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library(xcms) # load the xcms library
cdffiles <-list.files("./cdf", recursive=T, full=T ) # define data
xr1 < - xcmsRaw(cdffiles[6]) # extract raw data
t1 < - xr1@scantime # extract time vector
int1 < - xr1@tic # extract TIC intensity vector
s1 < - rep("HG5", 1896) # create sample vector
g1 < - rep("hp-2dg Green", 1896) # create group vector
tic1 <- data.frame(t1, int1, s1, g1)
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tic.data <- rbind(tic1, tic2, tic3, tic4)
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# Step 1.  Create xcmsSet object
xset < - xcmsSet(cdffiles, snthresh = 20, step = 0.5)
# Step 2.  Peak Alignment
xsg <- group(xset)
# Step 3.  Retention Time Correction
xsg2 < - retcor(xsg, method="obiwarp", plottype="deviation")
# Step 4. Regroup and change bandwidth as desired
xsg3 <- group(xsg2, bw=10)
# Step 5.  Fill in missing peaks
xsg4 <- fillPeaks(xsg3)
# Step 6.  Get peak intensity matrix
results < - groupval(xsg4, "medret", "into")
# Step 7.  Save results as .csv file
write.csv(results, file="xcmsresults.csv")
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sumstats <- function(z) {
Mean <- apply(z, 1, mean)
Median <- apply(z, 1, median)
SD <- apply(z, 1, sd)
SE <- apply(z, 1, function(x) sd(x)/sqrt(length(x)))
CV <- apply(z, 1, function(x) sd(x)/mean(x))
result <- data.frame(Mean, Median, SD, SE, CV)
return(result)
}
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replacezero <- function(x) "[<-"(x, !x | is.na(x), min(x[x > 0], 
na.rm = TRUE) / 2)
newdata <- apply(data, 1, replacezero)
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paretoscale <- function(z) {
rowmean <- apply(z, 1, mean) # row means
rowsd <- apply(z, 1, sd)  # row standard deviation
rowsqrtsd <- sqrt(rowsd) # sqrt of sd
rv <- sweep(z, 1, rowmean,"-")  # mean center
rv <- sweep(rv, 1, rowsqrtsd, "/")  # divide by sqrtsd
return(rv)
}
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prcomp(data, retx = TRUE, center = TRUE, scale = FALSE)
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logdata <- log(newdata, 2)
pareto.logdata <- paretoscale(logdata)  
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pca <- prcomp(t(pareto.logdata), center=F, scale=F)
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scree.data <- as.data.frame(pcaresults$importance)
score.data < - as.data.frame(pcaresults$x)
loadings.data < - as.data.frame(pcaresults$rotation)
write.csv(scree.data, "pca_scree.csv")
write.csv(score.data, "pca_scores.csv")
write.csv(loadings.data, "pca_loadings.csv")
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data <- read.csv("pca_scores.csv", header=T)
data <- data[, c(1:3)] # subset columns 1-3
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ggplot(data, aes(PC1, PC2)) +
geom_point(aes(shape=Group)) +
geom_text(aes(label=data$X)) +
stat_ellipse(aes(fill=Group))
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significant.loadings < - subset(loadings, PC1 > 0.09 | PC1 < -0.09 |

PC2 > 0.09 | PC2 < -0.09)
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loadings$pc1.change <-
ifelse(loadings$PC1 > 0.09,"UP",

ifelse(loadings$PC1 < -0.09,"DOWN",
"nochange"))
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data.sub <- merge(newdata, significant.loadings, by=”row.names”)
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cdffiles <-list.files("./cdf", recursive = TRUE, full=T)
dat.raw <- lapply(cdffiles, xcmsRaw)
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mrange < - c(804.5, 805.5)
trange <- c(2000, 2400)
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eicraw < - lapply(dat.raw, plotEIC, mzrange=mrange, rtrange=trange)
eic.df <- do.call(rbind, lapply(eicraw, data.frame))

���’�•�ž�›�Ž�1�]�ï�1���¡�•�›�Š�Œ�•�Ž�•�1�’�˜�—�1�Œ�‘�›�˜�–�Š�•�˜�•�›�Š�–�œ�1�•�˜�›�1�•�‘�Ž�1�–�&�£�1�›�Š�—�•�Ž�1�^�V�Z�ï�[�,�^�V�[�ï�[�1�’�—�1�‘�™�,�X�•�•�1�•�›�Ž�Ž�—�1�•�›�ž�’�•�œ�1�û���ü�ð�1�‘�™�,�X�•�•�1�›�Ž�•�1�•�›�ž�’�•�œ�1�û���ü�ð
���Š�—�Š�™�Š�•�1�•�›�Ž�Ž�—�1�•�›�ž�’�•�œ�1�û���ü�1�Š�—�•�1���Š�—�Š�™�Š�•�1�›�Ž�•�1�•�›�ž�’�•�œ�1�û���ü�ï�1���Š�Œ�‘�1�™�Š�—�Ž�•�1�›�Ž�™�›�Ž�œ�Ž�—�•�œ�1�W�V�1�œ�Š�–�™�•�Ž�œ�ï

�3�U�R�F�H�V�V�L�Q�J���D�Q�G���9�L�V�X�D�O�L�]�D�W�L�R�Q���R�I���0�H�W�D�E�R�O�R�P�L�F�V���'�D�W�D���8�V�L�Q�J���5
�K�W�W�S�������G�[���G�R�L���R�U�J����������������������������

����



���‘�Ž�1 �›�Ž�œ�ž�•�•�œ�1 �Š�›�Ž�1 �œ�‘�˜� �—�1 �’�—�1���’�•�ž�›�Ž�1 �]�ï�1 ���‘�Ž�1 �•�›�˜�ž�™�Ž�•�1 �������1 �•�Š�•�Š�1 �Œ�•�Ž�Š�›�•�¢�1 �œ�‘�˜� �1 �•�‘�Š�•�1 �•�‘�’�œ�1 �•�Ž�Š�•�ž�›�Ž�1 �’�œ
�Œ�˜�–�™�•�Ž�•�Ž�•�¢�1�Š�‹�œ�Ž�—�•�1�’�—�1�•�›�Ž�Ž�—�1�•�›�ž�’�•�œ�1�Š�—�•�1�’�œ�1�Ÿ�Ž�›�¢�1�•�˜� �1�’�—�1�›�Ž�•�1�•�›�ž�’�•�œ�1�˜�•�1���Š�—�Š�™�Š�•�ï�1���—�1�Œ�˜�—�•�›�Š�œ�•�ð�1�•�‘�Ž�›�Ž
�Š�›�Ž�1�œ�Ž�Ÿ�Ž�›�Š�•�1�•�Š�›�•�Ž�1�™�Ž�Š�”�œ�1�˜�Ÿ�Ž�›�1�•�‘�’�œ�1�–�Š�œ�œ�1�›�Š�—�•�Ž�1�’�—�1�›�Ž�•�1�•�›�ž�’�•�œ�1�˜�•�1�‘�™�,�X�•�•�ð�1�’�—�•�’�Œ�Š�•�’�—�•�1�•�‘�’�œ�1�•�Ž�Š�•�ž�›�Ž�1�’�œ
�Š�1�Œ�•�Š�œ�œ�,�œ�™�Ž�Œ�’���Œ�1�‹�’�˜�–�Š�›�”�Ž�›�ï

�W�V�ï�1���˜�•�Œ�Š�—�˜�1�™�•�˜�•�œ

���1�–�Ž�•�Š�‹�˜�•�˜�–�’�Œ�œ�1�Ž�¡�™�Ž�›�’�–�Ž�—�•�1�˜�•�•�Ž�—�1�’�—�Ÿ�˜�•�Ÿ�Ž�œ�1�Š�1�Œ�˜�–�™�Š�›�’�œ�˜�—�1�˜�•�1�•� �˜�1�•�›�˜�ž�™�œ�ð�1�Ž�ï�•�ï�ð�1�Š�1�•�›�Ž�Š�•�–�Ž�—�•�1�•�›�˜�ž�™
�Ÿ�Ž�›�œ�ž�œ�1�Š�1�Œ�˜�—�•�›�˜�•�ï�1���•�1�’�œ�1�Œ�ž�œ�•�˜�–�Š�›�¢�1�’�—�1�œ�ž�Œ�‘�1�Œ�Š�œ�Ž�œ�1�•�˜�1�ž�œ�Ž�1�ž�—�’�Ÿ�Š�›�’�Š�•�Ž�1�–�Ž�•�‘�˜�•�œ�1�•�˜�1�˜�‹�•�Š�’�—�1�Š�1�œ�ž�–�–�Š�›�¢
�˜�•�1�•�‘�Ž�1�•�Š�•�Š�1�Š�—�•�1�’�•�Ž�—�•�’�•�¢�1�™�˜�•�Ž�—�•�’�Š�•�•�¢�1�’�–�™�˜�›�•�Š�—�•�1�Ÿ�Š�›�’�Š�‹�•�Ž�œ�1�‹�Ž�•�˜�›�Ž�1�Š�™�™�•�¢�’�—�•�1�–�ž�•�•�’�Ÿ�Š�›�’�Š�•�Ž�1�–�Ž�•�‘�˜�•�œ
�ý�X�]�þ�ï�1���1�Œ�˜�–�–�˜�—�1�•�˜�˜�•�1�•�˜�1�’�•�Ž�—�•�’�•�¢�1�•�’�œ�Œ�›�’�–�’�—�Š�•�˜�›�¢�1�•�Ž�Š�•�ž�›�Ž�œ�1�’�œ�1�•�˜�1�Œ�˜�—�œ�•�›�ž�Œ�•�1�Š�1�Ÿ�˜�•�Œ�Š�—�˜�1�™�•�˜�•�ï�1���‘�’�œ�1�•�¢�™�Ž
�˜�•�1�™�•�˜�•�1�•�’�œ�™�•�Š�¢�œ�1�•�‘�Ž�1�•�˜�•�•�1�Œ�‘�Š�—�•�Ž�1�•�’���Ž�›�Ž�—�Œ�Ž�œ�1�Š�—�•�1�•�‘�Ž�1�œ�•�Š�•�’�œ�•�’�Œ�Š�•�1�œ�’�•�—�’���Œ�Š�—�Œ�Ž�1�•�˜�›�1�Ž�Š�Œ�‘�1�Ÿ�Š�›�’�Š�‹�•�Ž�ï
���‘�Ž�1�•�˜�•�1�˜�•�1�•�‘�Ž�1�•�˜�•�•�1�Œ�‘�Š�—�•�Ž�1�’�œ�1�™�•�˜�4�Ž�•�1�˜�—�1�•�‘�Ž�1�¡�,�Š�¡�’�œ�1�œ�˜�1�•�‘�Š�•�1�Œ�‘�Š�—�•�Ž�œ�1�’�—�1�‹�˜�•�‘�1�•�’�›�Ž�Œ�•�’�˜�—�œ�1�û�ž�™�1�Š�—�•
�•�˜� �—�ü�1�Š�™�™�Ž�Š�›�1�Ž�š�ž�’�•�’�œ�•�Š�—�•�1�•�›�˜�–�1�•�‘�Ž�1�Œ�Ž�—�•�Ž�›�ï�1���‘�Ž�1�¢�,�Š�¡�’�œ�1�•�’�œ�™�•�Š�¢�œ�1�•�‘�Ž�1�—�Ž�•�Š�•�’�Ÿ�Ž�1�•�˜�•�1�˜�•�1�•�‘�Ž�1�™�,�Ÿ�Š�•�ž�Ž
�•�›�˜�–�1�Š�1�•� �˜�,�œ�Š�–�™�•�Ž�1�•�,�•�Ž�œ�•�ï�1���Š�•�Š�1�™�˜�’�—�•�œ�1�•�‘�Š�•�1�Š�›�Ž�1�•�Š�›�1�•�›�˜�–�1�•�‘�Ž�1�˜�›�’�•�’�—�ð�1�’�ï�Ž�ï�ð�1�—�Ž�Š�›�1�•�‘�Ž�1�•�˜�™�1�˜�•�1�•�‘�Ž�1�™�•�˜�•
�Š�—�•�1�•�˜�1�•�‘�Ž�1�•�Š�›�1�•�Ž�•�•�1�˜�›�1�›�’�•�‘�•�ð�1�Š�›�Ž�1�Œ�˜�—�œ�’�•�Ž�›�Ž�•�1�’�–�™�˜�›�•�Š�—�•�1�Ÿ�Š�›�’�Š�‹�•�Ž�œ�1� �’�•�‘�1�™�˜�•�Ž�—�•�’�Š�•�•�¢�1�‘�’�•�‘�1�‹�’�˜�•�˜�•�’�Œ�Š�•
�›�Ž�•�Ž�Ÿ�Š�—�Œ�Ž�ï

���‘�Ž�1�œ�•�Ž�™�œ�1�›�Ž�š�ž�’�›�Ž�•�1�•�˜�1�Œ�˜�—�œ�•�›�ž�Œ�•�1�Š�1�Ÿ�˜�•�Œ�Š�—�˜�1�™�•�˜�•�1�Œ�Š�—�1�‹�Ž�1�Œ�Š�›�›�’�Ž�•�1�˜�ž�•�1�ž�œ�’�—�•�1�œ�Ž�Ÿ�Ž�›�Š�•�1�‹�Š�œ�Ž�1���1�•�ž�—�Œ�•�’�˜�—�œ�ï
���‘�Ž�1�•�˜�•�•�1�Œ�‘�Š�—�•�Ž�1�’�œ�1�•�¢�™�’�Œ�Š�•�•�¢�1�Œ�Š�•�Œ�ž�•�Š�•�Ž�•�1�Š�œ�1�•�‘�Ž�1�›�Š�•�’�˜�1�˜�•�1�•�‘�Ž�1�•� �˜�1�–�Ž�Š�—�œ�ï�1���Ž�1�Œ�Š�—�1�ž�œ�Ž�1�•�‘�Ž�1�Š�™�™�•�¢
�•�ž�—�Œ�•�’�˜�—�1�•�˜�1�•�Ž�•�Ž�›�–�’�—�Ž�1�•�‘�Ž�1�–�Ž�Š�—�œ�1�•�˜�›�1�Ž�Š�Œ�‘�1�Ÿ�Š�›�’�Š�‹�•�Ž�ï

group1mean <- apply(data[1:10], 1, FUN=mean)
group2mean <- apply(data[11:20], 1, FUN=mean)

���Ž�1�•�‘�Ž�—�1�•�’�Ÿ�’�•�Ž�1�•�‘�Ž�1�–�Ž�Š�—�œ�1�˜�•�1�Ž�Š�Œ�‘�1�Ÿ�Š�›�’�Š�‹�•�Ž�1�•�˜�1�˜�‹�•�Š�’�—�1�•�‘�Ž�1�›�Š�•�’�˜�1�Š�—�•�1�•�Š�”�Ž�1�•�‘�Ž�1�•�˜�•�Š�›�’�•�‘�–�1�œ�˜�1�•�‘�Š�•
�Œ�‘�Š�—�•�Ž�œ�1�’�—�1�‹�˜�•�‘�1�•�’�›�Ž�Œ�•�’�˜�—�œ�1�Š�™�™�Ž�Š�›�1�Ž�š�ž�’�•�’�œ�•�Š�—�•�1�•�›�˜�–�1�•�‘�Ž�1�Œ�Ž�—�•�Ž�›�ï

FC <- group1mean/group2mean
log2FC <- log(FC,2)
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pvalue <- apply(log.data, 1, function(x) 
{t.test(x[1:10], x[10:20])$p.value } )
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pvalue.BHcorr <- p.adjust(pvalue, method = "BH")
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pvalue.BHcorr.neglog <- -log10(pvalue.BHcorr)
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volcano.data <- data.frame(log2FC, pvalue.BHcorr.neglog)
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