find orthologs & paralogs

Search: fs7or tassel/ seed1 |terms, domains... (>) 1 genes in 1 genomes ~

Gene Tree | Orthologs of tassel seed1 %

SO I’g h um o rt h 0] | O g tassel seed1 zmo0001d003533 GRMZM2G104843Zea mays LOX Arabidopss thallana

s 2 L Lipoxygenase 3, chloroplastic

>
Compara Gene Tree « ‘

Location  Expression [glelylellele\’A8 Pathways  X-refs

T Eragrostis te; E1_s6062-0.3-1.patht
BOP clade: 23 genes LN 10 W

Musa acuminata subsp. malaccensis: 3 genes. LLUIRY i 1]

Dioscorea rotundata; Dr12372 Ml [ mm

Petrosaviidae: 33 genes, 1 paralog LLUIRN i I W1 TOCNIO WO B O R

Pentapetalae: 36 genes A T i

Malvaceae: 3 genes I MO

I
|
]
|
|
|
Arabidopsis: 2 genes 1
1
I
1
|

Brassica: 8 genes 1 ] L0y TN
1 1 I
Arabidopsis thaliana; AT1G17420 | ] I [
Brassicacese: 7 genes 1 ni || mm
Malpighiales: 4 genes n 11 (LI i
Vitis vinifera; VIT_0950002901080 1 [ | L (NN n
Beta vulgaris subsp. vulgaris; BVRB_7g169930 n | | I T W n ]
Pentapetalae: 26 genes O Il [
Amborela trichopoda; AMTR_S00024p00245050 | L L1} (] W . 1
Magnoliophyta: 43 genes I 1 Ji I W m m
Magnoliophyta: 3 genes I

Selaginella moellendorffi: 2 genes Ny T N NN .
Embryophyta: § genes I iy
Embryophyta: 15 genes MR 1 Ay

Search Gramene Links to other resources

(e AN et g | M ”
‘ Show All Homologs Ensembl Gene Tree view (3
|| show orthologs

Show Paralogs

SPH 0s04g0447100 Oryza sativa Japonica Group ¢ LOX3 Arabidopsis thaliana
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Gene Trees: Focus on species of interest

@ 130 genes in 61 genomes ~

Show All Species

Pick Species from List

Phylogenetic power = prune unwanted species

Gene Tree | Orthologs of tassel seed1 ¥

tassel seed1 zmo0001d003533 GRMZM2G104843Zea mays LOX3 Arabidopsis thallana

Lipoxygenase Lipoxygenase 3, chlorop

Location  Expression [MzlInlllels\All 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 ~ o Alignment overview: Proteins color-coded by InterPro domain. Resize slider to navigate.
( AU AT \
Zea mays; Zm00001d003533 | I | A O 1| NN | -
Zea mays; Zm00001d025524 1 nm 10 0 0 ([ (W 1T
Sorghum bicolor; SORBI_3006G095600 1 n W 1 I I
Panicoideae: 3 genes nn AN ) O O i [ | IR
BOP clade: 21 genes [ | 0 NN O A O 0N O NSO | NI 0
Musa acuminata subsp. malaccensis: 3 genes i m [T Oy i T (e T
Dioscorea rotundata; Dr12372 1 mn T T (0 U0 NN D |
Petrosaviidae: 29 genes, 1 paralog \ 0TI ONERE OO0 U0 MUY | (T
Pentapetalae: 35 genes [ U0 0 T (T AN 0
Brassica: 8 genes mom [ [T R
Arabidopsis thaliana; AT1G17420 | I | [ [ e ] 1]
Arabidopsis: 2 genes | | ]
Brassicaceae: 7 genes [} ]
Beta vulgaris subsp. vulgaris; BVRB_7g169930 l II l ..I-I -I I-
Amborella trichopoda; AMTR_s00024p00245050 1 | UMDY AW OO T (|| -
Pentapetalae: 23 genes 10 O I W00 L T 1
Pentapetalae: 5 genes |
Magnoliophyta: 41 genes \ (00O OETE 1 A TOI0 Y A I
Embryophyta: 21 genes N N0 1 10 I I M1 0 I
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Gene Trees: Focus on species of interest

@ 7 genes in 5 genomes v

=> Prune unwanted species

Show All Species

Pick Species from List

tassel Seed1 Zm00001d003533 GRMZM2G104843Zea mays & LOX3 Arab I "
Lipoxygenase Lipoxygenase & "
Location  Expression [Mgllylellele\’A Pathways  X-refs
r
Compara Gene Tree v
This phylogram shows the relationships between this gene and others similar to it, as determined by Ensembl Compara (4.
| Display mode ~ | o Alignment overview: Proteins color-coded by InterPro domain. Resize slider to navigate.
! ] A0 00T 1 A 1 A0V U0 A NN O OB AU AMTARIN ORI 0 ANRAMIE 0 O 2%
Zea mays; Zm00001d003533 I (W e II—I-_ | I | I N N
Zea mays; Zm00001d025524 11— -_ I I | I N R
Sorghum bicolor; SORBI_3006G095600 1 []] [l | N 1 I N R
Setaria italica; SETIT_009302mg HE [| [ B I N | I N R
Oryza sativa Japonica Group; Os04g0447100 [ ] [ ]| [ [ I | I R
Oryza sativa Japonica Group; Os05g0355800 [ [ ] |-| . l.
Oryza sativa Japonica Group; Os03g0179900 L1 - - I I
Setaria italica; SETIT_034131mg HENRI [ |1 ]
Sorghum bicolor; SORBI_3001G483400 | | -II\ I-_- (][]
Zea mays; Zm00001d027893 || Il -. _I [ N A N N
o Arabidopsis thaliana; AT1G17420 [ | .-m N . [ | I /R
Arabidopsis thaliana; AT1G72520 N Il N . -= | | N
Arabidopsis thaliana; AT1G67560 [ ] | [ L] HIE DN 1 Y N Y R
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Explore a gene family tree * §ramene

=> Zoom In to view aligned amino acids

Compara Gene Tree .’

This phylogram shows the relationships between this gene and others similar to it, as determined by Ensembl Compara (5.

Display mode ~ Color Scheme ~ o Multiple Sequence Alignment: Amino acid MSA. Drag slider to reposition.

e TV O T T T (T T

Alignment overview 0000141003533 *HCEREETTY Py AT CEELNS AT WCA Y VAN v ¥ BT FSVOG 08N Y SoAVRTCHAC TSR P WP (EST P A-EASELTTLENETS
Muitiple Sequence Alignment (UL *HCEREET Y Py AT GEELNSATIENCGA Y VAT Y v 5] FSVORI0SH  F-AVOTCHA TICA P WP RETT - G EASELTTLENETS

: : ; SORBI_3006G095600 *HCEREETT Y Py AT GEEENE ATICA Y VAN v v 5] DAVOGIG0SH / SAVOTCHA TSGR R WP REST e G- EASELTTLENETS
Neighborhood conservation iy go9302mg £ ©RESEDYE L DCIAR A1 CER D 3 /-\ ¥a¢2 DEE \RDE U MDE /R o DKRD.VI L R A4z D A8 in ]
Ly Oveasiva Jponia Group: 05040447100 *HCEREETTyY Py AR GEEENSATS NCIA Y VAR Y Y BT SAVOAS YOS Y AAVOSGHAR TSGR P WP LS e C-EASELTTEVWECS

Oryza sativa Japonica Group; 050590355800 EWSATSTWSEA Y VAR YPST) CAVOADYSEOSH Y ATAVOSTEATE AP NHSTESHPG

Oryza sativa Japonica Group; 00390179900 *HGVIEEISY Py AN GEELNSATSSHVISS Y VoL v Y P GIVOCE0CH Y B-STRVGHC 8RR WP P LSTr V- EASTLTTLVAEAS

Setaria ialica; SETIT 034131mg *HCITEETY Py AN GLELNSATCNAVLSS Y V0L P GEVON:IToL0CH Y B IVAVGHA TR P WP SESTr ST EASTLTTLINEAS

Sorghum bicolor; SORBI_3001G483400 *HGIQEETT Y Py AN GEELNSATSNAVLS YVOL YR8 GEVOSITTEL0GH / BoIVAVGHA T RAF WP SESTr AEASTETTLINEAS

Zea mays; Zm00001d027893 *HGIQEETT Y Py AN GEELNSATSSVLS VoL YR8 GIVOSITSL0GH Y BoIVAVGHA T RAR WP SESTr - EASTETTLVAEAS

Avabidopsis thaliana; AT1G17420 *HCELETY Py AN GEEENSATOTRVEE v EE Y Y N - PNEIC S0 Y S-S TNVGHAR AW P LS V- VS TETTEIHEAS

Arabidopsis thalana; AT1G72520 *HCLLEVS Y Py AN CLELNSATOTRVI v EEY YAN SNETOT LA Y S-S TNVCHA B AW P (LS TV EVSVITTTIHEAS

Avabidopsis thaliana; AT1G67560 VLV Y ARG TN AT GV Y Ve VST ST TIS AW I N GH Y STy P ONTT0 ESOILTNNINIAS

Z Qut to vi d ighborhood

»

Compara Gene Tree ¢

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 BB -

Multiple Sequence Alignment ~ 10001d025524 ——&—-a—4aa

—— . - SORBI_3006G095600 —_—. - - = = = ==
eighborhood conservation T 000302mg s E-B— ey

* Oryza sativa Japonica Group; Os04g0447100 —
Oryza sativa Japonica Group; Os05g03558 —_—
O Oryza sativa Japonica Group; Os03g0179900 —

www.gramene.org
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Explore synteny

\ e., Ensembl
EMBL-EBI u

. : .II"',,‘ I,‘l L2204 C S H I_

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
1008 J:_y[ 1608
% msa2 |

lox7 = I |

S F2008

. « Comparative
/—/"L Region View

Chr 10 Chr 6 Chr 2 * Download Gene

Maize Sorghum Maize Lists
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Explore gene structure
=> |dentify protein domains Gramene

tassel seed1 zmo0001d003533 GRMZM2G104843Zea mays & LOX3 Arabiciopsis thaliana

Lipoxygenase Lipoxygenase 3, chloroplastic

Location  Expression [gllnlllleAl 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.

Alignment overview: Proteins color-coded by InterPro domain. Resize slider to navigate.

Display mode ~ &
(TN T T TN R A AN R T T N T G T TR D
Zea mays; Zm00001d003533 I I _II—I-_ I I

Zea mays; Zm00001d025524 1 Y
Sorghum bicolor; SORBI_3006G095600 I [ | I IPR013819 - LipOase_C
.

Setaria italica; SETIT_009302mg I [ B

Oryza sativa Japonica Group; Os04g0447100 Liefl ' | Lipoxygenase, C-terminal
Oryza sativa Japonica Group; Os05g0355800 | |
Oryza sativa Japonica Group; Os03g0179900 1Nl |. - _ Shared by all 205 genes in this
Setaria italica; SETIT_034131mg | genetree.

Sorghum bicolor; SORBI_3001G483400
Zea mays; Zm00001d027893 1] I_II- -I _I—l-_-_- 1
-I | O N I N N A

Arabidopsis thaliana; AT1G17420
Arabidopsis thaliana; AT1G72520 N [ ||
[ | .-II II- I I | I R

Arabidopsis thaliana; AT1G67560
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Explore functional gene structure
=> Highlight InterPro & GO annotations e.,EnsembI

Pentapetalae: 54 homologs

Petrosavidae: 29 homolkgs

| Musa acuminata: 3 homologs
BEP cade: 21 homokogs —— (1] || 8 IEEE N . | |
—
Fanicoldeae: 3 homokgs T N TN EET TN T BN T
tassel seed1, Zea mays ! ! ' ! '
| | 11 | I
llpoxygenase?, Zea mays | | p) | |
[
SORBI_3006G09 5600, Sorghum bicolor | | g | |
L———————0 Dr12372, Dbscorea rotundata ) : | ] |
| 1 |
0 AMTR_s00024p , Amborella tr
1 L e T
. Pentapetalae: 23 homologs — 1 0l 8 I N . | |
—n Pentapetalae: 5 homologs
L . Flowering plants: 41 homolbgs JE— 1] (] 8 (NN N | |
——= Land plnts: 21 homolgs
LEGEND
Branch Length Genes Nodes Collapsed Nodes Collapsed Alignments
—— x1 branch length Gene ID gene of interest O gene node collapsed sub-tree [0 0- 33% aligned AA
... x10 branch length il ” Raga!og ® speciation node <« collapsed (paralog) @ 33 - 66% aligned AA
.-~ x100 branch length Gene ID annotated with u duplication node « collapsed .
IPRO00S07 = ambiguous node (gene of interest) B 66 - 100% aligned AA
o gene split event
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View patterns of gene expression

=> Visualize & download expression data from 900+ EBI-ATLAS
experiments in >24 plant species (EBI-Atlas)

Gene & Protein
Expression

Location m Homology  Pathways  X-refs

Showing 5 experiments: 11By experiment type +

it Filters Download ~ ~
\\00
. R
N $
%*| SN N R K
&L $ & & & ® &
— SIS S <
S8 & N &8
o & . o o .
A S & 9 e & «
& & PN & & s & \¢
& & & & o' & & S P o o
L RSN N N QR & &
R & & F & Q N oS & SIS S NEESIES
& & S SR & SN F e & T & &S & N INIPCR
€ & R F eSS FITITN SIS TS & Ff S ¢ FE
C e L e L LTI TITFTE ST @ SO & & $
s ST TS S T T EF ST S TS S
VG SIS FFFPFFFFFTEE L & T

Experiment: 6 Wal

Experimental con : endosperm
n Walley et al = Expression level: 0.5 TPM
6 Wang II I
° ] 1 1
endosperm
4 Chettoor et al
Organism Part - Chang et al 2012 I I

Proteomics Transcriptomics

im B Medium [ Low Below cutoff No data available

’ Coming up... Single-Cell
€EJ/Ensembl Gramene Experiments
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Project Publicly available transcriptomics data

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

- s BRI €/Ensembl
ENA Run:SRR364 ,.iio l_é! L J‘ l‘ 'L- A
1 !ll W x bl s

\\\\\\

22 T — "'°""”‘°"'“°| R TRRIRI RN 11
Lbht bmamd M | It's also possible
[y st B by to upload your
R brte—md ~|l H—1—- own data!

6.00—| ENA Run:SRR 44
ENA Run:SRR364436

!'.I!".-,I PP | f.‘,l.-..-

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

tassel seed1 zm00001d003533 GRMZM2G104843Zea mays =

LOX3 Arabidopsis thaliana . ‘ .—7) P I a n t
Lipoxygenase Lipoxygenase 3, chloroplastic
78\ Reactome

Location  Expression  Homology X-refs Gramene Pathways

' Metabolism and regulation b

v Hormone signaling, transport, and metabolism
' Jasmonic acid biosynthesis ) =)

V' Secondary metabolism

Picea abies
Pinus taeda
Populus trichocarpa

» Growth and developmental ~ Prunus persica

v 13-LOX and 13-HPL pathway 1-
acylglycerophosphocholine
02+linolenate->13-HPOT

Lipoxygenase

Lipoxygenase

inyl ether biosynthesis Il (13-LOX)

@

» Generation of precursor.

®

» Amino acid metabolism

®

% Amine and polyamine bi

» Carbohydrate metabolisi

®

» (YT mm—— Selaginelia moellendorfi
S EMEn T Setaria italica

Solanum lycopersicum
Solanum tuberosum
Sorghum bicolor
Synechocystis sp. PCC 6803
Theobroma cacao

» Cofactor biosyntheses ~ Trifolium pratense
o ;

» Detoxification e um
Triticum dicoccoides

» Trtiou urgidum

 |AA biosynthesis | Triticum urartu

@

o

Vigna angularis
Vigna radiata
» IAA biosynthesis VI (v vitis vinifera

<% Cytokinins 7-N-glucoside biosynth

®

<509 A biosynthesis I

®

®

®

» Cytokinins 9-N-glucoside biosynth

®

ol
0 ®

» Cytokinins-O-glucoside biosynthes|

ER A Jasmonic acid biosynthesis

% Allene-oxide cyclase

Zm00001d003533 - 0 entities fl...

Search Gramene

° All genes in this Reaction

Links to other re

gurces
© Plant Reactome Gene (5
o Plant Reactome Reaction (%

Zm00001d003533 - O entities 1.

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

P » 12.0xophytodienoate reductase|
P » a phosphatidylcholine+H20->a

il 02+linolenate->13-HPOT

=
® =24 M Jasmonic acid signaling

» GA12 biosynthesis

@ <E. 9 Gibberellin biosynthesis | (non C-3}

» Gibberellin biosynthesis Il (early C!
 Gibberellin biosynthesis i (early G

2+ » Ethylene biosynthesis and signalin)

=> Explore Pathway & Overlay Omics Data
Videotutorials available! http://gramene.org/outreach

www.gramene.org
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http://ftp.gramene.org/pub/gramene/outreach

Explore genetic variation

= ldentify germplasm with genetic variants e., Ensembl

AA co-
Variant ID Chr: bp Source pe  AA ord SIFT Tr ipt
tmp_6_47486610_G_A 6:46568309 Sorghum_EMS = missense G/S 290 EES10882
_mutants variant
tmp_6_47487006_C_T 6:46568705 CcrT Sorghum_EMS Ise AN 344 EES10882
_mutants
tmp 6 47487513 G_A 6:46569212 G/A Sorghum_EMS | splice acceptor - - - EES10882
_mutants variant
tmp 6 47487541 C T 6:46569240 CrT Sorghum_EMS P/S 457 EES10882
_mutants
tmp_6_47487823_G_A 6:46569522 G/A Sorghum_EMS = missense VIM 551 (o ) EES10882
_mutants
tmp 6 47488026 C T 6:46569725 CIT Sorghum_EMS | missense ™ 588 (0 ) EEsi0882
_mutants variant
tmp_6 47488163 G A 6:46569862 G/A Sorghum_EMS | missense G/S 634 EES10882
_mutants variant
tmp_6_47488256_G_A 6:46569955 G/A Sorghum_EMS | missense E/K 665 EES10882
_mutants
tmp_6_47488613 C_ T 6:46570312 (o74) Sorghum_EMS | missense P/L 753 EES10882
_mutants variant
tmp_6 47485843 G _A 6:46567542 G/A Sorghum_EMS | missense G/D 23 0OQu81659
_mutants variant M S D 2 h eno t e
tmp_6_47486610_G_A 6:46568309 G/A Sorghum_EMS nse G/S 279 0QuU81659 p yp
—smutants Gladman et a/(2019)
tmp 6 47487006 C T 6:46568705 CIT Sorghum_EMS | missense AN 333 0Qu81659
_mutants variant

Data source — Jiao ef a/(2016): “A Sorghum Mutant Resource as an Efficient Platform for Gene Discovery in Grasses.”

EMS-mutant collections for sorghum & wheat
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Community Curation: Course-based Undergraduate Research Experiences

PUI Faculty
San Diego
Jan 2019

www.gramene.org S @CrameneDatabase



Coming soon...

Plant PanGenomes
:‘& Oryza Genome Evolution (oge.gramene.org)

Maize NAM Founders (maize-pangenome.gramene.org)

% Wild & cultivated Grapevine (vitis.gramene.org)
b

USDA-ARS portal for Sorghum genomics/breeding resources
(sorghumbase.org)
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Thank you & Contact Us!

- Outreach resources: http://gramene.org/outreach

- Slides, exercises, brochures, posters:
ftp://ftp.gramene.org/pub/gramene/outreach

- Mailing list & office-hours: feedback@gramene.org

- Collections & social networks in

Plantae @3 VYoulube y
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http://gramene.org/outreach
ftp://ftp.gramene.org/pub/gramene/outreach/maize_2
http://gramene.org

