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Structure of talk

•45 minute talk

•15 minutes for questions

•Greg & Rich available for detailed discussion the 
remainder of the meeting



Overview

1. What problems does CloudMap address?

2. Choosing the right cross for your experiment

3. Navigating within Galaxy

4. Support (website & video user guides)

5. Galaxy hosting options



Sequencing costs are dropping faster than you think

Image: Wikipedia
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Sequencing costs are dropping faster than you think



(sequencing bp)/($) for whole genome sequencing is 
advancing faster than Moore’s Law
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whole genome sequencing is now affordable



The bottleneck is now data interpretation

• Flood of data requires expensive hardware

• Knowledgeable/expensive bioinformaticians

• Hardware or software may be quickly outdated. 



CloudMap solves the data interpretation problem

• Cloud-based (Galaxy platform hosted at Penn State)

•(can also install locally or use Amazon AMIs)

• Modular — latest aligners and variant callers 

• Automated workflows

• Works with any organism

• Extensive pdf and video user guides

• Free & open source



CloudMap tools for finding the causal variant 

• Clone mutants from mapping crosses (3 methods)
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CloudMap tools for finding the causal variant 

• Clone mutants from mapping crosses (3 methods)

• in silico complementation testing

• Subtraction of common background variants and 
deletion analysis

• Query candidate gene lists



2. Choosing the right cross

Chromosomes

N2

Genetic 
drift

Transgenesis or outcross 
to introduce reporter

Mutagenesis

EMS-induced variants

Phenotype-causing variant

Background variants



Hawaiian Variant Mapping concept
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An unlinked chromosome

pure Hawaiian 
ratio 

pure parental 
ratio 



vab-3:LG X 10,503,393-
           10,519,348

CloudMap’s Hawaiian Variant Mapping plots



Hawaiian frequency plots normalized to 3 criteria

1. Amount of possible Hawaiian SNPs in a given Mb bin

2. Amount of pure parental alleles in that given Mb bin

3. Average amount of Hawaiian variants in a given Mb bin 
per chromosome



HA mapping plots before/after normalization

Pre-Normalization:

Post-Normalization:



Variant Discovery Mapping (VDM)

• VDM allows you to map by crossing to N2 and use the 
unique variants present in the EMS’d mutant for 
mapping
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Variant Discovery Mapping (VDM)

• VDM allows you to map by crossing to N2 and use the 
unique variants present in the EMS’d mutant for 
mapping

•What if you don’t want to introduce ~110k Hawaiian 
mutations into your mutant strain?

•e.g. behavioral screens

•What if you need to recover >1 mutation in your F2 
progeny after a cross?

•e.g. suppressor screens (CAVEAT: not yet tried 
in worms, works in Arabidopsis)
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VDM frequency plots normalized to 3 criteria

1. Amount of potential parent strain SNPs in a given Mb 
bin

2. Amount of pure parental alleles in that given Mb bin

3. Average amount of pure parental alleles in a given Mb 
bin per chromosome



Hawaiian mapped mutants are also plotted with VDM 
automatically
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VDM is not as accurate as Hawaiian Mapping

Hawaiian mapping —> ~100,000 variants used for mapping

VDM              —> ~1,000 variants used for mapping



Zuryn et al., 2010

EMS Density Mapping 



CloudMap: EMS Variant Density Mapping Tool



Advantages of VDM over EMS Density Mapping

1. Bulk segregant approach gives finer mapping

A. Pooling 50 F2’s is conceptually equal to 50 serial 
backcrosses (same # crossover events that can be used 
for mapping)

2. Faster to pool 50 F2s derived from same cross (~6 
days to pick F2s), than to serially backcross 50 times 
(50 x ~3 = ~150 days)



Variant subtraction and filtration (GATK)
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• known knowns —> variants in your mapping region

• known unknowns —> uncovered regions in mapping region 
(putative deletions)

• unknown unknowns —> you’re on your own

How can we analyze uncovered regions (putative deletions)?



Find unique uncovered regions in your sample (putative deletions)
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• large genetic screens (especially suppressor screens) 
yield multiple alleles 

in silico complementation

• complementation tests are time consuming & not always 
definitive

• allelic complementation, non-allelic non-complementation, 
dominant alleles

• Just sequence many mutants from the same screen and see if 
you have multiple alleles of the same gene (if cost isn’t an 

issue)

• Or, easily identify allelic variants in members of the 
same known complementation group



in silico complementation tool w/ variant subtration

1st pass — subtract background variants using a liberal 
subtraction strategy

• Tool returns results where allelic 
genetic loci contain non-identical hits 
in more than one sample

•Can control the upstream/downstream 
definition of a locus in bp
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Caveat:

• Possible that 2 independent alleles of the same locus have 
the exact same variant — in which case the liberal subtraction 
would have subtracted that variant.

• Solution — subtract background variants using a conservative 
subtraction strategy

•Tool returns results where allelic 
genetic loci contain identical hits in 
more than one sample

•Downside — many non-phenotype causing 
variants will remain in the sample 
(background variants)
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in silico complementation

Subtract background variants before running the tool

Tool returns instances where multiple alleles are present



List of variants + Annotation information —> List of variant effects

Variant calling & annotation (GATK & snpEff)

SNPs & indels <=5bp annotated

For pooled samples, make sure you check the BAM alignment to 

determine if a called variant is real before proceeding



1) Transcription factors

2) Transgene silencers

3) Genes expressed in the nervous system

4) Anything you want. . .

CloudMap variant annotation candidate checker
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Summary of CloudMap strategies:

• Clone mutants from mapping crosses

1. Hawaiian Mapping

2. Variant Discovery Mapping

3. EMS Density Mapping 

• Find variants unique to your sample by subtracting 
variants in other strains

• Putative deletion analysis 

• in silico complementation testing

• Query candidate gene lists



Tested with Arabidopsis, Brachypodium, zebrafish

y-axis: relative parental allele frequency



3) Navigating within Galaxy



Automated analyses w/ CloudMap workflows



CloudMap workflows can be edited



CloudMap data libraries contain a proof of principle 
dataset and config files



FASTQ statistics (FASTQC tool)

Babraham 
Bioinformatics



FASTQ statistics (FASTQC tool)

Babraham 
Bioinformatics



Alignments (BWA, Bowtie, GATK, PICARD) 

Integrated Genome Viewer



Variant annotation (snpEff)



Variant annotation (snpEff)



Variant annotation (snpEff)



4) Support (usegalaxy.org/cloudmap)



4) Support (hobertlab.org/cloudmap)



5) Hosting options

Install locally

Install on Amazon

Instructions: hobertlab.org/cloudmap



Danny S. Park

http://usegalaxy.org/cloudmap

http://hobertlab.org/cloudmap

Daniel Blankenberg 
(& Galaxy Team)Richard Poole Oliver Hobert
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