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Overview of the next two hours...
Before tea

Session 1, Browser:

● Introduction
○ Ensembl Plants and 

plant variation data

● Hands-on
○ Variation in the 

Ensembl browser

● Displaying your 
data in Ensembl 
Plants

After tea

Session 2, Tools:

● Variant Effect 
Predictor
○ Introduction and 

hands-on

● Mining variation 
data with BioMart
○ Introduction and 

hands-on



Resources

These slides:
http://tinyurl.com/transplant2015

Course booklet:
http://tinyurl.com/transplant2015b

http://tinyurl.com/transplant2015
http://tinyurl.com/transplant2015b
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Currently 39 genomes in 
Ensembl Plants

http://plants.ensembl.org

http://plants.ensembl.org/info/website/species.html
http://plants.ensembl.org/info/website/species.html


Brassicales

Fabales

Malpighiales

Rosales

Solanales

Vitales

Malvales



Poales

Zingiberales

...





●

●

●

●

●

●

●

Or all the above!





●

●

●

●

●

http://www.phytopathdb.org/


●

●

●

●

●

●

●

●

●

●



PAG 2015

Genome Browser Databases

•
•
•
•
•
•
•
•

Genome Browsers

Baseline Annotation

• Transposon 
discovery

• Gene prediction
• EST Alignment



Recent updates
(Release 27)

http://plants.ensembl.org

http://plants.ensembl.org/info/website/species.html
http://plants.ensembl.org/info/website/species.html
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On to variation...
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Species Samps Pops* ~Variations

Arabidopsis 
thaliana

1,610 7 14,000,000
SV: 14,000

Brachypodium 
distachyon

3 3 300,000

Hordeum vulgare 188 16 24,000,000

Oryza glaberrima 21 1 800,000

Oryza indica 19 19 5,000,000

Oryza sativa 416 21 6,000,000

Solanum 
lycopersicum

84 8 71,000,000

Sorghum bicolor 3 1 SV: 64,000

Triticum aestivum 248 1 700,000

Vitis vinifera 17 3 500,000

Zea mays 103 1 51,000,000

✱
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Variation Data
•
•
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Viewing Variation Data



Looking at some tomato variation 
data...









EXERCISES
Variation in the Ensembl Browser



Exercise 1 – Exploring a SNP in 
Arabidopsis
The arabidopsis ATCDSP32 gene is a chloroplastic, 32 kDa, drought-induced 
stress protein that is proposed to participate in cell redox homeostasis (GO:
0045454).

A. How many variants have been identified in the gene that can cause a 
change in the protein sequence?

B. What is the ID of the variant that change the residue 60 from Alanine 
to Threonine? What is the location of this SNP in the Arabidopsis 
genome? What are its possible alleles?

C. Download the flanking sequence of this SNP in RTF (Rich Text 
Format). Can you change how much flanking sequence is displayed 
on the browser?

D. Does this SNP cause a change at the amino acid level for other genes 
or transcripts?

E. What is the most frequent genotype at this locus in the ‘1001 
Population’?

http://plants.ensembl.org/Arabidopsis_thaliana/Gene/Summary?g=AT1G76080
http://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0045454
http://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0045454
http://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0045454


Exercise 2 – Variation data in the 
tomato (S. lycopersicum) genome
Nearly every aspect of plant biology is dependent on cytochrome P450 
enzymes, including metabolism of secondary metabolites in tomato involved in 
fruit development and ripening.

A. Find a cytochrome P450 gene in tomato known as Solyc02g085360.2 
and go to its Location tab. Can you add the data track that shows 
variation data from the ‘150 Tomato Genome ReSequencing Project’ 
(TGRSP)?

B. Zoom in around the last exon of this gene. What are the different types 
of variants seen in that region? What is the location of the only inframe 
deletion mapped in the region?

C. Click on the splice region variant showed in that view. Why does 
Ensembl Plants put the G allele first in the string (G/A)?



Exercise 3 – Missense variants in the 
bread wheat genome
The bread wheat transcript Traes_2AL_5C7E76139.1 is involved in calcium ion 
binding (GO:0005509). Around 45 variants have been mapped to this 
transcript.

A. What are the two types of variants annotated in this transcript?

B. Are there any variants predicted to be deleterious? Which amino acid 
residue is affected and what are the possible amino acids in that 
position?

C. What are the different sources of EPlTAEV06993600 and 
BA00258972?

http://www.ebi.ac.uk/QuickGO/GTerm?id=GO:0005509
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Live demo
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psbO, Oxygen-evolving enhancer protein 1 
Traes_2BL_4B8B77E73.1

 







EXERCISE
Displaying your data in Ensembl Plants



Exercise 4 – The Variant Effect 
Predictor in the bread wheat genome
An analysis of 5,000 individuals from two different populations of bread wheat 
(T. aestivum) has identified thousands of polymorphic loci. See a list of a few of 
them on the right:

Can you use the VEP tool to answer 
the following?

A. Which genes and transcripts 
do these variants map to?

B. Which consequence types 
can be found for these 
variants?

○ Do any of them cause a 
change at the amino 
acid level?

chr 2D, genomic coordinate  89551917, 
alleles G/A, forward strand

chr 2D, genomic coordinate 148408765, 
alleles G/T, forward strand

chr 3D, genomic coordinate 113574123, 
alleles C/A, forward strand

chr 3D, genomic coordinate 93827883, 
alleles G/A, forward strand

chr 3B, genomic coordinate 727928129, 
alleles C/T, forward strand

chr 3B, genomic coordinate 736734474, 
alleles C/T, forward strand

chr 6A, genomic coordinate 196872409, 
alleles T/G, forward strand

chr 6A, genomic coordinate 196153918, 
alleles A/G, forward strand

chr 6A, genomic coordinate 196774882, 
alleles G/C, forward strand
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Outline
● Definitions

● The principle: 4 steps

● Tutorial: simple query in Arabidopsis

● Find Ensembl BioMart and BioMart elsewhere 

● Sophisticated platforms: mart services, APIs, etc…

● Exercises



What is BioMart?

● Free service for easy retrieval of Ensembl data

● Data export tool with little/no programming required

● Complex queries with a few mouse clicks 

● Output formats (.xls, .csv, fasta, tsv, html)



The four-step principle

DATA FILTERS ATTRIBUTES RESULTS

IDs
Regions
Domains

Expression

Tables
FastaDataset

Database
Homologs
Sequences
Features

Structures



Choosing the data

Database and dataset



Limit your data set
(information that you know)

Selecting the filters
Click “Count” to see 
if BioMart is reading 

the input data



Picking the attributes

Determine output columns
(information you want to know) 



The different attributes



Getting the results

Tables/sequences

click “Unique 
results only”

For the full 
table: click 
View “ALL” 

rows or “Go”



Selected ATH1 probes (Affy chip)

259842_at, 251193_at, 259303_at, 252534_at, 266957_at, 257891_at, 263593_at, 
266372_at, 265342_at, 254011_at, 260623_at, 262238_at, 264118_at, 256910_at, 
263846_at, 249996_at, 248094_at, 267361_at, 246275_at, 258034_at, 248622_at, 
263483_at, 254250_at, 257964_at



For this list of probes (Affymetrix array 
Arabidopsis), can I use BioMart to retrieve
• a table with names and IDs, Pfam IDs, and 

location of the genes the probes map to?

• a fasta (sequence) file with 250 nt upstream of 
the cDNA sequences of those genes?

Tutorial: BioMart



The four-step principle

DATA FILTERS ATTRIBUTES RESULTS

Mart Gene name, ID
Pfam ID,

Chr start end

250 nt cDNA 
sequences

.xls tableAffymetri
x

probe
IDs

Arabidopsis 
thaliana

fasta



Live demo



BioMart started at Ensembl

Rfam
PRIDE
UniProt
InterPro
Reactome
and many more…

Ensembl
COSMIC
VEGA
MGI
EnsemblGenomes
Gramene



Find BioMart

http://plants.ensembl.org/biomart/martview/

central.biomart.org



More sophisticated platforms

• BioMart                 queries: MartService 

www.biomart.org/martservice.html

• APIs: PERL, Java, Web Services

• Third party softwares

galaxyproject.orgbioconductor.orgtaverna.org.uk



Ensembl BioMarts



http://tinyurl.com/video-biomart

BioMart      video



Connect with Ensembl 
Genomes

?
??

?
?

?
?

???

helpdesk@ensemblgenomes.org
twitter.com/ensemblgenomes



EXERCISE
Mining variation data with BioMart



Exercise 5 – Retrieve a list of SNPs 
from tomato (S. lycopersicum)
The region between coordinates 21,394,819 and 21,397,868 on chromosome 6 
in tomato contains a gene involved in oxidation-reduction process (GO:
0055114).

Can you use BioMart to retrieve all the SNPs that cause a change at the amino 
acid level of this gene (those SNPs are known as missense variants) including 
their IDs and possible alleles?



Exercise 6 – Open-ended BioMart

● Filter for some ‘interesting variations’ in a 
‘region of interest’...

● Export data and gather some ‘interesting’ 
statistics.







ANSWERS



Answer 1 – Exploring a SNP in 
Arabidopsis
A. Search for the ATCDSP32 gene the Arabidopsis page in Ensembl Plants. On the left hand side 

menu of the Gene tab, click on Genetic variation to find out the number of variants that cause a 
change at the amino acid level of the ATCDSP32 protein. Those are know as missense variants. 
There are 16 of them.

B. Next to the ‘Missense variant’ under the column Type, click on ‘Show’. Look for the residue 60, 
where a change from A to T is reported. The ID of this variant is ENSVATH05153232, located at 
position 28549171 on chromosome 1. The two possible alleles at this locus are C and T.

C. Click on the link ENSVATH05153232. Then click on ‘Flanking sequence’ in the left hand side 
menu. Now click on ‘Download sequence’ and select the Rich Text Format (RTF). If you want to 
change how much flanking sequence is displayed on the browser, go back to the Flanking 
sequence page, click in the Configuration page and change the length of the sequence. The 
default settings is 400 bp.

D. Click on ‘Genes and regulation’ to find out this SNP does not cause a change at the amino acid 
level for any other genes or transcripts in that genome. The other consequence types for this 
SNP are Downstream gene variant and Upstream gene variant.

E. Click on ‘Genotype frequency’ in the left hand side menu to find out the most frequent genotype 
at this locus in the ‘1001 Population’ is CC (homozygous for allele C, the reference allele).



Answer 2 – Variation data in the 
tomato (S. lycopersicum) genome
A. Go to the tomato page in the Ensembl Plants Genome Browser and search 

for Solyc02g085360.2 and click on the Location link in the results page. 
Configure the page and look for the data track named ‘The 150 TGRSP 
variations’.

B. Zoom in around the last exon of this gene by drawing a box in the 
respective region. Please note the gene is on the reverse strand, so the 
last exon will be on the left hand side of that image. The types of variants 
seen in that region are 3 primer UTR variants, missense variants, 
synonymous variants and a few others. Look for the Variation legend of the 
different colour codes. The location of the only inframe deletion mapped in 
the region is 2:42861257-42861272. Just click on the pink box that denotes 
inframe deletion for a pop-up box with additional information on that variant 
including location.

C. The splice region variant is coded in orange. Its reported alleles are G/A, G 
being the reference allele, and A the alternative allele.



Answer 3 - Missense variants in the 
bread wheat genome
A. Search for Traes_2AL_5C7E76139.1 in bread wheat, click on the Gene ID 

in the results page and then on the transcript ID in the Transcript tab. Now 
click on ‘Variations’ to find out the two types are ‘missense variants’ and 
‘synonymous variants’.

B. One missense variants are predicted to be deleterious according to SIFT. 
The possible amino acid residues are D (Aspartic acid) and E (Glutamic 
acid).

C. This missense variant has been reported by two different sources (inter-
homoeologous variants from Ensembl Genomes and variants from 
CerealsDB) and gets two IDs, i.e. EPlTAEV06993600 and BA00258972 as 
it’s a polymorphism within the different components of the hexaploid 
genome and between different populations of bread wheat.



Answer 4: The VEP tool, Variant 
Effect Predictor

Go the plants.ensembl.org 
and click on Tools on the 
top banner of the page. 
Click on VEP and select the 
species T. aestivum. Type 
in the following input data:

Scroll down in that page 
and click Next. Click on 
‘HTML’ and you will see a 
table like this:

2D  89551917 89551917 G/A

2D 148408765 148408765 G/T

3D 113574123 113574123 C/A

3D 93827883 93827883 G/A

3B 727928129 727928129 C/T

3B 736734474 736734474 C/T

6A 196872409 196872409 T/G

6A 196153918 196153918 A/G

6A 196774882 196774882 G/C



Answer 4: The VEP tool, Variant 
Effect Predictor



Answer 4: The VEP tool, Variant 
Effect Predictor
A. Several genes and transcripts have been annotated in the region where 

these variants map to, e.g.

Traes_2DL_776B9B786 / Traes_2DL_776B9B786.1
Traes_3DL_48F92563F / Traes_3DL_48F92563F.1
Traes_6AL_AC74E1A75 / Traes_6AL_AC74E1A75.2

B. The consequences for these variants are missense, splice region, stop 
loss, downstream gene, among others. The missense variants do cause a 
change at the amino acid level.


