[bookmark: _z3zbkiph4bjz]GBS datasets
GBS data from the build_v1: SbCT_GBS_Geno_Build.recode.vcf
GBS data filtered for MAF and 20PM: SbCT_Hapmap.hmp.txt
GBS data filtered for MAF, 20 PM, and HKZb RILs: SbCT_HapMap_v2.hmp.txt
GBS data filtered for 0.85 RIL RH: SbCT_Hapmap2 #61428   761
GBS data filtered for 0.85 marker RH: SbCT_Hapmap3 #43320   761
GBS data filtered for 0.85 marker RH and HKZb RILs: SbCT_Hapmap3_v2 #43320   660

[bookmark: _ldc1c7s0zzfq]GBS data filtering
GBS was performed on 771 ChillRILs using Rapid Read (RR) Sequencing (1 flowcell contains 2 lanes; GL9 and GL10 libraries were run in this lane). ChillRIL parents were also included in this flowcell
 
Additionally, ChillRIL parents were sequenced in the second RR flowcell. Same library (GL11) was run in both lanes. This provided more depth of coverage for the parents compared to RILs which was observed when parents from the first RR flowcell are compared with parents from the second RR flowcell [view in tassel: /SbCT_Parentsonly_20pm_40pmaf.hmp.txt]
 
Sequenced ChillRIL genotypes [/SbCT_GBS_Geno_Info.txt]
 
 Obtain ChillRILs GBS data from GBS BUILD_V1 (SbCT_GBS_Geno_Info.imp.recode.vcf)
 
Keep only bi-allelic SNPs
vcftools --vcf SbCT_GBS_Geno_Info.imp.recode.vcf --min-alleles 2 --max-alleles 2 --recode --recode-INFO-all --out SbCT_GBS_Geno_Build
 
Filter for missingness (80pm) - #784 lines of GBS data
vcftools --vcf /SbCT_GBS_Geno_Build.recode.vcf --max-missing 0.2 --recode --recode-INFO-all --out SbCT_Build_80pm
After filtering, kept 379274 out of a possible 528065 Sites
 
 Remove polyploid SNPs
vcftools --vcf SbCT_Build_80pm.recode.vcf --exclude /homes/omo/2014_NAM_Genomic_Data/polyploid_snp.txt --recode --recode-INFO-all --out SbCT_Build_80pm_npldy
After filtering, kept 379274 out of a possible 379274 Sites
 
 Filter for 0.05 minor allele frequency on 80pm dataset
vcftools --vcf SbCT_Build_80pm_npldy.recode.vcf --maf 0.05 --recode --recode-INFO-all --out SbCT_Build_80pm_5pmaf
After filtering, kept 61428 out of a possible 379274 Sites
 
Split vcf file into chromosomes for imputation [SbCT_Build_80pm_5pmaf.recode.vcf]
vcftools --vcf SbCT_Build_80pm_5pmaf.recode.vcf --chr 1 --recode --recode-INFO-all --out SbCT_Build_Chr1
 
Beagle imputation for each chromosome
cd 
java -Xms120G -Xmx120G -jar beagle.27Jul16.86a.jar gt=/SbCT_Build_Chr1.recode.vcf out=/SbCT_Build_Imputed_Chr1 nthreads=1
 
Convert imputed vcf format to hapmap
 
Use linux on beocat to convert vcf to hapmap for all 10 chromosomes
/homes/omo/2014_NAM_Genomic_Data/NAM/beagle_imp/JointLinkage/tassel-5-standalone/./run_pipeline.pl -Xms100G -Xmx100G -fork1 -vcf /SbCT_Build_Imputed_Chr1.vcf -export -exportType Hapmap -runfork1
 
Read hapmap data of all chromosomes into R and merge all chromosomes SbCT_Hapmap.hmp.txt
/SbCT_Hapmap.hmp.txt

Filter hapmap data for residual heterozygosity (0.85)
cd /homes/smarla
R
source("http://www.bioconductor.org/biocLite.R")
biocLite("multtest")
install.packages("gplots")
install.packages("compiler")
install.packages("LDheatmap")
install.packages("genetics")
install.packages("scatterplot3d")
install.packages("EMMREML")
install.packages("ape")
 
library('MASS')
library(multtest)
library(gplots)
library(compiler) #required for cmpfun
library(LDheatmap) # gives an error for LD but don’t worry
library(genetics)
library(scatterplot3d)
library(EMMREML)
library(ape)
 
source("http://zzlab.net/GAPIT/gapit_functions.txt")
source("http://zzlab.net/GAPIT/emma.txt")
 
# SbCT_hmp <- SbCT_Hapmap.hmp.txt
SbCT_hmp <- read.delim("/SbCT_Hapmap.hmp.txt", head=F)
 
myG <- SbCT_hmp
 
#Converting HapMap format to numerical under model of Middle
myGAPIT <- GAPIT(G=myG, output.numerical=TRUE)
 
#Number of individuals and SNPs are 784 and  61428
# 61428  784 [SNP, Genotypes]  matrix
 
df <- read.delim("GAPIT.Genotype.Numerical.txt", header=F)
df2 <- t(df)
df3 <- df2[-1,]
nam <- as.vector(as.matrix(df2[1,-1]))
colnames(df3) <- c("locus_name", nam)
rownames(df3) <- NULL
df3[df3=="0"] <- "A"
df3[df3=="2"] <- "B"
df3[df3=="1"] <- "U" # missing
 
nam_df2 <- df3[,-1]
rownames(nam_df2) <- df3[,1]
[bookmark: _rgrke0ft4wgm]## script for inbreeding coefficient for taxa
Ftaxa <- matrix(,ncol(nam_df2), 6)
rownames(Ftaxa) <- colnames(nam_df2)
colnames(Ftaxa) <- c("AA", "BB", "AB", "Ho", "MAF", "Fc")
head(Ftaxa)
 
#Data should look like this
AA BB AB Ho MAF Fc
X12FS172_Kao NA NA NA NA  NA NA
X12FS175_Kao NA NA NA NA  NA NA
X13PR004_Kao NA NA NA NA  NA NA
 
 
cat("start:")            	
for(i in 1:ncol(nam_df2)){
 
countA=0
countB=0
countH=0
for(j in 1:nrow(nam_df2)){
#nam_df2[!is.na(nam_df2[j,i])]
if(nam_df2[j,i]=="A"){
countA=countA+1
}else if(nam_df2[j,i]=="B"){
countB=countB+1
} else countH=countH+1
 
}
Ho <- countH/nrow(nam_df2)
q <- (min(countA, countB)/nrow(nam_df2))
Fi <- (1-(Ho/(2*q*(1-q))))
Ftaxa[i,1] <- countA
Ftaxa[i,2] <- countB
Ftaxa[i,3] <- countH
Ftaxa[i,4] <- Ho
Ftaxa[i,5] <- q
Ftaxa[i,6] <- Fi
if(Fi>=0.96){cat(">")}
 
}
cat(":end>")
 
#summary(Ftaxa)
#number of generation of selfing, 0.5^no. Of selfing, 1 - 0.5^no. Of selfing
 
Ftaxa <- data.frame(Ftaxa)
selTaxa <- Ftaxa[Ftaxa$Fc >=0.85,]
nrow(selTaxa) #750
 
nam_df2_sel <- nam_df2[,match(rownames(selTaxa), colnames(nam_df2))]
dim(nam_df2) #61428   784
dim(nam_df2_sel) #61428   750
nam_df2_sel[1:6, 1:6]
# X12FS172_Kao X12FS175_Kao X13PR004_Kao X13PR009_Kao X13PR072_Kao
[1,] "A"  		"A"  	   "A"  	   "U"  	   "A"
[2,] "A"  		"A"  	   "A"  	   "A"  	   "A"
[3,] "B"  		"B"  	   "A"  	   "B"  	   "A"
[bookmark: _nsk9ggjamf1q]# Script for inbreeding coefficient for markers
Fc <- matrix(,nrow(nam_df2_sel), 6)
rownames(Fc) <- rownames(nam_df2_sel)
colnames(Fc) <- c("AA", "BB", "AB", "Ho", "MAF", "Fc")
head(Fc)
print("start:")            	
for(i in 1:nrow(nam_df2_sel)){
 
countA=0
countB=0
countH=0
for(j in 1:ncol(nam_df2_sel)){
#fam1_mstmap[!is.na(fam1_mstmap[j,i])]
if(nam_df2_sel[i,j]=="A"){
countA=countA+1
}else if(nam_df2_sel[i,j]=="B"){
countB=countB+1
} else countH=countH+1
 
}
Ho <- countH/ncol(nam_df2_sel)
q <- (min(countA, countB)/ncol(nam_df2_sel))
Ft <- (1-(Ho/(2*q*(1-q))))
Fc[i,1] <- countA
Fc[i,2] <- countB
Fc[i,3] <- countH
Fc[i,4] <- Ho
Fc[i,5] <- q
Fc[i,6] <- Ft
if(Ft >= 0.95){
cat(">")}	
}
cat(":end>")
 
Fc <- data.frame(Fc)
newsel <- Fc[Fc$Fc >= 0.85,] #marker inbreeding coefficient
nrow(newsel) # 43320
 
SbCT_composite <- nam_df2_sel[match(rownames(newsel), rownames(nam_df2_sel)),]
SbCT_composite <- data.frame(SbCT_composite)
SbCT_composite$locus_name <- rownames(SbCT_composite)
SbCT_composite <- SbCT_composite[,c(ncol(SbCT_composite),1:ncol(SbCT_composite)-1)]
rownames(SbCT_composite) <- NULL
 
write.table(SbCT_composite, "SbCT_composite_LinkMap.txt", sep="\t", quote=F, row.names=F, col.names=T) #43320   751
 
Remove the 100 bad HKZ RILs that formed a separate clade in previous PCA
#Identified these RILs based on previous PCA – 670 RILs
HKZ_Bad <- read.delim("/HKZ_BadClade_SubPop.csv",head=T,sep=",")
rownames(HKZ_Bad) <- paste("X",HKZ_Bad$Taxa,sep="")
 
HapMap <- read.delim("/SbCT_Hapmap.hmp.txt",head=T)
 
#Drop the 100 HKZ RILs that were in a separate clade
HMP2 <- HapMap[,-match(rownames(HKZ_Bad), colnames(HapMap))]
 
write.table(HMP2,"SbCT_HapMap_v2.hmp.txt",sep="\t", quote=F, row.names=F, col.names=T)
Tassel – data import - Analysis – Cladogram and PCA
Import SbCT_HapMap_v2.hmp.txt into tassel to obtain PCA and NJTree

Filtering SbCT_composite_Linkmap.txt data
Read hapmap, phenotype, and genotype files from beocat into R using read.delim
SbCT_Hapmap <- read.delim("/SbCT_Hapmap.hmp.txt", header=T)
dim(SbCT_Hapmap) # 61428   795

SbCT_ASmap <- read.delim("SbCT_composite_ASMapR.txt", header=T)
dim(SbCT_ASmap) # 43320   751
 
#To remove X from genotype name from Hapmap and
# remove first 11 rows
snp2 <- as.vector(as.matrix(colnames(SbCT_Hapmap[, -c(1:11)])))
snps_2 <- substr(snp2,2, 20) #784 # remove X which is the first character
 
#X was added to only ChillRILs starting with numerical names but not alphabetical RIL names – change Tx623 to BTx623 and so on
snps_2.copy <- snps_2
snps_2[781] <- "BTx623_P"
snps_2[782] <- "HKZ_P"
snps_2[783] <- "Kao_P"
snps_2[784] <- "NSZ_P"
 
tmp <-  as.vector(as.matrix(colnames(SbCT_Hapmap[,c(1:11)])))
names(SbCT_Hapmap) <- c(tmp, snps_2) #merge snps_2 with 1st 11 rows of hmp data
 
dim(SbCT_Hapmap) #61428   795
 
#To remove X from genotype name from ASmap, merge ASmap and Hapmap files
SbCT_ASmap[1:6, 1:6]
snps <- as.vector(as.matrix(colnames(SbCT_ASmap[,-1])))
length(snps) #750
snps_1 <- substr(snps,2, 20)
 
snps_1_copy <- snps_1
snps_1[750] <- "BTx623_P"
 
SbCT_ASmap2 <- SbCT_ASmap[,-1]
SbCT_ASmap2[1:6, 1:6]
 
rownames(SbCT_ASmap2) <- SbCT_ASmap$locus_name
SbCT_ASmap2[1:6, 1:6]
 
names(SbCT_ASmap2) <- snps_1 #add RILs names without X in the start
SbCT_ASmap2[1:6, 1:6]
 
SbCT_Hapmap2 <- SbCT_Hapmap[,c(1:11, match(colnames(SbCT_ASmap2), colnames(SbCT_Hapmap)))]
# keep low het RILs
 
dim(SbCT_Hapmap2) #61428   761
dim(SbCT_Hapmap) #61428   795
 
SbCT_Hapmap3 <- SbCT_Hapmap2[match(rownames(SbCT_ASmap2), SbCT_Hapmap2$rs.),] #keep low het SNPs
 
dim(SbCT_Hapmap) #61428   795 – this is v1
dim(SbCT_Hapmap2) #61428   761
dim(SbCT_Hapmap3) #43320   761

[bookmark: _7vug45e80lb4]SNP density of the MPP
Input SbCT_Hapmap3_v2 HapMap data, #43k SNPs and 650 RILs

cd tassel-5-standalone/
./run_pipeline.pl -Xms50G -Xmx50G  -fork1 -h SbCT_Hapmap3_v2.hmp.txt -export  -exportType VCF -runfork1

vcftools --vcf tassel-5-standalone/SbCT_Hapmap3_v2.vcf --SNPdensity 200000

tassel-5-standalone
snp_dens<-read.table("tassel-5-standalone/out.snpden",header=T)

CHR1<-nrow(snp_dens[snp_dens$CHROM==1,])/2
CHR2<-nrow(snp_dens[snp_dens$CHROM<2,])+nrow(snp_dens[snp_dens$CHROM==2,])/2
CHR3<-nrow(snp_dens[snp_dens$CHROM<3,])+nrow(snp_dens[snp_dens$CHROM==3,])/2
CHR4<-nrow(snp_dens[snp_dens$CHROM<4,])+nrow(snp_dens[snp_dens$CHROM==4,])/2
CHR5<-nrow(snp_dens[snp_dens$CHROM<5,])+nrow(snp_dens[snp_dens$CHROM==5,])/2
CHR6<-nrow(snp_dens[snp_dens$CHROM<6,])+nrow(snp_dens[snp_dens$CHROM==6,])/2
CHR7<-nrow(snp_dens[snp_dens$CHROM<7,])+nrow(snp_dens[snp_dens$CHROM==7,])/2
CHR8<-nrow(snp_dens[snp_dens$CHROM<8,])+nrow(snp_dens[snp_dens$CHROM==8,])/2
CHR9<-nrow(snp_dens[snp_dens$CHROM<9,])+nrow(snp_dens[snp_dens$CHROM==9,])/2
CHR10<-nrow(snp_dens[snp_dens$CHROM<10,])+nrow(snp_dens[snp_dens$CHROM==10,])/2

png("snp_density.png",width=12,height=6,type="cairo",units="in",res=600)
plot(snp_dens$SNP_COUNT,col=ifelse(snp_dens$CHROM%%2==0,"black","gray"),type="h",xaxt = "n",xlab="Chromosome",ylab="SNP number",cex.lab=1.5,axes=F)
axis(side=2,at=seq(0,100,length=6),labels=seq(0,100,length=6),cex.lab=1.5,cex.axis = 1.3,las=2)
axis(side=1,at=c(CHR1,CHR2,CHR3,CHR4,CHR5,CHR6,CHR7,CHR8,CHR9,CHR10),labels=c("1","2","3","4","5","6","7","8","9","10"),cex.axis=2)
dev.off()

[bookmark: _o893tdske973]PCA Plot
[bookmark: _emx5i31qgnrl]Obtain SNP data from the BUILD
#Genotype information from GBS Build
sap_chil_list.hmp.txt
Sap_chil_list_v2.vcf 	#hmp converted to vcf

[bookmark: _mk2udl9kcdy2]Keep only bi-allelic SNPs
vcftools --vcf /PCA/sap_chil_list_v2.vcf --min-alleles 2 --max-alleles 2 --recode --recode-INFO-all --out SAP_MPP_Geno_Build
After filtering, kept 474534 out of a possible 546133 Sites

[bookmark: _k9fv5zyiiozv]Filter missing data in beocat
#80pm (percent missing)
vcftools --vcf /PCA/SAP_MPP_Geno_Build.recode.vcf --max-missing 0.2 --recode --recode-INFO-all --out /PCA/SAP_MPP_Build_80pm
After filtering, kept 403915 out of a possible 474534 Sites

[bookmark: _kum1q094oa7u]Filter for minor allele frequency
#on 80pm dataset
vcftools --vcf /PCA/SAP_MPP_Build_80pm.recode.vcf --maf 0.01 --recode --recode-INFO-all --out /PCA/SAP_MPP_Build_80pm_1pmaf
After filtering, kept 265877 out of a possible 403915 Sites

[bookmark: _gjrqukoy1a98]Split vcf files into chromosomes for imputation
vcftools --vcf /PCA/SAP_MPP_Build_80pm_1pmaf.recode.vcf --chr 1 --recode --recode-INFO-all --out /PCA/Impute/SAP_MPP_Build_Chr1

# Do the same as above for all 10 chromosomes
[vcftools --vcf NAMGbsBuild_80pm_5pmaf.recode.vcf --chr 2 --recode --recode-INFO-all --out NAMGbsBuild_Chr2]
[bookmark: _lq35a81835az]
[bookmark: _7cd56ak6w5kt]BEAGLE Imputation
java -Xms50G -Xmx50G -jar /homes/omo/2014_NAM_Genomic_Data/beagle.27Jul16.86a.jar gt=/PCA/Impute/SAP_MPP_Build_Chr1.recode.vcf out=/PCA/Impute/SAP_MPP_Build_Imputed_Chr1 nthreads=1

2, 4, 6, 7, 8, 10 imputation has worked

#Troubleshooting for 1,3,5, and 9 chromosomes
/homes/omo/2014_NAM_Genomic_Data/NAM/beagle_imp/JointLinkage/tassel-5-standalone/./run_pipeline.pl -Xms50G -Xmx50G -fork1 -vcf /PCA/Impute/SAP_MPP_Build_Chr9.recode.vcf -export -exportType Hapmap -runfork1

Chr9 <- read.delim("SAP_MPP_Build_Chr9.hmp.txt", head=T)
Chr9 <-Chr9[-grep("S9_37153319", Chr9$rs.),]

write.table(Chr9, "SAP_MPP_Build_Chr9.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)

ChillRIL_vcf_conv <- "tassel-5-standalone/./run_pipeline.pl -Xms50g -Xmx50g -fork1 -h /PCA/Impute/SAP_MPP_Build_Chr9.hmp.txt -export -exportType VCF -runfork1"
system(ChillRIL_vcf_conv)

java -Xms50G -Xmx50G -jar /homes/omo/2014_NAM_Genomic_Data/beagle.27Jul16.86a.jar gt=/PCA/Impute/SAP_MPP_Build_Chr1.vcf out=/PCA/Impute/SAP_MPP_Build_Imputed_Chr1 nthreads=1

[bookmark: _au91gkckk9pd]Convert vcf to hapmap format
/homes/omo/2014_NAM_Genomic_Data/NAM/beagle_imp/JointLinkage/tassel-5-standalone/./run_pipeline.pl -Xms100G -Xmx100G -fork1 -vcf /PCA/Impute/SAP_MPP_Build_Imputed_Chr1.vcf -export -exportType Hapmap -runfork1

Read data into R and merge all the individual chromosomes
Chr2 <- read.delim("SAP_MPP_Build_Imputed_Chr2.hmp.txt", head=T)
Chr10 <- read.delim("SAP_MPP_Build_Imputed_Chr10.hmp.txt", head=T)

SAP <- rbind(Chr1, Chr2…,Chr10)

write.table(SAP, "sap_chil_imputedlist.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)

#PCA analysis 
srun --mem=120G --time=12:00:00 --pty /bin/bash

SAP_ChillRIL <- read.delim("sap_chil_imputedlist.hmp.txt", head=T)

#HKZ_Bad <- read.csv("/home/smarla/HKZ_BadRILs.csv",header=T)
SAP_MPP <- SAP_ChillRIL 
dim(SAP_MPP)
SAP_MPP[1:6,1:15]

#remove adapter information from the genotype tags
SAP_MPP_names <- colnames(SAP_MPP)
SAP_MPP_nm <- SAP_MPP_names[-c(1:11)]
SAP_MPP_name <- sub("\\..*$", "", SAP_MPP_nm)
SAP_MPP_name <- gsub("X", "",SAP_MPP_name)
SAP_MPP_char <-SAP_MPP_names[c(1:11)]
names(SAP_MPP) <- c(SAP_MPP_char, SAP_MPP_name)

#drop HKZ_Bad RILs
#SAP_MPP_NoHKZ <- SAP_MPP[,which(!colnames(SAP_MPP)%in%HKZ_Bad$Genotype)]

write.table(SAP_MPP, "sap_chil_list_v2.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)

#convert hapmap to VCF
ChillRIL_vcf_conv <- "tassel-5-standalone/./run_pipeline.pl -Xms50g -Xmx50g -fork1 -h /PCA/Impute/sap_chil_imputedlist.hmp.txt -export -exportType VCF -runfork1"
system(ChillRIL_vcf_conv)

# pca and prediction
"sap_chil_imputedlist.vcf"

library(vcfR)
library(SNPRelate)
vcf<-"/home/smarla/PCA/sap_chil_imputedlist.vcf"

SAP data extraction and data filtering
Switch to R
cmd<-"/home/zhenbin/vcftools/bin/vcftools --vcf /home/smarla/PCA/sap_chil_imputedlist.vcf --keep sap.txt --recode --recode-INFO-all --out sap"
system(cmd)

sap<-"/home/smarla/PCA/sap.recode.vcf"
snpgdsVCF2GDS(sap, "sap.gds", method="biallelic.only")
snpgdsSummary("sap.gds")
genofile <- snpgdsOpen("sap.gds")

snpset2 <- snpgdsLDpruning(genofile,ld.threshold = 1, maf=0.1,num.thread=4) 
snpset2.id <- unlist(snpset2)

pca <- snpgdsPCA(genofile,snp.id=snpset2.id,num.thread=4)
pc.percent <- pca$varprop*100
head(round(pc.percent, 2))  # 8.01 6.27 4.38 2.80 2.08 1.73
EV = pca$eigenvect[,1:20]
tab <- data.frame(sample.id = pca$sample.id,EV,stringsAsFactors = FALSE)

png("pca_SAP.png",height=6,width=6,type="cairo",unit="in",res=600)
plot(tab[,2],tab[,3],pch=20)
dev.off()

snp_id<-read.gdsn(index.gdsn(genofile, "snp.rs.id"))
snp_id<-snp_id[snpset2.id]

snp_id<-data.frame(snp_id)
write.table(snp_id,"snp_id.txt",quote=F,row.names=F,sep="\t")

Retain the same SNPs used for SAP PCA analysis
cmd<-"/home/zhenbin/vcftools/bin/vcftools --vcf  /home/smarla/PCA/sap_chil_imputedlist.vcf --snps snp_id.txt --recode --recode-INFO-all --out snp_filtered"
system(cmd)

PCA training and prediction of ChillRILs
# data formatting
#install.packages('vcfR')
library('vcfR')

vcf<-"snp_filtered.recode.vcf"
vcf<-read.vcfR(vcf)
snp<-vcf@gt

snp<-snp[,-1]
snp<-as.matrix(snp)
snp[snp=="0/0"]<-0
snp[snp=="0/1"]<-1
snp[snp=="1/0"]<-1
snp[snp=="1/1"]<-2
snp<-t(snp)

snp2 <- snp
snp<-apply(snp,2,as.numeric)

pc.training<-prcomp(snp[782:dim(snp)[1],])  # training the model #SAP data
pc.predict<-predict(pc.training,snp[1:780,])  # prediction #ChillRIL data

png("pc_pred.png",width=8,height=8,type="cairo",res=600,units="in")
plot(pc.training$x[,1],pc.training$x[,2],pch=20)
points(pc.predict[,1],pc.predict[,3],pch=20,col=2)
dev.off()

#pc SAP training data
SAP1 <- as.data.frame(pc.training$x[,1])
SAP2 <- as.data.frame(pc.training$x[,2])
SAP3 <- as.data.frame(pc.training$x[,3])
SAP4 <- as.data.frame(pc.training$x[,4])

SAP <- cbind(SAP1,SAP2)
geno <-as.data.frame(dimnames(snp2)[[1]],)

write.table(geno,"GenotypeInfo.txt",sep="\t")
geno <- read.table("GenotypeInfo.txt",head=T,sep="\t")
SAP$Geno <- geno[782:1182,2]

write.table(SAP,"SAP_MPP_PCA_Training.txt",quote=F,sep="\t")
write.table(pc.predict,"SAP_MPP_PCA_Prediction.txt",quote=F,sep="\t")

[bookmark: _j6i6gnecwt4j]Generating PCA Plot
#separate HKZ bad RILs
path <- "/LD and PCA plots"

pca_RILs <- read.csv(sprintf("%s/MPP_PCA_Prediction.txt",path), sep="\t", header=T, stringsAsFactors=F)
pca_RILs  <- pca_RILs[,c(1:5)]
pca_RILs$Fam <- substring(pca_RILs$Geno,9,15)

HKZ_bad <- read.csv(sprintf("%s/HKZ_BadRILs.csv",path), sep=",", header=T, stringsAsFactors=F)
ChillRIL <- merge(pca_RILs,HKZ_bad,by.x="Geno", by.y="Genotype", all.x=T)
MPP <- ChillRIL[,c(1:6,8)]

write.csv(MPP, file=sprintf("%s/PCA_MPP_withHKZbadRILs.csv",path),quote=F)

FINAL PCA Plot of SAP and MPP 

path <- "/LD and PCA plots"
#SAP passport data
SAP <- read.csv(sprintf("%s/SAP_Passport Info_Final.csv",path), sep=",", header=T, stringsAsFactors=F)

#SAP PCA data
pca_SAP <- read.csv(sprintf("%s/SAP_PCA_Training.txt",path), sep="\t", header=T, stringsAsFactors=F)
SAP <- merge(pca_SAP, SAP, by.x="Geno",by.y="id")

#generated a new column with HKZb RILs in the family
MPP <- read.csv(sprintf("%s/PCA_MPP_withHKZbadRILs.csv",path), sep=",", header=T, stringsAsFactors=F)

#by family
Kao <- MPP[MPP$Fam=="Kao", ]
NSZ <- MPP[MPP$Fam=="NSZ", ]
HKZ <- MPP[MPP$Fam=="HKZ", ]
Parents <- MPP[grep("_P",MPP$Geno), ]
HKZ_Bad <- MPP[MPP$Fam2=="HKZ_bad", ]

#founders of MPP
Kao_P <- MPP[MPP$Fam=="Kao_P", ]
NSZ_P <- MPP[MPP$Fam=="NSZ_P", ]
NSZ_P <- NSZ_P[2,]
HKZ_P <- MPP[MPP$Fam=="HKZ_P", ]
HKZ_P <- HKZ_P[2,]
BTx623_P <- MPP[MPP$Fam=="BTx623_", ]
BTx623_P <- BTx623_P[2,]
SAP_BTx <- SAP[which(SAP$name=="BTx623"),]

#by race
caudatum <- SAP[which(SAP$Race=="caudatum"),]
kafir <- SAP[which(SAP$Race=="kafir"),]
durra <- SAP[which(SAP$Race=="durra"),]
bicolor <- SAP[which(SAP$Race=="bicolor"),]
guinea <- SAP[which(SAP$Race=="guinea"),]

#by country
China <- SAP[which(SAP$Origin.Country=="China"), ]
US <- SAP[which(SAP$Origin.Country=="United States"), ]
Eth <- SAP[which(SAP$Origin.Country=="Ethiopia"), ]

png(sprintf("%s/PCA_SAP_MPP_Jan14_Race2.png", path),width = 6400, height = 6400, units = "px", res = 800) 
par(mar=c(6,5,5,5))
plot(pca_SAP$PC1, pca_SAP$PC2, xlab="PCA 1 (8%)", ylab="PCA 2 (6.3%)", pch=20, cex=1, cex.axis=1.5, cex.axis=1.5, cex.main=2,
     cex.lab=1.6, main="PCA of SAP_ChillRILs", col="gray78")
points(Kao$PC1, Kao$PC2, col="dodgerblue", pch=20, cex=0.8)
points(NSZ$PC1, NSZ$PC2, col="magenta", pch=20, cex=0.8)
points(HKZ$PC1, HKZ$PC2, col="limegreen", pch=20, cex=0.8)
points(HKZ_Bad$PC1, HKZ_Bad$PC2, col="lightgreen", pch=20, cex=0.8)
points(Kao_P$PC1, Kao_P$PC2, col="mediumblue", pch=20, cex=1.5)
points(NSZ_P$PC1, NSZ_P$PC2, col="red", pch=20, cex=1.5)
points(HKZ_P$PC1, HKZ_P$PC2, col="forestgreen", pch=20, cex=1.5)
points(BTx623_P$PC1, BTx623_P$PC2, col="black", pch=20, cex=1.5)

#by race
points(caudatum$PC1, caudatum$PC2, col="red", pch=1, cex=0.8)
points(kafir$PC1, kafir$PC2, col="deepskyblue", pch=2, cex=0.8)
points(durra$PC1, durra$PC2, col="orange", pch=6, cex=0.8)
points(guinea$PC1, guinea$PC2, col="purple", pch=5, cex=0.8)
points(bicolor$PC1, bicolor$PC2, col="pink", pch=0, cex=0.8)
points(SAP_BTx$PC1, SAP_BTx$PC2, col="black", pch=20, cex=0.8)
"Western_Africa", "Asia","Central_Africa", "Eastern_Africa", "USA", "Southern_Africa", "Latin_America", "Northern_Africa", "Northern_Africa","Europe", "Unknown","caudatum", "caudatum_guinea", "caudatum_kafir", "caudatum_durra", "kafir", "durra", "bicolor", "bicolor_durra", "bicolor_caudatum", "guinea"



legend("bottomleft",legend=paste(c("Kao_RILs","NSZ_RILs","HKZa_RILs","HKZb_RILs","Kao","NSZ","HKZ","BTx623","caudatum","kafir","durra","guinea","bicolor")),
       col=c("dodgerblue","magenta","limegreen","lightgreen","mediumblue","red","forestgreen","black","red","deepskyblue","orange","purple","pink"),
       pch=c(rep(c(20),each=8),1,2,6,5,0),bty="n",ncol=2,cex=1,pt.cex=1)

dev.off()

[bookmark: _nta37e5frdvs]NJ Tree
source("https://bioconductor.org/biocLite.R")
biocLite("SNPRelate")
library(SNPRelate)
library(gdsfmt)
vcf.snp <- "sap_chil_list.recode.vcf"
snpgdsVCF2GDS(vcf.snp, "sap_chil.gds", method="copy.num.of.ref")
snpgdsSummary("sap_chil.gds")
genofile <- openfn.gds("sap_chil.gds")
#LD based SNP pruning
set.seed(1000)
snpset = snpgdsLDpruning(genofile,ld.threshold = 0.5)
snp.id=unlist(snpset)

# distance matrix - use IBS
dissMatrix  =  snpgdsIBS(genofile , sample.id=NULL, snp.id=snp.id, autosome.only=TRUE, 
    remove.monosnp=TRUE,  maf=NaN, missing.rate=NaN, num.thread=2, verbose=TRUE)
#snpgdsClose(genofile)

snpHCluster =  snpgdsHCluster(dissMatrix, sample.id=NULL, need.mat=TRUE, hang=0.01)

cutTree = snpgdsCutTree(snpHCluster, z.threshold=15, outlier.n=5, n.perm = 5000, samp.group=NULL, 
    col.outlier="red", col.list=NULL, pch.outlier=4, pch.list=NULL,label.H=FALSE, label.Z=TRUE, 
    verbose=TRUE)

snpgdsDrawTree(cutTree, main = "Dataset 1",edgePar=list(col=rgb(0.5,0.5,0.5,0.75),t.col="black"),
    y.label.kinship=T,leaflab="perpendicular")

[bookmark: _qyrm82z941xw]LD decay analysis
[bookmark: _lq7z8atw9tkp]V2_Linkage Disequilibrium
#input sap and chillril imputed data
sap_ct_hmp <- read.delim("/PCA/Impute/sap_chil_imputedlist.hmp.txt", head=T)

#obtain snps in sap and chillril data to get same snps from China and Eth accessions
snp <- as.data.frame(sap_ct_hmp[,1])
write.table(snp,"snp_id.txt",quote=F,row.names=F,sep="\t")

#retain same snps from sap and chillril from Eth accessions
cmd<-"vcftools --vcf  /homes/omo/NGR_Germplasm/Imputed/geno_ethiopia.vcf --snps snp_id.txt --recode --recode-INFO-all --out Eth_filtered"
system(cmd)

#retain same snps from sap and chillril from Chinese accessions
cmd1<-"vcftools --vcf  /homes/omo/NGR_Germplasm/Imputed/geno_China.vcf --snps snp_id.txt --recode --recode-INFO-all --out China_filtered"
system(cmd1)

#Separate chillrils from SAP and drop parents 
ChillRILs <- sap_ct_hmp[ , c(1:792)] 
ChillRILs <- ChillRILs[,-grep("_P", colnames(ChillRILs))]
dim(ChillRILs) # 265865    783
 
#Remove adapter information from ChillRILs after removing parents
ChillRIL_2 <- colnames(ChillRILs[,-c(1:11)])
length(ChillRIL_2) #772
 
ChillRIL_name <- sub("\\..*$", "",ChillRIL_2) #remove adapter info
ChillRIL_name <- sub("X", "",ChillRIL_name)

tmp <- colnames(ChillRILs[,c(1:11)])
colnames(ChillRILs) <- c(tmp,ChillRIL_name)
dim(ChillRILs) #265865    783
 
#Subset hapmap3 data into US x Chinese RIL families
ChillRIL_Kao <- ChillRILs[, c(1:11, grep("Kao", colnames(ChillRILs)))] #265865 267
ChillRIL_NSZ <- ChillRILs[, c(1:11, grep("NSZ", colnames(ChillRILs)))] #265865 304
ChillRIL_HKZ <- ChillRILs[, c(1:11, grep("HKZ", colnames(ChillRILs)))] #265865 233

#input and drop HKZ bad RILs from HKZ
HKZ_Bad <- read.csv("/LDDecay/LD_v2/HKZ_BadRILs.csv",header=T)
ChillRIL_HKZa <- ChillRIL_HKZ[,which(!colnames(ChillRIL_HKZ)%in%HKZ_Bad$Genotype)]
ChillRIL_HKZb <- ChillRIL_HKZ[,c(1:11,which(colnames(ChillRIL_HKZ)%in%HKZ_Bad$Genotype))]

write.table(ChillRIL_Kao, "ChillRIL_Kao.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)
write.table(ChillRIL_NSZ, "ChillRIL_NSZ.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)
write.table(ChillRIL_HKZ, "ChillRIL_HKZ.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)
write.table(ChillRIL_HKZa, "ChillRIL_HKZa.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)
write.table(ChillRIL_HKZb, "ChillRIL_HKZb.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)

write.table(ChillRILs, "ChillNAM.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)


#convert hapmap to VCF for the MPP
ChillNAM_vcf_conv <- "tassel-5-standalone/./run_pipeline.pl -Xms50g -Xmx50g -fork1 -h /LDDecay/LD_v2/ChillNAM.hmp.txt -export -exportType VCF -runfork1"
system(ChillNAM_vcf_conv)


#Calculate LD decay using PopLDdecay in R on beocat
#For HKZ_RIL family
HKZ_ld <- "/homes/omo/PopLDdecay/PopLDdecay3.29/bin/./PopLDdecay -InVCF /LDDecay/LD_v2/ChillRIL_HKZ.vcf -MaxDist 500 -MAF  0.05 -OutStat /LDDecay/LD_v2/HKZ_nsc.stat"
system(HKZ_ld)
 
##begin pair-wise R^2 cal. after filter Remain SNP Number :	69570
#% number bin is	696

HKZa_ld <- "/homes/omo/PopLDdecay/PopLDdecay3.29/bin/./PopLDdecay -InVCF /LDDecay/LD_v2/ChillRIL_HKZa.vcf -MaxDist 500 -MAF  0.05 -OutStat /LDDecay/LD_v2/HKZa_nsc.stat"
system(HKZa_ld)

##begin pair-wise R^2 cal. after filter Remain SNP Number :	56991
#% number bin is	570

HKZb_ld <- "/homes/omo/PopLDdecay/PopLDdecay3.29/bin/./PopLDdecay -InVCF /LDDecay/LD_v2/ChillRIL_HKZb.vcf -MaxDist 500 -MAF  0.05 -OutStat /LDDecay/LD_v2/HKZb_nsc.stat"
system(HKZb_ld)

##begin pair-wise R^2 cal. after filter Remain SNP Number :	59347
#% number bin is	594

#For NSZ_RIL family
NSZ_ld <- "/homes/omo/PopLDdecay/PopLDdecay3.29/bin/./PopLDdecay -InVCF /LDDecay/LD_v2/ChillRIL_NSZ.vcf -MaxDist 500 -MAF  0.05 -OutStat /LDDecay/LD_v2/NSZ_nsc.stat"
system(NSZ_ld)

##begin pair-wise R^2 cal. after filter Remain SNP Number :	57592
#% number bin is	576
 
#For Kao_RIL family
Kao_ld <- "/homes/omo/PopLDdecay/PopLDdecay3.29/bin/./PopLDdecay -InVCF /LDDecay/LD_v2/ChillRIL_Kao.vcf -MaxDist 500 -MAF  0.05 -OutStat /LDDecay/LD_v2/Kao_nsc.stat"
system(Kao_ld)

##begin pair-wise R^2 cal. after filter Remain SNP Number :	56067
#% number bin is	561
 
#For Ethiopian diversity accessions
Eth_ld <- "/homes/omo/PopLDdecay/PopLDdecay3.29/bin/./PopLDdecay -InVCF /LDDecay/LD_v2/Eth_filtered.recode.vcf -MaxDist 500 -MAF  0.05 -OutStat /LDDecay/LD_v2/Eth_nsc.stat"
system(Eth_ld)

##begin pair-wise R^2 cal. after filter Remain SNP Number :	107207
#% number bin is	1073

#For Chinese diversity accessions
China_ld <- "/homes/omo/PopLDdecay/PopLDdecay3.29/bin/./PopLDdecay -InVCF /LDDecay/LD_v2/China_filtered.recode.vcf -MaxDist 500 -MAF  0.05 -OutStat /LDDecay/LD_v2/China_nsc.stat"
system(China_ld)

##begin pair-wise R^2 cal. after filter Remain SNP Number :	58797
#% number bin is	588

#For chilling NAM
ChillNAM_ld <- "/homes/omo/PopLDdecay/PopLDdecay3.29/bin/./PopLDdecay -InVCF /LDDecay/LD_v2/ChillNAM.vcf -MaxDist 500 -MAF  0.05 -OutStat /LDDecay/LD_v2/ChillNAM_nsc.stat"
system(ChillNAM_ld)

##begin pair-wise R^2 cal. after filter Remain SNP Number :	71491
#% number bin is	715


#gunzip the LD decay resulting data from previous steps
gunzip China_nsc.stat.stat.gz 
 

#Read LD decay results into R on beocat
China_ld <- read.delim("/LDDecay/LD_v2/China_nsc.stat.stat", header=T)
ETH_ld <- read.delim("/LDDecay/LD_v2/Eth_nsc.stat.stat", header=T)
HKZ_ld <- read.delim("/LDDecay/LD_v2/HKZ_nsc.stat.stat", header=T)
NSZ_ld <- read.delim("/LDDecay/LD_v2/NSZ_nsc.stat.stat", header=T)
Kao_ld <- read.delim("/LDDecay/LD_v2/Kao_nsc.stat.stat", header=T) 
HKZa_ld <- read.delim("/LDDecay/LD_v2/HKZa_nsc.stat.stat", header=T)
HKZb_ld <- read.delim("/LDDecay/LD_v2/HKZb_nsc.stat.stat", header=T)

ChillNAM_ld <- read.delim("/LDDecay/LD_v2/ChillNAM_nsc.stat.stat", header=T)

 
#Obtain R2 mean data for each population
SplineETH = smooth.spline(ETH_ld[,1],ETH_ld[,2], spar=0.1)
SplineChina = smooth.spline(China_ld[,1],China_ld[,2], spar=0.1)
SplineNSZ = smooth.spline(NSZ_ld[,1],NSZ_ld[,2], spar=0.3)
SplineKao = smooth.spline(Kao_ld[,1],Kao_ld[,2], spar=0.3)
SplineHKZ = smooth.spline(HKZ_ld[,1],HKZ_ld[,2], spar=0.3)
SplineHKZa = smooth.spline(HKZa_ld[,1],HKZa_ld[,2], spar=0.3)
SplineHKZb = smooth.spline(HKZb_ld[,1],HKZb_ld[,2], spar=0.3)
 
#Plot LD decay map
rm(list=ls())
options(scipen = 5)

#Read LD decay results into R on beocat
China_ld <- read.delim("/Users/smarla/Desktop/Linkage Mapping/LDdecay/China_nsc.stat.stat", header=T)
ETH_ld <- read.delim("/Users/smarla/Desktop/Linkage Mapping/LDdecay/Eth_nsc.stat.stat", header=T)
HKZ_ld <- read.delim("/Users/smarla/Desktop/Linkage Mapping/LDdecay/HKZ_nsc.stat.stat", header=T)
NSZ_ld <- read.delim("/Users/smarla/Desktop/Linkage Mapping/LDdecay/NSZ_nsc.stat.stat", header=T)
Kao_ld <- read.delim("/Users/smarla/Desktop/Linkage Mapping/LDdecay/Kao_nsc.stat.stat", header=T) 
HKZa_ld <- read.delim("/Users/smarla/Desktop/Linkage Mapping/LDdecay/HKZa_nsc.stat.stat", header=T)
HKZb_ld <- read.delim("/Users/smarla/Desktop/Linkage Mapping/LDdecay/HKZb_nsc.stat.stat", header=T)

#Obtain R2 mean data for each population
SplineETH = smooth.spline(ETH_ld[,1],ETH_ld[,2], spar=0.1)
SplineChina = smooth.spline(China_ld[,1],China_ld[,2], spar=0.1)
SplineNSZ = smooth.spline(NSZ_ld[,1],NSZ_ld[,2], spar=0.3)
SplineKao = smooth.spline(Kao_ld[,1],Kao_ld[,2], spar=0.3)
SplineHKZ = smooth.spline(HKZ_ld[,1],HKZ_ld[,2], spar=0.3)
SplineHKZa = smooth.spline(HKZa_ld[,1],HKZa_ld[,2], spar=0.3)
SplineHKZb = smooth.spline(HKZb_ld[,1],HKZb_ld[,2], spar=0.3)

[bookmark: _en85cfeiiz2t]Plotting LD decay map
path <- "/LD and PCA plots"

tiff(sprintf("%s/PCA_SAP_MPP_Jan14_race.tiff", path),width = 6400, height = 6400, units = "px", res = 800)
par(mar=c(6,6,4,4))
plot(SplineChina, type="l", col="mediumblue", xlab="Physical Distance (x10000bp)", ylab=expression(r^2), cex.axis=1.5, cex.lab=1.6, xaxt = 'n', las=1, ylim=c(0,0.8), lwd=1.5)
axis(1, at=seq(0, 500000, by=100000) , labels= c(0,10,20,30,40,50), cex.axis=1.5)
lines(SplineHKZ, col="darkgreen", lwd=1.5)
lines(SplineHKZa, col="limegreen", lwd=1.5)
lines(SplineHKZb, col="lightgreen", lwd=1.5)
lines(SplineKao, col="dodgerblue", lwd=1.5)
lines(SplineNSZ, col="magenta", lwd=1.5)
lines(SplineETH, col="orange", lwd=1.5)
legend("topright",4,c("China","HKZ_RILs","HKZa_RILs","HKZb_RILs","Kao_RILs","NSZ_RILs","Ethiopia"), col=c("mediumblue","darkgreen", "limegreen","lightgreen","dodgerblue","magenta","orange"), bty = "n", lwd=c(3,3,3,3,3,3),cex=1.3)
dev.off()

[bookmark: _6h1jndpiy6u5]Genetic Linkage Map Construction
Steps for linkage map construction
Start with raw data
Remove all markers with hets in parents
Remove all markers that are monomorphic in parents
Filter for individuals with high missing data
Split by family
Split HKZ groups by PCA information
Remove all markers that are monomorphic in a family
Filter for high pmaf (40pmaf)
Visualize

[bookmark: _a58en2oclef7]Data parsing
1. Start with raw data
SbCT_GBS_Geno_Build.recode.vcf

#vcf to hampmap conversion is taking very long time so created a dataset for parents and pulled out only parents data from the build file

#obtain parent_SNPs from the raw data
vcftools --vcf /SbCT_GBS_Geno_Build.recode.vcf --keep ~/SbCT_GBS/SNP_data/ChillRILParents.txt --recode --recode-INFO-all --out Parent_SNPs_only

2. Filter SNPs with high missing data in parents
#for parents only data - 20pm (percent missing)
vcftools --vcf /Parent_SNPs_only.recode.vcf --max-missing 0.8 --recode --recode-INFO-all --out /Parentsonly_20pm
After filtering, kept 39445 out of a possible 528065 Sites

3. Filter for high pmaf (40pmaf) in parents
# 20pm dataset - used for generating linkage map
vcftools --vcf /Parentsonly_20pm.recode.vcf --maf 0.40 --recode --recode-INFO-all --out /SbCT_Parentsonly_20pm_40pmaf
After filtering, kept 2256 out of a possible 39445 Sites

a. Remove all markers with hets in parents
Convert vcf file to hapmap	
/homes/omo/2014_NAM_Genomic_Data/NAM/beagle_imp/JointLinkage/tassel-5-standalone/./run_pipeline.pl -Xms100G -Xmx100G -fork1 -vcf /SbCT_Parentsonly_20pm_40pmaf.recode.vcf -export -exportType Hapmap -runfork1

#Import this data to Tassel
#subset only last 4 parents as they have low missing data
#Export the 4parents to beocat and read into R

Parents4 <- read.delim("/chilril4parents.hmp.txt", head=T)
dim(Parents4)

class(Parents4)
Parents4[1:4,1:12]
#remove first 11 rows containing flowcell information
Parents4_mat <- Parents4[,-c(2:11)]
rownames(Parents4_mat) <- Parents4_mat$rs.

Parents4_mat <- as.matrix(Parents4_mat)

Parents4_mat[1:6,1:4] #Assign all hets to M (later all SNPs with RIL are dropped)
Parents4_mat[Parents4_mat=="S"] <- "M"
Parents4_mat[Parents4_mat=="R"] <- "M"
Parents4_mat[Parents4_mat=="Y"] <- "M"
Parents4_mat[Parents4_mat=="W"] <- "M"
Parents4_mat[Parents4_mat=="K"] <- "M"

Parents4_df <- as.data.frame(Parents4_mat)

Parents4_df$CmbSNP <- paste(Parents4_df$BTx623_P.MERGE,Parents4_df$HKZ_P.MERGE,Parents4_df$Kao_P.MERGE,Parents4_df$NSZ_P.MERGE, sep="")

Parents4_df_NoHets <- Parents4_df[-grep("M",Parents4_df$CmbSNP),] #drop SNPs with hets in parents

#obtain first 11 rows from raw data
chil_pars <- Parents4[match(rownames(Parents4_df_NoHets), Parents4$rs.),]

par_snps <- as.vector(rownames(Parents4_df_NoHets))
> length(par_snps) #1993
> write.table(par_snps, "snp_list.txt", sep="\t", quote=F, row.names=F, col.names=F)

#Use parents SNPs to obtain data from all RILs from SbCT_GBS_Geno_Build.recode.vcf
vcftools --vcf /SbCT_GBS_Geno_Build.recode.vcf --snps ~/SbCT_GBS/SNP_data/snp_list.txt --recode --recode-INFO-all --out SelctSNPsChilRIL

#Remove flowcell info of barcodes from genotype information
#convert vcf to hapmap
/homes/omo/2014_NAM_Genomic_Data/NAM/beagle_imp/JointLinkage/tassel-5-standalone/./run_pipeline.pl -Xms100G -Xmx100G -fork1 -vcf /SelctSNPsChilRIL.recode.vcf -export -exportType Hapmap -runfork1

#read RILs with no hets into R
SelctSNPsChilRIL <- read.delim("/SelctSNPsChilRIL.hmp.txt", head=T)

SelctSNPsChilRIL[1:3, 1:14]
SelctSNPsChilRIL_1 <- colnames(SelctSNPsChilRIL[,-c(1:11)]) #remove 1:11

length(SelctSNPsChilRIL_1) #[1] 784
SelctSNPsChilRIL_1_name <- sub("\\..*$", "",SelctSNPsChilRIL_1) #remove adapter info
tmp <- colnames(SelctSNPsChilRIL[,c(1:11)])
colnames(SelctSNPsChilRIL) <- c(tmp,SelctSNPsChilRIL_1_name) #merge 1:11 and 12 onwards

ChillRILs <- SelctSNPsChilRIL[,-grep("_P", colnames(SelctSNPsChilRIL))]

#Separating individual families for genetic linkage map data arrangement
ChillRIL_Kao <-ChillRILs[, c(1:11, grep("Kao", colnames(ChillRILs)))]
ChillRIL_NSZ <-ChillRILs[, c(1:11, grep("NSZ", colnames(ChillRILs)))]
ChillRIL_HKZ <-ChillRILs[, c(1:11, grep("HKZ", colnames(ChillRILs)))]

par_namesHKZ <- c("BTx623_P", "HKZ_P")
par_namesNSZ <- c("BTx623_P", "NSZ_P")
par_namesKao <- c("BTx623_P", "Kao_P")

HKZ_BTX <- SelctSNPsChilRIL[, c(1:11,match(par_namesHKZ, colnames(SelctSNPsChilRIL)))]

NSZ_BTX <- SelctSNPsChilRIL[, c(1:11,match(par_namesNSZ, colnames(SelctSNPsChilRIL)))]

Kao_BTX <- SelctSNPsChilRIL[, c(1:11,match(par_namesKao, colnames(SelctSNPsChilRIL)))]

name_ChillRIL_HKZ <- colnames(ChillRIL_HKZ[,-c(1:11)])

#drop RILs from different clade in PCA and NJTree analysis
HKZ_SubPop <- read.csv("/HKZ_Clade_SubPop.csv", header=T, stringsAsFactors=F) #101   4

nam_HKZ_SubPop <- as.vector(as.matrix(HKZ_SubPop$Taxa))
nam_HKZ_SubPop <- paste("X", nam_HKZ_SubPop, sep="")

good_HKZ <- setdiff(nam_ChillRIL_HKZ, nam_HKZ_SubPop) #drop bad HKZ RILs

ChillRIL_goodHKZ <- ChillRIL_HKZ[, c(1:11, match(good_HKZ, colnames(ChillRIL_HKZ)))]

write.table(ChillRIL_Kao, "ChillRIL_Kao.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)

write.table(ChillRIL_NSZ, "ChillRIL_NSZ.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)

write.table(ChillRIL_goodHKZ, "ChillRIL_goodHKZ.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)

write.table(HKZ_BTX, "HKZ_BTX.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)
write.table(NSZ_BTX, "NSZ_BTX.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)
write.table(Kao_BTX, "Kao_BTX.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)

Export this data into Tassel, merge the parents with RILs, export into beocat as vcf format (HKZ_BTx623_Final.vcf, Kao_BTx623_Final.vcf, NSZ_BTx623_Final.vcf)

Tassel GUI removes monomorphic markers

#Imputation of missing SNPs in RILs using parent SNP information with Beagle
java -Xms120G -Xmx120G -jar beagle.27Jul16.86a.jar gt=/NSZ_BTx623_Final.vcf out=/NSZ_BTx623_Imputed nthreads=1

java -Xms120G -Xmx120G -jar beagle.27Jul16.86a.jar gt=/HKZ_BTx623_Final.vcf out=/HKZ_BTx623_Imputed nthreads=1

java -Xms120G -Xmx120G -jar beagle.27Jul16.86a.jar gt=/Kao_BTx623_Final.vcf out=/Kao_BTx623_Imputed nthreads=1

Export VCF files into Tassel and convert them to RQTL format - specify the two parents for each dataset

Import RQTL format hapmap data into beocat


#use the above .vcf files to remove markers for 40pmaf
#(HKZ_BTx623_Final.vcf, Kao_BTx623_Final.vcf, NSZ_BTx623_Final.vcf)

vcftools --vcf /HKZ_BTx623_Final.vcf --maf 0.40 --recode --recode-INFO-all --out /HKZ_BTx623_Final_40pmaf
#After filtering, kept 1420 out of a possible 1992 Sites

vcftools --vcf /NSZ_BTx623_Final.vcf --maf 0.40 --recode --recode-INFO-all --out /NSZ_BTx623_Final_40pmaf
#After filtering, kept 1607 out of a possible 1993 Sites

vcftools --vcf /Kao_BTx623_Final.vcf --maf 0.40 --recode --recode-INFO-all --out /Kao_BTx623_Final_40pmaf
#After filtering, kept 1283 out of a possible 1993 Sites

Kao_BTx623_Final_40pmaf.recode.vcf
NSZ_BTx623_Final_40pmaf.recode.vcf
HKZ_BTx623_Final_40pmaf.recode.vcf

#Imputation of missing SNPs in RILs using parent SNP information with Beagle
java -Xms120G -Xmx120G -jar beagle.27Jul16.86a.jar gt=/Kao_BTx623_Final_40pmaf.recode.vcf out=/Kao_BTx623_Final_40pmaf_Imputed nthreads=1

java -Xms120G -Xmx120G -jar beagle.27Jul16.86a.jar gt=/NSZ_BTx623_Final_40pmaf.recode.vcf out=/NSZ_BTx623_Final_40pmaf_Imputed nthreads=1

java -Xms120G -Xmx120G -jar beagle.27Jul16.86a.jar gt=/HKZ_BTx623_Final_40pmaf.recode.vcf out=/HKZ_BTx623_Final_40pmaf_Imputed nthreads=1

Export VCF files into Tassel and convert them to RQTL format - specify the two parents for each dataset

Import RQTL format hapmap data into beocat
#all the three datasets has NA at the end of markers, open each file in FileZilla and delete NA manually and save. These files are ready for linkage map construction.
[bookmark: _z5i6e5g2t7k1]
[bookmark: _lm2fi7rgek27]HKZ linkage map construction
library(qtl)
Genotype_Filter <- read.cross(format="csv", dir="", "HKZ_BTx623_RQtl_v2", estimate.map=FALSE,
na.strings=c("-","N","NA","H"), genotypes=c("A", "B"))
121  individuals
	1420  markers
                       	 
### Force dataset into doubled haploid crosstype
class(Genotype_Filter)[1] <- "riself"
summary(Genotype_Filter)
    RI strains via selfing
    No. individuals:    121
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10

    Total markers:      1420
    No. markers:        102 182 228 190 153 130 86 118 95 136
    Percent genotyped:  97.2
    Genotypes (%):      AA:51.0  BB:49.0

Genotype_Filter <- jittermap(Genotype_Filter)  ## It jitters the SNP positions in a genetic map
## so that no two markers are on top of each other

### Plot Missing data
pdf("/HKZ_LM/LM_Missing1.pdf")
plotMissing(Genotype_Filter)
dev.off()


### Look at missing genotypes per marker
pdf("/HKZ_LM/Geno_Missing1.pdf")
par(mfrow=c(1,2), las=1)
plot(ntyped(Genotype_Filter), ylab="No. typed markers", main="No. genotypes by individual", col='lightslategray')
plot(ntyped(Genotype_Filter, "mar"), ylab="No. typed individuals", col='lightslategray',
 	main="No. genotypes by marker")
dev.off()

### Omit individuals ##
Genotype_Filter <- subset(Genotype_Filter, ind=(ntyped(Genotype_Filter)>1200))
summary(Genotype_Filter) #119 1420

pdf("/HKZ_LM/Geno_Missing2.pdf")
par(mfrow=c(1,2), las=1)
plot(ntyped(Genotype_Filter), ylab="No. typed markers", main="No. genotypes by individual", col='lightslategray')
plot(ntyped(Genotype_Filter, "mar"), ylab="No. typed individuals", col='lightslategray',
 	main="No. genotypes by marker")
dev.off()

### Omit markers with missing data
nt.bymar <- ntyped(Genotype_Filter, "mar")
todrop <- names(nt.bymar[nt.bymar < 105])
Genotype_Filter <- drop.markers(Genotype_Filter, todrop)
summary(Genotype_Filter) #119 1412
    RI strains via selfing
    No. individuals:    119
    No. phenotypes:     1
    Percent phenotyped: 100

    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1412
    No. markers:        102 182 227 188 153 127 86 116 95 136
    Percent genotyped:  98.1
    Genotypes (%):      AA:51.0  BB:49.0


pdf("/HKZ_LM/LM_Missing2.pdf")
plotMissing(Genotype_Filter)
dev.off()

pdf("/HKZ_LM/Geno_Missing3.pdf")
par(mfrow=c(1,2), las=1)
plot(ntyped(Genotype_Filter), ylab="No. typed markers", main="No. genotypes by individual", col='lightslategray')
plot(ntyped(Genotype_Filter, "mar"), ylab="No. typed individuals", col='lightslategray',
 	main="No. genotypes by marker")
dev.off()

### Identify duplicate individuals
cg <- comparegeno(Genotype_Filter)

pdf("/HKZ_LM/Hist1.pdf")
hist(cg[lower.tri(cg)], breaks=seq(0, 1, len=200), xlab="No. matching genotypes", col='gray')
rug(cg[lower.tri(cg)])
dev.off()


### Omit mismatched genotypes
wh <- which(cg > 0.81, arr=TRUE)
wh <- wh[wh[,1] < wh[,2],]
wh

g <- pull.geno(Genotype_Filter)
table(g[8,], g[19,])
# 1	2
  1 397 388
  2 352 192

for(j in 1:10){
  g <- pull.geno(Genotype_Filter, chr=j)
  for(i in 1:nrow(wh)){
    if(nrow(g)<as.vector(as.matrix(wh[i,1]))|nrow(g)< as.vector(as.matrix(wh[i,2]))){
      next} else {
      tozero <- !is.na(g[as.vector(as.matrix(wh[i,1])),]) & !is.na(g[as.vector(as.matrix(wh[i,2])),]) & g[as.vector(as.matrix(wh[i,1])),] !=g[as.vector(as.matrix(wh[i,2])),]
     Genotype_Filter$geno[[j]]$data[as.vector(as.matrix(wh[i,1])), tozero] <- NA
    }
  }
  
}


### Omit individuals
Genotype_Filter <- subset(Genotype_Filter, ind=-wh[,2])
cg <- comparegeno(Genotype_Filter)

pdf("/HKZ_LM/Hist2.pdf")
hist(cg[lower.tri(cg)], breaks=seq(0, 1, len=164), xlab="No. matching genotypes", col='gray')
rug(cg[lower.tri(cg)])
dev.off()

summary(Genotype_Filter)#117 1412
    RI strains via selfing
    No. individuals:    117
    No. phenotypes:     1
     Percent phenotyped: 100

No. chromosomes:    10
Autosomes:      1 2 3 4 5 6 7 8 9 10
Total markers:      1412
No. markers:        102 182 227 188 153 127 86 116 95 136
Percent genotyped:  97.9
Genotypes (%):      AA:51.1  BB:48.9
 
### Find duplicate markers
print(dup <- findDupMarkers(Genotype_Filter, exact.only=FALSE))  #,adjacent.only=TRUE

### Drop duplicate markers
Genotype_Filter <- drop.markers(Genotype_Filter, unlist(dup))
summary(Genotype_Filter) #117 1161
	 RI strains via selfing
    No. individuals:    117
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1161
    No. markers:        86 151 180 147 132 99 79 95 75 117
    Percent genotyped:  97.9
    Genotypes (%):      AA:50.9  BB:49.1


print(dup <- findDupMarkers(Genotype_Filter, exact.only=FALSE))

### Drop duplicate genotypes
cg <- comparegeno(Genotype_Filter)

### Find markers with segragation distortion
gt <- geno.table(Genotype_Filter)
gt[gt$P.value < 0.05/totmar(Genotype_Filter),]

### Drop distorted markers
todrop <- rownames(gt[gt$P.value < 1e-3,])
Genotype_Filter <- drop.markers(Genotype_Filter, todrop)
summary(Genotype_Filter) #117 1155
RI strains via selfing
    No. individuals:    117
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1155
    No. markers:        83 151 180 147 132 99 77 95 75 116
    Percent genotyped:  98
    Genotypes (%):      AA:50.9  BB:49.1

### Study Genotype Frequencies
g <- pull.geno(Genotype_Filter)
gfreq <- apply(g, 1, function(a) table(factor(a, levels=1:3)))
gfreq <- t(t(gfreq) / colSums(gfreq))


pdf("/HKZ_LM/geno_freq.pdf")
par(mfrow=c(1,3), las=1)
for(i in 1:3)
  plot(gfreq[i,], ylab="Genotype frequency", main=c("AA", "BB", "AB")[i],
   	ylim=c(0,1), cex=1.5, col='lightslategray')
dev.off()

g <- pull.geno(Genotype_Filter)
gfreq <- apply(g, 1, function(a) table(factor(a, levels=1:2)))
gfreq <- t(t(gfreq) / colSums(gfreq))

pdf("/HKZ_LM/geno_freq2.pdf")
par(mfrow=c(1,2), las=1)
for(i in 1:2)
  plot(gfreq[i,], ylab="Genotype frequency", main=c("Alleles from BTx623 (AA)", "Alleles from HKZ (BB)")[i],
   	ylim=c(0,1), cex=1.2, col='black', xlab=' Number of the RIL line',
   	cex.axis=1.2, cex.lab=1.2, pch=21)
dev.off()

summary(Genotype_Filter) #117 1155
	RI strains via selfing
    No. individuals:    117
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1155
    No. markers:        83 151 180 147 132 99 77 95 75 116
    Percent genotyped:  98
    Genotypes (%):      AA:50.9  BB:49.1

loglik <- err <- c(0.001, 0.0025, 0.005, 0.0075, 0.01, 0.0125, 0.015, 0.0175, 0.02)
for(i in seq(along=err)) {
cat(i, "of", length(err), "\n")
tempmap <- est.map(Genotype_Filter, error.prob=err[i])
loglik[i] <- sum(sapply(tempmap, attr, "loglik"))
}
save.image()


1 of 9
2 of 9
3 of 9
4 of 9
5 of 9
6 of 9
7 of 9
8 of 9
9 of 9
Warning messages:
1: Didn't converge!
2: Didn't converge!
> lod <- (loglik - max(loglik))/log(10)

lod <- (loglik - max(loglik))/log(10)

pdf("/HKZ_LM/Geno_Error_Rate_Selection.pdf")
plot(err, lod, xlab="Genotyping error rate", xlim=c(0,0.02), ylab=expression(paste(log[10], " likelihood")))
dev.off()



###  Identifying genotyping errors
newmap <- est.map(Genotype_Filter, error.prob=0.01)

Genotype_Filter <- replace.map(Genotype_Filter, newmap)
Genotype_Filter <- calc.errorlod(Genotype_Filter)
top <- top.errorlod(Genotype_Filter, cutoff=5)

pdf("/HKZ_LM/geno_freq.pdf")
plot.geno(Genotype_Filter, 10, top$id[top$chr==10], cutoff=5)
dev.off()

### Counting crossovers
nxo <- countXO(Genotype_Filter)

pdf("/HKZ_LM/Crossovers.pdf")
plot(nxo, ylab="Nos. of crossovers")
dev.off()

#remove RILs with high crossovers

Genotype_Filter<- subset(Genotype_Filter, ind=(countXO(Genotype_Filter) < 80))

newmap <- est.map(Genotype_Filter, error.prob=0.01)
summaryMap(Genotype_Filter)
         n.mar length ave.spacing max.spacing
1          83  218.1         2.7        86.1
2         151  228.2         1.5        23.5
3         180  222.0         1.2        21.0
4         147  208.1         1.4        13.6
5         132  175.1         1.3         9.3
6          99  182.3         1.9        57.9
7          77  128.4         1.7        15.0
8          95  146.1         1.6        20.2
9          75  132.9         1.8        12.7
10        116  197.0         1.7        10.6
overall  1155 1838.1         1.6        86.1


summary(Genotype_Filter)
    RI strains via selfing
    No. individuals:    107
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1155
    No. markers:        83 151 180 147 132 99 77 95 75 116
    Percent genotyped:  98.2
    Genotypes (%):      AA:50.5  BB:49.5

#drop bad SNPs which impact the length of chr
#dropone <- droponemarker(Genotype_Filter, error.prob=0.01)

#repeat twice as est. chr1 and chr6 length is long
dropone_1 <- droponemarker(Genotype_Filter, chr=1, error.prob=0.01)
summary(dropone_1, lod.column=2)
badmar1 <- rownames(summary(dropone_1, lod.column=2))[1]

dropone_6 <- droponemarker(Genotype_Filter, chr=6, error.prob=0.01)
badmar6 <- rownames(summary(dropone_6, lod.column=2))[1]

Genotype_Filter <- drop.markers(Genotype_Filter, badmar1)
Genotype_Filter <- drop.markers(Genotype_Filter, badmar6)

# Reestimate map
newmap <- est.map(Genotype_Filter, error.prob=0.01)

#replace estimated map
Genotype_Filter <- replace.map(Genotype_Filter, newmap)
summaryMap(Genotype_Filter)    
        n.mar length ave.spacing max.spacing
1          82  171.1         2.1        78.2
2         151  179.9         1.2        24.9
3         180  172.9         1.0        21.8
4         147  162.4         1.1        11.5
5         132  129.4         1.0         8.5
6          98  216.7         2.2       143.7
7          77  109.5         1.4        13.5
8          95  119.2         1.3        18.3
9          75  112.3         1.5        12.9
10        116  146.4         1.3         8.9
overall  1153 1520.0         1.3       143.7

summaryMap(Genotype_Filter)
        n.mar length ave.spacing max.spacing
1          81   93.0         1.2         6.1
2         151  179.9         1.2        24.9
3         180  172.9         1.0        21.8
4         147  162.4         1.1        11.5
5         132  129.4         1.0         8.5
6          97  194.4         2.0       124.5
7          77  109.5         1.4        13.5
8          95  119.2         1.3        18.3
9          75  112.3         1.5        12.9
10        116  146.4         1.3         8.9
overall  1151 1419.5         1.2       124.5

dropone_6 <- droponemarker(Genotype_Filter, chr=6, error.prob=0.01)
badmar6 <- rownames(summary(dropone_6, lod.column=2))[1]
Genotype_Filter <- drop.markers(Genotype_Filter, badmar6)
newmap <- est.map(Genotype_Filter, error.prob=0.01)

Genotype_Filter <- replace.map(Genotype_Filter, newmap)
summaryMap(Genotype_Filter)
n.mar length ave.spacing max.spacing
1          81   93.0         1.2         6.1
2         151  179.9         1.2        24.9
3         180  172.9         1.0        21.8
4         147  162.4         1.1        11.5
5         132  129.4         1.0         8.5
6          96   69.9         0.7         6.3
7          77  109.5         1.4        13.5
8          95  119.2         1.3        18.3
9          75  112.3         1.5        12.9
10        116  146.4         1.3         8.9
overall  1150 1295.0         1.1        24.9


pdf("/HKZ_LM/crossover2.pdf")
plot(countXO(Genotype_Filter), ylab="Number of crossovers")
dev.off()

pdf("/HKZ_LM/plotmap1.pdf")
par(cex=0.1, cex.axis=2, cex.lab=2)
plotMap(Genotype_Filter, show.marker.names=TRUE)
dev.off()

lod <- (loglik - max(loglik))/log(10)

pdf("/HKZ_LM/Geno_Error_Rate_Selection.pdf")
plot(err, lod, xlab="Genotyping error rate", xlim=c(0,0.02), ylab=expression(paste(log[10], " likelihood")))
dev.off()

### Plot LOD score against RF
rf <- pull.rf(Genotype_Filter)
lod <- pull.rf(Genotype_Filter, what="lod")

pdf("/HKZ_LM/FinalPlot.pdf")
plot(as.numeric(rf), as.numeric(lod),
 	xlab="Recombination fraction", ylab="LOD score", col='lightslategray')
dev.off()

write.cross(Genotype_Filter,format=c("csv"), filestem="ChillRIL_HKZ_LM_v2")


[bookmark: _flob33nh74gz]NSZ linkage map construction 
library(qtl)
Genotype_Filter <- read.cross(format="csv", dir="", "NSZ_BTx623_RQtl_v2", estimate.map=FALSE,
na.strings=c("-","N","NA","H"), genotypes=c("A", "B"))
293  individuals
	1607  markers
                       	 
### Force dataset into RIL crosstype
class(Genotype_Filter)[1] <- "riself"
summary(Genotype_Filter)

    RI strains via selfing
    No. individuals:    293
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1607
    No. markers:        157 248 253 181 131 150 125 89 153 120
    Percent genotyped:  96.3
    Genotypes (%):      AA:49.8  BB:50.2

Genotype_Filter <- jittermap(Genotype_Filter)  ## It jitters the SNP positions in a genetic map
## so that no two markers are on top of each other

### Plot Missing data
pdf("/NSZ_LM/LM_Missing1.pdf")
plotMissing(Genotype_Filter)
dev.off()

### Look at missing genotypes per marker
pdf("/NSZ_LM/Geno_Missing1.pdf")
par(mfrow=c(1,2), las=1)
plot(ntyped(Genotype_Filter), ylab="No. typed markers", main="No. genotypes by individual", col='lightslategray')
plot(ntyped(Genotype_Filter, "mar"), ylab="No. typed individuals", col='lightslategray',
 	main="No. genotypes by marker")
dev.off()

### Omit individuals with low coverage/SNPs ##
Genotype_Filter <- subset(Genotype_Filter, ind=(ntyped(Genotype_Filter)>1450)) #based on above graph, use cutoff level in ntyped


summary(Genotype_Filter) #280 1607
    No. individuals:    280
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1607
    No. markers:        157 248 253 181 131 150 125 89 153 120
    Percent genotyped:  97.2
    Genotypes (%):      AA:49.6  BB:50.4

pdf("/NSZ_LM/Geno_Missing2.pdf")
par(mfrow=c(1,2), las=1)
plot(ntyped(Genotype_Filter), ylab="No. typed markers", main="No. genotypes by individual", col='lightslategray')
plot(ntyped(Genotype_Filter, "mar"), ylab="No. typed individuals", col='lightslategray',
 	main="No. genotypes by marker")
dev.off()

### Omit markers with missing data
nt.bymar <- ntyped(Genotype_Filter, "mar")
todrop <- names(nt.bymar[nt.bymar < 260]) #based on graph above use nt.bymar cutoff
Genotype_Filter <- drop.markers(Genotype_Filter, todrop)
summary(Genotype_Filter) #286 1888
    No. individuals:    280
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1592
    No. markers:        156 245 252 179 131 147 125 87 153 117
    Percent genotyped:  97.3
    Genotypes (%):      AA:49.8  BB:50.2

pdf("/NSZ_LM/LM_Missing2.pdf")
plotMissing(Genotype_Filter)
dev.off()

pdf("/NSZ_LM/Geno_Missing3.pdf")
par(mfrow=c(1,2), las=1)
plot(ntyped(Genotype_Filter), ylab="No. typed markers", main="No. genotypes by individual", col='lightslategray')
plot(ntyped(Genotype_Filter, "mar"), ylab="No. typed individuals", col='lightslategray',
 	main="No. genotypes by marker")
dev.off()

### Identify duplicate individuals
cg <- comparegeno(Genotype_Filter)

pdf("/NSZ_LM/Hist1.pdf")
hist(cg[lower.tri(cg)], breaks=seq(0, 1, len=200), xlab="No. matching genotypes", col='gray')
rug(cg[lower.tri(cg)])
dev.off()

### Omit mismatched genotypes
wh <- which(cg > 0.81, arr=TRUE)
wh <- wh[wh[,1] < wh[,2],]
wh

g <- pull.geno(Genotype_Filter)
table(g[8,], g[19,])
# 1	2
  1 409 225
  2 480 356

for(j in 1:10){
  g <- pull.geno(Genotype_Filter, chr=j)
  for(i in 1:nrow(wh)){
    if(nrow(g)<as.vector(as.matrix(wh[i,1]))|nrow(g)< as.vector(as.matrix(wh[i,2]))){
      next} else {
      tozero <- !is.na(g[as.vector(as.matrix(wh[i,1])),]) & !is.na(g[as.vector(as.matrix(wh[i,2])),]) & g[as.vector(as.matrix(wh[i,1])),] !=g[as.vector(as.matrix(wh[i,2])),]
     Genotype_Filter$geno[[j]]$data[as.vector(as.matrix(wh[i,1])), tozero] <- NA
    }
  }
  
}

### Omit individuals with > 0.81 
Genotype_Filter <- subset(Genotype_Filter, ind=-wh[,2])
cg <- comparegeno(Genotype_Filter)

pdf("/NSZ_LM/Hist2.pdf")
hist(cg[lower.tri(cg)], breaks=seq(0, 1, len=164), xlab="No. matching genotypes", col='gray')
rug(cg[lower.tri(cg)])
dev.off()

summary(Genotype_Filter)#268 1592
    RI strains via selfing
    No. individuals:    268

    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1592
    No. markers:        156 245 252 179 131 147 125 87 153 117
    Percent genotyped:  96.8
    Genotypes (%):      AA:49.8  BB:50.2


### Find duplicate markers
print(dup <- findDupMarkers(Genotype_Filter, exact.only=FALSE))  #,adjacent.only=TRUE

### Drop duplicate markers
Genotype_Filter <- drop.markers(Genotype_Filter, unlist(dup))
summary(Genotype_Filter) #268 1374
    RI strains via selfing
    No. individuals:    268
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1374
    No. markers:        135 213 216 146 116 126 108 72 136 106
    Percent genotyped:  96.8
    Genotypes (%):      AA:49.7  BB:50.3

print(dup <- findDupMarkers(Genotype_Filter, exact.only=FALSE))

### Drop duplicate genotypes
cg <- comparegeno(Genotype_Filter)

### Find markers with segragation distortion
gt <- geno.table(Genotype_Filter)
gt[gt$P.value < 0.05/totmar(Genotype_Filter),]

### Drop distorted markers
todrop <- rownames(gt[gt$P.value < 1e-3,])
Genotype_Filter <- drop.markers(Genotype_Filter, todrop)
summary(Genotype_Filter) #268 1351
    No. individuals:    268
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1351
    No. markers:        131 213 216 140 110 125 108 70 136 102
    Percent genotyped:  96.8
    Genotypes (%):      AA:49.7  BB:50.3


### Study Genotype Frequencies
g <- pull.geno(Genotype_Filter)
gfreq <- apply(g, 1, function(a) table(factor(a, levels=1:3)))
gfreq <- t(t(gfreq) / colSums(gfreq))


pdf("/NSZ_LM/geno_freq.pdf")
par(mfrow=c(1,3), las=1)
for(i in 1:3)
  plot(gfreq[i,], ylab="Genotype frequency", main=c("AA", "BB", "AB")[i],
   	ylim=c(0,1), cex=1.5, col='lightslategray')
dev.off()

g <- pull.geno(Genotype_Filter)
gfreq <- apply(g, 1, function(a) table(factor(a, levels=1:2)))
gfreq <- t(t(gfreq) / colSums(gfreq))

pdf("/NSZ_LM/geno_freq2.pdf")
par(mfrow=c(1,2), las=1)
for(i in 1:2)
  plot(gfreq[i,], ylab="Genotype frequency", main=c("Alleles from BTx623 (AA)", "Alleles from NSZ (BB)")[i],
   	ylim=c(0,1), cex=1.2, col='black', xlab=' Number of the RIL line',
   	cex.axis=1.2, cex.lab=1.2, pch=21)
dev.off()

summary(Genotype_Filter)#268 1351
    RI strains via selfing
    No. individuals:    268
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1351
    No. markers:        131 213 216 140 110 125 108 70 136 102
    Percent genotyped:  96.8
    Genotypes (%):      AA:49.7  BB:50.3

loglik <- err <- c(0.001, 0.0025, 0.005, 0.0075, 0.01, 0.0125, 0.015, 0.0175, 0.02)
for(i in seq(along=err)) {
cat(i, "of", length(err), "\n")
tempmap <- est.map(Genotype_Filter, error.prob=err[i])
loglik[i] <- sum(sapply(tempmap, attr, "loglik"))
}

1 of 9
2 of 9
3 of 9
4 of 9
5 of 9
6 of 9
7 of 9
8 of 9
9 of 9

lod <- (loglik - max(loglik))/log(10)

pdf("/NSZ_LM/Geno_Error_Rate_Selection.pdf")
plot(err, lod, xlab="Genotyping error rate", xlim=c(0,0.02), ylab=expression(paste(log[10], " likelihood")))
dev.off()

###  Identifying genotyping errors
newmap <- est.map(Genotype_Filter, error.prob=0.005)

Genotype_Filter <- replace.map(Genotype_Filter, newmap)
Genotype_Filter <- calc.errorlod(Genotype_Filter)
top <- top.errorlod(Genotype_Filter, cutoff=5)

pdf("/NSZ_LM/geno_freq.pdf")
plot.geno(Genotype_Filter, 10, top$id[top$chr==10], cutoff=5)
dev.off()

### Counting crossovers
nxo <- countXO(Genotype_Filter)

pdf("/NSZ_LM/Crossovers.pdf")
plot(nxo, ylab="Nos. of crossovers")
dev.off()


#remove RILs with high crossovers
summaryMap(Genotype_Filter)
   n.mar length ave.spacing max.spacing
1         131  147.5         1.1        11.6
2         213  175.2         0.8        13.9
3         216  187.7         0.9         8.0
4         140  122.6         0.9         6.8
5         110  146.8         1.3        19.9
6         125  135.7         1.1        21.4
7         108  142.3         1.3        10.5
8          70  125.5         1.8        22.0
9         136  128.1         0.9         6.9
10        102  150.4         1.5        20.6
overall  1351 1461.8         1.1        22.0


Genotype_Filter<- subset(Genotype_Filter, ind=(countXO(Genotype_Filter) < 80))

newmap <- est.map(Genotype_Filter, error.prob=0.005)
Genotype_Filter <- replace.map(Genotype_Filter, newmap)
summaryMap(Genotype_Filter)
n.mar length ave.spacing max.spacing
1         131  139.0         1.1        10.9
2         213  166.0         0.8        14.0
3         216  178.4         0.8         6.9
4         140  116.6         0.8         6.6
5         110  143.3         1.3        19.4
6         125  136.7         1.1        20.8
7         108  134.5         1.3         9.1
8          70  123.2         1.8        21.4
9         136  123.8         0.9         7.0
10        102  142.5         1.4        19.5
overall  1351 1404.0         1.0        21.4

summary(Genotype_Filter) #257 1351
    No. individuals:    257
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1351
    No. markers:        131 213 216 140 110 125 108 70 136 102
    Percent genotyped:  96.8
    Genotypes (%):      AA:49.6  BB:50.4


#Repeat TWICE, drop bad SNPs which impact the length of chr
dropone_6 <- droponemarker(Genotype_Filter, chr=6, error.prob=0.005)
badmar6 <- rownames(summary(dropone_6, lod.column=2))

dropone_5 <- droponemarker(Genotype_Filter, chr=5, error.prob=0.005)
badmar5 <- rownames(summary(dropone_5, lod.column=2))

dropone_8 <- droponemarker(Genotype_Filter, chr=8, error.prob=0.005)
badmar8 <- rownames(summary(dropone_8, lod.column=2))

dropone_10 <- droponemarker(Genotype_Filter, chr=10, error.prob=0.005)
badmar10 <- rownames(summary(dropone_10, lod.column=2))


Genotype_Filter <- drop.markers(Genotype_Filter, badmar6)
Genotype_Filter <- drop.markers(Genotype_Filter, badmar8)
Genotype_Filter <- drop.markers(Genotype_Filter, badmar5)
Genotype_Filter <- drop.markers(Genotype_Filter, badmar10)

# Reestimate map
newmap <- est.map(Genotype_Filter, error.prob=0.005)

#replace estimated map
Genotype_Filter <- replace.map(Genotype_Filter, newmap)
summaryMap(Genotype_Filter)
          n.mar length ave.spacing max.spacing
1         131  139.0         1.1        10.9
2         213  166.0         0.8        14.0
3         216  178.4         0.8         6.9
4         140  116.6         0.8         6.6
5         108  140.2         1.3        20.8
6         123  139.6         1.1        32.2
7         108  134.5         1.3         9.1
8          68  122.0         1.8        26.7
9         136  123.8         0.9         7.0
10        100  142.2         1.4        19.3
overall  1343 1402.3         1.1        32.2

#Repeat Chr6 droponemarker step twice
dropone_6 <- droponemarker(Genotype_Filter, chr=6, error.prob=0.005)
badmar6 <- rownames(summary(dropone_6, lod.column=2))
Genotype_Filter <- drop.markers(Genotype_Filter, badmar6)
newmap <- est.map(Genotype_Filter, error.prob=0.005)
Genotype_Filter <- replace.map(Genotype_Filter, newmap)
summaryMap(Genotype_Filter)
   n.mar length ave.spacing max.spacing
1         131  139.0         1.1        10.9
2         213  166.0         0.8        14.0
3         216  178.4         0.8         6.9
4         140  116.6         0.8         6.6
5         108  140.2         1.3        20.8
6         121  140.9         1.2        32.2
7         108  134.5         1.3         9.1
8          68  122.0         1.8        26.7
9         136  123.8         0.9         7.0
10        100  142.2         1.4        19.3
overall  1341 1403.6         1.1        32.2

pdf("/NSZ_LM/crossover2.pdf")
plot(countXO(Genotype_Filter), ylab="Number of crossovers")
dev.off()


pdf("/NSZ_LM/plotmap1.pdf")
par(cex=0.1, cex.axis=2, cex.lab=2)
plotMap(Genotype_Filter, show.marker.names=TRUE)
dev.off()


lod <- (loglik - max(loglik))/log(10)

pdf("/NSZ_LM/Geno_Error_Rate_Selection.pdf")
plot(err, lod, xlab="Genotyping error rate", xlim=c(0,0.02), ylab=expression(paste(log[10], " likelihood")))
dev.off()

### Plot LOD score against RF
rf <- pull.rf(Genotype_Filter)
lod <- pull.rf(Genotype_Filter, what="lod")

pdf("/NSZ_LM/FinalPlot.pdf")
plot(as.numeric(rf), as.numeric(lod),
 	xlab="Recombination fraction", ylab="LOD score", col='lightslategray')
dev.off()

write.cross(Genotype_Filter,format=c("csv"), filestem="ChillRIL_NSZ_LM")





[bookmark: _eimd08aobxy]Kao linkage map construction
library(qtl)
Genotype_Filter <- read.cross(format="csv", dir="", "Kao_BTx623_RQtl_v2", estimate.map=FALSE,
na.strings=c("-","N","NA","H"), genotypes=c("A", "B"))
256  individuals
	1283  markers
                       	 
### Force dataset into RIL crosstype
class(Genotype_Filter)[1] <- "riself"
summary(Genotype_Filter)
    RI strains via selfing
    No. individuals:    256
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1283
    No. markers:        93 236 178 102 125 158 89 70 109 123
    Percent genotyped:  98.1
    Genotypes (%):      AA:50.9  BB:49.1

Genotype_Filter <- jittermap(Genotype_Filter)  ## It jitters the SNP positions in a genetic map
## so that no two markers are on top of each other

### Plot Missing data
pdf("/Kao_LM/LM_Missing1.pdf")
plotMissing(Genotype_Filter)
dev.off()


### Look at missing genotypes per marker
pdf("/Kao_LM/Geno_Missing1.pdf")
par(mfrow=c(1,2), las=1)
plot(ntyped(Genotype_Filter), ylab="No. typed markers", main="No. genotypes by individual", col='lightslategray')
plot(ntyped(Genotype_Filter, "mar"), ylab="No. typed individuals", col='lightslategray',
 	main="No. genotypes by marker")
dev.off()

### Omit individuals ##
Genotype_Filter <- subset(Genotype_Filter, ind=(ntyped(Genotype_Filter)>1220))
summary(Genotype_Filter) #245 1283

pdf("/Kao_LM/Geno_Missing2.pdf")
par(mfrow=c(1,2), las=1)
plot(ntyped(Genotype_Filter), ylab="No. typed markers", main="No. genotypes by individual", col='lightslategray')
plot(ntyped(Genotype_Filter, "mar"), ylab="No. typed individuals", col='lightslategray',
 	main="No. genotypes by marker")
dev.off()

### Omit markers with missing data
nt.bymar <- ntyped(Genotype_Filter, "mar")
todrop <- names(nt.bymar[nt.bymar < 220]) #change the value of nt.bymar 
Genotype_Filter <- drop.markers(Genotype_Filter, todrop)
summary(Genotype_Filter) #245 1269
    No. individuals:    245
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1269
    No. markers:        93 234 177 100 122 155 89 67 109 123
    Percent genotyped:  98.7
    Genotypes (%):      AA:50.9  BB:49.1

pdf("/Kao_LM/LM_Missing2.pdf")
plotMissing(Genotype_Filter)
dev.off()

pdf("/Kao_LM/Geno_Missing3.pdf")
par(mfrow=c(1,2), las=1)
plot(ntyped(Genotype_Filter), ylab="No. typed markers", main="No. genotypes by individual", col='lightslategray')
plot(ntyped(Genotype_Filter, "mar"), ylab="No. typed individuals", col='lightslategray',
 	main="No. genotypes by marker")
dev.off()

### Identify duplicate individuals
cg <- comparegeno(Genotype_Filter)

pdf("/Kao_LM/Hist1.pdf")
hist(cg[lower.tri(cg)], breaks=seq(0, 1, len=200), xlab="No. matching genotypes", col='gray')
rug(cg[lower.tri(cg)])
dev.off()


### Omit mismatched genotypes
wh <- which(cg > 0.81, arr=TRUE)
wh <- wh[wh[,1] < wh[,2],]
wh

g <- pull.geno(Genotype_Filter)
table(g[8,], g[19,])
# 1	2
  1 428 315
  2 274 234

for(j in 1:10){
  g <- pull.geno(Genotype_Filter, chr=j)
  for(i in 1:nrow(wh)){
    if(nrow(g)<as.vector(as.matrix(wh[i,1]))|nrow(g)< as.vector(as.matrix(wh[i,2]))){
      next} else {
      tozero <- !is.na(g[as.vector(as.matrix(wh[i,1])),]) & !is.na(g[as.vector(as.matrix(wh[i,2])),]) & g[as.vector(as.matrix(wh[i,1])),] !=g[as.vector(as.matrix(wh[i,2])),]
     Genotype_Filter$geno[[j]]$data[as.vector(as.matrix(wh[i,1])), tozero] <- NA
    }
  }
  
}


### Omit individuals
Genotype_Filter <- subset(Genotype_Filter, ind=-wh[,2])
cg <- comparegeno(Genotype_Filter)

pdf("/Kao_LM/Hist2.pdf")
hist(cg[lower.tri(cg)], breaks=seq(0, 1, len=164), xlab="No. matching genotypes", col='gray')
rug(cg[lower.tri(cg)])
dev.off()

summary(Genotype_Filter)#223 1269
    No. individuals:    223
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1269
    No. markers:        93 234 177 100 122 155 89 67 109 123
    Percent genotyped:  98.2
    Genotypes (%):      AA:50.8  BB:49.2
 
### Find duplicate markers
print(dup <- findDupMarkers(Genotype_Filter, exact.only=FALSE))  #,adjacent.only=TRUE

### Drop duplicate markers
Genotype_Filter <- drop.markers(Genotype_Filter, unlist(dup))
summary(Genotype_Filter) #223 1062
    RI strains via selfing
    No. individuals:    223
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1062
    No. markers:        85 186 154 81 105 125 63 57 93 113
    Percent genotyped:  98.1
    Genotypes (%):      AA:50.8  BB:49.2

print(dup <- findDupMarkers(Genotype_Filter, exact.only=FALSE))

### Drop duplicate genotypes
cg <- comparegeno(Genotype_Filter)

### Find markers with segragation distortion
gt <- geno.table(Genotype_Filter)
gt[gt$P.value < 0.05/totmar(Genotype_Filter),]

### Drop distorted markers
todrop <- rownames(gt[gt$P.value < 1e-3,])
Genotype_Filter <- drop.markers(Genotype_Filter, todrop)
summary(Genotype_Filter) #223 1051
    RI strains via selfing
    No. individuals:    223
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1051
    No. markers:        84 186 152 77 105 125 61 57 91 113
    Percent genotyped:  98.1
    Genotypes (%):      AA:50.7  BB:49.3

### Study Genotype Frequencies
g <- pull.geno(Genotype_Filter)
gfreq <- apply(g, 1, function(a) table(factor(a, levels=1:3)))
gfreq <- t(t(gfreq) / colSums(gfreq))


pdf("/Kao_LM/geno_freq.pdf")
par(mfrow=c(1,3), las=1)
for(i in 1:3)
  plot(gfreq[i,], ylab="Genotype frequency", main=c("AA", "BB", "AB")[i],
   	ylim=c(0,1), cex=1.5, col='lightslategray')
dev.off()

g <- pull.geno(Genotype_Filter)
gfreq <- apply(g, 1, function(a) table(factor(a, levels=1:2)))
gfreq <- t(t(gfreq) / colSums(gfreq))

pdf("/Kao_LM/geno_freq2.pdf")
par(mfrow=c(1,2), las=1)
for(i in 1:2)
  plot(gfreq[i,], ylab="Genotype frequency", main=c("Alleles from BTx623 (AA)", "Alleles from Kao (BB)")[i],
   	ylim=c(0,1), cex=1.2, col='black', xlab=' Number of the RIL line',
   	cex.axis=1.2, cex.lab=1.2, pch=21)
dev.off()

summary(Genotype_Filter) #223 1051
    RI strains via selfing
    No. individuals:    223
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10
    Total markers:      1051
    No. markers:        84 186 152 77 105 125 61 57 91 113
    Percent genotyped:  98.1
    Genotypes (%):      AA:50.7  BB:49.3

loglik <- err <- c(0.001, 0.0025, 0.005, 0.0075, 0.01, 0.0125, 0.015, 0.0175, 0.02)
for(i in seq(along=err)) {
cat(i, "of", length(err), "\n")
tempmap <- est.map(Genotype_Filter, error.prob=err[i])
loglik[i] <- sum(sapply(tempmap, attr, "loglik"))
}

1 of 9
2 of 9
3 of 9
4 of 9
5 of 9
6 of 9
7 of 9
8 of 9
9 of 9

lod <- (loglik - max(loglik))/log(10)

pdf("/Kao_LM/Geno_Error_Rate_Selection.pdf")
plot(err, lod, xlab="Genotyping error rate", xlim=c(0,0.02), ylab=expression(paste(log[10], " likelihood")))
dev.off()

###  Identifying genotyping errors
newmap <- est.map(Genotype_Filter, error.prob=0.005)

Genotype_Filter <- replace.map(Genotype_Filter, newmap)
Genotype_Filter <- calc.errorlod(Genotype_Filter)
top <- top.errorlod(Genotype_Filter, cutoff=5)

pdf("/Kao_LM/geno_freq.pdf")
plot.geno(Genotype_Filter, 10, top$id[top$chr==10], cutoff=5)
dev.off()

### Counting crossovers
nxo <- countXO(Genotype_Filter)

pdf("/Kao_LM/Crossovers.pdf")
plot(nxo, ylab="Nos. of crossovers")
dev.off()

#remove RILs with high crossovers
Genotype_Filter<- subset(Genotype_Filter, ind=(countXO(Genotype_Filter) < 80))

newmap <- est.map(Genotype_Filter, error.prob=0.005)
summaryMap(Genotype_Filter)
          n.mar length ave.spacing max.spacing
1          84  174.4         2.1        77.0
2         186  196.2         1.1         9.0
3         152  174.5         1.2         8.6
4          77 1059.9        13.9       966.8
5         105  131.4         1.3         7.1
6         125  129.8         1.0        12.8
7          61  125.2         2.1        31.0
8          57   87.9         1.6        26.9
9          91  104.1         1.2         8.2
10        113  134.3         1.2        11.5
overall  1051 2317.6         2.2       966.8

#Genotype_Filter_copy <- Genotype_Filter
#Genotype_Filter <- Genotype_Filter_copy

summary(Genotype_Filter)#219 1051
    No. individuals:    219
    No. phenotypes:     1
    Percent phenotyped: 100
    No. chromosomes:    10
        Autosomes:      1 2 3 4 5 6 7 8 9 10

    Total markers:      1051
    No. markers:        84 186 152 77 105 125 61 57 91 113
    Percent genotyped:  98.2
    Genotypes (%):      AA:50.5  BB:49.5

#plot chromosome 4 as its too long
pdf("/Kao_LM/plotmap1.pdf")
par(cex=0.1, cex.axis=2, cex.lab=2)
plotMap(Genotype_Filter, show.marker.names=TRUE)
dev.off()

#plot chromosome 4 as its too long
pdf("/Kao_LM/plotmap2.pdf")
par(cex=0.1, cex.axis=2, cex.lab=2)
plotMap(Genotype_Filter, show.marker.names=TRUE,chr=4)
dev.off()

Troubleshooting
rf <- pull.rf(Genotype_Filter)
lod <- pull.rf(Genotype_Filter, what="lod")

#view markers on chr4
mn4 <- markernames(Genotype_Filter, chr=4)
mn4

pdf("/Kao_LM/RFPLOT.pdf")
plot(rf, mn4[3], bandcol="gray70", ylim=c(0,1), alternate.chrid=TRUE)
abline(h=0.5, lty=2)
plot(lod, mn4[3], bandcol="gray70", alternate.chrid=TRUE)
dev.off()

badmar4.1 <- c("S4_11734706","S4_12642773", "S4_13845720", "S4_13988487", "S4_15153065", "S4_25788939", "S4_41634203", "S4_43702926")

Genotype_Filter <- drop.markers(Genotype_Filter, badmar4.1)
newmap <- est.map(Genotype_Filter, error.prob=0.005)
#replace estimated map
Genotype_Filter <- replace.map(Genotype_Filter, newmap)
summaryMap(Genotype_Filter)



n.mar length ave.spacing max.spacing
1          84  168.7         2.0        79.8
2         186  183.7         1.0         8.8
3         152  161.1         1.1         8.8
4          69  198.7         2.9       118.7
5         105  119.8         1.2         6.6
6         125  121.3         1.0        13.2
7          61  121.4         2.0        30.3
8          57   86.3         1.5        27.8
9          91   94.2         1.0         7.3
10        113  125.9         1.1        11.2
overall  1043 1381.2         1.3       118.7


#Check chromosome 4 after dropping markers
pdf("/Kao_LM/plotmap3.pdf")
par(cex=0.1, cex.axis=2, cex.lab=2)
plotMap(Genotype_Filter, show.marker.names=TRUE)
dev.off()


#Check chromosome 4 after dropping markers
pdf("/Kao_LM/plotmap4.pdf")
par(cex=0.1, cex.axis=2, cex.lab=2)
plotMap(Genotype_Filter, show.marker.names=TRUE,chr=4)
dev.off()

#Calculate rf after dropping problematic markers
rf <- pull.rf(Genotype_Filter)
lod <- pull.rf(Genotype_Filter, what="lod")
pdf("/Kao_LM/RFPLOT2.pdf")
plot(rf, mn4[3], bandcol="gray70", ylim=c(0,1), alternate.chrid=TRUE)
abline(h=0.5, lty=2)
plot(lod, mn4[3], bandcol="gray70", alternate.chrid=TRUE)
dev.off()

summaryMap(Genotype_Filter)
n.mar length ave.spacing max.spacing
1          84  168.7         2.0        79.8
2         186  183.7         1.0         8.8
3         152  161.1         1.1         8.8
4          69  198.7         2.9       118.7
5         105  119.8         1.2         6.6
6         125  121.3         1.0        13.2
7          61  121.4         2.0        30.3
8          57   86.3         1.5        27.8
9          91   94.2         1.0         7.3
10        113  125.9         1.1        11.2
overall  1043 1381.2         1.3       118.7


lod <- (loglik - max(loglik))/log(10)

pdf("/Kao_LM/Geno_Error_Rate_Selection.pdf")
plot(err, lod, xlab="Genotyping error rate", xlim=c(0,0.02), ylab=expression(paste(log[10], " likelihood")))
dev.off()

### Plot LOD score against RF
rf <- pull.rf(Genotype_Filter)
lod <- pull.rf(Genotype_Filter, what="lod")

pdf("/Kao_LM/FinalPlot.pdf")
plot(as.numeric(rf), as.numeric(lod),
 	xlab="Recombination fraction", ylab="LOD score", col='lightslategray')
dev.off()

write.cross(Genotype_Filter,format=c("csv"), filestem="ChillRIL_Kao_LM_v2")



[bookmark: _65r07zyef9xy]QTL Mappping with BLUPs with LPmerge package
# LPmerge package in R to merge all linkage maps from the three families.

SbCT_Hapmap <- read.delim("SbCT_Hapmap3.hmp.txt", header=T)
dim(SbCT_Hapmap) #43320   761

snp2 <- as.vector(as.matrix(colnames(SbCT_Hapmap[, -c(1:11)])))
snps_2 <- substr(snp2,2, 25) #784 # remove X which is the first character
snps_2 <- paste("X",snps_2,sep="")

snps_2[750] <- "BTx623_P"
snps_2[749] <- "HKZ_P" #15FS832_HKZ_P,
snps_2[10] <- "Kao_P" #14FS102_Kao_P


tmp <-  as.vector(as.matrix(colnames(SbCT_Hapmap[,c(1:11)])))
names(SbCT_Hapmap) <- c(tmp, snps_2)
dim(SbCT_Hapmap) 

LM_Parents <- SbCT_Hapmap[,c(1:11,grep("_P", colnames(SbCT_Hapmap)))]
LM_Parents <- LM_Parents[,-13] #remove HKZ_P
LM_Parents[1:3,1:13]


#Separating individual families for genetic linkage map data arrangement
SbCT_Hapmap <-SbCT_Hapmap[,-grep("_P", colnames(SbCT_Hapmap))]

#data is on beocat at: 
/QTL_BLUPs/AllFieldSeasons_BLUP.csv

AllFieldSeasons_BLUP.csv

write.table(SbCT_Hapmap, "SbCT_Hapmap_Final.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)

write.table(LM_Parents, "LM_Parents_Final.hmp.txt", sep="\t", quote=F, row.names=F, col.names=T)

myG <- SbCT_Hapmap

#Converting HapMap format to numerical under model of Middle
myGAPIT <- GAPIT(G=myG, output.numerical=TRUE)

dat=myGAPIT$GD

srun --mem=120G --time=12:00:00 --pty /bin/bash
module load R

library(qtl)

chilril <- read.cross("csv", "/QTL_BLUPs/", "CTRIL.rqtData.csv", genotypes=c("A", "B"), na.strings=c("-","N","NA","H"))



	#install only needs to be done once
install.packages("qtl")

#load R/qtl package
library(qtl)

#load geno/pheno data
chillril <- read.cross("csvsr", "/QTL_BLUPs/", "SbCT_Hapmap3.hmp.csv", "AllFieldSeasons_BLUP.csv", na.strings=c("-"), alleles=c("A","B"))

#convert data to RIL data (converts hets to missing)
chillril <- convert2riself(chillril)

#calculate geno probiblity
chillril.qtl <- calc.genoprob(chillril)

#perform SM QTL analysis
qtl.Emer <- scanone(chillril.qtl, pheno.col='Emer.BLUP')
qtl.SV <- scanone(chillril.qtl, pheno.col='SV.BLUP')
qtl.SV2 <- scanone(chillril.qtl, pheno.col='SV2.BLUP')
qtl.Selct <- scanone(chillril.qtl, pheno.col='Selct.BLUP')

#perform permutations for QTL
perm.Emer <- scanone(chillril.qtl, pheno.col='Emer.BLUP', n.perm=1000)
perm.SV <- scanone(chillril.qtl, pheno.col='SV.BLUP', n.perm=1000)
perm.SV2 <- scanone(chillril.qtl, pheno.col='SV2.BLUP', n.perm=1000)
perm.Selct <- scanone(chillril.qtl, pheno.col='Selct.BLUP', n.perm=1000)

#display qtl graph
pdf("/QTL_BLUPs/QTL_BLUPs.pdf")
plot(qtl.Emer,qtl.SV,qtl.SV2,col=c("blue","darkgreen","red"), lwd=0.5)
add.threshold(qtl.Emer, perms=perm.Emer, alpha=0.05, col="dark green")
dev.off()

pdf("/QTL_BLUPs/QTL_BLUPs_2.pdf")
plot(qtl.Emer,qtl.SV,qtl.Selct, col=c("blue","darkgreen","red"), lwd=0.5)
add.threshold(qtl.Emer, perms=perm.Emer, alpha=0.05, col="dark green")
dev.off()

pdf("/QTL_BLUPs/Selct_BLUPs.pdf")
plot(qtl.Selct, col=c("blue"), lwd=0.5)
dev.off()




#add threshold from permutations to the QTL graph (graph needs to still be open)
add.threshold(qtl.chillb1avg, perms=perm.chillb1avg, alpha=0.05, col="dark green")
add.threshold(qtl.vigor1b1avg, perms=perm.vigor1b1avg, alpha=0.05, col="red")
add.threshold(qtl.vigor2b1avg, perms=perm.vigor2b1avg, alpha=0.05, col="blue")

#give LOD threshold from permutations
summary(perm.Emer, alpha=0.05)
    lod
5% 4.34

summary(perm.SV, alpha=0.05) #4.4
summary(perm.SV2, alpha=0.05) #4.39
summary(perm.Selct, alpha=0.05) - need to do


#give the QTLs above threshold (perms='' for permutation, threshold=# for actual value)
summary(qtl.Emer, perms=perm.Emer, alpha=0.05, pvalues=TRUE)
                          chr      pos   lod pval
S1_12558738    1 12558738  7.18    0
S2_5382875     2  5382875  8.40    0
S3_63918249    3 63918249  8.63    0
S4_62184162    4 62184162 12.20    0
S5_69535163    5 69535163  9.49    0
S6_53933673    6 53933673  7.09    0
S7_59915577    7 59915577 11.70    0
S8_4388021     8  4388021  7.34    0
S9_53124824    9 53124824  7.55    0
S10_10046078  10 10046078  7.88    0

summary(qtl.SV, perms=perm.SV, alpha=0.05, pvalues=TRUE)
     chr      pos   lod pval
S1_57941438    1 57941438 17.70    0
S2_62973778    2 62973778 12.61    0
S3_5689724     3  5689724 13.40    0
S4_62215490    4 62215490 17.11    0
S5_5582190     5  5582190 12.31    0
S6_58759737    6 58759737  8.63    0
S7_10048179    7 10048179 20.20    0
S8_61209232    8 61209232 10.25    0
S9_55204841    9 55204841 12.37    0
S10_52238326  10 52238326 13.55    0

summary(qtl.SV2, perms=perm.SV2, alpha=0.05, pvalues=TRUE)
             chr      pos   lod  pval
S1_13526795    1 13526795 10.69 0.000
S2_7447993     2  7447993 13.21 0.000
S3_8104580     3  8104580  8.80 0.000
S4_62208068    4 62208068 11.69 0.000
S5_5581722     5  5581722  9.99 0.000
S6_58759737    6 58759737  5.61 0.004
S7_10048179    7 10048179 11.38 0.000
S8_56694166    8 56694166  9.02 0.000
S9_5860766     9  5860766  7.19 0.000
S10_52238326  10 52238326 10.26 0.000
       
summary(qtl.Selct, perms=perm.SV2, alpha=0.05, pvalues=TRUE)
S1_13526795    1 13526795 11.03 0.000
S2_7447968     2  7447968 12.96 0.000
S3_10400422    3 10400422  9.51 0.000
S4_62215490    4 62215490  9.64 0.000
S5_5581722     5  5581722  8.25 0.000
S6_58759737    6 58759737  4.81 0.016
S7_961690      7   961690  9.87 0.000
S8_56694166    8 56694166  9.60 0.000
S9_5860766     9  5860766  5.65 0.004
S10_52238326  10 52238326  9.64 0.000

#calculate the intervals for QTLs (1.5 LOD interval)
lodint(qtl.Emer,chr=1, drop=1.5)
lodint(qtl.SV, chr=4, drop=1.5)
lodint(qtl.SV2, chr=9, drop=1.5)






[bookmark: _i0u1r5itcudl]QTL mapping script

####### RQTL Composite Mapping
rm(list=ls())
setwd("/QTL Mapping Results/BLUPs QTL")
library(qtl)
parents <- c("NSZ", "HKZ", "Kao")
for (i in 1:3) #:3
{
  mycross <- read.cross("csvs", genfile=paste("ColdGeno_Fam", i, ".csv", sep=""), 
                        phefile=paste("ColdPheno_Fam",i,".csv",sep=""), crosstype="riself", genotypes=c("AA","BB"), alleles=c("A","B"),
                        na.strings = c("-", "N", "NA"))
  mycross <- calc.genoprob(mycross, step=1, error.prob=0.0001, map.function="haldane", stepwidth="fixed")
  
  phenotype_names <- c(phenames(mycross))
  phenotype_names
  
  for(j in 2:length(phenotype_names)){ #: length(phenotype_names)
    
    out_cim1 <- assign(paste("out_fam",i, "_cim", j,sep=""), cim(mycross, pheno.col=j, n.marcovar=3, method="em")) 
    
    ## 100 Permutations
    operm <- cim(mycross, pheno.col=j, method="em", n.perm=100)
    
    QTLs_Phen=summary(out_cim1, perm=operm, lodcolumn=1, alpha=0.30)
    write.table(QTLs_Phen, paste("Fam_QTL",parents[i], phenotype_names[j],".txt", sep="_"), quote=F,sep="\t")
    
    ## Plot scan plot
    pdf(paste("QTL_Plot",parents[i], phenotype_names[j],".pdf", sep=""), width=15, height=5, paper='special')
    plot(out_cim1, chr=c(1,2,3,4,5,6,7,8,9,10), col="blue", main=paste("Fam_QTL",parents[i], phenotype_names[j], sep=" "))
    add.cim.covar(out_cim1, chr=c(1,2,3,4,5,6,7,8,9,10))
    add.threshold(out_cim1, chr=c(1,2,3,4,5,6,7,8,9,10), perms=operm, alpha=0.20, col="red", lty=1)
    dev.off()
    
    LODs <- as.vector(QTLs_Phen$lod)
    N <- nind(mycross)
    PVE <- function(l, N){
      x <- (1 - 10^(-(2/N)*l))*100
      return(x)
    }
    postn <- as.vector(QTLs_Phen$pos)
    chrom <- as.vector(QTLs_Phen$chr)
    
    write.table(t(data.frame(c("QTL", "Pop Size", "LOD", "PGVE", "EffSize", "parent", "phenotype"))), 
                paste("PVEffect_QTL_",parents[i], phenotype_names[j],".txt", sep=""), sep="\t", append=T, quote=F,
                row.names=F, col.names=F)                       
    for(a in 1:nrow(QTLs_Phen)){
      
      mname_Phen <- rownames(QTLs_Phen)[a]
      if(nrow(QTLs_Phen)==0){
        next
      } else {	x <- grepl("c", mname_Phen)
      if(x==TRUE){
        next      
      } 
      else {
        snp <-  mname_Phen
        
        qtlEFF <- effectplot(mycross, pheno.col=j, mname_Phen)
        adEff <- qtlEFF$Means[[1]] - qtlEFF$Means[[2]]          
      }
      }
      
      l <- LODs[a]                           
      percentGenVar <- PVE(l,N)
      write.table(t(data.frame(c(mname_Phen[1], N[1], LODs[a], percentGenVar[1], adEff[1], parents[i],phenotype_names[j]))), paste("PVEffect_QTL_",parents[i], phenotype_names[j], ".txt", sep=""), sep="\t", append=T, quote=F, row.names=F, col.names=F)
    }#a
    
  }#j
  
}#i


## End of Script


########################## Pseudomarker PVE estimation ########################## 
rm(list=ls())
setwd("/Users/smarla/Desktop/Test/")
library(qtl)
parents <- c("NSZ", "HKZ", "Kao")
for (i in 1:3) #:3
 i <- 2 #change family number as above
  mycross <- read.cross("csvs", genfile=paste("ColdGeno_Fam", i, ".csv", sep=""), 
                        phefile=paste("ColdPheno_Fam",i,".csv",sep=""), crosstype="riself", genotypes=c("AA","BB"), alleles=c("A","B"),
                        na.strings = c("-", "N", "NA"))
  mycross <- calc.genoprob(mycross, step=1, error.prob=0.0001, map.function="haldane", stepwidth="fixed")
  
  find.marker(mycross, chr=6,pos=42)
  
  



[bookmark: _7nomhr2smbgy]JL mapping scripts
SbCT_Hapmap <- read.delim("SbCT_GBS/SNP_data/SbCT_Hapmap.hmp.txt", header=T)
dim(SbCT_Hapmap) # 61428   795
 
SbCT_ASmap <- read.delim("SbCT_composite_ASMapR.txt", header=T)
dim(SbCT_ASmap) # 43320   751
 
#To remove X from genotype name from Hapmap and
# remove first 11 rows
snp2 <- as.vector(as.matrix(colnames(SbCT_Hapmap[, -c(1:11)])))
snps_2 <- substr(snp2,2, 25) #784 # remove X which is the first character
 
#X was added to only ChillRILs starting with numerical names but not alphabetical RIL names – change Tx623 to BTx623 and so on
snps_2.copy <- snps_2
snps_2[781] <- "BTx623_P"
snps_2[782] <- "HKZ_P"
snps_2[783] <- "Kao_P"
snps_2[784] <- "NSZ_P"
 
tmp <-  as.vector(as.matrix(colnames(SbCT_Hapmap[,c(1:11)])))
names(SbCT_Hapmap) <- c(tmp, snps_2) #merge snps_2 with 1st 11 rows of hmp data
 
dim(SbCT_Hapmap) #61428   795
 
#To remove X from genotype name from ASmap, merge ASmap and Hapmap files
SbCT_ASmap[1:6, 1:6]
snps <- as.vector(as.matrix(colnames(SbCT_ASmap[,-1])))
length(snps) #750
snps_1 <- substr(snps,2, 20)
 
snps_1_copy <- snps_1
snps_1[750] <- "BTx623_P"
 
SbCT_ASmap2 <- SbCT_ASmap[,-1]
SbCT_ASmap2[1:6, 1:6]
 
rownames(SbCT_ASmap2) <- SbCT_ASmap$locus_name
SbCT_ASmap2[1:6, 1:6]
 
names(SbCT_ASmap2) <- snps_1 #add RILs names without X in the start
SbCT_ASmap2[1:6, 1:6]
 
SbCT_Hapmap2 <- SbCT_Hapmap[,c(1:11, match(colnames(SbCT_ASmap2), colnames(SbCT_Hapmap)))] # keep low het RILs
 
dim(SbCT_Hapmap2) #61428   761
dim(SbCT_Hapmap) #61428   795
 
SbCT_Hapmap3 <- SbCT_Hapmap2[match(rownames(SbCT_ASmap2), SbCT_Hapmap2$rs.),] #keep low het SNPs
 
dim(SbCT_Hapmap) #61428   795 #after imputation
dim(SbCT_Hapmap2) #61428   761 #filtering for heterozygous RILs
dim(SbCT_Hapmap3) #43320   761 #filtering for heterozygous SNPs
[bookmark: _w9dm5tdk5qml]BLUPs JLM
[bookmark: _pub210v2mkkh]SV
cd SbCT_GBS/PVE_750RILs
module load R
R
 
BLUP <- read.delim("AllFieldSeasons_BLUP_16,17,HA18.csv", header=T, sep=",") #import BLUP data
dim(BLUP) #801 5
 
BLUP_SV_stat <- aggregate(BLUP$SV_BLUP,by = list(geno= BLUP$Genotype),FUN = function(x) c(mean = mean(x)))
dim(BLUP_SV_stat) #801 2
 
BLUP_SV_stat$Taxa <-gsub("_.+$", "", BLUP_SV_stat$geno)
BLUP_SV_stat$Family <- gsub("^.+_", "", BLUP_SV_stat$geno)
head(BLUP_SV_stat)
BLUP_SV_Final <- BLUP_SV_stat[,c(1,4,2)]
names(BLUP_SV_Final) <- c("Taxa","Family","BLUP_SV")
 
SbCT_HMP <- read.delim("SbCT_Hapmap3.hmp.txt", header=T)
dim(SbCT_HMP) # 43320  
colnames(SbCT_HMP) <- gsub("X","", colnames(SbCT_HMP))
 
SbCT_Hapmap4 <- SbCT_HMP[c(1:11, match(BLUP_SV_Final$Taxa, colnames(SbCT_HMP))),] #remove genotypes without phenotype data
 
dim(SbCT_Hapmap4) #812 761;
 
nam_sb <- colnames(SbCT_HMP)[-c(1:11)]
length(nam_sb) #750
dim(BLUP_SV_Final) #801 3
 
head(BLUP_SV_Final)
 
nam_sb[1:10]
nam_sb <- data.frame(nam_sb)
head(nam_sb)
names(nam_sb) <- "Taxa"
pheno <- merge(nam_sb, BLUP_SV_Final, by="Taxa")
dim(pheno) # 750   3
SbCT_Hapmap4 <- SbCT_HMP[, c(1:11, match(pheno$Taxa, colnames(SbCT_HMP)))]
dim(SbCT_Hapmap4) # [1] 43320   761;
head(pheno)
 
 
ph <- pheno
 
#setwd("SbCT_GBS/SNP_data/SbCT_Pheno")
data <- ph
     for(i in 3:ncol(data)){
       tab <-data.frame(data[,c(1,2)], data[,i])
       colnames(tab) <- c("Taxa", "fam", colnames(data)[i])
       cat("<Phenotype>",file=paste("tassel_",colnames(data)[i],".txt",
 sep=""), sep="\n")     
write.table(t(data.frame(c("taxa", "factor",
 "data"))), paste("tassel_", colnames(data)[i],".txt", sep=""), sep="\t", append=TRUE, quote=F, row.names=F, col.names=F)
 write.table(t(data.frame(c("Taxa","fam", colnames(data)[i]))),
 paste("tassel_", colnames(data)[i],".txt", sep=""), append=T, sep="\t",quote=F,row.names=F,col.names=F)
write.table(tab, paste("tassel_", colnames(data)[i],".txt",
 sep=""), sep="\t", append=T, quote=F, row.names=F, col.names=F)
   }
 
module load Java
cd jointlinkage/tassel-5-standalone/
 
./run_pipeline.pl -Xms50G -Xmx50G -fork1 -h SbCT_Hapmap3.hmp.txt -fork2 -r tassel_BLUP_SV.txt -combine3 -input1 -input2 -intersect -StepwiseOLSModelFitterPlugin -enter 0.001 -exit 0.001 -nperm 1000 -endPlugin -export BLUP_SV_750RILs_stepwisePerm1000.txt -runfork1 -runfork2

[bookmark: _phwc7n3yg4ie]Percentage of Variance Explained (PVE)
BLUPs <- read.delim("AllFieldSeasons_BLUP_16,17,HA18.csv", header=T, sep=",") #import BLUP data
dim(BLUPs)
names(BLUPs) <- c("Genotype"," Emer_BLUP"," SV_BLUP"," SV2_BLUP"," SV4_BLUP")
head(BLUPs)
 
Genotype   Emer_BLUP  	SV_BLUP 	SV2_BLUP    SV4_BLUP
1 12FS172_Kao -0.17013301 -0.487943836 -0.376537255 -0.49823327
2 12FS175_Kao -0.07481492  0.151380552  0.197076946  0.11506034
 
#Don’t need to run GAPIT every time
#GAPIT data
library('MASS')
library(multtest)
library(gplots)
library(compiler) #required for cmpfun
library(LDheatmap) # gives an error for LD but don’t worry
library(genetics)
library(scatterplot3d)
library(EMMREML)
library(ape)
 
source("http://zzlab.net/GAPIT/gapit_functions.txt")
source("http://zzlab.net/GAPIT/emma.txt")
 
 
SbCT_ChillRIL <- read.delim("/homes/smarla/SbCT_Hapmap3.hmp.txt", head=F) # 43321   761
 
myG <- SbCT_ChillRIL
 
#Converting HapMap format to numerical under model of Middle
myGAPIT <- GAPIT(G=myG, output.numerical=TRUE)
 
 
# Read in the numerical data derived from your hapmap from the directory
geno <- read.delim("GAPIT.Genotype.Numerical.txt", header=F)
 
dim(geno) # 751 43321
geno[1:6,1:6]
 
geno2 <- geno[-1,-1]
colnames(geno2) <- as.vector(as.matrix(geno[1,-1]))
 
Name <- as.matrix(geno[-1,1])
Name[532] <- "HKZ_P"
Name[10] <- "Kao_P"
Name[750] <- "BTx623_P"
 
rownames(geno2) <- as.vector(as.matrix(Name))
dat <- geno2
 
#retain genotypes present in hapmap
Name_df <- data.frame(Name)
colnames(Name_df)[1] <-  "Genotype"
BLUPs_new <- merge(BLUPs, Name_df, by="Genotype")
BLUPs_new.copy <- BLUPs_new
#BLUPs <- BLUPs_new
pheno <- BLUPs_new
 
dat <- dat[match(pheno$Genotype, rownames(dat)),]
pheno$fam <- gsub("^.+_", "", pheno$Genotype)
 
pheno$fam <- as.factor(pheno$fam)
dim(pheno) #745 6
head(pheno)
 
#Need to work only from this step for all traits
[bookmark: _ko29ubv86x03]#SV3_BLUP
trait_pheno <- pheno[,c(1,6,5)]# Genotype fam SV4_BLUP. The third position is the position of phenotypic trait
 
colnames(trait_pheno)[1] <- "taxa"
head(trait_pheno)
 
# Load your QTL result from joint linkage
trait_QTL <- read.table("BLUP_SV3_750RILs_stepwisePerm10001.txt", sep="\t", skip=2, header=T, stringsAsFactor=F)
 
head(trait_QTL)
 
trait_QTL <- trait_QTL[,c(2,9)]
names(trait_QTL) <- c("QTL", "Pos")
 
head(trait_QTL)
  	
trait_QTL <- trait_QTL[order(trait_QTL$Pos),]
head(trait_QTL)
tail(trait_QTL)
trait_QTL <- trait_QTL[-nrow(trait_QTL),]
rownames(trait_QTL) <- 1:nrow(trait_QTL)
 
#retain JLM Trait-Associated SNPs
dat_QTL <- dat[,c(match(trait_QTL$QTL, colnames(dat)))]
head(dat_QTL)
 
dat_QTL$taxa <- rownames(dat_QTL)
trait_QTL_Pheno <- merge(trait_pheno, dat_QTL, by="taxa")
head(trait_QTL_Pheno)
 
for(m in 3:ncol(trait_QTL_Pheno)){
trait_QTL_Pheno[,m] <- as.numeric(as.character(trait_QTL_Pheno[,m]))
}
 
# Across Family Effects Estimation – Change SV3_JL accordingly
write.table(t(data.frame(c("QTL", "btx_allele", "Effect (mm)", "QVar"))), paste("SbCT_PopEffects_SV3_BLUP_750RILs_1000Perm_JL",".txt", sep=""), sep="\t", append=T, quote=F, row.names=F, col.names=F)
 
 
for(i in 4:ncol(trait_QTL_Pheno)){
  snp <- colnames(trait_QTL_Pheno)[i] 
  btx_allele <- as.vector(as.matrix(geno2[750, match(snp, colnames(geno2))]))
  if(btx_allele==1){
	AA_class <- trait_QTL_Pheno[which(trait_QTL_Pheno[,i]==2),]
	AA <- mean(AA_class[,3], na.rm=T)
	BB_class <- trait_QTL_Pheno[which(trait_QTL_Pheno[,i]==0),]
	BB <- mean(BB_class[,3], na.rm=T)
	QTL_effect <- (AA-BB)/2
	QTL_effect
	
  } else {
	AA_class <- trait_QTL_Pheno[which(trait_QTL_Pheno[,i]== as.numeric(btx_allele[1])),]
	AA <- mean(AA_class[,3], na.rm=T)
	BB_class <- trait_QTL_Pheno[which(trait_QTL_Pheno[,i]==abs(as.numeric(btx_allele[1])-2)),]
	BB <- mean(BB_class[,3], na.rm=T)
	QTL_effect <- (AA-BB)/2
	QTL_effect}
 
 
  tqp <- trait_QTL_Pheno[,c(1,2,3,i)]
  #tqp$QTL <- tqp[,4]
  names(tqp)[4] <- "QTL"
  names(tqp)[3] <- "Pheno"
 
  lm_mod <- lm(Pheno ~ fam + QTL, tqp)
  SSE <- anova(lm_mod)["Residuals", "Sum Sq"]
  SSFam <- anova(lm_mod)["fam", "Sum Sq"]
  SSqtl <- anova(lm_mod)["QTL", "Sum Sq"]
  SST <- SSE+SSqtl+SSFam
  QVar <- round((SSqtl/SST)*100, digits=2)
 
write.table(t(data.frame(c(colnames(trait_QTL_Pheno[i]), btx_allele[1], round(QTL_effect[1], digits=2), QVar[1]))), paste("SbCT_PopEffects_SV3_BLUP_750RILs_1000Perm_JL",".txt", sep=""), sep="\t", append=T, quote=F, row.names=F, col.names=F)
}
 

[bookmark: _rr9bsfrouffl]Generating BLUPs
#input field data
path <- "/Heritability Estimation"

pheno <-read.csv(sprintf("%s/All_Years_BSH_EstData.csv",path), header=T, sep=',', na.strings = "NA", fill=T)
pheno$Year <- substr(pheno$Location,3,6) #generate year
pheno <- pheno[,c(8,1:7)]

pheno2<-na.omit(pheno)

str(pheno2)
library(lme4)
All_CT_data<-pheno2

options(lmerControl=list(check.nobs.vs.rankZ = "ignore",
                         check.nobs.vs.nlev = "ignore",
                         check.nobs.vs.nRE = "ignore",
                         check.nlev.gtreq.5 = "ignore",
                         check.nlev.gtr.1 = "ignore"))

Model to generate BLUPs
BLUPs <- lmer(All_CT_data$SV2 ~ (1|All_CT_data$Genotype) + (1|All_CT_data$Location) + (1|All_CT_data$Year)
                    + (1|Rep%in%Location:Year)+
                      + (1|Genotype:Location) + (1|Genotype:Year), data=All_CT_data,
                    control=lmerControl(check.nobs.vs.nlev = "ignore",
                                        check.nobs.vs.rankZ = "ignore",
                                        check.nobs.vs.nRE="ignore"))

SV2_BLUP <- ranef(BLUPs)
str(SV2_BLUP)
SV2_Line_BLUP <- SV2_BLUP$`All_CT_data$Genotype`
SV2_Line_BLUP$Genotype <- rownames(SV2_Line_BLUP)

colnames(SV2_Line_BLUP)[1] <- "SV2_BLUP"

#pdf("HGT_BLUP_hist.pdf")
hist(SV2_Line_BLUP$SV2_BLUP)
#dev.off()
rownames(SV2_Line_BLUP) <- NULL

SV2_BLUE = tapply(All_CT_data$SV2, All_CT_data$Genotype, na.rm=T, mean)
SV2_BLUE2 <- data.frame(SV2_BLUE)
SV2_BLUE2$Genotype <- rownames(SV2_BLUE)
rownames(SV2_BLUE2) <- NULL
SV2_plot <- merge(SV2_Line_BLUP, SV2_BLUE2)

#pdf("HGT_BLUP_BLUE_Plot.pdf")
plot(SV2_plot$SV2_BLUE,SV2_plot$SV2_BLUP, col="blue", xlab="SV2 BLUE", ylab="SV2 BLUP")
#dev.off()

[bookmark: _9csz69xn2r5e]Climate data plot
cd ~/SbCT_GBS/SNP_data/clim
install.packages("raster")
library(raster)
library(sp)

install.packages("maps")
library(maps)

# Chekcing all country codes if you need
countrylist <- ccodes()

pdf('public_html/MeanTemp_Coldest_Quarter_1.pdf')

climate <- getData('worldclim', var='bio', res=2.5)

# Gray scales
palette2<-colorRampPalette(c("blue4","steelblue3","cyan3", "forestgreen","yellow1","red3"))

AA_coordinates<- c(-180, 180, -60, 90) #-180, 180, -60, 90
AA_area<- crop(climate, AA_coordinates) # crop the world map to the regions of our interest

plot(AA_area$bio11, axes = 0, main="Mean Temperature of Coldest Quarter",col=palette2(30), frame.plot=F,xlab="", ylab="", , xaxt='n', yaxt='n')

# Adding the country boundaries
map(database = "world", regions = ".", exact = FALSE, boundary = TRUE, interior = TRUE, add = TRUE,lty = 1, lwd=0.3, fill=FALSE, col="white",myborder = 0.01)
dev.off()


pdf('public_html/mean_annual_temp.pdf')
climate <- getData('worldclim', var='bio', res=2.5)
# Gray scales
palette2<-colorRampPalette(c("blue4","steelblue3","cyan3", "forestgreen","yellow1","red3"))

AA_coordinates<- c(-180, 180, -60, 90) #-180, 180, -60, 90
AA_area<- crop(climate, AA_coordinates) # crop the world map to the regions of our interest

plot(AA_area$bio1, axes = 0, main="Mean Annual Temperature",col=palette2(30), frame.plot=F,xlab="", ylab="", , xaxt='n', yaxt='n')

# Adding the country boundaries
map(database = "world", regions = ".", exact = FALSE, boundary = TRUE, interior = TRUE, add = TRUE,lty = 1, lwd=0.3, fill=FALSE, col="white")
dev.off()


## bioclim_var <- c(
   bio_1 = 'Annual Mean Temperature',
   bio_2 = 'Mean Diurnal Range',
   bio_3 = 'Isothermality',
   bio_4 = 'Temperature Seasonality',
   bio_5 = 'Max Temperature of Warmest Month',
   bio_6 = 'Min Temperature of Coldest Month',
   bio_7 = 'Temperature Annual Range',
   bio_8 = 'Mean Temperature of Wettest Quarter',
   bio_9 = 'Mean Temperature of Driest Quarter',
   bio_10 = 'Mean Temperature of Warmest Quarter',
   bio_11 = 'Mean Temperature of Coldest Quarter',
   bio_12 = 'Annual Precipitation',
   bio_13 = 'Precipitation of Wettest Month',
   bio_14 = 'Precipitation of Driest Month',
   bio_15 = 'Precipitation Seasonality',
   bio_16 = 'Precipitation of Wettest Quarter',
   bio_17 = 'Precipitation of Driest Quarter',
   bio_18 = 'Precipitation of Warmest Quarter',
   bio_19 = 'Precipitation of Coldest Quarter',
   alt   = 'Altitude'
)




#convert hapmap to VCF for the MPP
ChillNAM_vcf_conv <- "tassel-5-standalone/./run_pipeline.pl -Xms50g -Xmx50g -fork1 -h /SbCT_Hapmap.hmp.txt -export -exportType VCF -runfork1"
system(ChillNAM_vcf_conv)

vcftools --vcf SbCT_Hapmap.vcf --het --out CHLRIL_Het.het

ChillNAM_vcf_conv <- "tassel-5-standalone/./run_pipeline.pl -Xms50g -Xmx50g -fork1 -h SbCT_Hapmap2.hmp.txt -export -exportType VCF -runfork1"
system(ChillNAM_vcf_conv)

ChillNAM_vcf_conv <- "tassel-5-standalone/./run_pipeline.pl -Xms50g -Xmx50g -fork1 -h SbCT_Hapmap3.hmp.txt -export -exportType VCF -runfork1"
system(ChillNAM_vcf_conv)


vcftools --vcf SbCT_Hapmap3.vcf --het --out SbCT_Hapmap3.het


