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Why GotCloud?

● Connects sequence analysis tools together
○ Alignment, quality control, variant calling
○ So you don't have to manually run/configure each 

one
● Divides large jobs into many small pieces

○ Simplifies running on clusters
○ Re-start after failure

● Can analyze many samples together
● Can run on Amazon Cloud or on your own 

clusters



GotCloud Initial Setup

● Download & build gotcloud
○ http://genome.sph.umich.edu/wiki/GotCloud

● Download Reference Files
○ Will be available on the wiki (next week)

● Get your data files
○ From where you get your data

● Tutorial data is also available on the wiki
○ http://genome.sph.umich.edu/wiki/Tutorial:_GotCloud

● Join the mailing list:
○ http://groups.google.com/group/GotCloud

http://genome.sph.umich.edu/wiki/GotCloud
http://genome.sph.umich.edu/wiki/GotCloud
http://genome.sph.umich.edu/wiki/Tutorial:_GotCloud
http://genome.sph.umich.edu/wiki/Tutorial:_GotCloud
http://groups.google.com/group/GotCloud
http://groups.google.com/group/GotCloud


What was preinstalled for 
GotCloud Tutorial?

● GotCloud Programs: /usr/local/bin/gotcloud/
○ gotcloud script
○ subscripts
○ programs & tools called by the script

● Test data files: /opt/gotcloudExample/
○ Reference Files
○ FASTQ files
○ BAM files
○ GotCloud index files
○ GotCloud configuration files



/usr/local/gotcloud/

Only tool 
you need 
to call 
yourself



/opt/gotcloudExample/

BAM files for Variant Calling

FASTQ 
files for 

Alignment

Chr20 Reference 
Files

User Generated Input Files



Reference Files
● Available for Download on wiki
● 4 Types of Reference Files

Genome Reference 
Files

various formats required 
for various steps

Variant Calling only needs:
.fa, -bs.umfa, .fa.fai

Rest are Aligner only 

Indel VCF file

DBSNP VCF 
file & index

HAPMAP 
VCF file & 

index



Genome Reference Fasta File
Identifier/

chromosome Optional 
Description

Sequence
Representation



Alignment Pipeline Inputs

● FASTQs -> BAMs
● Required Inputs for any Alignment Pipeline

○ Reference Files
○ FASTQ files

■ provided to you by someone
● User Generated Inputs required for 

GotCloud
○ Index file of FASTQs

■ Points to your FASTQ files
○ Configuration File

■ Points to your FASTQ index file
■ Points to your reference files
■ User specific configuration



Tutorial FASTQ Data Files



FASTQ Data Files (provided to you)
● less -S 

/opt/gotcloudExample/fastq/HG00096_SRR062634_1.fastq

Read Name
Sequence

Quality



FastQ Index File

● Points gotcloud to run's FASTQs files
● Associates additional information with the 

FASTQs
● Required Header Line (tab separated)

○ MERGE_NAME (required)
■ base filename name for resulting sample-level 

BAM (typically just the sample name)
■ groups multiple lines/fastqs for a sample

○ FASTQ1 (required)
■ name of fastq or first in the pair

○ FASTQ2 (optional)
■ name of the 2nd fastq in paired-end
■ '.' if single-end



FastQ Index File

● Additional Optional Column Names are for 
populating the Read Group Information in the 
BAM file (Leave out column or use "." if N/A)
○ RGID - Read Group ID
○ SAMPLE - Sample Name
○ LIBRARY - Library
○ CENTER - Center Name
○ PLATFORM - Platform

● RGID & Library are used in future processing 
as some logic is specific to an RG or Library

● If you don't know what to put, just leave out or 
assign everything the same RGID/LIBRARY



Tutorial FastQ Index File
● less -S /opt/gotcloudExample/GBR2fastq.

index 
Header Line



Tutorial FastQ Index File
● less -S /opt/gotcloudExample/GBR2fastq.

index 

Sample Name used for MERGE_NAME.  We will end up 
with 2 BAMs: HG00096.bam & HG00100.bam 



Tutorial FastQ Index File
● less -S /opt/gotcloudExample/GBR2fastq.

index 

FASTQs - first in paired-end and the only in single-end
Full path tells GotCloud where to find them



Tutorial FastQ Index File
● less -S /opt/gotcloudExample/GBR2fastq.

index 

FASTQ2 - "." for single-end and the path to the 2nd in a 
pair



FastQ Index File
Read Group ID 

(RGID)

SAMPLE

LIBRARY

CENTER
Primarily only useful if 

data comes from multiple 
centers

PLATFORM



Configuration File

● Tells GotCloud about your run
● Specifies:

○ FASTQ Index File to use
○ Reference Files to use
○ any other setting overrides

● Uses "KEY = VALUE" pairs for specifying 
information

● $(KEY) can be used as VALUE in other 
lines:
○ KEY1 = value1
○ KEY2 = $(KEY1)/value2  

■ gets translated to:  KEY2 = value1/value2
● # indicates a comment



Alignment Pipeline
 Configuration File

Path to FASTQ Index file

KEY Substitution for reference directory

Reference
Files

FA_REF file ends in .fa extension, but this is used to 
also look for all of the other .fa... files



Ready to Run Alignment Pipeline



Variant Calling Inputs
● BAMs -> VCFs
● Required Inputs for any Variant Calling

○ Reference Files
○ BAM files, either:

■ output of Alignment Pipeline 
■ provided to you from someone

● User Generated Inputs required for 
GotCloud
○ Index file of BAMs

■ Points to your BAM files
○ Configuration File

■ Points to your BAM index file
■ Points to your reference files
■ User specific configuration



Variant Calling BAM Files

Each Sample has:
● 1 .bam file
● 1 .bam.bai (index) file



Telling GotCloud About Your BAMs
● BAM Index File

○ 1 line per sample
● Columns (tab separated):

1. Sample ID
2. Comma separated list of population labels
○ Typically N/A, so specify ALL
3. path to BAM File 1
...
N.  path to BAM File N (if applicable)

■ If you have more than one BAM file per Sample



BAM Index : 
Tells GotCloud About Your BAMs

● 1st Column -> Sample Names



BAM Index : 
Tells GotCloud About Your BAMs

● 2nd Column -> Population

Population
● Used in ldrefine step to split 

into population specific VCFs
● If population is N/A:

○ set this to "ALL"
○ used in directory/file names



BAM Index : 
Tells GotCloud About Your BAMs

● 3rd - Nth Columns -> path to BAMs

Paths to 
BAM Files

● Tutorial only 
has 1 BAM 
per sample

● Relative to 
index file 
location

● Can use full 
path



Creating BAM Index File
For Your Own Data

● 1 row for each Sample you are processing
○ Enter Sample Name as 1st column

● Identify populations per sample
○ ALL, unless you are running multiple populations 

that need to be analyzed separately (like for 
1000Genomes project)

● Enter all BAM files for the sample
○ Each in their own column, typically just 1 per sample

● Reminders:
○ Columns are separated by tabs
○ Populations are separated by ","s



Configuration File
● Tells GotCloud about your run
● Specifies:

○ BAM Index File to use
○ Reference Files to use
○ Specifies Chromosomes to Analyze
○ any other setting overrides

● Uses "KEY = VALUE" pairs for specifying 
information

● $(KEY) can be used as VALUE in other 
lines:
○ KEY1 = value1
○ KEY2 = $(KEY1)/value2  

■ gets translated to:  KEY2 = value1/value2
● # indicates a comment



Tutorial Configuration File



Tutorial Configuration File

Space separated list of chromosomes

In this case: only chromosome 20

Remove this line to run the default of 
chr 1-22, X, Y



Tutorial Configuration File

Path to BAM index 
file you generated



Tutorial Configuration File

Path to Reference 
Files so reference 

directory only has to 
be set once



Tutorial Configuration File

Reference Files



Tutorial Configuration File

Override THUNDER 
command so it will 
run faster for the 

tutorial



Ready to Run 
Variant Calling Pipeline



Variant Calling Pipeline
Automatically Runs Several Steps



Alignment Pipeline
Running in Parallel

● Specify # of samples to run at once
○ --numcs or --numconcurrentsamples

● Number of jobs per sample
○ --numjobs or --numjobspersample

● Run multiple threads of BWA
○ Set BWA_THREADS = -t N
○ where N is the number of threads to run

● Run on a cluster
○ --batchtype clusterType

■ local (default), sge, slurm, mosix
○ --batchopts clusterOptions

■ Specify any options you need for running on your 
cluster



Variant Calling Pipeline
Running in Parallel

● Number of jobs to run at once
○ --numjobs

● Run on a cluster
○ --batchtype clusterType

■ local (default), sge, slurm, mosix
○ --batchopts clusterOptions

■ Specify any options you need for running on your 
cluster

● Variant calling pipeline breaks up processing 
by sample & region, then just by region

● Ultimately, 1 VCF per chromosome



Tutorial Output Directory

● Ouptut put into ~/gotcloudTutorial/



Alignment Pipeline Output

● ~/gotcloudTutorial/bams/ contains final 
output of Alignment Pipeline



Variant Calling Pipeline Output



More on Configuration Files

● How to Override Settings
○ There is a default configuration file for each pipeline
○ Anything set in there can be overridden in the user 

configuration file
○ Just set the KEY to a different value in your 

configuration file
○ The Reference file settings you have in GBR2.conf 

override the default settings (whole genome)
● Most settings in default configuration files 

should not be modified
○ They are there so new options/modifications can 

easily be tested



more /usr/local/gotcloud/bin/alignDefaults.conf  

Turn off QC steps by setting:
● RUN_QPLOT = 0
● RUN_VERIFY_BAM_ID = 0

in your GBR2.conf 
Do not edit alignDefaults.conf

GBR2.conf overrides 
these reference 

settings



rest of /usr/local/gotcloud/bin/alignDefaults.conf  

BWA settings 
you can modify



more /usr/local/gotcloud/bin/umakeDefaults.conf  

Default Set of Chromosomes







EXOME/Targeted 
sequencing settings

that you would set in your 
configuration file if applicable









Thanks!



Recalibration
● Covariates

○ Read Group
○ Quality
○ Cycle
○ 1st/2nd read in pair
○ Previous Base
○ This Base

● Skip
○ duplicates, unmapped, mapping quality 0/255, 

insertions, dbsnp position, base quality < min 
(default 5)

● Look at Matches vs Mismatches to calculate 
new quality



gotcloud Commands

● gotcloud Usage


