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Abstract

In this report, we investigate whether the HPV status (positive or negative) has
an impact on the gene-expression levels in the tumors. In other words, we do a two-
group (positive versus negative) differentially expression (DE) analysis in the tumors
(only).
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1 Experimental Design and Analysis Summary

Of all 45 samples, 4 are control samples, 8 are normal skin samples (NS), and 33 are tumor
samples. Among the tumors, 11 are KA tumors and 22 are SCC tumors. In total 41 tumors
and the normals, which are most of them but not the contols, were tested for HPV status.
Among the tested ones, 10 (9 tumors and 1 normals) were identified as positive and 27 (20
tumors and 7 normals) as negative. Among the 33 tumors, there are 12 with IS Type OTR
and 10 with IS Type NA. Among the 22 SCC tumors, there are 10 with IS Type OTR and
4 with IS Type NA. Similarly, among the 11 KA tumors, there are 2 with IS Type OTR
and 6 with IS Type NA. Among the 8 normals, there are 3 with IS Type OTR and 3 with
IS Type NA.

1.1 Filtering of samples

1.1.1 Removing samples with too few reads

We excluded from analysis 1 outlier sample(s) (’090730,AGG’), which had very low mapped
read counts (< 500000). In addition to this, ’090730,AGG’ was also an outlier sample in
the density plot. After this filtering step, 44 samples remain.

Figure 1: Empirical density distributions of the RPKMs (on the log2-scale) for each of the
initial 45 samples. Sample ’090730,AGG’ appears to be an outlier.
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1.1.2 Keeping only tumor samples

Next, we drop the 12 samples that are not tumors. After this filtering step, 32 samples
remain.

1.1.3 Removing samples for which the viral state is unknown

In addition to the above, we drop 4 samples for which the virus status is unknown. After
this filtering step, 28 samples remain.

1.1.4 Summary of samples remaining

Of all 28 samples, 0 are control samples, 0 are normal skin samples (NS), and 28 are tumor
samples. Among the tumors, 9 are KA tumors and 19 are SCC tumors. In total 28 tumors
and the normals, which are most of them but not the contols, were tested for HPV status.
Among the tested ones, 9 (9 tumors and 0 normals) were identified as positive and 19 (19
tumors and 0 normals) as negative. Among the 28 tumors, there are 11 with IS Type OTR
and 6 with IS Type NA. Among the 19 SCC tumors, there are 9 with IS Type OTR and 2
with IS Type NA. Similarly, among the 9 KA tumors, there are 2 with IS Type OTR and
4 with IS Type NA. Among the 0 normals, there are 0 with IS Type OTR and 0 with IS
Type NA.

Figure 2: Empirical density distributions of the RPKMs (on the log2-scale) for each of the
remaining 28 samples.
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1.2 Filtering of genes

We next removed genes (Supplementary File [1]) for which less than 50% of the 28 samples
have 1 or more reads, and this resulted in a total of 22660 (61.12%) genes (out of 37074)
to be analyzed.

Figure 3: Density plot of proportions of samples that have reads for each gene.

1.3 Summary of signals to be process

After the above filtering, we have RPKM signals for 22660 genes across 28 samples.

1.4 Normalization of signals

We then quantile normalized [1] the log2(RPKM) values from all samples to equalize their
distribution.

1.5 Analysis of differential expression

Differential expression analysis was performed making recourse to the R package limma [2]
in Bioconductor [3]. We performed differential expression (DE) analysis based on log2(RPKM)
values.

1.5.1 Correlation between samples

Since samples are not independent from each other, we first estimated correlations between
samples from the same patients, and found the correlation to be low (15.68%). We therefore
elected to treat all samples as independent.
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Figure 4: Empirical density distributions of the RPKMs (on the log2-scale) for each of the
remaining 28 samples and the remaining filtered 22660 genes.

Figure 5: The average number of genes per sample with a certain RPKM level (on the log10

scale). Only RPKM levels less than 200 are displayed.
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Figure 6: Empirical density distributions of the normalized RPKMs (on the log2-scale) for
each of the remaining 28 samples and the remaining filtered 22660 genes.

1.5.2 Linear modelling

A linear model was fit for each gene with normalized log2(RPKM) as outcome, and HPV
status (’betaPCR’) as the predictor. The HPV-status covariate has two levels, negative
and positive.

For each of the 1 contrasts (Table 1), moderated t-statistic, B statistic (log-odds of
differential expression), false discovery rate (FDR) [4] and adjusted p-value [5] for each
gene were obtained.

Various tabulated results are generated (see ’Supplmentary Materials’ below), e.g. a
complete result file with statistics for all genes and for each comparison a list of the most
significant differentially-expressed genes. DE genes where identified by stratifying on FDR
such that FDR < 0.05. If no genes were identified as such, genes with a B statistics greater
than 0 are reported instead.

Contrast raw p FDR-adjusted p B statistic Suppl Files
PositiveVsNegative 197 0 0 [4,5,6]

Table 1: Number of differentially expressed genes per comparison as identified by raw p
values (< 0.01), adjusted p values (< 0.05), and B scores (> 0).
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Figure 7: Scattermatrix plot of the normalized log2(RPKM) values for 28 samples across
22660 genes. The within-patient correlation is not greater than the between-patient corre-
lation.
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Figure 8: Vulcano plot of -log10(p) versus the log2 fold change of positive versus negative
(average of each group). The left panel shows the results for raw p values, whereas the
right panel shows the results for p values adjusted for FDR.
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Supplementary materials

The following supplementary material is available:

1. Arron 2010,Cufflinks,genes,dropped,QN.xls [1.31 MB]

2. Arron 2010,Cufflinks,log2 RPKM,QN,nbrOfSamples=28,nbrOfGenes=22660.xls [6.44
MB]

3. Arron 2010,Cufflinks,allgenes,allstats,QN.xls [2.92 MB]

4. Arron 2010,Cufflinks,DEshortlist,PositiveVsNegative,maxRawP=0.01,QN.xls [27.05 kB]

5. Arron 2010,Cufflinks,DEshortlist,PositiveVsNegative,maxAdjP=0.05,QN.xls [132 bytes]

6. Arron 2010,Cufflinks,DEshortlist,PositiveVsNegative,minB 0.00,QN.xls [132 bytes]
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Session information

• R version 2.13.1 Patched (2011-09-05 r56953), x86_64-pc-mingw32

• Locale: LC_COLLATE=English_United States.1252,
LC_CTYPE=English_United States.1252,
LC_MONETARY=English_United States.1252, LC_NUMERIC=C,
LC_TIME=English_United States.1252

• Base packages: base, datasets, graphics, grDevices, methods, stats, utils

• Other packages: aroma.light 1.21.1, digest 0.5.0, limma 3.8.2, R.cache 0.5.1,
R.filesets 1.1.2, R.methodsS3 1.2.1, R.oo 1.8.1, R.rsp 0.6.2, R.rsp.addons 0.1.2,
R.utils 1.8.0, statmod 1.4.11

• Loaded via a namespace (and not attached): tools 2.13.1

This report was automatically generated using rsptex() of the R.rsp package.
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