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Identifying molecular mechanisms that create neuronal 
diversity

adapted from 

Kandel, 2000 



C. elegans: an ideal model organism 

•Short generation time, 1mm long

•Hermaphrodites (w/ some males)

•Complete wiring diagram of 
nervous system

•Developmental fate of all 959 
somatic cells known, cell 

position also constant

•Easy to make transgenic animals

•Genome sequenced in >5 closely 
related species

•Transparency allows for in vivo 
studies using reporter genes

•20,470 protein coding genes

Smith et al. 2010

Wormatlas



adapted from 

Doitsidou, 2008 

Forward genetic screens using a wormsorter

~60,000 P0’s ~600,000 F1’s ~600,000 F2’s



SNP mapping concept
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CloudMap’s SNP mapping plots



An unlinked chromosome

pure Hawaiian 

ratio 

pure parental 
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SNP mapping plots before/after normalization

Pre-Normalization:

Post-Normalization:



EMS Density Mapping 

Zuryn et al., 2010



Zuryn et al., 2010

EMS Density Mapping 



CloudMap: EMS Variants Density Mapping Tool



CloudMap provides a set of workflows for analysis of 
mutant genome sequences

Pooled mutant progeny of F2's 

from a mapping cross 

(SNP mapping strategy)

CloudMap SNP Mapping with WGS 

Data and Variant Calling Workflow

Input data typesMutant backcrossed to starting 

strain (Zuryn et. al. strategy)
Unmapped mutant

CloudMap EMS Density Mapping 

and Variant Calling Workflow

CloudMap Variant Calling Workflow 

for Unmapped Mutants

CloudMap Subtract Variants 

Workflow

CloudMap Uncovered Region 

Subtraction Workflow

Primary workflows

Additional 

output files

CloudMap SNP Mapping Plots & 

Tabular output

(SNP mapping strategy)

CloudMap EMS Density Plots 

(Zuryn et. al. strategy)

Mapping plot output

FASTQ read quality analysis 

BAM alignment file

Pileup file 

(also input for CloudMap SNP 

Mapping with WGS tool)

Depth of coverage analysis of 

BAM alignment fie

Homozygous variants VCF 

(mutant under consideration)

Homozygous variants 

(snpEff graphical sample 

summary)

Homozygous and heterozygous 

variants VCF (higher stringency, 

for downstream subtraction)

Uncovered regions BED 

(for downstream subtractions)

Uncovered regions annotated 

(for deletion analysis)

Homozygous variants annotated 

(snpEff )

Primary files for analysis

Sample metrics

Files for subtraction workflows 

(if other samples available)

Subtraction workflows

(If additional samples 

to subtract are available)

Other sample variants (VCF 

files) and uncovered regions 

(BED files) to subtract

(IF AVAILABLE)

Uncovered regions annotated 

(for deletion analysis)

Homozygous variants annotated 

(snpEff )

Post-subtraction

variants and putative deletions



CloudMap provides a set of workflows for analysis of 
mutant genome sequences



CloudMap provides a set of workflows for analysis of 
mutant genome sequences



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



FASTQ statistics (FASTQ Summary Statistics tool)

Blankenberg et al., 

2010



Alignments (BWA, GATK realigner, PICARD remove dups) 



Variant calling (GATK or SAMtools) & 
variant filtering (snpSift)



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

Variant annotation (snpEff)



1) Transcription factors

2) Transgene silencers

3) Genes expressed in the nervous system

4) Anything you want. . .

CloudMap variant annotation candidate checker



Variant annotation (snpEff)



Variant annotation (snpEff)



Variant annotation (snpEff)



Variant annotation (snpEff)



Variant subtraction and filtration (GATK)

ot266

Hawaiian 

SNPs

ot266

ot266

ot266

ot266

ot266

ot260

ot260

ot263

ot263

ot260 ot263

Subtract variants 
present in either 
ot260 or ot263

2,459 
shared 
variants

3,766 heterozygous 
and homozygous 
variants

3,488 heterozygous 
and homozygous 
variants

Filter for homozygous 
variants

171,446 heterozygous 
and homozygous 
variants

4,759 
combined variants

112,061
Hawaiian SNPs

3,329 
homozygous 
variants

1,538 
homozygous 
variants

Subtract 244
Hawaiian variants

16 variants in < 1Mb mapping region
(Supp.Table 1) 

2 protein coding variants in < 1Mb mapping 
region. 1 premature stop (vab-3) (Table 3) 

Fig.8



In silico complementation testing (compare two 
datasets tool)

What genes have been hit in both members of a 
complementation group yet have different mutations?



Which uncovered regions are deletions?



Identifying unique uncovered regions



Putative deletion analysis 



Supports Arabidopsis thaliana (and other species)

y-axis: relative parental allele frequency
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