source("C:\\Users\\jpsol\\OneDrive\\Documents\\Julia\\MAE5776\\MAE5776-2020\\Aula19\\auxFunctions.R")

source("C:\\Users\\jpsol\\OneDrive\\Documents\\Julia\\MAE5776\\MAE5776-2020\\Aula19\\simulatePedigree.R")

source("C:\\Users\\jpsol\\OneDrive\\Documents\\Julia\\MAE5776\\MAE5776-2020\\Aula 19\\OualkachaEstimators.R")

source("C:\\Users\\jpsol\\OneDrive\\Documents\\Julia\\MAE5776\\MAE5776-2020\\Aula19\\geraCPs.R")

###############################################

# Gerando a estrutura das famílias (pedigree) #

###############################################

fam.nf <- rep(20, 30) 

# gera 30 famí­lias com 20 indiví­duos 

# OBS: com poucas famí­lias ou com poucos indiví­duos por famí­lia 

# temos estimativas ruins

nInitFounderCouples <- 1

probChildren <- c(0, 0, 0.3, 0.3, 0.3, 0.1)  #probabilidades de um casal ter de um a 6 filhos

probToMarry = 0.85 #probabilidade de gerar um casal na mesma geração

pedigrees <- simulateNPedigrees(fam.nf, nInitFounderCouples, probToMarry, probChildren)

dim(pedigrees)

head(pedigrees) #NA são indivíduos que "abrem" a família

plotFamilyPedigree(pedigrees, famid=1)

# Lista com as matrizes de parentesco de cada famí­lia Phi_f 

# Note que a diagonal desta matriz é 0.5 e será multiplicada por 2

Phi_list <- getKinshipList(pedigrees) 

##################################################################

# Escolher um dos exemplos (Exemplos 1, 2 e 3) abaixo para rodar #

##################################################################

# Parâmetros da simulação

# p: número de variáveis

# phen.Sigma_g : matriz de covariâncias ENTRE grupos (famílias)

# phen.Sigma_e : matriz de covariâncias DENTRO de grupos (residual)

# phen.mu0:  vetor de médias geral das variáveis

# Calcula os coef. de correlação intraclasse (ro) para cada variável

# ro = sigma_B/(sigma_g + sigma_e)

# Notação usada: sigma_g = sigma_B

# sigma_e = sigma_W

##############

# Exemplo 1  #

##############

phen.p = 2 # número de variáveis (fenótipos)

phen.Sigma_g <- matrix(rep(0, phen.p^2), phen.p, phen.p)

phen.Sigma_g[1,2] <- 10

phen.Sigma_g[2,1] <- 10

diag(phen.Sigma_g) <- c(20,50)

phen.Sigma_g

phen.Sigma_g <- fixNonPositiveDefiniteMatrix(phen.Sigma_g)

phen.Sigma_g

cov2cor(phen.Sigma_g)

phen.Sigma_e <- matrix(rep(0, phen.p^2), phen.p, phen.p)

phen.Sigma_e[1,2] <- 6

phen.Sigma_e[2,1] <- 6

diag(phen.Sigma_e) <- c(30,20)

phen.Sigma_e

phen.Sigma_e <- fixNonPositiveDefiniteMatrix(phen.Sigma_e)

phen.Sigma_e

cov2cor(phen.Sigma_e)

# Cálculo do coeficiente de correlação intraclasse de cada variável

rintraclasse <- diag(phen.Sigma_g)/(diag(phen.Sigma_g) + diag(phen.Sigma_e))

rintraclasse

phen.mu0 <- rep(0, phen.p)

##############

# Exemplo 2  #

##############

phen.p = 2 # número de variáveis

phen.Sigma_g <- matrix(rep(0, phen.p^2), phen.p, phen.p)

phen.Sigma_g[1,2] <- 10

phen.Sigma_g[2,1] <- 10

diag(phen.Sigma_g) <- c(20,50)

phen.Sigma_g

phen.Sigma_g <- fixNonPositiveDefiniteMatrix(phen.Sigma_g)

phen.Sigma_g

cov2cor(phen.Sigma_g)

phen.Sigma_e <- matrix(rep(0, phen.p^2), phen.p, phen.p)

phen.Sigma_e[1,2] <- -6

phen.Sigma_e[2,1] <- -6

diag(phen.Sigma_e) <- c(30,20)

phen.Sigma_e

phen.Sigma_e <- fixNonPositiveDefiniteMatrix(phen.Sigma_e)

phen.Sigma_e

cov2cor(phen.Sigma_e)

# Cálculo do coef de correlação intraclasse de cada variável

rintraclasse <- diag(phen.Sigma_g)/(diag(phen.Sigma_g) + diag(phen.Sigma_e))

rintraclasse

phen.mu0 <- rep(0, phen.p)

##############

# Exemplo 3  #

##############

phen.p = 2 # número de variáveis

phen.Sigma_g <- matrix(rep(0, phen.p^2), phen.p, phen.p)

phen.Sigma_g[1,2] <- -30

phen.Sigma_g[2,1] <- -30

diag(phen.Sigma_g) <- c(20,50)

phen.Sigma_g

phen.Sigma_g <- fixNonPositiveDefiniteMatrix(phen.Sigma_g)

phen.Sigma_g

cov2cor(phen.Sigma_g)

phen.Sigma_e <- matrix(rep(0, phen.p^2), phen.p, phen.p)

phen.Sigma_e[1,2] <- -20

phen.Sigma_e[2,1] <- -20

diag(phen.Sigma_e) <- c(30,20)

phen.Sigma_e

phen.Sigma_e <- fixNonPositiveDefiniteMatrix(phen.Sigma_e)

phen.Sigma_e

cov2cor(phen.Sigma_e)

# Cálculo do coef de correlação intraclasse de cada variável

rintraclasse <- diag(phen.Sigma_g)/(diag(phen.Sigma_g) + diag(phen.Sigma_e))

rintraclasse

phen.mu0 <- rep(0, phen.p) #centróide = (0,0)

#####################################

# OBS:                              #

# Rodar algum dos exemplos acima    #

# e depois rodar o código abaixo    #

#####################################

###########################

# Simulação das Variáveis #

###########################

phen.df <- simulatePhenotypes(Phi_list, fam.nf, phen.p, phen.mu0, phen.Sigma_g, phen.Sigma_e)

# Plot para as duas primeiras variáveis apenas

# com as elipses de concentração observadas.

library(ggplot2)

out1 = ggplot(phen.df, aes(fen_1, fen_2, color=as.factor(pedigrees$famid))) + geom_point(alpha = 1) +

stat_ellipse(level = 0.95) + xlab("fenótipo 1") + ylab("fenótipo 2") + ggtitle("FenÃ³tipos com dependÃªncia de famÃ­lia") 

out1

mu0_barra <- colMeans(phen.df)

out1 <- out1 + geom_point(aes(x=mu0_barra[1], y=mu0_barra[2]), colour="black",size=4) 

###########################################

# Estimação dos Componentes de Covariância#

# pelo método de "Oualkacha"              #

###########################################

oualkacha_estimates <- calculaSigmaWSigmaB(phen.df, Phi_list, fam.nf) 

# Sigma_g "real" e estimada

phen.Sigma_g

oualkacha_estimates$Sigmab

cov2cor(phen.Sigma_g)

cov2cor(oualkacha_estimates$Sigmab)

# Sigma_e "real" e estimada

phen.Sigma_e

oualkacha_estimates$Sigmaw

cov2cor(phen.Sigma_e)

cov2cor(oualkacha_estimates$Sigmaw)

# Coef. de correlação intraclasse "real" e estimado

rintraclasse

rintraclasseEst <-  diag(oualkacha_estimates$Sigmab)/(diag(oualkacha_estimates$Sigmab) + diag(oualkacha_estimates$Sigmaw))

rintraclasseEst

out1 = ggplot(phen.df, aes(fen_1, fen_2, color=as.factor(pedigrees$famid))) + geom_point(alpha = 1) + xlab("fenótipo 1") + ylab("fenótipo 2") + ggtitle("Fenótipos com dependência de família") + theme(aspect.ratio = 1)

out1

##########################################################

# Componentes principais dentro e entre grupos (famílias)#

##########################################################

nCPs <- 2

# Colocando no gráfico o eixo e a elipse

# correspondentes ao Sigma_e (DENTRO de famílias)

resultsW <- geraCPsW(phen.df, oualkacha_estimates$Sigmaw, nCPs)

loadingsPC1w <- resultsW$autoVetoresW[,1]

loadingsPC1w

eigenvalue1w <- resultsW$autoValoresW[1]

eigenvalue1w

eigenvalue2w <- resultsW$autoValoresW[2]

eigenvalue2w

mu_f1 <- tapply(phen.df[,1], pedigrees$famid, mean)

mu_f2 <- tapply(phen.df[,2], pedigrees$famid, mean)

for (famid in  levels(as.factor(pedigrees$famid))) {

  mu_f <- c(mu_f1[famid], mu_f2[famid])

  out1 = addPCEllipse(loadingsPC1w, eigenvalue1w, eigenvalue2w, mu_f, out1, gColor=as.character(famid), color=NA, alpha=0)

}

out1

out1 <- addPCLine(loadingsPC1w, mu0_barra, out1, color="black")

out1

# Colocando no gráfico o eixo e a elipse

# correspondentes ao Sigma_g (ENTRE famí­lias)

resultsB <- geraCPsB(phen.df, oualkacha_estimates$Sigmab, nCPs)

loadingsPC1b <- resultsB$autoVetoresB[,1]

loadingsPC1b

eigenvalue1b <- resultsB$autoValoresB[1]

eigenvalue1b

eigenvalue2b <- resultsB$autoValoresB[2]

eigenvalue2b

out1 <- addPCLine(loadingsPC1b, mu0_barra, out1, color="darkred")

out1

out1 = addPCEllipse(loadingsPC1b, eigenvalue1b, eigenvalue2b, mu0_barra, out1, gColor="Entre", color="darkred", alpha=0)

out1

# Colocando no gráfico o eixo e a elipse

# correspondentes ao Sigma_bwinv 

resultsBWinv <- geraCPsBWinv(phen.df, oualkacha_estimates$Sigmaw,oualkacha_estimates$Sigmab, nCPs)

loadingsPC1bw <- resultsBWinv$autoVetoresBWinv[,1]

loadingsPC1bw

eigenvalue1bw <- resultsBWinv$autoValoresBWinv[1]

eigenvalue1bw

eigenvalue2bw <- resultsBWinv$autoValoresBWinv[2]

eigenvalue2bw

out1 <- addPCLine(loadingsPC1bw, mu0_barra, out1, color="darkblue")

out1
