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find_genes_qtls_around_markers

Search genes and QTLs around candidate regions

Description

Takes a list of candidate markers and or regions (haplotypes, CNVs, windows, etc.) and search for
genes or QTLs in a determined interval

Usage

find_genes_qtls_around_markers(

db_file,

marker_file,

method = c("gene”, "qtl"),
marker = c("snp”, "haplotype”),
interval = 0,

nThreads = NULL,

verbose = TRUE

Arguments

db_file The dataframe obtained using the import_gff gtf() function

marker_file The file with the SNP or haplotype positions. Detail: For SNP files, the columns

“CHR” and “BP” with the chromosome and base pair position, respectively, are
mandatory. For the haplotype, the following collumns are mandatory: “CHR”,

“BP1” and “BP2”

method “gene” or “qtl”

marker "snp" or "haplotype"

interval The interval in base pair which can be included upstream and downstream from
the markers or haplotype coordinates.

nThreads Number of threads to be used

verbose Logical value defining if messages should of not be printed during the analysis

(default=TRUE)
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Value

A dataframe with the genes or QTLs mapped within the specified intervals

Examples

data(QTLmarkers)

data(gffQTLs)
out.qtls<-find_genes_qtls_around_markers(db_file=gffQTLs,
marker_file=QTLmarkers, method = "qtl",

marker = "snp”, interval = 500000, nThreads = NULL)

import_gff_gtf Import .gtf and .gff files to be used during gene and QTL annotation,
respectively

Description

Takes a .gft or .gff file and import into a dataframe

Usage

import_gff_gtf(db_file, file_type)

Arguments
db_file File with the gene mapping or QTL information. For gene mapping, a .gtf file
from Ensembl database must be used. For the QTL search, a .gff file from
Animal QTILdb must be used. Both files must use the same reference annotation
used in the original study
file_type "otf" or "gff"
Value

A dataframe with the gtf or gtf content

Examples

gffpath <- system.file("extdata”, "example.gff"”, package="GALLO")
gtl.inp <- import_gff_gtf(db_file=gffpath,file_type="gff")
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overlapping_among_groups
Overlapping between grouping factors

Description

Takes a dataframe with a column of genes, QTLs (or other data) and a grouping column and create
some matrices with the overlapping information

Usage

overlapping_among_groups(file, x, y)

Arguments

file A dataframe with the data and grouping factor

X The grouping factor to be compared

y The data to be compared among the levels of the grouping factor
Value

A list with three matrices: 1) A matrix with the number of overlapping data; 2) A matrix with the
percentage of overlapping; 3) A matrix with the combination of the two previous one

Examples

data(QTLmarkers)

data(gtfGenes)

genes.out <- find_genes_qtls_around_markers(db_file=gtfGenes,
marker_file=QTLmarkers,method="gene",

marker="snp",interval=100000, nThreads=NULL)
overlapping.out<-overlapping_among_groups(file=genes.out,x="Reference”,
y="gene_id")

plot_overlapping Plot overlapping between data and grouping factors

Description

Takes the output from overlapping_among_groups function and creates a heatmap with the over-
lapping between groups

Usage

plot_overlapping(overlapping_matrix, nmatrix, ntext, group, labelcex = 1)
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Arguments

overlapping_matrix
The object obtained in overlapping_amoung_groups function

nmatrix An interger from 1 to 3 indicating which matrix will be used to plot the over-
lapping, where: 1) A matrix with the number of overllaping data; 2) A matrix
with the percentage of overlapping; 3) A matrix with the combination of the two
previous one

ntext An interger from 1 to 3 indicating which matrix will be used as the text matrix
for the heatmap, where: 1) A matrix with the number of overllaping data; 2) A
matrix with the percentage of overlapping; 3) A matrix with the combination of
the two previous one

group A vector with the size of groups. This vector will be plotted as row and column
names in the heatmap
labelcex A numeric value indicating the size of the row and column labels
Value

A heatmap with the overlapping between groups

Examples

data(QTLmarkers)

data(gtfGenes)

genes.out <- find_genes_qgtls_around_markers(db_file=gtfGenes,
marker_file=QTLmarkers,method="gene",

marker="snp",interval=100000, nThreads=NULL)
overlapping.out<-overlapping_among_groups(file=genes.out,x="Reference”,y="gene_id")
plot_overlapping(overlapping.out,nmatrix=2,ntext=2,group=unique(genes.out$Reference))

plot_qgtl_info Plot QTLs information from the find_genes_qtls_around_markers out-
put

Description

Takes the output from find_genes_qtls_around_markers and create plots for the frequency of each
QTL type and trait

Usage
plot_qtl_info(
qtl_file,
qtl_plot = c("qtl_type”, "qtl_name"),
n = "all",

gtl_class = NULL,
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Arguments
gtl_file The output from find_genes_qtls_around_markers function
qtl_plot "qtl_type" or"qtl_name"
n Number of QTLs to be plotted when the qtl_name option is selected
qtl_class Class of QTLs to be plotted when the qtl_name option is selected
Arguments to be passed to/from other methods. For the default method these can
include further arguments (such as axes, asp and main) and graphical parameters
(see par) which are passed to plot.window(), title() and axis.
Value

A plot with the requested information

Examples

data(QTLmarkers)

data(gffQTLs)
out.qgtls<-find_genes_qtls_around_markers(db_file=gffQTLs,
marker_file=QTLmarkers, method = "qtl”,

marker = "snp”, interval = 500000, nThreads = NULL)
plot_qgtl_info(out.qtls, qtl_plot = "qtl_type"”, cex=2)

QTLenrich_plot Plot enrichment results for QTL enrichment analysis

Description

Takes the output from qtl_enrich function and creates a bubble plot with enrichment results

Usage

QTLenrich_plot(gtl_enrich, x, pval)

Arguments
qtl_enrich The output from qtl_enrich function
X Id column to be used from the qtl_enrich output
pval P-value to be used in the plot. The name informed to this argument must match
the p-value column name in the enrichment table
Value

A plot with the QTL enrichment results
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Examples

data(QTLmarkers)

data(gffQTLs)
out.qtls<-find_genes_qtls_around_markers(db_file=gffQTLs,
marker_file=QTLmarkers, method = "qtl",

marker = "snp”, interval = 500000, nThreads = NULL)
out.enrich<-qtl_enrich(qtl_db=gffQTLs, qtl_file=out.qtls,
gtl_type = "Name"”, enrich_type = "genome",

chr.subset = NULL, padj = "fdr”,nThreads = NULL)
out.enrich.filtered<-out.enrich[which(out.enrich$adj.pval<e.05),]
QTLenrich_plot(out.enrich.filtered, x="QTL", pval="adj.pval")

gtl_enrich Performs a QTL enrichment analysis based in a Bootstrap simulation
for each QTL class

Description

Takes the output from find_genes_qtls_around_markers and run a QTL enrichment analysis

Usage
gtl_enrich(
qtl_db,
qtl_file,
qtl_type = c("QTL_type"”, "Name"),
enrich_type = c("genome"”, "chromosome"”),

chr.subset = NULL,

nThreads = NULL,

padj = c¢("holm”, "hochberg"”, "hommel”, "bonferroni”, "BH", "BY", "fdr", "none"),
verbose = TRUE

)
Arguments

qtl_db The object obtained using the import_gff_gtf() function

gtl_file The output from find_genes_qtls_around_markers function

qtl_type A character indicating which type of enrichment will be performed. QTL_type
indicates that the enrichment processes will be performed for the QTL classes,
while Name indicates that the enrichment analysis will be performed for each
trait individually

enrich_type A character indicating if the enrichment analysis will be performed for all the

chromosomes ("genome") or for a subset of chromosomes ("chromosome). If
the "genome" option is selected, the results reported are the merge of all chro-
mosomes



chr.subset

nThreads

padj

verbose

Details

The simple bias of
database for cattle)

relationship_plot

If enrich_type equal "chromosome", it is possible to define a subset of chromo-
somes to be analyzed. The default is equal NULL. Therefore, all the chromo-
somes will be analyzed

The number of threads to be used.

The algorithm for multiple testing correction to be adopted ("holm", "hochberg",
"hommel", "bonferroni", "BH", "BY","fdr", "none"

Logical value defining if messages should of not be printed during the analysis
(default=TRUE)

investigation for some traits (such as milk production related traits in the QTL
may result in a larger proportion of records in the database. Consequently, the

simple investigation of the proportion of each QTL type might not be totally useful. In order to
reduce the impact of this bias, a QTL enrichment analysis can be performed. The QTL enrichment
analysis performed by GALLO package is based in a hypergeometric test using the number of
annoatted QTLs within the candidate regions and the total number of the same QTL in the QTL

database.

Value

A data frame with the p-value for the enrichment result

Examples

data(QTLmarkers)
data(gffQTLs)

out.qtls<-find_genes_qtls_around_markers(db_file=gffQTLs,
marker_file=QTLmarkers, method = "qtl",

marker = "snp”, interval = 500000, nThreads = NULL)
out.enrich<-qtl_enrich(qtl_db=gffQTLs, qtl_file=out.qtls,

qtl_type = "Name”
chr.subset = NULL

, enrich_type = "chromosome”,
, padj = "fdr",nThreads = NULL)

relationship_plot

Plot relationship between data and grouping factors

Description

Takes the output from find_genes_qtls_around_markers function and creates a chord plot with the
relationship between groups
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Usage

relationship_plot(
qtl_file,
X,
Y,
grid.col = "gray60”,
degree = 90,
canvas.xlim = c(-2, 2),
canvas.ylim = c(-2, 2),

cex,
gap
)
Arguments
gtl_file The output from find_genes_qtls_around_markers function
X The first grouping factor, to be plotted in the left hand side of the chord plot
y The second grouping factor, to be plotted in the left hand side of the chord plot
grid.col A character with the grid color for the chord plot or a vector with different
colors to be used in the grid colors. Note that when a color vector is provided,
the length of this vector must be equal the number of sectors in the chord plot
degree A numeric value corresponding to the starting degree from which the circle be-
gins to draw. Note this degree is always reverse-clockwise
canvas.xlim The coordinate for the canvas in the x-axis. By default is c¢(-1,1)
canvas.ylim The coordinate for the canvas in the y-axis. By default is c(-1,1)
cex The size of the labels to be printed in the plot
gap A numeric value corresponding to the gap between the chord sectors
Value

A chords relating x and y

Examples

data(QTLmarkers)
data(gffQTLs)

out.

gtls<-find_genes_qtls_around_markers(db_file=gffQTLs,

marker_file=QTLmarkers, method = "qtl",
marker = "snp”, interval = 500000, nThreads = NULL)

out.
qtl_
chr.
out.
out.
out.
out.
out.

enrich<-qtl_enrich(qtl_db=gffQTLs, qtl_file=out.qtls,

type = "Name”, enrich_type = "chromosome”,

subset = NULL, padj = "fdr"”,nThreads = NULL)
enrich$ID<-paste(out.enrich$QTL,"” - ","CHR",out.enrich$CHR,sep="")
enrich.filtered<-out.enrich[which(out.enrich$adj.pval<e.05),]
qtls$ID<-paste(out.qtls$Name,” - ","CHR",out.qtls$CHR,sep="")

enrich.filtered<-out.enrich.filtered[order(out.enrich.filtered$adj.pval),]
gtls.filtered<-out.qtls[which(out.qtls$ID%in%out.enrich.filtered$ID[1:10]),]
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out.qtls.filtered[which(out.qtls.filtered$Reference==
"Feugang et al. (2010)"), "color_ref"]<-"purple”
out.qtls.filtered[which(out.qtls.filtered$Reference==
"Buzanskas et al. (2017)"),"color_ref"]<-"pink"
color.grid<-c(rep(”black”,length(unique(out.qtls.filtered$Abbrev))),
unique(out.qtls.filtered$color_ref))
names(color.grid)<-c(unique(out.qtls.filtered$Abbrev),
unique(out.qtls.filtered$Reference))
relationship_plot(qtl_file=out.qtls.filtered, x="Abbrev"”,
y="Reference"”,cex=1,gap=5,degree = 90,

canvas.xlim = c(-5, 5), canvas.ylim = c(-3, 3),

grid.col = color.grid)

relationship_plot
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