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SUBJECT
Higher Education Research Council Report — FY20
REFERENCE
February 2017 The Board was provided the annual update of the
Higher Education Research Council and approved the
second reading of amendments to Board Policy IlI.W.
February 2018 The Board was provided the annual update of the
Higher Education Research Council
June 2019 The Board was provided the annual update of the
Higher Education Research Council
June 2020 The Board was provided the annual report of the

Higher Education Research Council

APPLICABLE STATUTE, RULE, OR POLICY

Idaho State Board of Education Governing Policies and Procedures, Section
[1.W. Higher Education Research

BACKGROUND/DISCUSSION

IRSA

Board Policy IIl.LW. Higher Education Research recognizes the significant role
research plays in innovation, economic development and enhanced quality of
educational programs. By developing and leveraging the state’s unique research
expertise and strengths, Idaho’s universities and colleges serve as catalysts to
spur the creation of new knowledge, technologies, products, and industries. This
in turn leads to new advances and opportunities for economic growth.

The Board’s Higher Education Research Council (HERC) provides
recommendations to the Board regarding statewide collaborative efforts and
initiatives to accomplish these goals and objectives. In addition, HERC provides
direction for and oversees the use of the limited resources allocated by the Board
for higher education research by promoting research activities that will have the
greatest beneficial effect on the quality of education and the economy of the state.

HERC also administers the Incubation Fund and HERC Idaho Global
Entrepreneurial Mission (IGEM) Fund programs, disbursement of Infrastructure
Funds, and the oversight of matching funds for our Idaho Established Program to
Stimulate Competitive Research (EPSCoR) Track 1 project (Managing Idaho’s
Landscapes for Ecosystem Services) on the Board’s behalf and in compliance with
Board Policy Ill.W. Additional responsibilities include receiving annual reporting
on the institutions’ activities in relation to the Center for Advanced Energy Studies
(CAES).

Incubation Fund projects are single-year projects that are at the proof-of-concept
stage. Through a competitive process, HERC awards funds to those projects
where the principal investigator can rapidly move their project into the development
stage. IGEM Fund projects are awarded for competitive state university research
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in support of the goals of the Idaho Global Entrepreneurial Mission (IGEM)
initiative. These funds are to be used as seed funding for strengthening ldaho’s
future by strategically investing in the development of expertise, products, and
services which result in state economic growth. While these awards may be for up
to three years, the funding is contingent upon successful progress as determined
by HERC at an annual review of the project.

CAES is a research and education consortium between the three Idaho public
research institutions (Boise State University, ldaho State University, University of
ldaho), and the Idaho National Laboratory.

IMPACT

Taking a strategic approach to invest in the state’s unique research expertise and
strengths will lead to new advances and opportunities for economic growth and
enhance ldaho’s reputation as a national and international leader in excellence
and innovation. This update will provide the Board with the opportunity to provide
input to the Higher Education Research Council on areas of focus and strategic
direction.

ATTACHMENTS

Attachment 1 — FY20 HERC Report Presentation Slide Deck

Attachment 2 — FY20 Research Performance Measure Report

Attachment 3 — FY20 Research Activity Report

Attachment 4 — FY20 HERC Budget Allocation

Attachment 5 — FY20 Infrastructure Summary Report

Attachment 6 — FY20 Idaho Conference on Undergraduate Research Report
Attachment 7 — FY20 Undergraduate Research Report

Attachment 8 — FY20 IGEM Grant Reports

Attachment 9 — FY20 Incubation Fund Grant Reports

Attachment 10 — 2020 CAES Annual Report

STAFF COMMENTS AND RECOMMENDATIONS

The HERC report will be provided by Dr. Christopher Nomura, who was hired as
the Vice President for Research and Economic Development at the University of
Idaho in Fall 2020. Dr. Nomura will become the new Chair of HERC on July 1,
2021.

BOARD ACTION

IRSA

This item is for informational purposes only.
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Higher Education Research
Council

Report on activities from July 1, 2019 - June 30, 2020
(Fiscal Year 2020)

Dr. Christopher Nomura
June 16, 2021

.
é/ldaho State B Idaho State

Board of Education BOISE STATE UNIVERSITY UNIVERSITY

Lewis-Clark
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Attachments

* FY20 Research Performance Measure Report

* FY20 Research Activity Report

* FY20 Infrastructure Summary Report

* FY20 Undergraduate Research Report

* FY20 Idaho Conference on Undergraduate Research Report
* FY20 HERC Budget Allocation

* FY20 IGEM Grant Reports

* FY20 Incubation Fund Grant Reports

* 2020 CAES Annual Report
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HERC Mission

Strengthen the research capabilities at Idaho’s
public, four-year institutions and contribute to the
economic development of the state of Idaho.
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HERC Membership

Higher Education Representatives Industry Representatives
Dr. Christopher Nomura, University Robin Woods, Alturas Analytics
of Idaho

Marianne Walck, /daho National
Dr. Donna Lybecker, Idaho State Laboratory
University

Eileen Barber, Keynetics

Dr. Harold Blackman (Chair), Boise

state University Heather Messenger, Life Sciences

and Biotech Industry

Dr. Lori Stinson, Lewis-Clark State
College
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FY20 HERC Budget Allocation

Research Infrastructure Funds S850,000
Matching Grants (EPSCoR) S800,000
Undergraduate Research $217,000
IGEM Grants S2,066,500
Incubation Fund S244,670
Administrative Costs $2,700

Total

IRSA

$4,160,870
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Research Infrastructure

Funding to support science, engineering, and other
research infrastructure

FY20 Infrastructure Budget - $850,000

Major line items:
BSU — High performance computing equipment/software
ISU — Equipment to support the IGEM 20-001 grant
Ul — Post-doctoral fellows and lab equipment
LC State — Library support and lab equipment
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Undergraduate Research

Funding to support STEM undergraduates in research
projects and travel to conferences

FY20 UR Budget - $185,000

Student research projects supported in FY20:
BSU-17
ISU-10
Ul-11
LC State — 11
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Idaho Conference on .
Undergraduate Research (ICUR)

Funding for two day
undergraduate conference
held each July

FY20 ICUR Budget - $32,000

FY20 ICUR Outcomes:

291 attendees from 26 different
institutions/organizations

189 students
150 poster presentations

102 faculty, industry and
governmental representatives

IRSA
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Idaho Global Entrepreneurial
Mission Fund (IGEM)

Competitive grant program used as seed funding for
strengthening Idaho’s future by strategically investing
in the development of expertise, products, and
services which result in state economic growth.

1- to 3-year grants up to $700,000 per year
FY20 IGEM Grant Budget — 52,065,500

Active Grants in FY20: 4
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FY20 Active IGEM Grants

Sustaining the Competitiveness of the Food Industry in Southern
Idaho: Integrated Water, Energy and Waste Management

University of Idaho — $700,000 — Year 3

Nucleic Acid Memory
Boise State University — S665K — Year 3

A Disaster Response Complex for Emergency Responders in Idaho
ldaho State University — S525K — Year 2

Cellulosic 3D Printing of Modular Building Assemblies
University of Idaho — $S175K — Year 2
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Sustaining the Competitiveness of the Foo
Industry in Southern Idaho: Integrated Water,
Energy and Waste Management (U of 1)

* Build capacity and partnerships among Ul, BSU, ISU and CAES to
assist Idaho food producers and processors in reducing water, energy,
and waste footprints

* Demonstrate/transfer technologies for reducing water/nutrient use

* Pilot at field-scale and transfer technology for recovering valuable
nutrients/byproducts from waste streams

* Provide decision support tools for community and business
stakeholders to better understand the interconnections and trade-
offs between energy, water, nutrients, and land use

* Include workforce development in the use of new technologies
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Nucleic Acid Memory (BSU)

* 16 trillion GB of data were produced in 2016; 163 trillion GB of data
will be produced in 2025

* Archival storage of this huge amount of data using electronic memory
is reaching physical and economic finish lines

* Project will develop an optical technology using DNA to write, store
and read digital information

* DNA as a digital storage/memory medium:
e Retention time of thousands to millions of years
* 1 kg of DNA can store the entire projected digital universe in 2040
* DNA storage energy is 100 million times less than current electronic memory

* Creation of Nucleic Acid Memory Institute to meet critical innovation,
economic, and workforce development needs in Idaho
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A Disaster Response Complex for Emergency
Responders in Idaho (ISU)

* FEMA has recognized the need to establish emergency management
as both an academic field and as an applied practice

* Coupling academia to traditional emergency response structures will
make the complex emergency management more effective

* Goal of this project is to develop and construct an outdoor campus
called “Disaster Response Complex” at ISU

* DRC will become a premier regional/national response center for
research, curriculum development, and training/exercises for military
and law enforcement personnel in Idaho and beyond

* The DRC ideas is strongly supported by INL and CAES who wish to use
the complex to develop workforce talent
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Cellulosic 3D Printing of Modular Building
Assemblies (Ul)

* [dentify a methodology, process, and materials necessary to 3-D cold
print building assemblies using wood fibers

* Primary objective is the development of a cost-effective and reliable
process for printing wall, roof, and floor assemblies on a horizontal
plane.

* Target market is light commercial, residential and multi-family
buildings.
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Incubation Fund Grant Program

1-year grants up to $75,000
FY20 Budget - $224,670

FY20 Projects: 3
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FY20 Incubation Fund Grants

Optical Sensors for Harsh Environment
Boise State University— $75,000

Ink Production Scale Up
Boise State University — $74,970

Darwin’s Demons Mobile: Expanding the Market for Evolutionary
Procedural Content Generation

University of Idaho — $74,700

IRSA TAB 1 Page 16



INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS
JUNE 16, 2021 ATTACHMENT 1

Optical Sensors for Harsh Environment (BSU)

* Market need for optical sensors that can withstand extreme
environments and that are immune to electromagnetic interference

* Such sensors can be used in places like jet engines, nuclear power
plants, deep sea drilling rigs, etc., leading to more accurate
information and increased efficiencies

* I[daho does not currently have capability to create these kinds of
sensors locally

* Fiberguide Industries in Caldwell has partnered with BSU and has
become the industry leader in the US for this technology

* This grant allowed BSU to purchase an ultrafast laser system that is
used by researchers and Fiberguide staff to create sensors on
specialty fibers and test them under harsh environments (extreme
temperature and radiation)
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Ink Production Scale Up (BSU)

 Scale up the synthesis of nanoparticle inks

* Several inks are not available commercially, including platinum,
niobium, cobalt, tungsten, molybdenum, iron

* Great interest in these inks from industry, national labs, and
governments

* Further fostering partnerships with industry, leading to
commercialization of new inks and associated technologies
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Darwin’s Demons Mobile: Expanding the Market for
Evolutionary Procedural Content Generation (Ul)

 US video game market generates over S90B per year
* Content development for games is expensive

* In a previous IGEM grant, Ul researchers created a game using
evolutionary procedural content generation (IPCG)

* This approach uses evolutionary models to evolve game content
rather than relying on pre-programmed content

* IPCG creates a competitive advantage by significantly reducing game
development costs

* This grant allowed Ul to develop a mobile version of the game that
was previously developed using IGEM funds.

* The mobile market is very large potential source of income
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Thank You

=
V%laho State
Board of Education
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RESEARCH STRATEGIC PLAN PERFORMANCE MEASURES

Goal 1: Increased research at, and collaboration among, Idaho universities and colleges to advance research strengths and opportunities pertaining to
critical issues in Idaho, while also providing a vision for national and global impact.

Objective 1.A: Ensure growth and sustainability of public university research efforts.
Performance Measure FY 2016 FY 2017 FY2018 FY2019 FY2020 Benchmark

Statewide amount of total annual research and development
expenditures as reported in the National Science Foundation Not yet
(NSF) Higher Education Research and Development Survey $154,989,123 | $163,093,485 | $171,052,983 | $166,564,099 available
Objective 1.B: Ensure the growth and sustainability of the existing collaborative research at the Center for Advanced Energy Studies
Statewide amount of U.S. Department of Energy (DOE)

research and development expenditures as reported in the
National Science Foundation (NSF) Higher Education Research Not yet
and Development Survey. $8,561,218 | $9,489,612 | $11,022,015 | $11,724,216 available |10% annual increase
Objective 1.C: Expand joint research ventures among the state universities.

10% annual increase
(CAES).

Number of new fully sponsored project proposals submitted
by an Idaho University that involve a subaward with another
Idaho institution of higher education (in either direction). 92 119 100 82 94|50% annual increase

Number of new fully sponsored project awards to an Idaho
University that involve a subaward with another Idaho
institution of higher education (in either direction). 58 70 76 69 50(30% annual increase

Establish/fund at least one HERC-directed research project per
year which collaborates with one other Idaho university that
directly addresses issues of particular importance to the State
of Idaho. NA NA NA 1 1 per year
Goal 2: Create research and development opportunities that strengthen the relationship between state universities and the private sector.

Objective 2.A: Increase the number of sponsored projects involving the private sector.
Performance Measure FY 2016 FY 2017 FY2018 FY2019 FY2020 Benchmark

Number of new sponsored projects involving the private
sector. 165 163 172 202 206|50% annual increase
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Goal 3: Contribute to the economic development of the State of Idaho.

Objective 3.A: Increase the amount of university-generated intellectual property introduced into the marketplace.

Performance Measure

FY 2016

FY 2017

FY2018

FY2019

FY2020

ATTACHMENT 2

Benchmark

Number of technology transfer agreements (as defined by

AUTM [Association of University Technology Managers]). 44 33 29 29 28|15% annual increase
1 for every $2M of
Number of invention disclosures (including biomic varieties) 40 38 45 46 58|research expenditures
Amount of licensing revenues. $724,316 $1,271,819| S 1,869,718 | S 2,607,055 |$ 3,450,773 [10% annual increase
Number of startup companies. 8 1 1 1 0/10% annual increase

Goal 4: Enhance learning and professional development through research and scholarly activity.

Objective 4.A: Increase the number of university and college students and staff involved in sponsored project activities.

Performance Measure

Number of undergraduate students paid from sponsored

FY 2016

FY 2017

FY2018

FY2019

FY2020

Benchmark

projects. 1,683 1,811 2,100 1,926 1,993(20% annual increase
Number of graduate students paid from sponsored projects. 636 716 656 592 536|20% annual increase
Ul: 60.4%, UI: 66.0%, Ul 62.7%, Ul: 64.4% Ul: 58.1%
Percentage of baccalaureate students who graduated in STEM |BSU: N/A, BSU: N/A, BSU: N/A, BSU: N/A BSU: N/A
disciplines and had a research experience. ISU: 13% ISU: 12.1% ISU: 19.6% ISU: 12.7% ISU: 19.1% 20% annual increase
Number of faculty and staff paid from sponsored projects. 2,272 2,383 2,418 2,446 2,484|20% annual increase
K-20 Statewide Stratgic Plan Performance Measures FY 2016 FY 2017 FY2018 FY2019 FY2020 Benchmark
Ul: 64%, Ul: 65%,|Ul: 61%, Ul: 58%, Ul: 60%,
BSU: 35%, BSU: 37%,|BSU: 37%, BSU: 43%, BSU: 43%,
Percentage of students participating in undergraduate ISU: 43%, ISU: 42%,(1SU: 41%, ISU: 38%, ISU: 36%,
research. LCSC: 10% LCSC: 14%|LCSC: 16% LCSC: 20% LCSC: 12% 30%
Percentage of students participating in internships 5% 5% 8% 6% 6% 10%

IRSA
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Boise State University
Sponsored Project Activity Report FY2020
Awards for the Period July 1, 2019 through June 30, 2020
Federal State Industry Other Total % of Grand
Activity Type Total
Instruction:
Sponsored Programs S 3,248,152 | S 2,442,843 | S -1s 322,855 | $ 6,013,850
State Instruction Appropriations S -S 60,000 | S -S -S 60,000
Subtotal Instruction S 3,248,152 | S 2,502,843 | S -|S 322,855 | $ 6,073,850 10.43%
Research:
Sponsored Programs S 32,193,801 | S 3,174,145 | S 923,494 | S 1,354,164 | S 37,645,604
State Research Appropriations S -S 816,470 | S -S -S 816,470
Subtotal Research S 32,193,801 | S 3,990,615 | S 923,494 | S 1,354,164 | S 38,462,074 66.04%
Other Sponsored Activities:
Sponsored Programs S 9,802,730 | S 1,934,790 | S 548,142 | $ 1,284,550 | S 13,570,213
State Other Sponsored Activities Appropriations | $ -S 133,366 | S -S -S 133,366
Subtotal Other Sponsored Activities S 9,802,730 | S 2,068,156 | S 548,142 | $ 1,284,550 | S 13,703,579 23.53%
Grand Totals S 45,244,683 | $ 8,561,615 | $ 1,471,636 | $ 2,961,569 | $ 58,239,503
Percent of Grand Total 77.69% 14.70% 2.53% 5.09% 100% 100%
Expenditures for the Period July 1, 2019 through June 30, 2020
Federal State Industry Other Totals % of Grand
Activity Type Total
Instruction:
Sponsored Programs S 2,955,733 | S 1,460,849 | § -1S 88,181 | $ 4,504,763
State Instruction Appropriations S -1s -1s -1s -1s -
Subtotal Instruction S 2,955,733 | S 1,460,849 | § -1S 88,181 | S 4,504,763 9.33%
Research:
Sponsored Programs S 27,058,048 | $ 1,390,318 | § 358,136 | § 1,021,757 | § 29,828,258
State Research Appropriations S -1s 248,976 | $ -1s -1s 248,976
Subtotal Research S 27,058,048 | $ 1,639,294 | $§ 358,136 | § 1,021,757 | S 30,077,234 62.31%
Other Sponsored Activities:
Sponsored Programs S 9,307,481 | S 2,562,671 | S 82,938 | $ 1,643,911 | $ 13,597,001
State Other Sponsored Activities Appropriations | $ -1s 91,638 | $ -1s -1s 91,638
Subtotal Other Sponsored Activities S 9,307,481 | S 2,654,308 | S 82,938 | $ 1,643,911 | S 13,688,639 28.36%
Grand Totals S 39,321,262 | $ 5,754,452 | $ 441,074 | $ 2,753,849 | $ 48,270,636
Percent of Grand Total 81.46% 11.92% 0.91% 5.71% 100% 100%
IRSA TAB 1 Page 1
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Office for Research
Award Breakdown by Funding Agency Type and Project Type

July 1, 2019 through June 30, 2020

ATTACHMENT 3

Federal State Industry Other/Foundation Totals Percent of Total
Research 4,534,826 3,523,750 3,474,710 804,041 12,337,327 45%
Training and Instruction 1,733,003 938,702 1,213,232 340,155 4,225,092 15%
Other/Public Service 7,028,149 2,662,092 1,144,804 259,605 11,094,650 40%
Totals 13,295,978 7,124,544 5,832,746 1,403,801 27,657,069 100%
Percent of Total 48% 26% 21% 5% 100%

State = Awards from state of Idaho agencies, including other state universities and colleges

Other/Foundation = Awards from other funding agecnies, such as foundations, universities from outside of Idaho, local municipalities, non-profits, etc.

File Name: ISU OR Annual Awards FY20

IRSA
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Office for Research

ATTACHMENT 3

Expenditure Breakdown by Funding Agency Type and Project Type

July 1, 2019 through June 30, 2020

Federal State Industry Other/Foundation Totals Percent of Total
Research 7,339,332 274,614 453,229 956,426 9,023,601 46%
Training and Instruction 5,785,978 785,328 407,657 111,507 7,090,470 36%
Other/Public Service 2,016,246 938,891 443,080 9,771 3,407,988 17%
Totals 15,141,556 1,998,833 1,303,966 1,077,704 19,522,059 100%

Percent of Total

78%

10%

7%

6%

100%

File Name: ISU OR Annual Expenditures FY20

IRSA
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University of Idaho - FY2020 Research Activity Report

Awards for the Period July 1, 2019 through June 30, 2020

ATTACHMENT 3

Federal State of Idaho Industry Other Total % of Grand % of Sponsor
Total Total
Instruction:
Sponsored Programs S 2,552,894.63 | $ 48,335.08 | S 59,905.00 | S 26,000.00 | $ 2,687,134.71 3%
S 2,552,894.63 | S 48,335.08 | S 59,905.00 | S 26,000.00 | S 2,687,134.71 |2%
Research:
Sponsored Programs S 52,242,047.61 | S 3,098,038.00 | $ 1,240,140.79 | $ 5,314,530.40 | S 61,894,756.80 |67% |
Federal Land Grant Appropriations (FFY20) 2,873,822.00 2,873,822.00
State Research Appropriations (CALS,FUR,IGS,EPSCoR) 23,464,891.00 23,464,891.00
Subtotal Research: S 55,115,869.61 | $ 26,562,929.00 | $ 1,240,140.79 | S 5,314,530.40 [ S 88,233,469.80 (65% | |
Public Service:
Sponsored Programs S 24,053,994.76 | S 1,989,118.04 | § 178,574.95 | $ 1,879,768.92 | § 28,101,456.67 |30% |
Federal Land Grant Appropriations (FFY20) 3,050,887.50 3,050,887.50
State Extension Appropriations 12,737,309.00 12,737,309.00
Subtotal Public Service: S 27,104,882.26 | S 14,726,427.04 | S 178,574.95 | S 1,879,768.92 | S 43,889,653.17 |33% | |
Construction:
Sponsored Programs 100,000.00 - - - 100,000.00 |0% 0%
Total Sponsored Programs Funding S 78,948,937.00 | S 5,135,491.12 | $ 1,478,620.74 | S 7,220,299.32 | S 92,783,348.18
Percent of Total Sponsored Programs 84% 6% 2% 8% 100% 100%
Grand Total of All Funding Per Category $ 84,873,646.50 | $ 41,337,691.12 | $ 1,478,620.74 | $ 7,220,299.32 | $ 134,910,257.68
Percent of All Funding 63% 31% 1% 5% 100% 100%
Expenditures for the Period July 1, 2019 through June 30, 2020 (includes accruals)
Federal State of Idaho Industry Other Institutional Total % of Grand % of Sponsor
Total Total
Instruction:
Sponsored Programs S 2,437,876.30 | $ 64,329.59 | $ 35,169.97 | S 229,136.32 | $ 418,393.66 | S  3,184,905.84 3.2%
S 2,437,876.30 | $ 64,329.59 | S 35,169.97 | S 229,136.32 | S 418,393.66 | S  3,184,905.84 |2.0%
Research:
Sponsored Programs S 48,940,862.98 [ S 2,709,475.44 | S 2,581,405.39 | $ 3,733,600.79 | S 11,100,583.38 | S 69,065,927.98 70.0%
Federal Land Grant Appropriations 2,508,933.37 2,508,933.37
State Research Appropriations (CALS,FUR,IGS,EPSCoR) 22,155,226.66 22,155,226.66
State Other Appropriations 8,148,909.60 8,148,909.60
Other Sources - - - 2,496,438.41 8,435,022.14 10,931,460.55
Subtotal Research: S 51,449,796.35 | $ 33,013,611.70 | $ 2,581,405.39 | S 6,230,039.20 | $ 19,535,605.52 | S 112,810,458.16 |71.3% |
Public Service:
Sponsored Programs S 19,085,710.98 [ S 1,453,471.02 | $ 154,580.01 | S 1,673,231.38 |S 3,792,932.67 | S 26,159,926.06 |26.5%
Federal Land Grant Appropriations 3,072,590.47 3,072,590.47
State Extension Appropriations 12,840,873.71 12,840,873.71
Subtotal Public Service: S 22,158,301.45 | S 14,294,344.73 | S 154,580.01 | S 1,673,231.38 | S  3,792,932.67 | S 42,073,390.24 |26.6% |
Construction:
Sponsored Programs S 100,000.00 | $ - S - S - S 100,000.00 | S 200,000.00 |0.1% 0.2%
Total Sponsored Programs Funding S 70,564,450.26 | S 4,227,276.05 | S 2,771,155.37 | $ 5,635,968.49 | S 15,411,909.71 | S 98,610,759.88
Percent of Total Sponsored Programs 72% 4% 3% 6% 16% 100% 100%
Grand Total of All Funding Per Category S 76,145,974.10 | S 47,372,286.02 | S 2,771,155.37 | S 8,132,406.90 | S 23,846,931.85 [ S 158,268,754.24
Percent of All Funding 48% 30% 2% 5% 15% 100% 100%

5/18/2021 12:35 PM
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INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS
JUNE 16, 2021 ATTACHMENT 4

FY 2020 Allocation of HERC Funds

FY2020
Total Proposed
$4,163,200 Allocation

HERC IGEM 2,066,500
Infrastructure Funds 850,000
Matching Grants (EPSCoR Match) 800,000
Incubation Fund 224,670
Undergraduate Research 217,000
Administrative Costs 2,700
Total $4,160,870 4,160,870
Balance 2,330
IGEM Funds
BSU IGEM 19-02 $666,500
ISU IGEM 20-01 $525,100
ul IGEM 19-01 $700,000
ul IGEM 20-02 $174,900
LCSC
Total IGEM
Research Infrastructure Funds $0
BSU $250,000
ISU $250,000
ul $250,000
LCSC $100,000
Total Infrastructure
Matching Award Grants
NSF-EPSCoR $800,000
Total Matching Grants
Targeted Research
Idaho Incubation Fund (7th round)
Kandadai "Optical Sensors" (BSU) $75,000
Subbaraman "Ink Production" (ISU/UI) $74,970
Robsion "Darwin's Demons" (Ul) $74,700
Total Targeted Research

IRSA TAB 1 Page 1



INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS

JUNE 16, 2021 ATTACHMENT 4

Undergraduate Research
BSU $55,000
ISU $55,000
ul $55,000
LCSC $20,000
Idaho Conference for Undergraduate Research (ICUR) $32,000
One-time money

Total Undergraduate Research $217,000
Administrative Costs

FY20 Administrative Costs $2,700

Total Administrative Costs $2,700
Total Budget / Allocation $4,160,870

IRSA TAB 1 Page 2



INSTRUCTION, RESEARCH, AND STUDENT AFFAIR
JUNE 16, 2021 ATTACHMENT 5

Detailed Allocations

Library Support

Graduate Research

10,000
Assistantships/Research Associates

Post Doctoral Fellows

Technician Support

Maintenance Contracts

210,892
Research Equipment

Competitively Awarded Summer
Research Support

Start-Up Funds for New Hires 23,000

Incentives to Reward Faculty for
Research Achievements

Other 6,108 (refund 2019 funds)

Total Allocation 250,000

IRSA TAB 1 Page 1



INSTRUCTION, RESEARCH, AND STUDENT AFFAIR
JUNE 16, 2021 ATTACHMENT 5

Detailed Allocations

Publications in refereed journals

Presentations at professional
meetings and conferences

Grants Received as a result

Grants Pending

Student Participation

Faculty Participation

Other Participation

Patents Awarded

Patents Pending

Manuscripts Submitted

IRSA TAB 1 Page 2



INSTRUCTION, RESEARCH, AND STUDENT AFFAIR
JUNE 16, 2021 ATTACHMENT 5

Notes:

Research Equipment:

HPC (High Performance Computing) Equipment and Software - $140,868
Compliance (Vivarium/Animal cages/ Software) — $70,024

Startup — Biology - Buerki $23,000
GA - Biology/BMOL PhD Student - $10,000

Refund of 2019 funds (equipment funds encumbered at FY end then canceled/unspent) - $6,108

IRSA TAB 1 Page 3



INSTRUCTION, RESEARCH, AND STUDENT AFFAIR

FY 2020 INFRASTRUCTURE’REPORT SUMMARY - (S HVENT®

Total $ Detailed Allocations
Library Support SO
Graduate Research Assistantships /
. S0
Research Associates
Post-Doctoral Fellows N¢
Technician Support S0
Maintenance Contract - Biology, Shim.adzu Scigntific : service Agreement for a microscope, Elite
Chemist dR h Date Cnt $5,767 Services: moving service fo a freezer, OFR: Research Data Center
emistry and Research Date Lht. SmartNet Maintenance. Peak Scientific: Compressor Complete
Advanced Air Products: MTS Temposonics, R-Series. Amazon:
Hydraulic Cylinder Jack Ram, Double Acting, Hollow Ran 1 PCE.
BTM: Cement Mixer. Campbell Scientific: Control Datalogger,
Power Supply, 5V Analog, CPI Network Kit. Dell Marketing:
Equipment: IGEM 20-001 Disaster $171.568 Optiplex 7070 SFF XCTO Computer., Dylon Toyota: Forklift.
Response Complex Mustafa Mashal ’ EnerPac: Cutter Bar Electric. Interface Inc: 2160 Series Column
Load Cell 2.0, Intelligent Digital Indicator. Kaman: Trompler fluid
power, high pressure hose, simplex power unit, Continental
Custom Hydraulic Power unit, 1-1/2 horse power generator.
Spartan Steel: Isolation Frame.
Eauinment- Biolo $15,527 Fisher Scientific: Temperature Freezers. Mechanical Solutions:
quip 9y ’ Hoshizaki F-500 BAJ Ice Machine.

IRSA
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INSTRUCTION, RESEARCH, AND STUDENT AFFAIR

FY 2020 INFRASTRUCTURE’REPORT SUMMARY - (S HVENT®

Materials and Supplies: Time Lapse cameras, Blade adapter,
screws and solder cup plugs, electrical supplies, Lab supplies,
$52,616 masks, safety supplies, Materials for aircompressor and plasma
cutter, metal plates, propane and shop supplies.

Supplies: IGEM Mustaf Mashal Civil
Engineering

Competitvely Awarded Summer
Research Support

Start-Up Funds for New Hires

Incentives to Reward Faculty for
Research Achievements

Shipping for engineering supplies, rubble materials, Electronic

Other- Shippin 4,522
Ipping 5 measuring equipment

Total Allocation $250,000

Detailed Allocations

Several publications using the Shimadzu microscope: "Soil Signals tell of landscape disturbances, EOS,
101. "Influence of drying and wildfire on longitudinal chemistry patterns and intermittent streams",
Frontiers in Water. "topographic controls on soil orgaic carbon on soil mantled landscapes", Scientific
Publications in Refereed Journals Reports. Identification and Quantification of Sesquiterpene Lactones (SLs) of Sagebrush (Artemisia
tridentate) and its Biological Activity; Rosemary Anibogwu, Karl De Jesus, Kavita Sharma. In progress.

ICUR 2020; Fundamental Study on Desulfurization of Petroleum Using Synthesized Novel lonicliquid

Presenations at Professional Meetings and Betaines Moieties; Bryson Blad, Evelin Noris, Peyton Kiggins, Karl De Jesus, Kavita Sharma

and Conferences

IRSA TAB 1 Page 5



INSTRUCTION, RESEARCH, AND STUDENT AFFAIR

FY 2020 INFRASTRUCTURE’REPORT SUMMARY - [SUMHMENT

Grants Received as a Result

SEE SECOND TAB

Grants Pending

SEE SECOND TAB

Undergradute and gradute students from chemistry and biology are receiving training for LC-MS.

Student Participation
Analysis of Plant metabolite (Dr. Sharma; Chemistry), Steroids analysis in fish and birds (Dr. Pradhan;

Biology), Peptide analysis from sediments (Dr. Dudgeon; Geoscience), Analysis of organic compounds
(Dr.Srinath Pashikanti; pharmacy)

Faculty Participation
N/A

Other Participation
N/A

Patents Awarded
N/A

Patents Pending

IRSA TAB 1 Page 6




Publications in
Refereed Journals

INSTRUCTION, RESEARCH, AND STUDENT AFFAIR

FY 2020 INFRASTRUCTURE’REPORT SUMMARY - [SUMHMENT

IGEM 20-001 Disaster Response Complex Mustafa Mashal

_Detailed Allocations

(1) K. Hogarth, J. Cantrell, M. Mashal, B. Savage, and R. Khadka (2020). A Disaster Response Complex for Training of First
Responders in the Northwest United States, Countering WMD Journal, United States Army Nuclear and Countering WMD
Agency (Under Review). (2) J. Cantrell, M. Mashal, and A. Ebrahimpour (2021). “Large-Scale Testing of a Precast Bent
System for Accelerated Bridge Construction: Seismic Performance and Comparison with Cast-In-Place”, PCl Convention
and National Bridge Conference (accepted for presentation).

Presenations at
Professional
Meetings and
Conferences

(1) The Center for Advanced Energy Studies (CAES) Fellows Meeting, September 3, 2020. (2) Several tours and open
houses of the outdoor and indoor laboratories in August and September to leadership from ISU, Idaho National
Laboratory, CAES, Department of Energy and many other professionals and responders from Eastern and throughout the
state of Idaho.

Grants Received
as a Result

(1) “Advanced Manufacturing for Bulk Storage of Hydrogen”, funded by CAES Tranche 3 for $7,000. Pl = Dr. Mashal. (2)
“RFID Based Cyber-Physical System for Tracking and Monitoring Movement of Precast Concrete”, funded by the College of
Science and Engineering and Dr. Andrew Chrysler at ISU for $18,968. Pl = Dr. Chrysler, Co-PI = Dr. Mashal. (3) “Student
Internship Support” funded by ISU-CAES for $10,800. Pl = Dr. Mashal.

Grants Pending

(1) “Enhancing Ductility of Reinforced Concrete Columns through Debonding of Flexural Reinforcing Bars in Seismic
Regions” for $30,000. Pl = Dr. Mashal. (2) “Experimental Testing of Blue Planet Building Panels” for $26,500 to Company
'A' in Idaho. (3) “Use of Novel Materials to Construct Seismic Resilient Precast Bridges with 100-Year Service Life”
Submitted to 2020-2021 Precast/Prestressed Concrete Institute (PCl) Dennis R. Mertz Bridge Research for $40,000. (4)
“Shake table testing of fiber optic bundle” submitted to Company 'B' in Idaho for $1,600. (5) “Freeze-thaw testing of self-
consolidating concrete” submitted to Company 'C' for $1,200. (5) “Tensile Test on Ear Loops & Melt-Blown Fabric”
submitted to Company 'D' in Idaho for $500. (6) “Shake Table Testing of Bridge Piers” submitted for Undergraduate
Research Funds Application, FY21, for $9,000. (7) “RFID Measurement System for Nuclear Containment Structure” pre-
application submitted under Nuclear Energy Enabling Technologies (NEET) funding opportunity for $786,000. PI = Dr.
Andrew Chrysler; Co-PI = Dr. Mustafa Mashal. (8) “Confidential Title” whitepaper submitted to the Department of
Defense’s Vannevar Bush Fellowship for $3M. (9) “Innovative Adjustable Anchor System” to be submitted to Idaho Global
Entrepreneurial Mission (IGEM) Commerce for $152,766. Pl = Dr. Arya Ebrahimpour, Co-PI = Dr. Mustafa Mashal.

IRSA
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INSTRUCTION, RESEARCH, AND STUDENT AFFAIR

FY 2020 INFRASTRUCTURE’REPORT SUMMARY - [SUMHMENT

This support allowed for the procurment of numerous equiptment specific for the use of high capacity sturctural testing.
pp p quip p gh capacity g
Thus addding to the ability of the Civil and Environmental Department to further extend its ability within strutural testing,
g y p y 8
Student specifically bridge bearing and large rock samples testing. This has directly resulted in the hiring of mutliple undergradute
Participation and graduate students to carry out numerous research projects. The funding also brought relief to the Disaster Response
Complex allowing for three additional summer student hires.
Faculty and staff of multiple departments (e.g. Computer Science, Mechanical Engineering, Electrical Engineering, Nuclear
Faculty Engineering, College of Technology) have been having the opportunity to write proposals and grants with the newly
Participation established capabilities brought to the civil and environmental engineering department.
Other Researchers from the Idaho National Laboratory, the Center for Advanced Energy Studies, and private industry have been
Participati collaborating with ISU on new and emerging research topics given the added capabilities by IGEM.
articipation
N/A
Patents Awarded
. M. Mashal (2020). “Ductile Connections for Pre-Formed Construction Elements”, United States Non-Provisional Patent
Patents Pendin
g Application, 16/817,042.
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INSTRUCTION, RESEARCH, AND STUDENT AFFAIR
FY 2020 INFRASTENETUREREPORT SUMMARY - LCSRTTACHMENT 5

Total
I Detailed Allocations

Library Support $25,328 PO #60972-$11,261.33-Ebsco-Nature, England, Online Journal 2020- PO #61328-$5447.62 Ebsco-cell online journal 2020-
Infobase Learning-Allied Health-Nursing Video Coll.- PO#61580 - $5020.20 Technical & Trade Education Video Collection;
Invoice #402507 to Infobase - for Allied Health, Nursing, Tech & Trade Ed Video Collection

IR&E Qualtrics License $7,150 PO #819462-Campus license for survey software-12 month Research License for Qualtrics.

SPSS campus-wide licenses $1,440 PO #818951-Pd $1440.30 of a $5485.90 invoice on 7/31/2019 for use by faculty.

Research Collaborative - faculty $5,300 $4,000.00-Kylee Britzman. Social Sciences Division-Assessment Plan for process and results:

With the pilot study, we will assess the results to make sure the go/no-go association worked (i.e.

confirm we are actually measuring people's implicit rather than explicit political attitudes). Once we

are confident that the design works, will implement the larger study on a national platform. The

results will generally be analyzed through a statistical regression analysis. $1,300.00-Collin Fehr. The purpose of this
research collaboration is to explore the effects of BEMER technology on recovery and performance parameters in
anaerobic exercise. If found to be effective at enhanced recovery in active populations, this intervention could prove
viable for reducing injury risk and positively affect return-to-exercise outcomes. Additionally, the improved recovery ma
secondarily lead to legitimate performance-enhancement in sport.

HERC Research Grant $1,500 $1,500.00-Darci Graves. Out of sight, out of mind: Exploring the individual impact of “sweeping” homeless camps. | have
utilized grant funds to purchase two audio recording devices and noise-cancelling microphones. These devices will be
used to record qualitative research interviews and came equipped with a USB port that allows the researcher to plug the
device into a computer and download the audio files for transcription. | also purchased, with IRB approval, gift cards with
a face value of $15.00 to Subway and McDonalds. These are intended to be gifted to research participants as
compensation for their time and participation in the study.

HERC-DONSAM-Faculty Affairs $5,441 $1813.65-Keegan Schmidt. Creating a multidisciplinary, student-centered research program in remote sensing and
Grants planetary structure; geoscience aspects. $1813.65 Heather Moon. Creating a multidisciplinary, student-centered
research program using mathematical techniques for remote sensing of planetary structures. $1813.65 Charles Addo-
Quaye. Improving the accuracy of in silico DNA mutation detection methods.

DONSAM-Floor Centrifuge $27,000 The floor centrifuge that we purchased is a Sorvall LYNX 4000 Superspeed Floor Centrifuge
from Thermo Scientific and a Fiberlit rotor for use with 250mL vessels in the centrifuge.
Thermo Scientific provided estimates with two rotors needed for very different (described
later) purposes in our laboratories. After being granted funds to purchase the floor centrifuge,
the cost of the rotors and centrifuge were beyond the funding amount. We asked Thermo
Scientific if they could give us an option that was within our budget. We were able to get a
newer model centrifuge (the model stated above) with the following accessories

* A set of 6 adapters to allow the rotor to be used with 15mL conical tubes.

* This purchase includes installation by a technician from Thermo Fisher.

* And at no additional cost (because we opted for the above package):

> Additional sets of adapters (6 each)

> For 50mL conical tubes (Regular price $3200)

> For 50mL round-bottom tubes (Regular price $1400)

° For 16mL round-bottom tubes (Regular price $2150)

The floor centrifuge is used in Biology (BIOL 182, 250, 341) and Chemistry (CHEM 481)
courses and for faculty and student research projects in the lab of Leigh Latta. We estimate
that each semester 50-60 students gain educational benefit (in the classroom and research)
through use of the floor centrifuge

DONSAM-Water Purification $10,000 The water purification system that we purchased is an Elix 10 from MilliporeSigma which will
System dispense 10L per hour of reverse osmosis purified water. The accessories that came with our
purchase were

* 2 pre-treatment internal filters,

* 1 pre-treatment external filter,

* 2 CO2 trap filters to allow use of a reservoir,

2 filter units for the E-pod unitAt no additional cost, MilliporeSigma added an E-pod dispensing console valued at
$1900. This is a handheld unit that can be set to dispense a set volume, reducing the

chance of overfilling vessels.

Also included in the purchase is the cost of installation by an engineer.

The water purification system is used to prepare solutions for almost all Biology and
Chemistry courses. The courses that use the system the most are BIOL 182, 341, 250,

CHEM 111, 1112, 325, 454, and 481. Student and faculty research in Eric Stoffregen’s lab

adds to the demand when working with fly food and daphnia media. Chemistry courses and
research use the system to prevent contamination when working with solutions and reactions.
Nancy Johnston’s research lab (students and faculty research) also require the use of the
purification system. All-in-all, 100-150 students gain educational benefit in coursework and
research through use of the water purification system.

BEMER Equipment (MasSS) $6,000 Invoice #410200-The BEMER Pro Set package was used to support faculty-student research on Physical Vascular Therapy
experience. The purpose of this research collaboration was to explore the effects of BEMER technology on recovery and
performance parameters in anaerobic exercise. This technology represents an investment in future high-impact practices
for students at LCSC. The BEMER Pro Set includes a comprehensive set of application modules and accessories; the
application modules direct the BEMER Signal from the control unit to the treatment area. The BEMER Pro Set includes:
B.BOX Professional, B.BODY Pro, B.SPOT incl. Fixing Strap & B.GRIP, B.PAD, B.LIGHT incl. Protective Goggles, B.SCAN, Wall
Mount, Foot Protection, Car Power Cable.
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ATTACHMENT 5

Student-HERC

$1,085

$448 to Judy Boozer for miscellaneous supplies (fish tanks, filters, water heaters) related to her project on the use of
amphioxus as a model for regenerative medicine. Her project this semester was to establish an amphioxus culture on
campus and then study the feasibility of maintaining the culture, as well as initiating a pilot study on regeneration.$138
to Ryan Glimp and McKenzie Malm for miscellaneous supplies (latex gloves, pregnancy tests, alcohol wipes, bleach)
related to their project on body dysmorphia occurrence in college athletes versus college students who are not athletes.
$579 to Mari Carillo for travel to southern Idaho to complete her research on Medical Pluralism: Shifts in Traditional
Knowledge and Practice among Sobadores. Mari’s research included interviews with traditional healers, such sobadores,
in Latino communities

Research Symposium

$10,000

Research Symposium

HERC Allocation

$1,196

Stipend for Eric Stoffregen for a written proposal to National Institutes of Health. DNA damage adversely affects health
and disease. The overall goal of this project is to investigate how the Bloom (BLM) DNA helicase prevents damage caused
by repetitive DNA sequences, which pose a challenge to the DNA replication machinery. We will use the genetic and
molecular biology tools of the model fruit fly to better understand how a lack of BLM protein in human patients leads to
the developmental abnormalities, premature aging, and cancer susceptibility seen in Bloom Syndrome.

Total Allocation

$101,440

Expensed FY20 approrpiation and $1,1440 of FY19 carry-forward.

Publications in Refereed Journals

Detailed Allocations

Pr ions at Profe

Meetings and Conferences

Grants Received as a Result

Grants Pending

Student Participation See above

Faculty Participation See above

Other Participation Community members, faculty and staff emeritus, and alumni are invited to attend the research symposium each year.
Patents Awarded

Patents Pending

IRSA
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INSTRUCTION, RESEARCH, AND STUDENT AFFAIR
FY 2020 INFRASTRUCTYRERERPORT SUMMARY - Ul ATTACHMENT 5

Total $ Detailed Allocations

Library Support S0

Graduate Research Assistantships / <0

Research Associates

Post-Doctoral Fellows $67,427 IWRRI PostDoc Fellow
$1,336, Mass Specrotemry director provides research support to Ul labs; $5,649 - Optical

Technician Support $19,624 Imaging Director provides research support to Ul labs; $12,638, set up donated D8 XRD
microscope.

Maintenance Contracts S0

. $4,296, Ductless hood; $3,215, replace heater exchanger in HVAC unit, HFCES; $25K

Equipment $51,394 o ) . . .
Overheating issues in Ag Bldg 62; $18,883, EM Center microscope maintenance repairs.

Start-Up Funds for New Hires S0

Incentives to Reward Faculty for .

R $6,545 Excellence in Research Award

Research Achievements
$2,339 for PostDoc/Faculty Mentor Award; $3,485, conference and travel expenses related
to cyber infrastructure; $29,901 to refinish floors and a small remodel in the Lab Animal
R h Facility t t federal guideli d lations; $40,000, funding to stud

Other $105,010 esearch Facility to meet federa gLfI. elines and regulations; S ,000, funding to study
water, water resources, and sustability; $1K Renfrew Colloquium; $8,620 AAALAC
International new application fee; $7,033.22, COVID-19 modeling startup costs; $12,632.45,
COVID-19 testing startup costs.

Total Allocation $250,000
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FY 2020 INFRASTRUCTYREREPORT SUMMARY - Ul

INSTRUCTION, RESEARCH, AND STUDENT AFFAIR

ATTACHMENT 5

Detailed Allocations

Publications in Refereed Journals 16
Presenations at Professional Meetings 1
and Conferences

Grants Received as a Result 14
Grants Pending 5
Student Participation 87
Faculty Participation 65
Other Participation 1530
Patents Awarded

Patents Pending

NOTE: Other participation includes postdocs, research scientists, research specialists, stakeholders, and 1500 Colloquium audience members (50 members

each of 30 sessions).

IRSA
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INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS
JUNE 16, 2021 ATTACHMENT 6

Final Report for HERC Funding for the 2020 Idaho Conference on Undergraduate Research (ICUR)
Submitted by Donna Llewellyn, Executive Director of the Boise State Institute for Inclusive and
Transformative Scholarship

ICUR 2020 was held on July 23 and 24, 2020. Due to restrictions caused by COVID-19, the conference
was moved to be an online event. We used the ForagerOne Symposium platform for the display of
student posters and Zoom for the synchronous talks and workshops. The pandemic and this pivot to an
online event caused some major changes from past years’ conferences — fewer students across the state
were participating in research this summer, and the conference expenses were of a very different
nature. In terms of attendance, we were pleased that participation was still robust, perhaps due to the
ability to log in and participate from anywhere in the world. And for the expenses, while we didn’t incur
any catering, facilities, or printing charges from Boise State (usually our largest expenses), we did
purchase a license to use the Symposium site and we utilized a much greater amount of staff time to get
the conference designed, planned, and implemented. We are grateful for the HERC funding that allowed
us to hold ICUR this year in spite of the move to all remote events at Boise State.

The total attendance was 291, from 26 different institutions/organizations. This included 189 students
with 150 poster presentations, and 102 faculty, industry, governmental, and community
representatives. As mentioned above, each of the campuses across the state saw a decrease in
undergraduate research this summer, so we were pleased with this attendance and participation. Note
that none of our campuses hosted their usual REU programs with students visiting from other campuses
this summer. Our planning committee of representatives from the different colleges and universities
across the state really worked hard to encourage and facilitate participation.

There were two days of workshops and presentations — see the following pages for the program
schedule. More details are also available at https://www.boisestate.edu/icur/. Note that A pdf version
of the program is available at this website.

A survey was been sent out to all of the attendees. The likert scale responses and an overview of the
open-ended responses are attached. We intend to use these results to improve the conference next
year, especially since we currently expect that we will once again be holding a virtual conference due to
COVID-19.

The funding from HERC went to the following categories of expenditures:

Item Amount
Program Design $1586.00
Online platform for poster 4000.00
displays

Other expenses related to 302.50
online conference

Materials and Supplies 788.64
Admin, Evaluation, and Director | $25229.76
Support

TOTAL $31,906.90
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INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS
JUNE 16, 2021 ATTACHMENT 6
ICUR 2020 PROGRAM

TIMES | THURSDAY, JULY 23

9 A.M. OPENING SESSION: Donna Llewellyn, Boise State University
TJ Bliss, Idaho State Board of Education
Michal Temkin Martinez, Boise State University
Location: Zoom Main Room

10 - 10:30 A.M. BREAK

10:30 - 11:30 A.M. HOW AND WHY TO GET INVOLVED IN RESEARCH WHILE AN UNDERGRADUATE

Moderator: Marion Scheepers, Boise State University
Panel Discussion: Liljana Babinkostova, Boise State University
Cynthia Campbell, Boise State University
Thomas Klein, Idaho State University
Krishna Pakala, Boise State University
Dusty Perkins, College of Western Idaho
David Pfeiffer, University of Idaho
Michal Temkin Martinez, Boise State University
Location: Zoom Breakout Room 1

GRADUATE SCHOOL - THE REAL STORY

Moderator: Cecelia Staggs, University of Oregon

Panel Discussion: Jonathan Barnes, University of Idaho
Averi McFarland, Idaho State University
Carson MacPherson-Krutsky, Boise State University
Cecelia Staggs, University of Oregon

Location: Zoom Breakout Room 2

11:30 A.M. -1 P.M. BREAK

1-2P.M. | STUDENT LIGHTNING TALKS

Moderator: Keegan Schmidt, Lewis-Clark State College
Speakers: Emma Archey, College of Western Idaho
Reagan Badger, |daho State University
Lance Fredericks, University of Idaho
Mikayla Manzi, Northwest Nazarene University
Dylan Miller, Lewis-Clark State College
Allen Skirvin, Boise State University
Location: Zoom Main Room

2-2:30 P.M. BREAK

2:30 - 3:30 P.M. STRATEGIES FOR A SUCCESSFUL RESEARCH EXPERIENCE

Facilitator/Presenter: Jillana Finnegan, Boise State University
Location: Zoom Main Room

3:30 P.M. ADJOURN FOR THE DAY
IRSA TAB 1 Page 2



INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS
ATTACHMENT 6

JUNE 16, 2021

ICUR 2020 PROGRAM

TIMES

8:45 A.M.

10 - 10:15 A.M.

10:15 - 10:45 A.M.

10:45 - 10:50 A.M.

10:50 - 11:20 A.M.

11:20 A.M. - 11:30 P.M.

11:30 A.M. - NOON

NOON - 12:05 P.M.

12:05 - 12:35 P.M.

12:35 -1 P.M.

2 P.M.

IRSA

FRIDAY, JULY 24

PAIRED RESEARCH TALKS

Moderator:
Speakers:

Location:

BREAK

POSTER SESSION -

Location:

BREAK

POSTER SESSION -

Location:

BREAK

POSTER SESSION -

Location:

BREAK

POSTER SESSION -

Location:

CLOSING SESSION
Moderator:
Speaker:

INBRE SESSION
Moderator:
Location:

Tracy Yarnell, Boise State University, Biomolecular Research Center

David Estrada, Faculty, Boise State University

Lynn Karriem, Student, Boise State University

Devaleena Pradhan, Faculty, Idaho State University

Melissa Rivas, Student, Idaho State University

Zoom Main Room

PART 1
Zoom Breakout Rooms

PART 2
Zoom Breakout Rooms

PART 3
Zoom Breakout Rooms

PART 4
Zoom Breakout Rooms

Donna Llewellyn, Boise State University
Will Hughes, Boise State University

Dan Nogales, Northwest Nazarene University

Zoom Main Room

TAB 1 Page 3
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INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS
JUNE 16, 2021 ATTACHMENT 6
Idaho Conference on Undergraduate Research 2020
Survey Results

RESPONSE RATE: 54.9%

e 284 attendees (includes 6 IFITS staff who did not receive the survey)
o 185 students
o 93 faculty/staff/other

e 156 recorded responses

Q2) Please indicate your overall satisfaction with the 2020 Idaho Conference on
Undergraduate Research.

60%

50% 48.1%
40% 36.5%
30%
20%
11.5%
10%
13% 2.6%
0% || -
Very Somewhat Neutral Somewhat  Very Satisfied
Dissatisfied Dissatisfied Satisfied
Answer % Count
Very Dissatisfied 1.3% 2
Somewhat Dissatisfied 2.6% 4
Neutral 11.5% 18
Somewhat Satisfied 36.5% 57
Very Satisfied 48.1% 75
Total 100.0% 156
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INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS
ATTACHMENT 6

Q3) Please tell us how satisfied you were with the following aspects of the conference.

JUNE 16, 2021

Very

Dissatisfied

%

Count

Somewhat
Dissatisfied

%

Count

Neutral

%

Count

Somewhat
Satisfied

%

Count

Very

Satisfied

%

Count

N/A

%

Count

Total

%

Count

Registration
Process

Poster Title
Submission
Process
Abstract/Poster/
Optional Video
Submission
Process
ForagerOne
Symposium Site
for Posters

Main Room
Sessions
Breakout
Sessions

(other than
poster sessions)
Student Poster
Presentation
Sessions
Opportunities to
Network
Knowledge/Skills
Gained
Technical
Assistance
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2%

1%

2%

1%

1%

1%

5%

3%

3%

1%

3

2%

5%

6%

6%

3%

7%

12
%

16
%

4%

1%

3

10

10

11

18

25

8%

5%

10%

13%

11%

18%

10%

26%

23%

18%

13

16

20

17

28

15

40

36

28

16%

20%

20%

26%

24%

24%

23%

23%

29%

16%

25

31

31

40

37

38

36

36

46

25

65%

47%

37%

46%

53%

31%

46%

15%

30%

35%

101

73

57

71

82

48

72

24

47

54

7%

22%

25%

9%

9%

19%

4%

17%

10%

29%

11

35

39

14

14

29

26

15

46

100%

100%

100%

100%

100%

100%

100%

100%

100%

100%

156

156

156

156

156

156

156

156

156

156
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Q3) Please tell us how satisfied you were with the following aspects of the conference.

70%
60%
50%
40%
30%
20%
10%
o o I ,_I ll I_I _mll | , ; IIl -
Registration Poster Title Abstract/Poster/ ForagerOne Main Room Breakout Sessions  Student Poster Opportunitiesto  Knowledge/Skills Technical
Process Submission Process  Optional Video Symposium Site Sessions (other than Presentation Network Gained Assistance
Submission Process for Posters poster sessions) Sessions
W Very Dissatisfied  m Somewhat Dissatisfied Neutral Somewhat Satisfied  m Very Satisfied N/A
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Q4) For each session that you attended, please let us know how satisfied you were with that

session.
Very Somewhat Somewhat
Dissatisfied Dissatisfied Neutral Satisfied Very Satisfied | N/A Total

Session % Count | % Count | % Count | % Count | % Count | % Count | % Count
Opening Session 1% 2| 0% 0] 12% 19 | 20% 31 | 41% 64 | 26% 40 | 100% 156
How and Why to Get Involved

in Research While an 1% 2| 2% 31 13% 20 | 13% 21 | 26% 41 | 44% 69 | 100% 156
Undergraduate

Graduate School - The Real

Strjry”ae chool-The riea 1% 1| 2% 3| 9% 14 | 13% 21 | 26% 40 | 49% 77 | 100% = 156
Student Lightning Talks 2% 3] 1% 1 9% 14 | 22% 35 | 36% 56 | 30% 47 | 100% 156
Strategies f S ful

rategies fora successiu 1% 1] 3% 4| 12% 18 | 13% 20 | 29% 45 | 44% 68 | 100% = 156
Research Experience

Paired Research Talks 1% 1| 1% 1] 15% 24 | 15% 24 | 33% 51 | 35% 55 | 100% 156

11
Poster Sessions 4% 6 % 17 6% 10 | 25% 39 | 46% 72 8% 12 | 100% 156
0
Closing Session 2% 3] 3% 41 15% 24 | 16% 25 | 38% 59 | 26% 41 | 100% 156
Q4) For each session that you attended, please let us know how satisfied you were with that session.
60%
50%
40%
30%
20%
10%
- Il | Il y |. ;.

0% t
Opening Session

IRSA

How and Why to
Get Involved in Research
While an Undergraduate

M Very Dissatisfied

Graduate School - The
Real Story

Somewhat Dissatisfied

Student Lightning Talks

Neutral

Strategies for a Successful
Research Experience

Somewhat Satisfied

Paired Research Talks

M Very Satisfied

N/A

Poster Sessions

Closing Session

TAB 1 Page 7




INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS

JUNE 16, 2021 ATTACHMENT 6
Q5) Please select your role.

Answer % | Count
Student 64.7% 101

® Student Educator 26.3% 41
Other 9.0% 14

= Educator Total 100.0% | 156

m Other

Q6) Other roles reported:

Administrator
Staff

Mentor

Panelist

Pl

Program Director

Q7) Did you present a poster? (This question presented only to the respondents who selected “Student”
as their Role.)

Answer % Count
Yes 85.1% 86
. No 14.9% 15
e Total 100.0% 101
® No
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" Yes

® No

Q9) How many conferences (technical and professional conferences) have you attended

including this one?

® This was my
first conference.
m2-3
4-5

m 6 0or more

10‘3%.

IRSA

ATTACHMENT 6
Q8) Were you a mentor of a student researcher who presented a poster? (This question
presented only to the respondents who selected “Educator” as their Role.)

Answer % | Count
Yes 78.0% 32
No 22.0% 9
Total 100.0% 41

Answer % Count
Thiswas my | 30.8% 48

first

conference.

2-3 26.9% 42

4-5 10.3% 16

6 or more 32.1% 50

Total 100.0% | 156
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Q10) How likely are you to attend ICUR next year?
60%
50%
40%
30%
20%

10%

0%
Not at all likely Moderately Likely Very Likely No answer

Answer % | Count
Not at all likely | 13.5% 21
Moderately Likely | 32.7% 51
Very Likely | 53.2% 83
No answer | 0.6% 1
Total 100.0% 156

Q11) What were your greatest lessons or take-aways from the conference?

The following table summarizes categories mentioned in the open-ended responses to this question and the
count of respondents who mentioned them. The summary is sorted by the greatest number of mentions to
the lowest. 100 respondents answered to this question; some mentioned more than one take-away. The sum
of the category counts is 139.

A criticism was received in response to this question and is indicated in red text.

CATEGORIES OF COMMENTS COUNT
Learn about students'/others' research 28
Diversity of research 19
Opportunity to present/practice presenting my research/poster 10

Zoom conferences can be successful 6
Research during COVID-19 6
Ability and potential of students 6
Networking opportunities 5
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Praise: Poster sessions 5
Lightning talks 5
Networking/interpersonal skills 4
Closing session 4
Gained confidence to present/conduct research 4
How to be a better researcher/succeed with research 4
Ability to support students 4
Students' enthusiasm 3
Research opportunities 3
Value of research 3
Graduate school info 3
New ways to get involved in UG research 2
Students' positive response to poster presentation experience 2
How to present research/posters 2
Praise: ICUR in general 2
Learn about fields and types of research 1
How to make the most of time as an undergraduate 1
Criticism: Inability to attend desired poster presentations via Zoom 1

breakout rooms

Feedback on my research
Perseverance in research
Praise: Students and faculty
Advice from faculty
ForagerOne platform

R R R R R R

Praise: ICUR organization

Strong responses:

e STUDENT: “The most impactful aspect of ICUR for me was the sheer variety and diversity of subject matter and
method of research. Before attending this conference, | had a singular view of what research was and now |
believe there is a place for everyone within this community regardless of their discipline.”

e STUDENT: “It felt nice to have people celebrate my accomplishments. | often down play my accomplishments
and hearing the [encouraging] words from Dr. Tromp and other presidents made a world of a difference.”

o The above statement is from a student who indicated they heard about ICUR through the LSAMP
program.

e EDUCATOR: “As always, the students were eager to get involved and had great questions. Their research was
phenomenal.”

e STUDENT: “Ireally liked the end of the first day session that discussed research during covid. I felt like that was a
great thing to include and made me feel much better about the whole situation.”

e STUDENT: “It was really exciting to see how much the professors advocated for the students and really seemed
to want the best for them and their research.”
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e STAFF MEMBER: “Hearing about students who proceeded with research and remained flexible in how they
approached their project was awesome. Any session where | could hear students share about their experiences
was my favorite. Their resilience was inspiring!”

The complete list of comments grouped by role follows, excluding “n/a” responses.

Student
Student

Student
Student

Student
Student

Student

Student

Student
Student
Student

Student

Student
Student
Student

Student
Student

Student
Student
Student
Student
Student
Student
Student

Student
Student

STUDENTS
All the research being done from students in many varying disciplines all over Idaho.
Being able to freely talk to students about graduate school was really helpful and impactful for this point
in my career. | also loved hearing from Dr. Bliss about what it takes to continue research and talking about
how to make the most of our research experience.
Being able to present
Exposure to a wide range of research projects. It was heartening to see so many fields of study united
under one "roof," even if just for one day.
Finding new ways to get involved in undergraduate research.
Getting to hear from the experienced people what they love most about research and learning about all
the different kinds of research happening.

Getting to see what other schools are working on, as well as building relationships within the scientific
community.

Having the opportunity to present my work to my peers of many different disciplines, as well as learn
about other research from different disciplines.

how diverse research can be

Humans are extremely adaptable.

| always enjoy the lightning talks and the diversity of the poster sessions. | definitely learn a lot from all of
the presenters.

| enjoyed seeing how diverse the research projects were and getting good feedback on my work (from
people not in my discipline)!

| feel like the range of research | now know about it extremely wide comparatively.

| felt like | was more confident in myself and my research afterward.

| found the breakout room that discussed how to succeed in undergraduate research very helpful. The
tips for a successful research experience were my biggest takeaway from ICUR.

| gained new information and | learned how other students conducted their research.

| have gained more skills by talking to people that | do not know and who do not know anything about the
subject of my research. Also, | liked the idea of exchanging the information between us it was something
helpful for me.

| learned that the lack of physical interaction makes presenting on Zoom less stressful, at least for me.

| learned the existence of a research method course at Boise State that | am quite interested in attending!
| liked the metaphor of a river being likened to research at the closing speech portion.

| love research and we are all contributing pieces of a puzzle that will make this a better world

| love the diversity in ideas and watching so many students researching exciting topics!

| realized how important being able to present one's work is in the research community.

| really enjoyed all the information about graduate school. Many of the questions | had were answered, as
well as questions that | didn't know | had. | feel much more confident and informed about the entire
process now.

| really enjoyed networking and hearing about other student's research.

| really enjoyed seeing what other research is done by undergraduate students.
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Student I really enjoyed the poster sessions and getting to hear about projects from a variety of fields that other
student researchers were passionate about and to share my work.

Student | really enjoyed the student lightning talks.

Student I really liked listening to what undergraduates from disciplines other than my own were doing for their
research.
Student I really liked the end of the first day session that discussed research during covid. | felt like that was a

great thing to include and made me feel much better about the whole situation.

Student | was able to see what other students were working on during the summer from different fields.

Student | Importance of networking in the scientific community

Student It felt nice to have people celebrate my accomplishments. | often down play my accomplishments and
hearing the encoring words from Dr. Tromp and other presidents made a world of a difference.

Student It helped me get a better feel for how to network and made me more convinced that | would like
BioMedical research.

Student It really helped me to see what kinds of specific research other undergrads were doing.

Student | It was great to see the variety of research projects that have been conducted in the state of Idaho. | was
grateful to be apart of that group.

Student It was really exciting to see how much the professors advocated for the students and really seemed to
want the best for them and their research.

Student @ Learned about various and interesting research outside my major

Student  Learning about other research being done.

Student = Learning about others research

Student = Learning about the research that others are doing.

Student = Learning about the variety of research that takes place in Idaho.

Student  Learning from other posters

Student = Learning from other students research and journeys

Student | Learning new things, experience presenting

Student  Listening to my Professor talk about research opportunities.

Student  Listening to other student's research was very eye-opening.

Student  Loved still being able to network with other researchers during these crazy times, and being reminded
that we are all struggling with the impacts of this pandemic.

Student = Meeting new people

Student = My greatest take away was how significant it is to be able to effectively communicate research to an
audience made up of individuals from a variety of fields.

Student = One of the most impactful parts of ICUR were being able to communicate and network using my research.

Student | presenting my lighting talk helped me learn how to succinctly communicate my research to a broad
audience

Student = Research is not confined to just science.

Student = Research isn’t just the super sciency stuff in a lab. It can also be art or music or film.

Student @ Seeing research done in other fields and all the other options there are was eye opening.

Student @ That doing research is never easy but should always be aimed for.

Student = That we all face challenges in our research and that is okay. Another take away is that | learned to just
stay motivated and stay passionate because that could take me far.

Student = The ability to hear a person briefly present their research, and then review the poster at my leisure
anytime during the conference.

Student | The entire process of preparing for the poster sessions was very helpful in building my presentation skills
and confidence.
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Student
Student
Student

Student
Student

Student
Student
Student

Educator

Educator

Educator

Educator
Educator
Educator

Educator

Educator

Educator
Educator
Educator
Educator
Educator
Educator
Educator
Educator
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The importance of networking

The main session talks about providing insight and tips on how to be a better researcher and succeed in
your field.

The most impactful aspect of ICUR for me was the sheer variety and diversity of subject matter and
method of research. Before attending this conference, | had a singular view of what research was and
now | believe there is a place for everyone within this community regardless of their discipline.

The most impactful part of attending ICUR was seeing such a wide variety of research topics and learning
about them from motivated students.
The most impactful part was seeing all interest attend; including those outside of the STEM program.
The overall experience.
The poster sessions. | really enjoyed presenting my research to others.
The practice of presenting a scientific poster at a professional event.
The quality of research doesn't come out much in a one minute pitch, just the researchers excitement
level.
The student lightning sessions.
The student presentations were fascinating and helped orient me to what | could expect for future
research projects | may work on and present in conferences.
There are many different areas of research that someone can go into
We are all in this together.
Will Hughes closing message really impacted me the most. Talk about a perfect message for wrapping up
a 10 week rollercoaster of a research experience.

EDUCATORS
As always, the students were eager to get involved and had great questions. Their research was
phenomenal.
Being able to attend the conference successfully and support my students while not traveling. | wish that |
had attended more sessions other than the poster sessions.

For ICUR 2020, that we can have attendance and participation from anywhere on the planet, and that
students will participate if they knew and had opportunity. | think ICUR could advertise in a national or
wider forum.

Frustration at not being able to select the poster presentations that | heard.

Great opportunity for students

| didn't realize how much great student research is taking place across the state! We should be very
proud.

| loved getting some of the students who were sort of stuck in their own disciplines to answer much more
basic questions by non-specialist audience members. In one case, the student struggled a bit, but then in
round 2 of the poster breakouts, | ended up in the same room with him again and saw a much more
audience-aware presentation the 2nd time! | also loved Will Hughes's moving, metaphorical comparison
of students, scholarship, stages in a life, seasons, and rivers. Seriously brought tears to my eyes!

I missed the connections from the in person, but | really liked the breakout room as a way to try to
replicate that.
| still enjoy the enthusiasm of the study students and the great breadth of research topics.

| was impressed with the students asking each other questions in the breakout sessions

| was very impressed at the polish the student lightning sessions.

Insight into the breadth and quality of undergrad research

My Students seemed to like the grad school panel.

Poster Sessions

Seeing students sharing what they've been working on all summer and gaining confidence.
student presentations.
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Educator Students learn from each other

Educator Students presenting their research projects (poster sessions)

Educator That our students are really doing great work!

Educator The students manged to perform a great job during the pandemic.

Educator To see so much support of undergraduate research, in ways | didn’t receive when | was in college

OTHER ROLES
Other Diverse poster sessions and a fantastic keynote for the closing session.
Other Hearing about students who proceeded with research and remained flexible in how they approached

their project was awesome. Any session where | could hear students share about their experiences was
my favorite. Their resilience was inspiring!

Other learning that a zoom conference will work

Other My greatest take-away is the value that research has on the student experience and how incredibly
talented our staff and students are. Very impressive!

Other Poster break-out sessions were great!

Other This was an excellent substitute for an in-person meeting. Bravo to the organizers.

Q12) What changes in the ICUR would significantly improve the conference experience for
you?

The following table summarizes categories mentioned in the open-ended responses to this question and the
count of respondents who mentioned them. The summary is sorted by the greatest number of mentions to
the lowest. 84 respondents suggested a change; some made more than one suggestion. The total count of
suggested changes/improvements is 100. 72 respondents either did not answer this question or indicated
they had no suggestions for improvement.

CATEGORIES OF COMMENTS COUNT
Poster sessions 55
Conference - general 27

Plenary/breakout/other talk sessions
Other logistics
Networking

= W o o

Discipline focus

Highlights:

e Poster sessions

o 21 people requested being allowed to choose which session/room to attend

o 12 people stated students needed more time to present

o 7 people made structure redesign suggestions for the suggestions

o 5 people recommended better randomization of the participants in each room

= 4 of these said they were in poster sessions with the same people more than once
e Conference - general
o 13 people requested resuming an in-person conference
o 2 people suggested better communication of submission/registration process
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o 2 people mentioned challenges using the ForagerOne site

e Plenary/breakout/other talk sessions

o 2 people made session structure redesign suggestions
e Other logistics

o 3 people requested longer/more breaks between sessions
e Networking

o 3 people suggested better/more networking opportunities*

*Repeat highlight from last year

Strong criticisms:

e STUDENT: “Better breakout room sessions with a longer break between session two and three. It would also be
helpful if each room was conducted the same way. My favorite room had us each give our pitch and have 2 min
of questions directly following my pitch. In The other rooms | didn’t get any questions about my poster.”

e STUDENT: “The only thing I can think of would be if there was some way we could choose which student
presentations we listened to. | know we can leave comments on Foragerone, but its not the same as an "in
person" interaction. Maybe even if there were just a few more poster sessions so you were more likely to see on
of the presentations you were interested in. Or if one of the sessions was grouped by discipline so you could see
other work in your field.”

e STUDENT: “Setting up break out rooms for presenter/mentor pairs ahead of time might be beneficial. | know
that some mentors would have liked to see their student present, however were unable to due to the random
grouping. Having student/mentor pairs for one session would provide an opportunity for mentors to observe
their student present so that additional feedback could be given after the conference.”

e STUDENT: “l wish that we would get more time to present our posters. Actual poster presentations would
actually be longer than 1-3 minutes. | feel that the short presentations don't prepare us to present at other
conferences.”

e STUDENT: "I found the random nature of the breakout rooms for the poster presentations frustrating. There
were many presenters whose pitch | wanted to hear but wasn’t able to. It felt inefficient and frustrating not to be
able to hear from presenters | really wanted to while hearing from other presenters multiple times because we
had been assigned to multiple breakout rooms together.

That said, | understand that hosting a conference online is difficult, and I really appreciate all the hard work that
went into adapting the conference!"

e EDUCATOR: “I noticed that in one of the sessions, when we were about to go into breakout rooms, the number
of attendees dropped pretty noticeably. Maybe tell people they have the option to stay in the main room if they
aren’t in the mood to engage so that they don’t leave altogether? It can feel like a lot for the introverts
sometimes, especially as the day goes on.”

Changes/Comments by Category (sorted by the greatest number of mentions to the lowest):

CATEGORY > SPECIFICS COUNT
Poster sessions 55
Allow choosing which session/room to attend 21
More time to present 12
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Session structure redesign suggestion 7
Better randomization 5
Group by discipline 5
Preference for small, interactive sessions on Zoom instead of large, in-person

room 1
Option to stay in main room 1
Not specified 1
Better/more communication of sessions and details before conference begins 1
More poster sessions 1

N
N

Conference - general
Resume in-person

[
w

Better communication of submission/registration process
ForagerOne challenges
Better/more communication of sessions and details before conference begins
Scheduling suggestion
Desires in-person / did not like virtual format
Session structure redesign suggestion
Technological fluency
Set a standard for projects to be included
Include graduate students
Too long
Intersect more visibly with federally-funded programs
More breakout groups
Plenary/breakout/other talk sessions
Session structure redesign suggestion
Not specified
Better talks/speakers - not specified
More interactive sessions
Option to stay in main room
More sessions for faculty/mentors
More time to present
Other logistics
Longer/more breaks between sessions
Not enough time for lunch
Better/more communication of sessions and details before conference begins
Extended deadline for submitting posters and abstracts
Networking
Better/more networking opportunities
Discipline focus

R R W WR R R WORRRRERRRERNOGORRRRRRRRRRLRNN

Include disciplines other than hard science
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The complete list of comments grouped by role follows, excluding “n/a” and “none” responses that do not
elaborate further.

Student

Student

Student
Student
Student
Student

Student

Student

Student

Student

Student

Student

Student

Student
Student

Student

Student

Student

STUDENTS
A better platform to be able to choose what posters you would want to see and listen to a presentation on.

With it being on zoom we were not able to see talks on posters that we wanted to hear and on topics that
we could more-so comprehend.

Although this is dependent upon the audience itself, greater interaction between participants in the
breakout sessions. Perhaps some sort of mediated "round table" discussion among the members might
facilitate this?

An extended deadline for abstracts and posters

Aside from returning to an in-person conference, | would say workshopping the due dates.

Being able to contact students | made connections with.

Better breakout room sessions with a longer break between session two and three. It would also be helpful

if each room was conducted the same way. My favorite room had us each give our pitch and have 2 min of
questions directly following my pitch. In The other rooms | didn’t get any questions about my poster.

better more informative talks - learning about undergraduate research isn’t helpful when we are already
engaged in it; grad school info session was also pretty basic and not very informative

For online conference: the ability to choose the topic of interest so that you have a chance to connect to the
people from your field.

Grouping poster sessions to more similar categories
Have breakout rooms be based on subject matter.
Having it in person.

Having the conference on the weekend versus weekdays—we were still running experiments and could only
attend sessions we were presenting in.

Honestly, especially given the circumstances with Covid-19, | thought the organizers and participants did a
fantastic job! The only complaint | had was the forager one poster presentation site. It was a little bit clunky
to navigate. Being able to search specific meta data for a poster would have been very helpful (author,
institution, etc). Not all posters had a poster number associated with them. It was difficult to easily display
the poster in a full-screen manner so that you could read the small text.

hopeful for an in person conference next year.

| can't think of anything besides being able to be there in person which was out of anyone's control this
year.

| don't mean to be rude about this at all, but having attended the undergraduate research conference at
BSU a couple of times, | know firsthand that having the thing in person works infinitely better. | understand
that you guys were trying to put something on just so there could be a conference, and given the
circumstances, I'd say you did about the best job you could, but | would've really preferred if we could've
postponed until either the fall or next spring, whenever you could find a venue large enough to allow for an
in-person conference.

I don't necessarily have any recommendations besides meeting in person would be much more valuable
than zoom. But circumstances were against us on that one.

| felt like the poster breakout sessions need improvement, or going to in person.
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| found the random nature of the breakout rooms for the poster presentations frustrating. There were many
presenters whose pitch | wanted to hear but wasn’t able to. It felt inefficient and frustrating not to be able
to hear from presenters | really wanted to while hearing from other presenters multiple times because we
had been assigned to multiple breakout rooms together.

That said, | understand that hosting a conference online is difficult, and | really appreciate all the hard work
that went into adapting the conference!

| just hope we have the opportunity to do it in person next year!
| just miss impersonation interaction so much.

| really liked the "roundtable" format from the small group poster sessions. | know the conference will likely
not be virtual again but it was nice to have a small group to share our research with and ask questions
rather than only poster presentations in a large room.

| think getting to meet people in person would improve the experience hopefully for next year.

I think taking more sessions for posters just because it was a really fun different way to present but | felt like
| wanted to talk to more people and hear about more research.

| wish that we would get more time to present our posters. Actual poster presentations would actually be
longer than 1-3 minutes. | feel that the short presentations don't prepare us to present at other
conferences.

| would definitely recommend giving the student presenters more time in breakout rooms for presentations.
Perhaps doing two rounds of break out rooms would make more sense so that there is more time. | also was
disappointed that | did not get to see all of my peers present, but | know there were limitations to this Zoom
conference.

| would have liked the opportunity to see more of my peers research because | ended up in the same
breakout groups as other student researchers several times.

| would have liked to learn about research in my area or have had the ability for my mentor to sit in on one
of my 1 minute talks. The conference primarily focused on biochem and although that is a part of STEM and
research it isn’t the only part.

| would have the students have their posters ready and share their own screens, so the mediator doesn’t
have to waste time searching for the students’ poster. | thought it was rude and ill prepared of students to
ask the mediator to share their poster for them, because they were being lazy and reading a script from
their own computer.

| would like the ability to have my mentors watch my presentation. Although | understand there is great
difficulty in setting up an online conference to accommodate the ability for a large group of people to
choose their breakout rooms, | think finding a way to facilitate at least one poster session so this could
happen would be great. That being said, | did like that the randomization of breakout rooms allowed me to
listen to presentations that | might not have stopped at during an in-person conference.

| would prefer to experience the conference in person it would have made it better for me.

If ICUR were to continue on zoom | would encourage more attendee participation by using surveys and polls
to interact with everyone.

If this conference is held online next year, | would suggest changing the poster sessions. | was confused
about how they were going to work right up until the very beginning of the first one. | feel that the 1 minute
time limit for presenting the poster was slightly too short and most groups ended up giving people 3-5
minutes to talk which was much better. Overall, more information on how things were going to work would
have made my experience much better.

If using Zoom, create breakout rooms with more diverse topics. | found myself in rooms with people | was
already conducting research with.
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If you will be online again use a system where the posters are viewed free form and not in breakout rooms.
Cut the zoom aspect entirely as this made it chaotic and hard to focus in on one poster you enjoy. The
comment section below each poster is sufficient for discussion and it lets researchers focus on presenting
their work in its entirety rather than having a small spotlight in a small room full of people who are
disinterested.
In the future, add individual zoom links to each poster during an allotted time so those interested may go to
that students breakout room and hear about their research. Similarly to an in person poster session.

It was fine, but | got tired after the first two poster sessions and needed a longer break for lunch. It just felt
long-winded with barely any time for breaks if you are the presenter.

It will be great if it can be a physical conference, but only God knows what the future holds.

Longer poster breakout room sessions; 30 minutes just wasn't long enough. Possibly determine the poster
breakout room's prior to Friday so we can have time to look at our co-presenters posters and have
questions ready for them. It felt like a lot of our time for Q&A was just spent asking really generic questions
or no questions at all.

Longer poster sessions (10-15 more minutes) for more time to ask questions and/or answer them.

Longer time for breakout sessions when presenting the posters and answering questions.

Longer time to explain our research, or divide it in two days.

Moderators for all breakout rooms

More breakout groups

More breaks between poster sessions. More consistency in the Poster sessions.

More poster sessions/more time for students to actually interact with each other. | feel like a lot of the time
we were talking at each other. Also the majority of the non-poster-session talks were hard to sit through.

More time involved in smaller groups.

Opportunity to network with similar disciplines. This would also provide opportunities to our field and
building relationships.

Perhaps having participants create a video presentation to attach to their posters in case you don't get put
into the same breakout room as some that are most interesting.

Setting up break out rooms for presenter/mentor pairs ahead of time might be beneficial. | know that some
mentors would have liked to see their student present, however were unable to due to the random
grouping. Having student/mentor pairs for one session would provide an opportunity for mentors to
observe their student present so that additional feedback could be given after the conference.

Submission for title submission wasn’t advertised so | didn’t know when or how to do it.
Technological fluency in main sessions.

The 30 second elevator pitch was difficult for my first time around. | realize it needs to be short, but | would
have preferred for it to be longer.

The online breakout room research pitch was interesting.. | ended up being put into the same breakout
room twice and saw about 10% of the same researchers present. | don't know how randomization into room
could have been better made, but there were some repeat moderators and poster presentations that | sat
through.

The only thing | can think of would be if there was some way we could choose which student presentations
we listened to. | know we can leave comments on Foragerone, but its not the same as an "in person"
interaction. Maybe even if there were just a few more poster sessions so you were more likely to see on of
the presentations you were interested in. Or if one of the sessions was grouped by discipline so you could
see other work in your field.
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The only thing | might consider is having the posters presented by topic. My research was difficult to explain
in a short time so during my "elevator pitch" | found | was only able to explain very introductory aspects of
the research. | think it might help to have presented to people who were doing similar research because
that way | wouldn't have had to introduce the topics my research was based on and i would have more time
to talk about my research fully.

There should probably be a higher bar for some work to be included - there were a couple people who
presented research that wasn't particularly enlightening.

EDUCATORS

Allow participants to select the talks / sessions they want to attend. This can be accomplished using Zoom.
| have attended a 3 day meeting with over 80 sessions where we could could the sessions we wanted to
attend and even change sessions as we wished.

Being able to attend talks given by my students and also connect more with other students doing similar
research as in my lab (more networking, but | am aware that it is extremely which hard to pull off in a virtual
setting).

Being able to request a breakout room by the Poster Number. | arrived late and missed the first session, so
there was a chance that | would not see my students. | had to have my students text me their breakout
room numbers, so | could be moved.

Besides being randomly selected for the poster session, it would be useful to be able to select for attending
at least my students' presentations.

Break out poster session should have each room directly linked to title of poster on website page. Should
not be randomized as spectator into the rooms. So you can choose to visit a room, thereby giving more
emphasis to speaker.

Have posters on Day 1 and an opportunity for poster Q&A or "office hrs" so there can be more interaction.

I noticed that in one of the sessions, when we were about to go into breakout rooms, the number of
attendees dropped pretty noticeably. Maybe tell people they have the option to stay in the main room if
they aren’t in the mood to engage so that they don’t leave altogether? It can feel like a lot for the introverts
sometimes, especially as the day goes on.

| wish we had graduate students as well.

| would have liked to be able to choose which student poster presentations | attended, but | understand that
would be logistically challenging over Zoom.

I'd love to have been able to choose which poster sessions to attend, since there were some that | wanted
to know more about, in actual interaction with the presenter. But | also understand that this way was much
fairer to distribute audience members evenly. Is there a way to have 2 or 3 rounds of random distribution,
like we did, plus one round, like the coffee break table at an in-person conference, where we could interact
more informally with student presenters that we seek out specifically? Maybe even have the introduce-
yourself breakout rooms AFTER the poster sessions, so that we could potentially talk to people whose
posters we hadn't heard about?

If it were run online again it might be better to have attendees browse the posters in ForagerOne during the
poster session and then click on one to join a breakout room type thing with the presenter and any other
interested attendees.

In person again if that is an option next year

It is not so much ICUR as my own schedule and commitments. | would have liked to be at more events, and
to interact more with the participants. There was one event that | found a bit anomalous ... switching to
breakout room and back to the main session every few minutes - the times in the breakout room were a
little short to let people get to know each other.

Knowing when students are presenting
Maybe more for faculty mentors, but not essential. The conference is for undergrads after all.
More awareness for others to join in.
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More choice in which posters to “visit”
Poster intros were much too short. The students barely had time to state the research and then abruptly
ended. Give students at least 2-3 minutes. There was plenty of time at the end of all poster sessions.

Searching posters on the online platform wasn't uniform. It only searched the text in the poster which
made it hard to fine posters if the authors were in a graphic.

The coordination of the faculty presenters went pretty well. | felt there were perhaps too many emails and
online documents, but | appreciated having the dress rehearsal for practice.

Themed poster sessions rather than the random assortment. This would vastly improve the potential for
useful networking interactions, and increase the quality of the questioning and feedback for students.

virtual conference is not the way to go

OTHER ROLES
Back to in-person conference.
Being virtual is always tough. On the one hand, randomizing attendees into breakout rooms allowed me to
see diverse poster presentations | would not normally stop at. On the other hand, it would have been nice
to see my students present. In all the poster sessions | attended, the moderators did a great job making sure
everyone was asked a question. After talking to our SARE students, | think this experience was not
consistent. One of my students reported that she was only asked one question across all four poster
sessions, and was also locked with the same moderator for most sessions. Next time, better mixing with
moderators would be helpful.
Give general participants a choice of poster sessions (break room) to attend.
Intersect more visibly with the large federally-funded programs that include undergraduate
research/creative activity such as INRBE and EPSCor, and B2B.

Two days was very long for me.
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Introduction

The Institute for STEM & Diversity Initiatives (ISDI) oversaw the HERC Undergraduate Research
Fellowship at Boise State University Fall 2019, and Spring 2020. ISDI changed its office name to the
Institute for Inclusive & Transformative Scholarship in the summer of 2020. HERC funds were
used to support Boise State undergraduate students who had minimal research experience with a 10-
week mentored research opportunity. Funds provided by the Higher Education Research Council
supported a total of 27 students across 12 ditferent STEM disciplines.

In addition, HERC funds made it possible to support 10 students with travel opportunities to attend
professional STEM conferences in their field.

On behalf of the Institute for Inclusive & Transformative Scholarship, we thank the Higher
Education Research Council for their generous support in helping build meaningful experiential
learning experiences for Idaho students and supporting faculty research.

HERC Funding:

The Higher Education Research Council provided $55,000 in supplemental funding for STEM
undergraduate research this year. Please see table below of how stipends and travel awards were

dispersed.

Stipends Amount
Boise State Research Stipends $51,805
Student Travel to Professional Amount
Conference

Molecular Beam Conference (1 student) $440.22
2020 Pacific Sociological Association $1, 559.60
Conference (4 students)

Undergraduate Women in Physics $688.44
Conference (4 students)

Applied Anthropology Conference (1 $506.12
students)

Total $54,999.38

Note: Travel less than normal due to COVID
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Boise State Research Fellows Undergraduate Research Fellows and Discipline

Student Name Gender | Ethnicity Race STEM Major
Holly Bossart F NonHispanic/Latino/a | Caucasian | Applied Mathematics
Antone Chacartegui | M Hispanic/Latino/a Hispanic | Mathematics
Grace Coughlin F NonHispanic/Latino/a | Asian Chemistry
M]J Faris F NonHispanic/Latino/a | Caucasian | Elementary Education -
Earth Science
Tessa Mei-lin Fong NonHispanic/Latino/a | Caucasian | Mechanical Engineering
Maddelyn Jackson NonHispanic/Latino/a | Caucasian | Chemistry
Julio Gonzalez M Hispanic/Latino/a Hispanic | Anthropology
Tempelta
Kate Grosswiler F NonHispanic/Latino/a | Caucasian | Geosciences
Ashely Leavell F NonHispanic/Latino/a | Caucasian | Biology
Crystal Lundgren F NonHispanic/Latino/a | Caucasian | Chemistry
Dalton Miller M NonHispanic/Latino/a | Caucasian | Health Sciences
Sabrina Moores F NonHispanic/Latino/a | Caucasian | Mechanical Engineering
Alyssa Romero F NonHispanic/Latino/a | Caucasian | Health Studies
Kyra Schroeder F NonHispanic/Latino/a | Caucasian | Geosciences
Kendall Swainston | F NonHispanic/Latino/a | Caucasian | Biology
Rebecca Torres F Hispanic/Lantino/a More Chemistry
than one
race
Ellie Woerner F NonHispanic/Latino/a | Caucasian | Mechanical Engineering
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Travel Awards

Student Name Conference attended STEM Major

Trent Garrett Molecular Beam Conference Physics

Bryant Hay Applied Anthropology Conference Anthropology

Madison Johnson Undergraduate Women in Physics Physics
Conference

Isabelle Mais 2020 Pacific Sociological Association Sociology
Conference

Nathan McGregor Undergraduate Women in Physics Physics
Conference

Stanford 2020 Pacific Sociological Association Sociology

McConnehey Conference

Alessia Molina Undergraduate Women in Physics Physics
Conference

Jayanthi Pressana Undergraduate Women in Physics Physics
Conference

Ann Snelgrove 2020 Pacific Sociological Association Sociology
Conference

Sam Savage 2020 Pacific Sociological Association Sociology

Conference
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Fall 2019 HERC Fellow Boise State Student Abstracts:

Tessa Mei-lin Fong

Faculty Mentor: Dr. Zhangxian Deng, Department of Mechanical Engineering, Boise State
University

Research Title: The Use Of Magnetostrictive Materials In Vibrational Energy Harvesting

Wireless devices have increased in the recent years. More technology means more products
being charged. Recently, there has been a development of wireless charging because people

need something convenient. Smart materials are being looked at, namely magnetostrictive
materials. The energy harvester being designed will use mechanical energy (in the form of
vibration) and convert that to electrical energy (in the form of voltage). This process can be used
to create energy that can be applied to smart devices. The first objective was to develop a

strong understanding of smart materials, especially magnetostrictive materials. The knowledge
was then applied to learning about energy harvesting. This objective was met by reading and
understanding research papers and reports from Dr. Zhangxian Deng. The two main reports
included the “Review of magnetostrictive vibration energy harvesters” and “Magnetostrictive
Devices”, both by Dr. Zhangxian Deng and Marcelo | Dapino. [1], [2] The second objective was
to develop skills in CAD and/or data acquisition softwate to allow a hands-on experience. This
was done through the use of programs, such as SolidWorks and LabView. Hands-on

experience was further demonstrated through the use of building the prototype. The last
objective was to improve technical communication and writing. Technical communication of the
problem was found with research papers provided by Dr. Zhangxian Deng, along with weekly
meetings. Technical writing improved through the written final report due at the end of

the corresponding semester. Fulfillment of these objectives helped the SMS Lab gain a system
for future testing, along with a demonstration to model for those who may visit the SMS Lab.

Kate Grosswiler
Faculty Mentor: Dr. Mark Shmitz, Department of Geosciences, Boise State University

Research Title: Carbon Isotopic Analysis of Thaynes Formation Limestones: Using Global Carbon
Cycle Perturbations to Explore the Temporal Correlation Between Early Triassic Ammonoid
Biochronozones in North America and South China

The Permian-Triassic mass extinction, the most devastating mass extinction event in Earth history,
was followed by a series of significant carbon cycle perturbations and climatic oscillations.
Consequently, biotic diversity increased and decreased episodically. Because of their rapid speciation
and preferential preservation, ammonoid fossils serve as key indicators of post-extinction marine
faunal repopulation.

Previous work indicates Early Triassic ammonoid speciation was globally synchronous, yet
radioisotopic age constraints on stratigraphic sections in Northeastern Nevada and South China that
host identical ammonoid biochronozones exhibit a 1.5 Myr age offset. This age discrepancy
illustrates the need for additional work to establish the temporal correlation between the North
American and South China biochronozones.
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We conducted carbon isotopic analyses on 63 limestone samples collected from the Early Triassic
Thaynes formation in Southeastern Idaho and compared our results to carbon isotopic data from
the Loulou formation in South China. Both formations host the same ammonoid biochronozones,
making carbon isotope chemostratigraphy a useful calibration tool to determine whether the
observed age incongruity is the result of erroneous biostratigraphic characterization or the result of
flawed radioisotopic data from South China.

Ashley Leavell

Faculty Mentor: Dr. Marie-Anne de Graaff, Department of Biology, Boise State University
Research Title: TItle: Soil recovery after fire and invasion: implications for sagebrush
reestablishment

The sagebrush steppe ecosystem has been heavily impacted by disturbance, including fires and the
invasion of cheatgrass (Bromus tectorum). Both fire and changes in the plant community can impact
soil properties that reduce sagebrush (Artemisia tridentata) reestablishment success, but in the long-
term, these soil properties may recover thus allowing for sagebrush re-establishment. With this study
we ask: how do soil properties change in a recovering sagebrush ecosystem? To quantify soil
properties and changes therein as succession progresses, I will investigate a 1983 fire on the Orchard
Combat Training Center that is experiencing re-establishment of sagebrush. Soil samples have been
collected from three areas: (1) areas of no sagebrush regrowth, (2) areas with sagebrush regrowth,
and (3) unburned areas adjacent to the fire. I will measure physical, chemical, and biological soil
properties that are critical to sagebrush re-establishment. These include soil structure, organic matter
content, pH, nitrogen and carbon content, and microbial and arbuscular mycorrhizal fungi (AMF)
communities. These results will allow us to evaluate the process of succession following fire and
invasion, and the importance of recovery of soil properties in enabling this process.

Crystal Lundgren

Faculty Mentor: Dr. Michael Callahan, Department of Chemistry and Biochemistry, Boise
State University.

Research Title: Synthesis and Characterization of Metallocyanides for Meteotite Analysis

Cyanide may have played an important role in prebiotic chemistry on early Earth including the
synthesis of amino acids and nucleobases. Iron cyanocarbonyl complexes were recently discovered
in meteorites (Smith e a/., Nature Communications 2019); however, the complete characterization
and quantification of these compounds in meteorites has not yet been performed. We synthesized
trans-(PPhy)2[Fe(CN)4(CO)2] and (PPN);[Fe(CN)s(CO)] using procedures modified from Contakes ez
al. (Inorganic Chemistry 2002) and characterized these compounds by electrospray ionization mass
spectrometry. Mass spectral peaks corresponding to distinct isotopologues were found to be
identical to those measured in meteorites. Future work will involve accurate quantification of iron
cyanocarbonyl complexes in meteorites using our synthesized compounds as reference materials.

Kendall Swainston

Faculty Mentor, Dr. Ken Cornell, Department Chemistry & Biochemistry, Boise State
University

Research Title: Toxicity testing of anti-parasitic MTN inhibitors against mammalian cells

Giardia intestinalis (GI) is the most common protozoan parasite in the U.S. It is contracted by
consumption of cysts that are passed in the feces of humans, domestic animals, and wildlife and
frequently contaminate watersheds in Western states. The cysts pass through the stomach and
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excyst to the form trophozoites that infect the proximal small intestine, where they cause severe
flatulence, diarrhea, abdominal cramps, nausea, vomiting, dehydration, and weight loss. Drugs like
metronidazole (MTZ), tinidazole, and nitazoxanide are usually prescribed, but there are increasing
cases of treatment failure. Our prior work has shown that the parasite enzyme 5’
Methylthioadenosine nucleosidase (MTN) is an excellent target for drug development as it is unique
to the parasite and absent from humans. I silico screening of allosteric drugs against crystallographic
models of the parasite MTN has identified 36 potential MTN inhibitors, a number of which show 7
vitro anti-parasitic activity. In an effort to demonstrate that the compounds do not show undesired
off target effects in humans, we have performed preliminary 7z vitro cytotoxicity screening of these
compounds against cultured normal human fibroblasts and human fibrosarcoma cells. Our initial
studies show that most of the compounds show little effect against human cells, even at high (100
uM) concentrations. The results of these initial studies will be presented.

Rebecca Torres

Faculty Mentor: Dr. Owen McDougal, Department of Chemistry and Biochemistry, Boise
State University

Research Title: Detection of Acrylamide in Coffee Using Near Infrared Spectroscopy, Liquid
Chromatography-Mass Spectrometry, and Gas Chromatography-Mass Spectrometry

Acrylamide is a suspected carcinogen required to be listed on food labels in California. Certain foods
that are cooked at elevated levels convert amino acids, such as Arginine, Asparagine, and Lysine,
into acrylamide through the Maillard reaction. Foods such as potato chips, french fries, breakfast
cereals, and coffee are required by Proposition 65 to be labeled as containing a suspected
carcinogen. Near Infrared (NIR) spectroscopy, as well as Liquid Chromatography-Mass
Spectrometry (LC-MS) and Gas Chromatography-Mass Spectrometry (GC-MS) will be used to
analyze acrylamide levels in light, medium, and dark roast coffee.

Ellie Woerner

Faculty Mentor: Dr. Krishna Pakala, Department of Mechanical Engineering, Boise State
University

Research Title: Student Athletes in STEM

It is a rare combination for a Division 1 student-athlete to be pursuing a STEM degree owing to the
rigor needed to pursue these degrees. Pursuing a STEM major is also very strenuous and often
leaves limited time outside of their studies and has not been favored by athletes. Due to the rarity of
this combination of individuals, there isn’t a lot of information regarding how the experience of
these student-athletes is during their college career. The study explores the support structures in
place to help these student-athletes thrive both in the classroom and on the court, field, pool, or any
other arena they are competing in. This study also reports on the skills that these individuals have
that are enhanced through their sport and translate to the classroom to help them excel in their
degrees. Finally, this study sheds light on how these individuals balance the roles of both student
and athlete. The study results were obtained through surveys for the student-athletes and in-person
interviews with staff in the athletic department, such as coaches and academic advisors.
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Spring 2020 HERC Fellow Boise State Student Abstracts:

Holly Bossart

Faculty Mentor: Dr. Jaechoul Lee, Department of Mathematics, Boise State University
Research Title: Effective sample size calibrated multiple comparison methods for long memory US
stock volatilities

Volatilities in stock prices often show long range dependence, representing significant
autocorrelations even in large time lags. Multiple comparison methods can be used to identify
different mean volatilities. However, the classical multiple comparison methods, including Fisher’s
least significant differences test, Tukey’s honestly significant differences test, and Student-Newman-
Keuls test, produce erroneously sensitive comparison results for long memory time series because
these methods are developed for independent data. To accurately achieve the target significance
level for long memory data, we propose using effective sample size (ESS) methods to calibrate these
three popular multiple comparison tests. After using change point analysis to detect a sudden rise in
mean stock volatilities of thirty prominent companies in January 2018, we analyze means before and
after the changepoint using our ESS modified multiple comparison tests. With recent empirical
evidence showing that low-volatility companies can outperform high-volatility companies, our
methods help accurately identify which companies are low or high volatility.

Antone Chacartegui
Faculty Mentor: Dr. Donna Calhoun, Department of Mathematics, Boise State University
Research Title: Three Surprising Properties of Surface Curvature

Differential geometry is a branch of mathematics that studies local and global properties of curves
and surfaces. Curvature plays a fundamental role in differential geometry. There are several different
types of curvature described on a surface. For this research project, I investigated three surprising
properties of normal curvature on smooth surfaces. The first property is a result of Euler’s Theorem
of principal curvature, which states that on any smooth surface, the principal curves at a point P are
always orthogonal. The second property is the Mean Curvature theorem which states that, at a point
P on a surface, the average curvature of all the normal curves passing through P is simply the
arithmetic mean of the minimal and maximal curvature. The third property is that the mean
curvature is related to the Laplacian.

How is it possible that the principal curves at a point P on a smooth surface are always orthogonal?
Or that the average curvature is simply the arithmetic mean of the principal curvatures? How is the
Laplacian operator, evaluated on the surface related to mean curvature? We will examine these
questions and their answers.

Grace Coughlin

Faculty Mentor: Dr. Don Warner, Department of Chemistry and Biochemistry, Boise State
University

Research Title: The Advancement of Breast Cancer Treatment by Developing Novel Cytokine
Inhibitors

In the year 2020 the American Cancer Society estimates that 276,480 women will be diagnosed with
invasive breast cancer and 42,170 women will die in the United States alone. The five-year survival
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rate plummets from 99% to 27% for metastatic breast cancer patients, making breast cancer the
second leading cause of cancer deaths in women. An inflammatory cytokine (IC) plays a crucial role
in activating cell signaling pathways that initiate the early stages of metastasis (i.e. detachment,
migration, and intravasation), increasing the frequency of secondary tumors in vital organs. The aim
of this research is to develop a small molecule inhibitor (SMI) that mediates IC-induced cell
signaling. Previously, a high-throughput virtual screen of ~1.65 million compounds and a
subsequent enzyme-linked immunosorbent assay (ELISA) identified SMI-26 as a lead compound.
The three aryl groups of IC-SMI-26 have been synthetically modified to assess the steric,
hydrophobic, and electrostatic interactions that contribute effective inhibition. Thus far, the
incorporation of halogen substituents in aryl group 1, hydrophobic moieties in aryl group 2, and a
strong electron withdrawing group in the para position of aryl group 3 increases SMI binding to the
IC as determined by fluorescence quenching assays and ELISA experiments.

M] Faris
Faculty Mentor: Dr. Karen Viskupic, Department of Geosciences, Boise State University
Research Title: Metacognitive Learning Strategies Used by Geoscience Students

Use of metacognitive learning strategies leads to better learning outcomes in college students (e.g.
Dewey, 1933). This study sought to determine which metacognitive learning strategies are currently
being used by geoscience students at Boise State University in order to see if students’ metacognitive
skills improve over time while in the geoscience program. Of the 43 students who completed the
Learning Strategies portion of the Motivated Strategies for Learning Questionnaire (MSLQ); Pintrich
et al., 1991), 11.6% were undergraduate underclassmen, 32.6% were undergraduate upperclassmen,
and 55.8% were graduate students. Participants identified as 55.8% female and 44.2% male. Total
scores ranged from 173-332 (M=247, §D=33.306) out of a possible 350. Students’ use of
metacognitive learning strategies is correlated with both age and class standing. Correlations between
gender and learning strategy use were inconsistent and statistically insignificant. Participants, on
average, reported high use of Effort Regulation strategies and low use of Peer Learning strategies.
Specific metacognitive and peer learning strategies are recommended to the faculty of the Boise
State University Geoscience Department in order to improve student use of metacognitive learning
strategies which we hypothesize will improve student success.

Julio Gonzaelz Tempetla
Faculty Mentor: Dr. Pei-Lin Yu, Department of Anthropology, Boise State University
Research Title: Archaeological Predictive Model: Orchard Combat Training Center

The objective of this research is to help protect cultural heritage resources on Idaho National Guard
lands that are protected by law and are significant to Idaho Native Americans and historically
associated communities. By utilizing a predictive model previously developed by Michael Bishop, a
Boise State University alumnus, with variables specific to the Idaho National Guard’s Orchard
Combat Training Center (OCTC), a map was successfully produced that identifies areas of high
probability for encountering archaeological sites. Working from the variables in Bishop’s predictive
model, we used ArcGIS mapping software to select only those areas within the area of interest with
a specific distance to hydrological features, elevation, and angle to hydrology. This map will be field-
tested by conducting pedestrian survey and based on the results, the model will be refined to
increase accuracy in future applications. We hope our research facilitates the management of cultural
heritage resources within the OCTC and provides further research opportunities.
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Maddelyn Jackson
Faculty Mentor: Dr. Daniel Fologea, Department of Physics, Boise State University

Research Title: Lysenin Channel Selectivity for Monovalent Metal Cations

The ability of transmembranes to selectively transport ions and molecules across biological
membranes is paramount for all cells. The functionality of excitable cells, such as the excitability from
the brain and muscles, is unequivocally determined by the ability of ion channels to discriminate
between ionic solutes. Selectivity, along with high transport rate and regulation, is fundamental for all
ion channels. Following this line of thinking, we asked whether other protein channels, with regulatory
functions, have similar selectivity to ion channels. Our investigations were focused on lysenin, a
protein that self-assembles into a regulated, large-conductance channel in both artificial and natural
lipid membranes. The ionic selectivity of lysenin channels of monovalent metal cations was estimated
through transmembrane voltages measured after chemical gradients were produced across the
membrane through successive ionic additions. Our results clearly demonstrated that lysenin channels
present cation selectivity. However, the estimated ionic permeabilities were different for Na-, K+, Li-,
and Cs-. This unusual feature, commonly shared by ion channels, may be further explored for
controlling the electrochemical gradients across natural and artificial cell membranes.

Dalton Miller

Faculty Mentor: Dr. Ken Cornell, Department of Chemistry and Biochemistry, Boise State
University

Research Title: Demonstration of Cold Atmospheric Pressure Plasma Biofilm Removal Using
Profilometry

The CDC estimates that 128,000 people are hospitalized due to food-borne illness each year in the
United States. The presence of bacterial biofilms in food-processing settings is a concern for the
spread of disease, and is responsible for a significant number of the outbreaks that result in
hospitalizations and food recalls. Although food-processing plants can be sterilized to some degree,
the current means of doing so uses harsh chemicals and requires production to be halted for
extended periods of time. To that end, we have developed a novel cold atmospheric-pressure plasma
(CAPP) device to combat these types of biofilms in a more cost effective manner that requires no
harsh chemicals. This biofilm removal can be imaged using fluorescence microscopy and quantified
by profilometry, which measures the height of the biofilm before and after CAPP treatment. Here
we demonstrate that even short (e.g. 1 minute) CAPP treatments could etch away biofilms in a time-
dose dependent fashion. Our findings provide a proof-of-concept that a CAPP device is a viable
potential alternative to classic food processing decontamination methods that rely on harsh
chemicals.

Sabrina Moores

Faculty Mentor: Dr. Zhangxian Deng, Department of Mechanical and Biomedical
Engineering, Boise State University

Research title: 3D-pringed and Wireless Piezoelectric Tactile Sensors

This research investigates the use of inkjet printing to manufacture wireless and flexible piezoelectric
force sensors. The PVDF-TtFE polymer exhibits high piezoelectric response that can be measured
by sandwiching it between two conductive electrodes. By investigating polymer ink preparation,
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curing, and drying times, a PVDF-TtFE ink that is compatible with a commercial inkjet printer was
synthesized. Further investigation of printer settings and substrate treatments has resulted in a thin
piezoelectric film for flexible force sensing. The newly-developed sensor has potential to be used for
health monitoring, soft robotics, and wearable tech.

Alyssa Romera

Faculty Mentor: Dr. Cynthia Curl, Department of Community and Environmental Health,
Boise State University

Research Title: Methodology to Assess the Effect of Exposure to Environmental Toxins on
Reproductive Health and Birth Outcomes

The environmental exposures that women experience before and during pregnancy can impact
reproductive health and birth outcomes. Our lab’s goal is to understand pesticide exposure levels
during pregnancy and, ultimately, to evaluate the potential long-term effects of that exposure. We
are currently recruiting 40 pregnant women during their first trimesters and collecting a series of 36
biological samples from each woman, which we will analyze for pesticides. As part of this work, I
am recruiting, consenting, and enrolling participants, conducting interviews, collecting urine samples,
and analyzing data. I am also conducting a literature review to understand how similar
environmental exposure assessment methods have been used in other populations. Specifically, I am
conducting a search of relevant, peer-reviewed literature using Google Scholar and Academic Search
Premier to investigate the relationship between use of personal care items and reproductive health
before and during pregnancy. My literature review focuses on personal care items that contain
known carcinogens and that have been detected in biological samples in populations such as
pregnant women. My work compares the epidemiological methodology of our study with other
studies published to determine the impact of both herbicide and personal care items with the
reproductive system and birth outcomes.

Kyra Schroeder

Faculty Mentor: Dr. Matt Kohn, Department of Geosciences, Boise State University
Research Title: Pressure-Temperature Record From the Eastern Alps, Austria, Reveals Dynamics of
Plate Collision

Metamorphic rocks form and evolve in response to changes in Pressure (P) and Temperature (T).
Application of thermodynamics to mineral compositions is commonly used to calculate P-T
histories of metamorphic rocks. Geologists use this information to detail and interpret Earth’s
mountain building events. Here, we test the accuracy of the P-T paths for the eastern Alps
constructed 35 years ago (Selverstone et al., 1984, Journal of Petrology, v25, 501-531) using
improved thermodynamic calculations.

We first used optical petrography to identify minerals, textures, and metamorphic facies. We then
used back-scattered electron imaging on Boise State’s Electron Probe Microanalyzer (EPMA) to
verify minerals and assess chemical zoning within minerals. Lastly, we used the EPMA to collect
individual chemical analyses and applied thermodynamic software to constrain P-T conditions.
Whereas Selverstone et al. (1984) report P-T conditions of 7£1 kilobars (25 km depth) and 550£25
degrees °C, our calculations show an indistinguishable pressure of 7+1 kilobars, but a higher
temperature of 635+25°C. The higher temperature implies that tectonic plates were warmer than
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once inferred. Because rocks become less brittle with increasing temperature, brittle phenomena
such as earthquakes in the past would have occurred at shallower depths.
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TO: Idaho State Board of Education, Higher Education Research Council
FROM: Deb Easterly, Assistant Vice President for Research

DATE: November 19, 2020

The ISU Office for Research would like to thank the Idaho State Board of Education Higher
Education Research Council for the FY 20 Strategic Initiative Undergraduate Research funding
that we received in the amount of $55,000.

Even though work slowed down in the spring of 2020 because of Covid-19, the funding was a
very successful in growing our Undergraduate Research in the STEM fields.

With these funds we were able to support 10 research projects. The resulting grants provided
funds for student wages, for fringe benefits, a small amount of materials and supplies and
travel as needed for their research.

The research projects were each a collaboration of a STEM student and an ISU faculty member.
The proposal application required the faculty member to develop and follow through on a
mentoring plan, as well as assisting the student during a research project.

Several travel awards were made to students this year, but because of COVID-19 conferences
were cancelled. As a result we only had three students attend virtual conferences. Twelve
students were registered to attend and present at the National Conference on Undergraduate
Research in Bozeman, MT, but the conference was cancelled.

This year $10,000 of these funds were again awarded to the ISU McNair program for travel.
The McNair students' projects and reports are included with the rest of the reports. Because of
COVID-19 the McNair program did not provide as many travel awards as they had planned.
Those funds were returned to the Research Office and used to cover additional undergraduate
STEM awards.

The application process for the travel funds was used as an opportunity to ask students for their
thoughts on mentoring. We received answers that gave us valuable information to build our
program. This information was important to us as we changed the focus of the FY 2021
program from past years.

One of the requirements to receive these funds was that the student present their findings at a
conference. Unfortunately, most conferences were cancelled because of COVID-19. Conferences
held virtually were an option for many, however. For example, many students had posters
displayed on-line for the ISU Undergraduate Research Symposium. Another presentation option
included the Idaho Conference on Undergraduate Research (ICUR), also held virtually. There
were 19 posters presented by approximately 35 ISU students at the virtual ICUR, July 2020.
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FY 20 Strategic Initiative Undergraduate Research funding, continued Page 2 of 2

Posters for the ISU Symposium can be found at https://www.isu.edu/research/undergraduate-
symposium/posters/. Abstracts for the posters presented at ICUR can be found at
https://scholarworks.boisestate.edu/icur/2020/

The students have been very vocal in expressing their appreciation for the financial
support and mentoring that has given them an opportunity to experience research and
increase their knowledge about conducting research. Many of them have expressed that
they will be continuing their education , seeking a Masters or PhD in a STEM field.
When students participate in an opportunity such as these funds have provided it is
quite the thing to see them grow in their education, skills, and confidence.

The student individual reports are attached. Posters and abstracts can be viewed at the
links listed above.
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Rosemary Anibogwu
06 June 2020

Regrettably, the conference | planned on attending was canceled due to the current pandemic
our world faces. Nonetheless, the process of submitting an abstract along with other aspects of the
application process for the conference gave me a little insight on how to professionally and
successfully organize an event. Communicating with the conference organizers through email
enabled me to practice emailing professionally.

My education here at ISU is not merely confined to the teachings within a traditional
classroom setting; it transcends that of the classroom setting and into a professional setting. As an
undergraduate and a graduate student at Idaho State University, presenting at the 2nd Analytical and
Bioanalytical Methods Conference (ANALYTICON 2020) would have been a wonderful opportunity
to interact and connect with individuals within my chemical field of interest, analytical chemistry.
This is especially valuable to me currently since 1 will be applying to Ph.D. programs in the Fall.
This conference would have been a marvelous opportunity to apply my knowledge from the
classroom to a highly professional setting. Such an experience would have exposed me to engaging
questions about my research that I may not have considered.

Moreover, this travel experience would have been an indispensable opportunity to share my
research experiences, challenges, and perspectives with like-minded individuals within and beyond
my field of interest. ANALYTICON 2020 would have introduced me to the diversity of my peers
and professionals in various fields whom | can learn from through presentations and various other
interactions. These interactions may potentially lead to meaningful collaborations. Essentially, |
would have received a deeper insight as to how the field I intend on being a member of truly operates

on a professional level.
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The funds provided by the Office for Research Outreach and Compliance
allowed me to travel to Anaheim, California and present my research poster at the
Annual Biomedical Research Conference for Minority Students (ABRCMS). While | was
there, | learned about many different graduate programs all around the country. | also
explored research happening in places outside of ISU. Without the help from TRIO
McNair and the funds from the Office for Research Outreach and Compliance, | would
not have been able to go to Anaheim to present my research. | come from a low-income
family and | am a first-generation student and paying for travel to Anaheim just was not
an option. The funds gave me the opportunity to learn more about myself as a
researcher and explore the different research settings across the country. | was also
able to secure a research internship for the summer. | understand more about
biomedical research along with the different programs available to support me
throughout my education. | also know more about what | want my career to look like in
the future. Along with presenting my research, | was able to visit many booths for
various graduate schools that each had different programs available. | was able to begin
a list of graduate schools that | am interested in attending after earning my bachelor’s
degree. Without attending this conference, attending graduate school would feel like a
shot in the dark. | am now more motivated to go to graduate school, be more
productive, network as much as possible, and learn more about the research topics

within my field.
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Undergraduate Research Award
Reagan Badger

I am a B.S./M.S. student studying Biology (Biomedical Science). The undergraduate
funds that | received have helped to support my research over the past year, which will
eventually contribute to my graduate work and master’s thesis project. | am currently working
under Dr. Kinta Serve; | have worked in her lab as an undergraduate (and now graduate)
student. We are investigating the therapeutic potential of a synthetic flaxseed lignan in an
asbestos-induced model of inflammation. Specifically, we are interested in the anti-
inflammatory effects of LGM2605 (a synthetic derivative of the flaxseed lignan
secoisolariciresinol diglucoside) in the context of autoimmune disease induced by asbestos
exposure. We are utilizing a murine model in order to explore these effects. Essentially, we are
collecting tissues from asbestos-exposed mice (with and without LGM2605 treatment) and
using them to measure various markers of inflammation (pro-inflammatory cytokines, immune
cell recruitment/activation, etc.). My undergraduate work has focused specifically on the
impacts of LGM2605 on gut microbiome composition and the resulting impacts on systemic
inflammation. We previously collected cecums from mice (within a smaller pilot study) that had
received LGM2605 treatment. We then extracted DNA from those samples using a Qiagen DNA
extraction kit, and we performed 16S rRNA gene sequencing to identify microbial genera of
interest. Next, we compared the relative abundance of microbial communities between the two
treatment groups (LGM-treated v. control) in order to identify significant differences between
them. We are also considering both a- and B- diversity measures; | am running statistics and
generating figures using Phyloseq (a program in R). My next step will be to research specific
microbial genera that were significantly influenced by LGM2605 treatment in order to draw
inferences regarding their roles in inflammation, autoimmune disease, etc. We are planning on
publishing a paper on our work (once completed) by the end of the summer; | am working on
writing this now.

The funds that | received allowed me to perform the DNA extraction and sequencing
that were such a central focus of this project, and to continue working and analyzing within the
lab. Using these funds, | was able to begin research that will eventually contribute to my
master’s thesis project, as well as gain valuable experience in a lab setting. Having this
experience will greatly improve my academic resume as | begin applying to medical schools. My
background in research, furthermore, will both complement and strengthen my clinical work as
a future physician. Besides working in the lab, | also recently had the opportunity to present my
project (concerning the influence of LGM2605 on the gut microbiome) within the
Undergraduate Research Symposium at ISU. Putting together posters is always a great
experience in itself; doing so has allowed me to share my work and build valuable
communication skills that will carry forth into my graduate work and career thereafter. | am
incredibly grateful for the opportunities | have had so far at ISU. Being able to perform research
as an undergraduate student is, in part, what will allow me to finish both my undergraduate
and graduate degrees in just 4 total years. It has also challenged and stimulated me beyond the
level of my normal coursework.

(see next page for copy of poster)
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Talia Cahoon
Undergraduate Research Award 2020

Sequencing the Great Salt Lake for Publication

Over the past few months, I have revisited my project of sequencing the DNA of all
microorganisms in the Great Salt Lake (GSL). This time I used a newer GSL sample and did
three replicates so we have three results to compare, calculate error from, and do statistical
analyses on. I am working with the Molecular Core Research Facility (MRCF) who is
sequencing the samples and will give me the raw data which I will then process to determine
what organisms are present. My mentor and I contacted Dr. Mike Lee, a bioinformatician at
NASA who is familiar with extreme environments like the Great Salt Lake. He has been helping
us design our new sequencing experiment and he has been guiding me through data processing.

Dr. Lee showed us a new way of processing data that provides better resolution and
accounts for error in the sequencing data. To do this, I need to learn a programming language, R,
and apply it in a software package called Dada2. I have actually been advised multiple times in
the past to learn R since it is a major language used for statistical analysis in biology, but I was
never able to take a class for it. | am excited that I am now learning this language and applying it
to experimental data under the direction of Dr. Lee who can make sure I use it correctly
according to the specifications and nuances of our experiment. Through these improvements, we
expect our results to be much more robust and publishable.

These funds allowed me to work from home and dedicate time to learning one of the
most commonly used programming languages in biology which will be sure to pay off in the
future. Sequencing and bioinformatics are tools employed in most microbiological or
biochemical labs and can either be done by the researcher or can be sent off to be done
elsewhere. As I continue to develop these skills, I will be able to process my own data in the
future, saving both time and money. [ am very grateful for the opportunities this Undergraduate
Research award has provided. It has opened many doors for me and will continue to do so as [

meet more of the scientific community and present my research.
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Daniel Gray

Although in-class simulations are a valuable and necessary part of the learning process,
the importance of real-world training cannot be overstated. Thanks to the project funding
provided by this grant, | was able to gain experience in a non-curated setting while contributing
to departmental research. The awarded grant thus benefitted both myself and ISU’s Psychology

department as a whole by furthering research work.

The project, whose presentation at ICUR will be titled “Caffeine Consumption and
Beliefs Regarding Caffeine’s Effects in an Online U.S. Sample,” was originally envisioned as an
in-lab experimental study. This study would have recruited approximately sixty participants who
would complete a beliefs questionnaire and, after being administered either caffeine or a placebo,
then complete a series of tasks designed to measure metacomprehensive accuracy. The goal of
this study was to examine both the relationship between caffeine consumption and cognitive
processes and the potential effect of subjective beliefs regarding caffeine upon objective
performance. While caffeine’s effects upon alertness, reaction time, and sustained attention are
widely documented, very little research has been done upon stimulant effects on metacognition.
Metacognition (commonly described as monitoring and regulation of cognitive processes) plays
a vital role in a wide range of environments, from the academic realm (especially pertaining to
effective study habits) to the professional. Caffeine being a widely used stimulant, the interplay
between it and metacognition could have significant effects, thus making this an important
avenue of research.

In preparation for this study, | was involved in questionnaire design, literature review,
acquisition of needed materials, and the crafting of experimental protocols (interaction scripts,
format of in-lab engagements, timing assessments). For the online version of this project
(detailed below), | scheduled participants, credited them for their work, examined collected data
for adherence to criteria (completed assignments and compliance with required attention checks),
and participated in data cleaning prior to analysis.

Due to the onset of COVID-19, we were prevented from in-person data collection beyond
our initial pilot studies. Fortunately, we were able to adapt to an online format that allowed us to
collect data from a sample of 368 participants. These participants completed a questionnaire
administered through the Amazon MTurk platform. This consisted of several modules
examining demographic characteristics, caffeine consumption patterns, and beliefs or
conceptions regarding caffeine’s effects on various social and cognitive functions. These
functions included executive functioning (e.g. memory and reasoning), interpersonal
communication and comprehension, spatial awareness, and creativity/divergent thinking. The
analysis of this data will hopefully illustrate how beliefs about certain aspects are correlated with
each other. The acquisition of data from a larger sample size (roughly six times that of the
original projected number of participants) will also enhance the generalizability of the findings.

Validation of this survey through this sample will also provide benefits to later studies,
especially experimental studies akin to the original plan. Being able to establish expected
patterns of both belief and consumption will allow construction of further projects designed
specifically for those patterns. These future projects could also provide multiple opportunities
for further research, both for myself and others, increasing scholarship on an area of study that
this far has yet to be fully explored.

-Daniel F. Gray, 29 June 2020.
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Undergraduate Research Award Report and Results | Hunter Harris

The funds awarded to me and my mentor opened a great opportunity for me. As a direct
result of the funds, I had the chance to design and construct a working computationally creative
system that suggests conversation cues and represents them with emoji all by using a given
user’s tweets. Following the implementation of our system, my mentor and I were able to get two
academic papers accepted to a conference: one to IETC in Orem, Utah, and the other to ICCC in
Coimbra, Portugal. We were also able to submit posters to ISU’s Undergraduate Research
Symposium and the Idaho Conference on Undergraduate Research. I will attach the submitted
posters and papers along with this report. Participating in this research has taught me several
valuable things. I have learned how to code more efficiently and with better quality, and [ am
now proficient in using the Python programming language. I learned how to work on a large scale
project without becoming deterred by its size and how to break down the things I needed to do
into smaller tasks. Doing research has also made me consider going to graduate school and
becoming a professor myself. Having multiple publications under my belt will also give me an
edge in getting into graduate school and starting my masters. Overall, this has been a wonderful
experience for me, and I have learned a great deal from it.
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Makayla Linnastruth
Undergraduate Research Grant

This grant has allowed me to be able to experience research at the undergraduate level,
which has allowed me to gain momentum in performing future research. I have learned methods
for writing research papers, and methods for creating a system that explores how technology can
aid in interpersonal communication through shared interests. The system which we created
selects user interests based on a user’s twitter account and uses these interests to find a
connection to an emoji. The goal in this research is to enable people to be able to communicate
more effectively by comparing user interests and communicating them through the use of an
emoji.

The grant has allowed me to fund time to participate in this research and ultimately
co-author two research papers which have been accepted into two separate conferences. This
knowledge of the research process, along with help from my advisor and another student/advisor
team has helped me to write another paper which was also accepted into a conference. I feel truly
fortunate to have three co-authored papers published so far as a student. This grant was the
stepping stone needed to pursue research and give me an advantage as an undergraduate student

looking toward graduate school. I believe this program to be very helpful to jump-start a
student’s academic career and am thankful to have been given this opportunity.
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Callan Norby
How this project has benefitted my education

Being awarded funds from the State Board of Education has allowed me to work exclusively in a lab
rather than acquiring another job over the summer. | was able to work 25 hours per week only
concentrating on research which allowed me to make enough progress in my project to be able to
present at ICUR where there is great networking. | was also able to improve upon my presentation skills
and gain a better understanding of contemporary research being conducted within all fields of
chemistry. My career goal is to become a professor, and the ability to articulate information in a manner
conducive to learning is a trait | am constantly trying to improve upon. | will also be able to attend ICUR
in July and the Great Scientific Exchange (SciX) in October where | hope to have similar experiences. |
have also become much more knowledgable about my research area, chemometrics, due to being
around lab cohorts who are all working on projects that pertain to different aspects of the field. This
research experience has allowed me to hone my ability to critically think and learn. Enhancing both of
these abilities will assist me in all future classes, graduate school eduation, future career, and life in
general. Lastly, | was able to enhance my understanding of the MATLAB sofware and its utilities. In doing
so, | have gained a serious passion for software programming and have begun to learn three new
programming languages (Python, R, and Julia) on my own time.

Summary of accomplishments / research results

Over the course of the summer, | have been able to advance my research project in many ways. Using
only spectral similarity measures, we were able to tune the ISU algorithm to have satisfactory least
square fits when calculated ISU values are plotted against relative prediction errors for several data sets.
The following plot and tabulated results are for one particular data set measured over several
temperatures.

ISU vs. Relative Prediction Error

0351 Prediction
0.3} Property
0.25¢
8 02! Isopropanol 0.7383 0.1688
— 0.15 Water 0.6565 0.1625
0 0.5 1 Ethanol 0.9351 0.1398
Composite 0.4078 0.1872

Relative Prediction Error

Table 1. Least squares values for Figure 1.
Figure 1. ISU vs. relative prediction 9 &

error for all prediction properties in
Temperature

These results will be presented in Boise at the Idaho Conference on Undergraduate Research (ICUR) in
July. Although the results look promising for this data set, we were not able to reproduce similar trends
for several other data sets. We are currently adjusting the ISU algorithm to have consistency for multiple
data sets.

Presentations

1. Callan Norby, John H. Kalivas, Fusion of similarity measures to assess data set uniqueness, Idaho
Conference for Undergraduate Research (ICUR), Boise, ID, July 2020
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Melissa Rivas

rivameli@isu.edu

(208)-221-6254
Biological Sciences

Biology Major

Undergraduate Research Funds Application: Social Instability and Stress Hormones in the bluebanded
goby, Lythrypnus dalli.

In February 2020, | joined Dr. Devaleena Pradhan’s laboratory in the Department of Biological Sciences
as a volunteer. Dr. Pradhan’s research deals with understanding the physiological mechanisms of
behavioral plasticity in organisms. | have assisted two graduate students on their research questions on
trout. | have been able to get hands-on experience with data collection, instead of just processing
samples without understanding the origin of the data. | continued learning how to use new methods
and improving my critical thinking in Dr. Devaleena Pradhan. During the short time | had in her lab, |
found the opportunity to learn more about the stress mechanism in animals. | was very interest in the
applying in their scientific method to Behavioral endocrinology. The physiological stress response entails
an elevation of the hormone cortisol that is a hormone that controls stress-induce responses in all
vertebrates. The role of cortisol can change phonotype plasticity that will allow to adaptation. | found
interesting about the stress response in species of hermaphroditic fish like the bluebanded goby,
Lythrypnus dalli, their behavioral phenotype is regulated by social structure. The stress response the
bluebanded goby presents its due to an elevation of circulating cortisol. We could observe, the
blubanded goby’s relationship between social status it depends on the cortisol levels, that regulates
metabolic demands during stressful periods. Adding and changing their already social hierarchy will
produce stress. Waterborne hormones were collected after 24 hours of the application of either of the
treatment. Samples will dry down and resuspend in 7.5% and 95% EIA buffer. Then to quantify cortisol
levels it will be perform another method enzyme immunoassay. | plan to continue my research in her lab
in a project that investigates social instability and stress hormones in the fish, blue-banded goby,
Lynthrypnus dalli. In my short time in Dr. Pradhan’s Lab, | have experienced the process of scientific
discussions and critical thinking —what | felt | lacked all this time, about how to design an experiment
and prepare for it.

I've been learning a lot of lessons. One of the important is writing protocols for each procedure that |
can refer back of them if | need to. Dr. Pradhan highlight the importance to write your own procedure
and asking questions about it. Learning things for the first time is difficult but building a solid foundation
on basic lab techniques can help to reinforce knowledge gain in the protocols and make no mistakes
during the experiment.

Based on my short experience in Dr. Pradhan’s Lab. I've improved in my lab etiquette knowing and using
new instruments in Dr. Pradhan’s lab. I've been learning a lot of lessons too. One of the important is
writing protocols for each procedure that | can refer back of them if | need to. Dr. Pradhan highlight the
importance to write your own procedure and asking questions about it. Learning things for the first time

IRSA TAB 1 Page 24


mailto:rivameli@isu.edu

INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS
JUNE 16, 2021 ATTACHMENT 7

is difficult but building a solid foundation on basic lab techniques can help to reinforce knowledge gain
in the protocols and make no mistakes during the experiment. This new knowledge impact in motivate
me more discipline and keep me engage. The other major challenge that | encountered is being
organized and ask questions. Being vocal about the research projects allowed me to get more involved
in their experiments and help me to interpreted data.

Undergrads, like me often help to make or update the inventory because its important familiarized with
the lab and the materials. Knowing where is the material storage in lab will help the lab team to operate
more effectively and provide a high performance, its important to keep a tracking of the laboratory
material. Controlling inventory will save time and work.l had a positive experience observing how Grad
students design their experiments. I'm looking forward to understand insight and problems with the
stress hormones and discussing more articles that revealed new gaps that had not been previously
described using the bluebanded goby. | feel like I'm growing as a researcher and | wan to continue
improving and learning.
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Garrett Stouffer
SBOE Report
6/23/2020

This research project is about solving partial differential equations using fenics which is a
mathematical programming language based on python. Everything I’ve learned from this project
is useful information for me because I am majoring in mathematics. I’ve learned about the Finite
Element Method which was developed for solving partial differential equations. The
information I’ve been taught or found out on my own as a part of this project will help me
succeed academically and career wise. Academically I’ve further developed the skill of learning
on my own and covered mathematical/programming topics that may be very useful in future
classes. Beyond that I’ve learned problem solving and communication skills that last forever and
will definitely come in handy in future careers.

This project has been very challenging for me to understand at times. It really forces me
to think long and hard in order to understand what I’'m learning. I can’t actually remember ever
finding learning and studying as difficult as this project. Typically school has been easy for me
to understand, but this project forces me to think critically and work hard. I believe that that is
the best case scenario for a student, because without being challenged academically you could
lose the love for learning. I am very grateful for this project and for the funds that supported it

because it allowed me to get a headstart academically and career wise.
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Jacob Tolman

This project was focused on writing software implementations of the finite element method to
apply to the Eastern Snake Plain Aquifer Model (ESPAM). We obtained some initial information about
the model when we visited the Henry’s Fork Foundation, and learned about how the model is used to
solve important problems related to water law. They use a finite-difference approach to solve the
partial differential equations involved, which is far from efficient. Using the finite element method for
approximating the solution of the equations involved would greatly reduce the computational cost of
simulating the aquifer, and allow for a much higher-resolution model to be used.

We also spent time learning and implementing recent variation of the finite element method,
called the Weak Galerkin method. This method is currently very popular, as ithas been shown to be
much simpler and more efficient than most other variations of the finite element method. In the future,
we plan to use the Weak Galerkin method and standard finite element method to solve the aquifer
model, and comparing the efficiency and results with each other, and with the current finite-difference
method.

This funding has greatly benefited me this semester. Without it, | would probably have to work
a job not as focused on math or research. So it has given me the opportunity to focus more on learning
and research than | would otherwise be able to. This is particularly useful for me, since | plan to pursue
a PhD in mathematics. It is important for me to get any extra preparation for graduate school that I can.
Also, this project has helped me apply some of the skills I have learned throughout my undergraduate
studies in a practical setting. I learned a lot, and | look forward to continuing the project next semester.
All papers and posters related to this project will be completed then.
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Student(s) Major(s) Project Summary Project Amount  Stipend(s) Supplies Travel Faculty Mentor Dissemination
Mari Carillo Biology/Social Medical Pluralism: Shifts in traditional 3,039 2,460 579 Kerensa Allison  Presented at the ICUR virtural
Sciences:Anthropology ~ knowledge and practice amoung Sobadores conference.
Emphasis and medical practitioners
Rhiana Fox Math & Psychology Using Data Analytics to study the 3,510 3,510 Heather Moon  Presented at the ICUR virtural
psychological effects due to long-term conference.
illness.

Gary McEwen Exercise Science Effects of Bio-Electro-Magnetic-Energy- 1,000 1,000 Collin Fehr Presented at the ICUR virtural
Regulation (BEMER) on recovery and conference and the ACSM meeting
performance in Anaerobic Exercise Tests in Boise, daho.

Tristan Olsen Mathematics and Using Parametric Linear Programming to 3,510 3,510 Heather Moon  Presented at the ICUR virtural

Chemistry approximate phase state curves conference and the ACSM meeting
in Boise, Idaho.

Abbey Roy Biology Studying long-term biological consequences 2,560 2,560 Eric Stoffregen  Presented at the ICUR virtural
of BIm-deficient embryonic development in conference.
Drosophila.

Judy Boozer Biology Use of Amphioxus as a model for 1,624 1,176 448 Leigh Latta Presented at the ICUR virtural
Regenerative Medicine. conference.

Dylan Miller Biology, Chemistry Method Development for the 1,440 1,440 Nancy Johnston Presented at the ICUR virtural
Determination of Uptake Rates used in conference.
Passive Sorbent Tube-Type Sampling.

Eli Moser GeoChemistry Collection and analysis of mobile sulfer 1,440 1,440 Nancy Johnston Presented at the ICUR virtural
compound data around a pulp papermill in conference.
northern-central Idaho.

Elias Pukkila Chemistry/Biology Analysis of multiple anions in the water 1,480 1,080 400 Nancy Johnston Presented at the ICUR virtural
supply and surrounding natural water conference.
deposites of North Idaho.
Ryan Glimp and Kinesiologgy:Exercise Body Dysmorphia Occurrence in College 1,482 1,344 138 Clay Robinson
McKenzie Malm Science (Glimp) Athletes versus College Students
Kinesiology:Health &
Fitness (Malm)
Totals Payments 21,085 19,520 986 579
FY21 HERC Undergraduate funding received 20,000
# undergrads participating in research 11
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Dear Provost Stinson:

Hello, my name is Eli Moser. This summer I had the privilege to be funded by the State Board of Education Higher Education
Resource Council and Provost Stinson to conduct research on sulfur dioxide (SO,) in the air in the Lewis-Clark Valley.
Sulfur dioxide in our valley is partially responsible for the noxious odor that hangs in the valley. It is emitted by industry
such as the local paper mill. SO, is a criteria pollutant monitored by the EPA but has never been monitored constantly for a
significant amount of time in the area. SO, is known to cause irritation of the skin and respiratory system and increases the
symptoms in people with preexisting respiratory issues. SO, also has corrosive environmental effects such as acid rain and
the reduction on growth in foliage existing in high concentration areas.

My project goals were to measure SO, constantly and find trends temporally, spatially, and seasonally. To achieve this, we
sampled 24 hours a day since June 2019, and continue to sample from the lab and on a mobile platform. We analyzed the
data and found that temporally there was a spike in concentration through the morning and has been a constant increase in
concentration for the past year. Spatially, from the few sampling runs we have done agree that there is an increase in
concentration with an increase in elevation. The title of my project was Collection and analysis of mobile sulfur compound
data around a pulp papermill in northern-central Idaho. As the project developed the final poster title that was presented at
the Idaho Conference of Undergraduate Research (ICUR) was Analysis of Sulfur Dioxide Emissions in the Lewis-Clark
Valley.

Similar to the project itself, I developed as a scientist and a person over the course of this project. I have learned more of the
chemistry of SO, in the atmosphere and instrumentation than I previously had exposure to in classes or normal lab
procedures. I had the opportunity to be exposed to the grant writing process as well as method development and all of its trial
and error. Perseverance is an essential element of conducting research and has taught me many lessons like better
communication and time management. | believe that future projects will be vastly improved by the experience that [ have
gained while taking on this project. I am very thankful for the opportunity and hope to assist more students in the future to
have a similar research experience.

Sincerely,

Elijah Moser

€

Introduction

o Sulfur dioxide (50,) 1s produced as a byproduct of burning fossil fuels or

chemical reactions used by industries such as kraft paper mill production.

A kraft paper mull 15 a major industrial pollution source in the Lewis-Clark
Valley; a community that rests at the confluence between the Snake and
Clearwater Rivers and includes parts of Southeastern Washington and North
central Idaho.

SO, 15 a criteria pollutant that 18 monitored by the EPA because in the
atmosphere because 1t 15 an indicator of other sulfur species SOx concentration
and

o [t creates acid rain and while gaseous can damage plant growth and foliage
o accelerates respiratory issues such as asthma

The goal of this study 1s to discover:

o How 50; pollution varies in a water gap valley

Diurnal variation of concentrations including

Plume movement throughout the day morning to noon versus noon to dusk
Daily / weekly / monthly averages or seasonal varation

Spatial variation of concentrations throughout the valley

(oI I o B

SO, was monitored using a Teledyne T102, UV fluorescence-total reduced
sulfur analyzer.

Sampling was done in both a stationary location (LCSC mstrument lab) and on
a mobile platform that was driven around the valley

INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS
JUNE 16, 2021

Analysis of Sulfur Dioxide Emissions in the Lewis-Clark Valley

Moser, E.P.; McGarry J.K; Johnston, N.A.C. Ph.D.
Division of Natural Sciences and Mathematics
Lewis-Clark State College
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Methods and Materials

A Teledyne T102, UV fluorescence-total reduced sulfur analyzer was used in
SO, mode during mobile operation and in SO, and TRS (Total Reduced
Sulfur) mode switching every 10 minutes during stationary operation.

While conducting stationary sampling the analyzer was calibrated with NIST
traceable 5.0 ppm +/~ 10% sulfur dioxide gas cylinders as standards controlled
via a T700 dilution calibrator and a T701 zero air generator.

Calibration checks were conducted while sampling in the field with a
Metronics Dynacal 140 ng/min +/- 25% wafer permeation tube.

Sampling sites seen in Figure 1 were chosen to bisect the paper mill and
explore different elevation gradients.

SO, was sampled continuously from the LCSC instrument lab from June 2019
to present, while Mobile operations took place in a Chevy Volt on 7/1-
7/1/2020.

During mobile sampling the relative humidity, atmospheric pressure,
temperature, wind speed and direction both locally and on a valley wide
average as well as times were recorded while in the field.

Data analysis of raw 1-minute data was streamlined by using Python to create
data files and statistics.

Zmeo/Span Vakees = Optizn 50
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Fignre 2. Eli Moser calibrating the T102
suffinr emalvzer,

Figure 1. diagran of the serup that was wsed o

calibrate and sample SO, in the lab. ! Figure 3. Chevy Volt housing the sulfiv

arafvzer aid sampling via an infake
fube ont af the back window
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Conclusions

There is a consistent peak SO, from about 6:00 AM to 12:00 PM during the
dav and otherwise the davs and nights are low.

SO- appears to be rising throughout the year at a slow rate. This could be
coincidence, weather related or increased emissions.

There may be certain months that have higher concentrations however more
data is needed to confirm.

Although data is limited (two sample runs on 7/1/20-7/2/20), the mobile
sampling suggests an increase in SO, concentration with an increase in
clevation. This could be from the heat released causing the SOs to rise in a
column and then disperse with the inversion layer.

We also see low concentrations of SO, directly beside the mill although the
smell is distinctly stronger meaning the odor may be other compounds in
addition to S0,

In the future we plan to sample in a stationary position at different locations
and attempt to track plume movement as it correlates to temperature and

clevation.

SOs levels in LC Valley are considered at or below attainment.?

Figure 7. The weaklv average for 20082020 ar LOSC site and S0, concenerations in ppb,
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ol

Figura 12, A photo of the Claarwvater Paper Mill an the Clearwarer River . Photo taken by Nemey Jofnston
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Provost Lori Stinson, Ph.D., RN
Lewis-Clark State College

c/o Office of the Provost

500 8™ Avenue

Lewiston, ID 83501

Dear Dr. Stinson,

I want to thank you for facilitating my Summer 2020 Idaho HERC award. As this component of my project comes to a close, I
reflect on the results we have achieved from a very positive outlook. The HERC grant I received was instrumental in initiating
our study of diffusive uptake rates for use with passive air sampling. I'm so grateful for the steps forward these funds have
allowed me to take as a student researcher and critical thinker.

At the Idaho Conference on Undergraduate Research this month, I presented the poster entitled “Determination of Diffusive
Uptake Rates for VOCs on Passive Thermal Desorption Air Samplers”. This was the first public sharing of my work with
uptake rates. Our preliminary results indicated confidence in the method conducted and relevant literature comparison
showed commensurate data with derived uptake rates. Attached is a copy of the presented material. For the remainder of the
summer and throughout the coming academic year, our goals for the project will include the expansion of our data sets
including uptake rates of up to two weeks working toward eventual publication in a scientific journal.

Again, thank you so much for your support of this research!
With Gratitude,

Dylan Miller

INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS
JUNE 16, 2021

Determination of Diffusive Uptake Rates for VOCs on Passive Thermal Desorption Air Samplers

LEWIS

STATE COLLEGE

NATURAL SCIENCES & MATHEMATICS

Background

« The LCSC VOC air research group is conducting

ongoing studies on air pollutants and wildfire
emissions with pertinence to human heath risk.
Thermal desorption tube-type samplers are a
common method for air sampling. This can be done
actively by pumping air through the sampler or
passively by the diffusion of compounds onto
sorbent.’

Sampling passively offers an average concentration
of compounds over the sample period, which is
important in human health risk assessment.?

Introduction

Passive sampling requires the use of an uptake rate
(UTR), the rate at which compounds diffuse into the
sampler and onto the sorbent.3

UTRs published in the scientific literature are
lacking. *

The purpose of this research is to expand the
literature of established UTRs via a synchronized
active/passive sampling technique.

Methods

Necessary components of UTR calculations were
obtained by parallel active and passive samples.
Two sampling trials of 24-hour duration with one
duplicate were conducted using this technique.
Experimentation was performed in outdoor ambient
environments.

Active samples were taken for 4 hours with a flow of
20 mL/min to accompany passive sampling.

Representative Blank co_rrectlﬂn was
Sampling accomplished by the

Environment

_ subtraction of all
Passive Sampler ) , ]
Active/Pumped trials’ averaged field
Sampler blanks from both
P . .

il passive and active
samples.

» All Samples were
analyzed using TD-
GC-MS and
chromatograms
were individually
verified for quality.

Figures 1A and 1B: Sampling Apparatus and Sorbent Tube.

CLARK

Dylan D. Miller and Nancy A.C. Johnston, Ph.D.
Division of Natural Sciences and Mathematics, Lewis-Clark State College, Lewiston, ID

Methods (cont.)

Thermal Desorption - Gas Chromatography —
Removes compounds of Separates sampled

interest from the compounds into pure
sampler with high species by their physical
temperatures properties

Mass Spectrometry —
Identifies compounds

based on the mass of
their fragments after
lonization

Calculations

Algebraic manipulation of a concentration
equation for passive samplers derives the
equation for uptake rate calculation.

(mpassfue sampfer_mbiank) %X 1000

Sample Calculation: Benzene (24-hr UTR)

Active Sampler (WVG)C_ D— 0.3199 ng/L = Cacive sampler
C Passive Sampler B—- 0.2454 ng = Mpassive sampler

¢= UTR %t C Field Blank C3— 0.1040 Ng = Mfeid blank
— (Mpassive sampter—Mpiani) X 1000 ) Sampling E?uTatlnn 1440 min.
Coctive sampler Xt acfive sampler calculated with: (Mgcgye sampler — Mheld piank)/ Volume Sampled
. mL
« To calculate uptake rates (UTR), Caciive sampler UTR = (02454 ng —0.1040ng) x 1000 7~
(concentration) was provided by active samplers, 0.3199 % X 1440 min
m (sorbed mass on sample) was provided by
passive samplers, and t (time) is duration of the _ 141.4ngmL
sample. ~ 460.7 ng min
« Active sample concentrations were averaged to
provide the mean concentration over the sample UTR = 0.3060 m_L
period (24-hr). min
Results
24-hr Trial Literature
24-hr Trial 1 UTR | 24-hr Trial 1 Duplicate | 24-hr Trial 2 UTR Averages comparison (7-day
Compound (mL/min) UTR (mL/min) (mL/min) (mL/min) period)Z (mL/min)
Benzene 0.31 0.21 0.80 0.44 (+/- 0.26) 0.30
Toluene 0.25 0.22 0.74 0.40 (+/- 0.24) 0.35
Ethylbenzene 0.29 0.27 0.81 0.46 (+/- 0.25) 0.35
m,p-Xylene 0.21 0.19 0.70 0.37 (+/- 0.24) 0.39

Figure 2: 24-hour uptake rates (mL/min) averaged from all trials and compared to related literature data (1-week rates).
There are no directly comparable 24-hour rates in the published literature.
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Figure 3: Chromatogram showing a normal response for actively sampled air samplers.

Conclusions

Agreement between experimental data and comparable
published uptake rates is observed.

Preliminary data suggests confidence in the method due
to these agreements.

Fewer uptake rates than expected were calculated. This
is due to the fact that compounds whose uptake rates
are derived are quantified on both active and passive
samplers. This experimentation yielded a phenomenon in
which many more compounds were quantified on active
samplers in comparison to passive samplers. This may
be resolved with longer sample durations.

With the measurement
of additional uptake
rates, LCSC VOC 2019
data set from our
participationin
NASA/NOAA FIREX-AQ|
will be retrospectively
evaluated for human
hea"h risk_ Credit: Colorado State Forest Service
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Abstract

Nitrates in the water supply may cause cancer and birth defects when
ingested. Nitrates are introduced to the water supply when farmers use
fertilizer for their crops. The fertilizer contains high concentrations of
nitrates. These nitrates are then able to enter various water sources via
runoff from rain. Water samples from various water sources in North
Central Idaho during early summer were collected. Nitrates and six other
anions (Fluoride, Chloride, Nitrite, Bromide, Phosphate, and Sulfate)
were analyzed using ion chromatography. Only Fluoride, Chloride,
Nitrate, and Sulfate were detected in any of the samples. No amounts of
nitrate analyzed exceeded the EPA MCL (maximum contaminant level)
except for one site located in a small creek located in a valley between
two farms. Therefore, analysis shows little risk of health danger for most
water sources in North Central Idaho.

Introduction

Runoff from farmland can cause high concentrations of nitrate to flow into
different water sources which can be harmful to bioclogical systems when
ingested.

e Sites were chosen based on the EPA’s nitrate priority areas. These are areas
which have had high nitrate levels that need to be monitored.?

e One of these areas is located to the east of the Lewis-Clark valley. Sites
were picked along the river to observe any change in anions as creeks
located in these nitrate priority areas were deposited into the river.

e Two samples were taken from each site on different days during the

beginning of Summer.

| 1|1!

! "lli

L]:e—'mston chhards

Ny

Figure 1: EPA Nitrate Priority Map
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Results/Discussion
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analysis.

into the ion chromatogram.

ppm, 5 ppm, and 1 ppm)

Methods

e Water samples were retrieved from the several locations provided in
Figure 2. 500 mL PTFE bottles were used to store the liquid before

e The samples were analyzed no later than 48 hours after they were
extracted and were syringed through 0.46 um filter before injection

e Standards were prepared using a Thermo standard stock solution
containing the 7 anions being analysed. 5 different concentration
levels were made to create a calibration curve (50 ppm, 25 ppm, 10

4. Data Analysis

TL;;* o

1. Eluent
Deedivry

3. Detection

IC Parameters

Column: Dionex lonPac AS
144

Suppressor: Dionex AERS 500
14mm

Flow: 0.7 mL/min
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Figure 4: Source Water Nitrate Concentrations

Figure 5: Source Water Chloride Concentrations
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Figure 6: Source Water Sulfate Concentrations

Figure 8: Map of Source Water Sampling Sites

Figure 7: Source Water Fluoride Concentrations

Sites 1-7: Clearwater River

Site 8: Morth Fork Tom Beall
Creek

Site 9: Winchester Lake

Site 10: Blg Canyon Creek

Site 11: Lapwal Creek

] e Current: 30 mA
@ I:% # Eluent: 8 mM Carbonate/
__g 1mM Bicarbonate

2. Separation ® Run time: 22 min

Figure 9: lon Analysis Process

Conclusions

. No amounts of Nitrite, Bromide, or Phosphate were detected
in any source water sample. Concentrations for these anions
may have been under the LOD for the experiment.

. Chloride and Sulfate concentrations of all samples stayed
well below the EPA’s set MCL of drinking water of 250 ppm.?

. The source of the Fluoride in the drinking water is possibly
from the addition of fluoride to drinking water.

. Sampling site 8 was the only site to show Nitrate
concentrations exceeding the EPA’s established MCL of 10
ppm.3 This is possibly due to the farmland to both sides of
the creek.

All other sampling sites were well below the MCL for nitrate.
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Executive Summary

Undergraduate research is recognized as a high-impact educational practice that increases the
rates of student retention and engagement. At the University of Idaho, it is practiced throughout
all units on campus and it is centrally placed in the institution’s strategic plan. The Office of
Undergraduate Research is tasked with taking the lead in enabling research opportunities for
undergraduates at the U of I. Among its roles, it manages various competitive student grant
programs that directly support student research.

During FY2020, generous funding from the State Board of Education/Higher Education
Research Council permitted the U of | to continue its Summer Undergraduate Research
Fellowship (SURF) Program. This intensive 10-week summer research experience actively
engages undergraduates in faculty-mentored, independent research. Each student is provided
with a $4,000 stipend in the form of a fellowship which allows them to devote full time effort to
their projects. Each student is also provided with $1,000 to help offset materials and supplies
and other project-related expenses. Selection of student participants is a competitive process in
which students submit research proposals to the Office of Undergraduate Research. State
Board of Education funding supported eleven SURF awards during the summer of 2020. These
awards were managed by the U of | Office of Undergraduate Research.

Of the eleven student projects funded by the State Board of Education award, all but one
student/mentor team fully spent out project-related funds as planned. The one exception
involved a student project where the final cost of project supplies came in just under the
original estimated amount. This left an unspent amount of $90.25 after the project had been
completed. This unspent money is being returned to the State Board of Education.

All of the U of | students supported by State Board of Education funds attended and presented
the results of their projects at the Idaho Conference on Undergraduate Research (ICUR) in July
2020. With the exception of those students who will be graduating this fall, all of our students
also will present posters of their work at the U of | Undergraduate Research Symposium in
April 2021.

End of project feedback from students and their mentors was overwhelmingly positive.
Significantly, none of the undergraduate research projects described here would have been
possible without the support provided by the State Board of Education. We sincerely thank the
Higher Education Research Council and the Idaho State Board of Education for making these
experiences possible for our students.

This final project report combines all of the student project reports funded by the SBoE awards
into a single document.
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Final Project Report: Office of Undergraduate Research (OUR) Spring Undergraduate Research
Grant — Summer 2020

Grant Recipient: Evan Allen, University of Idaho

Faculty Mentor: Dr. Michael Maughan, Department of Mechanical Engineering

Project Title: Determining Residual Stress Fields and Plastic Zone Sizes Surrounding Fatigue Cracks
Using Nanoindentation

Project Description:

A plastic zone forms at the tip of a growing fatigue crack. In this zone, residual stresses are
created as the crack travels, thereby relieving the load and hindering crack growth. The size of the
residual stress area or “plastic wake” can be measured in a new way by combining nanoindentation and
atomic force microscopy (AFM) to measure material upheaval around an indent. The magnitude of the
residual stress field is related to the elastic modulus and Poisson’s Ratio of the tested material, as well as
the indenter angle, flow stress, and residual stress (Larson 2017). The coupled method of nanoindentation
and AFM can determine the magnitude and location of the residual area around the tip of a crack. The
data found through performing this research can also help predict the plastic zone size at different crack
lengths.

The specimen my mentor and I studied is an alloy 709 stainless steel that has undergone fatigue
crack growth testing. Fatigue is a critical failure mode in almost all components; therefore, it is important
to improve our understanding of crack propagation. The goal of this project was to provide a comparison
between new experimental measurements and the Irwin model, which predicts the zone size from the
yield strength of a material and the applied stress intensity factor (Stephens 2001). Another project goal
was to determine how the stress field varies from the tip of the crack to locations outside the plastic zone.
This project was conducted in order to refine our understanding of fatigue crack models to better predict
and prevent system failure.

Expanding our knowledge of crack propagation is critical in determining when components are
approaching fracture. This fracture due to crack growth, if not analyzed properly, can sometimes be
catastrophic and can put lives in extreme danger. That is why the understanding of the area around a
growing crack is an absolute necessity. The project procedure was to first obtain an Alloy 709 fatigue
crack growth sample, indent the surface, measure indent upheaval around the indents, and then compare
the data with the plastic zone size estimations with the Irwin model. This procedure was the foundation
for the project.

Project Accomplishments:

I was able to obtain an Alloy 709 Stainless Steel fatigue crack growth sample that was heated to
700°C. I took the sample to the machine shop and milled down one side so the material could be indented.
This was my first experience using the manual mill in the machine shop. Once the sample was machined
to the proper specifications, I polished the surface to prepare it for nanoindentation. I then indented the
specimen with a gradient pattern as can be seen in Figure 1a along four different crack lengths along the
specimen. Fig. 1b shows the Alloy 709 surface indentation lines at 17.8mm and 20mm crack lengths. Fig.
Ic depicts the loading parameters used for the indentations.
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a) b)
Figure 1: a) Indentation gradient technique applied to all measured crack lengths on the surface of the
specimen b) Alloy 709 FCG specimen indents taken along 17.8mm and 20mm crack length ¢) Indentation
Load vs. Time Curve (typical for all indents)

The indentation data can be used to provide estimations of the plastic zone size based on the
hardness. Below in Table 1, the estimated plastic zone size comparison between the [rwin model and
solely indentation data is shown. The nanoindentation estimation of the plastic zone radius is estimated at
the point where the highest change in hardness occurs between any two indents. As seen in table 1, the
indentation estimations of the plastic zone size are closely related to the Irwin model values.

Table 1: Plastic zone sizes found using the Irwin model and indentation changes in hardness.
Nanoindentation estimation values are the distances from the crack tip where the greatest change in
hardness occurs.

Plastic Zone Size Comparison

Crack Length Irwin Model Nanoindentation Estimation of ry
(mm) ry(mm): (mm):

17.8 2416 2.28-2.38
20 3.024 3.04-3.14
25 5.247 5.13-5.23
30 10.226 10.39 - 10.49

More results for the indentation data can be seen in the poster that I made for ICUR 2020.
Unfortunately, the AFM machine that I was looking to use still does not work. A few faculty members
and I spent quite some time trying to get the machine to work, but we were unsuccessful. Currently, my
mentor and I are looking into other methods to find the surface topography so I can measure the residual
stress field and compare the results with those displayed in Table 1. I am performing scanning electron
microscopy on the sample to hopefully retrieve data that will lead to another estimate of the plastic zone
size.

Discussions and Conclusions:

This project has taught me many new research skills, and my mentor and I have been able to
accomplish many of our goals. I was able to estimate the plastic zone, and I learned quite a bit more about
fatigue testing, nanoindentation, AFM, and scanning electron microscopes. I will be able to carry the
skills I developed while performing this project through graduate school and the next phases of my
academic and professional career. I had many challenges to overcome and I am proud that I was able to
put forth my best effort to overcome the obstacles I experienced. I will continue this research, and I plan
on determining the residual stress field. I am hopeful that I will be able to complete this aspect of the
project soon and hopefully be able to publish my findings.

I would like to sincerely thank Idaho State Board of Education for the support provided that made
my SURF award possible.
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Final Project Report: Office of Undergraduate Research (OUR) Spring Undergraduate Research
Grant — Summer 2020

Grant Recipient: Lydia M. Druin, University of Idaho
Faculty Mentor: Dr. Lisette Waits, Fish & Wildlife Department
Project Title: Assessing Relationships between Predator and Prey Distributions in the Central Volcanic
Cordillera Region of Central Costa Rica
Abstract

Predators are a focus of conservation efforts, especially in the tropics, where there are high levels
of disturbance on the landscape. Prey availability plays an important role in predator abundance, and
predator-prey relationships are extremely complex. Pumas (Puma concolor) and jaguars (Panthera onca)
are the largest mammalian predators in Central America and have been the focus of range-wide
conservation efforts promoting habitat connectivity. In Costa Rica, the Central Volcanic Cordillera Jaguar
Conservation Unit (CVC JCU) is a critical link for connectivity within Costa Rica and from Panama into
Nicaragua. This region has experienced disturbance and has low densities of felid predators and their
prey. We evaluated potential predator-prey relationships between species distributions via camera
trapping and hypothesized that prey distributions would serve as a predictor of puma distributions in the
CVC JCU area. Species occupancy was modeled using four main covariates: forest cover, minimum
distances to roads and towns, and the Human Footprint Index. We found only six models returned
significant p-values, all the null models of the following species: agouti, armadillo, coati, puma, rabbit,
and tamandua. The low levels of significance in the dataset may be attributable to a small overall dataset,
which accumulated over a 14-week sampling period, or due to low numbers of detections per species
sampled.

Background & Project Summary

Predator species have long been considered a major focus of conservation initiatives. These
organisms are believed to have multiple community- and ecosystem-level effects; understanding and
delineating these effects is critical for evaluating their impacts on landscapes and their value to
conservation (Finke & Snyder 2010). Furthermore, large predators typically occupy the top trophic levels
and are at a higher risk of extinction as a result (Finke & Snyder 2010). In addition to predator species,
global biodiversity is under increasing threat due to agricultural expansion, especially in tropical countries
(Tscharntke et al. 2012; Laurance ef al. 2014). Food resource availability plays a central role in large
predator abundance: decline in prey abundance can produce a five-fold loss or greater in large predators
(Carbone ef al. 2010). Relationships between large carnivores and their prey are complex and vary
extensively. Low densities of prey may cause a myriad of effects on carnivores, including low predator
abundances, higher energy expenditures and metabolic rates, and reduced survival and reproduction rates
(Carbone et al. 2010).

Jaguars (Panthera onca) and pumas (Puma concolor) are the largest terrestrial predators in the
tropics of Central America. Jaguars specifically have been the subject of range-wide conservation
initiatives for roughly two decades. Biologists described Jaguar Conservation Units (JCUs), areas
hypothesized to be able to support self-sustaining jaguar populations (Sanderson et al. 2002), and
corridors, which seek to connect nearby JCUs; together these units work to provide functional
connectivity for jaguars range-wide (Zeller et al. 2013). In Costa Rica, 27% of the country is considered
protected, but some of these areas have some degree of fragmentation. Corridors connecting these
protected areas often have experienced high rates of deforestation and human disturbance such as
agriculture (Sanchez-Azofeifa et al. 2003).

The Central Volcanic Cordillera (CVC) JCU was previously assumed to be a stronghold for
jaguars; however, recent studies have reported little evidence of jaguars in the area (Salom-Perez 2019;
Velado-Cano 2019). This JCU is a critical link in a chain of refuges in Costa Rica seeking to provide
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jaguar habitat connectivity from Panama into Nicaragua (Salom-Perez 2019), and the reason behind the
jaguars’ absence is unclear. Consequently, pumas are the main predator in the area. A nearby evaluation
uncovered that puma habitat use was positively correlated to prey species richness, and that forest cover
was the most important habitat covariate for habitat use. Low species richness was observed in areas with
high human disturbance or fragmentation (Salom-Perez 2019).

With this project, I built upon Salom-Perez’s (2019) work by investigating relationships between
puma and prey species occupancy in the CVC JCU. I addressed the following objectives: 1.) assess prey
occupancy of puma prey species, 2.) assess puma occupancy, and 3.) determine relationships between
these species” distributions in this area. I hypothesized that prey distributions would serve as suitable
predictors of puma distributions and predicted that areas with higher levels of human disturbance or
encroachment would have lower species occupancy.

The study area is the Central Volcanic Cordillera Jaguar Conservation Unit (CVC JCU) (Figure
1). This area is composed of protected lands with 75% primary and secondary forest cover, serves as the
origin of several rivers, and is roughly 1,100 km?. Forty-two camera traps were deployed for 14 weeks in
a 16 km? grid from October 2018 to January 2019 (Figure 1). Camera trap photos were reviewed using
Panthera’s Integrated Data Systems in 2019 to generate detection histories by species. For my analysis, |
selected prey species only if they were documented as puma prey, following Salom-Perez’s (2019)
review. Camera data was combined to the 16 km? grid cell level and at weekly observation periods.

I utilized program R package unmarked for data analysis (R Core Team 2019; Fiske & Chandler
2011). Via unmarked, 1 estimated each species’ detection probability and occupancy at each grid cell
across the 14-week sampling period. I selected four site covariates: forest cover (FONAFIFO 2012),
Human Footprint Index (WCS & CIESN 2018), minimum distance to road (Ortiz-Malavasi 2009), and
minimum distance to town (Ortiz-Malavasi 2009) and composed models where site covariates impacted
or served as predictors of species occupancy only. Models were selected based on Akaike’s Information
Criterion (AICc) scores corrected for small sample size. Prey species occupancies were then scaled as site
covariates and combined with the four original site covariates to determine the best model in predicting
puma occupancy across the sites.

Summary of Project Results

In addition to pumas (Puma concolor), the qualifying observed prey species were agouti
(Dasyprocata punctata), armadillo (Dasyphus novemcintus), coati (Nasua narica), red-brocket deer
(Mazama temama), opossum (Didelphis marsupialis), paca (Cuniculus paca), peccary (Pecari tajacu),
rabbit (Sylvilagus brasiliensis), raccoon (Procyon lotor), tamandua (Tamandua mexicana), and tayra
(Eira barbara), for a total of 11 prey species. After generating models to estimate species occupancy,
relating to the four covariates and a null model, I reviewed these results for significance and found only
six models were supported across all species, as described in Table 1. Six species had supported models,
each being the null model; however, the null model was not the leading model for all six species. Agoutis
and tamanduas instead were best supported by the town model and forest model, respectively. In this case,
the agouti minimum distance to town model was extremely close to the null model (town deltaAICc =
0.00, null deltaAICc = 0.06), despite not being significant (p-value = 0.127). The tamandua forest cover
model was also close to the null model (forest deltaAICc = 0.00, null deltaAICc = 0.35) but was not
significant (p-value = 0.153). For the four remaining species listed in Table I with significant models, no
other model was reasonably close (deltaAICc <2) to the leading null model, nor were any other
significant.

Because of these results, I was unable to generate species occupancy estimates to then relate the
11 prey species occupancies with puma occupancy across the study site, and only ran puma models with
the four site covariates and null model. The null model was the top model for pumas (7able 1). The low
observed significance (six models of total 60) could be due to a small dataset. Data was gathered over
only a 14-week sampling period; this may not have been a lengthy enough period to accumulate enough
data to suitably complete the planned analysis. Furthermore, the lack of significance found could be
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attributed to a low number of detections by species. Species that returned with significant models did have
more detections when compared to others; for example, there were 69 total detections of armadillos over
42 cameras but only 5 detections of raccoons. However, this was not the rule—pumas had only 7
detections, while species such as red-brocket deer had 39 and peccaries had 34 detections. It is also
possible that there are other factors that were not considered (e.g. elevation, slope, hunting) that could
have an influence over species distributions.

This study has continued funding from the Adele Berklund Undergraduate Research Scholar Award in
cooperation with the University of Idaho, and we plan to continue this project by incorporating additional
site covariates and testing for significance. Further directions with this project include determining puma
habitat use probability based upon prey species occupancy or abundance and distribution of prey, which
extends Salom-Perez’s (2019) analysis as pictured in Figure 1. Additionally, further investigation into
prey species abundance in this area may provide more insight on jaguars’ absence from the area, a critical
geographic link.

Appendix

84 83
I

Figure 1: The study site, the Central Volcanic
Cordillera JCU, is in shaded yellow in addition
to the camera trap locations in the study site
denoted with red squares. The colored grid

cells indicated predicted jaguar habitat use,
ranging from good (green) to poor (red) as
evaluated by Salom-Perez (2019). National
Parks are outlined in green.

Talamanca JCU

Table 1: The six significant models are listed
below in order of species. The top model is denoted in the second column. In cases where the top model was not significant, it is
starred. The null model was the only supported model in this study.

Species Top Model
Agouti Town*
Armadillo Null

Coati Null

Puma Null
Rabbit Null
Tamandua Forest*

IRSA TAB 1 Page 39 8



INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS
JUNE 16, 2021 ATTACHMENT 7

References

Carbone, C., Pettorelli, N., & Stephens, P. A. 2010. The bigger they come, the harder they fall: Body size
and prey abundance influence predator-prey ratios. Biology Letters 7:312-315.

El Fondo Nacional de Financiamiento Forestal (FONAFIFO). 2012. Estudio de cobertura forestall de
Costa Rica 2009-2010. Cooperacion Financiera entra Alemania y Costa Rica Proyecto: Programa
Forestal Huetar Norte Contrato de Aporte Financiero N 1999-66-268.

Finke, D. L., & Snyder, W. E. 2010. Conserving the benefits of predator biodiversity. Biological
Conservation 143:2260-2269.

Fiske, I., & Chandler, R. 2011. unmarked: An R Package for fitting hierarchical models of wildlife
occurrence and abundance. Journal of Statistical Software 43:1-23.

Laurance, W. F., Sayer, J., & Cassman, K. G. 2014. Agricultural expansion and its impacts on tropical
nature. Trends in Ecology and Evolution 29:107-116.

Ortiz-Malavasi, E. 2009. Atlas digital de Costa Rica 2008. Cartago, Costa Rica.

R Core Team. 2019. R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria.

Salom-Perez, R. 2019. Using medium and large-sized mammals as indicator species to measure
connectivity and large infrastructure impacts in Costa Rica. Dissertation, University of Idaho,
Moscow, Idaho, USA.

Sanchez-Azofeifa, G. A., Daily, G. C., Pfaff, A. S. & Busch, C. 2003. Integrity and isolation of Costa
Rica’s national parks and biological reserves: Examining the dynamics of land-cover change.
Biological Conservation 109:123-135.

Sanderson, E. R., Redford, K. H., Chetkiewicz, C. B., Medellin, R. A., Rabinowitz, A. R., Robinson, J. G.
& Taber, A. B. 2002. Planning to save a species: The jaguar as a model. Conservation Biology
16:58-72.

Tscharntke, T., Clough, Y., Wanger, T. C., Jackson, L., Motzke, 1., Perfecto, 1., Vandermeer, J., &
Whitbread, A. 2012. Global food security, biodiversity conservation, and the future of agricultural
intensification. Biological Conservation 151:53-39.

Velado-Cano, M. A. 2019. Factores ecoldgicos y sociales relacionados con la distribucion de mamiferos
medianos y grandes sujetos a caceria en un sector de la Reserva de Biosfera Cordillera Volcanica
Central, Costa Rica. Thesis, Centro Agrondmico Tropical de Investigacion y Ensenanza.

Wildlife Conservation Society (WCS) and Center for International Earth Information Network (CIESN)
Columbia University. 2018. Last of the Wild Project, Version 2, 2005 (LWP-2): Global Human
Footprint Dataset (Geographic). Palisades, NY: NASA Socioeconomic Data and Applications
Center (SEDAC).

Zeller, K. A., Rabinowitz, A., Salom-Pérez, R., & Quigley, H. 2013. The Jaguar Corridor Initiative: A
range-wide conservation strategy. Molecular Population Genetics, Evolutionary Biology and
Biological Conservation of Neotropical Carnivores. Nova Science Publishers, 629-657.

IRSA TAB 1 Page 40 9



INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS
JUNE 16, 2021 ATTACHMENT 7

Final Project Report: Office of Undergraduate Research (OUR) Spring Undergraduate Research
Grant — Summer 2020

Grant Recipient: Audrey Duncan, University of Idaho

Faculty Mentor: Dr. Deborah Stenkamp, Department of Biological Sciences

Project Title: Nuclear hormone signaling and regulation of cone photoreceptor gene expression in the
zebrafish

1. Abstract:

Vertebrate color vision requires spectrally selective opsin-based pigments that are expressed in separate cone
photoreceptor populations. The regulation of cone opsin expression is poorly understood. The common model used
to describe regulation of tandemly-replicated opsin genes in humans suggests that locus control regions (LCR)
interact with each of the tandemly replicated opsin genes at random. However, it has been found that in human
retina there are topographic gradients in red: green cone ratios which suggests that a trans-regulatory mechanism is
involved in their expression. Publications from the Stenkamp lab have shown that thyroid hormone (TH) is
involved in the endogenous regulation of /ws (long-wavelength sensitive, red-sensing) opsin expression in zebrafish
larvae and juveniles; more recently, research was conducted on adult zebrafish with TH treatments showing similar
results. With this project, further research was done to better understand the regulation and expression of /ws/ and
Iws2 cone opsin genes in response to TH in larvae and adult zebrafish. This included determining the effects of TH
on a transgenic reporter line that has had elements deleted from the regulatory region of the /ws array and further
characterizing the effect of TH on adult zebrafish cones.

3. Project Description:
i. Background

The retina is the light-sensitive layer of the eye containing photoreceptor cells called rods and cones. Cone cells
in our eyes express photopigments consisting of a chromophore together with a protein called opsin, which play an
important role in color vision. Human long wavelength-sensitive (LWS) and medium wavelength-sensitive (MWS)
genes are arranged in tandem and share a single locus control region (LCR) (Wang et al., 1999). An independent
evolutionary phenomenon (tandem replication) is also seen in the orthologous /ws array present in zebrafish
(Tsujimura et al., 2010).

The current model of opsin regulation in humans suggests that a locus control region (LCR) interacts with each
of the tandemly replicated opsin genes at random (Wang et al., 1999). However, in human retina it has been
discovered that there are topographic gradients in red: green cone ratios, this suggests that a trans regulatory
mechanism is involved in their expression. In support of this hypothesis, recent publications from our lab,
investigating the /ws array of zebrafish have shown that thyroid hormone (TH) promote the expression of /ws/ at
the expense of /ws?2 in larvae and juveniles (Mackin et al., 2019). This suggests that TH serves as an endogenous
trans regulator of the /ws genes array.

ii. Significance:

The significance of this study is to ultimately further scientific understanding on how human LWS and MWS
genes and other tandemly replicated genes are regulated. A better understanding of cone plasticity can inform gene-
regulating therapeutic intervention for diseases caused by opsin mutations and other retinal disorders. Elucidating
the mechanism of regulation in tandemly replicated opsin play an important role in photoreceptor-replacement
approaches to vision restoration.

4. Summary of Project Accomplishments:

The goal of this study was to assess the expression and regulation of /ws/ and /ws2 cone opsins. Research
previously conducted in this lab has shown that retinoic acid and thyroid hormone are involved in the expression
and regulation of /ws cone opsins (Mitchell et al., 2015; Machin et al., 2019). At other institutions, LWS and other
cone opsins have been implicated in human color blindness and cone degenerative diseases (Kuchenbecker et al.,
2011).

Using transgenic line constructs, we wanted to determine what regions of the LWS locus are involved in the
expression and regulation of Iws1 and Iws2 cone opsins. Two transgenic line constructs were created by our
collaborators, using the /ws Locus. The first construct lacked the 1.8kb region upstream of /ws2 and the second
construct lacked the 2.6kb region upstream of /ws/. By removing these regions in each construct, we were hoping
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to determine how the removal of the sections alters /ws/ and /ws2 expression in zebrafish, particularly the response
to thyroid hormone. GFP+ is used to report the expression of these genes and allows for the visualization of the
cones within the eyes. Using confocal images obtained by a graduate student in the Stenkamp lab following these
TH treatment experiments, [ quantified GFP+ cones in these samples. It was determined with the first construct that
the proximal 2.6kb region upstream of /ws/ contains elements sufficient for TH- mediated upregulation of /ws1.
With the second construct, the LAR and 1.8kb intergenic region together do not contain the elements necessary to
reduce /ws2 in response to TH. In fact, somewhat unexpectedly, the LAR and 1.8kb intergenic region together
contain an element(s) that serves to promote the expression of /ws2 in response to TH, when other proximal regions
upstream of /ws/ are missing. This shows that additional research is needed to fully understand how expression is
regulated and anticipate responses to TH.

Our experiment using HCR v3.0 in situ processes on whole mounted larvae were used to test our probes to
make sure they were working properly. The reason for this was because when first trying an HCR treatment on
adult cryosectioned slides it was unsuccessful. To better narrow down the issue with the adult experiment, we
wanted to confirm whether or not it was the probes themselves causing the issue. In the past experiments done on
larvae whole mounts have been successful. The whole mount treatments were successful and the probes labelled
correctly. This indicates that there are non-probe-related issues present.

The experimental design of adult TH treatments begins with two groups of wild type fish being treated with
either NaOH or T4, one group is the control and the other is the treated respectively. Both groups were treated for
five days and after the treatment period their eyes were dissected out of the body. One eye from each fish was used
for qPCR and the second eye was used for cryosectioning. As mentioned before, the first trial of HCR protocol on
adult cryosectioned slides were unsuccessful. Moving forward it may be possible to optimize HCR v3.0 in situ
protocol on sections. Some other alternatives include using dig-labeled probes (normal in situ protocol), or
collecting whole retinas from adults rather than using cryosections.

5. Summary of Budget Expenditures:
Pipette calibration- 90.00
Superfrost slides- 427.00

Probe wash buffer- 253.00
Proteinase K- 136.00

Hard drive- 93.37

Total (as of 08/10/2020) - 999.37

A
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Final Project Report: Office of Undergraduate Research (OUR) Spring Undergraduate Research
Grant — Summer 2020
Grant Recipient: Anna Findley, University of Idaho
Faculty Mentor: Dr. Diana Mitchell, Department of Biological Sciences
Project Title: Analysis of apoptotic cell clearance by microglia in zebrafish mutants lacking haverl, a
putative phosphatidylserine receptor

Abstract
The retina is made functional by complex interactions of various cell types unique to the central nervous
system. While neurons and glia are well appreciated in this context, the microglia, a lesser understood cell
type, has emerged as an important player. Microglia are resident phagocytes that colonize the central
nervous system (brain and retina) early in vertebrate development. Recent work indicates that microglia
have a variety of functions in development and homeostasis, but the genes and pathways that are
involved, and therefore molecular mechanisms, are poorly understood. A well described function of
microglia is the phagocytic clearance of apoptotic cells during normal development as well as in contexts
of tissue damage or degeneration. However, the genes required for this function remain to be fully
elucidated. Recent transcriptome analysis published by our lab has shown zebrafish microglia express
high levels of the gene havcrl. Sequence and genomic comparisons indicate havcrl is a receptor for
Phosphatidylserine (PS), which is exposed on the surface of dying cells. Therefore, we hypothesize that
havcrl has a function in the recognition and clearance of apoptotic cells by microglia. We propose to use
the zebrafish to reveal the function of avcr! in the vertebrate retina, by the following objectives: (1)
Demonstrate that microglia express havcr! using in situ hybridization, and (2) Determine if clearance of
apoptotic cells during development is reduced in Aavcrl mutants. This work will increase mechanistic
understanding of apoptotic cell clearance by microglia and will provide a novel genetic tool for future
experiments.
Project Description
The overall goal for this project was to gain a better understanding of the function of expression of the
havcrl gene by microglia. We did this through our two objectives which were: (1) Demonstrate that
microglia express havcrl using in situ hybridization, and (2) Determine if clearance of apoptotic cells
during development is reduced in ~avcrl mutants. To demonstrate our objectives, we used wildtype
zebrafish for Objective 1 and a CRISPR-generated line of zebrafish for Objective 2.The original
proposal was to study two genes, haverl and Igals3bpb, but we decided to focus only on havcrl for the
summer to be most efficient.
To achieve Objective 1, we used HCR in situ technology to detect mpegl, a microglia marker, and
havcrl transcripts in retinas of wildtype zebrafish embryos at 3 days post fertilization. In situs are an
effective method for analyzing transgene expression at the cellular level because it enables the detection
of precise localization of a specific nucleic acid sequence in an individual cell (1). Expression of
microglia was marked and havcrl transcripts were also co-labeled to indicate if microglia express havcrl
in the developing zebrafish retina. We also included a probe set for the gene /gals3bpb, which was also of
interest and included in the original proposal. These results indicated co-expression of Igals3bpb by
microglia as well.
To achieve Objective 2, we crossed heterozygous havcrl (+/-) parents, which carried a predicted loss of
function mutation in the havcrl gene, to produce offspring (wildtype, heterozygous, and mutant). The
offspring were then collected at 3 days post fertilization (dpf) and dissected for DNA extraction (tails) and
TUNEL staining (heads/bodies). The DNA extraction was used for genotyping with an established
protocol to identify the genotype of individual fish using a PCR/Restriction Enzyme assay. A 3 dpf time
point was chosen because microglia are present in the developing central nervous system by 3 dpf and
developmental apoptosis is also detected. TUNEL staining was used for detection of apoptosis in the
developing zebrafish retina. During the later stages of apoptosis, DNA becomes highly fragmented by
nucleases. These enzymes are activated by caspases, which are a family of proteins that execute

IRSA TAB 1 Page 43 12



INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS
JUNE 16, 2021 ATTACHMENT 7

programmed cell death. dUTP is recruited when there is a breakdown of DNA (2). dUTP is what gets
stained during TUNEL staining and fluorescence, so we can see which cells are apoptotic. Confocal
spinning disk microscopy was used to image the samples. The numbers of apoptotic cells in the retinas
were then quantified for wildtype, heterozygous, and mutant embryos to see if there was a significant
statistical difference between the different genotypes. Given that microglia are the main cell type
responsible for apoptotic cell clearance in the developing zebrafish retina (3) and havcr! is predicted to
code for a PS receptor (4), we would expect that ~averl mutants will have higher numbers of uncleared
TUNEL stained cells.

Project Accomplishments

For Objective 1, we found havcrl transcripts (and Igals3bpb transcripts) co-labeled with mpegl
transcripts are indeed expressed by microglia in the developing zebrafish retina by 3 dpf, indicating that
havcrl could play a role in the clearance of apoptotic cells in the developing zebrafish retina.

For Objective 2, the CRISPR-generated mutant line of zebrafish appeared to have more apoptotic cells in
the retina than heterozygous and wildtype embryos. However, our sample size was insufficient for proper
statistical analysis and to make strong conclusions. From our sample size, we had 29% (10) havcrl
mutants, 59% (20) heterozygous fish, and 12% (4) wildtype fish. Our sample sizes slightly differ from the
expected Mendelian inheritance patterns. The uneven sample sizes we had with the genotypes is another
reason we could not form a strong conclusion with the data obtained thus far. We are currently working
on repeating the experiments to further quantify and statistically analyze our data as we continue to
increase our sample size.

The future direction of this project may include live imaging techniques to analyze the rate at which
microglia function to remove apoptotic cells in the developing retinas of Aavcrl mutant compared to
wildtype and heterozygotes. In addition, we may use this as a genetic system to study apoptotic cell
clearance in the context of retinal regeneration in zebrafish, and to determine how phagocytosis shapes
microglial function.

Each objective is significant because we can explore the expression and function of this gene in the retina
to better understand microglial functions on a molecular level. This will help us gain a better
understanding of how this gene might be important in microglial behaviors, in proper development and
homeostasis of the vertebrate retina, or if these genes might have a function in regeneration of the
zebrafish retina. Because microglia are dysregulated in a variety of neurodegenerative diseases, this
knowledge could assist in informing potential treatments, for human retinal degenerative disorders.
Budget Expenditures

Source/Vendor Item Price
Molecular Instruments HCR in situ probe sets and $1000.00
reagents for havcrl and
lgals3bpb transcript detection

TOTAL: $1,000.00
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Final Project Report: Office of Undergraduate Research (OUR) Spring Undergraduate Research
Grant — Summer 2020

Grant Recipient: Keggan Georgeson, University of Idaho
Faculty Mentor: Dr. Jessica Stanley, Department of Geological Sciences
Project Title: Dating South African rifting events via apatite helium thermochronology

Abstract

Despite many years of study, the topographic evolution of the south African plateau is still poorly
understood. Thermal histories and cooling dates obtained from rocks that compose the area may give an
idea to the progression of continental rifting and plateau development. Our goal is to constrain the <70°C
thermal history from samples in the Algoa and Gamtoos basin using (U-Th)/He Thermochronology
dating. We began the process to acquire the data necessary by selectively picking and packing apatite
grains that meet several quality requirements. 64 apatite grains from 13 sedimentary rock samples have
been selected for analysis, packaged, and sent to the University of Colorado Thermochronology Research
and Instrumentation Laboratory (CU TRalL) to be analyzed. After analysis we will examine our data for
spatial patterns using Geographic Information System (GIS) software. In addition, a forward and inverse
thermal history models will be conducted using a software called HeFTy (Ketcham, 2005). This software
will allow for the exploration of thermal histories that can explain data well while taking into
consideration of other geologic information and previously published geo- and thermochronology from
the region that constrain the possible histories. Preliminary cooling dates for samples 1059-61 and 1059-
62 are 90 = 11 and 103 + 14 Ma. These dates are substantially younger than the depositional ages for the
samples and rifting in the region. Theses dates would suggest a major cooling phase 90 — 100 Ma that
may be associated with plateau development.

Project description

The objective of this study is to constrain the <70°C thermal history from the Algoa and Gamtoos basins,
on the SE edge of the S. African plateau. These basins contain some of the only sediments from
southernmost Africa that were deposited during and after continental breakup. Knowing how deeply they
were buried and have since been exhumed can provide unique clues to the topographic evolution in this
region. Green et al. (2017) suggested a more recent phase of cooling in some parts of the southern coast of
S. Africa, however lacking the resolution to detect it in the Algoa and Gamtoos Basins that we are looking
for evidence of how widespread the cooling phase is. The samples used have been provided by Professor
Jessica Stanley by Dr. Paul Green. These samples are from the Uitenhage Group containing Kirkwood
Sandstone, Sunday River Formation, and Enon Conglomerate (Green et al., 2017). Sample location can be
seen in Figure 1.

Summary of accomplishments

To complete this project, I have carefully selected 63 apatite grains from 13 rock samples to be sent to the
University of Colorado Thermochronology Research and Instrumentation Laboratory (CU TRalL) for (U-
Th)/He analysis. Using this data, we have compiled a map of sample locations with thermal color-coded
points. To do this, I have learned the basics of the QGIS geographic information systems software to plot
sample locations. I have also been working on adding in fission track dates (Green et al., 2017) to the map
to see if there are any visible trends in sample cooling date. Dr. Stanley and I met regularly in the summer
to discuss papers we had read related to the Algoa and Gamtoos Basins, southern African topography, and
continental breakup. We have received data for 2 preliminary samples and are currently awaiting the data
from the rest of the samples. We have also made thermal models samples 1059-61 and 1059-62 showing
all possible paths the samples could have taken and highlighted the best fit path (Figure 2). These models
will be important for understanding the history of the apatite grains within the samples and help date
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cooling rates. To do this, I used literature to define the major geologic events in the region, and use the
HeFTy software to model what thermal history paths conform to these events and the apatite (U-Th)/He
cooling dates that I acquired (Fig 2). I have also had the pleasure to present at ICUR this year and have
learned a lot about other research and how to present my own research. The hope is to do thermal models
for the rest of the samples once we receive the rest of the data and to present this at the undergraduate
research symposium in the spring.

59-64
o oo 1059
d 1059- 59-60
1059 ipS

Figure 1. Map created in QGIS showing sample locations.
Figure 2. Thermal history models created using HeFTy.

The boxes inside this figure set constraints for the program to plot around. These samples tried 10,000
different paths in attempt to find the best fit. The line in dark blue is the best direct fit and the black line is
the best fit. the colored areas are envelopes, the pink is paths deemed as a good fit and the green is paths
that were acceptable. These models overall show the potential paths that each sample could have taken
based upon data we received. These events started with a high temperature event <200 ma indicated by
fission track dates, then cooled to the surface around 150 ma and finally another heating event based on
our U-Th/He analysis around 100 ma.

Summary of budget expenditures

The cost to send in our samples for U-Th/He analysis totaled to $850.00 and any extra was funded by Dr.
Jessica Stanley. We needed 63 Niobium tubes to package apatite grains, these totaled to $123.20. In order to
maintain a sanitized, clean, and contaminate free workplace we needed 5 boxes of kimwipes and 5 1L bottles
of Ethanol, these totaled to $26.50. The overall cost of everything came out to be $999.70, a cost chart can be
seen below. We are still awaiting the invoice for analytical costs from CUTRalL, should it not arrive in the
next week Dr. Stanley will cover these costs and the remainder of the budget will be spent on relevant lab
supplies.
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I truly appreciate the generous support provided by the State Board of Education in the form of this
undergraduate research grant. This was an incredible experience which greatly enhanced my education at
the University of Idaho. This grant enabled me to participate in research on a level that otherwise would
not have been possible. Thank you again for your generosity.
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Final Project Report: Office of Undergraduate Research (OUR) Spring Undergraduate Research
Grant — Summer 2020

Grant Recipient: Cody Gibson, University of Idaho

Faculty Mentor: Dr. Jessica Stanley, Department of Geological Sciences

Project Title: Evaluation of a testing apparatus for high temperature/high pressure in nuclear pressure
vessel conditions.

Project Description

Stress corrosion cracking (SCC), fatigue, and fatigue crack growth (FCG) of structural materials has
occurred since the early operation of boiling water reactors (BWR), pressurized water reactors (PWR) and
other light water reactors (LWR) and high-temperature water systems [1]. The Department of Energy-
Nuclear Energy is looking to increase reactor service live and reliability through the development of new
materials that exhibit higher strengths and better fatigue and stress corrosion cracking resistances. Proper
characterization of these materials is of upmost importance due to the harsh environments inside of
nuclear reactors.

Recently the University of Idaho was awarded a DOE Infrastructure grant to enhance the viability and
competitiveness of the Nuclear/Mechanical Engineering/Material Science Programs. With this
infrastructure grant the University was able to sponsor a Mechanical Engineering Senior Design Project
that designed and built a testing apparatus capable of testing materials in the same environment seen in
nuclear reactors (high temperature, high pressure, and corrosive environment). Implementation and
proofing of this system was not completed however, so the testing apparatus was left in an unfinished
state. I was tasked to complete the coupling of this testing apparatus and prove out the system, so that it
would be ready in the event that the University received a grant to test new materials under the above
conditions.

Project Accomplishments

The autoclaves cooling jacket is one of the most critical parts in the autoclave/circulation loop system. It
needs to cool down the loading rod while maintaining a dynamic seal between the loading rod and seal
housing. During initial validation testing of the autoclave/circulation loop system the previous cooling
jacket designs were not able to keep the seals cool enough resulting in complete system failures. A new
design was required before any loading, temperature or pressure tests could be performed. My new
cooling jacket design in figure 1 moved the seal further away from the autoclave lid and implements a
second seal. A chamber between the upper and lower seal is designed to be monitored by a pressure
transducer so that a lower seal failure can be detected during testing making it a fail-safe design. My new
design also implements a Viton seal which has a melting temperature that is 1000C higher than the
original Urethane seals.

After manufacturing and assembling the new cooling jacket I conducted a load test without a specimen in
the load grips to determine the friction forces on the loading rod. Loading in tension resulted in a force of
21 Ibf while loading in compression resulted in a force of 9 Ibf. Because the seals are a directional u-cup
design it was assumed that the compression and tension forces measured by the load cell would be
different and the initial test proved the assumption to be correct. After determining the friction forces on
the loading rod, I conducted an in-air temperature test to determine the cooling capabilities of the new
cooling jacket. In this test I placed five thermocouples in different locations to monitor the heater, CT
specimen, autoclave lid, loading rod between seals and loading rod above top seal temperatures.
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Figure 2 is a temperature vs time graph representing the temperatures measured at the above locations. In
this test, the cooling jacket was able to cool the loading rod from 3250C inside of the autoclave to 220C
next to the lower seal which validates the new cooling jacket design capabilities. The last test I was able
to conduct tested the ability of the cooling jacket and new seals to hold solution at pressure. After
coupling the autoclave and circulation loop systems together I was able to pressurize water in the
autoclave to 1500 psi without a seal failure validating the ability of the new cooling jacket design and
seals to maintain desired pressure.

Temperature vs Time

—e— Heater —a— Next to CT Lid atradius Rod between seals —e— Rod above top seal

0 10 20 30 40 50 60 70

Time (minutes)

Figure 1) 3D model section view of cooling jacket and autoclave lid. Figure 2) Temperature vs Time
graph of temperature validation test.

Discussions and Conclusions

This project has given me a great insight to undergraduate research and has allowed me to use my
knowledge as an undergraduate mechanical engineering student to solve a real-world problem. The
redesign of the cooling jacket was a critical part of this project and required me to develop better
communication skills when working with different seal manufacturers. Testing of the new cooling jacket
system and upgraded seals under high temperature and later under high pressure was a big step forward in
validating the autoclave/circulation loop system. The circulation loop system is functional but requires
five of the high-pressure valves to be replaced. Replacement of theses valves is necessary so that the fluid
filtration loop within the system can remain isolated from the autoclave loop. Direct Current Potential
Drop (DCPD) is the method used in determining crack length within the autoclave. I was not able to test
the DCPD method within the autoclave due to setbacks with manufacturing the cooling jacket. However, |
was able to learn how to properly conduct an FCG test using DCPD on a separate load frame in Dr.
Stephens lab to ensure that I could validate the method within the autoclave later.

During the Fall 2020 semester [ will continue to work on coupling and validating the autoclave/circulation
loop system. The next test I conduct will require the cooling jacket and seals to handle water at 1000 psi
and 2500C. When successful I will begin testing the DCPD system within the autoclave in first air and
then in water. The final validation test will be to perform an FCG test using DCPD to monitor crack
growth while the specimen is submerged in water at 1000 psi and 2500C.

References
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Final Project Report: Office of Undergraduate Research (OUR) Spring Undergraduate Research
Grant — Summer 2020

Grant Recipient: Kaitlyn Harvey, University of Idaho
Faculty Mentor: Dr. Nathan Schiele, Department of Biological Engineering
Project Title: Exploring the impact of macrophages on the tenogenic differentiation of stem cells

Abstract Tendon is a collagenous tissue that transfers mechanical forces from muscle to bone. Tendon
injuries are associated with significant disruptions in mechanical function and are difficult to treat
clinically. During the healing process, interactions between inflammation and mesenchymal stem cells
(MSCs) may play a role in tendon tissue regeneration. Macrophages influence inflammation, and MSCs
may differentiate toward tendon (i.e., tenogenesis) to regulate regeneration. However, more research is
needed to determine how macrophages directly interact with MSCs and impact tenogenesis. We
hypothesized that macrophages impact tenogenesis. To test this hypothesis, macrophages and MSCs were
co-cultured. Tenogenesis of mouse MSCs was induced using transforming growth factor (TGF)f2, and
directly co-cultured with mouse macrophages. Additional experiments were conducted to evaluate how
macrophage growth was influenced by both TGF[2 and the ratio of MSCs-to-macrophages in co-culture.
To evaluate the impact that the macrophages have on tenogenesis, both MSCs and macrophages were
imaged and cell growth was evaluated. In future experiments, MSCs will be stained to visualize actin
cytoskeleton morphology and western blots will be used to determine the protein levels of the tendon
marker proteins, scleraxis and tenomodulin. Results will provide new information for how macrophages
impact tenogenesis, which has a significant implication for understanding tendon healing and
regeneration.

Central Problem and Project Description Tendon is very prone to injury and lacks adequate intrinsic
healing properties. After injury, tendon never regains its full original tensile strength. This provides
motivation to develop tissue engineering and regenerative medicine techniques to promote better tendon
healing. The inflammatory response, which is involved in the tendon healing process, is thought to be
regulated by macrophages and stem cells. So, in order to better understand the tendon healing response,
this project aims to explore how macrophages impact the differentiation of stem cells into tendon tissue
cells (tenogenesis). To accomplish this objective, macrophages and mesenchymal stem cells (MSCs) were
directly co-cultured with different seeding density ratios to determine their co-culture viability. To induce
tenogenesis, cells were treated with a tenogenic biochemical, transforming growth factor (TGF)f2.
Control groups were standard culture medium (i.e., no TGFS2 supplementation) and monocultures of
either macrophages or MSCs. After determining that both cell types were viable in direct co-culture, they
were directly co-cultured and supplemented with TGF£2 and imaged to determine morphological changes
in the stem cell structure.

Procedure and Summary of Project Accomplishments

Macrophage Culture:

Initially, cell-seeding densities needed to be determined. Therefore, mouse macrophages were first
cultured with densities of 5000, 1667, 833, and 500 cells/cm2 in 12 well plates with standard cell culture
medium (Dulbecco’s Modified Eagle’s Medium (DMEM), 10% fetal bovine serum (FBS), and 1%
Penicillin/ Streptomycin) for 24 hours and three days. Images were taken at the 24 hour and three day
time points. Further experimentation cultured the macrophages with densities of 7600, 4750, and 1900
cells/cm2 in 24 well plates with 10% FBS for 24 hours, then switched to a low serum cell culture medium
(1% FBS) for 24 hours and three days. These cell densities were supplemented with sterile water, as a
vehicle control, or TGFS2, as the treatment, after 24 hours in 10% FBS and 24 hours in 1% FBS. Images
were taken at the 24 hour and three day time points.
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Macrophage and Mesenchymal Stem Cell (MSC) Direct Co-Culture:

Macrophages and mouse MSCs (C3H10T1/2) were directly co-cultured in 24 well plates at ratios of 1:1,
1:3, 1:5, 1:6, 1:10, 5:1, and 10:1 macrophages to MSCs, maintaining a total density of 5000 cells/cm2 in
each well. Cells were co-cultured in 10% FBS for 24 hours, then switched to 1% FBS for 24 hours before
being supplemented with sterile water, as a vehicle control, and TGFf2, as the treatment. Images were
taken at the 24 hour, three day, and seven day time points.

Macrophage and MSC Direct Co-Culture with TGFf2 Supplementation:

After running the direct co-culture experiments without TGFS2 supplementation, it was determined that
macrophages have a greater viability when cultured at an equal or slightly higher density than the MSCs.
Thus, we then used the macrophage to MSC seeding ratios of 1:1 and 5:1 to evaluate the viability of co-
culturing these cell types with TGFS2 supplementation. Cells were co-cultured in 10% FBS for 24 hours,
then switched to 1% FBS for 24 hours before being supplemented with sterile water, as a vehicle control,
and TGFf2, as the treatment. Images were taken at the 24 hour, three day, and seven day time points.

Project Accomplishments:

The results from the images of the macrophage and TGFS2 cultures determined that macrophages were
viable after supplementation with TGF[2, which can be seen in poster Figure 4 (ICUR 2020). It was also
determined that macrophages generally have a greater viability when cultured at higher densities. As for
the co-cultures between the macrophages and the MSCs, both cell types were viable after direct co-
culture, seen in poster Figure 5 (ICUR 2020). In this case, we also found that macrophages had a greater
viability when cultured in the 1:1 and 5:1 macrophage to MSC ratios. Further supplementation with
TGF2 seemed to have no significant impact on the viability of the direct co-cultures. These results have
provided us with new information that will further allow us to understand how macrophages impact
tenogenesis, which will contribute to our overall understanding of tendon healing and regeneration.

Future Directions:

Through the results of this project, we have seen that macrophages and MSCs are viable in co-culture, and
that both macrophages and macrophage co-cultures with MSCs are viable after supplementation with
TGF2. This information provides us with a basis to perform both long-term direct and in-direct co-
culture experiments, as well as perform further analysis of MSC tenogenesis using western blots to look
for the production of tenogenic markers, scleraxis and tenomodulin, as well as staining for actin
cytoskeleton morphology of the MSCs.

Summary of Budget Expenditures

The consumable lab supplies required to complete this project were as follow: Transwell plates, $244.79;
Mouse macrophages (RAW 264.7), $471.60; Transforming growth factor beta 2, $380.00. TOTAL.:
$1,096.36 (Dr. Schiele covered the amount that was in excess of $1,000).
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Final Project Report: Office of Undergraduate Research (OUR) Spring Undergraduate Research
Grant — Summer 2020

Grant Recipient: Madi Thurston, University of Idaho

Faculty Mentor: Dr. Margrit von Braun, Department of Chemical and Environmental Engineering
Project Title: Quantifying human exposure to heavy metals in artisanal gold mining communities
impacted by severe lead poisoning

Abstract

In 2010, an unprecedented lead poisoning in Nigeria resulted in the death of over 400 children. The
outbreak was caused by artisanal processing of gold ores inside rural village homes, where incidental
ingestion of contaminated soils resulted in geomean blood lead levels (BLLs) of 149 pg/dL. Soil lead
concentrations in villages averaged 300-4,143 mg/kg, regularly exceeding the United States
Environmental Protection Agency safe soil lead level of 400 mg/kg. The Nigerian government partnered
with international organizations, including TerraGraphics International Foundation (TIFO) and Médecins
Sans Frontieres (MSF) to remediate residential areas and deliver life-saving medical treatment for
poisoned children. Archived in situ x-ray fluorescent spectrometer (XRF) soil lead data from the
environmental response provides an opportunity to develop a better understanding of heavy metal
exposures that can be applied to other artisanal mining and indigenous communities.

This study demonstrates the influences of neighborhood size and compound location on child lead
exposure. To assess spatial variability in soil lead concentrations, an attribute database for compound lead
levels was built in ArcGIS™ for pre-remediation data. Household, neighborhood, and community means
were calculated for each compound. Neighborhood concentrations consist of a mean of all compounds
and public areas within a radius of each home. The appropriate radius value (e.g., 200°, 300°, 400°) should
reflect a child’s independent mobility and is likely influenced by several factors, including age and
gender. This study demonstrates that neighborhood size, contamination variability, and compound
location within the neighborhood have a significant impact on child’s exposure to contaminated soil.

Project description

During the 2010 lead poisoning tragedy in Zamfara State, Nigeria, TIFO partnered with the Nigerian
government to assess environmental soil contamination and to remediate the most affected areas of the
villages. Remediation methodologies included using a handheld X-ray fluorescent spectrometer (XRF) to
measure the amount of lead and other heavy metals in the soil. XRF results were recorded on hand-drawn
maps of homes and public areas. All XRF data was recorded on field sheets and later entered into
Microsoft Excel by unique household identifying numbers in each village resulting in >10,000 soil lead
concentrations collected for the >800 households.

The goal of this SURF project was to utilize existing XRF soil lead concentration data to quantify
variability in soil lead exposures for children using spatial analysis. To assess various exposure scenarios
in the Zamfara crisis, the XRF data was characterized over for the pre-remediation time period for each
household, each household’s associated neighborhood, and each community for a total of five villages
thus far. To accomplish this, I input village data into the mapping program ArcGIS™ to utilize spatial
analysis tools. Village data consisted of a GIS layer of individual compounds and an attribute table
including a unique ID for each compound and a matching mean soil lead concentration. Soil lead data for
compounds was entered manually from a separate spreadsheet containing XRF arithmetic mean soil lead
concentrations. The GIS layer with compounds and exterior areas was checked for accuracy against
existing hand drawn maps from 2010 remediation efforts and missing buildings were inserted by hand.
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Once all buildings and soil lead data are verified, the result is three separate layers to input into the
neighborhood analysis model: exterior areas, compounds, and a combination of exteriors and interiors.

In ArcGIS™, [ created a neighborhood analysis model by combining existing spatial analysis tools. The
model iterates through each compound of a village to find all the mean soil lead levels of buildings and
exterior areas surrounding that house withing a designated radius and outputs a table of summary
statistics. Neighborhood area radii included lengths of 100°, 200°, 300°, 400°, or 500’. Multiple radii were
used to prepare for future analyses in which an appropriate radius will be chosen for a child’s exposure
based on independent mobility, age, and gender using the Integrated Exposure and Uptake Biokinetic
(IEUBK) Model for lead. Repeating the neighborhood analysis for different variations can help determine
if mean soil lead concentrations are influenced more by nearby compounds or exterior areas. This
neighborhood analysis is repeated at each of the five radius lengths for the following variations:

Finding neighborhood summary statistics of interior buildings by examining surrounding

o Public exterior areas and interiors

o Only public exterior areas

o Only interiors

Summary statistics for exterior areas by examining surrounding
o Public exterior areas
o Interiors

In addition to creating the neighborhood analysis model, for each village I built a heat map by using a
gradient based on average soil lead concentration for the home. I also used a multitude of spatial analysis
tools in ArcGIS™ for each village to provide statistical results and reveal patterns of soil lead
concentrations in different contexts. The most helpful tools were the Cluster and Outlier Analysis test and
the Hot Spot Analysis tool in ArcGIS™. The Cluster and Outlier Analysis tool determines four
statistically significant variables: significantly high soil lead concentration compounds in relatively high
soil lead areas, really low lead concentration houses in low areas, high spots in low areas, and low spots in
high areas. The Hot Spot Analysis tool finds significant high or low compound soil lead concentrations
relative to nearest neighbors. These tools reveal patterns that can’t be seen by just looking at the map.

Accomplishments

Over the course of 10 weeks, I completed the neighborhood analysis for pre-remediation data for five
villages, including the largest village with over 425 houses. These villages now have a compound,
neighborhood, and village mean soil lead concentration for each individual household. From using spatial
analysis tools, I was able to confirm results from a past paper. Villages from Phase I (remediated in 2010)
have a significantly higher soil lead exposure than in a Phase II village (remediated in 2011), meaning
that a child’s exposure in a Phase I village is high regardless of residential location. I also found that
neighborhood concentration has a significant impact on a child’s exposure. This means that for Phase II
and Phase III (remediated in 2013) villages, if a child’s home has a high soil lead concentration, but they
live in a low concentration neighborhood, their exposure is lowered and vice versa for a low soil lead
home in a high soil lead neighborhood. Finally, the neighborhood data showed variability in lead
concentrations depending on radius length. Each child’s exposure to lead is unique depending on their
independent mobility which directly relates to the size of their neighborhood.

These findings help answer questions about exposure and point towards important factors for determining
a child’s lead exposure. By understanding the relationships between lead exposure from compounds
versus neighborhoods, future analysis can help determine what soil lead weighted average of home,
neighborhood, and community determines the most meaningful exposure estimate. In addition to these
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findings, I presented my research at the Idaho Undergraduate Research Conference and submitted an
abstract to present at the 2021 International Conference on Soil, Water, Energy, and Air conference next
spring.

Budget expenditures

My original budget was $875 for project expenditures related to travel to Moscow, ID. Due to unforeseen
circumstances, my laptop crashed and had to be replaced in order to use the software required for the
project. I was reimbursed $847.99 for the laptop purchase. This was necessary as my work was remote
and required high computing power for large data files and mapping software such as ArcGIS. Due to
conditions during the pandemic, travel was limited. The remaining budget was applied toward travel
between Boise and Moscow, ID.

Future works

During the 10-week period, I produced several fascinating results that bring up new questions for future
work. After this summer, I will continue to work with TIFO on additional investigations for this project.
With the neighborhood analysis model, I will finish conducting the soil lead analyses on the remaining
three villages. Afterward, I will begin the next steps of finding the most appropriate radius value for a
child’s exposure varying by age. When neighborhood analysis is completed for all villages, a weighted
mean of the soil lead means from the home, neighborhood, and community can be calculated. For
children aged 6 months to 8 years, a predicted BLL can be calculated for each individual depending on
their location and assumptions about mobility using the [IEUBK model. In the future, predicted BLLs will
be compared against the actual BLLs collected by MSF during emergency response efforts to adjust
exposure factor variables.

Acknowledgment: | greatly appreciate the generous support provided by the SBoE/HERC that made my
SURF award this experience possible for me. It was a truly great experience.
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Abstract

Propelled by the recent revolution in genome editing, gene drives—selfish genetic units which
spread preferentially in wildlife populations—have been celebrated in recent years as a means
to eradicate vector-borne diseases like malaria, which continue to claim millions of lives
each year. While some proponents have argued for the use of ‘lethal’ drives to depress
vector populations, others support a more nuanced approach: the suppression of parasite
transmission, at no cost to the host. Lethal or not, genetic interventions against disease will
likely prove spatially imperfect—leaving pockets in which parasite persistence and evolution
are possible. In order to probe how spatial structure affects such genetic interventions, we
built and analyzed multi-strain metapopulation model(s) of vectored disease characterized
by distinct functional forms of transmission together with movement of humans between
patches. We found that differences in mosquito ecology and the softening of spatial structure,
shape the nature of infection globally. This work culminated in a manuscript submitted to
Evolution, Medicine, and Public Health this summer. Using a stochastic formulation of the
model, we have begun studying evolution of the parasite in discrete space. In particular, we
are interested in if and/or when the strength of movement between patches and standing
genetic diversity of the parasite can save a pathogen from extinction or allow it to expand
its initial range. Altogether, our results illustrate the nuanced reality of interventions, both
genetic and not, against vector- borne disease: population structure, mosquito biology, and
evolution together determine where eradication is possible, and where it isn'’t.

Project description

Using two metapopulation models of vectored disease—a system of ordinary differential
equations, and the other an analogous stochastic process—we sought to answer a couple key
questions. How do differences in mosquito biting (as reflected in density- versus frequency-
dependent transmission) affect the long-run outcomes of disease in a two-patch, single-strain
setting as the degree of spatial structure changes? In a many-patch setting, how does the
strength of movement between neighboring patches change the evolution, transmission, and
spread of a parasite in discrete space? How does the degree of standing genetic diversity
of the parasite affect the adaptive dynamics? Can mutation save a pathogen headed for
extinction? Can a parasite accumulate successive mutations at the boundaries of patches
where transmission is (initially) suppressed to expand its initial range?

Our first model is deterministic and tracks densities of susceptible and infected humans and
mosquitoes in patches k£ = 1,2,...,n with strains 5 = 1,..., m. The equations describing
densities of individuals in a given patch k infected with strain j are included below.
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J
i=1

infection of susceptible humans with strain j

MY = by ay, - M [Ecm-ﬂg)] — 5 M — g M

i=1

infection of susceptible mosquitoes with strain j

This model has been updated since applying for OUR funding: we now track multiple strains
and mutational dynamics (characterized by red terms).

—

Our second model is a continuous-time stochastic process (X )0 = (Hl(f), M qu), M I(Jk)) defined
on a discrete state space and such that probabilistic rates and transitions are defined as in
the deterministic setting. We used 7-leaping to simulate realizations of the process.

Project accomplishments & budget expenditures

With the support of the Office of Undergraduate Research, we have been able to complete
the following over the summer months:

e Reviewed literature in mathematical epidemiology, especially that having to do with
the spread of vector-borne diseases in structured populations.

e Studied Gillespie’s direct method for stochastic simulation. Implemented this method,
as well as the 7-leaping approximation, to study the effect of stochasticity in the basic
SIR model and in other settings. An R Markdown file with code to complete stochastic
simulations for this model with the direct method is attached.

e Finalized study of the model in the two-patch, one-strain setting. While the submitted
manuscript does not reflect some of the work done (simulations solving the system
of ODEs to steady state for various combinations of parameters), a pre-print can be
found here: https://www.biorxiv.org/content/10.1101/2020.07.16.207464v1.

e Wrote code (included in another R Markdown file) to complete simulations of the
stochastic m-strain and n-patch model with mutation, in which n and m can be chosen
arbitrarily. We have begun using this code to answer questions laid out in the project
description, as well as in a poster (attahced) presented at the 2020 ICUR.

We spent the funds provided by the OUR for Mathematica on a year-long licence in July.
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|. Abstract 1l V. Results

. Methods
Crack propagation is typically observed in systems that experience cyclic 00 | |
loading, often resulting in critical failure (fatigue). Compressive residual ol |
stresses induced in a material contribute to stunting crack growth and can 00

Increase the fatigue life or prevent failure. The tensile loading of cracks Z0 -

creates a plastic zone at their tips, and growth of the crack leaves a “plastic E| | £ 29

wake” region adjacent to the newly created surface wherein the material has 8

been strained. While some models and validation techniques to describe S0 - = 20

and measure the plastic zone size are available, the plastic zone has not N |

previously been measured using nanoindentation. Nanoindentation is the =

process of inducing compressive plastic deformation at a micrometer length ; 0. e

scale, typically using a pyramidal indenter probe. Data analysis of the force _ e L0 s o o
vs. displacement data can be used to determine the specimen’s material Figure 2a Figure 2b Tested Crack Length

properties. By coupling nanoindentation with atomic force microscopy (AFM) " Hordness fn Plastic Zone 7 Hardness Across Plastic Zone Boundary = Hardness fway from Plstic Zone
to measure material upheaval around the impression, the residual stress
field can be determined at the tip and the wake surrounding a crack. These /

=

(GPa)

Hardn

=

TRRRARRREE IR IFLY

X848 T

=

Figure 4: Average hardness values at tested crack lengths among three
different areas along the specimen

Table 1: Plastic zone sizes found using the Irwin model and indentation
changes in hardness. Nanoindentation estimation values are the distances
from the crack tip where the greatest change in hardness occurs

data can also be used to model the plastic zone around the tip of a crack.
This research will provide a comparison between the nanoindentation
method and a mathematical model in the literature. Ultimately, results from \

these experiments can help us to understand crack propagation and Crack Length (mm) Irwin Model r, (mm) Nanoindentation Estimation of r, (mm)

potentially provide a non-destructive fatigue damage prediction. 17.8 2.416 2.28 - 2.38
20 3.024 3.04 -3.14
25 5.247 5.13-5.23
ll. Bac kground Figure 2¢ —— 30 10.226 10.39 - 10.49
, : | | | : » Hardness varies slightly among tested regions along specimen
T Figure 2: a) Alloy 709 FCG specimen indents taken along 17.8mm and » Both the regions near the plastic zone boundary and away from the zone
20mm crack length b) Indentation Load vs. Time Curve c) Indentation have lower hardness values than found in the plastic zone for all tested
technique applied to different crack lengths d) AFM strategy to determine crack lengths
amount of sink-in/pile-up for indents  Plastic zone size estimations using solely indentation are closely related to

| | the Irwin model calculations
* Four different crack lengths were tested on an Alloy 709 Stainless Steel

specimen: 17.8mm, 20mm, 25mm, and 30mm

» Gradient Indent Pattern used to test the surface of specimen

 AFM used to measure the amount of pile-up around indents

* An average of the max pile-up of each side of indents calculated on the lines
shown In Fig. 2d

VI. Discussion & Future Work

* The Indentation technigue provides similar values to those calculated using
the Irwin model

* Retrieve AFM data and use values to calculate residual stress field and
nlastic zone size

* Run methods on more samples to further improve confidence in results

-l e
= & —— g m—— 3

T ‘~ - »“;: -
. PR -~

Figure la Figure 1b
Figure 1: a) Alloy 709 Stainless Steel compact tension specimen b) Specimen
characteristics during fatigue testing

» The Irwin model for finding the plastic zone size, r, , Is shown in Equation 1.
This equation is for plane stress conditions and is commonly used in fatigue
crack growth (FCG) applications.

5 _1(AK)2 .
Ty_n ZSy 1)

* The plastic zone size can be determined by finding the changes in the
residual stress magnitude at different points on the surface of the
specimen. Equation 2 Shows the formula for determining the magnitude of
the residual stress field, A.

A = Extan(f3)

(O'y(l_vz))
E = Young’'s modulus

f = Angle between sharp indenter and undeformed surface
o, = Flow stress

v = Poisson’s ratio
* By performing indentation to an FCG specimen’s surface and AFM to

determine the indented surface topography, the residual stress field can be
determined along with the plastic zone size.

V. Experimental Testing

300 i
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Figure 3: Indentation Load vs. Depth Curve

» Strain-controlled testing used for indentation, each indent set to a target
depth of 2000nNm




Hypothesis
Analyzing spatter deposits and their vesicles from recent
eruptions, such as the 2018 Hawai’i eruption, can be used to
determine relative degassing and potential lava fountaining
height through vesicle percentage and shape.

Methods
*  Spatter clast were collected from the 2018 Hawai’i
eruption and several ancient sites from throughout the
Northwest, USA.
« Samples collected from the Northwest USA were
collected from lava flows and fissure sites from
Hell’s Half Acre, Blue Dragon, Devil’s Garden,
and Ross Flow
» Thin sections were created for each clast
» Each thins section was thin scan to have an image of the
whole thin section
* These scanned images were then inputted into ImageJ for a
vesicle percentage in the thin section
* The thin sections are then imaged with backscatter SEM at
varying magnifications and locations on the slide
« At 29x, 50x%, and 100x magnifications following
the guidelines set in Shea et al., 2009.
* The SEM images are processed in FOAMS for analyses of
the vesicles size and sphericity

Location of fissure sampling
sites, Hawai’1, HI

David Cavell (University of Idah

0, Geology)

2018 Hawai'i Density vs Vesicle Percentage

Looking Forward
Using the outlined methods, it is hoped that
we can locate eruptive fissures that
displayed relatively high degassing,
potentially resulting in higher fountaining of
erupted lava. In Parcheta et al. 2013, it is
shown that fissures with higher fountaining
resulted in a higher percentage of vesicles
and smaller in size and consisting of high
sphericity. Through analyzing the 2018
Hawai’i eruption’s spatter from sites with
varying fountain heights and rate of
degassing, we hope to see correlations to
ancient volcanic events. This can lead to
knowing the way in which the lava was
erupted and how it affected the landscape
and eruption. We can see that fissures with
higher vesicle percentage tend to be from
high production vents.
Completion of Northwest samples in Image)
and both sets of samples in Backscatter SEM,
and then process and interpret the collected
data and present all findings.

R[]

12.5X

N
25X
~———— Increasing magnification
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Background

Pumas (Puma concolor) are one of the largest

mammalian predators in Central America

» They have many complex effects on ecosystems. g

« Pumas are a species of conservation need due to a high
extinction risk in some areas 2

» Predator abundance, survival, and reproduction rates
are closely tied to prey availability and density1

In Costa Rica, 27% of land is protected, but some

areas have a degree of fragmentation5

» Corridors often have high rates of deforestation and
human disturbance5

» The Central Volcanic Cordillera Jaguar Conservation

Discussion and Implications

Our results indicate that pumas in the Central

Volcanic Cordillera may follow prey in the area

» In this case, pumas were best predicted by rabbit and
red-brocket deer occupancy (of prey models where
deltaAIC < 2)

 However, deer and pumas were inversely related — deer
may be avoiding pumas, or other, unmeasured factors
may be contributing (such as elevation or distance to
water)

« More investigation is necessary to confirm results

Four of 11 prey species evaluated had some anthropogenic

disturbance as the main covariate impacting occupancy

10

10

i
i
l ®
9]
|
5

Unit (CVC JCU) has low jaguar density, despite = « Showed higher occupancy rates when disturbance was
previously being viewed as a stronghold4 P ﬁ\ less or a greater distance away
« Provides habitat connectivity from Panama to VR e R
Nicaragua T 05 SaTi o sswum P Caveat:
« A 2019 study in a nearby JCU and corridor = S « Selected #1 model of prey species to conduct puma

Figure 3: Camera trap locations in the study site are denoted with red squares. The colored grid cells
Indicated predicted jaguar habitat use, ranging from good (green) to poor (red)4 .

occupancy analysis—often, species had more than 1
model with deltaAIC < 2
 In future, can combine these top models for more

evaluated prey species richness as a means of
predicting jaguar and puma habitat use4

Evaluating species distributions in the CVC JCU 1. Camera Trapping

could provide insight on the relationships pumas * 42 camera stations deployed across study area (Figure 3) for 14 weeks from Oct. 2018 to Jan. complete summary of the system

have with prey in this critical protected area 20194

 Similar studies observed predator distributions were + Generated detection histories per species Further Research
best explained by prey distribution?7 » Species were included if they were a documented prey item of pumas4

« Can perform further analysis by combining models
where deltaAIC < 2 for more refined results

Mitigating cat-cattle conflict is of high importance in the

country and a main focus of Panthera4

* We can build upon Salom-Perez’s 2019 evaluation
(Figure 3) of the neighboring protected areas and
determine puma habitat use probability based on prey
species abundance and distributions

 This can identify potential conflict hotspots between
cats and humans

Further examining prey species abundance and

distributions may help provide insight on why there is

little to no evidence of jaguars in the CVC

* Puma-prey relationships are unknown in this area; .
reason for jaguars’ absence is unknown

Selected covariates include forest cover, Human Footprint Index, minimum distance to road, and
minimum distance to human town
2. Data Analysis
« Data analyzed with R package unmarked3
| » Predicted occupancy based on leading model (by AIC scores) for each prey species
Can prey occupancy serve as a predictor » Puma occupancy was modeled with predicted prey occupancies as influencing factors in addition
for puma occupancy? If so, which species? to 4 site covariates
Objectives: » Leading puma occupancy model was then used to predict puma occupancy across the 42 sites

» Predict occupancy for species with four main
Results Summary

covariates (minimum distances to road and town,
Human Footprint Index, and forest cover)
Puma occupancy was best predicted by rabbit (Sylvilagus brasiliensis) occupancy, minimum distance to
road, and red-brocket deer (Mazama americana) occupancy as the top models (Table 2, deltaAIC < 2). .

Research Questions & Objectives

« Predict puma occupancy, including predicted prey
occupancies as additional covariates

Puma occupancy across the study site ranged from 0.003 (std error=0.01) to 0.602 (std.

error=0.27)

» Rabbit occupancy varied from 0.009 (std. error=0.02) to 0.416 (std. error=0.21)

» As rabbit occupancy rates increased, so did puma occupancy rates

* Pumas were also linked to minimum distance to road (decreasing occupancy with increasing

distance) and red-brocket deer (decreasing occupancy with increasing red-brocket deer occupancy)

Table 1: Species included in the analysis and the best
model. The effect of the covariate on occupancy is
summarized by trend; null models indicate that
species occupancy does not vary across site and
therefore no trend was identified.

. Top

Increases with increasing Forest

Table 2: Model ranking summary for all models

evaluated in predicting puma occupancy. Models
are listed in order of best to poorest fit based on
AIC scores.

0

This area is a critical link for jaguars4

* (Can extend Salom-Perez’s 2019 work into the CVC and
predict jaguar habitat use using our data and occupancy
analyses
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Introduction Results Discussion

Vertebrate color vision requires the expression of cone visual
pigment proteins (opsins), with different peak spectral
sensitivities in separate cone populations (Fig. 1A). In primates
and In teleost fish, some opsin genes have been tandemly-
replicated, with the opsins encoded by the replicates having
divergent spectral sensitivities (Fig. 1B). The current model for
the regulation of tandemly-replicated opsin genes in humans Is
described as a stochastic event!. However, in human retina it
has been discovered that there are topographic gradients in red:
green cone ratios? (Fig. 1C), this suggests that a trans regulatory
mechanism Is involved In their expression. In support of this
hypothesis, recent publications from our lab, investigating the
orthologous long wavelength sensitive (lws) array of zebrafish
(Fig. 1B; D) have shown that retinoic acid and thyroid hormone
(TH) promote the expression of lwsl at the expense of lws2 In
larvae and juveniles 34, Preliminary data from experiments in
which adult zebrafish were treated with TH, suggest a similar
response takes place in adults. The goals of the current project
are to better understand the regulation and expression of Iws
cone opsins when larvae and adult zebrafish are treated with
TH, as well as demonstrate that lws expression Is plastic In
cones of adult zebrafish.

Fig 1. A) Diagram of
cone photoreceptor, and
Image of (fluorescently-
labeled) cones and
downstream neurons in
zebrafish retina. B)
Human L/M cone opsin
array and zebrafish lws
cone opsin array. LCR =
locus control region. LAR
= lws activating region.
Numbers above genes
Indicate the
corresponding peak
B spectral sensitivity (in
560 530 nm) of the encoded
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L-_ VIS _( e )_ human visual pigments.5 C)
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3 Topographic patterns of
LAR 558 548 | 3 human LWS:MWS
—— B — iws2 —— °°°*" 5 (=L/M) and zebrafish
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C Topographic patterns of
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Cis-regulatory regions involved in responseto TH

Fig. 2. A) Transgenic constructs generated to evaluate roles for cis-
\ regulatory regions that may be important for the response to TH. The
LWS.1 { L\WS.2 \ native locus responds by upregulating lws1 and downregulating lws2°>. B)
Left: a whole mounted 4dpf DMSO-treated (control) eye; Right: a whole

‘ I mounted 4dpf T3-treated eye. Both eyes are from the transgenic reporter

|W31up2 6kb:GFP (reg.on shown above by black bracket was deleted) line Iwslup2.6kb:GFP C) Left: a whole mounted 4dpf DMSO-treated

n Native Iws Locus (with regions that were targeted for deletion in the constructs below)

LAR GFP (control) eye; Right: a whole mounted 4dpf T3-treated eye. Both eyes are
_- I from the transgenic reporter line Iws2upl.8kb:GFP. All eyes were imaged
lws2upl.8kb:GFP (regions shown above by purple and pink brackets were deleted) USing the Confocal miCrOSCOpe. D) Numbers Of GFP+ cones fOf DMSO VS.

LAR GEP T3 treated line lwslup2.6kb:GFP P=0.00512. E) Numbers of GFP+ cones

] i

L
lwslup2.6kb:GFP

B Control

for DMSO vs. T3 treated line Iws2upl.8kb:GFP P=0.00094. The Mann-
Whitney test was used to quantify the comparison between GFP+ cones

from the control vs. treated group, resulting in the above P values.

T3 (48hr treatment) Statistical notation: **P < 0.001, **P < 0.0001.

*The proximal 2.6kb region upstream of lws1l
contains elements sufficient for TH-mediated
upregulation of lws1.

lws2up1.8kb:GFP

C Control

*The LAR and 1.8kb intergenic region together do
not contain the elements necessary to reduce Iws?2
IN response to TH.

T3 (48hr treatment)

Somewhat unexpectedly, the LAR and 1.8kb
Intergenic region together do contain an element(s)

D . wstp2ewcre [ mwsauprakocre that serves to promote expression of Iws2 In

T | 3" ﬁ response to TH, when other proximal regions
+ - + . u
i . S — upstream of lws1 are missing.

~ DMSO T3 ~ DMSO T3

Test of HCR v3.0° in situ to detect lws transcription.
A S =¥ convo Y T—
pair of probes [ I 1 Colocalized initiator 11 triggers HCR
Probes bind target, colocalizing
Target two halves of HCR initiator I1

two halves of |1

Metastable DNA Hairpins H1 and H2
HCR hairpins propagate chain

* * reaction
C a

b
b’ "
bﬂb b b o5 H1 H2
a c
H1
H1  H2 — n: .
" . [
5 R H1 H2
a’ b HCR initiator |1
11 triggers chain
reaction
DNA HCR H1 H2
initiator
Conditional

H1 H2 self-assembly of
HCR amplification

11 polymer

Fig 3: A) Scheme E provides the basis for in situ HCR (Hybridization Chain Reaction) v3.0.° B) Left is a
whole mounted 6dpf DMSO-treated (control) eye and right is a whole mounted 6dpf T3-treated eye.
Probes = Zebrafish-opnliw-B3 (lwsl), and Zebrafish opnliws2-B4 (lws2) were used when undergoing HCR
v3.0. FIJI was used to process the images following imaging on the confocal microscope. Blue
fluorescence indicates Iwsl expression, and magenta fluorescence indicates Ilws2 expression.

*The HCR procedure was successful; 7h T3 may not be sufficient to upregulate Iws1.

Experimental design for experiments using adult zebrafish.

NaOH-treated 5 days >_<::_ Oneoeye " Fig 4: Flow chart of adult thyroid hormone treatment. 10,000x stock T4 was
_ ayosectioned @dded to the fish beakers to result in a final concentration of 386nM (NaOH
Wild Type was at a final concentration of 0.01%), Treatments lasted 5 days and solutions

Fish were refreshed every 24 h.
One eye RNA

-> { One eye
T4-treated 5days cryosectioned

*HCR In situs are In progress.

* Regulation of Iwsl vs. lws2 opsin gene
expression by TH is a complex process.

* We characterized regions of the lws
locus that are important for TH mediated
opsin expression.

 The HCR v3.0 In situ process, and the

probes available, appear useful for detecting
specific transcripts in whole mounted tissues.

 Initial attempts to perform HCR using
these probes, on sectioned adult retinas,
were not successful. A non-probe-related

ISsue needs to be resolved, including
adjustments to reduce autofluorescence.

Future Directions

* Determine expression patterns and response
to TH in adult Iwslup2.6kb:GFP and
lws2upl.8kb:GFP transgenic fish.

* More work needs to be done to better
optimize HCR v3.0 in situ use on adult retinal
cryosections.

» Alternatives include the standard use of dig-
labeled probes, or the collection of whole
retinas from treated vs. untreated adults.
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utants Lacking havcrl, a Putative Phosphatidylserine Receptor

Abstract

Figure 2: Microglial expression of havcrl

Figure 4: Analysis of apoptotic cell clearance during retinal development in havcrl mutant zebrafish.

The retina is made functional by complex interactions of various cell types unique to the
central nervous system. While neurons and glia are well appreciated in this context, the
microglia, a lesser understood cell type, has emerged as an important player. Microglia are
resident phagocytes that colonize the central nervous system (brain and retina) early in
vertebrate development. Recent work indicates that microglia have a variety of functions in
development and homeostasis, but the genes and pathways that are involved, and therefore
molecular mechanisms, are poorly understood. A well described function of microglia is the
phagocytic clearance of apoptotic cells during normal development as well as in contexts of
tissue damage or degeneration. However, the genes required for this function remain to be
fully elucidated. Recent transcriptome analysis published by our lab has shown zebrafish
microglia express high levels of the gene havcrl. Sequence and genomic comparisons
indicate havcrl is a receptor for Phosphatidylserine (PS), which is exposed on the surface of
dying cells. Therefore, we hypothesize that savcr] has a function in the recognition and
clearance of apoptotic cells by microglia. We propose to use the zebrafish to reveal the
function of havcr! in the vertebrate retina, by the following objectives: (1) Demonstrate that
microglia express saver] using in situ hybridization, and (2) Determine if clearance of
apoptotic cells during development is reduced in saverl mutants. This work will increase
mechanistic understanding of apoptotic cell clearance by microglia and will provide a novel
genetic tool for future experiments.

(4) . (B) : : I
haverl expression measured by RNA-seq haverl transcripts localized to microglia
. .0 11)
i : ii) [z (
0] § Mitchell et al., 2019 (ii) : Os sterhof et al., 2017
3 1000 3 mpeg1 haver1
H —— T T— (microglia marker)
g 100 %
E, ‘é 1004
& 1 &
T T T T
2 \&\\" v’f * S &
& & & & >
& & A
¢ N y & &°
& é\"’ . \‘}° \
N .\éo & < “\40
& O

Hypothesis: Loss of havcr! leads to failure of microglial clearance of apoptotic cells during development.

Justification: The results from Figure 2 present evidence that havcr is highly expressed by microglia. Microglia are the main
cell type responsible for apoptotic cell clearance in the developing zebrafish retina [7]. Since havcr! is predicted to code for a PS
receptor (Figure 1), it is predicted that havcr] mutant retinas will have higher numbers of TUNEL stained cells.

Figure 1: Dynamics of phagocytosis and the predicted structure of
HAVCRI1: a phosphatidyl serine receptor.

(A) Shows havcrl expressions in microglia compared to other cell types, measured by RNA-seq in two
published studies using adult zebrafish [4,5] (B) We used HCR in situ technology [6] to detect mpeg! and
havcrl transcripts in retinas of fixed zebrafish embryos at 3 days post fertilization. (i) Shows the expression of
microglia using mpeg! in a singular section of an embryonic retina, while (i) shows a retina of a different
embryo with havcrl transcripts labeled. The labeling pattern of the haverl transcript indicates that haverl is
indeed expressed by microglia in the developing zebrafish retina.

(A) Overview of phagocytosis of apoptotic cells (B) Predicted protein structures: TIM Family

B Danio rerio

['A Homo sapiens

. HAVCR1|| 4

find-me’ signals

Phagocyte Apoptotic cell

C—>

| Phosphatidylserine (PS) Receptor |

TIM-3 + -‘ )w TIM-3~ "u '

HAVCR1

e [ e -

§ Signal peptide 4 N-linked glyosylation site =} RGD motif

Pr g and

0 8nG  igv domain O-linked glyosylation site I Transmembrance domain
degradation of corpse -

Modified from
Ravichandran et al. [2]

'
Mucin domain []mn plasmic domain < Ty kinase phospl motif
I

Modified from Xu et al. [3]

Figure 3: Mutation in zebrafish havcrl introduced by CRISPR gene editing.

@) Zebrafish haverl coding sequence

< haver1-206 c
protein coding Mutation

~aReverse strand 9.64kb

(B) CRISPR-generated mutant line

(A) Overview of apoptotic cell clearance. “Find-me” signals are released from apoptotic
cells, which attract phagocytes to the site of death within tissue. “Eat me” signals are
exposed on the surface of apoptotic cells and promote recognition by the phagocyte and
subsequent internalization of the dying cell. The best known “eat me” signal is phosphatidyl
serine (PS) [1]. In healthy cells, PS is located on the inner plasma membrane, but during
apoptosis, becomes exposed on the surface of the apoptotic cell. Phagocytes express
receptors that recognize and bind to PS. Binding of PS receptors to PS on apoptotic cells
provide a signal that triggers cell engulfment [2]. (B) Humans and zebrafish have
orthologous genes in the TIM family that act as PS receptors [3]. In this diagram (modified
from Xu et al. [3]), the protein called TIM-1 in humans is coded by the human H4VCRI
gene. The protein called TIM-4 in zebrafish is coded by the zebrafish havcr! gene. The
predicted structures of the proteins are shown.

Identity N | B |
haverl coding MG GG GAMIGAGA GGA GATAIECCC- - - - - - - AGMAGG---------- GGOMGEGGEGAAGAAATTATNGCAAGHGA
c W HENR NN P ------- - --------- G C G MEMNENI I A S
haverl gRNA-2
wildtype BGEHGGANGAGAGGA GABATTCEE- - -- - -- RGEAGG---------- GGETGHEGGEGAAGAAATTA THGCAAGEGA
C WHEINR NCHEDMEN P ------- - --------- G C G MEMMEN I I A S

GIGAJATAIICCTGEGGCNGNGGCGAAGAAA ITA INGCAA GIGA
EEEDP T P WM AIWEA K KIINLY QW
+13bp and -3bp

C WIMTR G D "I P IVWE A H

A B
@) ) ®) TUNEL (terminal deoxynucleotidyl transferase dUTP nick end labeling) staining
Experllpelltal in whole eyes of embryos at 3 days post fertilization
Design DAPI (Cell Nuclei) TUNEL (apoptotic cells)
@ — (i) (iii)
< \% =< x( 5o Wildtype (+/+) Heterozygote (+/-) Mutant (-/-)
[ haver1 (1) 3| * haverl (+/)Q) gt
-+ —
4+ | —
-+ o 0
Retina
| A ———
(ii) e —
‘ , (A)(i) Heterozygous havcrl (+/-) parents were crossed to produce offspring (wildtype, heterozygous,
. and mutant). (ii) The offspring were then collected at 3 days post fertilization (dpf) and dissected for
DNA extraction/genotyping (tails) and TUNEL staining (heads/body). This timepoint was chosen

— because microglia are present in the developing central nervous system by 3 dpf and developmental
fntios for DNA extraction apoptosis is also detected [7]. B. TUNEL staining is used for detection of apoptosis. Images show
processing for genotyping TUNEL+ apoptotic cells (red) in whole eyes of 3 dpf embryos from each genotype. Quantification and
":‘9‘ TUNEL statistical analysis of numbers of apoptotic cells will next be performed, to determine if the saverl
i mutation results in an accumulation of apoptotic cells.

Conclusions

*  We have shown that havcrl is expressed by microglia in the developing zebrafish retina by showing that haver! transcripts

localize to microglia and not other cell types.
*  The CRISPR-generated haverl mutant line of zebrafish appears to have more uncleared apoptotic cells than heterozygous
and wildtype embryos, although quantification and statistical analyses are still pending.
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(A) Diagram of the coding sequence for zebrafish savcri, showing exons. The location of the mutation in
haverl in the bez41 zebrafish line is shown with a red arrow. The mutation is located in the second exon. (B)
Shows the region targeted by the gRNA and containing the CRISPR-generated edits to savcr! in zebrafish
compared to the wildtype gene sequence. The CRISPR-generated mutant line was gifted to our lab by Dr.
Celia Shiau (UNC). The mutant allele introduces a premature STOP codon (red box), which occurs early in
coding sequence. The mutation is predicted to be a null mutation, meaning the altered gene product lacks the
molecular function expected from a wildtype gene. Since the HAVCR1 protein is likely a receptor for PS, we
would then expect to see a higher number of apoptotic cells in avcr] mutants due to the lack of recognition
and clearance of apoptotic cells by microglia.
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Evaluation of a Testing Apparatus for High Temperature/High
Pressure In Nuclear Pressure Vessel Conditions

Abstract:

ponents that operate under high temperatures
a corrosive environment while being cyclically
e to the effects of environmental cracking. Dr.

Stephens along with other faculty members at Ul have submitted
several proposals to various agencies with the hope of being
awarded a grant that would allow them to begin testing new

materials under these conditions. Recently Dr. Stephens was a
Co-Pl on an NEUP Infrastructure Grant in which the team was
awarded the grant to purchase and assemble couple a testing

frame / autoclave
As a result, there

/ circulation loop / controller for material testing.
IS a lot of complex and complicated coupling of

the equipment necessary to make it operate correctly and safely.
Over the summer | will be tasked with coupling the key
components together so that they will be fully functional in the
event one of the submitted grants i1s awarded. | will be performing
validation tests that include fatigue and stress corrosion cracking
using a candidate stainless steel alloy used in nuclear power
plant applications. Initial tests will include room temperature
validation followed by high temperature and pressure within the

testing apparatus.

Introduction:

Stress corrosion cracking (SCC), fatigue, and fatigue crack

growth (FCG) of

structural materials has occurred In numerous

types of high temperature and pressure water reactors used In
the Nuclear Energy Industry. The Department of Energy-Nuclear
Energy Is looking to increase reactor service life and reliability
though the development of new materials that exhibit higher

strengths and

better fatigue and stress corrosion cracking

resistances. Proper characterization of these materials is of
upmost iImportance due to the harsh environments inside of

nuclear reactors. Recently the University of Idaho was awarded a

DOE Infrastructure grant to enhance the viablility and
competitiveness of the Nuclear / Mechanical Engineering /
Material Science Program. With this infrastructure grant the

University was able to sponsor a Mechanical Engineering Senior
Design Project that designed and bullt a testing apparatus
capable of testing materials in the same environment seen In
nuclear reactors. Implementation and proofing of this system was
not completed however, so the testing apparatus was left in an

unfinished state.

| have been tasked to complete the coupling of

this testing apparatus and prove out the system so that it will be
ready In the event that the University receives a grant to test new

materials under the above conditions.

Cody Gibson and Dr. Robert Stephens

Department of Mechanical Engineering, University of Idaho

Methods

Data acquisition

DCPD
measurement
devices

Controller

Figure 1. Primary components of experimental testing apparatus.
Includes data acquisition, controller, load frame, autoclave, DCPD
devices, and circulation loop.

« LabVIEW software has been downloaded to the desktop

« Data acquisition system has been connected to
LabVIEW

* Nano voltmeter and power supply for DCPD
measurement have been connected to the DAQ

» Controller with micro profiler has been connected to the

load frame and is fully functional
. Autoclave heater I1s connected and has been tested

) ", e:_‘
§ y .'iﬂ'«'

measurement inside of the load
frame grips. Wires 1 and 2 are

connected to the power supply,
wires 3 and 4 are connected to
the nano voltmeter.

for monitoring crack growth. A constant amperage of 2
amps runs through the specimen. As the crack grows
there Is a change of resistance in the material. The nano
voltmeter monitors the voltage change due to the change
IN resistance. That data Is collected and converted into a
physical measurement corresponding to crack length.

Figure 2. Side view of a compact
tension specimen wired for DCPD

Direct Current Potential Drop (DCPD) Is the method used

Universityofldaho

College of Engineering

Results

f“ilﬂi:l\‘fﬂ}?‘;135,\@\}\'”!'.;

|

Figure 4. Solidworks model of new
cooling jacket system.

Figure 3. Old cooling
jacket system

While testing the high temperature capabilities of the
autoclave a seal faillure was found In the cooling jacket that
mounts to the lid of the autoclave. Before proceeding to
pressure testing in the autoclave a new cooling jacket design
was required. The new cooling Jacket implements a fail-safe
design. There are now 2 rod seals (seen in red In figure 4)
and a second chamber between the rod seals. The second
chamber will be monitored using a pressure sensor. A
significant pressure change in this chamber will indicate a
lower seal failure and will let the operator know to stop the
test.

Future

« Perform validation tests that include fatigue crack
growth and stress corrosion cracking using a
candidate stainless steel alloy used In nuclear power

plant applications. Testing will be conducted at room
temperature for initial validation followed by high
temperature and pressure within the testing
apparatus.
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After injury, tendon
tissue does not regain
the original tensile
strength of the uninjured
tendon (Lin+ 2004)
TGFp2 is linked to
tendon cell growth and
induces tenogenesis in
stem cells

Inflammatory response is involved in the wound healing process and causes
dysfunctional healing in the collagen structure of tendon

The two stages of the inflammatory response are the pro-inflammatory stage
(induces inflammation) and the anti-inflammatory stage (reduces inflammation)
Macrophages differentiate into different types (M1, M2) that are involved in the
different stages of the inflammatory healing response (Thomopoulos+ 2015)
Inflammation might be regulated by macrophages, but more research needs to
be done to determine how macrophages directly impact tenogenesis

(Thomopoulos+ 2015)

TENSILE
STRENGTH

Remodeling/
Maturation

i |
DAYS | WEEKS | MONTHS # YEARS TIME

[ Acute Inflammation Chronic Inflammation
L “ re " h‘
i i
3 3
{ {
— tme
S - 4

Fig. 1 MSCs 3 and RAW 264.7 macrophages @ are cultured separately.

Macrophages are supplemented with TGFB2 @ to test if they are impacted by the

growth factor.

Task 2

VAT YARTER YA TR YA

Fig. 2 MSCs and macrophages co-cultured directly at different densities (1:1,
3:1, 6:1, and 10:1) to determine the viability of a co-culture.

Task 3

oy *
e =) ﬁ )

Fig. 3 MSCs and macrophages are indirectly co-cultured in Transwell plates and

supplemented with TGFB2. Samples are stained and imaged using Dapi and

Phalloidin staining. Western Blot analysis is used to determine protein levels of

scleraxis and tenomodulin.

Macrophages are Viable in TGF2

Motivation and Hypothesis

Current Problem:

Tendon is prone to injury and has very poor intrinsic healing properties,
thus, creating a need for healing approaches that involve tissue
engineering.

Objective and Hypothesis:

The overall objective of this research proposal is to determine the effect
of macrophages on tenogenically differentiating MSCs. This will be done
by evaluating how macrophages in co-culture impact the tendon
markers produced by tenogenically differentiating MSCs. We
hypothesize that macrophages impact tenogenesis.

Long-Term Goal:

We would like to learn more about the role of macrophages in
tenogenesis so we can better understand the regenerative properties of
tendon, allowing us to engineer specific and practical approaches to
improve tendon regenerative medicine.

IRSA

Macrophage
3d

Macrophage

TGFp2

Fig. 4 Macrophages were seeded at a density of 500 cells/cm? (Dakin+ 2017).

Vehicle control (VC) was sterile water and treatment was TGFS2. After 24 hours

and 3 days of TGFB2 treatment, the macrophages were still viable in culture.
Images were taken from the same VC well and the same treatment well.
Scale bar = 250um

MSC:Macrophage
Ratio

Fig. 5 MSC and Macrophage Direct Co-Culture. MSCs, seeded at 5000
cells/cm?, and macrophages, seeded at 5000, 1667, 833, and 500
cells/cm?, were directly co-cultured and imaged after 3 days. Both MSCs
and macrophages survived in co-culture for each seeding density. The 10:1
ratio was chosen for further experimentation with macrophage and MSC
co-culture with TGF 2. Scale bar = 250um

MSC to p MSsC ding Density phag dii
Ratio (Cells/cm?) Density (Cells/cm?)
1:1 5000 5000
il 5000 1667
6:1 5000 833
10:1 5000 500

Table 1. Breakdown of MSC and macrophage seeding ratios and their
corresponding seeding densities.

Conclusion & Future Directions

» RAW 264.7 macrophages and MSCs survive in direct co-culture

» RAW 264.7 macrophages are viable after TGF32 supplementation

» Future experiments will further explore what the macrophages are
producing to potentially impact tenogenesis (pathways, signaling
molecules, etc.)

» This will better inform tissue engineering practices on in-vivo tissue
environments
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Introduction

In 1938, 25% of all disease outbreaks associated with contaminated
food and water stemmed from milk-borne outbreaks hence high
temperature short time pasteurization was developed [1-2]. This method
does not effectively eliminate of heat-resist pathogens, requires large cost-
intensive energy inputs, results in losses of 33% of thiamine and 50% of
vitamin B12 in raw milk, and leads to a reduction in milk quality by
decreasing vitamin E content and enzymes [3]. This has led to additional
research into the application of nonthermal technologies to improve milk
quality with novel milk processing methods.

Nonthermal liquid plasma discharge (NTLPD) is a promising nonthermal
technology that inactivates microorganisms under more mild conditions,
while meeting microbial safety standards and preserving bioactive
compounds that are essential to the quality and composition of milk.
Utilizing high voltage power in contact with liquid to produce a plasma
discharge reaction from and electron avalanche, NTLPD has been shown to
microbicidal and promising in industrial applications [4-5].

The purpose of this study is to further the research on the inactivation of
microorganisms using nonthermal liquid plasma technology for milk
pasteurization while focusing on the impact of product quality nutrient
composition.

Objectives

1 Determine the feasibility of utilizing nonthermal liquid
plasma discharge for milk processing

Optimize the NTLPD reactor based on the effect of milk
2 flow rate and carrier gas flow rate on the total bacteria
inactivation

Investigate physical and nutritional qualities of the NTLPD

3 treated milk that pass FDA Grade A Pasteurized Milk
Ordinance
4 Determine if NTLPD technology is an energy efficient

option for milk processing

Universityofldaho

Office of Undergraduate Research

IRSA

Raw milk was used to develop the procedure and efficiency of the
system for preliminary testing.

During the major experiments, pasteurized milk inoculated with
bacteria isolated from raw milk will be treated to characterize microbial
inactivation.

Samples are stored at 4°C and plated on TSA medium and incubated at
37°C for 72 hours, with CFUs (colony forming units) recorded every 24
hours. Serial dilutions were performed, and the microbial inactivation
will be reported in log reduction of total bacteria.

Experimental Set Up
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Figure 1. System diagram.

Experimental Design

The preliminary testing stage will be determining the influential factors and
feasible variable input ranges using Desigh-Expert® software. Air flow rate,
milk flow rate, and power were used as input variables and pH, conductivity,
applied voltage, as well as total bacteria log reduction rate were placed in
the software as responses. Further testing will determine optimum variable
parameters and assess the quality of the NTLPD treated milk on top of
satisfying microbial inactivation. Lastly an energy assessment will be
conducted to determine the energy efficiency of the system as compared to
other nonthermal milk processing techniques found in literature.

Preliminary Results

Department of Biological Engineering, University of ldaho, Moscow, ID

Materials and Methods

Materials

Initial results suggest that the non-thermal liquid plasma discharge
technology in this novel two-phase water priming design decreases the
risk of bacterial contamination with 100% bacterial inactivation achieved
at the power input of 200-watt, milk flow rate at 40 mi/min, and air flow
rate controlled at 1 L/min.

This provides a basis to meet the project objective #1 by showing that
NTLPD technology could be a feasible option for fast and efficient milk
processing.

Future Directions

The aim of this project is to determine the feasibility of milk processing
using NTLPD technology and optimize the system and procedures. The
accomplish this, we will:

Use inoculated pasteurized milk for testing to determine
parameter values that optimize microbial inactivation in
log reduction of total bacteria.

Assess the quality of the treated milk and analyze
comprehensive milk quality breakdowns from laboratory
screened samples.

Analyze the viability of NTCLD technology for and
industrial scale milk process by determining the energy
efficiency of the process.
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Abstract. Proponents of so-called “gene drives”
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Altogether, our results illustrate the nuanced reality of
iInterventions, both genetic and not, against vector-

borne disease: population structure, mosquito
biology, and evolution together determine where
eradication is possible, and where it isn't.

Background: genetic interventions against disease

Champer, J., Buchman, A., & Akbari, O. 5. (2016). Cheating
evolution: engineering gene drives to manipulate the fate of
wild populations. Nature Reviews Genetics, 71/3), 146-159.
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* Two kinds of “gene drives” to control vectored diseases

« ‘Lethal drives reduce vector population sizes

* Drives carrying genetic ‘cargo’ to depress parasite
transmission (from vector to human)
* Introducing the bacterial symbiont Wolbachia suppresses

parasites in the vector population

» Population and spatial structure have been shown to affect
outcomes of gene drive interventions
« Example: inbreeding reduces the number of
heterozygotes in population, prevents spread of drive
« Earlier work predicted that softening spatial structure

IRSA

facilitates parasite eradication

INSTRUCTION, RESEARCH, AND STUDENT AFFAIRS

JUNE 16, 2021

Population Structure Affects Outcomes of Gene Drive Interventions Against Vector-borne Diseases
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ATTACHMENT 7

Mathematical model: patch structure and transmission assumptions

Model tracks susceptible and infected humans and mosquitoes in 1 patches

n

J

* Transmission dynamics
« Susceptible humans become infected from the
bite of an infected mosquito
« Susceptible mosquitoes become infected from
the bite of an infected human
 Mosquitoes are infected for life; humans are
susceptible again following recovery
 Movement between patches

 Mosquitoes do

Not move

 Humans identified with a home patch, spend a
fraction of their time in other patches

)3 (ﬁ(j)> °Ck?j'a§\]}H'MI(j)] — - H? v
1

Jk

Notation

Description

recovery rate (i.e., 1/mean duration of disease)

| (8%

(density of infected

patch Ahumans)

e =

k

[

infection of patch Ahumans

|

CORECIRY ) S R
j=1

J | J

(density of infected
patch Amosquitos)

A: density-dependent transmission

0 0.5

C12

0.1 1

[

infection of patch A mosquitoes

|
death

Characterization of steady states and the basic reproduction number

a = 0 gives density-dependent transmission

a = 1 gives frequency-dependent transmission

recovery B

mosquito biting rate, function of «

Ak

mosquito birth rate in patch &

4] mosquito death rate (i.e., 1/mean mosquito lifetime)

Ck;j fraction of time patch k& humans spend in patch j

QM human-to-mosquito transmission probability

(k)

Qe patch k£ mosquito-to-human transmission probability

B: frequency-dependent transmission

621 0.5 — 0.06 F A

0.03 1

0 0'.5 !

C12

0.09 F 4

Transmission

- = Frequency-depednent

— Density—dependent

Bites per mosquito

Bites per human

~~
-
-
L2
—_
—
—
- e

Number of humans

Figure 1. Two models of
mosquito ecology and
transmission dynamics.

* |n the density-dependent

model, the mosquito-
human transmission rate Is
proportional to the density
of infected humans. This
means that mosquitoes
work harder to dole out
bites as more humans
enter a given patch.

In the frequency-
dependent model, the
mosquito-human
transmission rate Is
oroportional to the
frequency of infected
numans. This means that
mosqguitoes dole out fewer
bites per human as more
humans enter the patch.

* |In a given patch, the basic reproductive is the expected number of mosquitoes
infected by a single infected mosquito in a completely susceptible population.

« Mathematically, the basic reproduction number of the metapopulation is the leading

eigenvalue of the matrix Zwhose entries are:

1
B l)
Y0 =

* Depends on transmission assumptions, as well as visitation

- .B2. ( £m) . ga))‘ amm - ay - M™ N i - e - HO

« Simulations confirm the basic reproductive number gives the correct the threshold

for stability of the disease-free steady state

Figure 2. Contour plots of the steady-state fraction of infected humans as a function of the visitation parameters reveal a fundamentally different effect of
human movement under density dependence (left) than under frequency dependence (right).
* The density-dependent equilibrium fraction of infected increases as more humans move from the drive-protected patch (1) to the unprotected patch (2).

Conversely, the infection diminishes as humans spend more of their time in the protected patch.

“‘swamping effect” which insulates the unprotected patch), while travel into the protected patch amplifies infections elsewhere.

Future work: spatial evolution of the parasite—when can mutants invade drive-protected patches?

(1) (2) (k)

« Spatial structure and mosquito behavior together shape long-run disease
outcomes—there is no universal effect of softening spatial structure.

* Travel to and from sources of infection have global consequences, with the
effects reversed between the density- and frequency-dependent models.

(n—1)

CLMH<CI,MH<"'<CLMH<"'<CLMH

ORONE B3 X )

« We aim to characterize 1

(n)

Figure 3. Schematic of the model with (i) linear ordering of patches by drive efficiency, (ii) nearest-neighbor
movement, and (iii) mutation illustrates how the parasite may evolve in space.
ype pathogen can successtully invade are colored light red; patches colonized by

Patches where the wild-

mutants spawned over the course of the epidemic are colored increasingly darker shades of red.

Conclusions

Acknowledgements

« MKY thanks the Office of Undergraduate Research at
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* This effect is reversed in the frequency-dependent case: travel to the unprotected patch reduces infection (because the addition of humans results in a

/when the wild-type pathogen can accumulate mutations and invade initially-protected
patches. A parallel approach would be to study it mutation could save the parasite from extinction.
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HERC/IGEM Project

Yr 2: Annual Progress Report

Project Title: Sustaining the Competitiveness of the Food Industry in Southern Idaho:
Integrated Water, Energy and Waste Management

Principal Investigator: Dr. Karen Humes

Institution: University of Idaho (lead) with subcontracts to Boise State University
and ldaho State University

Grant Number: IGEM19-001
Award Amount: $700,000
Fiscal Period: July 1, 2019 - June 30, 2020

Progress Report Submitted to SBOE:  June 30, 2020

Reporting Period: July 1, 2019 — June 30, 2019
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1) Summary of project accomplishments for reporting period and Plans for Yr 3:

The accomplishments and plans for the four primary tasks identified in the original proposal are
summarized here (Tasks A-D). A summary of accomplishments for the overall project management and
coordinated stakeholder engagement activities are also summarized below, listed as Task E.

The team would like to stress that our partnerships with producers, processors, municipal treatment
personnel and water management entities (private and public) are fundamental to all of our tasks and
our project as a whole. Our Yr 2 activities have been influenced and enhanced by interactions with our
Stakeholder Advisory Board (described in more detail under Task E below) and interactions with other
stakeholders as well.

Task A) Recovery of energy, nutrients, water and bioproducts from waste streams: bench to place-
based pilot projects

Team: Erik Coats (Ul, environmental engineering/molecular biology; emphasis on resource recovery
from waste streams); Armando McDonald (Ul, biomass conversion and bioproducts); Kevin Feris (BSU,
algae-based resource recovery and microbial ecology))

Team background and overall goals:

This team collaborated for 10+ years and has the required multidisciplinary experience to integrate
biological, chemical, physical and thermal approaches to the recovery of energy, bioproducts and
nutrients from multiple waste streams. The team is leveraging investments made by the INL, CAES,
HERC, and the IGEM incubation fund. Over the last 10 years our efforts have resulted in multiple
extramurally funded awards, student training opportunities, scientific publications and a pending
patent. We have worked across bench and pilot scales. Recent support from SBOE HERC allowed us to
build a pilot scale system to convert dairy waste to value added products (biogas, bio-plastic, algal
biomass); previous HERC funding supported construction of two pilot systems at Ul by Dr. Coats—one
located at the Moscow WWTP, designed for municipal wastewater and one mobile system (24 ft. trailer)
designed for dairy manure resource recovery. We are engaged in testing, validating, and extending
these systems to evaluate opportunities to recover high-value products (bioplastics, algae, biofuels)
from industrial/municipal wastewater while achieving treatment. Research is focused on further
understanding/optimizing our integrated system to maximize utility across input streams and
demonstrate “real-world” applicability. Research objectives will further technology interrogations and
advance wastewater as an economic resource. Ultimately, research will advance solutions that can be
applied in Idaho agricultural and food processing sectors; producing economic value from waste will
enhance Idaho-based industries by diversifying product portfolios.

Accomplishments this reporting period:

The following provides detail of progress in the first half of Year 2, building from Year 1 successes,
towards the aims described in the original proposal.

. __________________________________________________________________________________________|
IGEM 19-001 YR 2: ANNUAL REPORT — JUNE 30, 2020 2
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i Bench scale: Assess and evaluate nutrient recovery, energy reduction, bioplastics production,
and algal production strategies to inform pilot scale operations.

a) Assessment of optimal process sequences (biological, chemical, physical, thermal) to recover
energy, bioproducts (biofuels; bioplastics) and nutrients from mixed waste.

- (Coats) Bench-scale EBPR bioreactor operations continue to be operated and evaluated. One
current focus is analysis of process “success” vs. “failure.” Stable operations of any resource
recovery system at full scale demands intrinsic knowledge on what constitutes stable
operation, and how unstable, or “failed,” operations might be recovered. Investigations are
being conducted using macro- and molecular-level methods.

- (Coats) Phosphorus recovery from wastewater is most sustainably and reliably achieved
through a process known as enhanced biological phosphorus removal, EBPR. Bench-scale
EBPR operations are ongoing, with a focus on ascertaining the effects of key process
operational criteria on maximal P recovery. Building from past research efforts, current
investigations are focused on two operational scenarios that integrate a new operational
strategy. One operational scenario feeds all wastewater to the bioreactor at one time
(beginning of the cycle), while the 2" strategy feeds a more targeted, controlled wastewater
(VFA-rich fermenter liquor) at the beginning of the cycle and then the raw wastewater
stream at the end of the anaerobic period. The former operational strategy is identified as
the A/O process, while the latter is known as the Westbank process. A central question
relates to understanding the effect of adding VFAs outside of the anaerobic period. In Y2
research was expanded to incorporate a new operational strategy that involves oxidation-
reduction (redox) control of the anaerobic period. Research suggests that “deep anaerobic”
conditions can enhance and stabilize EBPR; we are utilizing real-time redox process control
to further evaluate this operational strategy and its impact on operational “success” vs.
“failure.” Results will ultimately inform pilot (2020) and full-scale operations.

- (Coats) Another current focus is on achieving stable nitritation in an activated sludge
wastewater treatment system achieving carbon, ammonia-N, nitrite-N, nitrate-N, and
phosphorus removal. Nitritation is a biological process whereby ammonia-N is oxidized only
to nitrite. Process success will result in significant energy savings in wastewater treatment.
Process success was realized at both bench and pilot scale in late Y1 and in Y2; results are
being reviewed to inform 2020 pilot operations, and also to generate a peer-reviewed
publication

- Complementing the nitritation research are efforts to understand and better characterize
denitritation, with the aim to further optimize the EBPR process for energy efficient nutrient
recovery. Nitrate is a contaminant of concern in drinking water, and often must be removed
from wastewater prior to discharge to the water environment. A primary concern with
conventional EBPR processes that integrate nitrite/nitrate reduction is the potential
production of nitrous oxide, which is a very potent greenhouse gas (300X CO,). Bacteria
exhibit variable metabolic pathways to reduce nitrate vs. nitrite; some bacteria cannot
reduce nitrate to nitrite, which requires a more complex microbial culture to successfully
eliminate nitrate from the wastewater. Ongoing efforts by one of Coats’ PhD students is
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centered on better understanding the metabolic capabilities of bacteria and how they
reduce nitrate vs. nitrite.

- One of Coats’ PhD students conducted intense evaluations of the dairy-based PHA pilot in
Y1/Y2, with very successful results. Ongoing efforts are focused on finalizing and submitting
a peer-reviewed journal manuscript that details the results from these investigations; the
publication will be submitted in June 2020. The manuscript includes numerous team
members, including McDonald’s research team. Coats’ PHA pilot also went into operation in
spring 2020; a primary focus is to couple Coats’ PHA pilot with his EBPR pilot to evaluate
broader process integration for enhance waste resource recovery.

- Algal cultivars were used throughout year 2 for routine experimental deployment. On-going
experiments continue to be focused on cultivation at both bench and pilot scales employing
wastewaters from multiple sources (e.g. currently dairy and municipal provided by the Coats
lab and the City of Boise, respectively) to maximize nutrient capture and algal biomass
production as well as production of high-value PUFA enriched algal biomass. Bench scale
experiments have identified which strains produce optimal levels of biomass under various
cultivation conditions and have been translated to pilot-scale operations of our greenhouse-
based algal cultivation systems. Current bench scale experiments continue to assess the
utility of municipal sourced struvite to cultivate high value algal biomass under controlled
conditions, while simultaneously capturing struvite sourced nutrients (e.g. nitrogen (N) and
phosphorus (P)). We are continuing to work with three algal strains known to produce high
concentrations of omega-3 fatty acids under the proper cultivation conditions (i.e.
Chlamydomonas reinhardtii, Nannochloropsis oculata, and Paeodactylum tricornutum).
Initial experiments suggested that certain modifications to the cultivation conditions were
required to obtain significant levels of growth when using struvite as the primary nutrient
source. These experiments not only direct future work for optimization of algal cultivation
on municipal struvite, but are also potentially applicable to struvite produced from
agricultural resource recovery systems. As we hone our understanding of what cultivation
media factors and growth conditions are required to maximize growth and high value
biomass production we will then scaled these experiments up to pilot scales to evaluate
high-value algae production at these larger scales.

We also initiated greenhouse/pilot-scale cultivation experiments during Fall 2019 and Spring
2020 that are pursuing mixed-culture approaches for the capture of nutrients from liquid
wastewaters. Produced algal biomass from these experiments has been dewatered and
preserved for HTL processing by the McDonald lab. During year 3 nutrients captured from
the HTL processing of algal biomass will then be tested as inputs to a struvite production
system (either via modeling or bench scale struvite production). Struvite produced in this
way will then either be tested similar to the municipal struvite experiments described above
or analyzed for mineral content to allow accurate estimate of the utility of the algae-capture
nutrients purified by struvite production. Based on this suite of experiments we will
determine the most appropriate mechanism for algal cultivation and nutrient source in our
integrated system. Initial greenhouse cultivation results suggest we can generate high levels
of algal biomass on PHA reactor effluents. However, we need to continue this work to
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determine stability of the production system (i.e. in terms of growth rates, yields, and
nutrient capture rates) and repeatability of the HTL processing outputs.

We initially expected to have some biomass characteristics data acquired during the second
half of year 2. However, due to experimental delays induced by the COVID-19 pandemic this
effort will continue into year 3. We will build on these experiments in year 3 to enhance our
focus on the quality of the produced algal biomass in the context of potential economic
returns of a commercialized system and/or the influence of the nutrient capture on the
potential to reach a “Net zero” status for a given agricultural system. These goals are
informed by our discussions with our stake holder advisory group, as noted below.

ii. Pilot scale assessments: Conduct pilot scale evaluations from mixed waste streams;
implement/evaluate treatment resource recovery processes.

- Both Coats’ pilot systems were operational in Y1, and have been re-started for Y2, to
continue into Y3. Coats’ research team was fully trained on systems operation.

- Completed 2019 operations of Coats’ pilot operations at the Ul dairy (PHA pilot) and at the
city of Moscow, Idaho (EBPR/nitritation pilot). Former efforts were intensively focused on
collecting data to facilitate ultimate transition to a full scale system; ongoing data
interrogation is informing and being integrated into a journal manuscript. Moreover, PHA
pilot data greatly informed potential future scale-up to commercial operations, and the
team is evaluating potential new funding opportunities to make the transition to
commercialization. Latter efforts focused on preliminary assessment of integrated EBPR-
nitritation, with an emphasis on integrating ammonia-based aeration control (ABAC) to
enhance nitritation over nitrification. Successful nitritation was achieved for the entire
month of August 2019 (early Y2); data evaluation is ongoing, with the aim to inform 2020
pilot operations.

- Theinitial pilot scale greenhouse systems have been constructed at the Boise State research
greenhouse and were validated for suitability for cultivation of multiple algal strains. We
purchased, installed and tested a new 20L flow through centrifuge for rapid collection and
concentration of the algal biomass produced in our pilot-scale greenhouse cultivation
experiments. Installation and safety checking of the centrifuge took longer than expected
slowed the rate of optimization of operational conditions in the first half of year 2.
However, final installation and testing of the centrifuge was completed prior to December
2019. In Jan 2020 we initiated our greenhouse scale experiments, employing both
controlled media and effluent sourced from the pilot-scale PHA system operated by the
Coats lab. Initial cultivation experiments were successful and produced significant
guantities of algal biomass for testing in our HTL process development (McDonald lab).
Although the full suite of proposed greenhouse scale experiments for year 2 may not be
completed in year 2, the majority of the experimental operation and sample collection will
likely occur in year 2. However, completion of data collection and analysis will most likely
be delayed until the start of year 3. This additional delay is due to the COVID-19 pandemic
and associated temporary closures of research facilities at Boise State University. During the
last month of year 2 and first months of year 3 we will do our best to accelerate the rate of

these experiments to facilitate our ability to inform decisions about which types of algal
|
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cultivation systems to couple with the AD/PHA aspects of our integrated system. We will
continue to operate the pilot scale algal cultivation systems through 2020 in collaboration
with the Coats and McDonald labs at Ul.

Produce prototype products (bioplastic mulch film, biochar, biofuel) for evaluation.

One PhD student in McDonald’s lab has been working on extracting and isolating pure PHA
bioplastic generated from eight trials on the pilot plant over 84 days of operation. Each
batch of PHA was produced under slightly different operating conditions (see section ii). The
eight batches of the purified PHA bioplastic are being characterized for their thermal and
rheological properties in order to determine their suitability for producing bioplastic films.
We have been evaluating different extraction and purification methods to improve the
recovery of PHA from biomass and the purified PHAs are being characterized.

With the on-ramping of the greenhouse scale experiments in Fall 2019/Spring 2020 in the
Feris lab we will begin to produce suitable quantities of algal biomass for use in HTL
experiments by the McDonald lab. Primary outputs of HTL processing of algal biomass will
include biofuel (i.e. biooil), biochar, and aqueous phase nutrients. The aqueous phase will
be recycled to the algal cultivation system to enhance algal biomass production.

Partnerships with producers, processors and municipal treatment personnel are fundamental to
all of these tasks. Team will build on existing relationships with Twin Falls wastewater treatment
facility, Food Northwest, Chobani, Amalgamated Sugar, J.R. Simplot, Idaho Dairymen’s
Association, and Glanbia, and expand to new partners throughout this project

a.

A second SAG meeting was held virtually on December 17%, 2019. This meeting focused on
providing research updates to our SAG committee members and inquiring with them on
where they felt we should focus our efforts over the remainder of year 2. SAG members
were supportive of the direction of the research but provided feedback that the team
should continue to focus on potential routes towards commercialization of the technologies
under investigation. SAG members renewed their commitments to help the team pursue
potential routes for commercialization as opportunities arise. Additionally, the SAG
provided additional detail on how to best help move portions of our work towards
commercialization. These included suggestions to focus interpretation and analyses of
experimental outcomes in the context of typical or example real world systems. Specifically,
to look into how our technology would translate to implementation at a 1500 head dairy
(the typical dairy size in ID). The SAG also suggested we look into how implementation of
our technology would help Idaho Dairies reach a net zero status. One means by which the
team could achieve these goals would be to engage students and faculty from the Business
schools in our respective universities.

Additionally, our SAG engagement resulted in leadership from the Idaho Dairymen’s
Association inviting two members of our team (Feris, Coats) to the joint Idaho/Utah
Dairymen’s association meeting in Salt Lake City, UT in July 2019. This meeting provided an
opportunity to further develop relationships with regional dairy producers and to introduce
them to the potential outcomes of our project. Additionally, the Idaho Dairymen’s
Association networked Coats/Feris with Newtrient LLC (Steve Rowe, CEOQ). Newtrient is
advancing an integrated set of technologies focused on achieving ‘net zero’ emissions from
dairies. Discussions will continue with Newtrient to i) potentially ascertain how the PHA
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technology might be integrated, and ii) potentially collaborate on future commercialization
funding.

c. Research plan adjustments in response to our Stakeholder Advisory Group (SAG): SAG
feedback from the mid-year meeting in December 2020 continued to support our focus on
the utilization of struvite as a nutrient source for algal cultivation for production of high
value biomass. Further, current algal cultivation experiments are being planned within the
context of potential future application at a typically sized ID dairy and in the context of net
economic return. We are also investigating the effect of our integrated technology on the
ability of an agricultural system to achieve net zero status, however this work is in its early
stages and will require more effort during year 3 to make significant progress. The Feris lab
also intends to seek out a suitable and interested business student to help us translate our
algal productivity data to economic value projections during year 3.

d. Another recommendation from our December 2019 SAG meeting was to evaluate i) the
greenhouse gas footprint of Coats’ PHA process, and ii) evaluate the potential of Coats’ PHA
process to remove phosphorus. These evaluations are ongoing.

e. One of our goals for year 2 of this project was to continue to build on our budding
Stakeholder relationship with the hopes that they will blossom into partnerships for seeking
pre-commercialization funding in year 3. We continue to work towards this goal and during
year 3 we will focus our data collection efforts on system development and scale up as well
as communication of research findings with our stakeholder group.

f. Research plan adjustments in response to the COVID-19 pandemic: Research facilities at
the University of Idaho and Boise State University were shut down for a significant
component of the second half of year 2 of this project. During the facility shut down
research activities were focused on data analysis, literature reviews, and planning for
experiments once facilities were reopened. Although some delays in data collection were
experienced due to the COVID-19 pandemic, as of early June 2020, research facilities at both
institutions are re-opening and we hope to make significant progress towards our year 2
research goals in the last month of FY20. Travel to and attendance at conferences/meetings
that were planned were halted during this period and delivery of presentations impeded.
Additionally, Dr. Feris’ sabbatical plans were interrupted by the COVID-19 outbreak and
corresponding limitations on travel around the state. However, we plan to utilize our
team’s stakeholder meetings to enhance our relationships with local municipalities and
regional agricultural representatives.

Goals/Plans for Year 3 (Task A):

i: Bench scale

o Inyear 3 nutrients captured from the HTL processing of algal biomass will then be tested
in a secondary stage algae production system for high value commodity production
either directly as aqueous nutrients or via production of struvite. Based on these
experiments and those of the primary stage algal cultivation we will determine the most
opportune mechanism for algal cultivation in our integrated system as a primary

|
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nutrient capture stage and a secondary high value biomass production stage or as a
single primary or secondary stage system. Our evaluation will be based on the algaes
growth rates, yields, biomass characteristics, and economic potential when grown in the
different wastewater nutrient sources.

o Advance new knowledge on operational criteria to discern between process “failure”
and “success” for enhanced biological phosphorus removal. Generate a publication.

o Advance new knowledge on achieving shortcut nitrogen removal in biological
wastewater treatment. Emphasis will be both on reactors performing enhanced
biological phosphorus removal and on reactors just performing ammonia-nitrogen
removal. Generate a publication.

o Finalize a metabolic model for producing biodegradable plastics from fermenter dairy
manure. Generate a publication.

ii: Pilot scale:

o Operate and analyze performance of Dr. Coats’ bioplastics pilot system at the Ul dairy.
= Refine and evaluate operational criteria based on successes from Y2 operations.
=  Produce quantities of bioplastic material from Coats’ pilot scale system for
McDonald’s ongoing polymer characterization work.
= Undertake blown film trials using pilot scale produced bioplastics
o Operate and analyze performance of Dr. Coats’ municipal enhanced biological
phosphorus removal system located at the city of Moscow wastewater treatment
system. Focus on translating/assessing operational criteria from Coats’ bench scale
reactors to his pilot scale systems. Specific focus will be:
=  Achieve and assess shortcut nitrogen removal
= Evaluate the impacts of the return activated sludge flow rate on process stability
and performance
= Evaluate the impacts of integrating effluent from Dr. Coats’ bioplastics pilot on
overall wastewater treatment and resource recovery
o We will continue to operate the pilot scale algal cultivation systems through 2020-2021
in collaboration with the Coats and McDonald labs at UL.

iii: Producing prototype products:

o Ongoing experiments in the Feris lab will begin to produce suitable quantities of algal
biomass in year 2 and 3 for use in HTL experiments by the McDonald lab. Primary
outputs of HTL processing of algal biomass will include biofuel (i.e. biooil), biochar, and
aqueous phase nutrients. The aqueous phase will be recycled to the algal cultivation
system to enhance algal biomass production.

o Produce bioplastic blown films for assessment

iv: Training:

o Conducting training for the city of Moscow, Idaho wastewater treatment staff, focused
on the basics of biological wastewater treatment and integrating knowledge on the
operation of their enhanced biological phosphorus removal system.
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Task B) Decision-support tools for industry and community leaders to quantify and visualize trade-offs
among water, energy, land use and municipal growth

Team: Jae Ryu, Ul, systems dynamics modeling, water resources; Karen Humes (Ul, water/energy nexus,
geospatial analysis

Overall Goals:

The goal of this task is to integrate energy components into an updated version of a pre-existing system
dynamics model for water supply, use and flows in the region of the Eastern Snake Plain Aquifer. The
model which will serve as a decision-support tool for stakeholders (including the food producers, food
processors, irrigation districts, water and energy providers and municipal communities/citizens). The
tool will quantify and provide users with visuals on the linkages between water, energy, land use and
municipal growth, to be used for planning and decision-making by producers, water users, businesses,
utilities, state agencies and communities.

Accomplishments this period:

e Evaluated the existing model to determine how to implement water management options (e.g.,
managed aquifer recharge) given the existing data types available

e Interacted with IDWR on their newest ESPAM (Eastern Snake Plain Aquifer Model) model
version and updated data needs

e Evaluated the feedback from IDWR and Surface Water User’s Association at the stakeholder
meetings in May 2019 and Dec 2019 and how the model could be more useful for stakeholders

e Incorporated new features that are available in Stella Architect into the system dynamics model
and user interface.

e Performed a quality analysis of the most recent data available from IDWR and completed the
integration process to bring the model up to date.

e Completed data placeholders for the updated water data from the ESPAM ground model

e Explored available data on energy use in irrigation, including interactions with IDWR and
collaboration with experts on energy use in irrigation at Idaho Power.

e Further evaluation of spatial patterns in energy use for irrigation in the ESPA and controlling
factors in order to identify key variables to relate water and energy use in irrigation (i.e., crop
type, irrigation system characteristics, water source, etc.). Data analysis nearly complete, with
publication to be submitted in August 2020.

Plans for Yr 3 (Task B):

o  We will update available water and energy data for Stella Architect once the latest version of
ESPAM model becomes available to the public

o  We will continue exploring management options to incorporate into the model, such as water
conservation, managed recharge, etc.

e We will be developing system evaluation criteria associated with new data inputs and potential
uses for the expanded and update model, such as system reliability, vulnerability, resilience, etc.

e  We will complete our analysis of available data on energy use in irrigation
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We will complete the development of a module for the system dynamics model that quantifies
energy use in irrigation for two meteorological scenarios (average and above average demand in
a growing season) and number of acres with other key variable combinations (eg., crop type,
irrigation source/type)

We will begin incorporating supply side scenarios to quantify the linkages between water,
energy and land use and address the uncertainty of the water/energy nexus in the Eastern
Snake Plain Aquifer.

Submit draft of journal article describing the linkages between water and energy use in Idaho
We will continue to seek input from our Stakeholder Advisory Board and other water and energy
providers, managers and community leaders on how to make the tool/model most useful to
them.

We will explore water supply uncertainties driven by climate variability in the ESPA, particularly
the impacts of more frequent drought conditions.

Task C) Technical innovations/sensing systems to reduce water/energy/nutrient use in targeted
production systems:

Primary team members: Donna Delparte, (ISU, drone and satellite-based sensing systems) and partners
among growers and crop consultants.

Accomplishments this period:

Progress in the following task area has been made through the subcontract award to Idaho State
University and included:

Goal 1 - Decision Support Systems

o Decision support online tool prototype for sustainable agriculture decisions making:
https://avalanche.geology.isu.edu/i2i/osgood.html

o This decision support tool was developed by working with stakeholders and our
Advisory Board member (Brandon Vining, ProGro) to provide remote sensing data/tools
to aid decision making that is relevant to business decision making and operations

o Stakeholders are excited about the potential of the tool to improve ROI, reduce fertilizer
inputs and improve precision farming techniques for sustainable agriculture

Goal 2 - Pilot projects to use drone-based, other field-based and satellite sensors to reduce
water/nutrient/energy use in production of targeted crops

o Conducted remote sensing analysis to forecast yield for potato growers based on a
growing season of high-resolution satellite imagery (submitted for publication in 2019 to
ASPRS Pecora Conference Proceedings by Masters student)

o Conducted thermal camera surveys of irrigated cropland using UAS in the 2019 growing
season to assess efficiency and support water reduction efforts. Data collected and
analysis in progress.

o Hyperspectral camera data collection during the 2019 growing season of potato crops to
detect crop threats
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o PhD student conducted experiment to determine essential spectral signatures required
to detect individual unhealthy plants in a growers field that leverages machine learning
of hyperspectral imagery — thus offering the opportunity to reduce inputs for control
and mitigation of disease.

o New thermal and hyperspectral data acquired in the first portion of the 2020 growing
season, as well as more training/testing with growers on the effectiveness of the
satellite-based tool for monitoring emerging crops

o Co-l Delparte launched a new Idaho based spin-off company (121Geo) to provide growers
with technological innovations and decision support to assist their operations,
leveraging the research outcomes from this grant.

Plans for next reporting period:

For the next reporting period, the team will focus on the continued development and testing of UAS
platform and sensor combinations for data collection in the 2020 growing season and the first part of
the growing season in 2021, again in partnership with growers and crop consultants. Dr. Delparte will
also continue to work actively toward commercialization of the most promising technologies from this
research through her new Idaho company (121Geo).

Task D) Engaging the present and future workforce in the adoption of new technologies

Team members for training (primary): Karen Humes, Erik Coats, Kevin Feris, and partners at CSl, Ul
Idaho Falls and professional organizations such as Food Northwest, Primary team member for drone
outreach activities: Jae Ryu (Idaho Drone League (I-Drone), Founder).

Overall goals:

The overall goals in this task are two-fold: 1) to provide direct support to our stakeholders in the near-
term by identifying workforce development needs that universities could plan and implement, together
with partners at community colleges and professional organizations (resourced primarily in Yrs 2 and 3)
and 2) contribute to longer-term workforce needs by holding outreach events designed to engage the
future workforce in STEM activities that will serve the food industry in Idaho in the future, such as drone
operations and the analysis of data from sensors onboard drones.

Accomplishments this period:

e Goal 1: Current/near-term workforce development needs
o Engaged with a stakeholder (IDEQ) that approached us about workforce development
needs and added a representative to our Stakeholder Advisory Board
o Discussion and initial planning for training sessions we could hold in coordination with
the rural water treatment association meetings later in Yr 2 and in Yr 3.
o Due to Covid-19 and the cancellation of the rural water treatment association, some of
o the outreach planned for the end of Yr 2 had to be postponed to Yr 3.
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Goal 2:

o Hosted a hands-on education program known as “ldaho Drone League(iDrone)” in the
Treasure Valley in Fall 2019 to promote STEM pipelines and skills important to the Idaho
food industry in the future.

o There was a Drone League event planned for June 2020 in Twin Falls, which
unfortunately had to be postponed due to Covid-19 closures and restrictions.

Plans for Yr 3:

Training sessions to be held in conjunction with the Rural Water Treatment Association meeting
and similar venues. If travel and in-person meetings continue to be problematic, we will hold
virtual training sessions.

Three Idaho Drone League events will be scheduled in Year 3. These event will include a table
highlighting how drones can be used in food production (from Task C of this research). If COVID-
19 continues in Yr3, we will adopt a hybrid option (e.g., virtual meeting for drone
building/coding/programming + hands-on flight experience outdoor with social distancing and
PPE).

Continue to engage with our Stakeholder Advisory Board and professional organizations such as
Food Northwest to identify and implement professional development needs in food, water,
energy and waste and how the universities can catalyze and facilitate these.

Continue to engage with other stakeholders such as the IDEQ on needs and opportunities in
professional development on pollution control and management.

Task E) Project Management/Stakeholder Engagement

Background: Animportant element of our project management was to put together and meet regularly
with an advisory board comprised of stakeholders in the food production and processing industries,
water user groups and state agencies. In Year 1 we formed this advisory and had a very successful 1%
meeting in person in Boise in early May 2019. As noted in the technical progress reports (earlier
sections of this report), the board feedback influenced our research plans in Year 2, as planned. The
board agreed to meet in it’s entirety once/yr in person (Apr/May), once/yr via videoconference
(Nov/Dec) and have specialized meetings between specific sub-groups of team and advisory board
members in between.

Accomplishments this period:

We held a 2" meeting of our full Stakeholder Advisory Board (SAB) on Dec 17, 2019. As planned
and discussed at our May meeting, the meeting was held by video, with 4-5 attendees in one
conference room in The following SAB members attended and those listed with a (*) were
invited and had hoped to attend but were not able to do so:

o Jeff Bohlscheid, Senior Principal Scientist, J.R. Simplot Company
o Shawn Moffitt, Regional Business Manager, Jacobs Engineering (contractor for City of
Twin Falls and Chobani water treatment plants)
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o Bob Naerebout, Government Affairs and former Exec Director, Idaho Dairyman’s
Association and and Megan Satterwhite, Environmental Programs Director, IDA

o Ben Nydegger, Biosolids Program Manager, City of Boise

o Sean Vincent, Hydrology Section Manager, Idaho Dept of Water Resources

o Ben Jarvis, Pollution Prevention Projects Coordinator, Idaho Department of
Environmental Quality

o Brian Olmstead*, President, Surface Water Appropriators and General Manager, Twin
Falls Canal Company

o Brandon Vining*, ProGro Consulting

e The primary goal of this second meeting of our SAB was to update the SAB on our previous 6
months activities, particularly those things that had been prioritized or tweaked as a result of
their feedback in May, and to gain more insight from them as to how we could make our
research as useful to them as possible.

e Pl Karen Humes and Co-I Erik Coats met individually with Ben Jarvis in Oct 2019 to discuss
workforce training opportunities that could “piggyback” along with existing IDEQ events and/or
professional meetings such as the Idaho Rural Water Association

e As described in some detail under our “Task A” Technical progress section above, two of our Co-
Is (Coats and Feris) have done considerable outreach to the dairy industry in both Idaho and
Utah, including presentations at the Utah Dairyman’s Association in July 2019.

e We also established a cloud file storage space for our project (and shared it with the SAB) in
which all presentations and notes from our SAB meetings are stored, along with our progress
reports to the SBOE/HERC.

e Pl Humes has begun a new stakeholder relationship with the Association of Idaho Cities

e |nthe way of other team management and organization among Co-Is at the multiple
institutions, we have continued our monthly team meetings via videoconferencing.

e We had planned to hold a second SAB meeting in May 2019 but postponed it in the hope that
meeting at a later date would allow face-to-face meeting. However, in late June we began
preparations to hold another SAB meeting via Zoom in early July.

Plans for YR 3:

e Hold two SAB meetings (Dec 2020 and June 2021)

e Continue to build on existing relationships with Twin Falls wastewater treatment facility, Food
Northwest, Chobani, Amalgamated Sugar, J.R. Simplot, Idaho Dairymen’s Association, and
Glanbia, and expand to new partners throughout this project

e Continue to hold monthly team meetings to monitor progress and facilitate coordination of all
project tasks and stakeholder engagement activities. In coming months these meetings will
focus on student presentations of research.
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2. Summary of budget expenditures for Yr 2 (July 1, 2019 — June 30, 2020)

A detailed expenditure is provided in Section 6 at the end of the report, but the table below summarizes
the spending in the major budget categories, relative to the budgeted amounts for Year 2. The
expenditure report was run on June 30, 2020, but expenses for the last pay period in June, which ended
on June 27, are not yet reflected in the amounts remaining. There are also a few operational expenses
that are still working their way through the approval queue and have not yet posted. Our
subcontractors final estimated invoices sent on June 15 indicated that all but $267 of the funds allocated
to them would be spent. We anticipate that all of the funds in the budget for Ul investigators will be
expended after all June expenses clear the system.

Budget Expenses Cleared Remaining*
Salaries: S 181,768 S 179,629 S 2,139
Fringe Benefits: S 25901 S 22,957 S 2,944
Irregular Help: S 53,023 S 40,965 S 12,057
Travel: S 10,912 $ 10,511 $ 401
OE: S 65,760 S 63,284 §$ 2,477
Subcontracts: S 287,435 §$ 287,168 S 267
S5K > Capital: S 18,245 $ 18,245 §$ -
S5K < Capital: S 2,522 S 2,522 S -
Trustee/Benefits: S 54,435 S 55,533 S (1,098)
Total: S 700,000 S 680,813 S 19,187

*Payroll has not yet cleared for the last pay period in June, as well as a few other expensed amounts in approval queues.

3. Demonstration of economic development/impact
e Patents, copyrights, Plant Variety Protection Certificates received or pending

Co-I Dr. Donna Delparte has formed a private company in Idaho called I12IGeo and is working to develop
a commercialization pathway for her research on this grant related to the use of satellite and drone
technology to assist growers in the application of nutrients, herbicides, pesticides and water.

e Private sector engagement

Because every aspect of our work involves considerable private sector engagement, we have noted
those engagements in each of our five tasks described in Section 1, particularly under Task E: Project
Management/Stakeholder Engagement.

e Jobs created

Several of the research assistant and all of student research assistantship positions described in the next
section were newly created in Year 1 of this grant.

. __________________________________________________________________________________________|
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4. Numbers of faculty and student participation
In the Yr 2, the numbers of faculty, students and other researchers participating are as follows:

Faculty: 6 (4 Ul,1BSU, 11ISU)

Graduate Students: 11 (7 Ul, 2 1SU; 2 BSU (both of whom are from groups
underrepresented in STEM fields)

Undergrad Students: 5 (Ul)

Research Scientists: 2 (1Ul,11SU, both partially supported by this grant)

More details on staffing, by Task:
Task A: Recovery of energy, nutrients, water and bioproducts from waste streams

Coats staffing: 2 PhD students in Environmental Engineering; 2 MS student in Environmental
Engineering; 2 undergraduate students in Environmental Engineering; 2 undergraduate students in
Environmental Science; 1 research scientist. 4 women, 4 men.

McDonald staffing: 1 PhD student in Environmental Science. 1 woman.

Feris staffing: Current staffing includes 2 male graduate students (both from underrepresented groups in
STEM). Both graduate students were previously employed as research technicians on this project,
however, by Jan 2020 both transitioned to the MS graduate program in the Biological Sciences with a
Spring 2020 start date. Both students will participate in experimental development, data collection, and
data analysis. We had originally targeted recruitment of additional undergraduate students (1 or 2) for
the second half of year 2 to assist with laboratory and greenhouse scale experiments. However, due to
the COVID-19 pandemic we decided to postpone recruitment of additional undergraduate team
members. We are planning to recruit additional undergraduate team members in year 3, assuming
conditions are favorable for such recruitment.

Task B: Quantifying Water/Energy Linkages

e 2 PhD students (1in Geography, 1 in Water Resources)
Task C:

e 1 PhD students in Geosciences
e 2 summer Masters students in Geoscience
e 1 research/programming technician

5. Description of future plans for project continuation or expansion

e Pl Karen Humes is a Co-Lead on the newly formed CAES Focus Area group in the Energy-Water
Nexus arena. Being a CAES Focus Area lead provides some access to CAES resources,
including program development funds, to build a team of CAES researchers in pursuit of
establishing CAES as a global leader in research, education, and innovation related to the
energy-water nexus. Team members of this project are looking forward to leveraging our
|
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current work to pursue future opportunities. The coupling of food, water and energy is
exceptionally strong in southern Idaho, from both a national and international standpoint,
making a compelling case for other funding sources. Our integrated approach to water, energy
and waste is also unique among teams studying the food-energy-water nexus. She and Co-I Erik
Coats organized and attended a workshop at CAES in Idaho Falls on Nov 25, 2019 and are now
involved in developing proposals.

e Team members are also actively writing grants to other agencies for related work, such as the
NSF, USDA and NASA. This includes a current effort led by Pl Karen Humes and involving Co-I
Erik Coats and 6 other Ul faculty) for a graduate student training grant to NSF (the NSF Research
Training Grant progam, or NRT) related to water quality and public health, with emphasis on
Idaho (proposal was submitted to NSF in Feb 2020 and is currently pending). This effort includes
also stakeholder partners such as IDWR, IDEQ, and the City of Boise Dept of Public Works. The
NSF-NRT program is highly competitive and it would be very unusual for the proposal to be
funded on the first attempt; however, if not funded, the team is dedicated to strengthening the
proposal (particularly the partnerships with stakeholders) and resubmit in Feb 2021.

e Pl Karen Humes submitted a proposal to Ul Presidential Initiative on Water and Sustainability for
seed funding to begin discussions with stakeholders for the possible formation of an Industry-
University Cooperative Research Center on topics studied in this IGEM grant. The NSF supports
the development of these with a process that involves a planning grant and then a full proposal
the following year. The NSF goal for this program is as follows: “The IUCRC program generates
breakthrough research by enabling close and sustained engagement between industry
innovators, world-class academic teams and government agencies.” \We would see this as a way
to institutionalize and sustain the research and industry relations developed in this grant. If
successful in a full proposal, the NSF provides up to 10 yrs of base funding to establish and
maintain such a center. We will also discuss this program at our SAB meeting in early July 2020.

e Co-l Erik Coats (and team leader for Task A of this grant) is a Co-l on the recently awarded 5-yr
$10M grant funded by USDA, led by the College of Agriculture and Life Science, that has among
its goals the recovery of byproducts from dairy waste. Dr. Coats will ensure that progress made
in the IGEM grant will be brought to bear on the USDA grant and vice-versa.

6. Expenditure reports

The expenditure reports presented in Appendix B (detailed first, then a summary by category) details
the expenditures at the University of Idaho, including the amounts for paid invoices from our two
contracting institutions (ldaho State University and Boise State University). Please note that that this
report was run on June 30, 2020 and not all expenses from June 2020 have cleared the system, including
the last payroll period that ended on June 27, 2020.

7. Commercialization Revenue

None to report yet, but the company 121Geo (Co-I Delparte as Founder) has been formed.

. __________________________________________________________________________________________|
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Appendix A: Project Brochure Prepared for Stakeholder Engagement

WATER, ENERGY, and
WASTE Management

for FOOD PRODUCTION, PROCESSING, and RESOURCE RECOVERY

WHO we are: Consortium of scientists and engineers from University of Idaho,
Boise State University, Idaho State University, and Center for Advanced Energy Studies

B gy CAES

University BOISE STATE Bt hibmad
ofldaho UNIVERSITY Energy Studies
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WHY ARE WE ASKING YOUTO

ENGAGE WITH US?

= You are among the leaders in Idaho food production, processing, and associated services such as
water and waste treatment

* To gain your perspective and input on issues, challenges, and pathways for your industry

* To better understand both single-user solutions and longer-term visions for applied research on
regional solutions, including efficiencies to be gained through collahoration.

e To learn ahout workforce preparedness gaps and how we can help fill them

WHAT we are:
e Team conducting applied research funded hy
Idaho State Board of Education

» Research activities focused on creative
solutions in water, energy, and waste TEAM EXPERTISE -
management that enhance economic and FOR CROP PRODUCTION:

environmental hottom line for Idaho
agro-industry and rural communities. = Tools for utilizing satellite and drone data for

optimal application of nutrients and water

TEAM EXPERTISE - TEAM EXPERTISE -

FOR DAIRIES AND FOOD PROCESSING: FOR ALL STAKEHOLDERS, INCLUDING STATE
= Wastewater treatment: operations,energy AND COUNTY/M UNICIPAL PLANNING:

efficiency, nutrient recovery, and water recycling * Quantifying the interconnection of water,
energy, and waste streams in southeastern

e Minimizing management of waste products or

any other outputs parasitic to the economic Idaho region
hottom line e Useful for planning and identifying synergies/
- Assisting stakeholders to diversify economic ?atrtnershlps among stakeholders in the
uture

portfolio via resource recovery and retrieval of
other value-added products

For more information, please contact Project Director Karen Humes, khumes@uidaho.edu or 208-885-6506.

. __________________________________________________________________________________________|
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University of Idaho
Itemized Expenditures by Grant Code
From 01-JUL-2019 To 30-JUN-2020

Grant: SG3587 - ISBOE IGEM FY20 Sustain Food Ind-KH

Salaries
E4106

E4108

E4109

E4175

Staff
Brinkman, Cynthia
884.25 hours
Summer Salary
Humes, Karen
240.00 hours
McDonald, Armando
160.00 hours
Ryu, Jae
70.00 hours
IA/GA Salary
Abbasi, Maryam
1000.00 hours
Alfaro Salmeron, Glenda
40.00 hours
Deyo, Brent
860.00 hours
Mellin, Jason
1000.00 hours
Smoot, Lindsey
440.00 hours
Thompson, Emily
1000.00 hours
Walters, Riveraine
780.00 hours

Overtime - Covered by FLSA

Brinkman, Cynthia
8.25 hours

Temporary/Irregular Help

E4135

Temporary Student
Brouillard, Nicolas
180.50 hours
Crites, Willow
242.25 hours
Deyo, Brent
112.00 hours
Ekness, Tayler
43.75 hours
Gibson, Joseph
326.25 hours
Guho, Nicholas
848.00 hours
McCormack, Roslyn
54.75 hours
McLean, Carly
51.75 hours
Shaber, Jonathon
124.50 hours
Smoot, Lindsey
258.25 hours

IRSA
https://vandalweb.uidaho.edu/PROD/gokoutp.P_ShowReq?pipe_name=0ORA$PIPE$0670E92A0001&sess_id=461451069&user_name=

30-Jun-2020 12:04 PM

16040.

17647.
11513.

3711.

20030.
750.
21500.
36410.
8250.
22228.

19497.

$ 177652.

2163.
2664.
2800.
474.
3515.
23446.
595.
569.
1369.

2811.

$ 4e4d1e.

32

20
60

40

00
00
00
00
00
40

00

00
75
00
38
88
32
38
25
50

88

34
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Fringe Benefits JUNE 16, 2021 ATTACHMENT 8
E4280 Faculty CFR Benefit Expense 10157.50
E4281 Staff CFR Benefit Expense 6526.59
E4282 Student CFR Fringe Expense 5748.64

$ 22432.73
Travel
E5360 Personal Vehicle - In-State
20-SEP-19 12095733 Ryu, Jae H. 5.00
18-0CT-19 12101059 Humes, Karen S.. 48.09
10-DEC-19 77913239 Parking 11112019 10.00
13-DEC-19 12110710 Ryu, Jae H. 147.69
E5365 Personal Vehicle - Out-of-State
07-AUG-19 12087973 Coats, Erik Robert. 42.28
22-0CT-19 12101614 Coats, Erik Robert. 96.82
22-0CT-19 12101614 Coats, Erik Robert. 55.00
E5367 Rental Vehicles - In-State
12-AUG-19 ZT407009 Car Rental Fuel 07202019 60.55
12-AUG-19 ZT407009 Car Rental Fuel 07242019 44 .04
12-AUG-19 ZT407009 Car Rental Fuel 07292019 26.72
12-AUG-19 ZT407009 Car Rental Fuel 07302019 37.88
12-AUG-19 12088874 Ryu, Jae H. 520.99
20-SEP-19 27534237 Car Rental Fuel 08102019 27.36
20-SEP-19 27534237 Car Rental Fuel 08102019 60.55
20-SEP-19 ZT534237 Car Rental Fuel 08132019 63.74
20-SEP-19 ZT534237 Car Rental Fuel 08142019 27.90
20-SEP-19 ZT534294 Car Rental 09032019 230.06
20-SEP-19 ZT534294 Car Rental Fuel 08302019 64.79
20-SEP-19 ZT534294 Car Rental Fuel 08312019 29.63
20-SEP-19 27534294 Car Rental Fuel 09022019 16.02
20-SEP-19 12095733 Ryu, Jae H. 53.87
20-SEP-19 12095733 Ryu, Jae H. 604.78
18-0CT-19 12101059 Humes, Karen S.. 181.16
18-0CT-19 12101059 Humes, Karen S.. 2.02
10-DEC-19 12109969 Humes, Karen S.. 252.00
E5380 Airfare - In-State
18-0CT-19 12101059 Humes, Karen S.. 58.30
18-0CT-19 12101059 Humes, Karen S.. 284.50
10-DEC-19 77913239 Airfare 1111201 521.51
E5381 Airfare - Out-of-State
23-JUL-19 12085705 Coats, Erik Robert. 478.20
23-JUL-19 12085707 Coats, Erik Robert. 1280.00
08-0CT-19 12098846 Ryu, Jae H. 125.00
18-DEC-19 12111627 Ryu, Jae H. 213.10
25-MAR-20 21002936 McDonald A- Airfare to GA- GOT CANC 299.40
E5391 Ground Transportation - In-State
18-0CT-19 12101059 Humes, Karen S.. 38.00
E5392 Ground Transportation-Out-of-State
07-AUG-19 12087973 Coats, Erik Robert. 17.72
22-0CT-19 12101614 Coats, Erik Robert. 278.80
18-DEC-19 27905632 RyuJa 905632 Uber Jae traveled to S 13.95
18-DEC-19 27905632 RyuJa 905632 Uber Jae traveled to S 15.26
E5396 Lodging & Per Diem ? In State
20-SEP-19 12095776 Ryu, Jae H. 49.00
20-SEP-19 12095776 Ryu, Jae H. 23.00
20-SEP-19 12095776 Ryu, Jae H. 49.00
18-0CT-19 12101059 Humes, Karen S.. 26.00
18-0CT-19 I2101059 Humes, Karen S.. 42.00
18-0CT-19 12101059 Humes, Karen S.. 42.00
18-0CT-19 12101059 Humes, Karen S.. 33.00
18-0CT-19 12101059 Humes, Karen S.. 30.00
18-0CT-19 12101059 Humes, Karen S.. 164.02
18-0CT-19 12101059 Humes, Karen S.. 433.07
10||3FSCA19 12109969 Humes, Karen S.. 26.0_?AB1 Page 20
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10-DEC-19 12109969 Humes, Kar‘eﬂ"éN.E 16’ 2021 49%-5TACHMENT 8
10-DEC-19 77913239 Hotel - Lodging 11132019 185.00
10-DEC-19 77913239 Hotel - Lodging 11142019 178.71
13-DEC-19 12110710 Ryu, Jae H. 49.00
E5397 Lodging & Per Diem ? Out of State
22-3JUL-19 FO168715 GRT226540-CIVIL&ENV ENGINEERIN -1526.56
23-JUL-19 12085705 Coats, Erik Robert. 147.96
24-3JUL-19 ZT335285 Hotel - Lodging 07032019 2289.84
07-AUG-19 12087973 Coats, Erik Robert. 56.00
07-AUG-19 12087973 Coats, Erik Robert. 43.00
08-0CT-19 ZT599870 Hotel - Lodging 08142019 76.61
08-0CT-19 12098846 Ryu, Jae H. 50.00
08-0CT-19 12098846 Ryu, Jae H. 38.00
08-0CT-19 12098846 Ryu, Jae H. 37.05
22-0CT-19 12101614 Coats, Erik Robert. 76.00
22-0CT-19 12101614 Coats, Erik Robert. 76.00
22-0CT-19 12101614 Coats, Erik Robert. 76.00
22-0CT-19 12101614 Coats, Erik Robert. 76.00
22-0CT-19 12101614 Coats, Erik Robert. 76.00
18-DEC-19 12111627 Ryu, Jae H. 33.00
18-DEC-19 12111627 Ryu, Jae H. 56.00
18-DEC-19 12111627 Ryu, Jae H. 56.00
18-DEC-19 12111627 Ryu, Jae H. 56.00
18-DEC-19 12111627 Ryu, Jae H. 568.54
18-DEC-19 12111627 Ryu, Jae H. 56.00
25-MAR-20 71002936 McDonald A, hotel in GA for Swanapa 381.66
$ 10510.58
Operating Expenses
E5045 Photocopy Service
03-FEB-20 J1263308 DS; UIB copier charge Jan 2020 0.06
02-MAR-20 J1265005 DS; UIB copier charge Feb 2020 0.18
E5049 Journal Publication Costs
25-SEP-19 ZT574740 Professional Services 09042019 25.00
E5070 Conference/Registration Fees
24-3JUL-19 ZT335285 Conference Registration 07012019 615.00
24-3JUL-19 ZT335285 Conference Registration 07092019 -570.00
24-3JUL-19 ZT335285 Conference Registration 07092019 725.00
24-3JUL-19 27335285 Conference Registration 07092019 570.00
26-SEP-19 27568130 Memberships / Subscriptions / Regis 180.00
01-NOV-19 27748634 Memberships / Subscriptions / Regis -725.00
18-DEC-19 12111627 Ryu, Jae H. 630.00
11-FEB-20 71000753 AAG 2020 conference registration fo 175.00
25-MAR-20 71002876 RyuJa 367212 Registration Grant res 5.00
07-APR-20 71003527 McDonald A-FPS International Confer 415.00
09-APR-20 71003603 2020 AAG conference cancellation fo -175.00
E5210 R&M Svcs - Work Orders
26-MAR-20 12126584 Oppenheimer Development Corporation 195.97
21-APR-20 J1267705 ef/CT from 826742 to 826867 -195.97
E5307 Analytical Services
02-0CT-19 J1252563 MJ/GRC 1811977_Forney 860.00
16-DEC-19 J1260582 bf ASL Invoice EOCT19-003 46.00
E5320 Software/Applications - Individual
27-AUG-19 77406541 Supplies 07272019 129.00
26-JUN-20 I2138310 Oregon Education Technology Consort 107.88
30-JUN-20 B1835767 Oregon Education Technology Consort 0.00
E5330 Software/Applications - College/Dep
24-3UL-19 12086054 Ryu, Jae H. 799.00
14-AUG-19 77401299 Supplies 07032019 19.15
14-AUG-19 77401299 Supplies 07172019 15.99
12-SEP-19 77511342 Supplies 08032019 19.99
12-SEP-19 77514946 Supplies 08272019 129.00
01-APR-20 71003304 RyuJa 400924 Amazon Grant research 31.71
29I£ YAZG 71005499 RyuJa 746498 Verizon Data storage s 166.9_?AB1 Page 21
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E5410 Office and Administrative Supplies

04-DEC-19 77859061
17-JAN-20 ZT159595
E5430 Consumable Water
08-AUG-19 12088020
E5465 Gasoline
14-AUG-19 77401299
14-AUG-19 77401299
E5560 Technology - Supplies
09-AUG-19 12088550
04-SEP-19 77498840
30-0CT-19 ZT730095
18-FEB-20 71001008
E5710 Tools
14-AUG-19 ZT401299
14-AUG-19 77401299
E5724 Research Supplies
18-JUL-19 ZT303097
18-JUL-19 ZT303097
18-JUL-19 ZT303097
18-JUL-19 ZT303097
18-JUL-19 ZT303097
18-3JUL-19 ZT303097
18-JUL-19 ZT303097
18-JUL-19 727303097
23-JUL-19 12085701
02-AUG-19 27335026
02-AUG-19 27335026
02-AUG-19 ZT335026
02-AUG-19 ZT335026
02-AUG-19 ZT335026
02-AUG-19 727335026
02-AUG-19 727335026
02-AUG-19 27335026
02-AUG-19 27335026
02-AUG-19 27335026
02-AUG-19 ZT335026
02-AUG-19 ZT335026
07-AUG-19 ZT381455
14-AUG-19 ZT401299
14-AUG-19 727401299
14-AUG-19 77401299
14-AUG-19 77401299
14-AUG-19 77401299
14-AUG-19 77401299
14-AUG-19 77401299
14-AUG-19 77401299
15-AUG-19 7T402367
15-AUG-19 77402367
15-AUG-19 77402367
15-AUG-19 77402367
15-AUG-19 77402367
15-AUG-19 77402367
15-AUG-19 77402367
15-AUG-19 77402367
15-AUG-19 7T402367
15-AUG-19 77402367
15-AUG-19 77402367
15-AUG-19 77402367
27-AUG-19 77406541
27-AUG-19 77406541
04-SEP-19 77498840
04-SEP-19 77498840
12-SEP-19 ZT511342
ZT511342

YirEA"”

JUNE 16, 2021

Supplies 11122019
Charge for tonor cartridge. Linda M

Culligan Water Conditioning

University Vehicle Expenses 0701201
University Vehicle Expenses 0715201

Ryu, Jae H.

Supplies 08122019

Supplies 10152019

Charge for power cord for SC 200 Co

Supplies 07042019
Supplies 07112019

Supplies 07032019
Supplies 07052019
Supplies 07062019
Supplies 07072019
Supplies 07092019
Supplies 07092019
Supplies 07102019
Supplies 07112019
Ryu, Jae H.
Supplies 07032019
Supplies 07102019
Supplies 07102019
Supplies 07122019
Supplies 07132019
Supplies 07162019
Supplies 07162019
Supplies 07172019
Supplies 07222019
Supplies 07242019
Supplies 07242019
Supplies 07252019
Agriculture and Medical Supplies 07
Supplies 06262019
Supplies 06272019
Supplies 07022019
Supplies 07022019
Supplies 07082019
Supplies 07112019
Supplies 07142019
Supplies 07192019
Supplies 07192019
Supplies 07272019
Supplies 07272019
Supplies 08012019
Supplies 08012019
Supplies 08022019
Supplies 08052019
Supplies 08062019
Supplies 08072019
Supplies 08082019
Supplies 08082019
Supplies 08082019
Supplies 07292019
Supplies 07292019
Agriculture and Medical Supplies 08
Supplies 08072019
Supplies 08032019
Supplies 08032019

88.
120.

29.

42.
40.

476.
62.
33.
12.

107.
38.

1613.
11.
98.
11.

396.
18.
166.
91.
271.
420.

1704.
69.
75.
52.

169.
30.
13.
29

320.

327.

701.
18.

94.
92.

39.
189.
217.
156.

61.

69.

48.
185.

53.
-53.

28.

13.

32.

13.
250.
334.

7.
28.
36.

9.

4.

217.

34
64

95

34
31

96
99
99
14

25
03

10
94
17
74
00
00
30
62
08
44
66
54
80
28
80
26
75

.98

62
90
46
08

.99

80
91

.24

94
74
28
86
57
54
02
84
10
10
45
94
44
98
82
67
41
93
10
65
55
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12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
12-SEP-19
18-SEP-19
18-SEP-19
18-SEP-19
25-SEP-19
25-SEP-19
25-SEP-19
25-SEP-19
25-SEP-19
25-SEP-19
25-SEP-19
25-SEP-19
01-0CT-19
07-0CT-19
07-0CT-19
07-0CT-19
07-0CT-19
07-0CT-19
07-0CT-19
07-0CT-19
07-0CT-19
07-0CT-19
07-0CT-19
07-0CT-19
07-0CT-19
09-0CT-19
09-0CT-19
09-0CT-19
09-0CT-19
09-0CT-19
09-0CT-19
25-0CT-19
25-0CT-19
25-0CT-19
25-0CT-19
01-NOV-19
01-NOV-19
01-NOV-19
06-NOV-19
18-NOV-19
18-NOV-19
18-NOV-19
18-NOV-19
04-DEC-19
04-DEC-19
04-DEC-19
04-DEC-19

*RSA"

ZT511342
ZT470567
ZT470567
ZT470567
ZT470567
ZT470567
ZT470567
ZT470567
ZT470567
ZT470567
ZT470567
ZT470567
ZT470567
ZT470567
ZT470567
ZT514946
ZT514946
27514946
ZT536932
ZT536932
ZT536932
ZT574740
ZT574740
ZT574740
ZT574740
ZT574740
ZT574740
ZT574740
ZT574740
12097494
12098295
ZT582328
ZT582328
ZT582328
27582328
27582328
77582328
77582328
ZT582328
ZT582328
ZT582328
ZT582328
27631422
27631422
77631422
77631422
77631422
77631422
ZT638339
ZT638339
ZT638339
ZT638339
27748634
ZT748634
ZT748634
12103978
27811408
27811408
27811408
27811408
27900954
27900954
27900954
27900954
27900954

Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Ryu, Jae
Culligan
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies

Agriculture and Medical Supplies 09

Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Culligan
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies
Supplies

osJUNE 16, 2021

08102019
08132019
08132019
08142019
08142019
08152019
08162019
08172019
08182019
08182019
08212019
08212019
08222019
08272019
08202019
08222019
08262019
09032019
09042019
09052019
09032019
09082019
09092019
09102019
09102019
09102019
09112019
09132019
H.

Water Conditioning
09092019
09092019
09092019
09092019
09112019
09122019
09132019
09132019
09132019
09202019
09212019
09212019
09242019
09272019
09272019
10012019
10022019

09192019
09232019
09232019
10082019
10182019
10222019
Water Conditioning
10282019
10292019
10302019
11012019
11042019
11072019
11132019
11152019
11152019

113.
197.
79.
65.
54.
149.
32.
1046.
1700.
82.
38.
55.
216.
188.
89.
229.
241.
487.
182.
456.
88.
81.
62.
51.
28.
49
211.
102.
3120.
29.
75.

28.
166.
157.

21.

81.

66.
173.

75.

3244.
283.
2154,
-3244.

17.
396.

18.

56.

446.
377.
266.
29.
70.
41.
147.
187.
8.

6
461.
137.
1096.

20
90
82
08
04
99
26
30
00
51
35
97
16
66
90
00
38
72
70
23
77
80
95
94
39

.69

89
25
00
95
00

.42
.50

26
30
46
60
64
68
07
80
50
86
25
50
40
00
50
82

.40
.79

27
25
80
95
56
98
50
34
99

.63

22
Q9

*AB 1 Pa
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o;/ATTACHMENT 8

04-DEC-19
06-DEC-19
09-DEC-19
11-DEC-19
11-DEC-19
18-DEC-19
18-DEC-19
18-DEC-19
18-DEC-19
18-DEC-19
18-DEC-19
18-DEC-19
18-DEC-19
18-DEC-19
18-DEC-19
20-DEC-19
03-JAN-20
10-JAN-20
15-JAN-20
17-JAN-20
17-JAN-20
17-JAN-20
17-JAN-20
17-JAN-20
17-JAN-20
17-JAN-20
17-JAN-20
17-JAN-20
17-JAN-20
17-JAN-20
24-JAN-20
24-JAN-20
05-FEB-20
05-FEB-20
05-FEB-20
06-FEB-20
06-FEB-20
06-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20
10-FEB-20

REA%

27900954
12109475
J1260116
27907694
27907694
77030436
27030436
27852583
ZT852583
27852583
27852583
ZT852583
77987942
27987942
27987942
27923142
27080545
12113862
J1262127
ZT000328
77000328
ZT000328
2T000328
ZT104789
ZT104789
ZT104789
ZT104789
ZT159595
ZT159595
ZT159595
7T225464
27225464
12118261
71000337
71000337
71000416
71000416
71000416
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000606
71000988

Supplies 119UNE 16, 2021

Culligan Water Conditioning

KRE-H; Phys Mchn shp wrk A McDonald
Supplies 11032019

Supplies 11112019

McDonald A purchased o-rings and co
McDonald, A purchased research supp
McDonald A purchased lab supplies.
McDonald A purchased lab supplies:
McDonald A purchased lab supplies:
McDonald Armando purhcased CHECK IN
McDonald purchased instrument pans
Charge for aluminum dish fluted 144
Charge for high pressure and specia
Charge for new digital ORP sensor,
USB drives for data backup on the S
Charge for Tryptic Soy Broth 25 Gal
Culligan Water Conditioning

KRE-H; Phys Mchn Shp: evap dishes
RyuJa 000328 Amazon Grant research
RyuJa 000328 Amazon Grant research
RyuJa 000328 Amazon Grant research
RyuJa 000328 Amazon Grant research
MCDonald A purchased sleeve for res
McDonald A purchased Dimethyl carbo
McDonald A purchased flow restricto
McDonald, A purchased a spooler for
Charge for chemicals for research 1
Charge for cylinders, specialty gas
Charge for new (used) controller fo
McDonald A purchased BETAINE, ANHYD
McDonald A purchased CENT BOTTLE 25
Culligan Water Conditioning

Charge for a new HACH controller fo
Charge for fuses for lab pumps used
RyuJa 182074 Amazon Grant research
RyuJa 182074 Amazon Grant research
RyuJa 182074 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Amazon Grant research
RyuJa 231435 Home Depot Grant resea
RyuJa 231435 Home Depot Grant resea
RyuJa 231435 Paypal Grant research
Armando: 25mL autoclave reactors fo

29.
87.
77.
178.
12.
40.
24.
13.
6.
254.
230.
101.
54.
1123.
65.
44,
29.
225.
181.
74.
102.
158.
105.
157.
18.
28.
57.
47.
135.
90.
204.
29.
599.

13.
161.
242.

60.
103.
244,

51.

11

9.
117.
9.

84.
-44.
192.

5.

10.

21.

93.

25.

9.
23.
76.

-242.
119.

50.

18.
157.

43,
217.

70.

95
79
15
17
88
32
92
60
78
41
00
50
60
63
97
87
95
72
14
18
56
99
44
51
94
65
42
40
40
o7
69
95
99

.79

08
38
74
16
68
55
77

.65

57
25
56
59
51
95
67
39
73
21
43
53
58
30
74
44
31
95
57
82
56

“AB 1 Pa
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ATTACHMENT 8

18-FEB-20
18-FEB-20
18-FEB-20
18-FEB-20
18-FEB-20
18-FEB-20
18-FEB-20
02-MAR-20
04-MAR-20
05-MAR-20
05-MAR-20
05-MAR-20
12-MAR-20
12-MAR-20
12-MAR-20
12-MAR-20
18-MAR-20
18-MAR-20
18-MAR-20
18-MAR-20
18-MAR-20
18-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
25-MAR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
01-APR-20
07-APR-20
07-APR-20
07-APR-20

RS

71000988
71001008
71001008
71001008
71001008
71001008
12120138
B1825956
12123028
71001838
71001838
71001838
71002318
71002318
71002318
71002318
71002545
71002545
71002545
71002545
71002571
71002571
71002876
71002876
21002876
71002876
71002876
71002876
71002876
71002876
71002876
71002876
71002876
71002876
71002876
71002876
71002876
71002876
71002876
71002876
12126495
71003304
71003304
71003304
71003304
71003304
71003304
71003304
71003304
71003304
71003304
71003357
71003357
71003357
71003357
71003357
21003357
21003357
21003357
71003357
71003357
71003527
71003527
71003527
71003527

McDonald: Flﬂ%@ §0161300%;'str‘uments

Charge for PC primers to evaluate b
Charge for cylinders, specialty gas
Charge for new syringes for Erik's
Charge for nitrile exam gloves, pip
Charge for reagent set ammonia and
McDonald, Armando Gabriel.
McDonald, Armando G.

Ryu, Jae H.

Charge for new caps for ammonia/nit
Charge for pipette tips used to pro
Charge for silicone treadmill belt
Charge for 96 well plates for gPCR
Charge for adhesive qPCR film, alum
Charge for connective wire, groundi
Charge for cylinders, specialty gas
McDonald A, Chemical Resistant O-ri
McDonald A, pump head for research
McDonald, A- vacuum pump for lab an
McDonald: PTFE STIRRER ANCHOR 500L
McDonald: STANDARD TRNS PIPETS 5ML
McDonald: VIAL SCINT 20ML GLASS 500
RyuJa 367212 Amazon Grant research
RyuJa 367212 Amazon Grant research
RyuJa 367212 Amazon Grant research
RyuJa 367212 Amazon Grant research
RyuJa 367212 Amazon Grant research
RyuJa 367212 Amazon Grant research
RyuJa 367212 Amazon Grant research
RyuJa 367212 Amazon Grant research
RyuJa 367212 Amazon Grant research
RyuJa 367212 Amazon Grant research
RyuJa 367212 Amazon Grant research
RyuJa 367212 Amazon Grant research
RyuJa 367212 Amazon Grant research
RyuJa 367212 Amazon Grant research
RyuJa 367212 Amazon Grant research
RyuJda 367212 Facebook Grant researc
RyuJa 367212 Home Depot Grant resea
RyuJa 367212 USAQUADCOPT EBAY Grant
Ryu, Jae H.

RyuJa 400924 Amazon Grant research
RyuJa 400924 Amazon Grant research
RyuJa 400924 Amazon Grant research
RyuJa 400924 Amazon Grant research
RyuJa 400924 Amazon Grant research
RyuJa 400924 Amazon Grant research
RyuJa 400924 Home Depot Grant resea
RyuJa 400924 Paypal Grant research
RyuJa 400924 Paypal Grant research
Ryula 400924 Paypal Grant research
RyuJa 514304 Amazon Grant research
RyuJa 514304 Amazon Grant research
RyuJa 514304 Amazon Grant research
RyuJa 514304 Amazon Grant research
RyuJa 514304 Amazon Grant research
RyuJa 514304 Home Depot Grant resea
RyuJa 514304 Home Depot Grant resea
RyuJa 514304 Home Depot Grant resea
RyuJa 514304 Paypal Grant research
RyuJa 514304 Verizon Grant research
McDonald A- 3V power supply for re
McDonald A- LCD display for researc
McDonald A- Mini reflector bulb gua
McDonald A- PTFE stirrer anchor for

36
461
964
1498
1759
9

-9

1796

1733.

82
12

455,
229.
16.
195.
22.
96.
649.
58.
13.
230.
17.
144.
227.
37.
185.
22.
232.

21.
25.
10.
164.
211.

23.
36.
73.
697.
77.
55.
124.
20.
234.
26.
73.
140.
168.
100.

16.
17.
44,
57.
131.
139.
74.
226.
166.

6

6.
7.

54,
“FAB 1 Pa
https://vandalweb.uidaho.edu/PROD/gokoutp.P_ShowReq?pipe_name=0ORA$PIPE$0670E92A0001&sess_id=461451069&user_name=

.38
.23
.58
.11
.50
.90
.90
.52
49
.80
.25
44
81
76
63
85
27
00
58
53
27
16
06
88
48
46
03
27
.22
19
42
59
79
99
.94
.94
82
72
62
94
73
o7
00
13
95
81
80
00
32
00
.25
78
96
86
91
24
85
79
80
85
.35
39
o7
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07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
07-APR-20
10-APR-20
14-APR-20
14-APR-20
14-APR-20
14-APR-20
06-MAY-20
06-MAY-20
06-MAY-20
06-MAY-20
19-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20
29-MAY-20

“IREA™

71003527
71003527
71003527
71003527
71003527
71003527
71003527
71003527
71003527
71003527
71003527
71003527
71003527
71003527
71003527
71003527
71003527
71003527
71003527
71003527
71003527
12128570
71003781
21003781
21003781
71003781
71004558
71004558
71004558
71004558
71004937
21005467
71005467
71005467
71005467
71005467
71005467
71005467
71005467
71005467
21005467
21005467
21005467
71005467
71005475
71005475
71005499
71005499
71005499
71005499
71005499
71005499
71005499
71005499
71005499
71005499
21005499
21005499
71005531
71005531
71005531
71005531
71005531
I2134640
21005709

McDonald A—J
McDonald A-
McDonald A-
McDonald A-
McDonald A-
McDonald A-
McDonald A-
McDonald A-
McDonald A-
McDonald, A-
McDonald, A-
McDonald, A-
McDonald, A-
McDonald, A-
McDonald, A-
McDonald, A-
McDonald, A-
McDonald, A-
McDonald, A-
McDonald, A-
McDonald, A-

&#‘% 1)%!3 %0211-0r‘ resear

breadboard jumper cable
clamp assembly for rese
hands on primer-monitor
lab supplies for resear
pi4 touchscreen for res
sensor board for resear
sensor for research
soil sensor for researc
CO02 gas sensors for re
Mega v-3 shield for la
clamps for lab researc
cuvette for research
data logging equipment
data logging equipment
data logging equipment
data logging for resea
electric motor replace
pellet die for researc
replacement GC column
replacement motor resea

Culligan Water Conditioning

Charge for cylinders, specialty gas
Charge for pack of 1000 filters, re
Charge for reagents to test for nit
Charge for reagents to test for nit
McDonald A- Masks for research.
McDonald A- digital thermometer for

McDonald A-

McDonald A-

Charge for p
RyuJa 689859
RyuJa 689859
Ryula 689859
Ryula 689859
RyuJa 689859
RyuJ