
Version 1g: June 21, 2018 

 
 
 

An Invitation: 
 
The Consortium on Translational Research in the Microbiome (CTRM) invites you to join our Community of Practice,                 
focused on addressing challenges in the clinical translation of microbiome research.  
 
Researchers have observed significant correlations between the activities of the human microbiome and disease. By               
focusing on the harmonization of enabling technologies, we strive to accelerate the translation of therapies and                
medical technologies emerging from forefront discoveries.  
 
As industry, government, and private sponsors are increasing their support and shared resources in this emerging                
field, now is the time to come together to work out effective development pathways. By focusing upon enabling                  
technologies, and the challenges of developing reproducible data, our drive is to provide valuable platforms for                
knowledge sharing, and the development of research standards by consensus. 
 
You are invited to get involved as we bring together thought leaders, innovators, and practitioners in an open forum                   
for discussion and coordinated events. We believe these activities will lead to actionable outcomes in microbiome                
research, important clinical advancements, and progress for all.  
 
Throughout 2018-2019, we will collaborate on a series of seminars and facilitated workshops, both virtual and                
in-person. Events will be recorded and summary reports will be shared. We value your perspectives and engagement                 
in the ongoing process. 
 
We aim to complement existing microbiome research programs, conferences, and initiatives by establishing lines of               
communication with other groups. We do not wish to dilute or divide the practitioner community, rather to offer                  
additional resources and energy. 
  
We have established a knowledgeable, passionate, and influential core group with a shared vision. We have                
identified our working focus and now seek input and additional resources from members of the community who                 
believe in this effort. 
 
The Consortium on Translational Research in the Microbiome is a partnership between the Institute of Life Science                 
Entrepreneurship, the City University of New York, and the Westchester Biotech Project. 

 
  

Dr. Keith Bostian, Ph.D. Dr. Eric Vieira, Ph.D.      Joanne Gere 
CEO Director, Special Research Programs    Executive Director 
Institute of Life Science Entrepreneurship CUNY Office of Research       Westchester Biotech Project  
Kean University, Union, NJ City University of New York       jgere@westchesterbiotechproject.org 
kbostian@ilsebio.com eric.vieira@cuny.edu  
 

 
 
 



 
 

Mission: Supporting the Continuing Development of Enabling Technologies 
  
The Consortium on Translational Research in the Microbiome (CTRM) is a community of practice              
focused on facilitating the implementation of microbiome research to enhance drug discovery            
and development. By focusing upon harmonization of emerging enabling technologies, we           
provide a collaborative platform for knowledge sharing and consensus building. 
 
Your Role: Starting Up the Community of Practice 
 
Thank you for your interest in getting involved. You will be in good company with scientists,                
innovators, and practitioners from academia, industry, foundations, government, and supporting          
industries. By getting involved, you will help usher in the next generation of innovative enabling               
technologies and medical breakthroughs.  
 
Further, you may bring resources to your institution or company that impact significant growth              
and ongoing success.  
 
Background: Why Now is the Time to Address Enabling Technologies 
 
Over the past decade, the human microbiome as an avenue for new drug discovery and development has gained significant attention                    
from academics, industry professionals, funding agencies and investors. However, much of the data to date has only provided                  
correlative evidence of clinical applications, leaving many technical challenges and unknowns.  
 
To realize the potential of this growing body of evidence from the human microbiome, the biopharma community must address the                    
factors limiting translation of these expanding, fascinating, results into novel diagnostics and effective therapeutics. 
  
The CTRM was established in 2017 through mutual interests in the human microbiome and the professional connections of the Institute                    
for Life Science Entrepreneurship at Kean University in New Jersey, the Office of Research at the City University of New York and the                       
Westchester Biotech Project.  
 
Following a literature review (see Addendum) and discussion with peers, the challenges of today’s wild wild west environment for                   
enabling technologies resonated as a smart and important focus for our efforts. 
 
A small organizing committee was formed (below) to develop a strategy and to conceptualize a plan for building the community of                     
practice.  
 
Each individual and the organizations they represent appreciate the clinical potential of research on the human microbiome. And, each                   
wants to work collaboratively in the development of enabling technologies and know-how, as a basis for the translation of scientific                    
findings into effective medical breakthroughs. 
 
Finally, all of us are dedicated to accelerating the discovery and development  
of new treatments to ensure better health and address unmet needs 
 
 
 



Literature Review/Summary: Identifying Significant Needs Across the Community 
 
The Consortium on Translational Research in the MIcrobiome grew from Microbiome Update programs hosted by the NIH in 2015 and                    
the Institute for LIfe Science Entrepreneurship in 2016. Dr. Keith Bostian has been driving a process to explore broad challenges worth                     
addressing on an ongoing basis. 
 
Through literature review (see Addendum) and discussion with practitioners and suppliers, we have chosen to target challenges to the                   
progress of enabling technologies. Our intention is to build a community of practice focused upon accelerating the development of                   
standards in translational microbiome research while respecting the complexities of harmonization.  
 
Challenge Themes in Leveraging Enabling Technologies: 
  

● Standardization Across the Field: This includes sample standards for assessing validity and reproducibility of results,               
primers, standardized protocols and methodologies, community strains, spike-ins, etc. 

  
● The Big Data Problem: Scientists are generating massive amounts of data, but extrapolating very few reliable conclusions.                 

The community needs improved bioinformatics approaches to wade through the detail, identify and strengthen cause and                
effect connections. and drive meaningful product development. 

 
● Developing a Consensus Model or Framework: To leverage value from emerging data, there is a need to promote the                   

integration or cross-referencing of multiple -omics datasets. One -omics dataset alone is not sufficient to generate the quality                  
of conclusions needed for clinical advancement. Ideally, multiple genomics, proteomics, and transcriptomics must be overlaid               
to produce a more accurate understanding of the activities of the human microbiome.  

 
● Addressing the High Cost of Technology: Whole Genome Shotgun (WGS) sequencing is            

currently too expensive, and its throughput is too low, for practical use in large studies.               
While 16S sequencing is useful for taxonomic identification, its capabilities are not adequate             
for deep -omics studies and the development of meaningful metabolic models. 

 
● More Addressable Challenges: These are some of the most frequently cited challenges by             

the microbiome research community, but they are certainly not the only ones. Here’s more: 
 

-Improving the viability of correlating gnotobiotic mouse model data with humans 
-Improvement of reference genomes 
-Access to stable and reliable strains 
-Developing protocols and methodologies for growing  
     difficult-to-culture bacteria for improved characterization 

Scale-Up: Plans for 2018-2019 and Beyond 

● Organize a Steering Committee to prioritize programming activities, and to reach out to colleagues 

● Establish an Advisory Board of experts from industry, academia, government, nonprofits, suppliers 

● Build the Community of Practice, developing Working Groups to focus on specific topics and challenges 

● Host Harmonization Workshops to review findings and clarify goals 

● Provide active content and ongoing programs such as virtual and in-person Forums and Symposia 

● Publish Proceedings 

● Develop Community Resources valuable for developing and testing Enabling Technologies 

(Datasets, Procedures, Methods, Working Models) 

● Build and strengthen Alliances with other relevant organizations involved in microbiome R&D 

● Establish Partnerships to support the consortium’s programming and wider community participation 

● Leverage expanded resources to build Flexible Infrastructure for long-term, sustainable collaborations and operations 



Leadership  (biographies in Addendum) 

 
Committee Co-chairs: 

Keith Bostian, Ph.D.: CEO, Institute for Life Science Entrepreneurship 

Eric Vieira, Ph.D.: Director, Special Research Programs, City University of New York 

Steering Committee: 

Joan Bennett, Ph.D.: Distinguished Professor, School of Environmental and Biological Sciences, Rutgers University  

Raul Cano, Ph.D.: Chief Scientific Officer, The BioCollective, and Advisor, Institute for Life Science Entrepreneurship 

Sonya Dougal, Ph.D.:Director, Life Sciences Discussion Groups, The New York Academy of Sciences 

Jessica Dunne, Ph.D.: Director, Discovery Research, JDRF 

Scott A. Jackson, Ph.D.: Leader, Complex Microbial Systems Group, Biosystems and Biomaterials Division, NIST 

Sam Kongsamut, Ph.D.: Executive Director, Institute for Life Science Entrepreneurship 

Bozena Michniak-Kohn, Ph.D.: Director and Founder, Center for Dermal Research (CDR), Rutgers 

Dev Mittar, Ph.D.: Lead Scientist, Microbiology R&D, ATCC 

Tasha Santiago-Rodriguez, Ph.D.: Microbiome Discovery Analyst, Diversigen 

Howard Young, Ph.D.: Senior Investigator, Cancer and Inflammation Program, NIH, National Cancer Institute/CCR 

Joanne Gere: Executive Director, Westchester Biotech Project 

Christopher Kinzel: Associate for Communication, Westchester Biotech Project 

Founding Partners: 

The Institute for Life Science Entrepreneurship (ILSE) technology accelerator is a science-driven research institute established in                
2014, focused on improving human health with new medicines, devices and transformative technologies. ILSE Labs, the research                 
business unit of ILSE, provides incubator space, consulting expertise via a network of global life-science experts and a network of R&D                     
service organizations. ILSE’s ATCC Center for Translational Microbiology focuses on cutting-edge research in microbiome, advanced               
microbial genomics and clinical MDR antibiotic resistance. ILSE is a 501(c)(3) nonprofit organization. 
 
The CUNY Office of Research’s (CUNY) mission is to promote and support the research, scholarly, and creative pursuits of the CUNY                     
community, to provide assurance to funding agencies and to the public that research at the University is conducted in accordance with                     
the highest ethical standards, and to enhance technology commercialization, entrepreneurship, and economic development activities.  
 
Westchester Biotech Project (WBP) brings together researchers, engineers, and data scientists from across therapeutics,              
diagnostics, and devices. Making its flexible infrastructure available for significant partnerships, WBP stimulates fresh collaborations               
and research consortia. Based in the Westchester County, NY region, this is a borderless initiative with opportunities for local, national,                    
and international collaboration. The Westchester Biotech Project is a 501(c)(3) nonprofit organization. 
 
Contacts: 

Dr. Keith Bostian, Ph.D. Dr. Eric Vieira, Ph.D.      Joanne Gere 
CEO Director, Special Research Programs    Executive Director 
Institute of Life Science Entrepreneurship CUNY Office of Research       Westchester Biotech Project  
Kean University, Union, NJ City University of New York       jgere@westchesterbiotechproject.org 
kbostian@ilsebio.com eric.vieira@cuny.edu  

 



 
 

Addendum (Biographies, Literature Review) 

Biographies: Co-Chairs 
 

Keith Bostian, Ph.D., Founder and CEO, Institute for Life Science Entrepreneurship 
https://www.linkedin.com/in/keith-bostian-4a5540/ 
  
Dr. Bostian is an accomplished scholar, scientist and entrepreneur with a distinguished career in industry and academia. At Merck he led antimicrobial                      
drug discovery as well as discovery of new leads from natural products for worldwide drug discovery programs. 
 
He has held senior executive positions in numerous life science companies including Kemin Industries, as President and CEO of the European pharma                      
subsidiary, and Vanta Bioscience. He has founded Microcide Pharmaceuticals, Iconix Pharmaceuticals, Mpex Pharmaceuticals,  
 
He founded The Institute for Life Science Entrepreneurship (ILSE) to serve as a knowledge hub, designed to connect scientists in academia and                      
industry, and promote translational research in the life sciences. Prior to its founding at Kean University, he held faculty positions at Brown University. 
 
Dr. Bostian holds 17 patents in drug discovery and genomics and has authored more than 60 publications.  
 
Eric Vieira, Ph.D., Director, Special Research Programs, City University of New York 
https://www.linkedin.com/in/ericvieira/ 
 
Dr. Vieira is a scholar, scientist and skilled program director with strong business acumen and an entrepreneurial mindset. He has held positions at the                        
New York Academy of Sciences, on Wall Street, and in higher education.  
 
Over the past 15 years, he has launched a number of new programs for the life science community in the NYC/Tri-State area. These include the Science                          
Alliance @ NYAS, a career and professional development program, and the Bio & Health Tech Entrepreneurship Lab of NYC, a business development                      
boot camp for life science innovators.  
 
At the Office of Research at the City University of New York he works to establish public-private partnerships in support of its research and educational                         
missions. Dr. Vieira received his Ph.D. in developmental genetics from NYU and a B.A. in molecular biology & biochemistry from Rutgers University. 
 

Biographies: Steering Committee 
 

Joan Bennett, Ph.D.: Distinguished Professor, School of Environmental and Biological Sciences, Rutgers University  
https://www.linkedin.com/in/joan-w-bennett-1986313/ 
 
Raul Cano, Ph.D., Director for Microbiome Research  
ATCC-Center for Translational Microbiology (ATCC-CTM), Institute for Life Science Entrepreneurship 
https://www.linkedin.com/in/raul-cano-00a4b6/ 
 
Dr. Cano is a scholar, educator of more than 30 years, and scientist best known for his groundbreaking work with ancient DNA and microorganisms. As                         
founding Scientist and Vice President of Ambergene Corporation, he isolated and characterized more than 1,200 ancient microorganisms from amber,                   
including 9 ancient yeasts, four of which are brewer’s yeasts.  
 
In addition to his role at ATCC-CTM, he is President and Founder of Environmental Diagnostics and Founder and Director of the Environmental                      
Biotechnology Institute. Previously, he was Founding Scientist and Vice-President of Ambergene Corporation, and Vice-President in CHOSeN Biologics. 
 
Dr. Cano received his Ph.D. in Microbiology from the University of Montana. He also holds degrees in Genetics and Clinical Microbiology. He has won                        
many awards, including the prestigious Carski Award; written several textbooks and laboratory procedures manuals; has served as scientific consultant                   
to several Biotechnology firms; and has been elected fellow to the American Academy of Microbiology. 



Scott Jackson, Ph.D., Group Leader, Complex Microbial Systems, National Institute of Standards and Technology 
https://www.linkedin.com/in/thescottjackson/ 
 
Dr. Jackson is leading efforts at NIST to improve microbiome and metagenomic measurements by organizing inter-lab studies, developing reference                   
materials and reference methods, and developing in vitro tools that allow us to better understand microbial community resilience and evolution. He joined                      
NIST in May of 2014 after 11 years as a principal investigator with the FDA. At the FDA, his research focused on characterizing the global genomic                          
diversity of enteric pathogens, with applications for food safety, bioforensics, and public health.  
 
Dr. Jackson completed his Ph.D. research in the biochemistry and biophysics departments at The University of Maryland and Johns Hopkins University,                     
respectfully. 
 
Sam Kongsamut, Ph.D., Executive Director, Institute for Life Science Entrepreneurship 
https://www.linkedin.com/in/skongsamut/ 
 
Dr. Kongsamut has more than 25 years of R&D experience in the life science industry, providing consulting services to pharmaceutical clients, launching                      
life science ventures, mentoring/advising startups, and holding various roles in multinational pharmaceutical companies. He is a champion for life                   
sciences entrepreneurship in the NJ/NY region, through roles in the early days of the Institute for Life Science Entrepreneurship and ELAB NYC. He has                        
been involved with multiple biotech ventures, including one as co-founder and interim CEO, and two in R&D roles. 
 
Dr. Kongsamut obtained his Ph.D. at the University of Chicago and had postdoctoral training at Cornell and Yale Universities. He is an Associate Fellow                        
at Drew University’s RISE, an adjunct faculty member at Rutgers University New Jersey Medical School, and on the scientific review boards for several                       
foundations and universities. 
 
Dev Mittar, Ph.D., Lead Scientist, Head of Microbiology R&D, American Type Culture Association 
https://www.linkedin.com/in/mittard/ 
 
Dr. Mittar has been instrumental in the development of controls and standards for various infectious microorganisms with applications in the area of                      
molecular diagnostics, food, and pharmaceutical microbiology. He led the development of ATCC Microbiome standards with a goal to help microbiome                    
researchers standardize their methods.  
 
Dr. Mittar completed his post-doctoral training at Weill Medical College of Cornell University and worked at BD Biosciences before joining ATCC. 
 
Bozena Michniak-Kohn, Ph.D.: Director and Founder, Center for Dermal Research (CDR), Rutgers 
https://www.linkedin.com/in/bo-michniak-kohn-5aa5469/ 
 
Dr. Bozena B. Michniak-Kohn is a tenured Professor of Pharmaceutics at the Ernest Mario School of Pharmacy, and Founder/Director of the Center for                       
Dermal Research CDR at Rutgers. Her main focus is topical, transdermal, and buccal drug delivery. Dr. Michniak-Kohn has over 35 years experience in                       
design & optimization of topically applied formulations and transdermal patches.  
 
Dr. Michniak-Kohn received her B. Sc. (Honors) in Pharmacy and Ph.D. in Pharmacology from the U.K. Dr. Michniak-Kohn has directed over 50 Ph.D.                       
and Masters students and the work resulted in over 140 peer-reviewed manuscripts, over 440 abstracts, 4 books, and 36 book chapters. She is a                        
member of 10 journal editorial boards, several scientific advisory boards, member of Board of Trustees at TRI, Princeton and is a reviewer for about 50                         
pharmaceutical and drug delivery journals. For this work she was awarded Fellow status of the American Association of Pharmaceutical Scientists                    
(AAPS) in 2008. 
 
Tasha Santiago-Rodriguez, Ph.D., Microbiome Discovery Analyst, Diversigen 
https://www.linkedin.com/in/tasha-m-santiago-rodriguez-ph-d-117aa6108/ 
 
Dr. Santiago-Rodriguez was previously a microbiome scientist at the ATCC-Center for Translational Microbiology (ATCC-CTM), in Union, NJ. There, she                   
worked on the development of spike-in standards for microbiome research. She is also working on the characterization of the gut microbiome of a                       
miniature swine model of atherosclerosis. She received her Ph.D. from the University of Puerto Rico in Public Health Water Microbiology. During her                      
postdoctoral appointment at the University of California San Diego, she worked in the characterization of the meta-transcriptome profiles of                   
Methicillin-Resistant Staphylococcus aureus (MRSA) bacteriophages in the human bloodstream; microbiomes and viromes in association with urinary                
tract infections; and short and long-term effects of antibiotics to the human gut and oral microbiomes and viromes.  
 
Dr. Santiago-Rodriguez received a competitive fellowship from the Howard Hughes Medical Institute to work in the characterization of ancient human gut                     
and oral microbiomes, viromes and resistomes. She has authored >40 publications and book chapters in the areas of microbial source tracking,                     
environmental microbiology, human microbiomes and viromes in health and disease, and ancient human microbiomes and resistomes. 
 
 
 
 



Howard Young, Ph.D., Senior Investigator, Cancer and Inflammation Program 
National Institute of Health, National Cancer Institute/CCR 
https://www.linkedin.com/in/howard-young-b566a514/ 
 
Dr. Young has been working on varying aspects of innate immunity for more than 30 years. His research includes cytokine gene expression and                       
signaling; the biology and molecular biology of NK cells; and the generation and analysis of murine macrophage cell lines and immune signaling                      
networks.  
 
His studies have involved molecular characterization of the transcriptional regulation of Interferon-g. Most recently, his laboratory has developed a novel                    
mouse model of lupus, primary biliary cirrhosis and aplastic anemia based on chronic expression of low levels of this important immunoregulatory                     
molecule.  
 
He is a Past President of the International Society for Interferon and Cytokine Research and currently edits the society newsletter. He served as Chair of                         
the Immunology Division of the American Society for Microbiology. He also established an NIH Interferon Club, focused on the biology of the interferons,                       
bringing together interferon research from across the NIH in order to promote interactions and collaborations. He has chaired the NIH Immunology                     
Interest Group (2017) and started an NIH wide Microbiome Working Group. 
 
Joanne Gere, Executive Director, Westchester Biotech Project 
https://www.linkedin.com/in/joanne-gere/ 
 
The Westchester Biotech Project is a borderless initiative to provide researchers, engineers, and data scientists with opportunities for cross-silo                   
knowledge sharing, collaboration, and integration of emerging discoveries. By honoring researchers and opening dialogue across the entrepreneurial                 
community, this regional, national, and international initiative helps to build partnerships, clarify short and long term goals, and shepherd the multi-year                     
efforts required for true progress. 
 
As an entrepreneur, partner, and consultant she has worked with publishing, learning technologies, bioinformatics, medical devices, and life science                   
technology companies and institutes. Her BFA in painting began at Bard College and concluded at the School of Visual Arts. 

 
Christopher Kinzel, Associate for Communication, Westchester Biotech Project  
linkedin.com/in/ckinzelwsu/ 

 
Chris Kinzel earned his Professional Science Masters in Molecular Biosciences from Washington State University (WSU) -- where he also received his                     
BS in Biochemistry. While at WSU, he conducted four years of combined undergraduate and graduate-level research and taught multiple introductory                    
biochemistry and genetics labs. During a graduate internship in the WSU Commercialization office he worked on biotechnology patent research, market                    
research, and marketing of the licensing opportunities in the university’s portfolio. He is the Westchester Biotech Project’s liaison to CTRM.   



Addendum: Consortium on Translational Research in the Microbiome 
 

Literature Review: Challenges for Microbiome Research  
Chris Kinzel, Westchester Biotech Project Associate for Communication 
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Literature Review: Summaries 
 
Human Microbiome Acquisition and Bioinformatic Challenges in Metagenomic Studies. 
D'Argenio V (2018) 
 

● Calls for methods standardization and data analysis pipeline development still prevalent in 2018: 
○ “Methods standardization and the development of specific pipelines for data analysis are required to contribute to and increase our                   

understanding of the human microbiome relationship with health and disease status.” 
● One bottleneck for effective translation of microbiome research is still a need for standardization: 

○ “Once data analysis will be further optimized and standardized, it is conceivable to suppose that metatranscriptomics may become a                   
very popular approach offering a previously unthinkable way to correlate the presence of specific microbes to specific biochemical                  
and metabolic functions, alterations, or both.” 

● Lots of data, little known of pathology. More shotgun sequencing needed.  
○ “Despite the huge amount of data produced to date, less is known on how a microbial dysbiosis effectively contributes to a specific                      

pathology. To fill in this gap, other approaches for microbiome study, more comprehensive than 16S rRNA gene sequencing, i.e.,                   
shotgun metagenomics and metatranscriptomics, are becoming more widely used.” 

 
Meta-analysis generates and prioritizes hypotheses for translational microbiome research 
Duvallet C (2018) 
 

● In 2018, still few standardized experimental and analysis methods, leading to inconsistent and conflicting results: 
○ Despite the increasing research in this field, we have few generalizable insights into the human microbiome and disease, which may                    

partially explain our current limited translational successes. Microbiome research has few established and standardized              
experimental and analysis methods, and individual studies often provide inconsistent or conflicting results. 

● Data reporting and deposition not standardized, leaving to difficulty in meta-analysis between sets: 
○ “Many microbiome studies now provide their raw sequencing data in public repositories, enabling meta-analyses where raw data                 

are re-processed and directly compared. However, data reporting and deposition are not standardized, and many datasets may                 
have incomplete or missing metadata (e.g. disease labels, replicate numbers, sample types).” 

● Microbiome meta-analysis considerations on what data to use based on distribution and availability of raw data: 



○ “Thus, there are no standards for distributing raw microbiome data, and some data sets are publicly available, whereas others                   
require significant approvals to access. Researchers performing microbiome meta-analyses must consider whether to include              
controlled-access data sets (e.g. data deposited in dbGaP or LifeLines-DEEP) or restrict themselves to publicly available data alone. 

 
Human genome-microbiome interactions: metagenomics frontiers for the aetiopathology of autoimmune          
diseases 
Gundogdu A, Nalbantoglu U (2017) 
 

● Immune system connections are easily made between human genome and microbiome: 
o “A short while ago, the human genome and microbiome were analysed simultaneously for the first time as a multi-omic approach.                    

The analyses of heterogeneous population cohorts showed that microbiome components were associated with human genome               
variations. In-depth analysis of these results reveals that the majority of those relationships are between immune pathways and                  
autoimmune disease-associated microbiome components.” 

● Human genome is no longer predictive: 
o “Genetic variations, even when considered in epistatic, multi-gene models, are unable to account for complex diseases. Indeed, an                  

extensive GWAS, which employed relatively large cohorts, could explain no more than 3% of metabolic disease cases using                  
predictive models of 30 gene loci that had been inferred to be associated with the corresponding disease.” 

● Current microbial approach of using alpha and beta diversity metrics are naïve:  
o “While the findings of the microbiome-GWAS studies shed light on the association between human immunogenetics and the human                  

microbiome, they are early discovery attempts in the genome–microbiome multi-omic field, which requires further development. The                
current paradigm is built on a naïve approach, which models the microbiome as a quantitative trait. This is mainly through the                     
quantification of the microbial community via a or b diversity metrics or evaluation of the relative abundance of an operational                    
taxonomic unit. However, in the context of the novel idea of the super-organism, or the second genome, the microbiome should be                     
treated as an extension of the human genome rather than a quantitative trait.” 

● Shotgun sequencing is required to develop informative metabolic models: 
o “Previous 16S rRNA gene sequencing studies were designed to taxonomically profile the microbiome. In order to explore its                  

functional diversity and construct metabolic models within a microbiome, a shotgun metagenomics approach is required.               
Sequencing the genetic content in this manner would allow functionally classified genes to be grouped and gene networks to be                    
constructed in order to form human genome–microbiome interaction networks.” 

● Need a systems biology model approach: 
o “A systems biology model, which integrates metagenomic gene networks with the disease associations map in the GWAS Catalog                  

[29], has the potential to suggest direct and indirect genetic variation– microbiome associations in the context of diseases.” 
● Current approaches can detect only genetic variations with large effect size, while most diseases are epistatic:  

o “However, the majority of diseases and other attribute phenotypes are epistatic, meaning that the overall phenotype is the net effect                    
of multiple genes with small effect sizes. Unfortunately, the conventional GWAS approach has weak sensitivity and is able to detect                    
only genetic variations with large effect sizes.” 

● Need machine learning and data mining applications, and to get away from one-gene-one-trait models: 
o “The introduction of machine learning and data mining applications, in which multiple gene variations are associated with                 

phenotypes, would allow epistatic inferences to be made with greater statistical accuracy, according to retrospective studies [6]. By                  
assuming that either individual microbiome elements or the community diversity are quantitative traits, the current GWAS                
methodology to determine genome–microbiome associations ignores the potentially epistatic nature of the symbiosis. Both of the                
recent studies conducted by Blekhman et al. [9] and Davenport et al. [10] followed the conventional one gene-one quantitative trait                    
GWAS approach.” 

● Need to develop much better bioinformatics strategies: 
o “It is important to consider that, while very sensitive and powerful enough to infer associations from a relatively small number of                     

instances (e.g. the current cohort size of metagenome projects), machine learning approaches are vulnerable to overfitting and                 
suggesting false positives, especially in the context of a large number of variables, as in the case of MGWAS [38]. Therefore, careful                      
bioinformatics strategies should be developed in order to make sensitive, yet sufficiently specific, MGWAS analyses to reveal further                  
human genome–microbiome interactions.” 

● Shotgun sequencing costs need to be reduced dramatically, and throughput size needs to also be increased dramatically (we have a                    
technology barrier for ‘general use’ of shotgun sequencing, and it needs to be done faster, cheaper, deeper,and easier) 

o “In the future, it will be possible to conduct multi-omic studies with larger cohorts as sequencing technologies provide lower cost and                     
higher throughput solutions. This will generate more insightful data, with enhanced generalization ability and statistical power.” 

 
Microbiome therapeutics – Advances and Challenges 
Mimee M, Citorik RJ, Lu TK (2016) 
 

● Need to define ecological rules; need to develop microbiota-based therapeutics that are robust: 
o “Defining the ecological rules that govern colonization and succession in the microbiota will be paramount in designing                 

microbiota-based therapeutics. Moreover, microbiota-based therapeutics that are robust to the great interpersonal diversity and              
plasticity of an individual's microbiome will be a major challenge moving forward.” 

▪ “Approaches to tackle this problem may include identifying and engineering bacteria that are stable and dominant in the                  
microbiota, assembling cocktails of bacteria that maintain a desired function despite variations in underlying constituent               



species, or building distinct sets of bacterial therapies customized for different microbiota profiles for which patients can be                  
screened.” 

● Need to develop clinically relevant biosensors and robust gene circuits: 
o “The development of clinically relevant biosensors and stable, robust genetic circuits would help realize the vision of fully                  

autonomous cellular therapies. Finally, cognisance of regulatory, biocontainment and safety issues during research of novel               
therapeutics are needed to help hasten translation of basic research into the clinic.” 

▪ “The creation of fully autonomous cell-based therapies demands a well-characterized library of biosensors that would               
allow dynamic responses to environmental perturbations.” 

▪ Need generalized approach for biosensor discovery; here’s a moonshot for ya: “A generalized approach for de novo                 
discovery of sensors of clinically relevant molecules is greatly needed, as well as fluid dialog between synthetic biologist                  
and clinicians to identify relevant candidate disease biomarkers. By pairing metabolomic studies with streamlined              
strategies for biosensor discovery, engineered microbes could offer a new class of diagnostics by assaying concentrations                
of biomarkers inside the body instead of in ex vivo samples. These sensors could be used to trigger the expression of                     
therapeuticmolecules to enable on-demand and localized production of medicines only during active disease.” 

▪ Need long-life genetic circuits: “Genetic circuits described in synthetic biology often fail to report the evolutionary                
stability of engineered functions. Assessment of gene circuit function is generally made on short timescales (b24 h).                 
However, cellular therapies may need to retain function for weeks or months to achieve significant efficacy.” 

● Need to continue to improve and develop better in vitro systems to reproduce in vivo environment (some are used, haven’t gone                     
into detail in them yet but they are listed here): 

o “Aswork in synthetic biology progresses towards animal models and clinical applications, new, more sophisticated in vitro systems                 
should be developed to better emulate the variable conditions faced by the endogenous microbiota. Both single [160,161] and                  
multi-stage [162] chemostats have been used to support culture of fecal samples and could provide a testbed to understand how                    
interbacterial interactions impact functionality of genetic circuits. Additionally, organoid [163], 3-D intestinal scaffolds [164] and               
gut-on-a-chip [165] models have also been employed to predict interactions between probiotics and the host.” 

● Need to think about safety before we get too far ahead of ourselves: 
o “However, as natural commensals, such as clostridial or Bacteroides species, may be prime candidates for microbiotabased                

therapies, the safety of these organisms should be evaluated. The ability of these organisms to stably colonize their target                   
environments may enable greater therapeutic efficacy, but may raise questions about the pharmacology and control of such                 
therapies. The spread of genetically modified DNA from recombinant organisms to endogenous members of the microbiota may also                  
be a concern as natural horizontal gene transfer is prevalent in the human microbiome [169]. The escape of engineered organisms                    
into the environment that may lead to unintentional colonization of others may be of similar concern, even though most genetically                    
modified organisms developed in the lab seem to be less fit than wild-type [166]. Conditional kill switches that eliminate engineered                    
microbes [158,170] or destroy genetic circuits [171] have been created for biocontainment.” 

● Current clinical approaches are crude, if we want to realize the clinical potential of microbiome-based therapeutics we need: 
o “Furthermore, enhanced engineering approaches to enable the modification of a wide range of bacterial hosts, to create                 

disease-relevant sensors that can drive the conditional production of heterologous therapeutics, and to achieve robust yet                
controllable function of these sense-and-respond diagnostics in vivo will ultimately improve the translation of microbiome               
therapeutics into real-world use.” 

 
Characterization of the Gut Microbiome Using 16S or Shotgun Metagenomics 
Jovel J, Patterson J, Wang W, et al. (2016) 
 

● NGS that enabled microbiome research: 
o “The advent of next generation sequencing (NGS) has enabled investigations of the gut microbiome with unprecedented resolution                 

and throughput. This has stimulated the development of sophisticated bioinformatics tools to analyze the massive amounts of data                  
generated. Researchers therefore need a clear understanding of the key concepts required for the design, execution and                 
interpretation of NGS experiments on microbiomes.” 

● FYI this paper uses the alpha and beta methodologies that the other paper criticizes: 
o “To the extent that fluctuations in the diversity of gut bacterial populations correlate with health and disease, we emphasize various                    

techniques for the analysis of bacterial communities within samples (α-diversity) and between samples ( ty). Finally, we demonstrate                  
techniques to infer the metabolic.” 

● Fungi and viruses and the rest of the ecosystem need more attention going forward: 
o “For the most part, microbiome studies have focussed primarily on the structure and function of bacterial communities, fungi and                   

viruses have received less attention thus far, but are starting to gain momentum.” 
o Archaea too: “Importantly, methanogenesis from Archaea, mainly Metanobrevibacter smithii, is an important source of energy. It                

therefore influences metabolism and is associated with obesity, diabetes mellitus and other metabolic disorders.” 
● Only high quality sequences should be used; need to be trimmed; need to be pre-processed correctly or output is unreliable: 

o “In our experience, sacrificing sequences with low quality scores often improves the accuracy of the analyses by a significant                   
margin. The gain in precision by trimming data is more significant for 16S data than it is for shotgun data, as clustering algorithms                       
have been designed to detect minor differences along the sequence of the 16S rRNA  gene.” 

● Precise taxonomy assignments are difficult at a species level, genus we can do: 
o “Precise taxonomy assignments based on sequence alignments remain a computational challenge for both 16S and shotgun                

libraries, because of the short NGS read lengths.” 



o “The 99% similarity threshold is generally accepted as a good proxy for species. However, this threshold is often insufficient to                    
discriminate between closely related species, such as different members of the Enterobacteriaceae, Clostridiaceae, and              
Peptostreptococcaceae families. Importantly, higher resolution analytical tools have been published that overcome some of the               
limitations associated with clustering algorithms.” 

● Continue developing area specific databases, e.g. only intestinal, only mouth, etc.: 
o “One of the approaches to increasing the resolution of taxonomical classification of sequences is to compile databases containing                  

only the sequences likely to exist in the environment under study. For example, specialized databases comprising only members of                   
the human intestinal microbiota (Ritari et al., 2015; Forster et al., 2016) have been created.” 

● Primer design/choice cannot be overstated, as it can dramatically affect results: 
o “Irrespective of the method used for clustering, we found a consistent over-representation of sequences in the Clostridium and                  

Lactobacillus genera. These two genera contain sequences that are perfectly complementary to the primers used for amplification,                 
while at least one mismatch is found in the rest of genera included in our experimental (mock) bacterial population. This                    
demonstrates how subtle differences in primer binding sites within the 16S rRNA gene sequences lead to biased estimates of                   
relative abundance. Other primers have been reported to present biases, for instance the primer pair 27F/338R results in                  
underrepresentation of Bifidobacterium.” 

● It really depends on what analytics tools you use as to how reliable your results are (side note: also how you pre-process, what                       
primers are used, etc. -- e.g. there are a lot of decisions made on the research side that can negatively affect the results integrity. We                         
could have an entire conference on research techniques/tools/analysis easily) 

o Really comprehensive in the paper, and overkill to add more details here: see “Validation of bioinformatics approaches in bacterial                   
communities” section: the jist is above. 

● 16S rRNA data will never be sufficient for comprehensive, and accurate, species identification: 
o “It has been reported that for ∼42% of bacterial genera there will be pairs of sequences within genus that cannot be easily separated                       

because their 16S rRNA gene sequences are more than 97% similar.” 
▪ You would need insanely high resolution of the 16S sequencing, which is difficult due to many factors that are presented                    

(it’s a technology problem, e.g. you get one base wrong and the information is no longer good).  
▪ Example: “In the sample from the CD patient, the most abundant genus (Lactobacillus) was detected by both methods                  

(gray bar), but the second was identified as Klebsiella in 16S and Citrobacter in the shotgun libraries (Figures 3A,B). This                    
ambiguity likely occurs because the 16S rRNA gene sequences of these two genera share > 96% similarity.” 

▪ However, with a reference genome, high enough resolution, and the right bioinformatics tools: “Reportedly, 
▪ the software MetaPhlAn2 has the ability to resolve different strains from the same species when reference genomes are                  

available (https://bitbucket.org/biobakery/metaphlan2), and other software for shotgun data will likely perform well as more              
comprehensive databases are generated.” 

●  Need to sequence deep to get accurate information: 
o “For the mock populations, all genera (n = 12) were found in shotgun libraries at both depths, but 16S libraries did not allow                       

detection of the Akkermansia or Clostridium genera, even though they were ∼5% of Mix-9. As expected, increasing sampling depth                   
led to increased detection of taxa; with 1000 sequences 48 and 58 taxa were detected in 16S or shotgun libraries, respectively, and                      
with 50,000 sequences this increased to 72 and 128.” 

● We need standard protocols/normalizations: 
o “In Figure 4A, we illustrate two popular normalization procedures: the total sum and upper quartile normalization. Respectively, for                  

each sample, the normalization factor is the sum of counts of all bacterial taxa detected or the upper quartile value for each sample.                       
In general, normalization procedures attempt to minimize the technical variability between samples, but also accounts for                
sample-specific dispersion (Dillies et al., 2013). Despite numerous research endeavors in this area, normalization remains a topic                 
under intense debate, without a consensus on which normalization procedure is the most robust one.” 

● If we want to profile metabolic networks we have to use shotgun sequencing. (16S could become reliable for taxonomic                   
associations, e.g. gut diversity and relative abundance -- if technology improves):  

o “Determining the functional attributes of the microbiome is essential for understanding their role on host metabolism and disease                  
(Joice et al., 2014). The metabolic capacity of the microbiome can be inferred or cataloged from 16S and shotgun metagenomics                    
libraries, respectively. Gene marker approaches like 16S rely on the correlation between phylogenetic trees and clusters of genes                  
shared between taxa (Langille et al., 2013). Shotgun metagenomics, on the other hand, provides a direct assessment of the                   
functional attributes of the microbiome (Riesenfeld et al., 2004; Knight et al., 2012), although the results are dependent on                   
sequencing depth.” 

o Need to combine the omics for a complete picture: “Although 16S and shotgun metagenomics both allow functional profiling of                   
the microbiome, shotgun metagenomics offers a more reliable assessment, provided that enough sequences are available and,                
ideally, it should be complemented with metatranscriptomics analyses (Franzosa et al., 2015).” 

● Study design/goal will dictate the approach needed: 
o “The choice of shotgun or 16S approaches for microbiome analyses is usually dictated by the nature of the studies being conducted.                     

For instance, 16S is well suited for analysis of large number of samples, i.e., multiple patients, longitudinal studies, etc. but offers                     
limited taxonomical and functional resolution. Moreover, it should be pointed out that using primers for different regions of the 16S                    
rRNA gene may lead to discordant results due not only to the distinct binding affinities for the corresponding flanking conserved                    
regions, but also due to the resolution of each variable region across taxa (Soergel et al., 2012). Shotgun metagenomics on the                     
other hand is usually more expensive but offers increased resolution, enabling a more specific taxonomic and functional                 
classification of sequences as well as the discovery of new bacterial genes and genomes (Franzosa et al., 2015), which usually                    
requires assembly of individual reads into contigs. Importantly, shotgun metagenomics allows the simultaneous study of archaea,                
viruses, virophages, and eukaryotes Although several significant efforts to unravel bacterial strains have already been published                

https://bitbucket.org/biobakery/metaphlan2


(Qin et al., 2010; Qichao et al., 2014; Zhu et al., 2015), bacterial strains identification is an issue that remains unsatisfactory with                      
current approaches.” 

● Need to combine all the omics for a clear picture, and need to rely heavily on bioinformatics and their continued improvement: 
o “In the view of experts in the field, metagenomics should be complemented with metatranscriptomics, proteomics, metabolomics and                 

metadata, like clinical and dietary information, to derive mechanistic models that explain the structure and function of the                  
microbiome (Brown et al., 2013; Morgan and Huttenhower, 2014; Franzosa et al., 2015; Waldor et al., 2015). Data integration will                    
require sophisticated statistical techniques like ordination methods, hierarchical regression analyses, network analysis, and             
machine-learning roaches, among others.” 

 
Metabolic modeling with Big Data and the gut microbiome  
Sung J, Hale V, Merkel AC, Kim P-J, Chia N (2016) 
 

● We must develop a biologically relevant mechanistic framework to overlay omics data on: 
o “Realizing the promise of multi-omics data will require integration of disparate omics data, as well as a biologically relevant,                   

mechanistic framework – or metabolic model – on which to overlay these data. Also, a new paradigm for metabolic model evaluation                     
is necessary.” 

● The “profiling” done by the HMP and basic composition research needs to now shift to mechanistic evaluation; we can do it now,                      
and profiling only gives us minimalistic therapeutic answers (albeit it was critical as a starting point): 

o “Efforts led by the HMP consortium thus far have yielded numerous insights regarding the microbial composition of the human body                    
and the ecological structure and function of the human microbiome. However, a shift from this “profiling” paradigm to one of                    
mechanistic examination is now both warranted and feasible through the integration of multi-omics data onto a framework based on                   
biomolecular pathways and networks.” 

● Need new methods for analysis of omics data sets: 
o “The large data sets generated by the most recent omics technologies call for new methods of analysis. No longer can we afford to                       

use a paradigm of statistical power where our insight dwindles with the amount of data we collect. Instead, we should rely on the fact                        
that these variables are not independent of one another and therefore establish a more practical model for assessing the role of the                      
microbiome.” 

● Need to use a systems biology approach, potentially using metabolic models to overlay omics data on: 
o “A systems approach that utilizes metabolic networks may offer a potential solution. Network reconstruction is one such means of                   

creating a scaffold for synthesizing multiple data types.” 
o “The value of metabolic modeling for understanding the complex environment of the gut microbiome is in resolving biochemical                  

relationships within and between microbial species and potentially predicting the effect of ecosystem-wide perturbations, such as                
antibiotics or pathogen invasion. There have been many recent efforts to model metabolic processes within microbial communities                 
(Heinken and Thiele, 2015; Henry et al., 2009). However, the wealth of data available through multiple omics technologies remains                   
underutilized in these models.” 

● This will come up over and over.. we need standardization across the board (experimental setups, primers, models, downstream                  
analysis, statistical methods, etc.)!: 

o “As a practical tool, math is a means for taking pattern recognition and systematizing it. It is also a way for us to provide some form                          
of communication and standard for comparing the results of different studies, and in the case of statistical significance, is meant to                     
provide a measure of certainty against a null hypothesis.” 

o “Just how many cases and controls does one need to ensure we can achieve significance? It is a simple question, but an important                       
one that has been the subject of many sophisticated refinements.” 

o “Database integration requires that the entities from one database can be related to the entities in another through a set of                     
meaningful relationships, gene to protein, protein to metabolite, regulon to gene. The centrality of this to any Big Data synthesis can                     
be seen in the growing number of calls for data standardization in the omics sciences (Alivisatos et al., 2015; Dräger and Palsson,                      
2014; Dubilier et al., 2015).” 

● The Big Data paradox: 
o “Paradoxically, the more data we collect on each subject, the more we decrease our likelihood of identifying statistically significant                   

parameters as a result of multiple hypothesis correction. This is a fundamental flaw in the way that current statistical power                    
calculations deal with large datasets.” 

o Solution: “Approaches to obtaining information from Big Data are different. Big Data is characterized by high volume, variety, and                   
velocity of data generation (Costa, 2013). The strength of multi-omics is not merely the observation of many data points, but the                     
discovery of biological mechanism through observation. Multi-omic Big Data grants us the power to examine disease in a human                   
biological context, rather than extensively relying on murine models, which are limited in relevance to the human gut microbiome                   
(Nguyen et al., 2015). In order to succeed, the Big Data movement in individualized medicine will require a holistic merger between                     
large-scale data and biological mechanism.” 

● Statistical correlations fall short of mechanism identification, and with big data omics sets they will provide falsely correlated                  
information (its long, but this section is critical): 

o “To identify specific biological markers of disease, many studies utilize statistical correlations, which fall short of identifying                 
underlying mechanisms (de Vos and de Vos, 2012). In the past, using Big Data to elucidate a biological mechanism involved                    
generating a limited set of hypotheses that were then tested in the lab. While this approach has great value, it becomes less tenable                       
as the number of measurements grows. The massive data sets generated from high-throughput omics technologies guarantee us                 
more correlations arising purely from random chance. In the gut microbiome, this is especially problematic. The number of potential                   



correlations increases with the hundreds of species and thousands of genes. Furthermore, the number of identified factors                 
contributing to microbial composition including diet (David et al., 2014; De Filippo et al., 2010; Turnbaugh et al., 2009), sex (Chen et                      
al., 2016), and even preservation method of the sample (Sinha et al., 2015), continue to grow and make it more difficult to                      
differentiate the confounding from the causal.” 

● Need metabolic network modeling with genomics, RNA transcriptomics, and metabolomics merged together for a complete picture: 
o “Recent microbiome studies have also combined metagenome and metatranscriptome data to enable comparison between              

functional potential (metagenomic abundance/gene copy number) and functional activity (transcriptome level) (Franzosa et al.,              
2015). This provides insights regarding host–microbial dynamics (Franzosa et al., 2014), highlights functional changes in the                
microbial community in response to diet (McNulty et al., 2011), and suggests potential disease mechanisms, as in the case with                    
periodontitis (J. Wang et al., 2013; K. Wang et al., 2013). Metagenome or metatranscriptome data alone would not yield these                    
insights.” 

● Nice picture of how we need to conduct research, far past 16s RNA: 

 
Fig. 2. The who, what, and how of microbial community metabolism. 16S rRNA deep microbial community profiling lets us rapidly and cheaply                      
survey which microbes are present and in what abundances. Metagenome sequencing and genome assembly tells us the biological functions                   
each microbial species can potentially perform. Metabolomics and metabolic network reconstructions allow us to understand the biochemical                 
mechanisms of each microbe, and to make quantitative predictions regarding its metabolic activity. Finally, species interaction networks can                  
be used to identify relationships between microbes within the same community. 

● Many species remain unculturable, but with deep metagenomics sequencing we don’t need to culture, and also get a better picture                    
(in vivo) of what’s going on: 

o “While high-throughput culture methods are rapidly developing, the majority of gut microbial species remain uncultured (Lagier et al.,                  
2015).” 

o “However, culture-free metagenomic assembly provides the most complete picture of gastrointestinal microbial genomes currently              
available. These assemblies allow us to infer metabolic functions of particular organisms, enabling us to model the metabolic activity                   
of an individual microbe. Genome scale models (GEMs) can then be used as the building blocks for community-scale metabolic                   
modeling (COMM) to determine the microbial interactions between members of a community.” 

● Implementation of Big Data has challenges: 
o “While the value of Big Data synthesis is readily evident, implementation is not simple. Issues with data synthesis generally fall into                     

one of three categories: identifying entities to include in the model, integrating the myriad databases, and statistically assessing the                   
final networks (Fondi and Liò, 2015; Imam et al., 2015; Samal and Martin, 2011).” 

▪ Entity identification: “The process of entity identification is a seemingly straightforward process whereby one compares               
data to what is already known. The problem is that all sequence alignment and pattern-matching algorithms will always                  
produce a result, even if the match is poor. How does one know a metabolite/reaction/organism truly belongs in a GEM or                     
COMM? False inclusions result in errors that will potentially propagate and lead to false results while false exclusions may                   
leave a network reconstruction incomplete and therefore unusable froma computational modeling perspective. These             
sorts of errors are unavoidable, especially in the gut microbiome, where there are millions of signals from hundreds of                   
potential sources.” 

▪ Database integration (also, yet another call for standardization): “Database integration requires that the entities from               
one database can be related to the entities in another through a set of meaningful relationships, gene to protein, protein to                     
metabolite, regulon to gene. The centrality of this to any Big Data synthesis can be seen in the growing number of calls for                       
data standardization in the omics sciences (Alivisatos et al., 2015; Dräger and Palsson, 2014; Dubilier et al., 2015). The                   
lack of centralized storage and management of multiomics data has led to increasingly large hurdles and analytical                 
bottlenecks as studies, now capable of measuring DNA, RNA, proteomics, and metabolomics, must struggle within               
individual labs for their own individual solutions. The recent scientific call for a more worldwide view of data gathering has                    
been gaining traction in the microbiome field; this is also a call for more global data management and data unity for future                      
integration (Dubilier et al., 2015).” 

▪ Assessing statistical significance: “Lastly, one of the biggest shiftswill be in howwe identify statistically significant               
results when reconstructing or simulating a GEM or COMM. In other words, how dowe determine if a network is                   
statistically different from expected? Most methods utilize graph randomizations to generate networks for statistical              
comparison. This process randomly exchanges edges within a network, without regard to biochemical structure; thus,               
network significance is often grossly overestimated (Samal and Martin, 2011). Network significance must be assessed               



from a set of plausible or at least possible structures if we are to be able to assess the true significance of the results                        
froma networkmodel.” 

● We should use likelihood based approaches for omics interpretation: 
o “The complex reality is that each type of omics technology not only measures different entities, but also propagates some amount of                     

error or ambiguity. To circumvent this, a likelihood-based approach would allow us to incorporate a measure of certainty as                   
weighting in a network reconstruction (Benedict et al., 2014). These could, in principle, come from a variety of data types and be                      
combined so as to produce the maximum-likelihood metabolic model. Such a framework would allow us to prioritize consistency                  
between different data types and the overall network structure.” 

 
How informative is the mouse for human gut microbiota research? 
Nguyen TLA, Vieira-Silva S, Liston A, Raes J (2015)  
 

● Germ-free models are needed, but you need to be careful translating data: 
o “Although results from such experiments have yielded important breakthroughs in understanding the dynamic and complex               

relationship between the gut microbiota and its host, translating such results from murine models to humans remains nontrivial due                   
to the existence of some key differences between the two systems that need to be taken into account.” 

● Anatomy of intestinal tract between mice and human (micro/macro) have differences: 
o “However, the anatomy of the mouse and human intestinal tract also have prominent differences (Table 1), which might be shaped                    

by their diverging diets, feeding patterns, body sizes and metabolic requirements.” 
o Big summary that was at end of section, more details in “The anatomy of the mouse and human intestinal tract” section:                     

“Overall, the mammalian digestive tract is strongly conserved, with major differences between species being likely driven by diet.                  
Given their shared omnivorous nature, humans and mice thus share strong similarities. However, humans have evolved towards a                  
smaller cecum and colon and relatively longer small intestine as compared to the murine system. In mice, fermentation of                   
indigestible food components is compartmentalized in the cecum, whereas, in humans, fermentation takes place in the colon, and                  
the cecum is vestigial (Fig. 1). The morphology of mouse and human colons also differs: the human colon is divided into haustra,                      
whereas the mouse colon is rather smooth. Cells that are essential to intestinal integrity and host-microbiota equilibrium, such as                   
goblet and Paneth cells, are also conserved between the two species, although there are differences in distribution. Although these                   
differences do not mean that the murine model is not valuable to study host-microbiota interactions, care must be taken in making                     
direct parallels between murine and human gut with regard to microbiota composition, because host-microbiota co-evolution could                
have been influenced by these anatomical divergences.” 

● Humanized gnobiotic mice do not necessarily represent an accurate picture, and caution must be taken when translating findings: 
o “However, it should be highlighted that the host-microbe relationships in these humanized models do not necessarily reflect the real                   

relationships seen in humans, because the gut microbiota is transplanted into a host with which it has not co-evolved.” 
● Low abundance bacteria are missing, which may in fact provide large functions: 

o “Turnbaugh et al. reported that some resident bacterial taxa in the human gut microbiota are absent in the humanized mouse gut                     
microbiota (Turnbaugh et al., 2009b). Given the low abundance of these bacteria, their absence is generally considered to be less                    
important for the balance and functions of the gut microbiota. However, the complex interactions between the bacteria composing                  
the gut community (Faust and Raes, 2012) suggest that this might not be the case. Furthermore, low-abundance microbial species                   
can be of essential importance to the ecosystem, as shown by a recent study in which the immune system of humanized mice did                       
not mature normally (Chung et al., 2012).” 

● Although the gnobiotic system is not perfect, it is the gold-standard as of now and must continue to be improved: 
o “Overall, it has been found that even though gnotobiotic mice are being increasingly used as models for studying the human gut                     

microbiota, they might not fully recapitulate the mechanisms of the human-host–gut-microbiota interaction. This said, they are one of                  
very few methods to assess causality in microbiota research, and thus further development and improvement of this approach is                   
essential.” 

● Gnobiotic models may be more relevant (applicable to making human inferences) for some diseases/disorders than others: 
o “Recently, a study by Ridaura et al. showed that obesity phenotypes can be transferred from human to humanized mice and                    

between co-housed mice (Ridaura et al., 2013). Such studies are extremely valuable for understanding the underlying disease                 
mechanisms and causative agents, and thus for getting closer to developing preventive or therapeutic treatments.” 

● There may be other species that are better model representatives for human microbiota research, e.g. rats: 
o “Rats are proposed to be more representative of the human gut microbiota than mice because the gut bacterial communities of                    

humanized rats more closely reflect the gut microbiota of human donors (Wos-Oxley et 11 SPECIAL ARTICLE Disease Models &                   
Mechanisms (2015) doi:10.1242/dmm.017400 Disease Models & Mechanisms 12 al., 2012). Specifically, humanized rat models              
have a more similar Firmicutes:Bacteroidetes ratio to human donors and could represent the human donor better than could                  
germ-free mouse models. This difference is thought to be due to the fact that the rat has a microbiota that is more similar to humans                         
than mice do, thus facilitating the establishment of the inoculated microbiota (Wos- Oxley et al., 2012).” 

● Yet again, a call for standardization: 
o “In addition, even well-controlled gut microbiota experiments using mouse models show important inter-study variations due to                

confounding factors in the experimental setup, such as mouse house origin, maternal effects, environmental conditions (food                
composition, light, stress factors, pathogen infection), genetic backgrounds and in the downstream analysis methods applied. There                
have been recent efforts to standardize gut microbiota experiments, for example by establishing standardized microbiota in isobiotic                 
mice that would be shared by institutions involved in gut microbiota research (Hooper et al., 2012). Although these efforts are still in                      



their infancy (Würbel, 2000), they will increase result reproducibility and inter-study comparability, and allow for the healthy growth of                   
the gut microbiota research field.” 

 
From complex gut communities to minimal microbiomes via cultivation 
Clavel T, Lagkouvardos I, Stecher B (2017)  
 

● It is important to  be able to grow strains in vitro, even with current molecular capabilities: 
o “Obtaining strains that can be grown in vitro is currently indispensable for the description of novel diversity and eventually the                    

improvement of taxonomic and sequence databases. Moreover, cultivation allows using host-specific minimal consortia of microbes               
that are helpful for detailed and standardized studies of gut microbial communities and microbe-host interactions.” 

o “For instance, interpretation of the gigantic amount of data accumulated by high-throughput sequencing requires key isolates for                 
precise taxonomic and functional classification.” 

o “Culturing efforts of the last few years have shown that it is worthwhile to isolate bacteria [17,18,19]. The odds of finding new taxa                       
are substantial: approximately 1 of each 100 colonies analyzed represents a new taxon, which can lead to the discovery of dominant                     
and important commensals [20,21]. Browne et al. [17] recently isolated 137 bacterial species from the human gut, including 67 novel                    
taxa.” 

● Molecular techniques could assist in successful cultivation of difficult to cultivate microorganisms: 
o “For instance, inferring metabolic functions and nutritional requirements from genome information to isolate unknown bacteria has                

successfully been used in the past [9], but could be intensified thanks to progress made in binning shotgun sequences into so-called                     
‘metagenomic species’ [30,31]. Moreover, targeted sorting of strains with specific metabolic functions by single-cell, non-invasive               
molecular methods combined with cultivation is a promising avenue to explore.” 

● Need to take into consideration all the species present, not just well-characterized bacteria: 
o “First of all, it is important to bear in mind that viruses and microorganisms other than bacteria colonize the mammalian gut [55,56].                      

However, arguments that speak in favor of studying and using bacterial communities are their dominance in the ecosystem,                  
extensive knowledge of their diversity and functions, and availability of strains in public databases. Hence, with exceptions [57],                  
published studies have primarily focused on mixtures of bacteria, and it would actually be more accurate to talk about minimal                    
bacteriomes. Nonetheless, microbiome is a common term in use and further development in the field will soon allow the addition of                     
fungi, archaea, and bacteriophages to minimal consortia. Hence, it is sound to refer to minimal microbiomes.” 

● Reference sets of standardized bacteria for research are outdated and difficult to obtain, and for the best results must be selected                     
based on study-type: 

o “Original efforts towards standardization of the hygiene status dates from the 1960–70s, when pioneers such as Rene´ Dubos and                   
Russel Schaedler focused on the isolation of gut bacteria from the mouse intestine [61], and designed the so called Altered                    
Schaedler Flora (ASF) [62,63]. The ASF consists of 8 bacterial strains from the mouse intestine and is still being used as reference                      
in the field of gnotobiology. It has provided the foundation for a number of seminal studies, in particular in the field of immunology                       
[63]. However, the ASF has two major drawbacks: (i) the rationale for strain selection is outdated (the consortium is not in line with                       
contemporary knowledge of mouse gut bacterial diversity); and (ii) the availability and use of the strains are restricted. Hence, it is                     
obvious that we can nowadays do better than the ASF.” 

o “While it would be important to supply at least one or a few defined consortia to a broad research community for standardization                      
purposes, consortia will always have to be revised and improved according to newly discovered diversity and functions and to meet                    
needs of individual projects (where target strains of interest could be added to a given reference consortium). Also, different                   
community structures can provide similar functions, and future work should also include data-driven design based on the functional                  
potential of ecosystems, for example, based on metagenomic data.” 

o “In summary, whereas improved reference minimal micro- biomes accessible to all are urgently needed, they will not be able to                    
address any scientific question and will eventually have to be adapted to the specific purposes of a study. Continuous discovery of                     
novel bacteria and associated functions will also nurture the flexibility of minimal microbiomes.” 

● Strain differences within a species cannot be overlooked: 
o “There has been a renewed interest in the diversity of gut microbiota at the level of strains thanks to recent advances in molecular                       

approaches [31,70]. This raises important questions pertaining to the impact of strain differences and plasticity when designing                 
minimal microbiomes, which adds one level of complexity to the selection of consortium members.” 

o “…there is evidence that the host origin of a bacterium, including several strains of the same bacterial species, has functional                    
consequences. Nevertheless, it is unclear how quickly a bacterium evolves in the gut and adapts to optimally grow and compete in a                      
certain environment.” 

● Strain differentiation in vitro can happen; this could be detrimental to translatability: 
o “In very simplified words: how long does it take for a human gut bacterium to become murine? Moreover, strains maintained in vitro                      

can accumulate genetic rearrangements and functional changes, with potential loss of functions that may be important in native                  
environments [72]. This point highlights the importance of archiving strains in recognized bioresources to guarantee availability of                 
standardized stocks, even though it is impossible to completely prevent bias introduced by in vitro maintenance. At least, the                   
availability of ever more affordable genome sequencing technologies enables quality control and detailed insights into the nature of                  
strain evolution under in vitro and in vivo conditions.” 

● Need collaborative strain collection/sharing/accessibility for the benefit of all: 
o “Renewed interest in the cultivation of gut bacteria has already led to substantial new discoveries. Efforts should be continued and                    

extended to host species other than humans and mice and to microorganisms other than bacteria. Moreover, it is important that                    



researchers archive strains in public collections to share knowledge and guarantee accessibility, and mining of resources should be                  
efficient [19,73]. It is in the responsibility of everyone to implement bioresources for the benefits of the entire research community.” 

● What really is the best approach for classification? Potentially both culture and genomics combined: 
o “One main question that currently animates the field is to know whether time-consuming, multifactorial, and individualized                

characterization of bacteria (where parameters to be measured vary depending on closest relatives of a novel isolate) is really                   
necessary, or whether taxonomic delineation of bacteria should primarily be based on solid phylogenetic/genomic analysis, with                
additional phenotypic and chemical properties accounting for refine diversification at the strain level within evolutionary congruent                
taxa with names. Whereas the current system for description of novel cultured taxa has reached its limits [74], genome-based                   
approaches lack standards and consensus on rules to be followed for proper classifi- cation. Concerted actions to collect genomic                   
information and establish/maintain corresponding databases are essential.” 

● Misclassified taxa need to be amended and improved culture methods for to-date uncultured species must be developed. Also,                  
consensus on description standards would be beneficial to the community: 

o “Moreover, the field urgently needs more work on the amendment of misclassified taxa [77,78] and on innovative approaches that                   
give the possibility to describe the myriad of not-yet-cultured but known microbial diversity with genomic information available [31].                  
For the latter, consensus on standards to follow for description is required too, and a dedicated platform for widespread use by the                      
community would be of great help.” 

 
 
 

 


