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RNA-Seq

• Sequencing of all RNA transcripts in a sample

– Coding and non-coding

• Create snap shots of gene expression

– transcriptomics

• Find regulatory RNAs

– lncRNA

– miRNA

• Analyze splice variants

• Large scale SNP analysis



Host-Pathogen Interactions using 
RNA-Seq
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RNA transcripts of MΦ infected at 
an MOI of 10
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• 0.25% of transcripts 

are bacterial
• 3% of bacterial 

reads are CDS
• 0.0075% of total 

reads are bacterial 
CDS

• 12000 reads per 
HiSeq lane

• ~83 HiSeq lanes = 
1,000,000 reads

• ~$125,000 per 
sample



Non-specific methods to enrich 
bacterial transcripts

• Pre-filtering of bacteria

– 5μM filter

– Density centrifugation

• Ribo-Zero Epidemiology (Epicentre)

– Removes host and bacterial rRNA

• DSN or HAC treatment

– Removes most abundant transcripts 
• Typically host rRNA



Capture-based bacterial transcript 
enrichment and rRNA depletion

Host-Pathogen cDNA
Bacterial Probes

100 fold excess
Fragmented rRNA

2 fold excess

Hybridization Mix

Monomeric 
Avidin
Column

Pathogen enriched pool

25-40% Pathogen
<50% rRNA

• ~15% of total 
reads are now 
bacterial CDS

• 24,000,000 per 
HiSeq lane

• 1/24 of a lane 
=1,000,000 reads

• ~$63 per sample



In vitro Y. enterocolitica infections

Growth Media
(LB w/o NaCl)
26°C

Conditioned RPMI
MΦ grown for 2 days
Filter sterilized
5% CO2

37°C
30min, 1hr, 2hr, 4hr

Infection of MΦ
MOI = 10
37°C
30min, 1hr, 2hr, 4hr

Gentamicin Treated
MOI = 10
1hr of infection
1hr of gentamicin

Transcriptome of 
internalized bacteria

Infection-dependent 
genes

37°C and 
media 

induction



Infection-dependent differential 
gene expression

Gene ID Name Function Fold Change

YE2639 - Sugar Transporter 107.65

YE4027 - Epi-inositol hydrolase 63.44

YE2638 - Sugar Transport 54.79

YE4025 - Inosose dehydratase 46.21

YE4026 idh Myo-inositol 2-dehydrogenase 32.73

YE0267 fadA Fatty acid oxidation 31.52

YE0447 - Unknown membrane transporter 26.63

YE3198 aglB 6-phospho-α-glucosidase 21.75

YE0309 acs acetyl-CoA synthetase 20.38

YE4031 - aldehyde dehydrogenase 18.21

Gene ID Name Function Fold Change

YE0553 scrY sucrose porin -24.15

YE3092 - Unknown -18.47

YE3297 xni exonuclease -15.63

YE0789 - thiol:disulfide interchange -14.42

YE2667 - Unknown -14.32

YE1740 - Unknown -12.59

YE2772 hisI ATP pyrophosphatase -12.19

YE0552 scrA Sucrose transporter -11.30

YE0195 yigB
Flavin mononucleotide 

phosphatase -9.69

YE0781 mrfC Fimbrial protein -8.13

0.01

0.1

1

10

100

1000

0 1000 2000 3000 4000

Sugar transport

Inositol metabolism

Sucrose transport

YE gene number



Infection-dependent differential 
expression by functional category
(Genes differentially expressed between RPMI and infection)

Amino acid synthesis
Signal transduction
Nucleotide synthesis
Cofactor synthesis
Transcription
Protein synthesis
DNA metabolism
Protein fate
Intermediary metabolism
Mobile elements
Fatty acid metabolism
Cell envelope
Regulatory functions
Energy metabolism
Cellular processes
Transport and binding
Unknown

0 20 40 60 80 100 120204060

Number of Genes

UpDown



Expression of the Ysa T3SS
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In vivo S. Typhimurium infections

S. Typhimurium

Infect

2 weeks

Liver (4X)

Spleen (5X)

Livers 2.5x102 – 5.5x103 CFU/sample

Spleens 1.3x104 – 5.3x105 CFU/sample 



In vivo enrichment
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• Synergistic effect 
of combining 
Ribo-Zero with 
capture ~2X

• Despite use of 
Ribo-Zero, 
significant 
amount of 
bacterial rRNA is 
present



Conclusions

• RNA from infected samples is dominated by host 
transcripts

• Capture is a highly effective and cost efficient tool to 
enrich bacterial transcripts from infected samples

• In combination with Ribo-Zero, capture can achieve over 
10,000X enrichment

• Capture technique is highly versatile with potential 
applications in variety of fields 

• Inositol metabolism may play an unrecognized role in 
Yersinia pathogenesis

• The Ysa T3SS system is expressed during the infection 
of macrophage cells
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