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|. Executive Summary

This report documents the accomplishments of the Institute for Bioinformatics and
Evolutionary Studies (IBEST) as a Level lll entity at the University of Idaho for the calendar
year 2017. IBEST was established as a Level lll Research Institute at the University of
Idaho in August of 2011, for a period of 5 years. During 2017, we applied for and received
renewal of our charter for a period of three years.

Vision: IBEST aspires to be a globally-recognized center of excellence in interdisciplinary
studies of evolutionary bioinformatics.

Mission: IBEST's mission is to empower University of Idaho researchers to understand
and apply the evolutionary process. We provide an intellectually stimulating and
collaborative environment as well as access to state-of-the-art computational and
genomic core facilities with exceptional scientific staff.

There are four goals of IBEST: 1) broaden interdisciplinary research in evolutionary
processes, 2) maintain and enhance research infrastructure (IBEST’s core facilities in
Genomics and Computational Resources), 3) promote interdisciplinary education and
research training at all career stages (undergraduates, graduate students, postdoctoral
fellows, and faculty), and 4) transition to a stable business plan post COBRE.
Assessment metrics related to these goals are summarized here and detailed in this
report.

1) IBEST faculty report having published 71 papers in 2016 and 72 so far in 2017.
Faculty submitted 18 proposals through IBEST, requesting $7.59 M in funding.
Faculty have secured 34 awards (including BEACON) totaling $3.13 M over the

reporting period (with notification of additional $1.59 M to be awarded imminently).
Forty-four faculty from 16 departments and 7 colleges have benefited from
interactions with IBEST.

2) The CRC supported 70 users from 20 departments in 6 colleges with Ul and 17
external users.
The GRC supported 154 users from 54 institutions. Within Ul, there have been 50
users from across campus.

3) Faculty report engaging 59 undergraduates, 66 graduate students and 24
postdoctoral fellows in IBEST related research (See Appendix | for scholarly output).

4) IBEST is continuing its transition to a post-COBRE funding environment and has
initiated efforts to pursue an NSF Science and Technology Center Award.
Awards have been funded by 4 federal agencies, 3 universities (as sub-awards), one
state agency, and 3 non-government organizations.
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[I. IBEST Mission and Vision

Vision Statement

IBEST aspires to be a globally-recognized center of excellence in interdisciplinary
studies of evolutionary science and bioinformatics and a leader in applying evolution to
large problems facing society.

Strategic Statement

In five years, we will have extended our excellence in evolutionary science to a
broadening array of disciplines at the University of Idaho, including agricultural
genomics, soil microbiomes, and wildlife/conservation genomics, and pathogen/host
interactions.

An Enhanced Focus

We will pursue new and emerging partnerships and apply genomic and bioinformatics
approaches to accelerate the understanding of the ecological and evolutionary drivers
of human health and welfare.

Alignment with Ul Strategic Plan

The goals and activities described in this document directly address Goal 1 of the Ul
strategic plan. Specifically, we will address Goal 1 Objective A, B, and C, as follows:

We will continue to build collaborative partnerships that increase productivity of
interdisciplinary research of IBEST faculty. This is precisely why we started IBEST.

We will provide world-class research infrastructure (including equipment and human
resources) in genomics and high-performance computing to attract and educate
excellent graduate student and postdoctoral researchers. This is precisely why we
founded the graduate program in Bioinformatics and Computational Biology and we
will excel at enabling student-published research.

We will grow Ul's reputation by increasing high-impact, interdisciplinary publications,
provide support for faculty to pursue large interdisciplinary grants. Ul is a nationally
recognized (by Elsevier) leader in Evolution, Ecology and Systematics and IBEST
activities are central to this excellence.



IBEST Annual Report - 2017

lll. IBEST Goals and Key Performance Indicators

IBEST was founded on the premise that the best way to maximize the joy of discovery
is through collaborative research. In the next five years, we will broaden the impact of
evolutionary science across the University of Idaho.

Table 1. New goals and key assessment metrics established in the new charter.

Goal

Assessment Metrics

1) Broadening Interdisciplinary Research in
Evolutionary Science.

Number of Publications, Including Interdisciplinary

Publications.

Number of Extramural Grant Proposals Submitted and
Awarded and Diversity of Funding Sources.

Number of Departments/Colleges Whose Faculty Have
Benefited from IBEST.

2) Maintaining and Enhancing Research Infrastructure.

Number of Users of Each Core Facility.
Number of Research Infrastructure/Instrumentation
Grant Proposals Submitted/Awarded.

3) Promoting Education and Research Training at
Several Career Stages.

Number of Undergraduates, Graduate Students, and
Postdocs Engaged in IBEST Research.
Scholarly Output of Those Students.

4) Transition to Stable Business Plan Post-COBRE.

Number of IBEST Staff Supported by Permanent Funds.

Number of Programmatic Grant Proposal Submitted.
Diversity of Funding Agencies.
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IV. Broadening Interdisciplinary Research in Evolutionary Science

The process of evolution, descent with modification leading to diversification, is the
unifying principle of life sciences. Furthermore, understanding evolution is central to
improving human well-being because evolutionary processes drive critical health
challenges such as emerging infectious diseases, antimicrobial resistance, and even the
origin and treatment of diseases such as cancer, mental iliness, and obesity. Evolution
also underlies agricultural challenges such as the emergence of pesticide resistance, the
effects of invasive species, and improving the effectiveness of domestication.
Furthermore, understanding evolution helps protect our natural heritage by informing
conservation policy and providing insight into adaptation to climate change and how and
why organisms respond to changing environments. Thus, IBEST coalesces scholars
from the life and physical sciences, agriculture, natural resources, engineering, and
social sciences, to leverage advances in fields as diverse as biology, physics, geology,
mathematics, statistics, computer science, electrical engineering, husbandry,
cultivation, forestry, conservation, geography, languages, and history.

In FY 2017, IBEST was responsible for $2.614 M in research expenditures, continuing
our long history as a major component of the Ul research endeavor, with a total > $25
M since 2011.

IBEST Research Expenditures 2011-2017

30000000
25000000
20000000
15000000
10000000

5000000

2011 2012 2013 2014 2015 2016 2017

Annual Cumulative

Figure 1. IBEST Research Expenditures since becoming a Level lll institute.
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Publications are the primary means of dissemination of science and are therefore one of
our Assessment Metrics. IBEST faculty have been enormously productive; the list of
IBEST publications from 2016 (71 publications) and 2017 (72 publications to date) are
presented in Appendix 1. Indeed, over the past six years (2012-2017), IBEST faculty have
published 426 peer-reviewed journal articles and these have appeared in a large diversity
of high-impact journals. Indeed, the area of "Ecology, Evolution, Behavior and
Systematics" has been uniquely identified as nationally prominent in a study of Ul
research competencies conducted by Elsevier as part of the Strategic Plan. Furthermore,
Elsevier recognized the central role that IBEST has played in accelerating this impressive
publication record. This recognition by an independent third party reiterates past
evaluations from our External Advisory Committee (EAC) that have emphasized our
national prominence in these areas.

IBEST Publications: 2012-2017
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Figure 2. IBEST publications since becoming a Level Il institute.

Research grant proposals that address evolutionary science may be submitted through
IBEST by Ul faculty from any unit. In such cases, the IBEST Business Manager assists
principal investigators to prepare and submit their grant applications to the Ul Office of
Sponsored Programs (OSP) who in turn review and submit the application to the granting
agency. The level of support provided to investigators varies depending on their level of
experience and the agency requirements. At a minimum, the Business Manager works
with the PI to prepare the budget and budget justification in accordance with Ul policies
and those of the granting agency. Once a grant is awarded the IBEST administrative staff
help the Pl recruit personnel, handle all purchasing and travel expenditures, and help the
Pl manage their budget. In FY2017, 18 grant applications requesting $7.6 Million in
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extramural funds were submitted (Appendix Il) and a total of $2.75 Million were awarded
(Appendix ). In addition, in FY2017 $378,332 in new funds (direct cost) were awarded
from BEACON grants. Furthermore, IBEST faculty have received notification from federal
funding agencies that an additional $1.594 million is slated to be awarded based on
proposal submitted in the last six months.

Forty-four faculty from 16 departments and 7 colleges have benefited from interactions
with IBEST. These are summarized in Table 2.

Table 2. Colleges and Departments Impacted by IBEST.
College Department
Ccos Biological Sci
Ccos Math
COosS Statistics
Ccos Physics
Ccos Chemistry
Art & Architecture Virtual Design
COBE Accounting
COBE Business
CNR Fish & Wildlife
CALS ID AG Exp Station
CALS Animal/Vet Sci
CALS Plant Soil & Entomology
CLASS Politics & Philosophy
CLASS English
ENGINEERING Computer Sci
ENGINEERING Electrical & Comp Engineering




IBEST Annual Report - 2017

V. IBEST Computational Resources Core

Mission and Vision

The mission of the CRC is to provide state of the art computing and data management
services to our customers. Our vision is to remain technologically current in hardware,
software and services while partnering with customers to help them perform and
disseminate their research, in a fiscally sustainable way. Our guiding principles are to
maximize the reliability, availability, and effectiveness of our services while minimizing
administrative costs.

Infrastructure

The CRC contains an advanced mix of high performance computing clusters, powerful
servers and reliable data storage components and is staffed by personnel with the
knowledge and technical skills required to compress years of analysis into days. Our
data center is a 1400 square foot facility in Room 124 in McClure Hall on the University
of Idaho campus that has been specifically designed and renovated for our core. This
room has a dedicated Uninterruptable Power Supply (UPS) with three-phase power and
four-forced air handlers attached to redundant university chilled water systems. Optical
fiber and copper interconnects provide high-speed data transfer for server and storage
intercommunication and communication to the University backbone that is connected
to the high-speed Internet 2 network. The features of our primary systems are described
below.

High Performance Computing

CRC has one main compute cluster for research and genomic data analyses. We have
continued to add computational capacity in 2017, and the main cluster now provides
1496 processor cores (up from 1160 processor cores last year) and over 6 terabytes of
system memory. Along with the new capacity, we have transitioned fully to new cluster
scheduling software that is better able to allocate jobs to our now more heterogeneous
cluster. We added two new GPU nodes to make GPU accelerated computing accessible
to all our users, enabling research involving machine learning. Cluster nodes are
connected with 40Gb/s QDR Infiniband connections, providing fast, low latency data
transmission for increased performance of HPC bioinformatics applications. We also
added another ‘standalone’ server, for a total of twelve servers (496 total cores and over
4 terabytes total system memory) for applications that require large amounts of memory
on a single system but do not take advantage of the parallel cluster resources. Three of
our most powerful servers in this group contain 256 times the system memory of a
standard desktop (1TB or 1024GB) and are used primarily for sequence assembly of
next-generation sequencing data.

Data Storage

The CRC has maintained two tiers of primary storage, and this year introduced a third
distributed file system. The first tier is comprised of fast but more expensive disk arrays,
which we have expanded from 52TB to 130TB. The second tier is comprised of 16
servers with over 600TB (214TB formatted) of slower hard drives and provides primary
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storage for large data sets. The new third tier of storage has 15 servers and over 400TBs
of hard drives, with another 10 servers and 720 TB hard drives purchased. This third tier
will provide greater performance, and has better self-balancing and healing properties.
Additionally, we have approximately 300TB disk available for data archiving and backup
storage within the McClure data center. In 2016 we added a robust offsite backup
system by working with Ul ITS to co-locate two IBEST data servers with 360TB
combined capacity in the Ul Library datacenter, and have added another server with
270TB disk this year. In addition the core provides in-house developed solutions to
maintain data integrity and restoration.

Support Systems

The CRC maintains its own support infrastructure because this scale of core operations
falls well outside that of the University of Idaho Information Technology and Enterprise
Computing services. Our support infrastructure includes several servers for data storage
and authentication of user accounts, domain name resolution, Internet address
assignment, and secure connections to our private networks. The core also provides
web and database services for online documentation and data sharing.

Education and Training

To support educational programs and inter-institutional collaborations we maintain three
teleconferencing enabled conference rooms and a state of the art technology classroom.
The classroom is frequently used by instructors from the College of Science and the
College of Natural Resources. The classroom also has teleconferencing system, which
allows us to offer workshops and classes from and to collaborating institutions such as
Michigan State University, University of Texas at Austin, University of Washington, and
North Carolina Ag and Tech.

Power

Providing the energy demands of the CRC systems is a challenging task. The energy
needs to be clean and uninterrupted for proper operation of the systems and supporting
infrastructure. This challenge is met by our 3-phase 80KV power supply battery backup
system. This system was purchased in 2012 and we replaced the batteries in the fourth
quarter of 2015.

New Infrastructure
To increase the capacity, throughput, and reliability within the CRC for our users, we
have over the past year:

e Added 6 computational nodes - 320 processor cores and 10,752 GPU cores
to our main cluster, and transitioned fully to the new scheduling software
introduced last year.

Replaced 8 failed nodes with more modern refurbished nodes.

Added one new standalone server, with two Nvidia P100 coprocessor cards.
Continued to improve our in-house developed billing system.

Doubled the capacity of our Lustre (1*' tier) file system.
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e Increased the capacity of the Gluster (2™ tier) file system by 45%.

e Introduced a new Ceph distributed file system, which will provide increased
performance and fault tolerance, reducing down time.

e Implemented a multi-factor authentication system for systems administrators,
and an intrusion detection system for increased security.

e Installed a new network attached storage (NAS) server for a researcher in
Physics.

Planned infrastructure

e We intend to continue adding additional data storage capacity to
accommodate increasing numbers of users and their increasing data
requirements.

e Add new cluster nodes with additional co-processors and/or GPUs for
increased computational efficiency.

e We plan to retire our current virtual machine infrastructure, and replace it with
servers running Docker — a containerization technology.

Under Consideration
We are considering various other changes to our infrastructure, including the following:
e New support for users of the Optical Imaging Core. These users generate
exceptionally large datasets and need a reliable and cost-effective means of
long-term storage.
e We are also considering expanding our account offerings to undergraduate
students in a variety of departments.

Innovation

Continuing Innovation in Technology and Services

The primary function of the CRC is to facilitate the innovation of our customers. We have
deployed existing technology in innovative ways, offer services that are not available
from most other computational core facilities, and developed unique in-house solutions
to address user needs.

Examples of our innovative use of existing technology include:

e We use configuration management systems (the modules environment) to
provide customized software services, including versioning. Most cores
provide only one version of software, which makes it difficult to replicate prior
work or to test new user-developed software. This mechanism is uniform
across over 100 systems, so the learning curve for users is very shallow. This
mechanism also makes it possible for us to install and test new software
without disrupting system availability.

e Some of our hardware, such as the very large memory servers, are not
commonly available. These enable users to pursue specialized applications
such as alignments of very large genomic datasets, intense agent-based
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simulations, and visualization rendering.

e Our existing data backup system was developed in house.

e Internal software development — We employ several technologies and write a
significant amount of code to maintain our complex infrastructure with a small
staff.

Examples of our innovative services include:

e The tight integration of the CRC and GRC in terms of personnel, hardware,
software, and administration is highly innovative relative to most other
computational core facilities.

e We provide a high level of support for customized software installation,
configuration, script development, and ad hoc user services.

e We offer a local, secure file-sharing system as an alternative to DropBox and
similar cloud storage services.

e We offer our own web-based account management, poster printing, and
online documentation systems. These systems were developed in-house, and
offer streamlined interfaces to our services and documentation and are easier
for CRC staff to maintain. Thorough documentation of our services allows
novice users a consistent reference, and reduces CRC staff user support load.

Sustainability

To sustain the level of service required by investigators we must continually update
hardware and software to remain an attractive option for researchers. There are two
dimensions to sustainability in the CRC: maintaining our current services and updating
services to remain on the cutting edge.

Maintaining Current Status

In June 2014, we implemented a fee for service model with a single user fee for access
to all systems. A single standard user subscription currently costs $1500 per year, down
from $2000. We have been able to control costs through the extensive use of
automation, commodity hardware, university support, and a stable user base. We
currently have 70 paid users (42 standard accounts, and 28 satellite accounts) across
20 Ul departments, and 6 colleges.

The bulk of the CRC equipment was purchased using COBRE funds, and so pursuant to
federal guidelines, user fees fund personnel costs associated with administering the
CRC, not hardware. In 2011 however, the CRC used University funds to lease several
servers with the intent of billing users for the computational time used. Last year we
made the final payment to the University for this leased equipment, and have
incorporated the leased servers into various CRC systems. We are now in a position to
support our staff on user fees (40 standard accounts, and 30 satellite accounts) provided
that: 1) the significant salary support from the Dept. of Biological Sciences for the CRC
Director position continues, and 2) we continue to use undergraduate students to fill the
role of systems administrators.

10
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We introduced a new model this fall to complement our existing fee for service model.
The new ‘Condominium’ model will allow researchers to purchase dedicated
computational hardware, which the CRC will manage. This hardware will be
incorporated into our main cluster, and unused compute cycles will be available for all
CRC users. In this way, researchers are freed from the burden of system administration,
and CRC users benefit from additional computational capacity. Along with the
condominium model, we introduced a tier of free accounts for undergraduate and
graduate students. These accounts have access to a limited set of the CRC’s
computational resources, but with all the software available. The undergraduate
accounts are not time limited, and are intended to help the University achieve its strategic
goal of increased research productivity on the way to becoming an R1 institution. The
graduate accounts are limited to 90 days, and are intended as an introduction to high
performance computing, and to see what the CRC can offer without monetary
commitment.

We have continued to increase our campus wide impact and overall number of paid
accounts and now have users in 20 different Ul Academic Departments (Fig. 3). We
continue to support external users from Reed College, and Washington State University,
and a private company out of Wisconsin (Fig. 4). We intend to continue to court external
users, while keeping our core user-base on the University of Idaho campus.
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Figure 3. The number of University of Idaho users with active accounts for each week
since 2015, colored by department.
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Figure 4. The number of external users with active accounts for each week since 2015,
colored by institution and department.

Usage pattern trends and prospectus

In the fast-paced and intensely competitive research environment now common to
higher education, our users tend to pick the shortest path to quick results rather than
spend the time required to learn complex application programming interfaces. Thus,
being able to simply log onto a powerful server and immediately run several threads of
a bioinformatics application has historically proven more attractive for our users. Over
the past year we have seen increased demand on the main cluster. To help CRC users
overcome the intimidating knowledge barrier presented by job-scheduling software, we
offer regular workshops where researchers can get one-on-one help converting their
scripts and application calls to cluster enabled scripts.

This year we have also seen increased demand for GPU enabled computational
infrastructure to be used for machine learning and neural network simulation. To help
meet this demand, we purchased two new cluster nodes with GPUs, and added another
as part of a Condo agreement with an existing user.

Keeping Current

Maintaining current hardware is a continuous challenge. Academic and corporate data
centers assume a half-life of about two years for high-end equipment like ours. Thus,
after approximately four years, the equipment is fully depreciated. Two of our most
powerful systems were purchased 5 years ago (Nov 2012) and the bulk of our cluster

12
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nodes are now 9 years old (purchased Nov 2008). As the older cluster nodes fail, it has
not been cost-effective to repair them, but to simply replace them with refurbished
nodes. At this time, 8/64 of the original cluster nodes have failed and been replaced with
more modern hardware. The purchase of 32 new cluster nodes at the end of 2015 has
helped keep our current user base satisfied, but new demands for GPU enabled servers
have exceeded our current capacity.

As the data storage needs of our users have grown even faster than their computational
needs, we have focused our new equipment purchases on ever-larger data storage
capacity (Figure 4). However, as we add additional users, we will now need to continue
to update our computational infrastructure as well.

Figure 5. The number of servers and total amount spent each year, colored by their
primary purpose.

13
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Because our primary user data storage is a distributed file system composed of several
individual servers that each store a part of the overall file system, a high-speed network
is necessary to ensure adequate performance. As the amount of data stored and
accessed by our users has increased, the standard networking technologies employed
have struggled to deliver consistent performance. We therefore purchased higher
speed network interfaces (Infiniband) to decrease latency and increase throughput by
4000% and installed that equipment in late 2015. Additionally, working with Ul
technology services, we updated our external facing switches from 1G to 10G so that
our servers will be able to connect to the campus 10G network at full speed instead of
the final link being only 1G. This increased bandwidth makes an offsite daily backup
feasible, and we implemented such as system in 2016.

Plans

The sustainability of the CRC over the long term will require that we maintain self-
generated revenue and retain institutional financial support. User fees alone cannot
maintain centers such as the CRC given their high capitalization and maintenance costs.
Therefore, institutional support will always be part of the core’s revenue. Our goal is to
support the bulk of salary expenses with self-generated revenue, and rely on future grant
funding to continue to replace aging hardware.

In order to avoid costly maintenance contracts with hardware vendors, we rely heavily
on commodity hardware with warranties included at the time of purchase. However, we
keep hardware in service well beyond typical warranty periods (3-5 years), and so
ongoing maintenance costs will likely increase.

Besides relying on commodity hardware, we also rely on open-source software almost
exclusively. While this reduces overall operating costs, it places a greater burden on our
staff in both time and education. With the historic compensation levels at the Ul, we
have found it impossible to attract systems administrators with previous experience in
HPC and configuration management tools. Thus, we have in the past settled for systems
administrators with little experience - but high aptitude - and trained them up over the
period of a couple years. However, these now experienced systems administrators have
then promptly moved on to private industry or higher education institutions that can
compensate them at market rates. We have therefore decided to instead focus on our
undergraduate staff. The amount of training necessary to get a talented undergraduate
to the level of competency required for systems administration in our environment is
comparable to the amount required for an individual with a bachelor’'s degree. The
undergraduate students get the benefit of hands-on systems administration experience,
and the CRC benefits from a simplified hiring process and reduced salary expenditures.
This type of training requires a hardware environment tolerant of system administrator
errors — which our production environment is not. We therefore built a unique ‘classroom
cluster’ which has nearly all the complexities of our production cluster — but fits nicely in
the IBEST classroom. This classroom cluster uses modern hardware similar to that used
in our production environment, and provides an ideal environment for testing new
technologies and software. Solutions developed for the classroom cluster can be

14
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translated directly to our production environment. We intend to offer undergraduate
classes for credit on HPC administration using the classroom cluster. These classes will
serve as a talent pool for future CRC staff.

Outreach

Do to staffing constraints, the CRC is less active with outreach than the other cores
within IBEST. We provide workshops every Fall semester for CRC users and non-users.
We hope to expand our educational reach with the undergraduate HPC administration
class. The outreach activities described by the GRC are often facilitated by the tight
integration between the Computation and Genomics Resources Cores.

Opportunities
There are many on campus resources, both current and potential, that could increase
the CRC user base or simplify CRC operations.

e The new COBRE Center for Modeling Complex Interactions includes a
modeling collaboratorium and several potentially computationally intensive
projects which has led to 20 user accounts, and computational nodes for the
HPC cluster.

e We are now supporting other research units within the College of Science,
including Geographical Sciences, and Geology Researchers. With the
required software for these users now installed, we are in a better position to
offer services to other faculty members. Additionally, with our free
undergraduate accounts — we anticipate being able to impact even more
departments on campus.

e Federal grants increasingly require data management plans to be submitted
with any large grant. The CRC has the expertise to offer data management
services for researchers, but would need to invest in additional hardware and
formalize a service center category to offer this service.

We are also considering other opportunities to take advantage of existing on-
campus resources. For example:

e We have expanded the use of undergraduate assistants for tasks such as
inventory, classroom and communications support, hardware installation, and
systems monitoring. In the past, this has been a reliable pipeline for developing
and training future CRC staff.

e Work with the College of Business and Economics to help develop and
implement a marketing strategy and a formal business plan for the CRC.

e Tap existing users to recruit new customers, for example at IBEST lunches or
new faculty orientation.

e Include a university-funded CRC “gift certificate” as part of the startup
package for new faculty.

We could also consider expanding our mission to support educational activities such as
undergraduate research, courses, and workshops, or to support research from non-

15
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evolutionary scientists such as physicists and computer scientists.
Challenges

Data Storage: As the cost of DNA sequencing has fallen, the amount of data available to
researchers from both on campus resources such as the GRC, and from public
databases such as NCBI has increased dramatically. This readily available sequence
data has found its way to our servers en masse, enabling CRC users to study previously
intractable evolutionary processes. We are constantly adding storage capacity to
accommodate current users. However, as our primary data capacity increases, backups
of that data have become increasingly difficult to manage using open source backup
solutions. We are currently employing large hard disk arrays with advanced file systems
that allow for file compression, and reducing the number of backup copies currently
being maintained.

Networking: The number of storage servers needed to accommodate user data has
increased dramatically (doubled this year), but our internal network capacity is limited to
the 10 switches that compose a ‘virtual chassis’ — and only two of these switches are
10g. To free up capacity on our main switches, we have brought several older switches
out of retirement to use for non-critical networks. We will need to add additional
switching capacity and run segregated internal networks to maintain our high
performance storage systems.

Figure 6. Hemphillia skadei, a newly discovered Idaho endemic jumping slug described
in 2017 (Lucid et al., in press) using IBEST-generated genetic data.

16
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VI. IBEST Genomics Resources Core

Mission and Vision

The mission of the IBEST Genomics Resources Core (GRC) is to provide researchers at
the University of ldaho access to cutting edge genomics technology and the
bioinformatics tools needed to acquire, analyze, and visualize data. The vision of the
GRC is to stay current in genomics technology and bioinformatics, remaining agile with
respect to new techniques and approaches, and to build partnerships with research
groups and other regional core facilities.

Summary of Accomplishments

e Moved to a new lab space in the Integrated Research and Innovation Center
(IRIC). This building was opened in January 2017, and is the university’s premier
interdisciplinary research center. The GRC was one of the first groups to move
into the building, and was fully operational for the IRIC Ribbon Cutting event
held on January 31st. The new location is more centrally located making the
GRC more accessible to groups across campus.

e Tailoring molecular and bioinformatic techniques to accommodate the unique
needs of each researcher.

e Custom two-step PCR process for generating amplicons and sequencing up to
2,976 amplicons per MiSeq run or HiSeq lane resulting in drastically reduced
cost and increased coverage.

e To allow clients to assemble genomes without a reference the GRC is testing
new long-read technologies including developing skills for generating and
analyzing both Oxford Nanopore and PacBio long reads.

e The GRC’s unique practices and capabilities have resulted in a large number of
first-time clients from word-of-mouth advertising as well as an increasing
number of repeat clients.

e Developed a software tool for lllumina read cleaning which introduces a number
of new methods for cleaning lllumina reads, and facilitates rapid pipeline
development with reduced I/0O overhead by using Linux pipes
(https://github.com/ibest/HTStream).

Infrastructure and Personnel

The IBEST GRC is the only comprehensive facility on the University of Idaho campus
that houses all the equipment and personnel necessary to aid researchers in every
aspect of high-throughput genomics research. It provides the molecular expertise and
equipment needed for most high-throughput sequencing studies, and develops
partnerships with other service facilities when additional capacity or other specialized
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equipment are warranted. The real benefit of the IBEST Genomics Resources Core
facility, however, has been the integration of bioinformatics data analysis with data
generation. The GRC offers consultation on experimental design, appropriate and best
use of technologies, and bioinformatics support to perform analysis, quality assurance,
interpretation, and visualization. Through a unique strategy known as “the triangle of
collaboration,” an investigator, molecular scientist, and bioinformatician meet regularly
as a team to discuss the goals and objectives for a project. This strategy helps improve
the success rate of GRC projects, and reduces costs by generating informative data on
the first attempt for a given experiment.

The GRC also maintains equipment that is accessible to faculty, staff and students of
University of Idaho. This equipment, collectively called the “GRC User Core”, is primarily
designated for high throughput sample preparation and quality assurance. Users are
trained by GRC laboratory staff before scheduling time to use the equipment, and are
responsible for any reagents needed to run their samples. When needed, GRC staff are
available to help troubleshoot.

Existing Infrastructure

The Genomics Resources Core Facility has the equipment necessary for applications of
DNA sequencing technology, high throughput sample preparation, quality assurance,
and bioinformatics analysis. The Core facility occupies two laboratory spaces in the IRIC
building. IRIC 210 houses the controlled access component of the GRC which includes
desk space for wet-lab staff and equipment required for preparing libraries and
sequencing nucleic acid. The GRC Common User Core is located in IRIC room 142. The
GRC has two offices, IRIC rooms 224 and 226 which house the bioinformatics scientists
and are located a short distance from the wet-lab facilitating easy communication. The
IRIC building is centrally located on the University of Idaho main campus in Moscow,
Idaho. The Core facility infrastructure is described in more detail below.

GRC DNA Sequencing Laboratory

DNA  sequencing has become an
indispensable tool for basic biological
research, biomedical research, diagnostics,
and molecular systematics. Current
applications using DNA sequencing include
whole genome shotgun sequencing, for de
novo sequencing of previously unknown
genomes; transcriptome sequencing; targeted
re-sequencing; transposable element enrichment; single nucleotide polymorphism (SNP)
discovery; metagenomics and amplicon sequencing for studies on microbial community
composition; and many other applications. The Core facility also has equipment and
robotics for high throughput sample preparation associated with activities upstream of
DNA sequencing, such as library preparation. This equipment enables researchers to
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streamline sample preparation, thereby reducing the costs of operating the core.
Presently, the core has the following equipment in its DNA Sequencing Laboratory:

DNA Sequencing

lllumina MiSeq Sequencing Platform: Paired-end sequencing of up to 600bp per
library-fragment and 15Gb of DNA sequence per run.

lllumina HiSeq Sequencing Service: Paired-end sequencing for projects requiring
higher-than-MiSeq read-density; libraries prepared in the GRC, but outsourced to
collaborating facilities (this process is transparent to clients at the University of
Idaho because the GRC handles billing and data transfer).

Oxford Nanopore Sequencing Platform: Due to the experimental nature of the
Oxford Nanopore platform, the GRC does not yet offer this type of sequencing as
a standard service. However, the GRC has developed the expertise necessary to
partner with collaborators interested in utilizing this technology on an
experimental basis.

Library Qualification and Quantification

Life Technologies StepOnePlus: Quantification of sequenceable libraries via
qPCR.

Advanced Analytical Technologies Fragment Analyzer: Capillary array based high-
throughput quality assessment of all DNA and RNA samples.

Agilent 2100 Bioanalyzer: Sizing, quantification, and quality control of DNA, RNA,
proteins and cells in low-throughput fashion.

Library Preparation and Size-Selection

Fluidigm Juno: Creates sequencing libraries of up to 2400 amplicons per 192
sample chip for targeted-resequencing. Highly automated for minimal hands-on
time and high throughput.

Fluidigm Access Array: Creates sequencing libraries of up to 480 amplicons per
48 sample chip for targeted-resequencing.

Wafergen Apollo 324: Automates next generation sequence library preparation
workflows for lllumina, lon Torrent, and 454.

Sage Biosciences BluePippin: Automated and customizable PFGE-based size-
selection of DNA fragments between 90bp and 50kb with no cross-
contamination.

Covaris M220: Highly reproducible DNA-shearing between 150bp and 5kb.

Invitrogen E-Gel System: Size-selection and visualization of library and DNA
respectively.
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Sample Quantification

Molecular Devices Plate-Reader and Invitrogen Qubit 3.0:  Fluorometric
quantification of DNA and RNA (hundreds of samples or single samples
depending on device) yielding more accurate and reliable concentrations than
NanoDrop.

GRC User Core: High Throughput Sample Preparation and Quality
Assurance

By acquiring new instruments in the GRC User Core for high-throughput sample
preparation and quality assurance, the GRC provides researchers with the ability to
increase sample quality while simultaneously reducing sample-to-sample variability and
the time required for procedures. Equipment in the GRC User Core used for high sample
throughput and quality assurance include:

DNA, RNA, and Library Qualification

Qiagen QIAxcel: Providing “digital gels” for all DNA and RNA less than 3000 bp
in high throughput fashion.

Molecular Devices SpectraMax Paradigm: Multimode modular microplate reader
currently capable of high-throughput quantification of DNA & RNA.

Sample -prep DNA & RNA purification

Thermo Scientific KingFisher Flex: Automated high speed purification of nucleic
acids, proteins, and cells in a 96well format using agnostic reagents and kits.

Qiagen QIAgility: Highly customizable liquid handler for gPCR assay setup and
other tasks benefiting from accurate and reproducible pipetting.

Boreal Genomics Aurora: Gel based isolation, purification, and concentration of
DNA from highly contaminated sources using Boreal’s proprietary SCODA
electrophoresis.

Diagenode Bioruptor Plus (UCD-300): High-volume sonication/shearing of DNA,
chromatin, cells, and tissue.

BioRad T100: Basic touch-screen thermal-cycler for labs lacking this capability.

Qubit 2.0 Fluorometer: Fluorometric quantification of DNA and RNA (hundreds of
samples or single samples depending on device) yielding more accurate and
reliable concentrations than NanoDrop.

GRC staff continuously monitor current technological methods and trends for
potential new equipment that will contribute to the mission of the GRC, both in
the DNA sequencing laboratory and the GRC User Core. Each piece of equipment
is evaluated for its ability to increase potential service offerings, improve the
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quality or reduce the price of existing services, increase automation and
throughput, and/or augment the existing equipment in the GRC User Core. These
features are considered from the perspective of the stated mission — to facilitate
cutting edge research in “real time evolution.”

Recent Infrastructure Investments

During calendar year 2017, the GRC has not made any large infrastructure
investments.

Planned Infrastructure Investments

The GRC is currently evaluating the purchase of the following equipment for
addition to the GRC Sequencing Laboratory:

LightBench MK Il: The LightBench, manufactured by Coastal Genomics, is an
automated gel-based fragment analysis system which allows for highly accurate
DNA/RNA size selection. The GRC is evaluating whether this instrument could
lower cost and time investment in sequencing library quality control through
automation, while improving the consistency and quality of sequencing runs by
more effectively removing small fragments (primers and primer dimers) and
genomic DNA which can lower the quality of sequenced reads, or cause
sequencing runs to fail in some cases.

Personnel

The IBEST Genomics Resources Core facility operates as a “turnkey” facility in which
project design, sample preparation, data generation, and data analysis are integrated
within a single facility. Therefore, the GRC has two main components: the “wet” lab and
the “dry” lab, with the GRC Director overseeing both laboratories. The “wet” laboratory
is staffed by professionals with molecular biology expertise and is where data are
generated from samples provided by investigators. The “dry” laboratory is staffed by
bioinformatics data scientists and is where data generated in the “wet” lab (and in other
facilities) are analyzed, summarized and interpreted. A significant amount of
communication and coordination occurs between the “wet” and “dry” laboratories.

The GRC stays nimble by continuing to develop new partnerships with other service
facilities and by purchasing equipment to automate molecular methods, allowing a small
staff to perform the same quantity and quality of work as a core facility with a larger staff
that lacks as many automated workflows.

Genomics Resources Core Director

The current GRC Core Director, Dr. Samuel Hunter, joined the core in January 2016. Dr.
Hunter earned a Ph.D. in Bioinformatics and MS in Statistics from the University of Idaho
after earning a B.S. degree with a double major in Biology and Computer Science from
the College of Idaho. Dr. Hunter worked for the GRC as a Bioinformatics Data Scientist
from 2011 to 2014 focusing on Microarray data analysis and high throughput sequencing
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analysis, especially genome assembly, variant calling, and methods development. In
2014 Dr. Hunter left the GRC to work as a Computational Biologist at Dana-Farber
Cancer Institute in Boston, Massachusetts. While there he focused on methods
development for clinical cancer sequencing, creating a software tool for CNV detection
which was integrated into the Dana-Farber/Brigham and Women’s Hospital personalized
cancer sequencing pipeline to aid in clinical diagnosis. His current duties with the GRC
include management of day to day operations, existing projects and client relations,
outreach, identification of new opportunities, technologies, and clients, retaining and
recruiting staff, data analysis, and advising students.

Bioinformatics Data Scientist

This position is responsible for bioinformatics and analysis of genomics data, and is
currently vacant, but will be filled following the successful completion of an ongoing
search. It was previously occupied by Dr. Alida Gerritsen who served through June 2017.

Genomics Laboratory Manager

Mr. Daniel New is responsible for the day-to-day operation of the GRC “wet” laboratories
which includes the DNA Sequencing Laboratory and GRC User Core. Dan earned a B.S.
degrees in Microbiology and Molecular-Biology/Biochemistry from the University of
Idaho in 2005 while concurrently working as an undergraduate researcher to learn basic
molecular techniques from 2003-2005. Prior to joining the Core in 2010, Mr. New was a
Research Associate at Washington State University in the College of Veterinary Medicine
where he gained experience in RNA extraction, relative-qPCR, mammalian cell-culture
and transfection, microarray printing/processing, Sanger sequencing/instrumentation,
PFGE, MLVA, and Kirby-Bauer assays. Starting in early 2016, Mr. New has worked
closely with Dr. Gerritsen to learn basic bioinformatics skills necessary for routine data
delivery.

Genomics Laboratory Scientist

In May 2016 the GRC hired Matthew Fagnan as a temporary employee. Mr. Fagnan
completed a B.S. in Bioengineering at WSU in May 2016 and spent the summer working
closely with Mr. New and Dr. Gerritsen to gain the necessary skills for working in a high-
throughput sequencing laboratory. These skills include training and familiarity with Qubit,
TBS-380, Fluidigm 48.48 Access Array, Fluidigm Juno, Fragment Analyzer, aPCR,
Wafergen Apollo, Ampur Bead cleaning, Linux, as well as experience with customer
service and research and development. Following this successful evaluation/training
period, the GRC hired Mr. Fagnan as a permanent employee to fill the Genomics
Laboratory Scientist position. As part of an ongoing GRC objective to address
recruitment and retention difficulties, as well as to improve redundancy and stability, Mr.
Fagnan will continue to work with Mr. New, Dr. Hunter and Dr. Gerritsen to develop more
advanced wet lab and bioinformatic skills. Additionally, Mr. Fagnan has chosen to pursue
an MS in Statistics (with a focus on biostatistics) at the Ul while continuing to work in the
GRC.

22



IBEST Annual Report - 2017

Bioinformatics Research Assistant

David Streett was a graduate student in Bioinformatics and Computational Biology until
he graduated at the end of the Summer 2016 term. During his half time appointment in
the GRC, he was responsible for the development of bioinformatics software and
analysis pipelines. He received his B.S. in Biochemistry in May of 2015. His Master’s
thesis project was a software package for preprocessing lllumina sequencing reads. A
publication is currently in preparation and the software is available online at
https://github.com/ibest/HTStream.

Interns

During the summer of 2017, the GRC experimented with hosting undergraduate interns.
The interns Neale Ellyson and James Styer worked with GRC staff to learn molecular
techniques and gain experience working in a sequencing core. James continued working
with the GRC during the Fall 2017 semester to fulfill lab-rotation requirements for his
degree.

Bioinformatics Post-Doc

During the summer of 2017, the GRC worked with Dr. Haiging Sheng in the College of
Agricultural and Life Sciences to hire a temporary employee to complete a bacterial
genome assembly and annotation project. The GRC identified a candidate (Dr. Mingrui
Duan) for this position, and she was hired with funding from Dr. Sheng. The GRC
provided desk space, access to computational resources, and training for Dr. Duan
during this project. Following completion of the genome assembly project, Dr. Duan was
hired as a postdoc through a collaboration between IBEST and Dr. Brenda Murdoch in
the College of Agricultural and Life Sciences. Dr. Duan will work with GRC staff and Dr.
Murdoch’s team to develop an ovine genotyping platform with research and agricultural
applications for marker assisted selection and parentage analysis. Dr. Duan has an MS
in Biochemical Engineering and a Ph.D. in Molecular Biology.

Bioinformatics Analysis Resources

The GRC does not maintain any specialized equipment for data management or
bioinformatics analysis; instead, it maintains a strong partnership with the University of
Idaho IBEST Computational Resources Core facility. This tight integration between the
GRC and CRC has numerous advantages. First, the CRC provides the storage and
computational power necessary for the analysis of the large-scale genomic data sets
that are produced by the GRC. Second, the collaboration between the cores provides
a great deal of agility with regard to the development of new bioinformatics techniques
and analyses. This fosters innovation and creative activity that are the hallmark of IBEST,
and differentiates the GRC from other more “traditional” genomics core facilities around
the US and the world.
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Services and Innovation

The Genomics Resources Core offers “genomics project management” to customers by
integrating services in all three phases of genomics research: project planning and
consultation, genomic data generation, and bioinformatics data analysis. In contrast,
most core facilities around the country focus mainly on data generation, leaving
investigators to struggle with immense data sets with little help. Our integrated approach
is very unusual, and a key component to our continued success. This has led to a large
amount of off-campus clients (both U.S. and International) through “word-of-mouth
advertising” which is balanced with our on-campus workload (see Fig. 1). To track and
manage the growing GRC user base, the Core implemented iLab project management
and billing system in late FY2014. Over the past two years, the Core has been able to
use iLab to accurately track usage data from internal and external users and effectively
bill for bioinformatics time.

Figure 7. The top 10 institutions (by total revenue) in billed work from the GRC during
FY2015 ($185,052), FY2016 ($212,420), and FY2017 ($200,324).
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Project Consultation

Core facility staff consult with investigators to discuss project aims, expectations,
experimental design, appropriate and best use of technology, sample quantity and
quality issues, and data analysis needs. During consultation, a project time line is formed,
expected costs are discussed, deliverables are identified, and a user agreement is
reviewed. Having these discussions early in a project provides an opportunity for Core
personnel to offer their expertise, advice, and assistance to enhance the proposed
project and sidestep potential problems. Initial consultation is a service that the GRC
currently provides free of charge.

This service is especially important to researchers developing grant proposals, where a
detailed quote and sophisticated understanding of the protocols and analysis are likely
to increase chances for funding and ensure accurate budgeting. In 2017, the GRC has
provided letters of support and/or consultation for several researchers seeking funding
including Dr. Onesmo Balemba (Ul), Dr. Diana Mitchell (Ul), Dr. Ryan Driskell (WSU), Dr.
Sanford Eigenbrode (Ul), Dr. Eva Top (Ul), Dr. Daolin Fu (Ul), Dr. Jianli Chen (Ul), Dr. Jeff
Langman (UI), Dr. Shirley Luckhart (Ul), and Dr. Paul Rowley (Ul among others. Providing
this service free of charge ensures that researchers come to the GRC to develop a
detailed plan at an early stage of their project and can develop a cost structure for
proposed experiments, including sequencing and bioinformatics. This approach helps
keep overall costs low, expectations realistic, and potentially costly problems minimal in
the latter stages of a project.

Genomics Data Generation

The Genomics Resource Core facility operates and maintains equipment (described
above) that allows high throughput sample preparation, quality assurance, and
generation of high throughput DNA/RNA sequence data. While the Genomics Resources
Core operates much of the equipment necessary to perform the work proposed by its
clients, there are instances when projects require technologies that are not present in
the facility. In these cases, the GRC facilitates access to the technology through
cooperation and collaboration with other regional core facilities. For example, when
investigators require the additional capacity provided by the lllumina HiSeq platform, the
GRC staff prepares lllumina libraries that are sent to other institutions for sequencing
(such as University of California Berkeley or the University of Oregon), and the data are
then sent back to the GRC for processing and analysis. The GRC has also developed a
relationship with the University of Washington PacBio sequencing core in expectation of
the need for long-read sequencing in the future. The fact that the sequencing was done
“off-site” is seamless and causes no additional work for the investigator. This expands
the range of services the GRC can offer without incurring additional capital expense. A
time series of expenditures by type is shown in Figure 8 and top ten services by total
cost in Figure 9.
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Figure 8. Time series of expenditures by type of service, FY2017.

Figure 9. Summary of top ten types of service by cost, FY2015.
Bioinformatics and Data Analysis

The GRC continues to increase its user base for genomic data generation and as a result
has increased charges associated with bioinformatics analysis. Bioinformatics data
analysis is often the most challenging aspect of any experiment, and until very recently
was often overlooked in budgeting for experiments. The current system accurately tracks
personnel hours on independent projects and reflects the effort that is expended for
analysis.

The GRC offers bioinformatics services through staff bioinformaticians and can perform
a full range of analysis tasks to address questions in areas such as population genetics,
genomics, microbial community dynamics, functional genomics and systems biology.
GRC bioinformaticians begin with raw output from genomics equipment and proceed
through quality assurance, data processing and analysis, data interpretation and
visualization. Analyses are conducted using pipelines in the public domain or those
developed by Core staff members. Core personnel have developed analytical techniques
and pipelines for microbial community analysis, genome assembly, transcriptome
assembly, population variant analysis, SNP/INDEL detection, and RNAseq analysis.
These pipelines transform and manipulate raw data into a form and format that can be
mined by investigators.
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Data processing occurs through a feedback loop with investigators. The GRC
bioinformaticians seek feedback from investigators after preliminary data analysis, so
that adjustments in output content, form, and format can be made. Data are then re-
analyzed or additional analyses are performed until the project’s goals are met, figures
are generated, and summary tables are provided to the investigators in a form that is
useful to them. The Core staff provides investigators with detailed knowledge of the
laboratory protocols and bioinformatics methods used so they can be included in reports
and publications as needed. As a result, core staff members are often included as co-
authors on publications because of their significant intellectual contributions to research
projects.

Innovative New Methods

GRC staff has participated in the design and development of new methods and
techniques for genomics research. Example projects are briefly described below.

Assembly by Reduced Complexity (ARC)

As a part of his PhD dissertation, Dr. Samuel Hunter developed Assembly by Reduced
Complexity (ARC), a software package for targeted assembly of homologous sequences.
The algorithm works by comparing reads to a set of reference targets and bins them
based on the results of these comparisons. Assemblies are then performed on
sequences from each bin. ARC works effectively with divergent references, functions
well with short sequence reads, and compares favorably to de novo assembly in terms
of CPU and memory requirements.

A Modular, Highly Multiplexed Design for lllumina Amplicon Sequencing

Dr. Matthew Settles, in collaboration with Mr. New and Dr. Gerritsen, developed a
laboratory protocol and data analysis platform for performing highly multiplexed Illlumina
amplicon sequencing. PCR amplicon sequencing is an important tool used to query
genetic variation and structure in individual samples and ecological communities.
Applications range from determining the composition and structure of bacterial and
fungal communities to determining allele frequencies in a set of genes across many
individuals. This methodology provides a way to simultaneously sequence and analyze
hundreds of samples across one or many targeted regions in the same sequencing
reaction while significantly reducing experimental costs.

The analysis platform is a comprehensive application that starts with raw sequence
reads and ends with abundance tables of taxonomically assigned sequences for
community analysis. Additionally, the application is able to prepare reads for input into
phylogenetic tree building software. The software project is ongoing, relying on user
comments and feedback to continue improving the functionality and efficiency of the
program.

HTStream

HTStream is a toolset for preprocessing lllumina data to remove various forms of noise
common in this type of data. It consists of a set of algorithms implemented in C++ as
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standalone programs which can be easily chained together to form custom pipelines,
tailored for specific project needs. HTStream was developed by David Streett as part of
his master’s thesis while he worked for the GRC.

Sustainability

Service center fees are established based on the estimated costs of consumables,
instrument maintenance agreements and personnel time associated with each service
and updated on a semi-annual basis. Clients who request custom bioinformatics
analyses or new method development are provided a cost estimate based on the amount
of time expected to complete the proposed work.

During FY 2013-2014 there was a significant shift in the types of services the GRC
offered. Specifically, the GRC phased out equipment for DNA microarrays (purchased
2011), DNA genotyping (purchased 2011), and Roche 454 Pyrosequencing (purchased
2009). Each of these technologies was displaced by new, less expensive technology
(such as the lllumina MiSeq). These upgrades produced a ‘more data for lower cost’
effect, which resulted in a decrease in GRC annual revenue from $369,314 in FY2013 to
$203,198 in FY2014. A slight increase in demand for services was reflected by a total
revenue of $219,688 in FY2015, however the GRC was severely understaffed during
much of this fiscal year, limiting the amount of time that could be spent on outreach
developing new opportunities. Ongoing R&D efforts and new acquisitions continue to be
targeted at decreasing reagent costs and improving efficiency to offer updated services
while maintaining competitive pricing for existing and new clients. Outreach efforts and
a renewed focus on identifying new opportunities for collaboration are expected to result
in further improvements towards sustainability.

Additionally, GRC staff have continued to focus on supporting the generation of
preliminary data, and grant writing efforts by Ul Faculty. Successfully funded grants
provide future work and revenue for the GRC, as well as overhead return increasing the
sustainability of IBEST and ensuring continued support from IBEST staff.

Plans

IBEST successfully completed a search for a new GRC Director in late 2015. The new
director has continued to transition the Core towards a business model focused on long
term sustainability. Included in this transition is continued investment in key strengths
such as multi-locus targeted amplicon sequencing. Based on extensive research online,
discussions with Fluidigm, clients, and other core directors, this service is offered for
non-model organisms by only one other sequencing center in the country. Limited
availability, in combination with presentations at conferences and publications by early
adopters has led to increased demand for this service. This increased demand will be
met by the acquisition of the Fluidigm Juno platform which will significantly reduce
reagent cost per sample and hands-on time by quadrupling throughput as compared to
our existing Access Array system (a close collaboration with Fluidigm research scientists
has enabled us to maintain backwards compatibility with assays run on the Access Array
improving redundancy of key service).
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Another key strength of the GRC, metagenomic community analysis using 16s and other
targets, has also been an area of continued focus. As well as continuing to invest heavily
in training clients to prepare libraries using our custom set of dual barcode indexes, we
have launched an initiative to improve reproducibility and consistency across runs by
developing a set of positive controls consisting of an internal (standardized library) and
external (mock community) control which will be sequenced at low depth on each
amplicon run. These controls will allow us to monitor for run-to-run variations within the
GRC, as well as simplify trouble shooting library prep for new clients as well as variation
between library preps for existing clients.

The GRC has continued to look for new ways to expand the applications of this targeted
amplicon strategy by identifying researchers at WSU and the Ul who can employ this
strategy to characterize mutations generated by the exciting new CRISPR/Cas9 gene
editing technology. Collaborations with Drs. Jim Nagler (Ul), Deb Stenkamp (Ul), and
Michael Varnum (WSU) were successful in all cases, producing data that was included
on a poster and in two manuscripts.

Additional research and development objectives aimed at increased sustainability
include adopting new protocols for decreasing costs and increasing efficiency of
shotgun and RNAseq library preparation, both of which are currently in progress. Finally,
increasing the user base continues to be a major objective. Efforts on campus have
included consulting, sequencing, analysis and grant writing support for members of the
College of Agriculture and Life Sciences as well as members of the College of Natural
Resources. Fostering collaborations with off campus researchers has included
collaborations with faculty at Ul extension offices and USDA facilities in Idaho, as well
as with researchers in neighboring states. Although “word of mouth” advertising
continues to bring us many new clients, our collaboration with the Idaho Wheat
Commission has also increased our visibility, opening many opportunities to work with
a variety of agricultural researchers across the Northwest.

A second component of sustainability is recruitment, retention, and minimizing the
damage caused by losing a staff member. The increasing popularity of next generation
sequencing methods has led to high demand for experienced staff. This represents a
serious concern for the GRC which has a small staff and has traditionally had little
redundancy in skills and significant risk associated with losing a staff member. A major
objective of the new Director has been to address these problems through a combination
of strategies.

The GRC currently (and historically) has been staffed entirely by members who gained a
large portion of their training in High Throughput Sequencing techniques within the GRC.
Although recruiting highly skilled staff members is always a possibility, the rapid growth
and popularity of High Throughput Sequencing has created consistent demand for
experts in this area. Rather than relying on recruitment of such skilled staff, the GRC will
continue the strategy of developing capacity by hiring entry level positions, investing in
professional development and training, and promoting when appropriate. As mentioned
earlier, this model was used for the current Director, Bioinformatics Scientist, and
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Genomics Laboratory Manager as well as the new Genomics Laboratory Scientist (who
was hired as a summer intern with no previous HTS or genomics experience).

To reduce the threat posed by loss of a staff member, redundancy in job roles has been
improved by training wet-lab staff in basic bioinformatic and data delivery procedures,
ensuring that a subset of services would continue to be available even in the absence of
bioinformatic staff. Redundancy in wet-lab procedures has been improved by hiring a
Genomics Laboratory Scientist who has been trained in nearly all critical wet-lab
procedures. Redundancy in administrative tasks is ensured by continued involvement of
Mr. New and Mr. Fagnan in developing new business, billing, and other administrative
decisions where appropriate.

Concerns about retention have been partially addressed by somewhat reducing
workload and stress through hiring additional core staff and by working with IBEST and
University administration to provide above baseline salary increases for existing staff
members. A recent Market Based Compensation initiative within the University has also
led to significant salary increases for some GRC staff members, helping to address
salary levels which were significantly below market levels. Unfortunately these changes
did not go into effect until after the GRC lost one staff member to a better paying position.

Outreach

The Genomics Resources Core engages in several outreach activities across the
University of Idaho campus, the state of Idaho, across the nation. Examples of outreach
activities include:

Professional associations: Genomics technology partnerships and consultation with
service centers and researchers at the University of Oregon, University of California-
Berkeley, University of California-Irvine, University of Montana, Washington State
University, and the University of Washington.

Conferences: Travel to technological and administrative conferences developed for
service centers and core facilities, including the Association of Biomolecular Resource
Facilities and the Western Association of Core Directors. Novel approaches to analysis,
budgeting, customer service, sustainability, and technological innovations are all topics
that are encountered at these conferences.

Opportunities

The Genomics Resources Core continues to look for opportunities for new customers
and collaborations. Of interest are the potential synergies with center-type research
programs. For example:

e Continued involvement with researchers working with the Idaho Wheat
Commission has led to further support for original research on the
phylogeography and population genomics of the Sugarbeet wireworm, Limonius
californicus. This work has already produced a number of genomic resources
which are being leveraged by the GRC, Dr. Arash Rashed’s group, and Dr. Daolin
Fu's group to test an RNAIi strategy for controlling wireworms. Additionally
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involvement with the IWC has led to an opportunity to work with Dr. Jianli Chen
in an attempt at finding a mutation associated with resistance to the dwarf bunt
fungus in wheat.

e The NIH Center of Biomedical Research Excellence (COBRE), called the CMClI,
includes projects that will require genomics technologies and a systems biology
modeling collaboratorium that will engage both the GRC’s “wet” and “dry” labs.
The GRC will occupy space in the same building as CMCI following a planned
move to the new IRIC building in January 2017.

Future Objectives
Challenges

Maintaining a balance between accessibility and financial sustainability continues to be
the biggest challenge for the GRC. The GRC operates under a unique structure that
integrates all three phases of genomics project management - combining data
generation and bioinformatics like few other facilities in the United States. This is both
its greatest strength and its greatest ongoing challenge. Because the GRC is so unique,
there are few (if any) other facilities that can serve as a model for growth and
sustainability. In addition, the scope of research facilitated by the GRC is complex and
highly varied, working with a wide variety of data types, non-model organisms, and a
range of experimental protocols. This challenges staff to develop expertise pertinent to
a wide range of technologies and methodologies, and can limit the ability to develop
high volume standardized work flows. Despite these challenges, the integrated approach
remains the GRC’s signature characteristic and is a key component to continued
success.

Another challenge for the GRC that is related to financial sustainability is the lack of
recognition the GRC receives for molecular and bioinformatics work. Many clients
assume that because GRC services are paid, the GRC staff should not receive
recognition as part of the publication process. However, because of the investment of
time through multiple, (typically free) consultations with researchers, the GRC staff has
a significant intellectual impact on many of the projects submitted to the core. These
intellectual contributions often result in completely redesigned projects which take better
advantage of modern technologies and more effectively address the research question.
These impacts should be attributed and will help favorably increase the core’s reputation
amongst the scientific community, and will also justify the continuing University
investment into this shared resource. The GRC has taken steps towards addressing this
problem by requesting that new and existing clients review and sign a document
acknowledging these contributions, and reminding clients of the necessity of citing the
COBRE grant which has supported development of the core facility.

Perhaps the most significant threat to the Genomics Resources Core continues to be its
ability to hire new staff and retain them. Classification and pay scales at the Ul have
undergone significant revisions, largely addressing the difficulties in offering competitive
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salaries. However, the bioinformatics field continues to grow, creating many
opportunities for qualified staff and maintaining high demand in the job market.

Future Directions

The IBEST Genomics Resources Core will continue to offer state-of-art services in
genomics and bioinformatics that will enable University of Idaho investigators to
overcome the “barriers to entry” posed by their own lack of expertise in these
fields. Collaborating with the GRC will allow them to pursue new avenues of research
that leverage the resources available within IBEST. The goal is to continue to provide
integrated services to IBEST researchers — facilitating cutting edge research in genomics
and real time evolution.

The GRC constantly evaluates the portfolio of offered services, a critical activity because
the field of genomics changes quickly. New technologies emerge every year, and the
capacity for data generation is outpacing the capacity to store, analyze, and interpret
these data. Staying on top of emerging technologies and trends enables the GRC to
continually identify novel business and collaborative opportunities while focusing on key
existing services ensures financial stability, at least in the short term. Balancing these
two competing interests will ensure that the GRC is sustainable, and adaptable as old
technologies are replaced by new ones. The GRC’s most important offering is in
identifying and developing solutions to facilitate scientific discovery, particularly in areas
where less integrated or more entrenched cores may be unwilling to innovate. To this
end, the intellectual capital, expertise, and adaptability represented in the GRC are its
biggest asset. So, while purchasing new equipment may be necessary to stay current or
increase capacity, continued investment in personnel is the best way to ensure long-
term viability of the core.

Figure 10. Growth in user base of the GRC since 2012.
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VII. IBEST Optical Imaging Core

The Optical Imaging Core (OIC) has been offering expertise, training and instrumentation
for optical imaging and flow cytometry as a part of IBEST since 2011. These services
will continue to be available to University of Idaho investigators though will not be
administered by IBEST after June 30, 2018.

Service Model

The Optical Imaging Core model offers investigators opportunities to advance their
research using imaging and characterization tools in a variety of ways. The director of
the OIC is available to provide a full service — data acquisition, analysis and presentation
results — when an investigator requires expert assistance that may not be currently
available among their existing staff, yet, most researchers choose to have their staff and
students learn to work on the instrumentation independently, with occasional assistance
from the director. These choices create an educational opportunity for staff and students
and flexibility for the investigator. To provide adequate oversight for these sophisticated
instruments and direct assistance when required for the users, the director has been
available on a full-time basis. This design may no longer be a sustainable option.

Breadth of Services

The instrumentation and expertise provided by the OIC creates options for investigators
that would not be sustainable in their individual laboratories. By sharing the
infrastructure investment, these research tools can be built with higher quality hardware
and increased parameters for improved results while providing more services to more
users. As modern optical imaging and flow cytometry tools emphasize characterization
and transformation of biological structures based on fluorescent markers, the more
markers that can be clearly identified creates increased depth and flexibility for any
experiment. Acquiring more nuanced data from an experiment is efficient in acquisition
costs, use of animals and speed of discovery.

Infrastructure

The complex tools for fluorescent imaging, flow cytometry and analysis in the OIC have
mainly been funded through instrumentation grants or program project grants. When
making the final purchases we consider existing research programs and try to anticipate
new directions. None of the current OIC instrumentation has active maintenance
agreements and some of the instruments are quite old. The instruments below are listed
in order of most recently purchased to the oldest, yet, currently active ones.

- Analytical Flow Cytometer - this system provides characterization of cells
and particles in solution based on both fluorescent and non-fluorescent
parameters. The configuration of four lasers and 13 fluorescent channels
provides great flexibility in experimental design and opportunities for new
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users. The instrument is simple to learn and maintain, inexpensive to run
and provides a high throughput option with a plate loader.

- Flow Cytometry Analysis — along with the new analytical flow cytometer we
were able to purchase a faster computer and new software for more
sophisticated analysis.

- Spinning Disk Confocal microscope - this system allows for great flexibility
in imaging with three cameras, improved speed of imaging over the older
laser scanning confocal system, environmental conditions for live imaging
and potential for optogenetics studies. Though this system cannot replace
the high resolution of the laser scanning system, most users have moved to
it for the improved speed and more comprehensive software.

- Image Analysis - the funding for the spinning disk system allowed us to
purchase an updated computer, increased storage space and new analysis
software that matches the acquisition software.

- Stereo microscope and histological microscope — a stereo microscope
and traditional histological microscope share a very basic color camera. The
stereoscope is also used for preparing samples for the confocal microscopes
and has fluorescent viewing.

- Fluorescence Activated Cell Sorter (FACS) - a flow cytometer that also
sorts cells is available for users that want to save a subset of their
characterized cells for further processing. This is an older instrument and no
longer supported by the manufacturer. It is limited by having only two lasers,
yet, is still used by an occasional investigator. There are no other FACS
systems on campus, though, some investigators have used systems at WSU
when this system has been found to be of the wrong configuration for their
experiments.

- Laser Scanning Confocal microscope - for high resolution 3D and
second harmonic imaging, this is the only system on campus. It is an older
system that is underutilized, so any major maintenance needs will have to be
carefully considered.

Potential Infrastructure

The current director of the IBEST Optical Imaging Core will be retiring in June, 2018. She
will make a few recommendations for new instrumentation to consider, as listed below,
yet, the OIC will no longer be a part of IBEST.

- Multiphoton Microscope — a carefully configured multiphoton laser system
will satisfy those users that require second harmonic imaging as well as
multiple wavelengths, high resolution and improved imaging depth for larger
live experiments and fixed samples that require high resolution imaging. This
could replace some aspects of the older laser scanning system.

- Slide Scanning System — newer slide scanning systems allow for high
throughput imaging of histological and fluorescent based samples. A few
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investigators have inquired about such as system and if in place might
provide fast, overview imaging for investigators to prioritize which samples
should be further imaged at higher resolution and magnification.

- Fluorescent Activated Cell Sorter —a modern cell sorter would provide
investigators with multiple labeling options, improved sensitivity and create
single cell samples for sequencing. Discussions could be considered to
make improved arrangements for this service to be provided by WSU as
opposed to purchasing an instrument for Ul.

Innovation

The Optical Imaging Core instruments and expertise are focused on high resolution
imaging and cell characterization through flow cytometry. These sophisticated tools are
rarely part of any investigators daily work flow and the OIC has always seen an ebb and
flow of activity. New projects have been discussed with the director, from both new and
existing investigators, yet, major projects have not come to fruition this past year. Many
of the heaviest users have recently graduated so their publications and new proposals
will likely bring in some additional funding, especially in the neurobiology imaging arena.
The director has had conversations with multiple Pls about potential collaborative
projects and multi-investigator proposals that are still developing.

The Optical Imaging Core could be a place of additional services and discovery.
Examples may include building instruments for preliminary studies. We have the talent
and interest on our campus to create imaging options that are specific to acquiring data
for modeling projects and if configured appropriately could provide preliminary data for
a team of investigators. In addition, the OIC has had a number of requests for assistance
on building a workable microscope for routine work in individual laboratories. The OIC
now has an inventory of parts, which when combined with some new hardware, would
help young investigators jump start their initial projects without investing too much
money into high end systems. This could become a more routine service and marketed
as part of a start-up package.

Sustainability and Investment

Working with the Service Center Committee, two years ago, the Director developed a
fee structure that included the opportunity for investigators to purchase passes for use
of specific instrumentation over a 3-month period of time. Most investigators are now
using this option as opposed to paying directly by the hour for use of the OIC services.
Tracking of the hours of use has continued and helped inform the value of the passes
for future fee determination.

The figures below show numbers related to the income and usage of the Optical Imaging
Core in the past year. These numbers, when reviewed in relation to each other and to
past years at the OIC, also may tell a number of stories. Figure 11 shows the OIC income
for the last three years, yet, also likely reflects how that income has been affected by the
recently developed pass options. The income in FY2017 is less than FY2016, yet, more
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than FY2015. This income reduction is certainly partially explained by similar changes
in hours of use for the same three years (Fig. 11), yet, also reflects the high number of
pass purchases as compared to previous payment method of direct payment for each
hour of use. For FY2018, the pass fees have been increased to better reflect their market
value.

Income Comparisons
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Figure 11. OIC Income for FY2015, FY2016 and FY2017.

Though the income for use of the OIC is generally received by the purchase of quarterly
passes, the director has continued to keep a log of hours of use for each instrument and
by user type. Some of this data is reflected in Figure 12. This data informs the value of
each service, helps understand what type of user (Faculty, Staff, Graduate Student,
Undergraduate Student) we are serving and the degree to which a particular service is
used. These numbers help make important decisions about what service to invest in
and what services to consider sun-setting. One noteworthy trend is that, though the
overall number of hours of usage for the OIC was reduced between FY2016 and FY2017,
there was a significant increase in the usage by undergraduates and slight increase by
faculty directly. That is likely a reflection of the overall lack of funds available to users of
the OIC in the past year, as when they are short of funds or when their graduate students
complete their degrees, they use undergraduates who are often working for credit or
research experience rather than wages. Also, when they lose their experienced help,
i.e. graduate students, they return to the OIC to do some of the work themselves.

At least 20 new undergraduates were trained to use the OIC this past year. This is a
wonderful opportunity for them to learn some hands-on skills and to go more in-depth
on a project while they are attending the University of Idaho. As they are inexperienced
in the nuances of working with biological samples and sophisticated, expensive
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instrumentation, they do require additional oversight and efficient responses for a safe
and instructive experience.

Hours of independent use of the OIC by user type
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Figure 12. Hours of independent use of the OIC by user type during FY2015, FY2016
and FY2017.

The investment into the spinning disk confocal microscope, the new flow cytometry
analyzer and associated analysis stations have proven to be very fruitful for users of the
Optical Imaging Core in the past year. As the older instruments have seen reduced use,
there has been a reduced requirement to spend time or money on maintaining them. In
addition, likely because the main usage has been on newer instruments in the past year,
there have been very few maintenance costs as these instruments have been performing
well and the director has had more time to focus on their care. This has allowed FY2017
to be a year of lower operating costs.

The major operating expense of the OIC, now that there are no longer routine service
agreements on the instruments, has been the director’s salary. During much of FY2017,
the Office of Research and Economic Development (ORED) has paid part of the
director’s salary as part of a direct investment into the OIC. Additional reduction in
overall operating costs is that 25% of the director’s time has been dedicated to other
duties requested by ORED and therefore Figure 13 reflects only 75% of the director’s
salary and fringe costs. Most years, the director also attends training sessions and
shared resource administrative meetings. This past year, all travel costs were paid for
by ORED and the Association for Biomolecular Resource Facilities for the director’s role
as the President of the regional chapter and were focused more on the administrative
functions of a core director, rather than any specific scientific or technical training.
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Figure 13. Total OIC operating revenue.

Therefore, the final operating costs for the OIC this year were $67,964. Those costs
were covered approximately 37.5% by IBEST, 32% by ORED and 31% by Fees for
Service (Fig. 13). The fees for service have recently been increased, which should
increase the percentage of operating costs that are covered by Fees for Service in the
future. It is likely that there will be increased maintenance costs in the upcoming years
as the instruments age and replacements are established for those that are retired.

Vision

Investments into high resolution imaging and flow cytometry are core to a research
based university. Careful attention to the specific needs of the university’s researchers,
awareness of and investment in new techniques and technologies related to these
powerful research tools as well as the continuation of a safe and inviting environment for
all users to succeed with these tools should be part of the continued research mission
at the University of Idaho. Efforts to find funding for replacement instrumentation is
lagging, though, the possibility of on-campus built systems will help to bridge that gap
and provide learning opportunities for students in many disciplines.
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VIII. Education and Training

Bioinformatics and Computational Biology Graduate Program

Research and graduate education are symbiotic; IBEST has therefore provided extensive
support for the graduate program in Bioinformatics and Computational Biology. The
BCB program plays a unique role within the university because it prepares graduates
who are at the forefront of a booming field, that of bioinformatics and computational
biology. The major challenge today for mathematicians, statisticians, computer
scientists and biologists is to develop innovative ways to analyze and interpret extremely
large data sets in ways that will allow new discovery. In 2017, IBEST provided two BCB
fellowships and we have committed $115,000 for BCB fellowships in 2018. We consider
this a valuable investment because the vast majority of BCB students work in the
laboratories of IBEST faculty and it therefore directly supports interdisciplinary research
on evolutionary science. The BCB program currently has 22 students: 6 MS candidates
and 16 PhD candidates. Since our last report, 2 students have graduated with an MS
and 4 students have graduated with PhDs.

In addition, we continued our support for the IBEST/BCB Seminar Series, which, once
again, attracted excellent scientists from across the nation and world to the campus of
the University of Idaho. These formal seminars and informal interactions expose IBEST
personnel to the research interests, ideas, and expertise of leaders in the field. Over the
years we have realized an indirect benefit of our seminar series in that invited speakers
return to their home institutions and spread the word about the impressive research done
at the University of Idaho and the collegial and collaborative atmosphere within IBEST.
This has bolstered our reputation in the scientific community, helped us recruit students,
and attracted new customers to our core facilities. See Appendix IV for a listing of
seminar speakers and topics in 2017.

These seminars (about four per semester) have been used as a core element of a
graduate seminar course (BCB 501) and are open to the public. Often more than 50
people attend them. The scientist invited typically spends two days on campus meeting
one-on-one with faculty members or small groups of students and postdocs. The
graduate students of the Bioinformatics and Computational Biology (BCB) program
choose and invite speakers for the seminar series and organize their itinerary. Beginning
in FY 2017, we are merging our seminar series with that of CMCI as part of efforts to
ensure that IBEST and CMCI are synergistic rather than competitive.

Business for Scientists

In 2017, we offered the “Leading and Sustaining Your Research program” workshop for
the third time. This workshop has been designed in partnership with the University of
Idaho College of Business and Economics and teaches skills that are not part of
traditional graduate and postdoctoral programs. These include project management,
budget development, human resources administration, strategic planning, risk
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assessment, team building, communication with stakeholders and especially lay people.
The course was advertised across the Moscow campus, with postdoctoral fellows
eligible, and this year we extended eligibility to colleagues at the fellow BEACON
institutions. There is no cost for attendance and we used BEACON funding to fly in and
lodge participants from outside the Palouse.

This year, we had a full roster of 19 attendees from 9 departments and representing 4
colleges (College of Sciences, College of Agricultural and Life Sciences, College of
Natural Resources, and College of Engineering) at Ul, one attendee from WSU and four
from Michigan State University (Appendix V). As was the case last year, the workshop
was delivered in 5 morning sessions over the course of a week. Our assessment from
this year indicated that the workshop was very well received again. Attendees rated the
overall effectiveness of the workshop 4.2 (out of five), and provided suggestions that will
allow us to improve the 2018 edition of the workshop.

Inland Northwest Genomics Research Symposium

The fifth annual Inland Northwest Genomics Research Symposium (INWGRS) was held
in May 2017. As in the past, the symposium was a one-day event, however this year we
focused on the local community of 70 evolutionary scientists and addressed the theme
"Ecology, Evolution, and Human Health and Welfare." This decision was made to initiate
local enthusiasm to pursue an NSF Science and Technology Center grant proposal
centered on this topic and speakers (listed in Appendix VI) were invited to describe the
alignment of their research programs with this theme. It was successful in coalescing
the community, and IBEST is now developing a pre-proposal for this program.

Figure 14. BCB students in the Bioinformatics classroom.
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IX. Transitioning to a Stable Business Plan Post-COBRE

The most immediate challenge to IBEST is the imminent sun-setting of the NIH COBRE
award (to Pl Larry Forney) at the end of January, 2018. This is a double-edged reduction;
direct cost in that award is used for salary support (ca. $123 K per year) and for investing
in GRC and CRC major equipment (among other things), and the COBRE accounts for
ca. 38% of our returned overhead. We have a plan in place to deal with such budget
reduction that includes cost savings (revising the IBEST administrative structure) and
generation of new revenues through additional funding sources.

Administrative Structure

In order to deal with salary issues, we are restructuring the IBEST Administrative staff by
deciding to not replace the Communications Coordinator, who left recently to take a
hard money position in CALS. Fifty percent of this salary line was paid from the COBRE,
with the requirement that 50% of the position description be allocated to serve as
administrative assistant to the COBRE PI. Since those requirements sunset with the
COBRE, we will not need to back-fill that 50% F.T.E. and we are reallocating the other
50% of the position description among retained administrative staff. We are working on
the new organization chart and that will be presented in the 2018 Annual Report. In
addition, the GRC and CRC have been increasing the revenues they generate, and this
will permit a gradual shift of scientific staff salaries to internal core facility budgets. The
goal is to reduce dramatically the portions of IBEST staff salaries that are paid from soft
money.

Pursuit of New Funding Sources

A number of major funding opportunities are being pursued to fill other needs that the
COBRE sunset will generate.

First, Major Research Instrumentation grant proposals are planned to replace COBRE
funds allocated to core facility equipment. These are generated on an as-needed basis
because proposals are evaluated based on specific needs. One such proposal in the
works is for large-scale SNP generation, for use in conservation and wildlife genomics,
and IBEST will invest the required institutional matching funds out of our returned
overhead.

Second, as described in section VIII, IBEST provides the single largest investment into
BCB graduate fellowships. This can continue in the near future (out of our current F&A
returns), but a long-term plan is being implemented to secure an NIH T32 training grant.
One T32 proposal was submitted in 2017; it was declined the first time around, and the
single biggest criticism was insufficient institutional support; we will need to address this
for the resubmission in May 2018.
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Third, large scale center and program project grant proposals are in progress. For
example, Harmon, Foster, and Sullivan have been successful in ORED's internal
competition for limited submission to the NSF Science and Technology Center program.
Our proposed center will be called BioDaHWN (the Biodiversity and Human Health and
Welfare Network) and will coalesce scholars at Ul, lowa State University, Ohio State
University, and North Carolina A&T to address evolutionary and ecological drivers of
human health and welfare. Other such large, programmatic opportunities include a new
NIH program from NIGMS, RM1 - Collaborative Program Grant for Multidisciplinary
Teams. IBEST has budgeted teaching release funds for Pls to prepare such large scale
grant proposals.
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Appendix Il. Proposal Submitted Through IBEST

18 proposals were submitted through IBEST between 09/01/2016 and 12/31/2017.
These were submitted to 11 funding bodies: 4 federal (NSF, NIH, USDA, BPA), 3 state
universities (as sub-awards), one Idaho SBOE, and 3 non-government organizations.
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Parent, Christine*®
Top, Eva M.*
Tank, David C.
Marx, Christopher
Tank, David C.
Tank, David C.
Hohenlohe, Paul
Forney, Larry J.
Kennedy, Brian P.
Foster, James A.

Robison, Barrie D.

Hohenlohe, Paul
Top, Eva M.
Harmon, Luke J.
Uyeda, Josef C.
Top, Eva M.
Marx, Christopher

Hunter, Samuel S.

COLLEGE/DEPT SPONSOR

COS/Biology

COS/Biology
COS/Biology

COS/Biology
COS/Biology
COS/Biology
COS/Biology
COS/Biology

CNR/Fish & Wildlife

COS/Biology
COS/Biology
COS/Biology
COS/Biology
COS/Biology
COS/Biology
COS/Biology
COS/Biology
ORED/IBEST

National Science Foundation

NIFA/USDA
National Science Foundation

Michigan State University

Soc. of Systematic Biologists

Soc. of Systematic Biologists
National Science Foundation

The University of Michigan
Bonneville Power Administration
Dept. Health and Human Services
Idaho State Board of Education
Washington State University

J. Craig Venter Institute

National Science Foundation
National Science Foundation
Dept. Health and Human Services
National Science Foundation
Idaho Wheat Commission

REQUEST
1,093,877

500,000
426,924

305,385
1,300
1,300

203,666

92,817
129,541
1,073,360
67,600
474,844
92,676
641,442
136,657
1,948,581
377,419
26,463

7,593,852 |

*Notification of intention to fund has been received by Parent and Top, but funds have not yet
been awarded.
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Appendix lll. Funds Awarded To Grants Submitted Through IBEST

32 new awards were made between 09/01/2016 and 12/31/2017 on grants submitted
through IBEST. These were funded by to 11 funding bodies: 3 federal (NSF, NIH, BPA),
5 state universities as sub-awards or BEACON awards (those from MSU), one Idaho
SBOE, and 2 non-government organizations.
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Kennedy, Brian P.
Forney, Larry J.
Foster, James A.
Foster, James A.

Foster, James A.
Foster, James A.
Hohenlohe, Paul
Hohenlohe, Paul
Hohenlohe, Paul
Robison, Barrie D.
Forney, Larry J.
Parent, Christine
Foster, James A.
Forney, Larry J.
Forney, Larry J.
Wichman, Holly A.

Heckendorn, Robert
Stenkamp, Deborah L.

Top, Eva M.

Wichman, Holly A.
Wichman, Holly A.
Wichman, Holly A.
Marx, Christopher
Hunter, Samuel S.
Brown, Celeste J.

Stenkamp, Deborah L.

Nuismer, Scott L.
Forney, Larry J.
Forney, Larry J.
Forney, Larry J.
Forney, Larry J.
Forney, Larry J.

COL/DEPT
CNR/FWR
COS/Bio Sci

COS/Bio Sci
COS/Bio Sci

COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci

COS/Comp Sci

COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
ORED/IBEST
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci
COS/Bio Sci

SPONSOR

Bonneville Power Administration
University of Maryland

Michigan State University
Michigan State University
Michigan State University
Michigan State University
National Science Foundation
Colorado State University
Washington State University
Idaho State Board of Education
DHHS-NIH

National Science Foundation
Michigan State University
University of Maryland
University of Maryland

Michigan State University
Michigan State University
Michigan State University
Michigan State University
Michigan State University
Michigan State University
Michigan State University
Michigan State University

Idaho Wheat Commission
Texas Biomed. Research Institute
National Science Foundation
National Science Foundation
NIH COBRE Administrative Core
NIH COBRE Computational Core
NIH COBRE Genomics Core
NIH COBRE Pilot Project

NIH COBRE Pilot Project

54

AWARD
$129,522
$54,565
$22,788
$27,965
$19,776
$17,243
$699,389
$110,604
$24,098
$67,600
$94,020
$12,000
$75,248
$63,731
$28,502
$24,630
$25,210
$11,683
$18,209
$37,396
$38,152
$47,933
$12,101
$37,578
$93,098
$409,998
$83,533
$296,254
$138,563
$228,313
$77,441
$105,608

$3,132,749 |
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Appendix IV. BCB Seminar Series
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Appendix V. 2017 Business for Scientist Attendees

Rowley, P. Biological Sciences/COS Assistant Professor
Ruminant Nutrition and
Laarman, A. Metabolism/AVS/CALS Assistant Professor
Magolan, J. Chemistry/COS Assistant Professor
Lee, J. Biology/ Natural Resources Postdoc
Andrews, K. LEECG/FWS/CNR Postdoc
Plant, Soil, and Entomological
Chikh Ali, M. Sciences/CALS Research Support Scientist
Ferguson, J. CMCI/COS Postdoc
Bazurto, J. Biological Sciences/COS Postdoc
Johnson, T. Fish & Wildlife Sciences/CNR Assistant Professor
Electrical and Computer
Hemati, S. Engineer/COEng Assistant Professor
Bruger, E. Biological Sciences/COS Postdoc
Margres, M. Biological Sciences/COS WSU- Postdoc
Suchar, V. MILES/CMCI/Stat/COS Postdoc

Northwest Knowledge

Sheneman, L. | Network/ORED Tech and Data Manager

Friesen, M. Plant Biology Michigan State University - Asst Prof
Jack, C. Plant Biology Michigan State University - Postdoc

Gandomi, A. BEACON Michigan State University - Postdoc

Patel, J cMmcCl Postdoc

Mclachlan, E. | BEACON Michigan State University - Lab Mgr
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Appendix VI. Inland Northwest Genomics Research Symposium

8:50 - 10:00 Lightning Talks

9:00 Donna Holmes "An evolutionary medical view of aging in the new millennium"

9:20 Luke Harmon “Make way for the robobabies: Human Health and Welfare over
Billion-year Timescales.”

9:40 Omar Cornejo "Selection on DARC in humans was soft, yet strong"

10:00 - 10:30 Break

10:20  Shirley Luckhart “Parallels, opportunities, and shared challenges across plant,
animal, and human diseases: developing novel strategies for intervention based
on multiple scales of biology.”

11:10  Dilshani Sarathchandra: “A Survey Instrument for Measuring Vaccine
Acceptance.”

12:30 - 1:30 Lunch

1:30 Jodie Nicotra “Concepts of 'Normal' in Microbiome Research.”

1:50 Janet Rachlow “Multisensory concealment and detection: predation, crime, and
aesthetics”

2:10  Cory Gall “Manipulation of the tick microbiome: a novel tool for combating tick-
borne diseases on Native American reservations.”

2:30 - 3:00 Break

3:00 Kelly Brayton “Tick-borne pathogens in the Mnisi ecosystem”

3:40 Larry Forney “Tracking Woozles in Women’s Health Research”

4:30 - 5:00 Final Recap
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