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Pyrosequencing is a versatile technique that facilitates microbial genome sequencing
that can be used to identify bacterial species, discriminate bacterial strains and detect
genetic mutations that confer resistance to anti-microbial agents. The advantages of
pyrosequencing for microbiology applications include rapid and reliable high-
throughput screening and accurate identification of microbes and microbial genome
mutations. Pyrosequencing involves sequencing of DNA by synthesizing the
complementary strand a single base at a time, while determining the specific
nucleotide being incorporated during the synthesis reaction. The reaction occurs on
immobilized single stranded template DNA where the four deoxyribonucleotides
(dNTP) are added sequentially and the unincorporated dNTPs are enzymatically
degraded before addition of the next dNTP to the synthesis reaction. Detection of the
specific base incorporated into the template is monitored by generation of
chemiluminescent signals. The order of dNTPs that produce the chemiluminescent
signals determines the DNA sequence of the template. The real-time sequencing
capability of Pyrosequencing technology enables rapid microbial identification in a
single assay. In addition, the pyrosequencing instrument, PyroMark Q24, can analyze
the full genetic diversity of anti-microbial drug resistance, including typing of SNPs,
point mutations, insertions, and deletions, as well as quantification of multiple gene
copies that may occur in some anti-microbial resistance patterns.
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This submission includes animations that need editing by JOVE. | plan to mail the
animation files with time stamps for editing to the JOVE office. Because of the large
size of these files, | will mail the files on a USB drive. Please let me know if this is okay
to do, and provide the name of the individual who should receive the files.

Authors Response: The authors plan to include an animation of the pyrosequencing
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reaction at the end of the Introduction section. The animation will be provided by the
author, but we request that JOVE edit the Quick Time movie file to include the times
between 0:07 to 1:49. | will attempt to include the file with this resubmission.
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Short Abstract:

Pyrosequencing is a versatile technique that facilitates microbial genome sequencing
that can be used to identify bacterial species, discriminate bacterial strains, and detect
genetic mutations that confer resistance to anti-microbial agents. In this video, the
procedure for microbial amplicon generation, amplicon pyrosequencing, and DNA
sequence analysis will be demonstrated.

Long Abstract:
Pyrosequencing is a versatile technique that facilitates microbial genome sequencing
that can be used to identify bacterial species, discriminate bacterial strains and detect
genetic mutations that confer resistance to anti-microbial agents. The advantages of
pyrosequencing for microbiology applications include rapid and reliable high-throughput
screening and accurate identification of microbes and microbial genome mutations.
Pyrosequencing involves sequencing of DNA by synthesizing the complementary strand
a single base at a time, while determining the specific nucleotide being incorporated
during the synthesis reaction. The reaction occurs on immobilized single stranded
template DNA where the four deoxyribonucleotides (ANTP) are added sequentially and
the unincorporated dNTPs are enzymatically degraded before addition of the next dNTP
to the synthesis reaction. Detection of the specific base incorporated into the template is
monitored by generation of chemiluminescent signals. The order of dNTPs that
produce the chemiluminescent signals determines the DNA sequence of the template.
The real-time sequencing capability of Pyrosequencing technology enables rapid
microbial identification in a single assay. In addition, the pyrosequencing instrument,

| PyroMark-Q24; can analyze the full genetic diversity of anti-microbial drug resistance,
including typing of SNPs, point mutations, insertions, and deletions, as well
as quantification of multiple gene copies that may occur in some anti-microbial
resistance patterns.
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Introduction:

Pyrosequencing is a rapid and accurate method to sequence nucleic acids that is based
on the principle of “sequencing by synthesis”. "Sequencing by synthesis" involves using
a single strand DNA template to synthesize the complementary strand one base at a
time, and detecting the incorporated base (A, T, G, or C) at each step by detection of a
chemiluminescent signal. The pyrosequencing reaction includes template DNA, dNTPs
(dATP, dGTP, dTTP, dCTP), DNA polymerase, ATP sulfurylase, luciferin, luciferase,
and apyrase. The synthesis reaction is initiated by the addition of one of the four dNTPs
and DNA polymerase to the single stranded biotinylated template DNA. DNA
polymerase incorporates the complementary dNTP onto the template, with the
subsequent release of pyrophosphate (Figure 1). ATP sulfurylase proportionately
converts the pyrophosphate to ATP. ATP acts as a catalyst for the luciferase-mediated
conversion of luciferin to oxyluciferin, which generates light (Figure 2). The intensity of
light is proportionate to the number of nucleotides incorporated and determines if one or
more specific ANTP’s (dATP, dTTP, dGTP, or dCTP) is present on the template strand
sequentially (Figure 3). Any unincorporated dNTP is degraded by apyrase prior to
addition of the next dNTP for continuation of the synthesis reaction. This “sequencing by
synthesis” reaction is repeated with addition of each of the four dNTPs until the DNA
sequence of the single stranded DNA template is determined.

To view an animation of the pyrosequencing reaction click HERE (Note: include animation time
between 0:07-1:49)
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Procedure:

Introduction: A single bacterial colony should be used to inoculate an appropriate
culture broth that is incubated overnight. A bacterial pellet is then processed to purify
harvested genomic DNA using a commercially available genomic isolation kit. The
purified genomic DNA should have a 260/280 (nm) ratio >1.8 to assure that the sample
is free of protein contamination. The amount of genomic DNA required for generation of
the pyrosequencing template is 10-20 ng

A. Amplification of the Template (PyroMark PCR Handbook;
www.giagen.com/handbooks (1))

Setting up the PCR reaction

NOTE: One primer must be biotinylated at its 5' end, and it's recommended that it be
HPLC purified for Pywesegueneing template preparation. We recommend the
PyroMark Assay Design Software 2.0 for PCR and sequence primer design because
ofits-ease-of use-and-algerithms that are optimized for short-read sequencing,
however, Primer-BLAST (http://www.ncbi.nlm.nih.gov/tools/primer-
blast/index.cgi?LINK_LOC=BlastHome) from NCBI can also be used for primer
design. \iteroesmmenchouss el Copnllend Copenninie o bes DOD

soEerRRss

1. Thaw all required solutions (listed in Table 1) and mix each thoroughly. Set up the ( Formatted: Highlight
reaction according to Table 1. All work can be done at room temperature.
NOTE: PyroMark The PCR Master Mix contains MgCl; for a final concentration of ( Formatted: Highlight

1.5 mM, which provides satisfactory results in most cases. If a higher Mg®*
concentration is required, up to 3.5 pl of 25 mM MgCl, can be added to a reaction.

2. Thoroughly mix the reaction mix by gently pipetting up and down, then dispense
appropriate volumes into PCR tubes.

3. Add template DNA (<500 ng/reaction) to each PCR tube. We recommend 10 ng of
genomic DNA.

4. Program the thermal cycler according to Table 2. A final hold at 4°C is recommended-+ [Formatted: Right: -0.06"

for convenience. If using a thermal cycler without a heated lid, overlay reactions with
100 pl mineral oil.

5. Place the PCR tubes in the cycler and start the cycling program.
B. Vacuum Workstation Protocol

Immobilizing the Biotinylated PCR products

1. Make a master mix according to Figure 4.

NOTE: Before pipetting, gently shake the bottle of streptavidin-coated Sepharose


http://www.qiagen.com/handbooks

beads to ensure a homogenous suspension.

. Depending on the volume of PCR product used, dispense 60—75 pl master mix into
each well of a PCR plate to give a total volume of 80 pl per well.

3. Add 5-20 pl biotinylated PCR product to each well.

4. Seal the wells with strip caps and agitate the PCR plate at 1400 rpm for 5-10

minutes at room temperature (15-25°C) using an orbital shaker.

Denaturation of DNA and addition of sequencing primer

1. Dilute the sequencing primers to 0.3 uM with PyweMark Aannealing Bbuffer and ( Formatted: Highlight

dispense 25 pl into each well of a reaction PyreMark-Q24 Pplate. Position the plate [Formatted: Highlight

on the workstation.

2. Fill the workstation troughs according to the Figure 5 diagram.

3. Turn on the vacuum pump, and make sure the switch on the vacuum tool is set to

0On (Figure 6). Flush the filter probes with high-purity water (Milli-Q 18.2 MW x cm ( Formatted: Highlight

or equivalent) in trough 5 (Figure 5). Refill the trough with fresh high-purity water for
use in step 12.

. Working quickly, position the PCR plate with beads on the workstation. Ensure that
both plates are in the same orientation as when the samples were loaded.

. With the vacuum switch ON, lower the vacuum tool into the wells of the PCR plate
for 20 seconds or until all volume has been aspirated. The beads will be captured by
the vacuum tool (Figure 7).

. With the vacuum still ON, flush the tool with 70% ethanol (trough 1) for 20 seconds
or until all volume has been aspirated.

. With vacuum ON, flush the tool with denaturation solution (trough 2) for 20 seconds
or until all volume has been aspirated.

NOTE: The Denaturation Solution contains sodium hydroxide, which is an eye and
skin irritant. Always wear a lab coat, gloves, and protective goggles.

With vacuum ON, flush the tool with wash buffer (trough 3) for 20 seconds or
until all volume has been aspirated.

. With vacuum ON, raise the vacuum tool to beyond 90° vertical for 5 seconds, to
allow all liquid to drain out of the vacuum tool. Turn the pump OFF, and align the
vacuum tool with the reaction PyreMark-Q24 plate. Lower the vacuum tool into the
wells and gently shake from side to side to release the beads into the wells

containing sequencing primer. ( Formatted: Highiight

10.In order to clean the vacuum tool, agitate the filter probes in high-purity water (trough

4) for 10 seconds.

11. Switch the vacuum ON and flush the tool with high-purity water (trough 5) for 20

seconds or until all volume has been aspirated.



12.Raise the vacuum tool to beyond 90°C vertical for 5 seconds, then switch the
vacuum OFF and store in the “Parking” position.

Annealing sequencing primer to DNA strands
1. Place the reaction PyweMark-Q24-Pplate in a pre-warmed Pplate Hholder.

2. Heat the Pyroseguencing-samples plate on a heating block at 80°C for 2 minutes.

3. Remove the plate from the holder and place on the counter to cool at room
temperature for 5 minutes.

C—Pyromark Q24 Operation
Loading the PyroMark 024 Instrument <

NOTE: Switch on the instrument using the power switch located above the power « k

cord. Startup can take up to 1 minute.

1. Fill a cartridge according to the instructions provided in the PyroMark Gold Q24
Reagents Handbook (2). To determine volumes needed, set up a run file in the
instrument PyreMark-Q24 Ssoftware, and under the Tools menu select Pre Run
Information

2. If the instrument was already on, ensure that it is not performing a run and then open
the lid. An audible warning signal will be emitted if the lid is opened when it is unsafe
to do so.

3. Open the cartridge gate and insert the cartridge with the label facing forward (Figure
8). Ensure that the cartridge is properly inserted (a line should be visible at the front)
and close the gate.

4. Open the plate-holding frame and position the plate with samples inside the
instrument.

5. Close the plate-holding frame and the instrument lid (Figure 9).

Starting a run

1. Insert the USB stick with the run files created with the instrument PyreMark-Q24
Ssoftware into the USB port at the front of the instrument.

2. Select “Run” in the main menu and press “OK”.
3. Use the scroll arrows to select the desired run file and press “Select”.

NOTE: The instrument will begin dispensing reagents when all preset pressure and
temperature levels are reached (this may take several minutes). NOFE: During a
run, the instrument screen displays the Ppyrogram of the selected well in real-time.
Use the scroll arrows to view the Ppyrogram of other wells.

Completing a run

1. When the instrument confirms that the run is finished and the run file has been
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saved to the USB stick, press “Close”.

2. Remove the USB stick. If it was removed before the run finished, insert the USB
stick. Select “Administration” and then “Copy Unsaved Runs”.

3. The run file can now be opened and analyzed using the instrument PywoMark-Q24
Ssoftware and compared to a library of known microbes using the Identifire software.

Representative Results:

The results of a typical pyrosequencing run using the Qiagen-ldentiFire-1.0 software
shows the location of the forward and reverse primers used for amplicon generation,

and the sequencing primer used for the pyrosequencing reaction within the conserved
16S ribosomal sequence (Figure 10).The hypervariable sequence between the primer
sites allows for bacterial identification of a large number of bacterial species using the
conserved sequencing primer (5-TACATGCAAGTCGA).As an internal quality control,
the DNA sequence bracketing the variable region can be checked to assure that the
correct DNA region has been analyzed. The pyrosequencing software allows for
comparison and alignment of the generated sequence to an internal database of
bacterial ribosomal sequences for bacterial identification. In addition, a sequence can
be analyzed to determine mutations that confer antibiotic drug resistaence. For
example, analysis of mutations in the 23S ribosomal genes of Helicobacter pylori
demonstrates two mutation patterns (GAA or AGA) that confer antibiotic resistance
(Figure 11). Analysis of multiple isolates from the same patient can be concurrently
assayed to track the emergence of drug resistance over time_to aid in epidemiological
investigations of microbial drug resistance outbreaks.

Discussion:

Several new next generation sequencing methods have been commercialized. Three of
the most widely used methods are ion semiconductor sequencing, single molecule real
time sequencing, and sequencing by synthesis (SBS). Each of these methods depends
on sequencing by synthesis but employ novel platforms for detection of the incorporated
nucleotides-.In ion semiconductor sequencing, a single strand of DNA serves as a
template for the sequencing strand. Polymerase and nucleotides are added
sequentially as in pyrosequencing. When a nucleotide is added to the growing DNA
strand, a hydrogen ion is released. The hydrogen ion is detected by a field effect
transistor based sensor (Rothberg 2011).

Single molecule real time sequencing depends on the zero mode wave guide (ZMW)
(13) The ZMW is a small structure where a single polymerase molecule is attached to
the bottom of the well. It is illuminated in such a way that a florescent molecule can be
detected. Each nucleotide is tagged with a fluorescent molecule. As a fluorescently
tagged nucleotide is incorporated, a detector identifies the nucleotide. When the next
nucleotide is added, the florescent molecule is cleaved. (14)

Sequencing by synthesis (SBS) uses a unique method to amplify the target DNA such
that clusters of unique sequences are generated (15). Single stranded templates are



generated and then the complementary strand is synthesized. Each nucleotide is
labeled with a fluorescent molecule and after each base addition the fluorescence of the
added base is recorded.
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Figure 1. Biotinylated PCR product is used as a template
to incorporate dNTPs by DNA polymerase, leading to
the generation of pyrophosphate (PPi).
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Figure 2. ATP sulfurylase proportionately converts
pyrophosphate to ATP. ATP acts as a catalyst for the
conversion of luciferin to
oxyluciferin, which generates light that is proportional
to the amount of ATP. The light is recorded as peak on
the pyrogram trace and indicates nucleotide
incorporation. The unincorporated dNTPs are degraded
by apyrase before the next dNTP is added for

luciferase-mediated

continuation of the synthesis.



Nucleotide added
Figure 3. The intensity of light generated indicates if one
or more specific dNTP’s (dATP, dTTP, dGTP, or dCTP)
was incorporated onto the template strand
sequentially.



Table 1 PCR Reaction Mixture
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Table 2 PCR Cycle Specifications
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Beods Binding buffer  High-purity water
2plfsamphe 40 pl/sample  18-33 pl/sample

N LS
K

Add 5-20 pl of PCR product to sach well
(total volume = 80 pl/well)

Preparing the moster mix to immaobilize the PCR products.

Figure 4. Flow chart for preparation of PCR master
mix to amplify and immobilize the biotinylated PCR

product.



wash bufler posifion
p—
40 ml 3 - 70 ml
> o1 | highpurity
‘°""‘°"—T"'2 ] 5
L
50 ml——— 1 | }mml
70% ethanol highpurity
e, P*.‘-ln
-v’.—.- -~ | [\
PCRplote  PyroMark
Q24 plate

Figure 5. PyroMark workstation, with PCR plate,
PyroMark plate, and trough locations.



Figure 6. Locations of the Vacuum switch ON and OFF
positions.



Figure 7. Vacuum tool. Proper handling of the
vacuum tool.



Figure 8. Cartridge gate opened with cartridge in
place.



Figure 9. Cartridge properly inserted with gate
closed



Forward PCR  Sequencing

primer primer Reverse PCR primer
e
T GCCAMA. CGGA~=~~~C GAGAAGCTTG CTTCTCT === ~=GATGTT
T GCCAA CAGA=====C GAGGAC TCCTCT === ==GACGTT
T ACCCT TCTTTCCTOC CGAGTG s CACTCAATTG GAAAGAGG
T ACARCGCA CAGGATGCAC CGTAGTTTAC TACACCETA- -TICTGTG T A
T GCGGA CTTGATG=-- =-GAGTG > CACTCCT === =GAAGGTT > >
GCGAG AGGA====== ==GTTC C 3 c
AC GCOGA TCGAAG--=~A GAG-~-~ 7
AGLCT A GCCCG CGA=G====A TTG~~-~ ¥1
AGECY A s AGCLGG GGAAG===~G TAG==-~ ¥y
AG ACGGT AACAG-=-~-G AAGAAG 3 C=T7 > ¥y
ATGCTIT 2 A ACGGC AGCGG~-=-G GTAGTGCTTG G C A TA
T T ACGET AAGG~===~ C Comee- A
ARCCAT GAAG===== G CTCCY A T
ACCCT CAAG=====C CT--C0C A

Figure 10: Pyrosequencing based bacterial identification
results. PCR primers are designed for conserved regions
of the DNA template, and the sequencing primer is
positioned immediately upstream of a well-characterized
identifying hypervariable DNA sequence within the
amplicon (shown in blue).
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Figure 11. Detection of antibiotic drug resistance in
Helicobacter pylori using pyrosequencing. Analysis of
mutations in the 23S genes that confer antibacterial
resistance in Helicobacter pylori containing GAA or
AGA sequences.
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Beads Binding buffer  High-purity water
2 pl/sample 40 pl/sample 18-33 pl/sample

NV

1 60-75 pl/well

Add 5-20 pl of PCR product to each well
(total volume = 80 pl/well)

Preparing the master mix to immobilize the PCR products.
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Forward PCR  Sequencing
primer
—_— >

CTG6C
CIGGC
CheaC
CINGC
CTeGC
CTGGLC
cTeeC
CTGCGC
CTeLC
CIEC
CTGES
Lo = e
cTeee
cIeac

GGCGTGOCTA
SOCCTGCCTA
GUCLTOCCTA
FGUGTHTIA
GOCGTSCCTA
SGCOTECCTA
CCCAGCCCTA
COCAGLITTA
SOCAGUCTTA
SCCAGSCCTA
GCCATECTTT
SCTOCTSCTTA
GOCCTOCTTR
SOCCTUCTIA

primer

Reverse PCR primer

ATACATGEAN
ATACATCIAM
ATACATUCAA
ATACATGIAA
ATACATGEOAA
ACACATGIAR
ACACATCTAA
ACACATCIAA
ACACATGCAR
ACACATGTAA
RCACATGIAA
ACACATOCAA
ACRCRTEORAA
ACATATLECAA

1

GTCGAGUCAA COGOA~~~=~C GAGAAGCTTG CTTCTCT -~~~ ~~GATGTTAC
GTCOAGCOAM CAGA====+-C GAGGAGCTTG CTCCICT ===
CUUGARCCCT TCTTTOCTOC COAGTGCITG CACTCAATTG GAAAGAGGA. TUo uGhLuG
GUAGAACGCA CAGGATGCAC CGTAGTTIAC TACACCGTA= =~TTICTGIGAL TTUCGAACGG
GTCGAGUGGA CTTGATG=== =GAGTGCTTG CACTCCT=== =GAAGGTTAL COHGUGGALGG
COGLGGACHE
COCCCCALSE
GTCGAGLCEE GOA=G====A TTGC-==CTTC G-CTAATT== =GAC-~CTAL COGLGGACLO
GIUGAGCGGE GGAAG===-G TAG--~C1T~ G-CTACIG~~ ~GAC-~CTAL CLGUGGACLS

CIGCHGALGS
i COOGCGAACOG

5

rcvm AMGG-~==~C C-»---CTH' coooem—-- ~~AC-ACGAS
CTCLARCGAT GAAG==-=-G CTCCTECTTE OGGGEET -~ -=TGGATTAC
GIUGAACGET GARG=====C CT==LoCTIT TCTTCCS-+~ ==TCGATGAL TOGUGARLGL

—

GTGEAGTAMCA
GTSAGTAACA
GTUAGTAACA
GTOAGTANCS
GTGAGTRACA
GTGAGTAMCA
CTCACTANTG
GTOAGTAATA
GTGASTAATG
GTGAGTAATG
GTIASTAATA
CTOGACTARCA
GTGRAGTAATA
GUGALTAACA
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Component

Volume per reaction

PyroMark PCR Master Mix, 2x
Coralload Concentrate, 10x
25 mM MgCl, (optional)
Q-Solution, 5x (optional)
Primer A/Primer B

RNase-free water

12.5 ul
2.5 ul
Variable
5 ul
Variable/Variable

Variable

Total volume (after adding template DNA)

25 ul
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Additional comments

Initial PCR
activation step

3 step cycling:
Denaturation

Annealing

Extension
Number of cycles

Final extension

15 min

30s
30s

30s
45

10 min

95°C

94°C

60°C
56°C

72°C

72°C

HotStariTag DNA Polymerase is
activated

For genomic DNA
For bisulfite converted DNA
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Animated/Video Figure
Click here to download Animated/Video Figure: PyroFigureLegends.docx
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*Table of Reagents/ Materials Used

Click here to download Table of Reagents/ Materials Used: Pyro-JoVE_Materials.xIsx

Name of Reagent/Material
PyroMark PCR Master Mix, 2x
CoralLoad® Concentrate, 10x

Q-Solution®, 5x

MgCl,, 25 mM

RNase-Free Water

Primers

Pyromark Gold Q24 Reagents

Company
Qiagen
Qiagen
Qiagen
Qiagen
Qiagen
Qiagen

Qiagen

High-purity water (Milli-Q® 18.2 MQ x cm or equivalent)

Streptavidin Sepharose® High Performance Beads
PyroMark Annealing Buffer

PyroMark Denaturation Solution

PyroMark Wash Buffer

PyroMark Q24

PyroMark Q24 Cartridge

PyroMark Q96 HS Tip Holder Box
PyroMark Q24 Vacuum Workstation
PyroMark Q24 Plate Holder

Orbital shaker

Heat block

GE Healthcare

Qiagen
Qiagen
Qiagen

Qiagen
Qiagen
Qiagen
Qiagen
Qiagen
Fisher

Fisher

Catalog Number
978703
978703, 978705
978703, 978705
978703, 978705
129112
978776 or 978777

970802

17-5113-07
979009
979007
979008

9001514
979202
979105
9001516
9022273
11-675-297
11-718Q

Comments

Primers should be purchased from an establishe:
manufacturer (i.e. QIAGEN Pyromark Custom As:

primers should be dissolved in TE to provide a st
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d oligonucleotide
says, IDT, etc). Lyophilized
tock solution of 100 uM.
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Item 1 (check one box): The Author elects to have the Material§ be made available (as described at

http://www.jove.com/publish ) via: .. Standard Access

Item 2 (check one box):

Open Access

X The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

|
| The Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No  Derivs 3.0  Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means Mylove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.

6125426

2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JOVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(¢) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.

4. Retention of Rights in_ Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
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Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE's copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of ali rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, {(b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict

6125426
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shall be deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’'s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under alli applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JOVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
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without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JOVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or

ARTICLE AND VIDEO LICENSE AGREEMENT

damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Please submit a sighed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy as a PDF to the JoVE submission site upon manuscript submission (preferred);

2) Faxthe document to +1.866.381.2236; or

3) Mail the document to JoVE / Attn: JoVE Editorial / 17 Sellers St / Cambridge, MA 02139

For questions, please email editorial@jove.com or call +1.617.945.9051.

MS # (internal use):
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*Rebuttal Comments
Click here to download Rebuttal Comments: Rebutal-Pyro-JOVE.docx

JOVE January 25, 2013
17 Sellers Street

Cambridge, MA 02139

Dear Dr. Singh:

Thank you for the opportunity to resubmit the article “Pyrosequencing for Microbial
Identification and Characterization” for consideration to be published in the Journal of
Visualized Experiments (JOVE). The authors have added our responses to the editorial and
reviewer comments below.

Editorial comment: The protocol length is over our three page limit, so please use highlighting to
define a total of three pages of protocol to be included in the video.

Authors Response: The three pages have been highlighted in the revised submission.

Editorial Comment: 50405 (resub) - Previous issues (10/4) has been partially addressed.
Conditional pass for commercialization, and for required author clarification. *The Pyromark
name has been removed in a few places but is still extensively used (12 times in the 3 pages of
protocol).

Authors Response: The Pyromark name has been removed 8 more times from the revised
protocol.

Editorial Comment: *There is a note from the author on Aries: "This submission includes
animations that need editing by JOVE. | plan to mail the animation files with time stamps for
editing to the JOVE office. Because of the large size of these files, I will mail the files on a USB
drive. Please let me know if this is okay to do, and provide the name of the individual who
should receive the files."” We need more information on what they are asking for before we can
agree. Are they asking us to incorporate their own animations into the video, or for us to
(re)create animations for them? What sort of animations?

Authors Response: The authors plan to include an animation of the pyrosequencing reaction at
the end of the Introduction section. The animation will be provided by the author, but we request
that JOVE edit the Quick Time movie file to include the times between 0:07 to 1:49. | will
attempt to include the file with this resubmission.


http://www.editorialmanager.com/jove/download.aspx?id=34902&guid=de7e8e8c-863a-43af-8fb6-221f3cbc76b3&scheme=1

Editorial Comment:*The length is borderline, 3 pages if subheadings and the introductory
paragraph are removed. Authors should be careful to take length into consideration if they add
material after peer review.

Authors Response: Highlighted text is less than three pages after removing and consolidating
text.

Reviewer #1 Comment: | am not clear on the purpose of this article. To me, this work looks like
a package insert describing a test, step by step. The authors did not indicate the intent of this
work nor the reason of the study.

Authors Response: The purpose of this article is to present the theory and application of the
pyrosequencing technology for microbial DNA sequencing and analysis, which has been
explained in the Introduction and Results sections of this submission. The protocol is written step
by step to mirror the manufacturer’s instructions to assure proper sample preparation and
instrument operation, which will give the highest possible success rate when using this
technology.

Reviewer #2 Comment: The abstract should be rewritten to emphasize the findings and
conclusions rather than providing a description of the technique and its advantages. The results
and discussion section should focus on the sequence data obtained, and how the instrument and
technique are useful for rapid identification of mutational changes. There are 11 figures, mostly
describing the technique and instrument, but only two figures for the results. The discussion
section included three paragraphs that describe the next generation sequencing methods and did
not address the findings and their importance in this research.

Authors Response: This submission is not a research or hypothesis based study and therefore this
submission did not focus on the results or conclusions from a single organism or DNA sequence.
The authors believe the abstract accurately reflects the purpose of this submission.

The purpose of the submission is to present the theory, step-by-step procedure, and analysis of
microbial DNA sequencing using the pyrosequencing technology. The discussion section
describes other emerging and next generation sequencing technologies besides pyrosequencing,
and it did not address a research question or hypothesis.

Reviewer #3:

| thought this article presented a very clear picture of the techniques involved in performing
Pyrosequencing. | could easily operate the instrument with the instructions that were provided. |
was pleased to see the antibiotic resistance determination described in the paper. This is a very
critical area of medicine right now and the rapid determination of the correct bacterial strain
could prevent time wasted on using the incorrect therapeutic intervention. One of the primary



reasons for incorrect diagnoses is the time in which it takes to type bacterial pathogens by
conventional means.

Authors Comments: None

Regards

Dr. Patrick Cummings

Center for Biotechnology Education
Johns Hopkins University
Baltimore, MD 21218

410-516-4724



