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Outline 
•  Background	
  &	
  new	
  development	
  
•  Ensembl	
  Browser:	
  Genomes	
  &	
  Trees	
  
•  Reactome	
  Browser:	
  Pathways	
  

– Video	
  	
  
•  Maize	
  RefGen	
  V4	
  DraH	
  Browser	
  	
  	
  
•  Sample	
  Exercises	
  	
  on	
  your	
  own	
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http://www.gramene.org 
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Outreach  
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Outreach Wiki  
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Arabidopsis 
Rice 

Poplar 
Grape 

Sorghum 
Maize 

Soybean 

Potato 
Tomato 

Barley 
Wheat 

Pine 

Adapted from Michael & VanBuren (2015) COPB 

Progress in Plant Genomics 
100 published genomes 

•  Declining cost 
•  Declining quality 

Variation 
Expression 
ENCODE-like  
Metabolomics 
QTL & GWAS  

•  Adoption of the Ensembl Platform for Plants 
•  Grameen Microfinance: Rice a small genome a foundation for 

knowledge for the other grasses 
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Whole is greater than the sum of its parts 
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Accessioned	
  
Genomes	
  +	
  
Community	
  
Annota+on	
  +	
  
Varia+on	
  

Gramene Adds Value to Plant Genomes  
Annota&on	
  Pipelines	
  
•  Repeats/TE’s	
  
•  Genes	
  
•  EST/cDNA	
  
•  InterPro	
  domain	
  
•  Gene	
  Ontology	
  (GO)	
  
•  Variant	
  Effect	
  Predic+on	
  
Compara&ve	
  Analysis	
  
•  Whole	
  Genome	
  Alignment	
  
•  Phylogene+c	
  Gene	
  Trees	
  
•  Ortholog/Paralog	
  calling	
  
•  Synteny	
  mapping	
  

8 

Programma&c	
  Access:	
  
Gramene	
  API	
  
Ensembl	
  API	
  &	
  RESTFUL	
  interface	
  
Reactome	
  API	
  &	
  RESTFUL	
  interface	
  
BioMart	
  
Public	
  mysql	
  server	
  

BLAST 

Pathway	
  Cura&on	
  &	
  Projec&on 
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Transnational collaboration 

Genomes 

Pankaj Jaiswal Doreen Ware  
Paul Kersey 

Pathways 

Expression 

Robert Petryszak Lincoln Stein 
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2.5 Month Coordinated Release Cycle 

Declaration of intentions 

Platform development 

• QA/QC:	
  automated	
  
and	
  manual	
  tes+ng	
  
• Generate	
  release	
  
notes	
  
• Public	
  outreach	
  

Pathway	
  Cura+on	
  &	
  Projec+on	
  
• Process	
  newly	
  curated	
  O.	
  sa&va	
  Japonica	
  pathways	
  
• Project	
  pathways	
  to	
  other	
  species	
  using	
  inferred	
  
homology	
  

Compara+ve	
  Analyses	
  
• Whole-­‐Genome	
  Alignments	
  
• Phylogene+c	
  Gene	
  Trees	
  

Data	
  Acquisi+on	
  &	
  Prepara+on	
  
• Genome	
  assembly	
  &	
  annota+on	
  
• Varia+on	
  
• Other	
   Create	
  New	
  /	
  Update	
  Genome	
  DBs	
  

• Analyses	
  (e.g.	
  InterProScan)	
  
• Variant	
  Effect	
  Predictor	
  
• Cross-­‐reference	
  other	
  databases	
  

1-2 months 

~1 month 

~1 week 

BLAST 
FTP 

Update	
  GUIs	
  &	
  Tools	
  
• SoHware	
  
• Configure	
  Genome	
  
Browser	
  &	
  BLAST	
  
• Rebuild	
  Search	
  indexes	
  
• Build	
  Marts	
  for	
  data	
  
mining	
  
• Update	
  FTP	
  content	
  
• Update	
  Website	
  

~1-2 weeks 
1-2 weeks 

Release! 

ServicesDatabases Users

ReactomeReactome
web server

Plant Reactome
pathways
reactions

Plant 
Reactome

Ensembl
core

variation
compara
biomart

Ensembl
web server

Biomart

Gramene web 
services

MongoDB/Solr
genes

families
pathways
ontologies
domains

Gramene 
Search

User scripts

Other systems

Search 
&

APIs

Ensembl

Ensembl

Gramene releases: 
•  2015 June, Aug & Nov; 2016 

Jan & Mar  
Plant Reactome updates:  
•  2015 Aug & Nov; 2016 Mar 
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What is in Gramene? 

12 

Poster # 

Genomes Pathways 

Expression 

 
Best-in-class tools 

 
but siloed 

 
How to integrate? 
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Goals of Search Interface 
• Search	
  all	
  Gramene	
  data	
  	
  
• Enable	
  powerful,	
  expressive	
  searches	
  
• Provide	
  useful	
  summaries	
  and	
  visualiza+ons	
  
• REALLY	
  FAST	
  

• Above	
  all,	
  SIMPLICITY	
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Composed Query 

Sign up at gramene.org/beta 

Beta testers 
wanted! 
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Genomes 

Cyanidioschyzon 
merolae 

Rhodophyta)
Bryophyta)

Chlamydomonas 
reinhardtii 

Ostreococcus 
lucimarinus 

Selaginella 
moellendorffii 

Physcomitrella 
patens 

Amborella 
trichopoda 

Aegilops tauschiii 
Brachypodium distachyon  

Hordeum vulgare  
Leersia perrieri 
Musa acuminata  

Oryza barthii 
Oryza brachyantha 
Oryza glaberrima 

Oryza glumaepatula 
Oryza longistaminata 

Oryza meridionalis 
Oryza nivara 

Oryza punctata 
Oryza rufipogon 

Oryza sativa Indica 
Oryza sativa Japonica   

Setaria italica 
Sorghum bicolor  
Triticum aestivum 

Triticum urartu 
Zea mays 

Monocots)

Arabidopsis lyrata 
Arabidopsis thaliana 

Brassica oleracea 
Brassica rapa 
Glycine max 

Medicago truncatula 
Populus trichocarpa 

Prunus persica 
Solanum lycopersicum 

Solanum tuberosum 
Theobroma cacao 

Vitis vinifera 

Chlorophyta)

Dicots)

Amborellales)
Lycopodiophyta)

39 plant reference 
genomes in build 49 
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 oryza sativa
 oryza rufipogon
 oryza indica
 oryza nivara
 oryza glaberrima
 oryza barthii
 oryza glumaepatula
 oryza meridionalis
 oryza punctata
 oryza brachyantha
 leersia perrieri
 triticum aestivum a
 triticum urartu
 triticum aestivum d
 aegilops tauschii
 triticum aestivum b
 triticum aestivum
 hordeum vulgare
 brachypodium distachyon
 zea mays
 sorghum bicolor
 setaria italica
 musa acuminata
 arabidopsis thaliana
 arabidopsis lyrata
 brassica oleracea
 brassica rapa
 glycine max
 medicago truncatula
 prunus persica
 populus trichocarpa
 vitis vinifera
 theobroma cacao
 solanum lycopersicum
 solanum tuberosum
 amborella trichopoda
 selaginella moellendorffii
 physcomitrella patens
 chlamydomonas reinhardtii
 ostreococcus lucimarinus
 cyanidioschyzon merolae
 

Oryza sativa japonica 
Oryza rufipogon 
Oryza sativa indica 
Oryza nivara 
Oryza glaberrima 
Oryza barthii 
Oryza glumaepatula 
Oryza meridionalis 
Oryza punctata 
Oryza brachyantha 
Leersia perrieri 
Triticum aestivum AA 
Triticum urartu 
Triticum aestivum DD 
Aegilops tauschii 
Triticum aestivum BB 
Triticum aestivum 
Hordeum vulgare 
Brachypodium distachyon 
Zea mays 
Sorghum bicolor 
Setaria italica 
Musa acuminata 
Arabidopsis thaliana 
Arabidopsis lyrata 
Brassica oleracea 
Brassica rapa 
Glycine max 
Medicago truncatula 
Prunus persica 
Populus trichocarpa 
Vitis vinifera 
Theobroma cacao 
Solanum lycopersicum 
Solanum tuberosum 
Amborella trichopoda 
Selaginella moellendorffii 
Physcomitrella patens 
Chlamydomonas reinhardtii 
Ostreococcus lucimarinus 
Cyanidioschyzon merolae 

Gramene Genome Portfolio 39 Species 

16 

Models 
Crops 
Progenitors 

 Oryza sativa ssp. japonica
 Oryza rufipogon
 Oryza sativa ssp. indica
 Oryza nivara
 Oryza glaberrima
 Oryza barthii
 Oryza meridionalis
 Oryza longistaminata
 Oryza glumaepatula
 Oryza punctata
 Oryza brachyantha
 Leersia perrieri
 Triticum aestivum
 Triticum urartu
 Aegilops tauschii
 Hordeum vulgare
 Brachypodium distachyon
 Zea mays
 Sorghum bicolor
 Setaria italica
 Musa acuminata
 Arabidopsis thaliana
 Arabidopsis lyrata
 Brassica oleracea
 Brassica rapa
 Glycine max
 Medicago truncatula
 Prunus persica
 Populus trichocarpa
 Theobroma cacao
 Vitis vinifera
 Solanum lycopersicum
 Solanum tuberosum
 Amborella trichopoda
 Selaginella moellendorffii
 Physcomitrella patens
 Ostreococcus lucimarinus
 Chlamydomonas reinhardtii
 Cyanidioschyzon merolae

21 Monocots 
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Oryza sativa japonica 
Oryza rufipogon 
Oryza sativa indica 
Oryza nivara 
Oryza glaberrima 
Oryza barthii 
Oryza glumaepatula 
Oryza meridionalis 
Oryza punctata 
Oryza brachyantha 
Leersia perrieri 
Triticum aestivum AA 
Triticum urartu 
Triticum aestivum DD 
Aegilops tauschii 
Triticum aestivum BB 
Triticum aestivum 
Hordeum vulgare 
Brachypodium distachyon 
Zea mays 
Sorghum bicolor 
Setaria italica 
Musa acuminata 
Arabidopsis thaliana 
Arabidopsis lyrata 
Brassica oleracea 
Brassica rapa 
Glycine max 
Medicago truncatula 
Prunus persica 
Populus trichocarpa 
Vitis vinifera 
Theobroma cacao 
Solanum lycopersicum 
Solanum tuberosum 
Amborella trichopoda 
Selaginella moellendorffii 
Physcomitrella patens 
Chlamydomonas reinhardtii 
Ostreococcus lucimarinus 
Cyanidioschyzon merolae 

Gramene Genome Portfolio 
12 Core Eudicots 

39 Species 

1 Basal angiosperm 
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 Oryza sativa ssp. japonica
 Oryza rufipogon
 Oryza sativa ssp. indica
 Oryza nivara
 Oryza glaberrima
 Oryza barthii
 Oryza meridionalis
 Oryza longistaminata
 Oryza glumaepatula
 Oryza punctata
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 Leersia perrieri
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Gramene Genome Portfolio 

5 Lower plants 

39 Species 
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Genome Browser Databases 

•  Assembly	
  structure	
  and	
  sequence	
  
•  Genes	
  
•  Expression	
  
•  Compara+ve	
  alignments	
  
•  Gene+c	
  markers	
  
•  Varia+on	
  
•  Repeats	
  &	
  transposable	
  elements	
  
•  Regulatory	
  &	
  Epigene+c	
  marks	
  	
  

Genome Browsers 

	
  
	
  
Baseline	
  Annota+on	
  
	
  
•  Transposon	
  discovery	
  
•  Gene	
  predic+on	
  
•  EST	
  Alignment	
  

19 
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In collaboration with Genomes 
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Example: tasselseed1 (ts1) 
encodes LOX8 

Acosta et al (2009). Science 323:262. 
(C) Blank-treated mutant ts1 tassel. (D) JA-treated 

ts1 tassel. (E) JA-treated ts2 tassel.  

•  Acosta et al (2009) 
positionally cloned & 
functionally 
characterized ts1 

•  ts1 encodes LOX8 

•  LOX8 is a lipoxygenase 
affecting jasmonic acid 
(JA) signaling in sex 
determination 
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Navigating Ensembl Browsers 
5 views: Species, 
Location, Gene, 

Transcript & Variation 

Click on a feature to get 
more information 
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Configuring Browser Views 

Click on 
“Configure this 
image” symbol 

Mouse over track name 
& configure symbol 
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Select tracks to show on the 
Genome browser 
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Maize V3 data (genome browser) 

•  RefGen	
  v3	
  assembly	
  &	
  gene	
  annota+on	
  
•  MAKER-­‐P	
  gene	
  models	
  
•  Varia+on:	
  HapMap2	
  &	
  Panzea	
  2.7	
  GBS	
  
•  B73	
  &	
  Mo17	
  methylome	
  (Regulski	
  et	
  al,	
  2013)	
  
•  Nascent	
  transcriptomes	
  (Erhard	
  et	
  al,	
  2015)	
  
•  Long	
  non-­‐coding	
  RNAs	
  (Li	
  et	
  al,	
  2014)	
  
•  GeneChip	
  maize	
  genome	
  array	
  
•  186	
  orthology-­‐based	
  projected	
  pathways	
  in	
  Plant	
  
Reactome	
  (506	
  reac+ons	
  &	
  925	
  gene	
  products)	
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Maize V3 
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Phylogenetic Gene Trees 
•  Infers orthologs and paralogs 
•  Taxonomic dating 
•  Synteny maps 
 

hmp://useast.ensembl.org/info/docs/compara/homology_method.html	
  

Vilella A.J., et al. (2008). Genome Res. doi:10.1101/gr.073585.107 
Schwartz S et al., Genome Res.;13(1):103-7, Kent WJ et al., Proc Natl Acad Sci USA., 2003;100(20):11484-9 

Whole Genome DNA Alignment 
•  Pairwise alignments 
•  B/LASTZ-CHAIN-NET method 

Comparative Phylogenomics 
Reconstructing evolutionary histories 

28 



Maize Genetics 2016 

Phylogenetic Gene Trees 
•  Gene “family” clusters 
•  Protein  & CDS MSA 
•  5 Different tree-build methods 

–  ML-protein-WAG, ML-phyml-codon(HKY), NJ-
codon-p-distance, NJ-codon-dS, NJ-codon-dN 

•  Consensified by TreeBest 
•  Infers orthologs and paralogs 
•  Taxonomic dating 

hmp://useast.ensembl.org/info/docs/compara/homology_method.html	
  
Heng	
  Li.	
  TreeBest:	
  hmps://github.com/muffato/treebest	
  

Vilella	
  A.J.,	
  et	
  al.	
  (2008).	
  Genome	
  Res.	
  doi:10.1101/gr.073585.107	
  

Ensembl Compara Gene Trees 
Sharon Wei (CSHL) 
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Maize-specific gene expansions 

•  Calcium-­‐dependent	
  
(calmodulin-­‐like)	
  protein	
  kinase	
  

•  Orthologous	
  group	
  is	
  single-­‐
copy	
  in	
  other	
  grass	
  species	
  

•  Expanded	
  to	
  7	
  unlinked	
  copies	
  
in	
  maize	
  

•  Possible	
  func+ons	
  in	
  stress	
  
response,	
  growth	
  and	
  
development	
  

Example 1 
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Maize-specific gene expansions 

•  CBL-­‐interac+ng	
  protein	
  
kinase	
  

•  Orthologous	
  group	
  is	
  low	
  
copy	
  in	
  other	
  grasses	
  

•  Expanded	
  to	
  7	
  unlinked	
  
copies	
  in	
  maize	
  

•  Arabidopsis	
  ortholog	
  SOS2	
  
involved	
  in	
  Na+	
  and	
  K+	
  
homeostasis	
  

Example 2 
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Split gene model 

Mis-annotated 
gene model 
spans 2 
contigs 
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Exporting Images & Data 
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Whole Genome Alignments 
•  Structural	
  varia+on	
  
•  Conserved	
  non-­‐coding	
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Synteny & orthologous region comparison 

maize 
Chr 2 

LOX8 

Putative lipoxygenase 
Sb chr 6 

LOX8 
Zm chr 2 

sorghum 
Chr 6 

Click	
  to	
  invert	
  
strand	
  

orienta+on	
  



Maize Genetics 2016 

Browse Homoeologous Regions 
From Ancient Polyploidy 

Ortholog report for 
specified region	



Chr6 
Sorghum 

Gene-level co-synteny 
defines homeologs�
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Ensembl Diversity Databases 

•  Variant	
  Effect	
  Predic+on	
  (VEP)	
  
–  Classifies	
  SNPs	
  based	
  on	
  predicted	
  effect	
  on	
  transcript	
  
using	
  Sequence	
  Ontology	
  terms	
  	
  

•  Display	
  individual	
  genotypes	
  and	
  popula+on	
  frequencies	
  
intron_variant	
  
missense_variant	
  
synonymous_variant	
  
stop_gained	
  
stop_lost	
  
splice_donor_variant	
  
splice_acceptor_variant	
  
ini&ator_codon_variant	
  
stop_retained_variant	
  

37 
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Viewing Variation Data 
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Variation Data 

•  Arabidopsis	
  –1001	
  Genomes	
  
•  Maize	
  –	
  HapMap	
  1	
  &	
  2,	
  Panzea	
  GBS	
  
•  Wheat	
  –	
  HapMap	
  (Jordan	
  et	
  al),	
  CerealsDB	
  
•  Rice	
  –	
  dbSNP,	
  McNally,	
  Zhao,	
  3000	
  IRRI	
  (coming	
  soon)	
  
•  Tomato	
  –	
  100	
  Genomes	
  
•  Brachypodium	
  
•  Barley	
  
•  Sorghum	
  
•  Grapevine	
  
•  Oryza	
  glaberrima	
  

39 
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Gramene Mart 
Complex	
  custom	
  queries	
  to	
  mine	
  data:	
  
•  InterPro	
  
•  GO	
  
•  VEP	
  
•  Orthologs/Paralogs	
  

Use	
  case:	
  Find	
  transcrip&on	
  factors	
  having	
  
“stop_gained”	
  alleles	
  

hmp://www.gramene.org/biomart/martview/	
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BLAST 
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Ad
d	
  
Cu

st
om

	
  T
ra
ck
s	
  

•  Salk T-DNA lines 
•  Uploaded from my laptop 
•  GFF file format 

•  RNA-seq  
•  Uploaded from iPlant URL 
•  BAM alignment file 

•  Methylome (Ecker) 
•  Uploaded from an URL 
•  BED file format 

GFF 

BED 

BAM 

VCF 

bedGraph 

Gbrowse 

PSL 

WIG 

GTF 

BigBed 

BigWig 

TrackHub 

What	
  are	
  the	
  example	
  
data	
  sets	
  that	
  you	
  

would	
  like	
  to	
  have	
  for	
  
Maize?	
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Gramene & the 
Informatics 
Ecosystem 
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European 
Variation Archive 
(EVA) 

Meta-­‐
data	
  

•  Workflows (SNP calling) 
•  Metadata templates 
•  Data store 

VCF	
  

Reference	
  
genomes	
  

XSEDE DE 

Variation: tractable data & metadata exchange 

Liya Wang 

Marcela 
Tello-Ruiz 
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European 
Variation Archive 
(EVA) 

Meta-­‐
data	
  

•  Workflows (SNP calling) 
•  Metadata templates 
•  Data store 

VCF	
  

Reference	
  
genomes	
  

XSEDE DE 

Variation: tractable data & metadata exchange 

Liya Wang 

Marcela 
Tello-Ruiz 
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Expression data from Atlas  

46 



Maize Genetics 2016 47 

0"

500"

1000"

1500"

2000"

2500"

3000"

0"

20"

40"

60"

80"

100"

20
00
"
20
02
"
20
05
"
20
06
"
20
07
"
20
08
"
20
09
"
20
10
"
20
11
"
20
12
"
20
13
"
20
14
"

Av
er
ag
e'
Ge

no
m
e'
Si
ze
'(M

b)
'

Cu
m
ul
a6

ve
'G
en

om
e'
Co

un
t'

Year'

Cumula1ve"genomes"

Genome"size;average"(Mb)"

Arabidopsis 
Rice 

Poplar 
Grape 

Sorghum 
Maize 

Soybean 

Potato 
Tomato 

Barley 
Wheat 

Pine 

Adapted from Michael & VanBuren (2015) COPB 

Scaling to support the Progress in Plant Genomics 

100 published genomes 
•  Declining cost 
•  Declining quality 

ü  Variation 
ü  Expression 
 
ENCODE-like  
Metabolomics 
QTL & GWAS  

Adoption of the Ensembl Platform for Plants 
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Maize highlights 2015-2016 

•  Completed	
  a	
  new	
  assembly	
  of	
  maize,	
  B73	
  RefGen_v4	
  by	
  de	
  
novo	
  assembly	
  of	
  maize	
  B73	
  using	
  ~65X	
  PacBio	
  long	
  reads	
  

•  Genome	
  annota+on	
  of	
  the	
  new	
  v4	
  maize	
  reference	
  
genomes	
  including	
  protein-­‐coding	
  gene,	
  non-­‐coding	
  gene	
  
and	
  repeat	
  elements	
  

•  Collabora+ons	
  with	
  MaizeGDB,	
  NCBI	
  and	
  the	
  Maize	
  
Nomenclature	
  Group	
  to	
  release	
  the	
  maize	
  V4	
  reference	
  
genome	
  

•  Gene	
  annota+on	
  of	
  3	
  maize	
  inbred	
  lines	
  (W22,	
  Mo17	
  &	
  
CML247)	
  

•  Collaborate	
  with	
  EVA	
  &	
  CYVERSE	
  on	
  Varia+on	
  prototype	
  
using	
  the	
  Maize	
  HapMap2	
  	
  

•  Collaborate	
  with	
  ATLAS	
  on	
  protoype	
  of	
  the	
  maize	
  
expression	
  data	
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Tools 
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FTP site 
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Gramene Pathway 
Resources 

51 
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Plant Reactome is a Resource for Comparative Plant Pathway Analysis 

Plant Reactome hosts: 
 

•  Curated metabolic & 
regulatory pathways 
in rice 

•  Orthology based 
pathway projections 
for 58 plant species. 

•  Provides tools for 
OMICS data 
analysis and 
visualization 

  
•  cross-species     

Pathway 
comparisons 

http://plantreactome.gramene.org 
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Reactome Model on Gramene 
Youtube channel 

•  hmps://www.youtube.com/watch?
v=UmrQUClm3jc&feature=youtu.be	
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Future plans: Pathways 
•  Double	
  the	
  curated	
  number	
  of	
  pathways	
  in	
  
reference	
  (rice)	
  species	
  rice	
  and	
  projected	
  
species	
  

•  Include	
  more	
  plant	
  species	
  
	
  
	
  



Maize Genetics 2016 

Gramene Database @ YouTube 
 

•  	
  12	
  live	
  webinars	
  &	
  14	
  recorded	
  video-­‐tutorials	
  
•  	
  Master	
  mailing	
  list	
  of	
  over	
  1,100	
  plant	
  researchers	
  
•  	
  Engaging	
  specific	
  plant	
  communi+es	
  (Arabidopsis,	
  rice,	
  maize,	
  etc.)	
  
•  	
  Create	
  a	
  robust	
  presence	
  for	
  Gramene	
  in	
  the	
  Plantae	
  plavorm	
  (~30,000	
  plant	
  

scien+sts	
  globally)	
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Requests to the community 
• Beta	
  testers	
  of	
  the	
  new	
  Gramene	
  search	
  

gramene.org/beta	
  
• Review	
  pathways	
  for	
  accuracy	
  &	
  completeness	
  
• Priori+ze	
  pathway	
  cura+on	
  (experimental	
  
evidence	
  based)	
  
• 	
  Webinar	
  requests	
  &	
  training	
  data	
  sets	
  from	
  	
  the	
  
Maize	
  Community	
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What’s in Gramene build 50? 
•  3	
  new	
  genomes:	
  Trifolium	
  pratense	
  (red	
  clover),	
  Brassica	
  

napus	
  (rapeseed)	
  &	
  Beta	
  vulgaris	
  (beet)	
  

•  New	
  rice	
  varia+on	
  data	
  

•  New	
  WGAs	
  for	
  wheat	
  

•  New	
  curated	
  rice	
  pathways	
  

•  Projected	
  pathways	
  for	
  3	
  new	
  species:	
  Jatropha	
  curcas,	
  
Manihot	
  esculenta,	
  Eucalyptus	
  grandis	
  &	
  Mimulus	
  guGatus	
  

•  New	
  detailed	
  views	
  -­‐genetree,	
  pathway,	
  atlas	
  -­‐	
  for	
  search	
  
results	
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  Maize	
  B73	
  RefGen_v4	
  @Gramene	
  
Yinping	
  Jiao	
  

Cold	
  Spring	
  Harbor	
  Laboratory	
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Status of RefGen_v3 

Main issues: 
-  Order and orientation of contigs 
-  Gaps 
-  Incomprehensive annotation of alternative splicing  
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Summary of RefGen_v4 
•  De	
  novo	
  assembly	
  with	
  PacBio	
  long	
  reads	
  and	
  BioNano	
  map	
  

	
  

•  Pseudomolecule	
  construc&on	
  	
  
	
  	
  	
  -­‐	
  	
  total	
  size:	
  2.10Gb	
  
	
  	
  	
  	
  -­‐	
  	
  2,523	
  gaps	
  leH	
  :	
  1,115	
  gaps	
  with	
  es+mated	
  size	
  from	
  BioNano	
  map	
  
•  Gene	
  annota&on	
  
	
  	
  	
  	
  	
  -­‐	
  MAKER	
  protein	
  coding:	
  48,934	
  	
  
	
  	
  	
  	
  	
  -­‐	
  v3	
  genes	
  missed	
  from	
  Maker	
  projected	
  to	
  v4:	
  269	
  
	
  	
  	
  	
  	
  -­‐	
  MAKER	
  tRNA:	
  	
  2,290:	
  	
  
	
  	
  	
  	
  	
  -­‐	
  lncRNA:	
  	
  2,561	
  	
  

More details will present at the workshop at 5pm 
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Nomenclature  
•  Following	
  Maize	
  gene+cs	
  Nomenclature	
  
•  Genome:	
  	
  
	
  	
  	
  	
  	
  	
  	
  <assembly_version_code>	
  =	
  <assembly	
  code>,	
  <version	
  code>	
  
	
  	
  	
  	
  	
  	
  	
  	
  B73	
  RefGen_v4	
  -­‐	
  Zm00001d	
  
	
  
•  Annota&on:	
  	
  
	
  	
  	
  	
  	
  <gene	
  model>	
  =	
  <species	
  id>,	
  <assembly_code>	
  ,	
  <version_code>,	
  	
  	
  	
  <six	
  digits>	
  
	
  	
  	
  	
  Gene:	
  Zm00001d000001	
  	
  	
  	
  
	
  	
  	
  	
  Transcript:	
  Zm00001d000001_T001	
  
Coding	
  and	
  noncoding	
  genes	
  are	
  numbered	
  the	
  same	
  and	
  this	
  
informa+on	
  is	
  not	
  encoded	
  in	
  the	
  ID.	
  This	
  informa+on	
  will	
  be	
  
included	
  in	
  metadata	
  as	
  “Biotype”	
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B73 RefGen_v4 @Gramene 
http://maizev4.gramene.org/ 
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V4 genome browser 
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Comparative genomics  

Gene	
  tree	
  build	
  with	
  Ensembl	
  
Protein	
  Compara	
  pipeline	
  from	
  19	
  
plant	
  genomes	
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Whole	
  Genome	
  Alignments	
  between	
  Zea	
  mays	
  RefGen_v4	
  and	
  Arabidopsis	
  
thaliana,	
  Oryza	
  sa&va	
  Japonica,	
  Sorghum	
  bicolor,	
  Setaria	
  italica,	
  Vi&s	
  vinifera	
  
respec&vely	
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Search from v3 gene in v4 assembly 

-­‐  36,725	
  (94%)	
  of	
  39,301	
  nuclear	
  genes	
  could	
  be	
  mapped	
  to	
  V4	
  
without	
  sequence	
  change	
  

-­‐  2,461	
  gene	
  with	
  sequence	
  changes	
  not	
  included	
  
-­‐	
  	
  115	
  gene	
  missed	
  from	
  v4	
  	
  



Maize Genetics 2016 



Maize Genetics 2016 



Maize Genetics 2016 

v3 gene 
 
 
 
v3 gene 
projected to v4 
 
  
 
v4 gene 
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Incomplete gene model in v3  

Gap at 5’ end 
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Gap filled: complete gene model in v4 
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Single locus with the same model and new 
transcripts 
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Two v3 gene models merged in v4 
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New gene model 
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Coming soon… 

•  Gene	
  annota+on	
  evidence:	
  full-­‐length	
  cDNA,	
  
RNA-­‐seq…	
  

•  Regulatory	
  data:	
  expression,	
  methyla+on	
  ...	
  
•  Varia+on:	
  GBS	
  2.7,	
  Hapmap3.2…	
  
•  Tools:	
  Genome	
  assembly	
  converter,	
  BioMart…	
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How to reach us 

•  E-­‐mail:	
  webinars@gramene.org	
  

•  Contact	
  form:	
  
hmp://www.gramene.org/contact	
  

•  Announcements	
  mailing	
  list	
  

https://www.facebook.com/Gramene @GrameneDatabase 
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Overlap between v3 FGS and v4 gene WGS 

-  Cutoff: Coverage >=0.5 in one 
version 

-  31,474 V3 genes : 30,925 V4 genes  
-  631 V3 genes were split 
-  1,097 V4 genes covered more than 

one V3 genes 
-  28,348 pairs of genes are 1-to-1 
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Outreach Wiki  
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•  E-­‐mail:	
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