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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. 
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White Paper Application 
 

    Project Title: (A Continuation of) The comparative genomics of the zoonotic 
genus Brucella and development of diagnostic resources for epidemiological 
tracking of potential bioweapons agents 

 
Authors:  

Dr. Adrian M. Whatmore 
FAO/WHO Collaborating Centre for Brucellosis  
OIE Brucellosis Reference Centre   
Veterinary Laboratories Agency   
Woodham Lane   
Addlestone   
Surrey   
United Kingdom  KT15 3NB 
Phone:   +44 (0)1932 357311   
Fax:       +44 (0)1932 357216 
Email: a.whatmore@vla.defra.gsi.gov.uk 
 
Dr. David O'Callaghan 
INSERM U1047, UFR Médecine,  
186 Chemin du Carreau de Lanes,  
30908 Nimes Cedex 2, France 
Tel: + 33 466028146 
Fax: +33 466028148 
Email: david.ocallaghan@univ-montp1.fr 
 
Jeffrey Foster, Ph.D.  
Center for Microbial Genetics & Genomics 
Northern Arizona University 
Flagstaff, AZ 86011-4073  
 
Bruno Sobral, Ph.D. 
PATRIC  
Virginia Bioinformatics Institute  
Washington Street, MC 0477  
Blacksburg, VA 24061  
Office: (540) 231-2100 
Fax: (540) 231-2606  
Email: patric@vbi.vt.edu 
 
Doyle Ward, Ph.D. 
Research Scientist 
Broad Institute 
Cambridge, MA 02142 
dward@broadinstitute.org 
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Primary Investigator Contact: 
Name Doyle Ward 

Position Research Scientist 
Institution Broad Institute 

Address 301 Binney St., Rm 5031, Cambridge 
State MA 
ZIP Code 02142 
Telephone 617-714-7906 
Fax  
E-Mail dward@broadinstitute.org 

   
1. Executive Summary (Please limit to 500 words.) 

Provide an executive summary of the proposal.  
This project extends upon a previously funded white paper proposal “The comparative 
genomics of the zoonotic genus Brucella and development of diagnostic 
resources for epidemiological tracking of potential bioweapons agents.” Despite 
its global impact on human and animal health, Brucella genetics had remained in 
relative obscurity until the past few years. Funding on the initial white paper changed 
this perspective and now the genus is among the best characterized genomic datasets. 
Furthermore, this project has provided the template for how an international group of 
researchers can work collectively to produce publically available genomic datasets. 
Brucella is now a model of how to approach large sequencing projects for our most 
important pathogens. 
 
Initial sequence studies have focused almost exclusively on reference strains of the 
major Brucella species. While this has been incredibly useful, as outlined below, it 
undoubtedly samples only a small proportion of the extant diversity within the species. 
Further, the reference strains, by nature, tend to be historical isolates that do not 
necessarily represent those currently circulating and causing disease. A more complete 
understanding of the current and historical diversity of this important pathogen will 
further understanding of the emergence, spread and epidemiology of the organism, help 
identify useful markers for diagnostics at both local and international levels, provide a 
framework for placing and describing the many emerging novel Brucella isolates, and 
provide a valuable resource towards understanding the host specificity and differential 
virulence of strains.  

 
Following a call to the Brucella community a collection of ~ 300 isolates and metadata 
has been gathered. As a whole they will add substantially to the resources available to 
address all the above issues. In addition, research interests within the Brucella 
community will be served. The isolates include: 
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(i) A large collection of geographically and genetically diverse strains of Brucella that will 
provide an unprecedented look at the global dispersal of this pathogen. On the basis of 
existing (unpublished) multilocus sequence analysis, strains have been selected that 
are most likely to be informative for population differentiation and understanding the 
evolutionary history of the genus. These include isolates from Eastern Europe and 
Central Asia which are currently global hotspots for brucellosis.  
 
 (ii) Isolates from restricted regions of endemic disease specifically selected in order to 
assess the value of short sequence repeats and SNPs in providing high-resolution 
epidemiological typing tools applicable at the local level. 
 
(iii) Sequencing of the vaccine strain RB51 to fully characterize genetic differences with 
virulent strains and strain S19 (already sequenced), another vaccine strain. 
 
(iv) Characterization of isolates with aberrant or unusual biotypes to examine the basis 
of their atypical phenotypes. 
 
(v) Characterization of diversity within currently understudied pathogenic members of 
the genus such as B. ovis. 
 
 

2. Justification 
 
Bacteria of the genus Brucella are the causative agent of the serious zoonotic disease, 
brucellosis. The WHO considers that it is the world’s most widespread zoonosis. The 
genus is currently divided into 10 species, each with a preferential mammalian host. 
The major species are subdivided into biovars and, recently, new species have been 
discovered preferentially infecting marine mammals. Several Brucella species also 
infect man, causing serious debilitating disease. Little is known about the genetic basis 
of Brucella virulence, and nothing of the basis of host preference.  Brucella are simple 
and inexpensive to cultivate and disperse, thus they are category B organisms of 
significant concern as biological threat agents. Although naturally occurring antibiotic 
resistance is unusual, individuals with basic knowledge of bacterial genetics can easily 
produce a strain resistant to clinically useful antibiotics. Alarmingly, no vaccine is 
available for human prophylaxis. 
 
The zoonotic disease is readily transmitted to man, either following occupational or 
household contact with infected animals or following the ingestion of contaminated dairy 
or animal products. If transmission is via the latter route, large outbreaks in the general 
population can occur. Scenarios of illicit dissemination of the infection in urban areas by 
aerosol can be envisaged, The human disease is severe and long lasting usually 
requiring hospitalization and treatment for many weeks. Permanent, disabling sequelae 
occur if the disease is left untreated. A surprising range of symptoms is reported to 
characterize human disease, however, fever, malaise, night sweats and joint and 
muscle pain are the most common presentations. Neurological, osteoarticular, 
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genitourinary, and cardiovascular signs and symptoms are often observed as the 
disease progresses.  
 
Due to the complexity of symptom presentation and the observation that brucellosis is 
characterized by slowly developing and spreading outbreaks with a long incubation 
period that hinder epidemiological tracing, controlling brucellosis requires a coordinated 
multidisciplinary approach that can only be achieved by combining scientific, medical 
and veterinary expertise and resources. Controlling the disease will require a new 
generation of vaccines, the development of which will depend on understanding the 
virulence of the bacterium and the pathogenesis of the disease. Also required are new 
methods for strain identification, to use in both animal and human diagnosis and in 
molecular epidemiology. A complete understanding of the genomes of the members of 
the genus is a fundamental and essential component to meeting these needs, as is a 
comprehensive list of strain specific genetic markers and single nucleotide 
polymorphisms (SNPs). 
 
In the previously funded work, SNP calls were generated from Illumina data because of 
the significant cost difference between the coverage required for draft genomes 
produced on 454 and the coverage for SNP calling with Illumina. This difference has 
largely disappeared as we now intend to generate draft genomes from Illumina reads. 
This advance is welcomed by the Brucella community as there is a general consensus 
that annotated assemblies are a richer data set to work with than SNP calls. 
 
Sequence data from the previously funded work has resulted in the following 
publications, with several additional manuscripts known to be in preparation.  
 
 
Bohlin J, Snipen L, Cloeckaert A, Lagesen K, Ussery D, Kristoffersen AB, Godfroid J. Genomic 
comparisons of Brucella spp. and closely related bacteria using base compositional and 
proteome based methods. BMC Evol Biol. 2010 Aug 13;10:249. 
 
Gopaul KK, Sells J, Bricker BJ, Crasta OR, Whatmore AM. Rapid and reliable single nucleotide 
polymorphism-based differentiation of Brucella live vaccine strains from field strains. J Clin 
Microbiol. 2010 Apr;48(4):1461-4. 
 
Moustafa DA, Jain N, Sriranganathan N, Vemulapalli R. Identification of a single-nucleotide 
insertion in the promoter region affecting the sodC promoter activity in Brucella neotomae. PLoS 
One. 2010 Nov 24;5(11):e14112. 
 
Tiller RV, Gee JE, Frace MA, Taylor TK, Setubal JC, Hoffmaster AR, De BK. Characterization of 
novel Brucella strains originating from wild native rodent species in North Queensland, 
Australia. Appl Environ Microbiol. 2010 Sep;76(17):5837-45 
 
 
3. Rationale for Strain Selection 
 
Following a call to the Brucella community a collection of ~ 300 isolates has been 
gathered. As a whole they will add substantially to the resources available to address all 
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the above issues. In addition, research interests within the Brucella community will be 
served. The isolates include: 
 
(i) A large collection of geographically and genetically diverse strains of Brucella that will 
provide an unprecedented look at the global dispersal of this pathogen. On the basis of 
existing (unpublished) multilocus sequence analysis, strains have been selected that 
are most likely to be informative for population differentiation and understanding the 
evolutionary history of the genus.  
 
(iI) Isolates from restricted regions of endemic disease specifically selected in order to 
assess the value of short sequence repeats in providing high-resolution epidemiological 
typing tools applicable at the local level. 
 
(iii) Sequencing of the vaccine strain RB51 to fully characterize genetic differences with 
virulent strains and vaccine strain S19. 
 
(iv) Characterization of isolates with aberrant or unusual biotypes to examine the basis 
of their atypical phenotypes. 
 
(v) Characterization of diversity within currently understudied pathogenic members of 
the genus such as B. ovis.   

 
 

  4a. Approach to Data Production: Data Generation 
1. 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.) 

 
Standard Illumina bacterial genome production protocols will be used to generate high 
quality assemblies and annotations for the genomes submitted under this proposal. 
 
Under the previous white paper proposal, low coverage Illumina sequencing was 
generated for ~80 strains to generate SNP calls. Many members of the Brucella 
community have expressed the need for assembled and annotated genomes from these 
strains. We propose to add paired read coverage for those strains, and additional 
fragment coverage if necessary, to generate assemblies comparable to new strains 
sequenced under this proposal.  
 
   
4b. Approach to Data Production: Data Analysis 

1.  
Broad will assemble and annotate all genomes sequenced.  Broad will also identify SNP 
variation between all strains and selected reference strains for deposition into dbSNP. 
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Analysis for this project has been conducted independently by the collaborators and 
with the involvement of the NIAID funded PATRIC BRC. PATRIC will continue to work 
closely with the community on the analyses of these data.  
 
BROAD and PATRIC have discussed isolate metadata standards and flow between the 
sequencing center and PATRIC. Consensus is building in adopting one isolate 
metadata standard using this project as the testing bed. With adoption of the standard 
by BROAD and PATRIC, data flow in ways that limit human intervention will be 
developed and deployed so that structured metadata is available at PATRIC for 
metadata-driven analyses of these isolates.  
 
 
5. Community Support and Collaborator Roles: 
 
Strains will be provided by the following investigators: 
 
Adrian Whatmore, 
FAO/WHO Collaborating Centre for Brucellosis, OIE Brucellosis Reference Centre, 
Veterinary Laboratories Agency, Woodham Lane, Addlestone, Surrey, KT15 3NB, UK  
 
Jeffrey Foster 
Center for Microbial Genetics & Genomics, Northern Arizona University, Flagstaff, AZ 
86011-4073  
 
Carlos Alejandro Robles 
Animal Health Unit, The National Institute for Agricultural Technology (INTA), Bariloche, 
Argentina.  
 
Felix Sangari 
Departamento de Biología Molecular, Universidad de Cantabria, Instituto de 
Biomedicina y Biotecnología de Cantabria, UC-CSIC-IDICAN, Santander, Spain.  
 
Stephen Boyle 
Virginia Polytechnic Institute and State University, Blacksburg, VA 24061, USA 
 
Nidia E. Lucero 
Administración Nacional de Laboratorios e Institutos de Salud Dr. Carlos G. Malbrán, 
Ciudad Autónoma de Buenos Aires, Argentina 
 
Bruno Garin-Bastuji 
European Community & OIE/FAO Reference Laboratory for Brucellosis, French Food 
Safety Agency (AFSSA), Maisons-Alfort, France.  
 
David O'Callaghan 
INSERM U1047, UFR Médecine,  
186 Chemin du Carreau de Lanes,  
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30908 Nimes Cedex 2, France 
 
Beth Harris 
USDA/APHIS/NVSL, Head, Mycobacteria and Brucella Section, 1920 Dayton Ave. 
Ames, IA 50010 
 
Mikeljon P. Nikolich 
Chief, Department of Emerging Bacterial Infections Division of Bacterial & Rickettsial 
Diseases, Walter Reed Army Institute of Research, 503 Robert Grant Avenue, Silver 
Spring, MD  20910 
 
 

6. Availability & Information of Strains: 
 

The majority of strains are already deposited with the VLA Brucella repository, the 
Brucella Reference Laboratory 
(http://www.defra.gov.uk/vla/science/sci_brucell_reflab.htm). The remaining strains will 
be deposited with either BEI, NVSL, AFSSA, INRA or VLA before sequencing. All these 
organizations routinely distribute strains either commercially or as part of reference 
activities. Brucella strains are class 3 pathogens and many strains are listed as Select 
agents in the USA or equivalent in other countries.  Strains will be distributed according 
to the laws and regulations of the countries where they are deposited. A spreadsheet 
(attached) specifies strains and metadata to be included. 

 
 

1. 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.  
 

2. 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 
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• Other public repository identifier 
• Sample provider’s name 
• Sample provider’s contact 

 
3. What supporting metadata and clinical data have been collected or are planned 

on being collected that could be made available for community use?  
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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:  

1. 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/).  

 
The majority of strains are already deposited with the VLA Brucella repository, the 
Brucella Reference Laboratory 
(http://www.defra.gov.uk/vla/science/sci_brucell_reflab.htm). The remaining strains will 
be deposited with either BEI, NVSL, AFSSA, INRA or VLA before sequencing. All these 
organizations routinely distribute strains either commercially or as part of reference 
activities. A spreadsheet (attached) specifies strains and metadata to be included. 
 
Broad will submit sequence data, assemblies and annotations to NCBI. Broad will 
submit strain metadata to PATRIC. Metadata will be available at PATRIC for metadata-
driven analysis of these isolates. 
 
 
 
 
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:  
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Investigator Name: Doyle V Ward     Date: Feb 3, 2011
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