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Workflow

run_gwas

run_cojo run_clump

review_gwas

archive_gwas; 
retrieve_gwas

plink2.0; linear regression

GCTA-COJO; ”Conditional” & joint 
analysis of summary statistics

plink1.9 --clump 

R; Rmarkdown
”light”-version to come!



Preparation

o add to ~/.bashrc :

o export SCRIPT_FOLDER="/proj/sens2019016/GWAS_SCRIPTS"

o PATH=$SCRIPT_FOLDER:$PATH 

o (the path can be chosen arbitrarily, but the variable name must be 
SCRIPT_FOLDER !) 

o if just edited:

o source ~/.bashrc  (only in windows just open when edited)   

Place a number of files in your home directory (cd ~):

o gwas_settings.sh
o cojo_settings.sh
o clumpo_settings.sh
o review_settings.sh
o review_settings.R
o archive_settings.sh



Regression
https://www.cog-genomics.org/plink/2.0/



run_gwas

plink2.0:   https://www.cog-genomics.org/plink/2.0/

https://www.cog-genomics.org/plink/2.0/


run_gwas
Call

o all other parameters are read from ~/gwas_settings.sh

o runs phenotypes and chromosomes in parallel, uses 22 nodes or cores)

o files needed: liver_fat_faked.txt ( where tp place?:  see ~/gwas_settings.sh )

o can be started wherever you find enough disk space (script checks available space)

With mandatory command line parameters only:

tab-separated



run_gwas
Parameter settings hierarchy

o settings are overwritten by command line parameters 
o parameters changing frequently (phenofile, phenoname)
o some command line parameters are mandatory

o ~/gwas_settings.sh  (sourced by run_gwas.sh and gwas_chr.sh)
o parameters not changing frequently

OOPS: stick to bash syntax!



run_gwas
Genotype datasets

geno-id #samples description

ukb_imp_v3 487.409 complete genotype dataset

FTD 337.482 filtered (ethnicity, kinship) 

MRI 37.869 MRI samples, not filtered

MF 27.212 MRI & filtered   

MRI = Magnetic Resonance Imaging

o /proj/sens2019016/GENOTYPES/...

o PGEN_ORIG (4 datasets) + PGEN (MF only , unique marker names)

o BED_ORIG (MF only) + BED (MF only, unique marker names)

o run_gwas (plink2.0) uses .pgen (.pgen, .pvar, .psam)

o run_cojo and run_clump (plink1.9) use .bed (.bed, .bim, .fam)



run_gwas
Genotype filename convention

Example:  - -genoid MF requires: 

o MF_chr1.pvar ; MF_chr1.psam ; MF_chr1.pgen

o MF_chr2.pvar ; MF_chr2.psam ; MF_chr2.pgen

o MF_chr3.pvar ; MF_chr3.psam ; MF_chr3.pgen

o ...

o MF_chr21.pvar ; MF_chr21.psam ; MF_chr21.pgen

o MF_chr22.pvar ; MF_chr22.psam ; MF_chr22.pgen

... in the genotype folder

run_gwas: 
o pgen_prefix=${genofolder}"/"${genofile_id}"_chr"$chrom 
o psam=${pgen_prefix}".psam" # MF_chr22.psam
o pvar=${pgen_prefix}".pvar" # MF_chr22.pvar
o pgen=${pgen_prefix}".pgen" # MF_chr22.pgen



run_gwas
Input verification

... different checks for different programs ERROR (scriptname): ...



run_gwas
Output



run_gwas
Output

o logfiles: ${ident}_gwas_chr${chrom}.log,   e.g. LIV4_gwas_chr22.log
o grep –i error *.log
o grep –i warn *.log  

o regression results:



run_gwas
Output

o parameter file:   ${ident}_gwas_params.txt  

o used by subsequent scripts
o complemented by subsequent scripts



Pruning I
https://cnsgenomics.com/software/gcta/#COJO



Why not using a true conditional analysis ?

Conditional analysis has been used as a tool to identify secondary association signals at a
locus3,9,10, involving association analysis conditioning on the primary associated SNP at the
locus to test whether there are any other SNPs significantly associated. A more general
and comprehensive strategy would be to perform a conditional analysis, starting with the
top associated SNP, across the whole genome followed by a stepwise procedure of
selecting additional SNPs, one by one, according to their conditional P values. Such a
strategy would allow the discovery of more than two associated SNPs at a locus7,11. For
meta-analysis of a large number of participating studies, however, pooled individual-level
genotype data are usually unavailable, such that conditional analysis can only be
performed at the level of individual studies. Summary results from individual studies are
then collected and combined through a second round of meta-analysis. This procedure is
administratively onerous. It often takes months to organize and perform a single round of
this kind of conditional meta-analysis, and it would be extremely time-consuming and
therefore impractical to implement a stepwise selection procedure in this manner.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3593158/

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3593158/#R3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3593158/#R9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3593158/#R10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3593158/#R7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3593158/#R11


run_cojo

--phenoname:

o a single phenotype name
o a comma-separated list with multiple phenoytype names 
o if not invoked: all phenotype names that have been run through GWAS 

--pval

o threshold to define a genom-wide significant hit

o default values in ~/cojo_settings.sh

Parameters



run_cojo
Call

o start from within GWAS folder (the folder created by run_gwas)

o all other parameters are read from ~/cojo_settings.sh

o runs phenotypes and chromosomes in parallel, uses 25 * #phenotypes nodes 
or cores, see below)

With mandatory command line parameters only:

o reads also parameters from parameter file (see above)
o 3rd method to acquire parameters (besides ~/clumps_settings.sh 

and command line)  



run_cojo
Input verification

must be the folder where the gwas results reside!

(compares with parameter file)

ERROR (scriptname): ...



o Trick:   sleep_between_pheno=100 (to be set in ~/cojo_settings.sh)
o pauses 100 minutes between phenotype names (or whatever number you choose) 

o Emergency break:  scancel –u  <username>

run_cojo

cojo_collect

cojo_clean

cojo_pheno cojo_phenocojo_pheno cojo_pheno ...

cojo_convert

cojo_chr cojo_chrcojo_chr cojo_chr ...
22 nodes

25 nodes (cores) per phenotype name



cojo_pheno

o you need not to care about this (sub-)program !      

o runs a single phenotype

o some parameters are read from the ”parameter file” (already created by run_gwas)

o the parameter file has always ”the last word” (in all scripts)

o as an example, it does not make sense to use different genotype data 
in run_gwas and in run_cojo



cojo_convert
o you need not to care about this (sub-)program !

o cojo_convert concatenates input data, must finish first

o subsequent jobs must wait (”Dependency”)



cojo_convert

o subsequent jobs start when cojo_convert is finished

o cojo_collect and cojo_clean are still waiting ... (”Dependency”)



cojo_chr

o you need not to care about this (sub-)program !
o chromosomes without significant markers (𝑝 ≤ 5 ∙ 10−8) are not run through cojo.



cojo_chr

o chromosomes with just one significant marker (𝑝 ≤ 5 ∙ 10−8) are not run through cojo.
o (depending on the parameter ignore_single_hits in  ~/cojo_settings.sh 



cojo_collect

o you need not to care about this (sub-)program !
o collects results from all chromosomes
o output file:     *.jma = significant and independent markers 



cojo_clean

o you need not to care about this (sub-)program !

o collects warnings and errors from all logfiles (*.log) of the current project

o deletes some files

o tars some other files (.tar.gz) to save disk space 



Pruning II
http://zzz.bwh.harvard.edu/plink/clump.shtml



run_clump

o with plink1.9 (no clumping in plink2.0) 
o on .bed .bim .fam genotype files 
o run time < 1 min. (chromosome)   [ not wallclock time! ]
o defaults: ~/clump_settings.sh   
o reads also parameters from parameter file (see above)

o 3rd method to acquire parameters (besides ~/clumps_settings.sh and 
command line)  



run_clump
Call

o start from within GWAS folder (folder created by run_gwas)

o all other parameters are read from ~/clump_settings.sh

o runs phenotypes and chromosomes in parallel, uses 23 * #phenotypes 
nodes or cores, see below)

With mandatory command line parameters only:



o Trick:   sleep_between_pheno=100 (to be set in clump_settings.sh)
o pauses 100 minutes between phenotypes (or whatever number you enter)

o Emergency break:  scancel –u  <username>

run_clump

clump_collect

clump_pheno clump_phenoclump_pheno clump_pheno ...

clump_chr clump_chrclump_chr clump_chr ...
22 nodes

23 nodes (cores) per phenotype name



clump_collect
o you need not to care about this (sub-)program !
o collects results from all chromosomes:
o output file:     *.jma

o same format as for cojo
o same suffix as for cojo



clump_chr
o you need not to care about this (sub-)program

o clumps a single chromosome

o issue with sorting (one marker only, connected to sort order of ”_” and character):



Parameter file

o parameter file:   ${ident}_gwas_params.txt    

o complemented by subsequent scripts (here with cojo and clump data)



review_gwas

o default parameters:
o gwas_settings.sh
o gwas_settings.R

review_gwas.sh review_gwas.R review_gwas.Rmd

o writes html :  ${ident}_${phenoname}_report.html
o with embedded plots 
o Spreadsheet must be moved separately to make the link functional

A ”light”-version will be 
there soon!



review_gwas
Call

o start from within GWAS folder (created by run_gwas) 

o only one phenotype name (but you can of course start multiple review_gwas) 

o all other parameters are read from ~/review_settings.sh & ~/review_settings.R 

With mandatory command line parameters only:



archive_gwas & retrieve_gwas

o creates ${ident}.tar.gz from the whole project folder (created by run_gwas)

o .jma files kept separately (main reults)

o parameter file kept separately

o file with significant markers kept separately

o defaults: ~/archive_settings.sh  

o run in sbatch: calling tar_gwas.sh and untar_gwas.sh, respectively



archive_gwas; retrieve_gwas
Call

o start from outside GWAS folder ! (the whole folder is compressed) 

o all other parameters are read from ~/archive_settings.sh    

The only command line parameter is the ID:



Program hierarchy

o run_gwas
o gwas_chr (a single chromosome, multiple phenotypes)
o parameters: ~/gwas_settings.sh

o run_cojo
o cojo_pheno (a single phenotype)

o cojo_convert  (format conversion)
o cojo_chr  (a single chromosome)
o cojo_collect (collect results for chromosomes)

o cojo_allele.R (get ”other” allele)
o cojo_clean (delete & gzip)

o run_clump
o clump_pheno

o clump_chr
o clump_collect

o review_gwas (.sh)
o review_gwas.R
o link_nearest_gene.R
o manhattan.plot.R
o gwas_report.Rmd 

o archive_gwas.sh & retrieve_gwas.sh
o tar_gwas.sh & untar_gwas.sh

No need to care about this!



Settings files

o must reside in your home directory (cd ~)

o ~/gwas_settings.sh   (sourced by run_gwas and gwas_chr, bash syntax )

o ~/clump_settings.sh (sourced by run_clump , bash syntax )

o ~/cojo_settings.sh (sourced by run_cojo , bash syntax )

o ~/review_settings.sh (sourced by review_gwas.sh , bash syntax ) 

o ~/review_settings.R  (OOPS: R syntax!) 

o ~/archive_settings.sh (sourced by archive_gwas.sh, retrieve_gwas.sh)     



The whole test pass


