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Host-Pathogen Interactions ) .
using RNA-Seq
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Brute Force Sequencing is NOT
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Feasible for Bacterial Transcriptomes
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« 0.0075% of total reads
are bacterial CDS

« 12000 reads per HiSeq
lane

« ~83 HiSeq lanes =
1,000,000 reads

Problem : To study pathogen action/response in infection we need a cost effective

method to enrich for bacterial cDNA.
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Pathogen Capture
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The Diseases of Yersinia

Gastrointestinal syndromes
Y. pseudotuberculosis
Y. enterocolitica

Plague
Y. pestis

1. Entry
Rare - aerosol (calfle and birds)

Frequent - cal and dog bites - 1, Entry
{extremities, face)
2. Spread
° Systemic (infrequent)
g / Mesenteric lymph hodes

|

3. Disease
Pneumonia (rare)
Abscesses

Local (site of
animal bite) T~

Disseminated (liver,
spleen, and other
siles)

3. Disease
Abscesses
l Peritonitis

Diarrhea
\L 2. Spread

{local and regional
lymph nodes, systemic
n is infrequent)

4, Exit

i

All Yersinia are typically considered extracellular pathogens
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Y. enterocolitica Remains Viable within M ®
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Plate counts show 19% of inoculum is viable after 3 hours within
macrophage Bentetal, | &I, accepted



Y. enterocolitica Infections

Pathogen
Transcription
in media

Growth Medium 25°C
& Conditioned RPMI 37°C

Pathogen
Transcription during
the time course of
infection

Infection of M®
MOI =10 37°C
Time : 30, 60, 120, 240 min
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Pathogen Transcription
when surviving
internalization within
host cells

Gentamicin Treated
MOI =10

Thr of infection

Thr of gentamicin
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R NA_Seq An d |ySiS by YAnTra (Yet Another Transcriptomics pipeline) ©

‘ Raw reads fastq files ’
|

Quiality filtering
|

TopHat2/Bowtie2
sequence alignment
|

IGE filester HTseq - read Cufflinks Diﬁere_ntial expression
coverage counts for gene FPKM values profile over whole
feature r I . g_en0<|3me using a
| window average
GB Clustering of
BlEsiee? s el eEis compatiole genes based TraPP -
expression graph files o
. ' on Absolute Transcription
. 1 l expression Precision Pipeline
IGB compatible Clustering and [ GO term ] |
graph files heat maps of enrichment GO ontology of
Interesting interesting cases
categories
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Genome wide map of reads ) 5.

Screen shot of Virulence plasmid
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Gene expression profile in infection @&
is widely different than growth media

Principal Component Scatter Plot
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Gene expression profile of different gené
categories are very different as well

Principal Component Scatter Plot
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Gene Expression during Infection is @i,
Temporally Dynamic

—

Black: Low expression all
conditions

Orange: Highly expressed
intracellular, increased
extracellular expression over
time

i Iﬁ

Red: Highly expressed
intracellular

Y

Green: Highly expressed
extracellular and intracellular

Time: 120 30 60 120 240 30 60 120 240 30 60 120 2

Extracellular Conditioned Growth
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Differential Expression

= Differential expression was calculated by DESeg2 R
package which has been wrapped into YANTra Pipeline
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Differential expression profile
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The Ysa T3SS and Yts2 T2SS are ) s
Expressed Intracellularly

Ysa Locus
Growth Media

Conditioned RPMI

FPKM
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A New Model of Y. enterocolitica )

Intracellular Infection
l. Y. enterocolitica i
M

Ysc T3SS —

yf

Host cell membrane
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Yts2 effectors
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Y. enterocolitica Summary

= Despite extracellular classification, Y. enterocolitica is viable
within macrophages

= Infection is a dynamic process, even in vitro
= Differential gene expression analysis reveals systems that are
important during different stages of infection

= Ysa T3SS, Yts2 T2SS, and Tad pilus are highly expressed after
internalization and mutation in this pathway alter its survival.

= Deeper analysis of Yersinia transcriptomics is under way with
gene network analysis and TraPP

= TraPP is a Trancription Precision Pipeline which was developed to
understand fidelity in transcription process. (Poorey K et.al Genome
Res 2010)




Dynamics of infection in Antibiotic @&,
resistant Klebsiella pneumoniae

Host/Pathogen Pathogen Probes
Pathogens tagged cDNA 100-fold XS
p— _——9
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= New version of user friendly
Capture method is developed
used to study the host
pathogen interaction
dynamics of antibiotic

resistant Klebsiella 7 _—
pneumoniae over a time —
course of infection RNA-seq Analysis —_—
[ Raw reads fastq files ] l Auldin
Column
Thermo Scientific Pierce ’ Quality filtering ] —_—
Micro-Spin Columns — —
(Part No. 89879) —_—
Total column capacity = 0.4mL Pathogen Enriched Pool

TopHat2/Bowtie2
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(resin bed = 0.1mL; reservoir = 0.3mL)

100-200 Fold Enrichment
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Version 2 — Spin Columns

Thermo Scientific Pierce
Micro-Spin Columns
(Part No. 89879)

Total column capacity = 0.4mL
(resin bed = 0.1mL; reservoir = 0.3mL)

A
émm
Total height
with top and 37mm
bottom caps 29mm
in place
= 44mm 23mm
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Capture increases the ) .
coverage of Transcriptomics

= The overall coverage for RNA-seq is vastly improved with Capture.
2 - 11X increase of coverage
= Capture helps in studying low expressed genes
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Expression in Interesting categories ) e
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