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Greetings Colleagues,

In this issue of our newsletter, we've highlighted a few of our activities that demonstrate our
passion for shaping the future of science and its impact on society.

In November, we were honored to be part of the School of Medicine's first “Accelerating
Innovation and Discovery in Medicine (AccelMed)”, a day-long scientific symposium, starting
with a keynote presented by Francis Collins, MD, PhD, the director of the National Institutes
of Health (see pg 2 for more details). One of the themes of this AccelMed event was “team
science”, and as we look ahead, 2014 promises to be a year of expanded opportunities for IGS
faculty members and staff to be part of innovative collaborations.

We feature several UMB collaborations in this issue to highlight the utility of genomics
as an analytical tool and as a new approach to advance clinical practice. Examples of these
novel partnerships include Drs. Schriml and Terrin's work with their cell biology consortium
(pg 4), and Drs. Ravel and Regan's work on preterm births (see pg 4). The ground-breaking
research programs being carried out by IGS faculty members are enabled by the “end-to-end”
capabilities of our sequencing and bioinformatics Core facilities (see pg 2).

Systems biology is a major area of our growth at IGS. Systems Biology integrates disparate
data types (omics data) to construct predictive models of complex biological systems. We are
continuing to build programs centered on applying systems biology in the area of the human
microbiome and infectious diseases. Systems biology is an interdisciplinary science, and we are
leveraging UMB expertise to integrate technological and computational tools with the clinical
research.

We have several public events and seminars coming up this spring, including our second
annual Frontiers in Genomics lecture that will be given by Dr. Martin Blaser in May. We welcome
your visits and your questions. We hope that learning more about our work and our goals will
inspire you about the applications of genomic research.

Claire M. Fraser, PhD

Professor of Medicine and Microbiology and Immunology
Director, Institute for Genome Sciences
University of Maryland School of Medicine
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New School of Medicine Initiative

The UM School of Medicine's new initiative,

“Accelerating Innovation and Discovery in
Medicine,” (ACCEL-Med), celebrates scientific
discoveries thatimpact human health—the
vision of Dr. E. Albert Reece, Dean of the UM
School of Medicine.

On November 22,2013, SOM hosted a full-day symposium, attended by an external scientific
advisory council of internationally-recognized scientific leaders and medical entrepreneurs.
Francis Collins, MD, PhD, director of the National Institutes of Health, gave the inaugural
keynote address. IGS was honored to present a quick cross-section of exciting new genomics
research. After Claire Fraser summarized many of the IGS collaborations launched across
UM campus, David Rasko spoke about “Application of High Throughput Sequencing to
Genomic Epidemiology.” Next, Rebecca Brotman presented “The Vaginal Microbiome and
Women's Health: Implications for Clinical Translation.” Timothy O'Connor presented “Human
Population Genomics with Next-Generation Sequencing.”

MORE INFO

Click here for more

information about the day's
program and the ACCEL-Med
initiative

O

c c Our strength is not just our deep history and experience in sequencing and ge-

nomics, but our end-to-end service level from the initial project consultation

The Genomics
Resource Center

GRC

Large-scale sequencing and data analysis

where the generation of complete microbial
genome sequences is commonplace. As early
adopters of PacBio technology, and through
early access to new protocols and advances,
the GRC has been at the forefront of this

new wave of microbial genome sequencing.

In November, PacBio profiled the strengths

serves as the basis for the interdisciplinary that GRC brings to the research community.

collaborations developed by IGS faculty. The Read about it here and here.

GRC's growing reputation for high-quality
and cost-effective sequencing and analysis One of the newest large projects at the

services has enabled the expansion of these GRC will use this new technology advance.
The GRC was awarded a two-year contract
by the U.S. Food and Drug Administration

(FDA) to sequence and analyze microbial

collaborations in new directions.

Recent advances in the Pacific Biosciences

(PacBio) single-molecule, long-read pathogens in support of the development

technology have returned us to an era and expansion of a comprehensive, curated

Tallon, says. “That’'s what sets up apart from other cores.

through to publication, including all of the informatics in close collaboration

with the IGS Informatics Resource Center (IRC), GRC Scientific Director, Luke

))

database of pathogen genome sequences
and associated metadata. FDA will use

this database to evaluate and validate
sequencing-based in vitro diagnostic

tools. In collaboration with FDA, NCBI,

and the IGS Informatics Resource Center
(IRC), and using both Illumina and PacBio
sequencing platforms combined with
customized genome assembly and analysis
software pipelines, the GRC will deliver
fully sequenced, assembled, and annotated
genome sequences and epigenomic profiles
for more than 550 pathogen isolates.

For more information about the GRC, our
platforms, services, and projects, please visit
our website and the GRC blog.


http://blog.pacificbiosciences.com/2013/11/at-institute-for-genome-sciences-long.html
https://s3.amazonaws.com/files.pacb.com/pdf/Core+Lab+Profile+-+For+Maryland+Investigators+Long+Reads+Offer+New+Path+to+Finished+Genomes.pdf
http://www.igs.umaryland.edu/grc
http://www.igs.umaryland.edu/labs/grc/
http://medschool.umaryland.edu/FACULTYRESEARCHPROFILE/viewprofile.aspx?id=6168
http://medschool.umaryland.edu/FACULTYRESEARCHPROFILE/viewprofile.aspx?id=20403
http://medschool.umaryland.edu/FACULTYRESEARCHPROFILE/viewprofile.aspx?id=25709
http://www.igs.umaryland.edu/topics/festival-of-science/
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New Genome Biology Gourses

The Molecular Genetics, Genomics, and
Bioinformatics track of the Molecular
Medicine Craduate Program, led by Dr. Scott
Devine, has been renamed the Genome
Biology track. This name better reflects the
research interests of faculty members in the
track and the new curriculum. The track
includes four courses:

eCurrent topics in Genome Biology

eCenomics and Bioinformatics

e Programming for Bioinformatics

eCenetics and Genomics of Model Species
and Humans

The curriculum has been extensively
revised and updated through these four
core courses that are required by all

graduate students in the Genome Biology
track. Students learn a range of topics
spanning bioinformatics and genomics
through a blend of lectures and hands-

on instruction. Dr. Devine and faculty
leaders within the track are exploring the
development of additional elective courses
that would provide more advanced training
options in this area. View curriculum

Profile:

Rebecca Brotman, PhD

Rebecca Brotman, PhD, MPH,
SOM Assistant Professor,
Department of Epidemiology &
Public Health, received three recent
honors related to her research in
women's health.

She received the 2013 North American
Menopause Society (NAMS) New
Investigator Award, presented at the Society
annual meeting for her abstract titled “The
association between vaginal microbiota,
menopause status and signs of vulvovaginal
atrophy.” Dr. Brotman was also selected
for the young investigator award by the

Infectious Diseases Society for Obstetrics and

Gynecology (IDSOC). The award was given
at theirannual conference for her talk on “A

Longitudinal Study of the Vaginal Microbiota

and Human Papillomavirus Detection.”

Her paper on menopause generated
interesting press online:

http://www.prevention.com/health/health-concerns/

probiotics-may-help-vaginal-atrophy-symptoms

http://www.medscape.com/viewarticle/812521

Dr. Brotman also was recognized with the

GenomeWeb Young Investigator Award in 2013:

http://www.genomeweb.com/genomeweb-feature-

eighth-annual-young-investigators
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http://www.prevention.com/health/health-concerns/probiotics-may-help-vaginal-atrophy-symptoms
http://www.prevention.com/health/health-concerns/probiotics-may-help-vaginal-atrophy-symptoms
http://www.medscape.com/viewarticle/812521
http://www.genomeweb.com/genomeweb-feature-eighth-annual-young-investigators
http://www.genomeweb.com/genomeweb-feature-eighth-annual-young-investigators
http://lifesciences.umaryland.edu/molecularmedicine/genome.aspx

INNOVATIVE
COLLABORATIONS

CHARACTERIZING THE
EFFEGTS OF FECAL MICRO-
BIOTA TRANSPLANTATION

Florian Fricke, PhD

W. Florian Fricke, PhD, SOM Assistant Professor
of Microbiology and Immunology, and Sudhir
Dutta, MD, Director of Gastroenterology at Sinai
Hospital in Baltimore, have been studying the
long-term effects of treating patients suffering
from recurrent Clostridium difficile infection
(RCDI) with fecal microbiota transplantation
(FMT). Their study findings were published in
PLOS ONE.

Applying new genomic tools and bioinformatics
analysis to this patient group provides new
insights into events at the microbiota level that
could explain how antibiotic treatment, the most
common cause of CDI, is linked to the disease
and how successful treatment with FMT returns
patients to a normal healthy state. Dr. Dutta is
a gastroenterologist whose clinical work and
research focuses on new treatments for CDl and
inflammatory bowel diseases. Dr. Fricke is a
microbial genomicist who develops and applies
bioinformatics methods to study microbial
communities of the gastrointestinal tract and
their interaction with the human host. Their
innovative collaboration of applying genomics
and bioinformatics methods to clinical patient
care is helping pave the way for the development
of more personalized, microbiota-targeted

therapies in the future.

Fricke faculty page

NHLBI PROGENITOR GELL
BIOLOGY CONSORTIUM

Michael Terrin, MD and
Lynn Schriml, PhD

In 2009, Lynn Schriml PhD, SOM Assistant
Professor, Epidemiology and Public Health, and
ICS Bioinformatics, together with Michael Terrin
MDCM, MPH, SOM Professor, Epidemiology
and Public Health, and Medicine, combined
their bioinformatics and epidemiological
expertise to create a new center. Funded through
the National Heart, Lung and Blood Institute
(NHLBI), the Progenitor Cell Biology Consortium's
Administrative Coordinating Center's purpose is

to identify and characterize progenitor cell lines.

The Administrative Coordinating Center, led
by Dr. Terrin, has been successful in launching
the consortium's web site and data archive,
coordinating activities across the nine research
hubs, funding PCBC Pilot Studies, Stem Cell
and Skills Development Committee training
programs, Jump Start awards, and 19 Ancillary
and Collaborative Studies. In 2012, the PCBC
Bioinformatics Core was established by NHLBI
to foster cell line analysis and make the cell line
characterizations conducted by the PCBC Cell
Characterization Core available to the PCBC
consortium and ultimately, the larger scientific
community. Dr. Schriml leads the metadata
development efforts within the Bioinformatics

Core.

“Many medical advances can be anticipated
from the increasing cooperation among bench
scientists and experts in Bioinformatics; the
IGS is living proof of this expectation. Working
with Dr. Schriml, the IGS and our colleagues,
who are global Bioinformatics experts, has been
invaluable to the PCBC. | look forward to creating
more new biomedical knowledge with this
collaboration and others that are in the future for

all of us,” said Dr. Terrin.

Click here for additional background on the

consortium.

APPLYING GENOMIGS
T0 PRENATAL HEATLH
CHALLENGES

Jacques Ravel, PhD

Jacques Ravel, PhD, Associate Director
Genomics, has several novel multi-disciplinary
research collaborations underway that leverage
his strong links with clinician-scientists. Dr.
Ravel's work is focused on women's health,
and his pioneering longitudinal studies of the
dynamics of the vaginal microbiota pairing
clinical and epidemiological factors with
genomic analysis, have led him to expand his

research program on pre-term birth.

Preterm birth (PTB) is the leading cause of
infant mortality and incurs billions of dollars per
year in health costs. PTB is thought to originate
from complex demographic, biological,
genetic and behavioral factors. By applying
genomicanalysis of the vaginal microbiota
to longitudinal and clinical studies, he has
assembled a collaborative team to explore
the impact of diet during pregnancy on birth
outcome and the microbiome. He and his team

hope to identify tractable modifiable behaviors.

Dr. Mary Regan from the UM School of Nursing
is a co-Pl with Dr. Ravel on a new NIH-funded
study about the effect of diet on prematurity,

outcomes and a women's microbiome.

Dr. Ravel is also collaborating with Dr. Michal
Elovitz on research about the interaction
between the vaginal microbiome and cervical
immunity in women who deliver at term
and those who deliver preterm. Dr. Elovitz
is an Associate Professor of Obstetrics and
Gynecology at the University of Pennsylvania

School of Medicine.

Dr. Ravel's group recently published on this

topic: Romero et. al. Microbiome 2014 2:4

Ravel faculty page


http://www.plosone.org/article/related/info%3Adoi%2F10.1371%2Fjournal.pone.0081330;jsessionid=E4A8FBB91AC878E1BEBC4FCC23141DCD
http://medschool.umaryland.edu/FACULTYRESEARCHPROFILE/viewprofile.aspx?id=20295
http://medschool.umaryland.edu/FACULTYRESEARCHPROFILE/viewprofile.aspx?id=20337
http://medschool.umaryland.edu/facultyresearchprofile/viewprofile.aspx?id=157
http://www.progenitorcells.org/content/rfa-hl-09-004
http://medschool.umaryland.edu/FACULTYRESEARCHPROFILE/viewprofile.aspx?id=20283
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Collaborations
with ILRI

In Kenya satting an african cattie iller

- Joana Garneiro da Silva, PhD

The IGSisinvolved in a large international public-private partnership to
improve vaccinology solutions to the control of East Coast fever (ECF) in Africa.
This effort is funded largely by the Bill & Melinda Gates Foundation, and is led
by the International Livestock Research Institute (ILRI) in Nairobi, Kenya. ECFis
a tick-borne disease caused by the protozoan parasite Theileria parva. Over one
million cattle die of ECF each year in sub-Saharan Africa, resulting in annual
losses that exceed US$300 million, with a devastating impact on local farmers. Dr.
Vish Nene, former IGS Associate Director and now at ILR, is the project director.
The genomics component of the project is led by Dr.Joana Carneiro da Silva, an
Assistant Professor, Microbiology & Immunology. In addition to ILRl and IGS,
other organizations in the ECF Consortium include the United States Department
of Agriculture, Washington State University, GALVmed, the Roslin Institute, the
Royal Veterinary College and the Institute of Tropical Medicine in Antwerp. The

first phase of the project started in the fall of 2013 and will last for four years.

STEM

and Educational

The Institute continues our STEM and educational outreach programs—sponsoring

Outre aCh interns, speaking to school groups and promoting science education.

In fall 2013, volunteers led by Michelle Giglio, PhD, hosted a day of genomics for the
ACtiVitie S Center for Talented Youth. Middle-schoolers and their parents came to IGS for a day
of hands-on workshops, including a program on Microbiome Analysis presented by
Dr. Emmanuel Mongodin, the Comparative Genomics of Pathogens, presented by
Dr. Michelle Giglio, and Dr. Joana Carneiro Da Silva, who presented a workshop on
Michelle GIQIIU, PhD Human Variation / Personalized Genomics. The curious and motivated youngsters
came here from across the mid-Atlantic region and thoroughly enjoyed their
program.

See here for more about IGS STEM and educational outreach.


http://www.igs.umaryland.edu/education/outreach.php
http://www.galvmed.org
http://www.roslin.ed.ac.uk
http://www.rvc.ac.uk
http://www.itg.be

PUBLICATION LIST

SEPT *13-PRESENT .

Brotman RM, Ravel ], Bavoil PM, Cravitt PE, Chanem KG:
Microbiome, sex hormones, and immune responses

in the reproductive tract: Challenges for vaccine
development against sexually transmitted infections.
Vaccine 2013. PMID IN PROCESS.

Brotman RM, Shardell MD, Gajer P Fadrosh D, Chang

K, Silver M1, Viscidi RP, Burke AE, Ravel J, Gravitt PE:
Association between the vaginal microbiota, menopause
status, and signs of vulvovaginal atrophy. Menopause
2013. PMID IN PROCESS.

Chibucos MC, Crabtree ], Nagaraj S, Chaturvedi S,
Chaturvedi V: Draft genome sequences of human

patt ic fungus Geomyces pannorum sensu lato

and Bat white nose syndrome pathogen Geomyces
(Pseudogymnoascus) destructans. Genome announcements
2013,1(6). PMID 3868853.

Cornillot E, Dassouli A, Garg A, Pachikara N, Randazzo S,
Depoix D, Carcy B, Delbecq S, Frutos R, SilvaJC, Sutton R,
Krause PJ, Mamoun CB: Whole genome mapping and re-
organization of the nuclear and mitochondrial genomes
of Babesia microtiisolates. PloS one 2013, 8(9):€72657.
PMID 3762879.

Davis ], Fricke WF, Hamann MT, Esquenazi E, Dorrestein
PC, Hill RT: Characterization of the bacterial community
of the chemically defended Hawaiian sacoglossan Elysia
rufescens. Applied and environmental microbiology 2013,
79(22):7073-7081. PMID 3811551.

Estes AM, Hearn D], Snell-Rood EC, Feindler M, Feeser

K, Abebe T, Dunning Hotopp JC, Moczek AP: Brood
ball-mediated transmission of microbiome members
inthe dung beetle, Onthophagus taurus (Coleoptera:
Scarabaeidae). PloS one 2013, 8(11):€79061. PMID 3815100.

Fricke WF, Maddox C, Song Y, Bromberg]S: Human
microbiota characterization in the course of renal
transplantation. American journal of transplantation : official
journal of the American Society of Transplantation and the
American Society of Transplant Surgeons 2014,14(2):416-427.
PMID IN PROCESS.

Fricke WF, Rasko DA: Bacterial genome sequencing in the
clinic: bioinformatic challenges and solutions. Nature
reviews genetics 2014,15(1):49-55. PMID IN PROCESS.

Class EM, Dribinsky Y, Yilmaz P, Levin H, Van Pelt R,
Wendel D, Wilke A, Eisen JA, Huse S, Shipanova A, Sogin M,
StajichJ, Knight R, Meyer F, Schrim| LM: MIxS-BE: a MIxS
extension defining a minimum information standard
for sequence data from the built environment. The ISME
journal 2013. PMID IN PROCESS.

Class EM, Dribinsky Y, Yilmaz P, Levin H, Van PeltR,
Wendel D, Wilke A, Eisen JA, Huse S, Shipanova A, Sogin M,
StajichJ, Knight R, Meyer F, Schrim| LM: MIxS-BE: a MIxS
extension defining a minimum information standard
for sequence data from the built environment. The ISME
journal 2014, 8(1):1-3. PMID 3869023.

Hazen TH, Zhao L, Sahl JW, Robinson G, Harris AD, Rasko
DA, Johnson JK: Characterization of Klebsiella sp.10982,
a colonizer of humans that contains novel antibiotic

resistance alleles and exhibits genetic similarities to
plantand clinical Klebsiella isolates. Antimicrobial agents
and chemotherapy 2014. PMID IN PROCESS.

Hoffmann DE, Fraser CM, Palumbo FB, Ravel ], Rothenberg
K, Rowthorn V, Schwartz ): Science and regulation.
Probiotics: finding the right regulatory balance. Science
2013, 342(6156):314-315. PMID IN PROCESS.

Huang K, Brady A, Mahurkar A, White O, Gevers D,
Huttenhower C, Segata N: MetaRef: a pan-genomic
database for comparative and community microbial
genomics. Nucleic acids research 2013. PMID IN PROCESS.

loannidis P Johnston KL, Riley DR, Kumar N, White JR,
Olarte KT, Ott S, Tallon L], Foster JM, Taylor M), Dunning
Hotopp ]C: Extensively duplicated and transcriptionally
active recent lateral gene transfer from a bacterial
Wolbachia endosymbiont to its host filarial nematode
Brugia malayi. BMC genomics 2013,14:639. PMID 3849323.

KhuranaE, FuY, Colonna V, Mu X], Kang HM, Lappalainen
T, Sboner A, Lochovsky L, Chen ], Harmanci A, Das ], Abyzov
A, Balasubramanian S, Beal K, Chakravarty D, Challis D,
ChenY, Clarke D, Clarke L, Cunningham F, Evani US, Flicek
P, Fragoza R, Garrison E, Gibbs R, Gumus ZH, HerreroJ,
Kitabayashi N, Kong Y, Lage K, Liluashvili V, Lipkin SM,
MacArthur DG, Marth G, Muzny D, Pers TH, Ritchie GR,
Rosenfeld JA, Sisu C, Wei X, Wilson M, Xue Y, Yu F, Genomes
Project C, Dermitzakis ET, Yu H, Rubin MA, Tyler-Smith C,
Gerstein M: Integrative annotation of variants from 1092
humans: application to cancer genomics. Science 2013,
342(6154):1235587. PMID IN PROCESS.

Liu SH, Cummings DA, Zenilman JM, Gravitt PE, Brotman
RM: Characterizing the temporal dynamics of human
papillomavirus DNA detectability using short-interval
sampling. Cancer epidemiology, biomarkers & prevention : a
publication of the American Association for Cancer Research,
cosponsored by the American Society of Preventive Oncology
2014, 23(1):200-208. PMID IN PROCESS.

Luo Q, Kumar P, Vickers T, Sheikh A, Lewis WG, Rasko DA,
SistrunkJ, Fleckenstein JM: Enterotoxigenic Escherichia
coli secrete a highly conserved mucin-degrading
metalloprotease to effectively engage intestinal
epithelial cells. Infection and immunity 2013. PMID IN
PROCESS.

Marsan D, Wommack KE, Ravel ], Chen F: Draft Genome
Sequence of Synechococcus sp. Strain CBo101, Isolated
From the Chesapeake Bay Estuary. Cenome announcements
2014, 2(1). PMID 3886946.

Mongodin EF, Casjens SR, Bruno JF, Xu Y, Drabek EF, Riley
DR, Cantarel BL, Pagan PE, Hernandez YA, Vargas LC, Dunn
7], Schutzer SE, Fraser CM, Qiu WG, Luft B): Inter-and
intra-specific pan-genomes of Borrelia burgdorferi sensu
lato: genome stability and adaptive radiation. BMC
genomics 2013,14:693. PMID 3833655.

Munro]B, Jacob CG, Silva JC: A novel clade of unique
eukaryotic ribonucleotide reductase R2 subunits is
exclusive to apicomplexan parasites. Journal of molecular
evolution 2013, 77(3):92-106. PMID 3824934.

Ravel ], Brotman R, Gajer P, Ma B, Nandy M, Fadrosh D,
Sakamoto ], Koeing S, Fu L, Zhou X, Hickey R], Schwbke

JR, Forney L): Daily tempioral dynamics of vaginal
microbiota before, during and after episodes of bacterial
vaginosis. Microbiome 2013,1 (1): 29.

Robinson CK, Wierzchos ], Black C, Crits-Christoph A, Ma B,
Ravel ], Ascaso C, Artieda O, Valea S, Roldan M, Gomez-
Silva B, Diruggiero J: Microbial diversity and the presence
of algae in halite endolithic communities are correlated
to atmospheric moisture in the hyper-arid zone of the
Atacama Desert. Environmental microbiology 2013. PMID IN
PROCESS.

Robinson KM, Sieber KB, Dunning Hotopp JC: A Review of
Bacteria-Animal Lateral Gene Transfer May Inform Our
Understanding of Diseases like Cancer. PLoS genetics 2013,
9(10):€1003877. PMID 3798261.

Sanjar F, Hazen TH, Shah SM, Koenig SS, Agrawal S,
Daugherty S, Sadzewicz L, Tallon L], Mammel MK, Feng P,
Soderlund R, Tarr PI, Debroy C, Dudley EG, Cebula TA, Ravel
], Fraser CM, Rasko DA, Eppinger M: Genome Sequence of
Escherichia coli 0157:H7 Strain 2886-75, Associated with
the First Reported Case of Human Infection in the United
States. Genome announcements 2014, 2(1). PMID 3886948.

Thaipisuttikul I, Hittle LE, Chandra R, Zangari D, Dixon

CL, Garrett TA, Rasko DA, Dasgupta N, Moskowitz

SM, Malmstrom L, Goodlett DR, Miller SI, Bishop

RE, Ernst RK: A divergent Pseudomonas aeruginosa
palmitoyltransferase essential for cystic fibrosis-specific
lipid A. Molecular microbiology 2014, 91(1):158-174. PMID
3935289.

Veluchamy A, Lin X, Maumus F, Rivarola M, Bhavsar],
Creasy T, O'Brien K, Sengamalay NA, Tallon LJ, Smith AD,
Rayko E, Ahmed I, Crom SL, Farrant GK, SgroJY, Olson

SA, Bondurant SS, Allen A, Rabinowicz PD, Sussman

MR, Bowler C, Tirichine L: Insights into the role of DNA
methylation in diatoms by genome-wide profilingin
Phaeodactylum tricornutum. Nature communications 2013,
4:2091. PMID IN PROCESS.

Yu G, Fadrosh D, Ma B, Ravel ], Goedert ]]): Anal microbiota
profilesin HIV-positive and HIV-negative MSM. A|DS
2013. PMID IN PROCESS.

Zapata]C, Goicochea M, Nadai Y, Eyzaguirre LM, Carr JK,
Tallon L], Sadzewicz L, Myers G, Fraser CM, Su Q, Djavani M,
Lukashevich IS, Salvato MS: Genetic variation in vitro and
invivo of an attenuated lassa vaccine candidate. Journal
of virology 2014, 88(6):3058-3066. PMID IN PROCESS.



