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Step I: White Paper Application 
 
 
 

Application Guidelines 
 

1. The application should be submitted electronically per requirements via the web site 
of any of the NIAID Genomic Sequencing Centers for Infectious Diseases. Include all 
attachments, if any, to the application.  

2. There are no submission deadlines; white papers can be submitted at anytime. 
3. GSC personnel at any of the three Centers can assist / guide you in preparing the 

white paper.  
4. Investigators can expect to receive a response within 4-6 weeks after submission. 
5. Upon approval of the white paper, the NIAID Project Officer will assign the project 

to a NIAID GSC to develop a management plan in conjunction with the participating 
scientists. 

 
 
 
 

 
 

 



 

Genomic Sequencing Centers for Infectious Diseases: White Paper Form            2 

White Paper Application 
 

    Project Title: High Throughput Genomic Microbial Surveillance 
 
Authors: Lisa Cosimi, Michael Feldgarden, Rob Nicol, Andrew Onderdonk 
Primary Investigator Contact: 

Name Rob Nicol 
Position Director, Sequencing Operations & Technology Development  
Institution The Broad Institute 
Address 320 Charles Street, Cambridge 
State MA 
ZIP Code 02141 
Telephone (617) 714-8420 
Fax (617)-714-8002 
E-Mail nicol@broadinstitute.org 

   
1. Executive Summary (Please limit to 500 words.) 
Provide an executive summary of the proposal.  
 
Public heath surveillance of microbial infectious disease ideally monitors and provides 
essential data that inform the management of disease on the population and individual 
level.  The current crisis of increasing antibiotic resistance has been challenging to 
monitor.  In general, pathogen evolution in response to antibiotic use has occurred over a 
period of decades, and the enormity of the problem, encompassing a wide range of 
bacterial pathogens, has resulted in a large gap between current surveillance capabilities 
and what is needed to manage the growing problem.  Rapid technological advances in 
sample preparation, sequencing, and data analysis methods have created the necessary 
elements of a high throughput genomic surveillance process, but these elements still need 
to be integrated, tested, and optimized as a whole system. 
 
The major limitation of existing antimicrobial resistance surveillance is that current 
programs tend to track overall trends in frequencies of antimicrobial resistance in each of 
the common species of infectious bacteria. This approach supports local empiric 
antimicrobial therapy choice, guides national drug use policy, and helps to set local 
infection control practice and policy. However, existing methods and programs are 
unable to track antimicrobial resistance in specific strains, clones or subclones and 
unable to follow the spread of specific resistance genes.  Doing so is necessary to 
truly delineate the spread of resistance and could rapidly affect the management of 
antibiotic resistance both on the individual patient and population level. Genome analysis 
is the ultimate reference for interpreting evolution, dissemination and recombination 
among sensitive and resistant clones and subclones.  As these technologies interface with 
the world’s microbiology laboratories, the increasing ability to integrate genotypic data with 
current laboratory descriptions of isolates will ultimately provide a greater definition of the 
interrelationships among strains and an increased ability to discriminate among the 
different strains. 
 
We propose to build an integrated high throughput surveillance system that is able to 
rapidly extract, prepare, sequence and analyze thousands of clinical samples and provide 
real time feedback on antibiotic resistance in a clinical setting.  We propose to do this in 
two phases.  The first phase will consist of development efforts to produce a protocol and 
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pipeline capable of processing thousands of samples routinely from the clinical lab to 
analysis. Specifically we will find effective high-throughput methods for cell lysis and DNA 
isolation, DNA fragment library construction and high-density multiplexed sequencing.  For 
this phase we will focus our efforts on MRSA and MSSA, and pilot the procedures using 
an existing collection of 300 isolates.  Our successful methods will, of course, be shared 
to enable other clinical groups and sequencing centers to similarly scale up studies of 
resistance. 
 
In phase II we will collaborate with clinical investigators with access to thousands of well-
characterized isolates to monitor and assess the spread of several key antibiotic resistant 
organisms, and their sensitive conspecifics.  Additional optimization of the surveillance 
process for other organisms beyond MRSA and MSSA will be performed as needed, and 
possible target organisms will include Staphylococcus aureus, ESBL-producing Gram-
negative organisms, and enterococci. 

 
2. Justification 
Provide a succinct justification for the sequencing or genotyping study by describing the 
significance of the problem and providing other relevant background information. 
 
This section is a key evaluation criterion. 
 

1. State the relevance to infectious disease for the organism(s) to be studied; for 
example the public health significance, model system etc.  

The numerous factors that contribute to the growing antibiotic resistance problem – 
including the horizontal acquisition of resistance genes on plasmids found in the 
environment or from other, existing resistant strains; the de novo generation of resistance 
conferring mutations within an individual genome; the selective pressure exerted from 
antibiotic use or over-use; the fitness costs of resistance acquisition on clone survival or 
transmissibility, to name a few – demonstrate the enormous complexity of this problem. In 
U.S. hospitals alone, 1.7 million people acquire nosocomial bacterial infection and 99,000 
die every year, with 70% of these infections due to bacteria resistant to at least one drug 
and costing an estimated $45 billion annually i,ii,iii. 
 
Multiple mechanisms exist for the generation of resistance.  A strain may become 
resistant to an agent, such as flouroquinolones, when a gene mutates, conferring 
insensitivity to the molecule. Such resistant strains presumably emerge whenever and 
wherever their susceptible ancestors’ mass and mutation rate generated them and 
selection by the agent promoted their overall survival.  This de novo mutation acquisition 
is likely to emerge in multiple independent strains as independent events, in proportion to 
use of the selecting agent. 
 
Alternatively a strain may acquire a new gene or genetic element from the environment or 
through horizontal gene transfer from another organism.  Examples include methicillin-
resistant Staphylococcus aureus (MRSA), penicillin-resistant pneumococci, vancomycin-
resistant enterococci (VRE) and resistance to amininoglycosides and other agents in 
Gram-negative bacilli.  Delay in the emergence of such genes in human pathogens (30 
years for vancomycin), their first emergence in only an isolated part of the world, and their 
initial pauciclonal spread in only one or a few strains are all consistent with the idea that 
the acquisition of such genes is a rare event. Thus, the appearance of an organism 
carrying such resistance genes at any given place is likely the result of its transmission 
along a long chain of hosts from a distant emergence.  The resistance genes in the 
bacteria of any patient, hospital or country can thus be seen as accumulating from a 
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succession of transmissions originating from both local and global bacterial reservoirsiv. 
The apparently small fitness cost of their carriage, their dispersal in enormous bacterial 
populations, their linkage to other resistance genes, and ongoing selection with antibiotic 
exposure discourage hope for the extinction of these resistance genes.  The persistence 
of these genes within the population stresses the importance of preventing or delaying 
their establishment by preventing the intrusion of such resistant clones.  
 
In addition to antibiotic resistance, virulence genes are also not normally tracked by any 
surveillance system, yet are critical to understanding the rapid spread of resistant bacteria 
For example, CA-MRSA strains, generally classified as USA300 by PFGE, are of 
significant concern because their particular virulence adaptations led to rapid spread into 
the community outside of healthcare settings starting, around the year 2000.v  These new 
CA-MRSA strains are fortunately still susceptible to antibiotics outside the beta-lactam 
group such as clindamycin, but the combination of a highly resistant nosocomial strain 
with the epidemic and virulence adaptations of CA-MRSA would be a significant public 
health threat.  Current PFGE or gene specific (PCR) surveillance methods cannot resolve 
differences between strains of CA-MRSA as reported in Larsen et. al. 2009vi who 
compared two phenotypically different clones with an identical USA300 PFGE profile and 
found only high resolution sequencing methods could identify the key differences. 
 
Lack of tracking on the strain and clone level.  
Clonal identification would allow the recognition of a MRSA clonal outbreak on top of a 
standard background of other MRSA infections, which might trigger a response of 
containment measures, and improved infection control around the clonal outbreak. In 
contrast, if one of several different MRSA clones circulating in a hospital began to spread 
widely, in the absence of clonal information, the general background rates of MRSA 
collectively might overshadow the increased prevalence of the single clone.  
 
In an ideal system, an improved surveillance system might guide preemptive action to be 
taken to try to prevent resistance.  For example, detection of the MRSA strain to which the 
vanAB genes were repeatedly and independently transferred in the Detroit outbreak of 
VRSAvii might result in an intensified effort to track the MRSA clone and to prevent 
repeated transfer of the genes from co-colonizing VRE. 
 
An incomplete catalog of strains and gene level variation 
A key goal of the surveillance system would be to identify the complete set of all genetic 
elements in all known strains of antibiotic resistance S. aureus including MRSA and 
VRSA. This catalog would provide enormous insight into which genetic elements 
constitute the "core" genome and which are the “accessory” genome not essential for the 
basic functioning of S. aureus but containing much of the specialized virulence and 
resistance machinery. Cataloging all these genetic elements would also greatly facilitate 
the identification of any truly novel mutations found in new strains as the existing elements 
from the database could be "subtracted" from the new sequence to identify horizontal 
gene transfer or other novel changes. The S. aureus genome is also not infinitely variable 
as certain essential genes and regulatory structures must exist for the microbe to function 
and mutations or changes in these regions could be lethal. Defining a pan-genome from 
hundred of clinical S. aureus isolates could identify the set of required core genes 
enabling the development of alternate control strategies not associated with antibioticsviii. 
Further, a comprehensive catalog of S. aureus genes would constitute a very valuable 
resource for antibiotic development as new targets may be discovered or insight into 
modifications of existing antibiotics may be obtained. 
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The current classification systems are not adequate to characterize the gene level 
variation in strains. To emphasize this point, four S. aureus genome sequences were 
compared in the figure below, with the mauve color showing the shared “core” genome, 
areas in white correspond to regions not aligned with the other genomes and unique that 
particular strain, and other colors representing regions shared by genomes sharing that 
same color.  As can be seen in the figure, two strains TCH1516 and FPR3757 both 
classified as USA300 share most of their genome but also have significant unique regions 
not shared with the other. Note that the nosocomial MRSA genome has extensive 
differences with the USA300 genomes, as would be expected since the nosocomial 
MRSA genome lacks much of the virulence machinery in USA 300 strains such as 
Panton-Valentine leukocidins and in turn the USA300 genomes lack the additional 
antibiotic resistance genes found in “standard” nosocomial MRSA.  These genomes were 
downloaded from the National Center for Biotechnology Information (NCBI) and aligned 
using Mauve1 multiple alignment software.  Also included in the alignment is a methicillin 
sensitive S. aureus (MSSA) at the top, and the shared regions with MRSA can be seen 
light green although interestingly the MSSA genome also shares significant regions with 
the USA300 strains.  The MSSA genome also contains a re-arrangement where a portion 
of its genome has moved to a different location and orientation relative to the other strains 
compared as shown in the figure below. This detailed resolution can enable us to track the 
spread and evolution of MRSA. 
 

 
Timing and Public Availability of Data  
A successful surveillance and response system requires a two-way flow of information:  
for surveillance to be successful, the information must be available rapidly to medical 
professionals and researchers.  A survey of over 200 articles reporting the outcome of 

                                                
1 Mauve multiple genome alignment software from 
http://asap.ahabs.wisc.edu/software/mauve/ 
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MRSA surveillance, published since 2004, indicates that the time between the collection 
of the last isolate and public release of the data (i.e., publication) is at least thirty months.  
In only one instance was data released in less than two years, and those data were only 
antibiotic resistance phenotype dataix.  
 
Most surveillance programs are also limited both in the data collected and the data 
released to the larger research community, as they only collect antibiotic susceptibility 
data, and on occasion, molecular typing data such as MLST or PFGE.  These data have 
little utility for researchers interested in either molecular mechanisms or in finer scale 
epidemiology.  Worse, many of these studies are ‘electronic’, as is the case for hospital 
data, in that the isolates are not banked for future use.  These studies are also limited by 
the scope of reporting.  Data are inevitably summarized, given the constraints of 
publishing, and it is often difficult to acquire the original raw data.  A streamlined high 
throughput process for sequencing would greatly accelerate the capture and release of 
this critical information. 
 

2. Are there genome data for organisms in the same phylum / class / family / genus? 
What is the status of other sequencing / genotyping projects on the same organism 
including current and past projects of the NIAID GSC? Provide information on 
other characteristics (genome size, GC content, repetitive DNA, pre-existing arrays 
etc.) relevant to the proposed study. Have analyses been performed on the raw data 
already generated/published? If additional strains are proposed for a species, 
please provide a justification for additional strains? 
 

There are several S. aureus projects funded by the GSC, as well as by other sequencing 
centers.  These projects have focused mostly on individual clones of S. aureus, and many 
are SNP-based and do not involve whole genome assembly.  The GSC at JCVI is 
currently sequencing forty staphylococci strains to better understand the diversity within 
this genus.   
 
In phase I, we will work with previously acquired and characterized strains that have not 
yet been sequenced to develop our capacity to build a high-throughput system that can 
handle thousands of strains.  In phase II, we will sequence additional strains to provide a 
novel resource:  the first large-scale prospective genome-level population study of 
antibiotic resistant S. aureus in a clinical setting. 
 

3. If analyses have been conducted, briefly describe utility of the new sequencing or 
genotyping information with an explanation of how the proposed study to generate 
additional data will advance diagnostics, therapeutics, epidemiology, vaccines, or 
basic knowledge such as species diversity, evolution, virulence, etc. of the proposed 
organism to be studied. 

Clonal or strain identification is an evolving concept that changes as the methods for 
characterizing strains increasingly incorporate genotypic data into previous phenotypic 
descriptions.  MRSA strains have been previously identified by their respective pulse field 
gel electrophoresis (PFGE) patterns, with the CDC designation of USA strains 100-800.  
USA100 has classically been associated with nosocomial acquisition while USA300 
“clonal” dissemination has largely been held responsible for increasingly widespread ca-
MRSAx.  With the increasing application of next-generation sequencing, genomic 
descriptions are likely to replace these relatively crude designations.  
Unlike methods with less resolution, such as PFGE or multilocus sequence typing, the 
increased resolution of genomic sequence can provide epidemiological and evolutionary 
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insights that would otherwise be missed.  A previously supported GSC project, which 
examined the evolution of the USA200/80-81 clone indicates that the two epidemic waves 
are genetically distinct and that the second wave is not derived from the previous wave.  
This would have been impossible to detect using traditional methods.  Another study has 
used genomic data to track the spread of a single MRSA clone within a facilityxi; this study, 
due to the presence of whole genome data, was also able to assess the rapid evolution in 
genes related to antibiotic resistance.  Genomic data even provides enough resolution to 
monitor genetic changes during the course of a single infectionxii.  
 
Genome analysis is the ultimate reference for interpreting evolution, dissemination and 
recombination among sensitive and resistant clones and subclones.  As these 
technologies interface with the world’s microbiology laboratories, the increasing ability to 
integrate genotypic data with current laboratory descriptions of isolates will ultimately 
provide a greater definition of the interrelationships among strains and an increased ability 
to discriminate among the different strains. 

   
3. Rationale for Strain Selection 

4. Provide the rationale behind the selection of strains and the number of strains 
proposed in the study. The focus of the program is on potential agents of 
bioterrorism or organisms responsible for emerging or re-emerging infectious 
diseases. Non-select agents or non-pathogenic organisms will be considered when 
they can provide insight into these scientific areas.  

 
The overall project will be divided into two phases. The goal of phase I is to develop a 
scalable, robust process to be used in phase II. In phase I we will work with 300 strains 
that include reference MRSA and MSSA strains to facilitate both algorithm and process 
development as well as MRSA strains isolated collected from a single ICU over a 2-year 
period, all of which have been phenotyped for drug resistance by culture assays. We 
believe that 300 individual strains is an appropriate size for a pilot study, understanding 
that we will actually be sequencing multiple replicates of the entire set to test for variability 
in batching and other process optimizations.  
       
 

 
  4a. Approach to Data Production: Data Generation 

State the data and resources planned to be generated. (e.g draft genome sequences, 
finished sequence data, SNPs, DNA/protein arrays generation, clone generation etc.) 
 
DNA Isolation: One of the hardest problems in building a robust surveillance process is 
likely to be what might be thought of as the easiest: DNA extraction from the MRSA 
microbes. Many clinical microbiology labs routinely prepare MRSA samples for PCR-
based assays but these are significantly less demanding of the quality and quantity of 
DNA produced with picograms of fragmented DNA being sufficient to amplify the relatively 
small PCR targets (in the hundreds of bases) these assays target. In contrast next 
generation DNA sequencing requires 10 to 20 micro grams of DNA in large (greater than 
20,000 base) single molecules. 
 
The “standard protocol” is based on the leading vendor, Qiagen, which sells column 
based DNA extraction kits in routine use throughout the world for high molecular weight 
DNA applications. Despite the kit being marketed as an easy-to-use product, there are a 
large number of steps in the Qiagen DNA extraction process that require extreme user 
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skill and tacit knowledge.  For example, one of critical steps in obtaining DNA is to 
carefully wash with ethanol a hard to see and easily disturbed pellet on the side of a glass 
tube after centrifugation, which requires great skill on the part of the technician.  
Technology development efforts around automation and optimization of this process are 
likely to improve robustness and yield, but will require large sample sets to find optimal 
conditions across a range of MRSA samples (with varying cell wall thicknesses and 
growth rates). 
 
A surveillance process must be able to process thousands of samples routinely, possibly 
at different and remote locations.  Developing robust protocols and processes that can 
handle the wide variety of MRSA samples will be a key contribution of the technology 
development in this project.  To demonstrate the wide variability observed using the 
“standard” protocol, the figure below shows the DNA yield from 150 distinct MRSA 
samples, with the band in red showing the optimal DNA yield required for sequencing.  
This large variability must be addressed for a large-scale surveillance process to work, 
and industrial optimization methods can make significant improvements.  Newer 
technology, such as the recent availability of a “pressure cycler” that can use high 
pressure to lyse cells efficiently without enzymatic methods could prove useful and will be 
investigated. 
 

 
 
Multiplexing: A second key technology development effort needed for a high throughput 
MRSA surveillance process is the ability to barcode samples at the molecular level to take 
advantage of the high yields available in next generation sequencing instruments.  While 
barcoding methods currently exist for moderate (12-96) levels of small insert paired end 
(180-500 base) multiplexing, these will have to be tested for and likely greater factors of 
multiplexing may be needed for routine operation of the process. However no methods 
exist for the multiplexing of larger insert (>2000 base) jumping libraries, which are needed 
for the automated assembly of genomes, rather than simply SNP calling using only the 
small insert libraries.  The technology development efforts will focus on generating a 
process that can produce sufficiently complex (>90X sequence coverage) but automated 
and scalable libraries in both small and long insert categories. 
 
Pilot Process: The prototype methods developed for high throughput DNA isolation and 
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multiplexing will then be optimized using the set of 300 phase I clones. This will require 
multiple iterations of Design of Experiments (DOE) runs to identify the process sensitivity 
to various parameters such as too little or too much input DNA, unequal pooling of clones 
at multiplexing, varying isolate growth conditions, and others.  The goal is to produce an 
integrated, robust, and well characterized process that can be easily transferred to 
multiple locations as needed in addition to being capable of operating with the expected 
variation in input clones.  The pilot process will test from end to end all of the elements of 
the surveillance system to make sure any integration issues are resolved before phase II. 
 
Phase II: The large scale prospective sequencing of strains planned in phase II will be 
gated by the technology development needed to produce a robust and efficient process 
and will not begin until phase I is complete.  
 

   
4b. Approach to Data Production: Data Analysis 

Briefly describe the analysis (value-add) envisioned to be performed subsequently by the 
community and the potential to develop hypotheses driven proposals given the datasets 
and resources produced by this work.  
The technology development required in phase I will produce a number of useful 
benchmarks for what a robust and efficient DNA extraction and multiplex sequencing 
process can perform.  Examples of key benchmark metrics include the DNA yield for a 
given sample input, the variability in yield across a number of strains, the throughput of 
samples, the maximum number of samples that can be pooled, and variation in coverage 
for a given pool.  Additionally the robustness of workflow will be evaluated in terms of the 
maximum buffer sizes, the allowable timing between steps for large batch sizes, and the 
required labor for a given throughput. 
 
Additionally, the results of the pilot process will enable other researchers to benchmark 
their processes to ensure they are delivereing comparable data sets.  In addition, the 
reference genomes produced by phase I will enable researchers to develop hypotheses 
around observed microbiology phenotype (i.e. growth rates, lysis resistance, antibiotic 
resistance) against the genotype provided.  The known resistance and virulence genes in 
each of the phase I strains will be identified and compared. 
 
Because a major goal of this proposal is to provide rapid data release, data will be 
available in two formats for analysis.  As a preliminary release, we will call SNPs against a 
known reference genome, so these strains can be typed quickly without requiring genome 
assembly or annotation.  This would use our standard SNP calling pipelinexiii.  Following 
this, to enable more thorough analyses, including the construction of the S. aureus pan-
genome, isolates will undergo our standard assembly and annotation processes.  
 

   
5. Community Support and Collaborator Roles:  

5. Provide evidence of the relevant scientific community’s size and depth of interest in 
the proposed sequencing or genotyping data for this organism or group of 
organisms. Please provide specific examples. 

The ability to consistently extract, process and sequence DNA from large numbers 
(thousands) of bacterial strains would significantly advance the ability of the scientific 
community to study emergence and spread of antibiotic resistance. In Boston alone there 
is a growing collaborative community of clinicians, scientists and epidemiologists centered 
at the Broad’s Infectious Disease Initiative.  This group (listed below) fully endorses this 
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effort, and has begun to develop and prioritize important questions for which this 
technology would be transforming.  In addition, the Broad Institute has identified several 
potential collaborators, both nationally and internationally, with access to large strain 
collections and relevant epidemiologic data collected as part of antibiotic resistance 
surveillance systems which target multiple organisms including MRSA, beta-lactamase 
producing organisms and VRE.  

6. List all project collaborators and their roles in the project 
 
 
Rob Nicol (The Broad Institute). Dr. Nicol is Director of Sequencing Operations and 
Technology Development for the Genome Sequencing Platform at the Broad Institute.  He 
has extensive experience developing high throughput sequencing processes across a 
range of technologies.  He has been responsible for developing, building, and operating 
all sequencing processes in use at the Broad including microbial sequencing applications.  
He will be responsible for phase I deliverables. 
 
Andrew B. Onderdonk (Professor of Pathology, Harvard Medical School, 
Director of Clinical Microbiology, Brigham and Women’s Hospital). Dr. Onderdonk 
has extensive experience working with S. aureus in the hospital and research settings. 
The BWH Clinical Microbiology Laboratory performs over 30,000 MRSA surveillance 
cultures each year and his research laboratory has been involved in a number of 
epidemiologic studies of S. aureus. In addition, he has collaborated with Dr. Nicol and the 
Broad Institute on genomic DNA extractions from MRSA strains working extensively to 
optimize this process in preparation for large scale strain acquisition studies. He has also 
provided large amounts of high quality whole genomic DNA from USA 300 to investigators 
at the Broad for their use. His research laboratory also inventories a broad array of strains 
using a computerized database and can provide both phenotypic characterization and 
PFGE analysis as preliminary information for high throughput sequencing. 
 
Michael Feldgarden (The Broad Institute).  Dr. Feldgarden has organized several large-
scale, GSC-funded population genomics projects, including one focused on S. aureus.  
He is also involved with the analysis of the data from these projects. 
 
Lisa Cosimi (The Broad Institute/Brigham and Women’s Hospital). Dr. Cosimi is the 
director of clinical research with the Infectious Disease Initiative and a practicing infectious 
disease clinician.  She will advise and be involved in the selection and design of phase II 
projects. 
 
Marc Lipsitch (Professor of Epidemiology, Director of the Center for Communicable 
Disease Dynamics, Harvard School of Public Health, Associate Member, Broad 
Institute).  Dr. Lipsitch has extensive experience in the area of antibiotic resistance and 
will provide general guidance.  He is also an author of an approved GSC white paper 
(“Evolution of Streptococcus pneumoniae in the presence of vaccine and antimicrobial 
treatment”) which involves the sequencing of over 700 streptococci.  That project would 
benefit from the DNA extraction methods developed in this project and would provide a 
further test of their general applicability. 
 
Thomas O’Brien (Brigham & Women’s Hospital). Dr. O’Brien has had extensive 
experience in tracking the spread of antibiotic resistance, including publishing one of the 
seminal studies demonstrating epidemic resistance plasmid spread.  He also developed 
the WHONET antimicrobial surveillance system.  Dr. O’Brien will advise and be involved 
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in the selection and design of phase II projects. 
 
Michael Gilmore (Howe Laboratory of Ophthalmology, Massachusetts Eye and Ear 
Infirmary; Biological and Biomedical Sciences Program, Harvard Medical School). 
Dr. Gilmore is currently the Principal Investigator of the National Institutes of Health 
sponsored Harvard-wide Program on Antibiotic Resistance, which involves co-
investigators from Mass General Hospital, Harvard Medical School, and Harvard College.  
He has previously collaborated with the Broad Institute in the development of a MSC white 
paper, “Emergence and Transfer of Antibiotic Resistances in Leading Causes of Multiple 
Antibiotic Resistant Infection: The Enterococci.”  Dr. Gilmore will advise and be involved in 
the selection and design of phase II projects. 

7. List availability of other funding sources for the project. 
 
None. 
 
 
 
 
 
 
 

   
6. Availability & Information of Strains: 

8. Indicate availability of relevant laboratory strains and clinical isolates. Are the 
strains/isolates of interest retrospectively collected, prepared and ready to ship?   

Note: If samples are prospectively prepared the GSC can provide protocols and 
recommendation based on the Centers past experiences. The samples must however meet 
minimum quality standards as established by the Center for the optimal technology 
platform (sequencing/ genotyping) to be used in the study.  
For phase I, the strains have already been collected. Dr. Onderdonk has collaborated 
previously with Dr. Nicol on developing DNA extraction procedures, and has experience 
shipping DNA to the Broad Institute.  For phase II, collaborators will be targeted who can 
provide materials rapidly and reliably. 

9. Attach relevant information, if available in an excel spreadsheet for multiple 
samples: e.g. 
• Name 
• Identifier 
• Material type (DNA/RNA/Strain) 
• Genus 
• Species 
• Specimen / Strain 
• Isolation source 
• Isolated from 
• Select agent status 
• International permit requirement 
• BEIR/ATCC repository accession number 
• Other public repository location 
• Other public repository identifier 
• Sample provider’s name 
• Sample provider’s contact 
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10. What supporting metadata and clinical data have been collected or are planned on 

being collected that could be made available for community use?  
In phase I, the primary goal is to develop rapid throughput methods.  Available metadata 
for the collected strains includes age by decade, gender and source of the strain (Brigham 
and Women’s Hospital ICU). For phase II, the collected fields will differ depending on the 
project, but is expected to include include:  age, gender, patient clinical status, source of 
strain by body site, PFGE information, and antibiotic susceptibility data. 
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  7. Compliance Requirements: 
  7a. Review NIAID’s Reagent, Data & Software Release Policy: 
NIAID supports rapid data and reagent release to the scientific community for all 
sequencing and genotyping projects funded by NIAID GSC.  It is expected that projects 
will adhere to the data and reagent release policy described in the following web sites. 
  http://www3.niaid.nih.gov/research/resources/mscs/data.htm 
  http://grants.nih.gov/grants/guide/notice-files/NOT-OD-08-013.html 
<Each Center to include their website that describes/points to the guidelines> 
Once a white paper project is approved, NIAID GSC will develop with the collaborators 
a detailed data and reagent release plan to be reviewed and approved by NIAID.  
   
 Accept  Decline  
   
  7b. Public Access to Reagents, Data, Software and Other Materials:  

11. State plans for deposit of starting materials as well as resulting reagents, 
resources, and datasets in NIAID approved repositories. Sequencing projects will 
not begin until the strain is deposited into NIAID funded BEI repository 
(http://www.beiresources.org/).  This includes web based forms are completed by 
the collaborator and received by the NIAID BEI (http://www.beiresources.org/).  

Collaborators have been notified that sequencing will not commence until strain deposition 
is underway at the NIAID funded BEI repository.   All sequences and read files generated 
under this proposal will be submitted to the Short Read Archive at NCBI/NLM/NIH on a 
weekly basis.  These data will also include information on templates, vectors, and quality 
values for each sequence. 
 
Genome assemblies will be made available via GenBank and the Broad web site.  
Assembled contigs and scaffolds will be deposited in the Whole Genome Shotgun (WGS) 
section of GenBank, http://www.ncbi.nlm.nih.gov/Genbank/wgs.html, within 45 calendar 
days of completing assemblies. If it is determined that the final assembly can be 
significantly improved, an updated record will be deposited in the appropriate part of 
GenBank when complete. 
 
Annotation data will be made available via GenBank and the Broad web site after 
consistency checks and quality control have been completed by the GSCID and 
collaborators.  Assuming no significant errors are detected during the validation process, 
annotation data will be released within 45 calendar days of being generated. 
 
Candidate polymorphisms identified by comparison of new genome sequences to a 
reference will be deposited in dbSNP at NCBI and released through the Broad GSCID’s 
web site within 45 days of data being generated. Prior to public release, polymorphisms 
will be made available to collaborating scientists for a one-week period for quality control 
purposes.  Candidate polymorphisms will then be released barring any quality issues 
discovered in the QC process. 
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7c. Research Compliance Requirements     
Upon project approval, NIAID review of relevant IRB/IACUC documentation is 
required prior to commencement of work. Please contact the GSC Principal 
Investigator(s) to ensure necessary documentation are filed for / made available for 
timely start of the project. 

 
 
 
Investigator Signature:  
 
 
 
 
 
Investigator Names:  Lisa Cosimi, Michael Feldgarden, Rob Nicol, Andrew Onderdonk. 
Date: September 22, 2010
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