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RNA-Seq experimental design
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Experiment replicated 3 times to obtain
3 biological replicates → RNA Sequencing of 18 samples

1 hour at 37°C

Amoeba transcriptome study: impact of both oxydative 
stress and bacteria presence



From raw reads to count data

Standard RNA-Seq pipeline for each sample:

• Cleaning of the sequencing reads (in-house prog.)
• Mapping on the reference genome (tophat)

• Counting at the gene level (HTSeq-count)

mOS_NI_A mOS_NI_B mOS_NI_C … pOS_LB_C

EHI_000010 919 992 842 … 738

EHI_000130 5037 5821 6874 … 9151

EHI_000140 270 324 312 … 283

… … … … … …

EHI_000260 3342 3977 3942 … 6529



Possible comparisons

Non infected
amoeba (NI)

Amoeba infected by
live bacteria (LB)

Ameoba infected by
killed bacteria (KB)

Without H2O2

(-OS)
-OS.NI -OS.LB -OS.KB

With H2O2

(+OS)
+OS.NI +OS.LB +OS.KB

C1

C5

C4

C7

C6

C9

C2 C3

C8



PCA plot

• PC1: stress effect for NI and KB samples
• PC2: stress effect for LB samples



Main biological question

Non infected
amoeba (NI)

Amoeba infected by
live bacteria (LB)

Ameoba infected by
killed bacteria (KB)

Without H2O2

(-OS)
-OS.NI -OS.LB -OS.KB

With H2O2

(+OS)
+OS.NI +OS.LB +OS.KB

C1 C2



Naive approach

Two independent statistical analyses using DESeq2 
to test for the stress effect +OS vs -OS within NI and
LB samples separately:

à Draw Venn diagrams to compare the results

# down # up # total Interpretation
C1 +OS.NI vs -OS.NI 2412 2314 4726 Strong stress effect
C2 +OS.LB vs -OS.LB 483 839 1322 Moderate stress effect



Naive approach
Down-regulated genes Up-regulated genes



Global analysis: design formula

counts ~ stress + bacteria + stress:bacteria

Use of specific contrasts to test for C1, C2, …, C9:
# down # up # total Interpretation

C1 +OS.NI vs -OS.NI 2412 2314 4726 Strong stress effect
C2 +OS.LB vs -OS.LB 483 839 1322 Moderate stress effect
C3 +OS.KB vs -OS.KB 2346 2277 4623
C4 -OS.LB vs -OS.NI 35 8 43 Low effect of live E. coli
C5 -OS.KB vs -OS.NI 0 0 0 No effect of killed E. coli
C6 -OS.KB vs -OS.LB 1 2 3
C7 +OS.LB vs +OS.NI 1977 2201 4178 Strong effect of live E. coli
C8 +OS.KB vs +OS.NI 1 0 1 No effect of killed E. coli
C9 +OS.KB vs +OS.LB 2298 2032 4330



stress:bacteria interaction

For each gene g, test for the null hypothesis:

H0: log2(FCg)C1 – log2(FCg)C2 = 0

On the log2 scale:

C2 – C1 = (+OS.LB vs -OS.LB) vs (+OS.NI vs -OS.NI)

= +OS.LB – -OS.LB – +OS.NI +  -OS.NI

= +OS.LB – +OS.NI – -OS.LB +  -OS.NI

= (+OS.LB vs +OS.NI) vs (-OS.LB vs -OS.NI)

=               C7               – C4



Interaction results
# down # up # total

C10 (+OS.LB vs -OS.LB) vs (+OS.NI vs -OS.NI) 1757 2021 3778



Interaction results



Threshold effects



Focus on the interaction results

3778 genes with
stress:bacteria

interaction

NI and LB samples

Heatmap performed on VST-counts



4 clusters of genes
C1: +OS.NI vs -OS.NI C2: +OS.LB vs -OS.LB

Down ↓ Not DE ↔ Up ↑ Down ↓ Not DE ↔ Up ↑

Cluster 1
1402 genes 1377 (98.2%) 25 (1.8%) 0 61 (4.3%) 1309 (93.4%) 32 (2.3%)

Cluster 2
1169 genes 0 0 1169 (100%) 12 (1.0%) 1121 (95.9%) 36 (3.1%)

Cluster 3
588 genes 1 (0.2%) 149 (25.3%) 438 (74.5%) 197 (33.5%) 390 (66.3%) 1 (0.2%)

Cluster 4
619 genes 329 (53.2%) 283 (45.7%) 7 (1.1%) 0 264 (42.6%) 355 (57.4%)
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Biological interpretation

Strong stress effect on the Amoeba transcriptome

The presence of live E. coli can:
§ cancel the stress effect (clusters 1 and 2)

§ reverse the stress effect (clusters 3 and 4)

Many more details in:
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