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Outline 
•  Varia%on	
  data	
  in	
  Gramene	
  

–  Types	
  
–  Species	
  
–  Databases	
  (VEP	
  -­‐	
  Sequence	
  Ontology)	
  

•  Genome	
  browser	
  
–  Get	
  a	
  gene/transcript	
  sequence	
  showing	
  variants	
  &	
  links	
  
–  Get	
  a	
  table	
  with	
  all	
  SNP	
  variants	
  within	
  a	
  gene/transcript	
  
–  Visualize	
  SVs,	
  configure	
  &	
  export	
  image	
  
–  Download	
  a	
  sequence	
  alignment	
  showing	
  conserved	
  regions	
  and	
  variants	
  
–  Explore	
  varia%on:	
  genomic	
  context,	
  genes	
  &	
  regula%on,	
  genotype	
  frequency,	
  

sample	
  genotypes,	
  phenotypes,	
  etc.	
  
–  Upload	
  a	
  VCF	
  
–  Tools:	
  Variant	
  Effect	
  Predictor	
  &	
  Mart	
  

•  Stay	
  in	
  touch!	
  
•  Exercises	
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Variation Types in Gramene 

•  SNPs	
  vs	
  Structural	
  Variants	
  

•  Natural	
  vs	
  EMS-­‐induced	
  

•  Interhomoelogous	
  variants	
  (wheat	
  A,	
  B,	
  D	
   	
  
	
  genomes,	
  barley,	
  brachy)	
  

[Arabidopsis & Sorghum] 

[Sorghum] 

[12 species] 

[Wheat] 
Seq alignments for barley & brachy 

[12 species] 
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Variation Data 
•  Arabidopsis	
  –1001	
  Genomes	
  (3	
  studies),	
  Horton	
  et	
  al	
  ,	
  BBSRC-­‐funded	
  

collabora%on,	
  Atwell	
  et	
  al	
  (phenotypes)	
  
•  Maize	
  –	
  HapMap	
  1	
  &	
  2	
  (Gore	
  et	
  al	
  &	
  Chia	
  et	
  al),	
  Panzea	
  2.7	
  GBS	
  
•  Wheat	
  –	
  HapMap	
  (Jordan	
  et	
  al),	
  CerealsDB,	
  Inter-­‐homeologous	
  
•  Rice	
  [Oryza	
  sa+va	
  Japonica	
  &	
  Indica,	
  O.	
  glumaepatula,	
  O.	
  glaberrima,	
  O.	
  

barthii]	
  –	
  dbSNP	
  (Yu	
  et	
  al),	
  McNally	
  et	
  al,	
  Zhao	
  et	
  al,	
  Duitama	
  et	
  al	
  (b50)	
  &	
  
3000	
  Genomes	
  IRRI	
  (coming	
  soon),	
  OGE	
  

•  Tomato	
  –	
  100	
  Tomato	
  Genome	
  Sequencing	
  Consor%um	
  et	
  al	
  	
  
•  Brachypodium	
  –	
  B.	
  sylva+cum	
  (Fox	
  et	
  al)	
  
•  Barley	
  –	
  Barley	
  Consor%um,	
  Mascher	
  et	
  al,	
  Comadran	
  et	
  al	
  
•  Sorghum	
  –	
  Morris	
  et	
  al,	
  Mace	
  et	
  al,	
  Xin	
  et	
  al	
  [EMS]	
  
•  Grapevine	
  –	
  USDA	
  germplasm	
  collec%on	
  (Myles	
  et	
  al)	
  

4 

445K	
  SNPs	
  in	
  
16,718	
  lines	
  

71M	
  SNPs	
  in	
  
84	
  lines	
  

Over 230M plant SNPs  
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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 
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Ensembl Diversity Databases 
•  Loaded	
  using	
  standard	
  VCF	
  &	
  metadata	
  files	
  

Ø Each	
  SNP/Variant	
  allele	
  assigned	
  stable	
  id	
  
•  Obtain	
  individual	
  genotypes	
  &	
  popula%on	
  frequencies	
  
•  Variant	
  Effect	
  Predic%on	
  (VEP)	
  

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

intron_variant	
  
missense_variant	
  
synonymous_variant	
  
stop_gained	
  
stop_lost	
  
splice_donor_variant	
  
splice_acceptor_variant	
  
iniFator_codon_variant	
  
stop_retained_variant	
  

Example	
  VEP	
  SO	
  classifica%ons	
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http://www.gramene.org 
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http://ensembl.gramene.org http://plants.ensembl.org 
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Viewing Variation Data 
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•  CLAVATA3/ESR-­‐related	
  (CLE)	
  pepFde	
  18	
  
•  Involved	
  in	
  plant	
  growth	
  and	
  development	
  

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

Gene Example: cle18 

2	
  VEPs	
  in	
  CLE18	
  
(Cao	
  et	
  al,	
  2011)	
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http://ensembl.gramene.org Example:	
  
CLE18	
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Search results 
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CLE18 gene page 
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Gene sequence 
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Configure (Sequence) page: 
Show variants 

1 

2 

3 
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Mouse hover a variant to reveal details 
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Variant table (Gene & Transcript ) 
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Filter consequences 

2	
  VEPs	
  in	
  CLE18	
  
(Cao	
  et	
  al,	
  2011)	
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Structural variants 

Click 
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Go to Transcript page 
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Transcript Sequence: Exons 
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Transcript Sequence: cDNA 

1 

2 
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Go to location page 
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Configure (location) page: Show 
variation 



Gramene Webinar March 2016 

Location: show variants for a 
sequence alignment 1 

2 

3 
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Configure (Alignments) page 
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Sequence alignment with variants 
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Transcript Sequence: cDNA 

Click 
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Explore this variant 
5 views: Species, 
Location, Gene, 

Transcript & Variation 
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Genomic context 

Click on 
“Configure this 
image” symbol 



Gramene Webinar March 2016 

Genes & regulation 

Click to “Show” 
details below  



Gramene Webinar March 2016 

Flanking sequence 
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Genotype frequency 
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Sample genotypes 
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Phenotypes 
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Summary 

Ensembl	
  quick	
  reference	
  cards	
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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	
  

hlp://www.gramene.org/biomart/martview/	
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Tools: Variant Effector Predictor 
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Variant Effect Predictor 
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FTP site 
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Archive b39: markers & QTLs 
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Ensembl videos & tutorials 
•  Video:	
  Browsing	
  SNPs	
  and	
  CNVs	
  in	
  Ensembl	
  

[hlp://ensembl.gramene.org/Help/Movie?id=208]	
  

•  Demo:	
  Structural	
  varia%on	
  for	
  a	
  region	
  	
  	
  	
  	
  
[hlp://ensembl.gramene.org/Help/Movie?id=316]	
  

•  Programma%c	
  access	
  tutorial:	
  
Accessing	
  varia%on	
  data	
  with	
  the	
  Varia%on	
  API	
  	
  
[hlp://ensembl.gramene.org/info/docs/api/varia%on/
varia%on_tutorial.html]	
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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	
  plaporm	
  (~30,000	
  plant	
  

scien%sts	
  globally)	
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How to reach us 
•  E-­‐mail:	
  webinars@gramene.org	
  

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

•  Gramene	
  YouTube	
  channel	
  
•  Announcements	
  mailing	
  list	
  

https://www.facebook.com/Gramene @GrameneDatabase 
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Doreen Ware, PI (USDA ARS, CSHL)  
Michael Campbell, Kapeel Chougule, Yinping Jiao, Sunita Kumari, Joe Mulvaney, Andrew 
Olson, Joshua Stein, Marcela K. Tello-Ruiz, Jim Thomason, Peter van Buren, Bo Wang, 
Sharon Wei 
 

Pankaj Jaiswal, Co-PI (OSU) 
Noor Al-Bader, Justin Elser, Matthew Geniza, Parul Gupta, Justin Preece, Sushma Naithani 
 

Paul Kersey / Robert Petryszyk (EMBL-EBI) 
Dan Bolser, Christopher Grabmuller, Chuang Kee Ong, Dan Staines, Brandon Walts / 
Elisabet Barrera, Maria Keays, Oliver Mannion, Nuno Fonseca, Laura Huerta Martinez 
 

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

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

Gramene - Exploring Function through Comparative 
Genomics and Network Analysis 
NSF IOS 1127112  (2011- 2017)   

EVA: Gary 
Sanders 

CyVerse: 
Liya Wang 
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Variation Data •  Single	
  base	
  (SNP,	
  inter-­‐homoelogous)	
  &	
  structural	
  
•  Natural	
  &	
  EMS-­‐induced	
  

Species	
   Variants	
   Source	
   Studies	
  

Arabidopsis	
  thaliana	
   28,468,394	
  
SV:	
  27,334	
  

250K	
  SNPs	
  x	
  1179	
  accessions	
  (Affy	
  chip)	
  
18	
  resequenced	
  accessions	
  (BBSRC-­‐funded	
  collabora%on)	
  
392	
  accessions	
  (1001	
  genomes	
  project)	
  

Cao	
  et	
  al	
  (2011).	
  Nat	
  Genet	
  43:956	
  
Horton	
  et	
  al	
  (2012).	
  Nat	
  Genet	
  44:212	
  
Clark	
  et	
  al	
  (2007).	
  Science.	
  317:338	
  
Atwell	
  et	
  al	
  (2010).	
  Nature.	
  465:627	
  

Brachypodium	
  distachyon	
   655,976	
  	
   394K	
  SNPs	
  x	
  3	
  popula%ons	
  of	
  B.	
  sylva+cum	
   Fox	
  et	
  al	
  (2013).	
  Appl	
  in	
  Plant	
  Sci	
  1(3):1200011	
  

Hordeum	
  vulgare	
   38,949,078	
  

4	
  resequenced	
  accessions	
  plus	
  wild	
  barely	
  &	
  RNA-­‐Seq	
  
(Illumina	
  HiSeq	
  2000)	
  from	
  embryos	
  of	
  9	
  cul%vars	
  &	
  Morex	
  
5M	
  SNPs	
  from	
  90	
  Morex	
  x	
  Barke;	
  	
  
6M	
  SNPs	
  from	
  84	
  Oregon	
  Wolfe	
  
2,600	
  SNPs	
  (iSelect	
  9k	
  chip)	
  

The	
  Interna%onal	
  Barley	
  Genome	
  Sequencing	
  
Consor%um	
  (2012).	
  Nature	
  491:	
  711	
  
	
  
Mascher	
  et	
  al	
  (2013.)	
  Plant	
  J.	
  76:718	
  
Comadran	
  et	
  al	
  (2012).	
  Nat	
  Genet	
  44:1388	
  

Oryza	
  glaberrima	
   7,172,036	
   Resequenced	
  20	
  O.	
  glaberrima	
  accessions	
  &	
  19	
  accessions	
  of	
  
wild	
  progenitor	
  O.	
  barthii	
   Oryza	
  Genome	
  Evolu%on	
  project	
  

Oryza	
  glumaepatula	
   4,901,344	
  	
   4.9M	
  SNPs	
  x	
  7	
  accessions	
  (OGE)	
   Oryza	
  Genome	
  Evolu%on	
  project	
  

Oryza	
  sa:va	
  ssp	
  japonica	
   5,512,746	
  	
  
160K	
  SNPs	
  x	
  20	
  accessions	
  
1311	
  SNPs	
  x	
  395	
  accessions	
  
4M	
  Japonica	
  vs	
  Indica	
  SNPs	
  (BGI)	
  
SNPs	
  from	
  OMAP	
  alignments	
  

OryzaSNP:	
  McNally	
  et	
  al	
  (2009).	
  PNAS	
  
106:12273-­‐12278	
  
Zhao	
  et	
  al	
  (2010).	
  PLoS	
  ONE	
  5:e10780	
  
NCBI	
  dbSNP:	
  Yu	
  et	
  al	
  (2005).	
  PLoS	
  Biol.	
  3:e38	
  
Oryza	
  Map	
  Alignment	
  Project	
  

Oryza	
  sa:va	
  ssp	
  indica	
   5,418,373	
   4M	
  Japonica	
  vs	
  Indica	
  SNPs	
  (BGI)	
  
SNPs	
  from	
  OMAP	
  alignments	
  

NCBI	
  dbSNP:	
  Yu	
  et	
  al	
  (2005).	
  PLoS	
  Biol.	
  3:e38	
  
Oryza	
  Map	
  Alignment	
  Project	
  

Solanum	
  lycopersicum	
   71,156,260	
   WGS	
  of	
  84	
  tomato	
  accessions	
  &	
  related	
  species	
   100	
  Tomato	
  Genome	
  Sequencing	
  Consor%um	
  
(2014).	
  The	
  Plant	
  Journal	
  80:136-­‐148	
  

Sorghum	
  bicolor	
  
6,707,777	
  

EMS:	
  1,481,453	
  
SV:	
  32,246	
  

265K	
  SNPs	
  in	
  378	
  SAP	
  lines	
  
6.5M	
  SNPs	
  in	
  45	
  S.	
  bicolor	
  &	
  2	
  S.	
  propinquum	
  lines	
  	
  
1.5M	
  EMS-­‐induced	
  muta%ons	
  from	
  252	
  families	
  	
  
32K	
  SVs	
  from	
  dGVA	
  

Morris	
  et	
  al	
  (2013).	
  PNAS	
  110:453-­‐458	
  
Mace	
  et	
  al	
  (2013).	
  Nat	
  Commun	
  4:2320	
  
Xin	
  et	
  al	
  (2008).	
  BMC	
  Plant	
  Biol	
  8:103	
  
dGVA:	
  Zheng	
  et	
  al	
  (2011).	
  Genome	
  Biol	
  12:R114	
  

Triticum aestivum 12,220,924 
1.57M	
  SNPs	
  in	
  62	
  lines	
  (Wheat	
  HapMap)	
  
725K	
  non-­‐redundant	
  SNP	
  from	
  CerealsDB	
  (Axiom,	
  iSelect	
  &	
  
KASP	
  array	
  sets)	
  
10.3M	
  inter-­‐homoeologous	
  variants	
  (genome	
  browser)	
  

Jordan	
  et	
  al	
  (2015).	
  Genome	
  Biology	
  16:48	
  
CerealsDB	
  
Plants	
  Ensembl	
  

Vi:s	
  vinifera	
   457,404	
   Resequencing	
  USDA	
  germplasm	
  collec%on	
   Myles	
  et	
  al	
  (2010).	
  PLoS	
  ONE	
  5:e8219	
  

Zea	
  mays	
   51,162,745	
  
HapMap1:	
  NAM	
  founder	
  lines	
  
HapMap2:	
  55M	
  SNPs	
  in	
  104	
  accessions	
  
Panzea	
  2.7	
  GBS	
  (719K	
  SNPs	
  in	
  16,718	
  accessions)	
  

Gore	
  et	
  al	
  (2009).	
  Science	
  326:1115-­‐1117	
  
Chia	
  et	
  al	
  (2013).	
  Genet	
  44:803-­‐807.	
  
Panzea.org	
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Exercise 1 – Explore the genetic variation 
around a gene 

  
Explore the genetic variation for the lcyE gene and identify the 
nonsynonymous substitution associated with provitamin A 
accumulation in the kernel by Harjes et al (2008) [Science 319:330]. 
This variant is also known as SNP216 for its position relative to the 
start of the gene’s coding sequence. 
 
1.   Visualize the genetic variants for this gene 
2.   Are there any new stop codons introduced (nonsense variants) in 

this gene? 
3.   Are there any transcript-specific variants for this gene? 
4.  Download a subset of the variants (e.g., those that introduce an 

amino acid change in the protein) 
5.  Find the missense variant (nonsynonymous substitution) 

associated with accumulation of provitamin A in the study 
according to Harjes et al (2008).  What are the genomic 
coordinates for this variant? 
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Exercise 2: Gramene Mart 

Iden%fy	
  all	
  the	
  transcrip%on	
  factors	
  that	
  have	
  a	
  SNP	
  variant	
  that	
  
introduces	
  a	
  stop	
  codon	
  resul%ng	
  in	
  a	
  truncated	
  pep%de	
  
	
  
Hint:	
  Use	
  the	
  Gene	
  Ontology	
  or	
  AmiGO	
  database	
  to	
  find	
  the	
  GO	
  term	
  for	
  “transcrip+on	
  
factor	
  ac+vity,	
  transcrip+on	
  factor	
  binding”	
  [GO:0000989].	
  	
  
	
  
Another	
  hint:	
  The	
  descrip+on	
  of	
  the	
  func+onal	
  consequence	
  for	
  a	
  stop	
  codon	
  
introduced	
  by	
  a	
  SNP	
  variant	
  is:	
  “stop_gained”	
  	
  


