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Research and Testing Laboratory LLC

 Formed in 2004 with the intent to use molecular
diagnostic methods to understand and fight
microbial infections.

 Biofilms and Chronic wounds. (No case study
pictures — | promise)



— Decubitu
— Diabetic Foot Ulcer

e Recovery
— Months
— Years
— Amputation
— Death
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Problem

Tissue Oxygen<30mmHg  (Hypoxia)

Blood Sugars > 350
Albumin less than 2.7
Repetitive Trauma
Increased “Bioburden”

(Systemic Disease)
(Malnutrition)

(Pressure)
(“Infection”)



— Culture wo
— Treat dominant infection
— Redebride

— Reculture wound

— Treat dominant infection
— Rinse and Repeat
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Attachment Growth Detachment,
Recruitment dispersal
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e Dormancy
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Medical Biofilm US Incidence Annual Cost
Diabetic foot ulcers (FELY 50,000 deaths, 30% of
hospital cost for diabetics
Venous leg ulcers (P)25M
& Decubitus ulcers (P) 3-5 M (P) 279%NH | > 50,000
8 Surgical site infections 500,000 $5-10 B, 5,000 deaths
8 Burn wounds Y 15,000 deaths
= Chronic meningitis 1,400-2,800 140-390 deaths
—_ Bacterial prostatitis (P) 162,800
< | All odontogenic infections
S | Chronic tonsillitis 11,000 $121.5 M
aC) Gallstones 430,000 $5B
) Crohn’s disease 36,000-60,000
Ulcerative colitis 24,000-40,000
COPD (P)30M $37.2 B, 120,000 deaths
Bronchiolectasia 110,000
Pneumonia (non-VAP) 1.2M $14-$25 B, 54,000 deaths
Medical Biofilm US Incidence Annual Cost
< | Vascular graft infection 16,000 $640 M
*= | Cardiac pacemakers 4,000-20,000
& Peritoneal dialysis peritonitis ~20-25,000 on CPD
8 Ventilator acquired pneumonia 135,000 $1.5 B, 61,000 deaths
S | Endotracheal tubes 100s of thousands $5 B
O | Urinary catheter cystitis Millions 4,500 deaths
Z | Central venous catheters 250,000 $296 M-$2.3 B, 30-62.5 K
deaths
Total 20 Million $100 B, >500k deaths




Disease : ~Annual Cost
Cardiovascular Disease .8 B, 650,000 deaths

Cancer 1.5 $206.3 B, 550,000 deaths

Diabetes 1.5 M per year, ages 20+ $132 B, 73,000 deaths

Medical Biofilm > 10M per year > $200 B, > 500,000 deaths
3/1/2013 Research and Testing Laboratory 13
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Process
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Image Scientific American: Explore the Human Microbiome [Interactive]



T
Process

e Estimated to be 10x more bacteria cells on
and In humans than actual human cells

« Microbial constituents help with food
digestion, vitamin synthesis, Immune system
regulation and appetite

— Microbes contribute more genes responsible for
human survival than human genes



v

e Members of the same household have similar
microbiomes

o Community structure Is unique to an
individual
— Varies due to age, hormones, pets, stress,
medication, health
— Implication to biofilms in chronic wounds



— May not reflect the :cotal_cdmmunity structure

— 90-99%
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16S rRNA Sequencing
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Presenter
Presentation Notes
Other barcodes
ITS Cytochrome SSU LSU Plastids 


T
Culture v molecular methods

log(Total Oocurences)
logiSum of Relative Abundance)

51 Human wound samples were split for culture and 16S deep
sequencing. 14 genera were identified by traditional methods, 145
identified by sequencing
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e Molecula
rapidly becoming 1 dard for
microbial diversity studies and diagnosis of

Infection

Research and Testing Laboratory
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Survey of fungi and yeast in
polymicrobial infections in
chronic wounds

# Orbjactive: To msses the Inddencs,abundancs and species disersity of furgl In chronic wourds, az wel
s to desabs the asodaions of major fungl populidons.
» Mothod: Comprehensive molecuar diagrostic reports wers svaluaced from a tool of 915 chronic

wolrds N a rerospectie sody

« Results: Of che 915 dinkal spscimens, 208 (23%) wers posiths for fungal speciss.Thess samples were
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Clinica esult

DNA Dx/Topical

DNA Dx/Systemic

CTRL Group

0% 20% 40% 60% 80% 100%

Full Wound Closure % (Healed)

» CTRL Group = DNA Dx/Systemic m DNA Dx/Topical




appropriately desig d probes.

e More sensitive In compérison_to other high-through put
platforms when quantifying specific analytes.

e Quick and cost-effective.

Research and Testing Laboratory
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e Cheap sequencing
 Fast preparation
« Small fragments

Research and Testing Laboratory

3/ Tt Lubbock, TX
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ENT
e Gastroinste
e Dental

* Non-biofilms
A UIES
— Trypanosoma
 Virus difficult

Research and Testing Laboratory

/gl Lubbock, TX
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FLX 454 Flow Diagram

Phylogenetic .

. : DNA
assignment, alignment, and

clustering of genetic fragments extraction
Samples

Amp||f|ed DNA PCR to amplify genetic region

) . and also introduce linkers and tags
bound to a single bead is

. on the DNA fragments
sequenced with the use of

pyrosequencing on a GS
Samples

FLX Titanium System

T DNA pool of rcr

products. Purification,
Bead recove ry guantification, and dilution

emMPCR-- pCR in oil-water emulsion, "

\ resulting in clonal amplification of a
single bead-bound target sequence < Samples



Sample Capabilities

To extract

— Feces, swab, tissue, water, filters, soil, whole
organisms, blood, cerebral fluid, urine, biofilms

Genomic DNA
cDNA

RNA

Pooled regions



Samples

Phylogenetic .

. : DNA
assignment, alignment, and .
clustering of genetic fragments extraction
Samples
Amplified DNA PCR to amplify genetic region

and also introduce linkers and tags
on the DNA fragments

bound to a single bead is
sequenced with the use of
pyrosequencing on a GS
FLX Titanium System

|

Bead recovery

Samples

v
DNA pool of rcr

products. Purification,
guantification, and dilution

emMPCR-- PcR in oil-water emulsion, e
\ resulting in clonal amplification of a
single bead-bound target sequence < Samples



T
Linker and Tag purpose

£

e Linkers
—AandB

— Recognition site for DNA binding bead w

— Priming site for enrlchment and sequencing
reactions Ed=

e Tag
— Unique * barcode for pooled samples (8 bp)




Samples

Phylogenetic .

. : DNA
assignment, alignment, and .
clustering of genetic fragments extraction
Samples
Ampllfled DNA PCR to amplify genetic region

and also introduce linkers and tags

bound to a single bead is on the DNA fragments

sequenced with the use of
pyrosequencing on a GS
FLX Titanium System

|

Bead recovery

Samples

v
DNA pool of pcr

products. Purification,
quantification, and dilution

emMPCR-- PcR in oil-water emulsion, e
\ resulting in clonal amplification of a
single bead-bound target sequence < Samples
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Pooling, Purification, Quantification

PCR gel — band size and strength

Small fragment removal

— Ampure beads

— Diffinity Tips

— Other techniques

Double stranded quantification
Single strand enrichment

Single stranded guantification




FLX 454 Flow Diagram

Samples

Phylogenetic .

. : DNA
assignment, alignment, and .
clustering of genetic fragments extraction
Samples
Ampllfled DNA PCR to amplify genetic region

and also introduce linkers and tags

bound to a single bead is on the DNA fragments

sequenced with the use of
pyrosequencing on a GS
FLX Titanium System

|

Bead recovery

Samples

v
DNA pool of rcr

products. Purification,
guantification, and dilution

emPCR-- PcR in oil-water emulsion,

\ resulting in clonal amplification of a
single bead-bound target sequence

<——— Samples



454 Sequencm om individual

DNA molecules

Library of single stranded DNA molecules
One DNA molecule per bead

Clonal amplification of that single molecule to ~10 million
copies

Independent sequencing of each bead

One Bead = One Read = One DNA molecule

www.roche-applied-science.com




Samples
Phylogenetic . DNA

assignment, alignment, and .
clustering of 165 rRNA gene extraction
fragments Samples

/ \ %

Amp||f|ed DNA PCR to amplify genetic region

\ . nd also intr: linkers and t
bound to a single bead is BRRICBeC Tinkers and tags

sequenced with the use of on the DNA fragments
pyrosequencing on a GS

FLX Titanium System Samples
T DNA pool of rcr

products. Purification,
guantification, and dilution

Bead recovery

\ resulting in clonal amplification of a
single bead-bound target sequence

EMPCP-- pcR in oil-water emulsion,

<——— Samples
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Recovery and Enrichment

e Recovery
— Breaks emulsion
— Removes all

e Enrichment
— Creates single stranded DNA on beads

— Eliminates unamplified or poorly amplified beads
— Adds sequencing primer



FLX 454 Flow Diagram

Samples

Phylogenetic .

assignment, alignment, and

DNA

clustering of genetic fragments extraction

/

Amplified DNA

bound to a single bead is

Samples

g

PCR to amplify genetic region

and also introduce linkers and tags

sequenced with the use of R lfogments

pyrosequencing on a GS
FLX Titanium System

|

Bead recovery

Samples

v
DNA pool of rcr

products. Purification,
guantification, and dilution

EMPCP-- pcRrin oil-water emulsion, e
\ resulting in clonal amplification of a
single bead-bound target sequence < Samples
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EAG 5.0kV 22.1mm x500 SE(M)

Research and Testing Laboratory
Lubbock, TX
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MAS 5.0kV 12.9mm x2.00k SE(M) 20.0um

www.roche-applied-science.com
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packing bead

DNA bead 2 A RNRTRNG K e
(20 pm) : : - . el it (0.8 um)

- .

EAG 5.0KV 22.2mm x8.00k SE(M)

enzyme bead www.roche-applied-science.com
(2.8 um)

3/1/2013 Research and Testing Laboratory

Lubbock, TX
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Sequencing Workflow
Sequencing by Synthesis

Signal image

AGAMAINCGGCATGCTAAAGTCA

Anneal pri

APS

Sulfurylase

ATP

\;/_Hiferin

Light + oxy luciferin

 Bases (TACG) are flowed
sequentially and always in the
same order across the
PicoTiterPlate device during a
sequencing run.

* A nucleotide complementary to
the template strand generates a
light signal.

» The light signal is recorded by
the CCD camera.

* The signal strength is
pr(w),{r)ﬂcw)rtional to the number of

.roche-applied-science.com
nucleotides mcorporated.


Presenter
Presentation Notes
 Nucleotides are added sequentially: When the first of the four deoxynucleosid triphosphates is flowed over the plate and if it is complementary to the template strand, DNA polymerase catalyzes the incorporation of the nucleotide into the DNA strand. Pyrophasphate is released in a quantity equimolar to the amount of incorporated nucleotide and is converted by ATP.
 Luciferase uses this ATP to convert luciferin to oxyluciferin and light, which is detected by a charge-coupled device (CCD) camera and recorded as a peak.
 Each light signal is proportional to the number of nucleotides incorporated.
 In parallel, apyrase continuously degrades unincorporated dNTPs and execc ATP. When the degradation is complete, the next dNTP is added.



Image Acquisition

PicoTiterPlate
RS

N
( 0"""\‘01‘
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Reagent Flow Bs

Photons

ﬂ?in% Generated Sequencing
|

on are Captured Image Created
by Camera

www.roche-applied-science.com

Research and Testing Laboratory
3/1/2013 Lubbock, TX

One image
created per
nucleotide flow
400 images / run
32 Mb / image

Stored in 454
“PIF” format

Image files
named for each
flow

00001.pif

J
00400.pif

44
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Image Pr%

ata
g Overview

. Each well's data

1. Raw da’taf ;g?# ik extracted,
IS series o ﬁ ﬁ;}ﬁ O :“' quantified and
.,}, e normalized

images ﬁ;\
RN

- MNurber of Bases Mumber of Bases ws. Flow

3. Read data
converted into
“flowgrams”

www.roche-applied-science.com



Data Acquisition

* “Proof-reading” Algorithms
— Small fragments
— Missed flows
— Uncertain flows
— Mixed beads

 Homopolymers
— More than 3 — reduced efficiency



Samples

Phylogenetic .

. . DNA
assignment, alignment, and .
clustering of genetic fragments extraction
Samples
Amplified DNA PCR to amplify genetic and also

introduce linkers and tags on the

bound to a single bead is DNA fragments

sequenced with the use of
pyrosequencing on a GS
FLX Titanium System

|

Bead recovery

Samples

v
DNA pool of rcr

products. Purification,
guantification, and dilution

EMPCP-- pcRrin oil-water emulsion, e
\ resulting in clonal amplification of a
single bead-bound target sequence < Samples
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Data Processing

12 different samples

uniquely labeled

with MIDs Samples combined
for emPCR and

sequencing .
Sample-specific data

deconvoluted
bioinformatically

Sample [ Sample @ Sample |l Sample Sample | Sample Sample Sample
1 2 3 4 6 7 9 12

www.roche-applied-science.com



Presenter
Presentation Notes
Used in conjunction with the available gaskets, up to 192 samples can be pooled per run!


T —

Data Processing

e Regions parsed
— Tags identified
— Samples clustered
— Short reads (less than 250 bp) discarded
— De-noised
o Samples blasted against curated database
— Bacteria, Archaea, Fungi, Algae
— Some functional genes
— To species (relative and absolute)



Bioinformatics/Biostatistics

 Standard Basic Bioinformatics
— .fasta files (all sequences)
— .qual files (sequence quality per base)
— .Sff files (raw data)
— Analysis



o Addit
— Hourly
— Custom ana
— Address individual needs

of clients

Research and Testing Laboratory

/gl Lubbock, TX
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FLX Titanium System
— > 400 million bases
— ~ 300-400 bp reads (600 bp max)
— ~900K-1.2M HQ reads
— 9-hour run

FLX Plus System
— ~500-800 bp reads (1000 bp max)
—  20-hour run

Research and Testing Laboratory

3/1/2013 Lubbock, TX
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454 high-throughput Sequencing
Technology Applications

Microbial Diversity
(to species level)

Whole Genome Ultra Broad
Sequencing Sequencing

Bacteria 16S assays
Bacteria 23S assay
Archaea 16S assay
Fungi selective assays
Functional gene assays
Protozoa

Algae

Eukaryote

Custom assays

Bacteria Transcriptome
Fungi Metagenomics

Virus Transposon

Higher Eukaryotes AFLP

BACs, YACs Phylogenetic
Sequencing

Research and Testing Laboratory

Lubbock, TX 23
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480 — BioMark Comparison

Roche
LightCycler 480

3/1/2013

6 Samples per run

12 analytes/targets
Faster setup & run time
No pre-amplification
Uniplex: 1 target per
sample

Expandable to 384 well
plates (384 individual
assays)

Fluidigm
BioMark

Research and Testing Laboratory
Lubbock, TX

36 Samples per run

47 analytes/targets
Higher throughput
Pre-amplification
necessary

Automatic Multiplexing

Expandable to 96.96
(9,216 individual
assays)
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LABORATORY LLC. %
1004 GARFIELD DR., BLDG #340, LUBBOCE. TEXAS 79416 t
(806) T71-1134 | FAX (806) 771-1168 L

|.delton.hanson@researchandtesting.com

Info@researchandtesting.com
www.researchandtesting.com

Research and Testing Laboratory
/12013 Lubbock, TX
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