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Executive Summary

Much attention has been paid in state economic development circles to the importance of biosciences as
an engine for innovation and technology growth in the 21st century. The genomic revolution, and the
resulting advances in bioscience knowledge, are generating multiple potential bio-pathways to
innovation-based economic development.

Figure ES-1: Genomic and Biomass Resources for the Biosciences.

CROORGANISMALS

il
f AnimaL ¢ MICROORGAIISMALSS. FungaL l
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(Medical Products) {Industrial Froducts)

To facilitate understanding of lowa’s core bioscience competencies and opportunities and its current
economic base, the lowa Department of Economic Development engaged Battelle’s Technology
Partnership Practice (TPP) to perform economic and core competency analysis of the biosciences in lowa.

Battelle examined the state’s existing biosciences industry, broadly defined for this study to include most
aspects of agriculture, e.g., agricultural machinery and equipment, agricultural processing, etc., because it
is an important component of the “biosciences cluster” that also includes supplier chains and end
customers. It includes key industry segments such as medical devices, drugs and pharmaceuticals, and
research and testing. The economic analysis section of this report analyzes trends, current strengths, and
emerging subsectors of the biosciences cluster in Iowa.

For the core competency analysis, Battelle used quantitative data sources (bioscience grant funding data,
research output data, patent data, etc.) in combination with more than 220 qualitative fieldwork interviews
in Jowa among faculty, administrators, trade and business associations, industry, and others to develop an
in-depth profile of the State’s core bioscience competencies. The results show that Iowa has broad and
substantial bioscience expertise in each of the core bioscience areas. Because of the need for a strong
research base as a prerequisite for any state to succeed in the biosciences, these documented competencies
position Iowa with the potential to advance in bioscience-based economic development.
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IowA BI10SCIENCES ECONOMIC CLUSTER

Introduction

Bioscience is a set of knowledge-based industry sectors that, together, form a cluster of established and
emerging opportunities. It is a set of industries with roots in academic and clinical discovery as well as
engineering and ecological advancements. The innovative nature of the industry has positioned bioscience
as a growing sector of the economy. The industry has given rise to new establishments and increasing
employment. Over the past four years, bioscience industry has grown by 4.6 percent across the United
States, adding close to 270,000 jobs nationally, using the definition of biosciences used in this report.'
Case studies have documented the links between research and development activity and economic
growth.?

The inherent diversity of the bioscience sector is a strong factor contributing to the growing industry
focus. The cross cutting technologies embedded in the bioscience has led to many companies to pursue
market opportunities in associated technologies, from bio-engineered foods and fuels to advanced new
botanical medicines, from breeding healthier animals to mapping the human genome—each contributing
to the advancement of life science activities, whether related to plant, animal, or human health discoveries
and opportunities.

The bioscience industry is a strong driver for the U.S. and Iowa economies, diversifying the base, offering
good, well-paying jobs, and contributing to overall economic productivity. There are a number of reasons
to target lowa’s bioscience industry for economic development:

1. The bioscience industry is a significant part of the Iowa economy. In 2002, bioscience employment
accounted for 7.0 percent of total employment in lowa, exceeding the national average. The health
services, food and kindred products, and chemical product subsectors comprising the bioscience sector
account for large shares of Iowa’s gross state product (GSP).

2. The bioscience industry has a wide-ranging impact on industries not typically perceived to be linked
with bioscience technology. The innovative nature of the bioscience industry has positioned it as a value
adding sector of the economy. The diverse industrial applications of the biosciences can be attributed to
the innovative capacity of the industry in both the agriculturally related and clinical related fields.

3. The bioscience industry is a tremendous source of well-paying jobs. The average salary of a bio-
science worker was more than $10,000 more than the statewide average annual wage in 2002,
significantly above the statewide average wage.

" The bioscience industry in this analysis includes the following subsectors: agricultural services, agricultural
processing, organic and agricultural chemicals, drugs and pharmaceuticals, agricultural machinery equipment,
medical equipment and supplies, research and testing, and hospitals.

% The National Commission on Entrepreneurship examined the link between university R&D spending and new
business starts. The authors found that the lag time between the investment of research and development dollars and
economic growth is shorter than previously expected. A significant number of new firms spring up within the first
year after the funding and the growth trend continues for at least five years, albeit at a lower rate after the first year.
The full report can be found at: http://www.nasvf.org/web/allpress.nsf/pages/5415.
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Table ES-1: Average Iowa Annual Wages per Employee 2002.

Average lowa Annual Wages per Employee 2002*

Organic and Ag Chemicals $52,760
Ag Machinery and Equipment $51,672
Ag Processing $46,318
FIRE $40,471
Biosciences $39,253
Wholesale Trade $38,300
Manufacturing $38,230
US Total Private Sector $36,517
Transportation and Utilities $35,708
Information $34,830
Construction $34,777
lowa Total Private Sector $29,158
Professional Business Services $28,630
Ag/Natural Resources and Mining $25,364

* Wages are based on 2002 ES-202 data from the Bureau of
Labor Statistics (BLS) and the lowa Workforce Develop-
ment, Employment Statistics Bureau. 2002 Information for
the U.S. was retrieved from BLS and is considered
preliminary according to the Department of Labor.

Definition

To address the diversity of the bioscience industry in this analysis, it was divided into three sectors:
agricultural, medical, and plant-life sciences. The agricultural sector consists of those industrial
subsectors involved in developing, supporting, and manufacturing new farming and food production
technologies for advancing health and nutrition. The medical sector consists of those industrial subsectors
involved in manufacturing and developing clinical techniques aimed at and directed toward advancing
human health care. The plant-life sciences sector consists of those industrial subsectors involved in
research, testing, developing, and manufacturing clinical and agronomic techniques and products for
improving the functions of living organisms.

The eight major subsectors of the bioscience industry identified for this economic analysis report appear
in Figure ES-2. The eight subsectors of bioscience activity each encompass a wide variety of industrial
activity upon which Iowa is well situated to further build and strengthen its overall bioscience base
(Figure ES-3).

Batfelle il
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Figure ES-2: Broadly Defined Iowa “Bioscience” Industry.
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Figure ES-3: Detailed Description of Bioscience Industry Breakout.
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Iowa Bioscience Industry Cluster

Overall, in the four-year period analyzed, the industry experienced a period of decline and then growth. In
2002, the Iowa bioscience industry employed 82,849 individuals across 1,856 establishments. Although
this level of employment represents a drop from the 1998 level, the industry has demonstrated above
average growth since 2000. Key conclusions from this analysis include the following:

Despite lowa’s bioscience industry decline overall since 1998, recent trends since 2000 indicate
a growth rate that is above the national average.

Although the bioscience employment base fluctuated over time, the industry remained a sizable
portion of lowa’s economy throughout the four years analyzed.

The current level of lowa’s bioscience employment concentration is considered to be regionally
specialized.

Iowa Bioscience Cluster Subsectors

Iowa’s bioscience subsectors can be categorized into four classes based upon their performance from
1998 to 2002 (Figure ES-4). The four categories are based on the subsector’s growth relative to U.S.
growth and the subsector’s location quotient. The four classifications of subsectors are stars, emerging
potential, transitional, and divergent. Subsectors classified as stars or emerging are vital for the overall
industry and its future development potential. These subsectors are often seen as the driving force behind
the industry’s success. Subsectors classified as transitional or divergent are in a stage of either becoming
less important or are evolving to once again become stars. Though the four-year trend is not irreversible,
these subsectors demonstrate current characteristics that may threaten the long-term viability of the
industry base.’

Detailed Cluster Subsector Strengths

It is useful to further isolate particular strengths of the subsectors within these industry segments as
shown in Figure ES-5.

Industries that fall within the confluence of all three circles are considered major bioscience subsector
strengths. These industries exhibited very large employment bases, significant specializations, and growth
over the last year that surpassed U.S. growth rates. These industries demonstrate the potential for the state
to create new opportunities and niches in the bioscience industry that can be leveraged to jump-start other
promising industry segments. The diversity of the bioscience industry clearly indicates that advancements
within particular subsectors can be leveraged to strengthen others. By focusing on its existing strengths,
Iowa can build a promising future in the biosciences.

3 A detailed table of Iowa’s bioscience subsector performance can be found in Appendix A.
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Figure ES-4: Iowa Bioscience Subsector Performance, 1998-2002.
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Figure ES-5: Assessment of Iowa’s Detailed Industry Strengths within the Bioscience Subsectors.
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IowA RESEARCH CORE COMPETENCY ANALYSIS IN THE BIOSCIENCES

Iowa National Position in the Biosciences

From the standpoint of academic funding for R&D, the State of lowa is performing well for its size. With
$439.8 million in research funds, lowa ranks 24th in total university R&D funding (according to the
National Science Foundation)—notably exceeding its population rank of 30th.

Within the academic R&D arena, the state is performing particularly well in the biosciences, with

66 percent of all academic research funds falling under this definition. This level of performance places
Iowa 21st in the nation. Also, lowa ranks well across the three major macro-categories of bioscience
R&D, ranking 19th in Medical Sciences, 20th in Agricultural Sciences, and 22nd in Biological Sciences.
In all three cases lowa’s performance exceeds its ranking among the states in population.

Iowa’s comparatively strong performance in bioscience R&D cannot, however, be taken for granted.
Bioscience is a key target for growth in many states and in recent years, lowa’s total growth in bioscience
funding has not kept pace with that of the nation—resulting in a slightly declining bioscience R&D
market share of total academic R&D.

Iowa’s Quantitative Bioscience Strengths

The biosciences are broad and no state has core strengths in every aspect of them. In Iowa, quantitative
data on funding by discipline, publications citations and numbers of grants serves to highlight some of the
fields in which Iowa has a specialization.

National Institutes of Health (NIH) data show that the University of Iowa College of Medicine performs
particularly well in funding for

e Orthopaedics (where it ranks 3rd in the nation)

e Public Health and Preventative Medicine (ranked 5th)
e Otolaryngology—Ear, Nose and Throat (5th)

e Pediatrics (8th)

e Anesthesiology (10th)

e Biostatistics and related Math Sciences (11th).

Towa State University also received NIH awards, but performs particularly strongly in accessing National
Science Foundation (NSF) and U.S. Department of Agriculture (USDA) awards. lowa State performs
well in multiple disciplines, including biological infrastructure, environmental biology, integrative
biology and neuroscience, and molecular and cellular biosciences. lowa State’s USDA funding highlights
its work in veterinary medicine and animal sciences.

The Institute for Scientific Information (ISI) publishes statistics on the publications frequency and impact
of academic institutions. Within Iowa, several university disciplines are strong performers on ISI metrics.
The data show that Iowa is particularly powerful in

Clinical Immunology and Infectious Diseases

Agriculture and Agronomy

Anesthesia and Intensive Care

Battelle xvil

1 . [ .
{he Business of Innovation



lowa Bioscience Path for Development

e Otolaryngology
e Entomology and Pest Control
e Ophthalmology.

Other disciplines that are strong in terms of citations include Agricultural Chemistry, Dentistry, Oral
Surgery and Medicine, Microbiology, Veterinary Medicine, and Animal Health.

Both the grants funding and ISI data serve to highlight several factors:

e There is significant institutional depth in a broad range of bioscience, biomedical, and related
disciplines. Both Iowa State University and The University of lowa contribute to this depth.

e lowa has strengths in the three primary components of bioscience—human medicine, veterinary
medicine/animal health, and plant sciences/agricultural science.

e The University of lowa is particularly strong and productive in Clinical Inmunology and Infectious
Diseases, Immunology, Otolaryngology, Ophthalmology, Anesthesia and Intensive Care, and Clinical
Psychology and Psychiatry.

e Jowa State University has demonstrable impact in Agriculture/Agronomy and Entomology and Pest
Control. The University also has a strong concentration in Agricultural Chemistry, Animal and Plant
Sciences, Veterinary Medicine and Animal Health, and Food Sciences and Nutrition.

e Both the University of lowa and Iowa State University have strengths in environment/ecology
research.

A quantitative analysis was completed, using Battelle’ own proprietary Starlight™ cluster analysis
software system. Starlight™ uses pattern recognition algorithms on text data (grant abstracts) to find
areas in which a critical mass of research is occurring. This analysis identified six “meta clusters” of
research in lowa comprising:

» Cell and Molecular Studies
Crop and Soil Analysis

Disease and Infection Studies (both human and animal/agricultural)

YV V V¥V

Genetics

‘///

Neural Studies
» Vascular Analytics.

Iowa’s performance in the Cell/Molecular Studies and Genetics fields (with 510 grants and 259 grants
respectively) is particularly noteworthy given the importance of these disciplines to modern bioscience
progress. Strengths in these disciplines are provided by both The University of lowa and Iowa State
University.

Taking all of the quantitative data into account, Iowa has the broadly based core focus areas shown in
Table ES-2 and human medicine/health core focus areas shown in Table ES-3.
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Table ES-2: Broadly Based Core Focus Areas Suggested by Quantitative Data.
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Table ES-3: Human Medicine/Health Core Focus Areas Suggested by Quantitative Data.
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Qualitative Assessment of Iowa Bioscience Strengths

The analysis of quantitative data sets a context for understanding where lowa’s core competencies in
bioscience research are focused. To further investigate these fields and deepen our understanding of the
core bioscience focus areas in lowa, extensive qualitative interviews were conducted with university
administrators, faculty, scientists, clinicians, industry executives, and development agencies in the state.
These interviews are essential in developing an understanding of how the data on publications and grant
awards translate into on-the-ground focus areas in lowa. They also contribute to a far stronger
understanding of institutional directions and plans for the future.

After performing the qualitative interviews, conclusions were formed that placed each of the identified
strength areas into one of three categories:

e [Established Strengths—comprising the “powerhouse” disciplines in which lowa has a clear
leadership position to build upon.

e Strong and Growing Areas—comprising fields that are fast growing in general (such as genetics
and bioinformatics in which the state is particularly strong, but must be developed further) but less
fully established than the preceding category.

e Emerging and Notable—comprising smaller or embryonic programs that still show significant
potential for bioscience development in Iowa.

Based on this categorization, the qualitative assessment resulted in the following summary chart,
Figure ES-6:

Figure ES-6: Qualitative Summary Chart.
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Core Platforms for Iowa Bioscience Development

The quantitative and qualitative data served to identify core areas of strength and expertise in lowa
biosciences. Not all of these, however, can form the basis of platforms upon which economic develop-
ment can be built. Rather, the project team’s experience and expertise, in combination with market data,
helped determine which core competencies, or combinations of core competencies, may form solid
technology platforms for economic progress.

Battelle’s quantitative and qualitative analysis reveals multiple core competency areas within academic
R&D in lowa—most notably centered on Iowa State University and The University of lowa, with some
supporting strengths at the University of Northern Iowa (notably in the BioEconomy and Integrated
Biosecurity platforms). These core competency areas are summarized in Figure ES-7, which shows the
strengths identified by Battelle’s quantitative and qualitative analyses, together with recommended
technology platforms for resulting bioscience development.

Figure ES-7: Iowa’s Validated Research Strengths Leading to Recommended Platforms.
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As Figure ES-7 shows, Battelle sees opportunity for lowa to develop its bioscience economy upon
multiple short or near-term “platforms”. These include:

» BioEconomy Platform—Using plant and animal biomass and waste streams to generate chemicals,
energy, fuels, and materials for industrial and commercial applications.

Battelle XXi

he Business of lnnavation



lowa Bioscience Path for Development

» Integrated Drug Discovery, Development, Piloting and Production Platform—Leveraging lowa’s
strengths in basic biomedical research, drug development, and GMP production into an integrated
pipeline of new drugs and therapeutics.

» Advanced Food Products Platform—Using lowa’s established strengths in plant and animal
sciences, production agriculture, food science, nutrition, and processing technology to develop and
produce functional foods and nutraceuticals.

» Integrated Post-Genomic Medicine Platform—Using Towa’s genomics expertise and specific
disease/disorder skills, in conjunction with epidemiologic data and Iowa’s stable population, to
produce rapid advances in post-genomic medicine and associated discoveries.

» Animal Systems Platform—Using Iowa’s bioscience expertise to establish a leadership position in
the modeling of animal systems and in the development of technologies and applications for
transgenic animals, chimeric animals, and cloning.

» Integrated Biosecurity Platform—Deploying the strengths of Towa’s institutions in human, animal
and plant disease prevention, protection, and treatment to establish an integrated approach to securing
the environment, food production systems, human health and safety.

These six areas represent broad platforms upon which a significant R&D, business base, and bioscience
economy may be built in Iowa in the near to short-term. They each specifically draw upon lowa’s
institutional expertise in multiple fields, since it is multidisciplinary research that increasingly is gaining
importance in driving funding, new study areas, technologies, commercializable innovations, and
discoveries. In each case, the analysis shows that these platforms match well to large and rapidly growing
projected domestic and international markets. In most cases the markets are characterized in terms of
having expanding multibillion dollar existing and emerging potential.

In addition to the broad technology platforms, several additional areas of emerging, longer-term
opportunity represent additional sector development potentials. The identified areas consist of relatively
compact groups of people working in leading edge fields, new formative centers just recently pulled
together, or established areas of expertise in which further investment in infrastructure and/or personnel
are required to sustain or accelerate development momentum.

These four longer-term additional opportunity areas are

» Host-Parasite Biology and Systems—Examining the interaction and symbiotic beneficial relation-
ships between hosts and parasitic organisms, with an initial emphasis on immunologic response.

» Instrumentation, Devices and Sensors—Using Towa’s skills in engineering, chemistry, biology and
related fields to produce novel tools for instrumentation, analysis, invasive and non-invasive imaging,
diagnostics, and biosensors.

» Formation of a Cardiovascular Research Institute—Mirroring Iowa’s success with The University
of lowa’s Comprehensive Cancer Center to build a similarly resourced and dedicated scientific
institute for advancing cardiovascular and cardiopulmonary research and development.

» Formation of a Free Radical Research Institute—Cementing lowa’s existing world leadership
position in free radical and oxygen biology research within a formal institute with associated facilities
and funding.

Battelle’s assessment of lowa’s position in the biosciences highlights a state that has significant promise
to be among the nation’s bioscience research leaders in selective fields. lowa institutions have substantive

Batfelle xXil

The Business \‘_J[ Innovation



lowa Bioscience Path for Development

strengths in the “three principal legs of the bioscience stool”— human, animal, and plant biosciences. In
particular, the bioscience operations of both Iowa State University and The University of lowa show
fundamental bioscience technology platform strengths that can be further enhanced by increased
collaborations between the institutions and with industry.*

Challenges in Realizing Iowa’s Bioscience Potential

The primary goals of the research were to identify bioscience core competencies and determine key
platforms for bioscience-based economic development in the State of lowa. While not a primary research
goal, this study also served to identify barriers and challenges to bioscience development in lowa. The
principal observed challenges are grouped by theme below:

Bioscience Visibility

It is important that all three legs of the bioscience stool be recognized as important to the future economic
growth of Iowa, namely: human, animal and plant biosciences. Agricultural biosciences have much higher
legislative and public visibility in the state than do human medical sciences. While it is good that
agricultural bioscience is recognized for its significant value to the current and future health of the Iowa
economy, attention also needs to be raised to the equally strong position of Iowa in human bioscience
R&D.

Structuring for Bioscience Development

The primary research universities in the State are not on equal footing when it comes to organizational
structure and support for bioscience development. lowa State University has made important progress in
forming new Institutes and Centers that correspond well in their focus and strengths to both the goals of
technology-based economic development and the primary platforms recommended in this report. In
addition to being well structured to progress bioscience development, lowa State also benefits from a
research foundation and technology transfer/commercialization operation that is adequately staffed and
cutting edge in approach and partnering arrangements with industry. The University of lowa is more
traditional in its structure, with the bulk of its bioscience work still taking place in academic departments.

Table ES-4 compares Iowa universities on various metrics of technology transfer performance (as
compiled by the Association of University Technology Transfer Managers [AUTM]). These data
compare the performance of the University of lowa and Iowa State University with the median and top
quartile of U.S. universities on selective measures developed by Battelle. It should be noted that our
study has focused on core competencies and that one important consideration in realizing economic
benefits from these competencies and platforms is having the ability to transfer and commercialize
discoveries from the research base into the commercial sector. This study did not involve an in-depth
review of either the technology transfer function or technology commercialization gaps that need to be
addressed, both subjects of a fuller bioscience development strategy.

4 Platforms are not intended to supplant or replace the existing structure of Iowa State University in its agbioscience
work. Battelle notes that Iowa State University has established a well-structured suite of Centers under the umbrella
of the Plant Sciences Institute and other formal Presidential initiatives, and recognition of this is shown in our
analysis and recommendations on pages 89-92. It is highly important to Iowa’s future in the BioEconomy that the
ISU Plant Sciences Institute and its related centers continue to be funded and grown.
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Table ES-4: Iowa Technology Transfer Performance

FY 2002 AUTM Licensing Data

University of i AUTM Top
lowa Research Quartile for
Foundation i i Universities

Sponsored Research

Expenditures $288,808,000 $212,100,000 $2,878,356 $127,497,469  $285,697,000
Invention Disclosures

Received 88 100 1 47 104
Patent Applications Filed 77 64 1 36 87
Patents Issued 30 29 1 10 26
Licenses & Options

Executed 37 287 0 9 27
Licenses Generating

Income 115 416 3 22 63
Gross License Income $7,932,531 $10,826,616 $23,500 $851,155 $3,799,628
Startups 3 2 N.A. 1 3

Disclosures per $10 M

Sponsored R&D 3.05 4.71 3.47 3.69 3.64
Patents Issued per $10 M

Sponsored R&D 1.04 1.37 3.47 0.78 0.91
Licenses Executed per

$10 M Sponsored R&D 1.28 13.53 0.00 0.71 0.95
License Income per $10

M Sponsored R&D $274,665 $510,449 $81,644 $66,759 $132,995
Average Revenue per

License $68,979 $26,026 $7,833 $38,689 $60,312
Startups per $10 M

Sponsored R&D 0.10 0.09 N.A. 0.08 0.11
Startups per License

Executed 0.08 0.01 N.A. 0.11 0.11

Bioscience Funding for Academe and Industry

While Iowa is performing quite well for its size in the attraction of federal bioscience funding, state
government financial support has declined significantly during the past five years. The result has been
program cuts, faculty salary freezes, an inability to invest in new technologies and infrastructure, and a
general fear for the future among the Iowa education and scientific community. At a time when higher
education research institutions represent a strong economic investment, lowa has had to lower rather than
increase investment. A lack of sufficient state funding could put at risk some of the core strengths and
resulting technology platforms identified in this report as key. Faculty and scientists may be attracted to
higher-paying jobs and more richly endowed laboratories and facilities in states where investments
continue to be made in spite of revenue shortfalls.

On the commercialization front, financing for start-ups, spinoffs, and younger bioscience firms has been
difficult to secure in Iowa. There is an evident lack of pre-seed, seed and venture capital available in lowa
to fund new ventures in the biosciences. Lack of local capital resources is limiting entrepreneurship on
campuses and reducing the volume of innovation-based companies in the state. The scarcity of venture
capital was confirmed in interviews with multiple start-up companies in the state.

Recent state initiatives to address capital gaps, including formation of a fund of funds, the lowa Values
Fund, and tax incentives for investors will be helpful, and will better position Iowa to secure sufficient
funding for these biosciences ventures.
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Bioscience Entrepreneurship

Bioscience-based economic development is understood by many in academia to be a key priority for the
state. However, faculty in the state are confused as to what is expected of them in terms of faculty
entrepreneurship, intellectual property generation, and idea commercialization. Many feel that their
traditional research and teaching roles are threatened by a perceived requirement to start and run
companies. Reassurance needs to be provided that while universities are expected to be economic
development engines through the generation of discoveries and ideas, it is not necessarily the faculty
themselves that must be the founders and managers of any resulting commercial enterprises. A set of
policies is required that would relieve faculty of the burden of commercializing their concepts, whereby
faculty can disclose their discoveries and have a team of commercialization experts assess marketability
and ultimately form companies around the most viable concepts. Faculty should be free to be technical
advisors to companies that their inventions promote, and to help move their research discoveries into the
commercial realm. An appropriate rewards system for faculty engagement in applied and commercial
research should also be encouraged at each university.

Limitations on lowa’s commercialization of bioscience also are imposed by an apparent lack of
experienced bioscience entrepreneurs and managers who can fulfill management duties in new start-ups,
or provide mentoring to new bioscience enterprises. Lack of experience makes new businesses a more
high risk venture and makes the attraction of venture funds and capital that much more difficult.

Successful commercialization of bioscience discoveries and technologies in lowa may require a
comprehensive review of policies and relaxed return expectations at the IP-generating universities. By
adopting policies that are more flexible for companies forming and operating in-state, the Regent
universities may enhance the economic development potential. The research institutions are operating
under reduced state funding and are limited in their ability to grant flexible arrangements in licensing with
industry. An appropriate set of incentives may be needed to assist research universities in spurring
enhanced company formation and local technology licensing.

lowa’s Commercial Bioscience Base

Iowa higher education institutions appear to be making good attempts to link their research to the needs of
industry in the state. For example, lowa State University has incorporated industry advisors and advisory
boards as key components of its institutes and centers. However, these efforts are hindered somewhat by a
lack of a commercial base in many areas of biotechnology, pharmaceuticals, medical devices and even
food processing. Building a base in these areas will certainly not happen overnight and will place
constraints on the pace at which bioscience development will progress in lowa.

The one area of bioscience in lowa in which short-term progress is being made in commercialization and
new company formation is in the BioEconomy arena. BioEconomy companies generally need to be close
to their required biomass inputs, and the agricultural richness of lowa in combination with the strong
university-based R&D in the field is producing results. The formation of the BIOWA Development
Association with members from the corporate community, agriculture community, state universities and
state agencies is a very positive step forward.

Certainly, barriers exist to realizing the full potential of these platforms, but none of them, in Battelle’s
opinion, are insurmountable. Other states—Arizona, Missouri, Georgia, Michigan—have developed a
comprehensive state biosciences strategy that includes the economic analysis and core competencies
identification contained in this report, as well as systematically identifying ways to position a state in
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technology and in talent and capital formation. lowa may wish to build on this work with a similar effort
to complete a biosciences roadmap for the state.

A formal development and funding strategy needs to be developed to provide a roadmap for offsetting
and circumventing barriers and to provide a step-by-step path for achieving tangible and sustainable
bioscience development results.

Conclusion: Bioscience is a Clear Target of Opportunity for Iowa

Towa is strong and diversified in its bioscience R&D base and has a small but growing commercial base in
certain related disciplines (most notably related to BioEconomy initiatives). The R&D basics are in place
across agricultural-bioscience, animal science, and human/medical bioscience, and the leading
universities are already working on collaborations to help advance their bioscience work.

Towa’s core competencies in the biosciences lend themselves to the development of several distinct
development platforms, each of which has large-scale market potentials. These platforms include distinct
opportunities in

e The BioEconomy—A platform for near-term investment and development in which university R&D
and commercial strengths come together to generate great promise for the future.

e Advanced Food Products—Another near-term opportunity in which lowa’s expertise in agriculture,
food production, and processing can be leveraged with a depth of expertise in genomic-sciences and
nutrition to make important progress in functional foods and nutraceuticals.

e Animal Systems—Using the transgenics skills of lowa State and The University of lowa to establish
a leadership position in transgenic animals and associated applications. This may have a longer
development cycle than some of the other platforms.

e Integrated Biosecurity—Working to leverage Iowa’s expertise in plant, animal and human diseases
to produce integrated approaches and models to the protection of agro, food and bio-systems. An
opportunity that should be considered near-term to take advantage of current homeland security
funding and imperatives.

e Drugs—Investing in the near-term in The University of lowa to create a drug discovery center that
will complete an integrated pipeline from basic sciences research to discovery, trials, and production
in an integrated academic environment. Also, investing in Iowa State will support biologics produc-
tion facilities. This platform has the potential to generate a homegrown drugs and biologics industry
in lowa.

e Post-Genomic Medicine—Another highly important near-term opportunity to build upon the
University of lowa’s strengths in bioinformatics, genomics, post-genomic sciences, health
informatics, epidemiology, and clinical practice to accelerate discoveries in pharmacogenetics and the
potential for personalized medicine.

Other investments and priorities may also be considered by Iowa, most notably the formation of institutes
to enhance lIowa’s leadership and expertise in cardiovascular research, free radicals research, host/parasite
biology, and bioscience electronics, instrumentation, devices and sensors. In Iowa’s future, it will be key
to link near- and long-term platforms and the underlying research foundations with the development of a
critical mass of firms connected to and improving their competitiveness through these research drivers
and platforms.
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Introduction: Biosciences

AN ERA OF THREATS AND ECONOMIC OPPORTUNITY

As the 21st century moves forward, fundamental forces are at work that severely impact the ability of
states to maintain their normal economic modus operandi. The U.S. economy is facing a time of great
change. In our nation, where states have the freedom to chart their own courses through the free market
economy, the pace of change is likely to produce winners and losers as some make the correct decisions
and investments while others make the wrong ones or fail to react at all.

For the past 200 years, the U.S. economy has sustained a general trend of economic growth and standard
of living increases for its population; this progress largely has occurred through the innovation of
Americans and ever higher levels of productivity in agriculture, industry, and commerce. Over the last
decade, however, it has become increasingly apparent that America’s economic leadership cannot be
taken for granted. Global competition is intensifying and economic indicators are showing multiple
disturbing trends:

e The United States has a growing and negative balance of trade. The nation is consuming many more
goods produced by competing nations than it is selling overseas. For the 12 months ending in
January, 2003, the United States recorded a goods trade deficit of $496 billion. Even the information
technology sector is declining. The trade deficit is not a short-term anomaly; it is now a sustained
trend.

e The United States is the world’s largest debtor nation, with Bureau of Economic Analysis data
showing an accumulated U.S. foreign debt of $3.3 trillion in 2002.

e Educational performance in grades K-12 has fallen behind that of most competing developed nations.
In terms of educational performance per dollar spent, U.S. educational productivity has declined
dramatically rather than increasing as it should.

At the heart of the problem is a nation that is consuming more than it produces, falling deeper into debt to
foreigners to pay for its consumption, and lacking the education and workforce performance required to
increase productivity and reverse the negative trends.

These same trends operate at the state level. lowa’s traditional economic base in agriculture and
manufacturing is threatened. Commodity crops, such as soybeans, are facing increased competition from
foreign producers, such as Brazil, while manufactured products face increased competition from Asian
and European producers. Macro-economic trends have resulted in a significant State of lowa budget
shortfall which, according to lowa State University economists, is the product of declining corporate tax
revenue.

Within an environment of stiff and increasing competition, the State of lowa must be able to make
informed decisions regarding the right investments for its economic future. Therefore, the lowa
Department of Economic Development engaged Battelle’s Technology Partnership Practice (TPP) to
perform economic and core competency analyses of the biosciences in lowa. Research performed by
the TPP indicates that the key determinant of the future wealth of U.S. states lies within their
ability to innovate and produce economic output based upon that innovation. Creating an economic
structure conducive to innovation and more importantly, innovation commercialization, is increasingly
central to the future sustainability of state economies.
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The U.S. economy always has been nourished by inventiveness and creativity, so the “innovation
economy” per se is not new; rather innovation has become the primary impetus of economic growth and
competitiveness among developed nations. Two fundamental forces are driving technology and
knowledge advancement as determinants of economic success:

e The rapidly accelerating pace of scientific discoveries and the technologies that are developed from
these discoveries. For example, advances in genetics have accelerated dramatically the discovery
process in the biosciences. The opportunity to accelerate the discovery and development processes,
along with the ability to protect and profit from intellectual property, has led to an innovation race
among competing countries, regions, and states.

e  World markets are global and pressure is increasing on the United States to maintain its high-wage,
high-skill employment base through technology gains and productivity increases.

THE B10-CENTURY

Much attention has been paid in state economic development circles to the importance of biosciences as
an engine for innovation and technology growth in the 21st century. Many states have developed bio-
science plans, but much of the focus has been on applying bioscience to human health (e.g., pharma-
ceuticals, diagnostics, medical devices, instruments, and replacement tissue). While applications of
bioscience to human health hold significant economic potential, so too does the application of bioscience
to agricultural productivity, agricultural and food products, companion animal health, and new
materials, chemicals and biologics developed via biomass pathways. The plant and animal biosphere
contains a huge repository of genes; the novel combination, mining, and use of which has the potential to
stimulate change in a broad range of industries, from medicinal and food products to advanced materials
and energy sources. Traditional bioscience and bioengineering disciplines also have a great deal to
contribute in new production and processing technologies, improved products from agricultural com-
modities and biological materials, and the novel application of bioresources to as yet undiscovered
€conomic uses.

The presence and ongoing operation of bioscience research and development institutions in a state likely
can provide a comparative advantage for growing its economy. lowa has the opportunity to greatly
enhance its economic performance and the future quality of life of lowans through participation in all
major sectors of the biosciences economy. lowa’s major research institutions have strengths in human,
animal, and plant biosciences, and an industry base that can be leveraged for future economic growth and
prosperity.

Competitive advantages will go to those countries, states, and regions that use interdisciplinary collabo-
ration and technologies to drive cutting edge innovations. lowa has an existing culture of interdisciplinary
academic research, and an emerging culture of industry-university collaborations that can enhance growth
and advancement.

In the following two sections of this report, lowa’s current economic base of private firms in the bio-
sciences is described; the bioscience industries are defined; and trends in growth, comparisons to the
nation, and identification of the key elements of lowa’s current bioscience complex are reported. Battelle
has identified core research areas, “mega” research clusters, and the corresponding six technology
platforms in which Iowa can excel based on its current and emerging research and applications endeavors.
In the future it will be key to link both these platforms and the underlying research foundations with the
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development of a critical mass of firms in Iowa connected to and improving their competitiveness through
these research drivers and platforms.
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Economic Analysis

INTRODUCTION

Bioscience is a set of knowledge-based industry sectors that, together, form a cluster of established and
emerging opportunities. This cluster is constantly altered and reinvented as scientists, engineers, and
researchers gain new insights into the ways living organisms function. It is a set of industries with roots in
academic and clinical discovery as well as engineering and ecological advancements. These technological
breakthroughs take shape in new and innovative products used in everyday life. This explains, in part, the
reason why public officials, private investors, and academic scholars have watched developments in
bioscience with intense interest.

The industry’s ability to reinvent itself continually indicates the potential that the biosciences have to spur
new economic activity. The promise of new life-altering discoveries has made bioscience a high value-
adding industry sector. Countless new commercial prospects emerge with every new breakthrough and
discovery.

The innovative nature of the industry has positioned bioscience as a growing sector of the economy. The
industry has given rise to new establishments and increasing employment. Over the past four years,
bioscience industry has grown by 4.6 percent across the United States, adding close to 270,000 jobs
nationally as defined in this study.” Continual technological research and product development has lead to
new and pioneering products. New market opportunities have been created as a result of technology
transfer and commercialization activities. Case studies have documented the links between research and
development activity and economic growth.’

The inherent diversity of the bioscience sector is a strong factor contributing to the growing industry
focus. The cross-cutting technologies embedded in the biosciences have led many companies to pursue
market opportunities in associated technologies, from bio-engineered foods and fuels to advanced new
botanical medicines, from breeding healthier animals to mapping the human genome—each contributing
to the advancement of life science activities, whether related to plant, animal, or human health discoveries
and opportunities.

The United States is a world leader in many areas of the biosciences—bioscience research, designing and
producing new technologies, healthier agricultural and food commodities, new drugs and surgical
procedures. Since interactions between researchers and practitioners are vital for continued advancement
and progress within the sector, the biosciences have tended to concentrate in certain regional economies
where such relationships are prevalent. Nevertheless, other areas also support substantial centers of
bioscience activity and are engaging in promulgating, supporting, and enhancing this most promising set
of industry segments.

> The bioscience industry in this analysis includes the following sectors: agricultural services, agricultural
processing, organic and agricultural chemicals, drugs and pharmaceuticals, agricultural machinery equipment,
medical equipment and supplies, research and testing, and hospitals.

® The National Commission on Entrepreneurship examined the link between university R&D spending and new
business starts. The authors found that the lag time between the investment of research and development dollars and
economic growth is shorter than previously expected. A significant number of new firms spring up within the first
year after the funding and the growth trend continues for at least five years, albeit at a lower rate after the first year.
The full report can be found at: http://www.nasvf.org/web/allpress.nsf/pages/5415
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The State of Iowa can develop its bioscience expertise and become a value-adding asset for the industry.
The opportunity exists to support current emerging subsectors in the bioscience industry and reinforce
existing specializations.

This economic analysis section examines the bioscience industry within the State of lowa as it existed in
2002, describes the general performance of the bioscience sector in the last four years, and compares it
with national trends. This analysis identifies emerging and existing subsector industry strengths which,
along with the research core competencies analysis to be described later, provide the basis for linking
research excellence to economic opportunity in lowa.

WHY FoCUuS ON THE BIOSCIENCES?

The bioscience industry is a strong driver for the U.S. and Iowa economies, diversifying the economic
base, offering good, well-paying jobs, and contributing to overall economic productivity. However, with
national and global competition intensifying, the state’s performance within particular segments of the
biosciences is not necessarily the pattern for the future. Therefore, it is appropriate that the private and
public sectors jointly consider and address ways to ensure lowa’s competitive base and future in this
biosciences industry cluster.

There are a number of reasons to target lowa’s bioscience industry for economic development:

1. The bioscience industry is a significant part of the Iowa economy. In 2002, bioscience employment
accounted for 7.0 percent of total employment in Iowa, exceeding the national average of 5.6 percent of
total private sector employment. The strength that lowa demonstrates in this technologically advancing

industry suggests that this sector of the economy is an asset for the state upon which to build.

Another way to observe the impact of the bioscience industry on the state economy is in the examination
of the Gross State Product (GSP) of Iowa. Table 1 illustrates the important role that subsectors critical to
bioscience play in the lowa economy. The health services, food and kindred products, and chemical
product subsectors comprising the bioscience sector account for large shares of Iowa’s GSP. In fact, in
Iowa, each subsector has a larger share of GSP compared with the United States.

Table 1: Bioscience Share of Gross State Product, 2001.

2001 Gross State Product lowa United States
(millions of Percent Share (millions of Percent Share

Industry current dollars)  of Total GSP current dollars)  of Total GSP
Total Gross State Product 90,942 100.00% 10,137,190 100.00%
Farms 2,831 3.11% 80,596 0.80%
Ag. services, forestry, and fishing 623 0.69% 60,054 0.59%
Food and kindred products 3,788 417% 123,683 1.22%
Chemicals and allied products 2,880 3.17% 163,456 1.61%
Health services 5,653 6.22% 589,788 5.82%

Source: U.S. Bureau of Economic Analysis, 2001 Gross State Product by Industry Category, Released April 2003
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2. The bioscience industry has a wide-ranging impact on industries not typically perceived to be linked
with bioscience technology. Examining the bioscience industry from a macroeconomic perspective
reveals that the industry is a broad-based sector of the economy. Industries increasingly are integrating
new technologies in a variety of ways to raise productivity and product capabilities. The innovative nature
of the bioscience industry has positioned it as a value-adding sector of the economy.

The diverse industrial applications of the biosciences can be attributed to the innovative capacity of the
industry in both the agriculturally related and clinical related fields. New market opportunities have
emerged as a result of scientific and technological innovations and discoveries. New food technologies
have led to methods to control food-borne pathogens and enrich the nutritional value of crops (e.g.,
vitamin-A-enriched rice). Genetically modified crops resistant to insects and diseases produce higher
yields, lower production costs, and reduce the use of pesticides and chemical fertilizers. Materials
produced from maize are being used to create polylactide plastics, which are then used in clothing and
packaging. New precision farming equipment is incorporating advanced electronic systems to monitor
soil conditions to improve crop yields and reduce harmful environmental impacts.

Medical technologies also drive the biosciences. New electro-medical devices are used to monitor heart
and brain activity. Bio-engineered drugs are manufactured to target specific human genes to prevent
diseases such as Alzheimer’s or heart disease. Hospital and medical laboratories are investigating new
ways to use the Internet to reduce medical costs and improve healthcare delivery. All of these advances
demonstrate that the bioscience industry has the potential to stimulate new economic activity across
several industry sectors.

3. The bioscience industry is a tremendous source of well-paying jobs. Compared with other major lowa
industries, bioscience is one of the highest paying industries in the state. The average wage of a bio-
science worker in 2002 was more than $10,000 more than the statewide average annual wage and
surpassed such sectors as manufacturing, information, construction, and finance, insurance, and real estate
(FIRE) (Table 2). Because bioscience is a diversified industry, comprises a substantial share of state
economic activity, and is a source of high-paying jobs, it is reasonable to support initiatives that focus on
this industry.
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Table 2: Average Iowa Annual Wages per Employee 2002.

Average lowa Annual Wages per Employee 2002*

Organic and Ag Chemicals $52,760
Ag Machinery and Equipment $51,672
Ag Processing $46,318
FIRE $40,471
Biosciences $39,253
Wholesale Trade $38,300
Manufacturing $38,230
U.S. Total Private Sector $36,517
Transportation and Utilities $35,708
Information $34,830
Construction $34,777
lowa Total Private Sector $29,158
Professional Business Services $28,630
Ag/Natural Resources and Mining $25,364

* Wages are based on 2002 ES-202 data from the Bureau of
Labor Statistics (BLS) and the lowa Workforce Develop-
ment, Employment Statistics Bureau. 2002 Information for
the U.S. was retrieved from BLS and is considered
preliminary according to the Department of Labor.

DEFINITION OF IOWA’S BIOSCIENCES CLUSTER

Varying industrial classifications could be used to define the bioscience sector of the economy. Currently
there is no commonly accepted definition. Categorization is difficult due to the diversity of bioscience
activity. The industry is dynamic and encompasses a wide variety of industrial applications. Continual
innovation further complicates the industry definition. Bioscience advancements constantly are being
applied in new and different ways, creating new industry segments such as genetically improved foods or
alternate energy sources such as agriculturally based fuels.

To address the diversity of the bioscience industry in this analysis, it was divided into three sectors:
agricultural, medical, and plant-life sciences. The agricultural sector consists of those industrial
subsectors involved in developing, supporting, and manufacturing new farming and food production
technologies for advancing health and nutrition. Four subsectors of the bioscience industry were identified
as part of the agricultural sector: (1) agricultural services, (2) agricultural machinery and equipment,

(3) agricultural processing, and (4) organic and agricultural chemicals. This area is one of the most
difficult in which to establish boundaries and parameters. This area is one of the most difficult in which to
establish boundaries and parameters. Battelle used Iowa’s covered employment and wage (CEW, or
ES-202 as it is sometimes referred to) data series to determine where individual firms were classified and
to ensure that only those firms known to be agriculture biorelated were included.

The medical sector consists of those industrial subsectors involved in manufacturing and developing
clinical techniques aimed at and directed toward advancing human health care. Two subsectors of the
bioscience industry were identified as part of the medical sector: (1) medical equipment and supplies, and
(2) hospitals and medical laboratories.
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The plant-life sciences sector consists of those industrial subsectors involved in research, testing, develop-
ing, and manufacturing clinical and agronomic techniques and products for improving the functions of all
living organisms. Two subsectors of the bioscience industry were identified as part of the plant-life
sciences sector: (1) research and testing, and (2) drugs and pharmaceuticals. Figure 1 shows the three
sectors and subsectors in the bioscience industry.

Figure 1: Broadly Defined Iowa Bioscience Industry.

Medical Related

’ Agricultural Services ‘ Plant-Life

_ . Sciences Med|cf’;1l Equipment &
’ Agricultural Machinery ‘ Supplies

1 Research & Testing ;

’ Agricultural Processing ‘ 1 Drugs & Pharmaceuticals I
Hospitals & Labs

Organic & Agricultural
Chemicals

The North American Industrial Classification System (NAICS) was chosen as the most appropriate means
to identify industry subsectors associated with bioscience activity. Based on an analysis of six-digit
NAICS codes, 46 industries were selected and organized according to eight major subsectors of the
bioscience industry.”

The eight major subsectors of the bioscience industry identified for this economic analysis report appear
in Figure 2. The eight subsectors of bioscience activity each encompass a wide variety of industrial
activity upon which Iowa is well situated to further build and strengthen its overall bioscience base.

Clearly, this definition of bioscience subsumes much of the supplier chain—a key characteristic of cluster
analysis—including such subsectors as agricultural machinery, agricultural processing, and agricultural
chemicals. In defining the cluster, not more narrow industry segments, it is possible that enclaves of
economic activity related to the bioscience industry were not included in this list. NAICS does not fully
incorporate the wide variety of industrial activity that falls within the scope of the bioscience industry.
Characterizing an industrial sector solely on the basis of aggregated industrial data inevitably results in
certain data gaps.

" A detailed list of the 46 NAICS codes used to define the Iowa bioscience industry can be found in Appendix B.
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Figure 2: Detailed Description of Bioscience Industry Breakout.
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It must be understood that no one data source can fully account for all economic activity related to a
particular industrial sector. This analysis strived to select the best data system in which to characterize the
bioscience industry and capture the largest portions of industry activity. The North American Industrial
Classification System was chosen as the most appropriate data system.

DATA AND METHODOLOGY

This economic analysis report primarily examined the economic changes that took place between 1998
and 2002. Battelle used the CEW data series to examine changes that occurred in employment,
establishments and wages.®

¥ Reported monthly employment data represent the number of covered workers who worked during, or received pay
for, the pay period which included the 12th day of the month. Reported annual average employment is an average of
the corresponding monthly employment levels. Reported number of establishments represents the number of estab-
lishments whose activities were reported to the Unemployment Insurance system for the quarter. An establishment is
an economic unit, such as a farm, mine, factory, or store, which produces goods or provides services. It is typically
at a single physical location and engaged in one, or predominantly one, type of economic activity for which a single
industrial classification may be applied. Reported annual average number of establishments is an average of the
corresponding quarterly number of establishment levels. Reported quarterly total wages are the wages paid by
Unemployment Insurance covered employers during the calendar quarter, regardless of when the services were
performed. Reported total annual wages are the sum of the total wages reported for the corresponding quarters. Total
wage values reported in this database have been rounded and are reported in thousands of dollars.
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The lowa Workforce Development, Employment Statistics Bureau, was the primary source for gathering
data relevant to the state. The United States Department of Labor, Bureau of Labor Statistics (BLS) was
the primary source for gathering data relevant to the United States.

The CEW data, or ES-202 as it is sometimes referred to, is a cooperative program involving the BLS and
State Employment Security Agencies (SESA). The QCEW program produces a comprehensive tabulation
of employment and wage information for workers covered by state unemployment insurance (UI) laws
and Federal workers covered by the Unemployment Compensation for Federal Employees (UCFE)
program. Publicly available files include data on the number of establishments, monthly employment, and
quarterly wages, by NAICS industry, by county, by ownership sector, for the entire United States. These
data are aggregated to annual levels, to higher industry levels (NAICS industry groups, sectors, and
supersectors), and to higher geographic levels (national, state, and Metropolitan Statistical Area [MSA]).’

Since 2001, ES-202 data has used the North American Industry Classification System. The new federally
mandated classification system reflects recent changes in the economy. The new system was developed to
better identify new and emerging industries. Industries that primarily create and disseminate a product
subject to copyright, such as information technology, are now better identified under the new system.

Prior to 2001, ES-202 data was reported using the Standard Industrial Classification (SIC) system.
Unfortunately, the NAICS and SIC systems do not directly correspond with one another. This makes it
extremely difficult to translate one classification system into the other. Fortunately, the lowa Employment
Statistics Bureau has developed a computational methodology whereby the state calculated historic
employment, establishment, and wage data. The state provided Battelle with data estimates for the
selected NAICS codes.

Battelle used the County Business Patterns data series to calculate estimated national data for the years
prior to 2001."° County Business Patterns data is one of the first publicly available data sets to report
economic information according to NAICS for multiple years. County Business Patterns makes it
possible to use the most up-to-date industry classification system and also examine changes over time
dating back to 1998. Using this information, Battelle was able to calculate estimated employment, estab-
lishment, and wage data for the bioscience industry and its associated eight subsectors. The estimations
made it possible to calculate changes that had occurred in the bioscience industry in the years preceding
2001."

? Major exclusions from UI coverage include self-employed workers, most agricultural workers on small farms, all
members of the Armed Forces, elected officials in most states, most employees of railroads, some domestic workers,
most student workers at schools, and employees of certain small nonprofit organizations.

' County Business Patterns is an annualized data set that provides sub-national employment, establishment, and
payroll information. The data is assembled from several databases maintained by the Census Bureau and other
Federal Government agencies. Data is extracted from the Business Register, the Annual Company Organization
Survey, the Economic Census, the Annual Survey of Manufactures, and Current Business Surveys, as well as from
the administrative records of the Internal Revenue Service (IRS), the Social Security Administration (SSA), and the
Bureau of Labor Statistics (BLS). Relying on data collected by the government ensures a high degree of reliability
and uniformity for comparison purposes.

' Battelle used employment, establishment, and annual wage information from the County Business Patterns data
series for the years ranging from 1998 through 2001. Battelle analyzed data changes using 2001 as the base year.
The assumption was that annual changes in the data for County Business Patterns would be proportional to ES-202.
This is why the 2001 data was critical, because it was the one year in common to both ES-202 and the County
Business data set. Understanding that the County Business Patterns data is a different data set than the ES-202 data
series, but faced with the need for timely and accurate data to analyze the bioscience industry, Battelle was confident
that by calculating the proportional relationship as opposed to using raw absolute numbers, a rough estimate of
industry activity prior to 2001 was captured.
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EcoNOMIC ANALYSIS OF IOWA’S BIOSCIENCE CLUSTER

Overall, in the four-year period analyzed, the industry
experienced a period of decline and then growth. In
2002, the Iowa bioscience industry employed 82,849
individuals across 1,856 establishments. Although this
level of employment represents a drop from the 1998
level, the industry has demonstrated above average
growth since 2000, despite the economic downturn that
began in March, 2001."* Therefore, examining the Iowa
bioscience industry performance between 1998 and 2002
requires a careful analysis.

Despite Iowa’s bioscience industry decline since 1998,
recent trends since 2000 indicate a growth rate that is
above the national average. Between 1998 and 2000,
the industry experienced massive employment losses
compared with the nation. lowa’s bioscience employ-
ment base dropped by more than 4,600 employees,
representing a 10.1 percent decline. In sharp contrast,
the industry at the national level grew. Although

"New plant biotech firms and research
facilities are being created throughout the
United States. The number of agricultural
and food scientists are increasing as
workers are attracted to the biotech
sector’s above-average wages, and a large
number of individual states are reaping the
benefits of this investment and job-related
activity. While 41 of 50 states had some
type of biotech initiative by 2001, those
that have aggressively adopted and
invested in biotechnology are reaping the
greatest rewards."

Dr. C. Ford Runge, director of the Center
for International Food and Agricultural
Policy and Distinguished McKnight
University Professor of Applied Economics
and Law.

marginal, the nation experienced bioscience employment growth at a rate of 0.9 percent.

Above-average employment growth between 2000 and 2002 helped offset large employment losses
between 1998 and 2000. The Iowa bioscience industry employment rebounded somewhat in the two years
since 2000. Bioscience employment grew by 5.3 percent at the state level, regaining 4,179 jobs since
2000. Even more promising is that this growth rate was above the national average. The bioscience

industry across the United States grew at a rate of 3.7 percent between 2000 and 2002. Table 3 illustrates
the bioscience industry’s overall performance in Iowa and the nation.

"2 The National Bureau’s Business Cycle Dating Committee maintains a chronology of the U.S. business cycle. The
chronology identifies the dates of peaks and troughs that frame economic recession or expansion. The period from a
peak to a trough is a recession and the period from a trough to a peak is an expansion. According to the chronology,
the most recent peak occurred in March 2001, ending a record-long expansion that began in 1991. The most recent
trough occurred in November 2001, inaugurating an expansion.
http://www.nber.org/cycles/november2001/recessnov.html
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Table 3: State and National Bioscience Comparison, 1998-2002.

IOWA UNITED STATES

Metric Total Private _. Total Private
Biosciences

Biosciences
Sector Sector

Establishments

Employees per Establishment

1998 2,468 92,099 82,476 7,557,865

2000 1,951 98,845 81,772 7,697,470

2002 1,856 83,340 86,273 7,852,549

% Change  98-00 -20.9% 7.3% -0.9% 1.8%

00-02 -4.9% -15.7% 5.5% 2.0%

98-02 -24.8% -9.5% 4.6% 3.9%
Employment

1998 87,517 1,186,935 5,803,281 102,708,722

2000 78,670 1,217,722 5,855,230 108,358,433

2002 82,849 1,185,668 6,072,130 107,618,787

% Change  98-00 -10.1% 2.6% 0.9% 5.5%

00-02 5.3% -2.6% 3.7% -0.7%

98-02 -5.3% -0.1% 4.6% 4.8%

1998 35 13 70 14
2000 40 12 72 14
2002 45 14 70 14
Location Quotient
1998 1.30 n.a n.a n.a
2000 1.20 n.a n.a n.a
2002 1.24 n.a n.a n.a
1998 33,682 25,670 37,663 31,923
2000 36,127 27,570 41,165 35,470
2002 39,253 29,158 44,199 36,517
% Change  98-00 7.3% 7.4% 9.3% 11.1%
00-02 8.7% 5.8% 7.4% 3.0%
98-02 16.5% 13.6% 17.4% 14.4%
1998 7.4% n.a 5.7% n.a
2000 6.5% n.a 5.4% n.a
2002 7.0% n.a 5.6% n.a

Source: Battelle calculations based on ES-202 data from the US Department of Labor, Bureau of Labor
Statistics and lowa Workforce Development, Employment Statistics Bureau

Even with the recent growth trend, the bioscience industry in Iowa declined overall during the 1998 to
2002 time span. Bioscience employment in Iowa has dropped by 5.3 percent since 1998. The growth
experienced between 2000 and 2002 did not make up for the large losses between 1998 and 2000.
Nationally, the 1998 to 2002 timespan represented a period of 4.6 percent growth for U.S. bioscience
employment.

Although the bioscience employment base fluctuated over time, the industry has remained a sizable
portion of lowa’s economy throughout the four years analyzed. Bioscience employment concentrations
over the four-year period consistently accounted for a larger share of state private-sector employment than
at the national level. Bioscience employment in lowa is responsible for 7.0 percent of total state private-
sector employment. Nationally, the bioscience industry accounts for 5.6 percent of total private-sector
employment.
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The current level of Iowa’s bioscience employment concentration is considered to be regionally
specialized. The location quotient is a common measure of the concentration of an industry within an
economic region. When the location is significantly above average, a location quotient above 1.20, the
region is said to possess a specialization in the industry. The fact that bioscience employment in lIowa
accounts for a larger share of private sector employment than the industry does at the national level
results in an above average location quotient for lowa. Applying the formula in Figure 3 indicates that
Iowa possesses a regional specialization in the bioscience industry that is currently 1.2, and this number
has declined since 1998."

Iowa’s location quotient has fluctuated over

time, following the ebbs and flows of Figure 3: Location Quotient Formula.

employment. Examining the change in the LQr: = (Ri/ Ry) / (US;/ USy)

location quotient over time must be analyzed Where:

carefully because of the nature of the formula. R; = industry i employment for the region
Location quotient change could be a result of Ry = total employment for the region
change in total employment and/or industry US; = industry i employment for the nation
employment at the local and/or national level. USy = total employment for the nation

The data reveal that over the four-year period
between 1998 and 2002, Iowa’s location quotient in the bioscience industry eroded from 1.30 in 1998 to
1.24 in 2002. Bioscience employment at the state level fell at a faster rate than total state employment.
Dwindling state employment in both the private sector and the bioscience industry contrasts with the
national trend. The United States experienced employment growth across both the private sector and the
bioscience industry. The decline of bioscience employment in lowa is the main reason for the industry’s
decreasing employment concentration.

IowWA B1OSCIENCE CLUSTER SUBSECTORS

While the bioscience cluster industries are engaged in understanding living organisms and their functions,
this understanding is mobile and applied across several platforms. This variety supports the importance of
industry and technology convergence. It is critical to understand how convergence among different
industry segments within and outside the cluster will affect the future of the biosciences. Bioscience
convergence is especially relevant for traditional agricultural-oriented industries and clinical-oriented
industries.

'3 Location quotients are a common measure of the concentration of particular industry in a region relative to the
nation (reference area). The LQ consists of the ratio of the share of total regional employment that is in the particular
industry and the share of total employment in the nation (reference area) that is in the particular industry. A LQ
greater than 1.0 for a particular industry indicates that the region is relatively concentrated, whereas an LQ less than
1.0 signifies a relative under-representation. A location quotient of above 1.20 denotes employment concentration
well above the national average. Throughout this report, LQs are used to report regional industry concentrations
relative to the United States as a whole. The minimum concentration threshold for declaring a regional specialization
is a matter of judgment and varies somewhat in the relevant literature. In this analysis, regional specializations are
defined by LQs of 1.2 or greater.
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Therefore, the diverse nature of the bioscience
industry requires an analytical approach that
accounts for the numerous applications of agricul-
tural and clinical technologies. Accurately depicting
the bioscience industry requires examining both the
underlying technologies and the products which
enable and advance life-science knowledge.
Examining each of these unique subsectors helps
foster a better understanding of the overall industry.
Dissecting the industry also helps identify specific
areas of strength and opportunity to create synergies
and facilitate future development potential for the
entire industry sector.

lowa Bioscience Path for Development

Corn Belt states with higher adoption levels of
biotech crops—South Dakota, Nebraska,
Kansas, Minnesota and lowa—have a greater
proportion of agricultural and food science jobs
than those with lower levels of adoption. For
example, lowa, one of the top five states in crop
biotech adoption, has 50 agricultural and food
science jobs per 100,000 jobs, more than lower
adoption states. The average annual salary for
these jobs in 2001 was $52,310—more than one
and a half times the U.S. average of $34,020.

-- The Council for Biotechnology Information:
www.whybiotech.com

Iowa’s bioscience subsectors can be categorized into four classes based upon their performance from
1998 to 2002, as shown in Figure 4. The four categories are based on (1) the subsector’s growth relative
to U.S. growth and (2) the subsector’s location quotient. The four classifications of subsectors are stars,
emerging potential, transitional, and divergent. Subsectors classified as stars or emerging are vital for
the overall industry and its future development potential. These subsectors are often seen as the driving
force behind the industry’s success. Subsectors classified as transitional or divergent are in a declining
state. Though not irreversible, these subsectors demonstrate current characteristics that may threaten the

long-term viability of the industry in Towa."

Figure 4: Iowa Bioscience Cluster Subsector Performance, 1998-2002.
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Source: Battelle calculations based on ES-202 data from the US Department of Labor, Bureau of Labor Statistics and lowa Workforce Development,

Employment Statistics Bureau

'* A detailed table of Iowa’s bioscience subsector performance can be found in Appendix B.
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Stars

The organic and agricultural chemicals subsector is the fastest growing subsector in lowa relative to
the United States and is regionally specialized. Between 1998 and 2002, the subsector almost doubled in
size, adding more than 2,000 jobs. The subsector had an employment base of 4,416 in 2002 across 56
establishments. This employment increase is substantial considering that at the national level the
subsector experienced a 15.3 percent employment drop. The phenomenal growth in Iowa has positioned
the subsector well above the national employment concentration level.

The state’s employment concentration in organic and agricultural chemicals is 2.5 times greater than the
national average. This level of employment makes organic and agricultural chemicals in Iowa signifi-
cantly specialized. In addition to the regional specialization, lowa’s employment level represents an
increasing concentration. The subsector’s fast-paced growth is a major reason contributing to the state’s
growing specialization.

Emerging Potential

The drugs and pharmaceuticals subsector is the second fastest growing bioscience subsector and
outpaced growth of this industry at the national level. Over the four-year time period between 1998 and
2002, subsector employment in drugs and pharmaceuticals rose by 12.6 percent. The increase brought
employment levels above 2,500 across 44 establishments. The growth that lowa experienced in drugs and
pharmaceuticals even surpassed the U.S. growth rate. Nationally, the drugs and pharmaceuticals subsector
grew by 11.3 percent. The ability of drugs and pharmaceuticals to remain ahead of national employment
growth rates has contributed to a rising employment concentration. However, the employment
concentration level in lowa remains 22 percent below the national average.

The medical equipment and devices subsector experienced the second fastest employment growth rate
in Iowa relative to the United States. Though growth was only half as much as the drugs and pharma-
ceutical subsector, medical devices was second only to organic and agricultural chemicals in terms of
relative growth compared to the nation. lowa’s employment base in the medical device subsector grew by
6.1 percent. Across the nation, subsector employment in medical devices decreased by 0.6 percent.

Despite the encouraging growth trend over the last four years, the medical device subsector in lowa
remains small. In 2002, the subsector employed 1,847. The employment concentration of the subsector is
significantly below the national average. lowa is 59 percent less concentrated than the nation is in the
medical equipment and devices subsector.

The hospitals and laboratories subsector is Iowa’s largest bioscience subsector and is growing. The
Iowa hospital and laboratory subsector employed 41,882 in 2002. Although not often considered at the
forefront in bioscience research or production, hospitals and laboratories are important contributors. In
particular, health centers perform clinical trials and collaborate with companies on research and
development.

Since 1998, this subsector grew by 6.1 percent in Iowa, above the national rate of 4.4 percent. The growth
provides the Iowa hospital and laboratories subsector with an employment level slightly below the
national average. Typically, employment in hospitals and laboratories across most states and regions
possesses a location quotient equivalent to the national average. This is to be anticipated because hospitals
and laboratories generally service the local healthcare market except where specialized and/or academic
teaching hospitals serve a broader, multi-state market.
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Transitional

The agricultural equipment and machinery subsector is the most specialized bioscience subsector in
Towa. In 2002, the subsector employed more than 10,000 workers across the state. This level of employ-
ment is far above the national level. The agricultural equipment and machinery subsector in lowa
possesses a location quotient of 11.83. This concentration level represents an employment base in the
state that is more than 10 times the national level.

This subsector has experienced sizable employment losses since 1998 at both the state and national level.
Across the United States, employment in the agricultural equipment and machinery subsector decreased
by 19.2 percent. Subsector employment in Iowa fell at a somewhat faster rate of 22.9 percent. Though the
loss of employment was rather large in lowa, it can be expected that a state as concentrated as lowa
inevitably will mirror the national trend. In spite of this decline, lowa remains highly concentrated, an
indicator of the state’s strength in the agricultural equipment and machinery subsector.

The agricultural processing subsector is the largest agriculture-related bioscience subsector in terms of
employment size and the second most regionally specialized subsector in Iowa’s bioscience industry. In
2002, the agricultural processing subsector employed 19,458 across 976 establishments within the state.
The subsector’s size is demonstrated by examining the average establishment size. The typical agri-
cultural processing establishment in lowa employs 22 individuals. Nationally, the average establishment
employs 16 individuals.

In Iowa, the agricultural processing subsector typically more concentrated and is composed of larger
firms. The state’s employment concentration in the agricultural processing subsector is more than 7 times
greater than the national average. The location quotient of 7.34 clearly represents a strong regional
specialization.

Unfortunately, much like the experience of the agricultural equipment and machinery subsector, employ-
ment in the agricultural processing subsector has dropped in lowa and across the country since 1998. Jobs
in agricultural processing in Iowa fell by 21.0 percent between 1998 and 2002, compared with a 2.9 per-
cent decline nationally. Even with this loss of employment, the subsector remains significantly more
specialized in Iowa.

The agricultural services subsector is regionally specialized but experienced the second largest decline
in employment. The agricultural services subsector is the smallest of all the bioscience subsectors,
employing 1,187 in 2002. Although small in size, the subsector is significantly concentrated and is
considered to be regionally specialized in Iowa. The subsector is more than twice as concentrated in Iowa
versus the nation.

The level of employment specialization is threatened by sizable employment losses. Between 1998 and
2002, Iowa lost 31.8 percent of its employment base in agricultural services. The nation experienced a job
loss that was far less severe. U.S. employment in agricultural services fell by only 0.5 percent.

Divergent

The research and testing subsector experienced the largest decrease in employment and is well below
the national concentration average. Between 1998 and 2002, the subsector lost 37.3 percent of its
employment base. This fast-paced decline contrasts sharply with strong growth at the national level. The
U.S. research and testing subsector grew by 21.8 percent. Though not the smallest bioscience subsector in
Iowa, the research and testing employment base is only slightly higher than agricultural services. In 2002,
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the research and testing subsector employed 1,429 across 186 establishments, making it lowa’s second
smallest bioscience subsector.

The rapidly dwindling employment base has drastically reduced the level of employment concentration in
the state. Research and testing is almost 80 percent less concentrated in lowa than in the nation and is
extremely small. This makes it more difficult to position the subsector as a platform on which to build the
state’s bioscience industry, even though research and testing is the industry subsector most closely
identified with “biotechnology,” as distinct from the “biosciences” industry segment.

Cluster Subsector Wages

Analyzing the average annual wage per employee is another way of identifying critically important
bioscience subsectors. Pinpointing subsectors which provide relatively high wages is an indication that
the subsector is a high value-adding segment. By targeting economic development initiatives and job-
creating efforts at high-paying bioscience subsector positions, the state can concentrate its efforts on the
highest value-adding segments and potentially raise the overall industry annual average wage per
employee. Figure 5 illustrates the average annual wage per employee for each subsector in 2002.

Figure 5: Bioscience Cluster Subsector Average Annual Wage per Employee, 2002.
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Source: Battelle calculations based on ES-202 data from the US Department of Labor, Bureau of Labor
Statistics and lowa Workforce Development, Employment Statistics Bureau
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The graph clearly illustrates that agricultural machinery and equipment along with agricultural processing
are major sources of current high-paying jobs in the biosciences in lowa. These subsectors are well above
the statewide average annual wage per employee, which stood at $29,158 in 2002. The subsectors are also
above the bioscience average annual wage for the state and nation. The average annual wage per
employee for agricultural machinery and equipment and agricultural processing is more than $4,000
above the national average wage within each subsector.

Although employment has not grown since 1998, these two subsectors experienced average annual wage
increases. Agricultural processing saw wages grow by 13.1 percent and agricultural equipment and
machinery experienced an 8.4 percent growth in wages. Both growth rates are above U.S. growth rates.
Above-average annual wages combined with strong regional specializations within Iowa position the
agricultural machinery and equipment subsector along with the agricultural processing subsector as
important subsectors for the state’s future development efforts.

Detailed Cluster Subsector Strengths

While it is useful to further isolate particular strengths of these subsectors, industry-specific information
should be approached cautiously. At such a detailed level, the data are often suppressed to avoid revealing
information related to individual firms. The detailed analysis can also result in smaller absolute numbers,
which exaggerate standard metrics and comparisons. In spite of these limitations, the disaggregated data
can potentially reveal sources of subsector strength.

Figure 6 depicts the performance of key NAICS industries in the state of lowa. The industries were
chosen based on three criteria:'’

e Industries with employment concentrations of 1.20 or more were considered regional specializations.
e Industries that grew above the national growth rate were considered high growth.
e Industries were classified as “large” based on employment size equal to or greater than 2,000.

Industries that fall within the confluence of all three circles are considered major bioscience cluster
subsector strengths. These industries exhibited very large employment bases, significant specializations,
and growth over the last year that surpassed U.S. growth rates. It is essential to target these industries.
Table 4 presents the data for those NAICS industries that possess at least two of the criteria used to
identify strong detailed industry segments.

Table 4 shows the industries that likely represent critical strengths of the Iowa bioscience sector. Each
possesses a pair of critical characteristics from which the state can help bolster the entire bioscience
cluster. Based on these metrics, these industries demonstrate the potential for the state to create new
opportunities and niches in the bioscience industry that can be leveraged to jump-start other promising
industry segments. The diversity of the bioscience industry within the cluster clearly indicates that
advancements within particular subsectors can be leveraged to strengthen others. By focusing on its
existing strengths, Iowa can build a promising future in the biosciences.

' To avoid overstating trends, only those industries with an employment level of at least 500 were analyzed.
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Figure 6: Assessment of Iowa’s Biosciences Cluster Detailed Industry Strengths.

Soybean processing (311222)
Biological product manufacturing (325414)

Soil Preparation, planting, and cultivating (115112) Fertilizer Manufacturing (325314)

Testing laboratories (541380)
R&D in physical, engineering, & life sciences (541710)

Speciali-
zation

Wet corn milling (311221)
Breakfast cereal manufacturing (311230)
Pesticide & other agricultural chemical manufacturing (325320)

General medical and surgical hospitals (622110)

Farm Supplies Merchant Wholesalers (424910)
Other animal food manufacturing (311119)
Farm machinery and equipment manufacturing (333111)

Table 4: Detailed Iowa Biosciences Cluster Industry Strengths.

Primary Target Industries - Large, Growing, and Regional Specialized
325320 |Pesticides & other agricultural chemical Sizable: Employment stands at 2,982

manufacturing High Growth: Employment increased by 228%
Regionally Specialized: LO stand at 14.39
311221 |Wet corn milling Sizable: Employs 2,947

Growing: Increased by 0.3% while US declined
Extremely Specialized: LQ stand at 30.54
311230 |Breakfast cereal manufacturing Employment: 2,077 workers

Growth: Employment rose by 5%

Specialized: lowa possesses an LQ of 13.65

Large Anchors - Large Employment and Regionally Specialized
424910 |Farm Supplies Merchant Wholesalers Large Employment: 10,497 workers, the largest
agricultural industry segment

Specialized: 8.66

Employment Growth:

333111 |Farm machinery and equipment Large Employment: 9,656 workers

Specialized: Maintains LQ of 15.36 despite losses
Growth: Employment fell by 2.8%, less than US decline
311119 |Other animal food manufacturing Sizable: Employs 2,105

Concentrated: remained specialized with LQ of 5.82
Employment Change: Loss of 30.1% since '98

Emerging Industries - High Growth +
622110 |General medical and surgical hospitals Large Employment: 40,675 workers
High Growth: Employment grew by 6.3%

LQ: Employment concentration is 5% below US average

325314 |[Fertilizer manufacturing Small: Employment stands at 565
High Growth: Employment rose by 128%
Specialized: lowa is 6 times more specialized than US

Source: Battelle calculations based on ES-202 data from the US Department of Labor, Bureau of Labor Statistics and lowa Workforce
Development, Employment Statistics Bureau
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CONCLUSIONS

The bioscience industry sector in lowa is a large and regionally specialized sector of the state’s economy.
The sector has demonstrated successes and shown encouraging industrial potential. Though overall
employment between 1998 and 2002 lagged behind the United States, the better than average growth
exhibited between 2000 and 2002 suggests that the bioscience industry represents an economic develop-
ment opportunity for lowa. Development opportunities can have even more impact if industrial and
academic initiatives are linked and focused around similar priorities.

The economic analysis of the Iowa bioscience economy indicates that the industry is dominated by the
agricultural-related subsectors. In particular, three subsectors are well-positioned to be the foundation of a
comprehensive economic development strategy (Table 5). Organic and agricultural chemicals are a
sizable, growing regional specialization that is extremely well-positioned to benefit from increases in
ethanol production (an organic chemical). Agricultural processing is the largest of the agriculturally based
bioscience subsectors. Despite loss of employment, the subsector demonstrates a solid base that is
significantly more specialized than the nation and possesses an average annual wage per employee that is
higher than the national average. Similarly, agricultural machinery and equipment exhibits a solid
employment base and high average annual wage.

Table 5. Key Iowa Bioscience Subsectors.

Key lowa Bioscience Subsectors

Employment

2002 Location Growth

Subsector Employment Quotient 1998 - 2002
Organic & Agricultural Chemicals 4,416 3.51 93.0%
Agricultural Processing 19,458 7.34 -21.0%
Agricultural Machinery & Equipment 10,115 11.83 -22.9%

The demonstrated success of these three subsectors positions the agricultural-related subsectors as vital
existing strengths of Iowa’s bioscience industry. State and regional stakeholders in the bioscience industry
need to tailor development initiatives that specifically address these core strengths and further build the
capacity to fully utilize these assets.

Medical-related subsectors, though not yet core strengths, demonstrate emerging characteristics that place
these subsectors in the category of potential drivers. Above-average employment growth relative to the
United States indicates that these subsectors can be a crucial part of the bioscience industry’s future.

Though agricultural services and research and testing are subsectors that have not shown strong growth
rates or high levels of employment concentration, these subsectors remain important pieces of the
bioscience industry in Iowa. Agricultural services and research and testing represent key industry
segments necessary to ensure the overall strength and stability of lowa’s biosciences sector. The diversity
of the bioscience industry clearly indicates a high degree of interdependence among different industry
segments.
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To create a more durable and vibrant bioscience industry, the State of lowa must target initiatives to
support existing strengths and encourage and stimulate emerging subsectors. While lowa must tailor
initiatives to target those niches with the greatest promise of economic growth, the state must not lose
sight of the inherent diversity of bioscience activity. The challenge that state leaders face is the need to
balance initiatives between solidifying core areas within the biosciences and promoting new innovative
industrial technologies that promise continual economic growth.
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Biosciences Core Competency Assessment

One of the required platforms for creating an understanding of the potential for bioscience development is
arigorous analysis of the bioscience-related research competencies found within lowa upon which future
bioscience economic advances may be made. Each state’s major research institutions have their own core
research strengths and focus areas, and, as will be shown, lowa is no exception.

Without a strong research foundation found at universities, it is difficult for any state or region to initiate
or sustain major industry development related to the biosciences. Universities are leaders in basic and
applied bioscience research. Increasingly, universities are bringing enabling technologies to the forefront,
helping advance bioscience-related applications in imaging, analytical instrumentation, processing
technology, diagnostics, therapeutics, and materials science. Research centers not only are the key to the
basic research discoveries that generate product leads for bioscience companies; they also contribute to an
environment in which bioscience companies can flourish.

Looking forward, the biosciences offer enormous potential for linking basic research innovations with

new market opportunities. Table 6 describes the major potential breakthrough areas.

Table 6: Potential Bioscience Breakthrough Areas.

Human Biosciences I Plant Biosciences || Animal Biosciences I

The prevention of diseases
with underlying genetic
causes

The development of early
stage disease diagnostics

The ability to detect genetic
predisposition to disease
and develop prevention and
treatment regimens

The production of advanced
imaging technologies to
promote new discovery and
enhance therapeutic delivery

The discovery and
development of new drugs
and biologics for enhanced
treatment outcomes

Drugs and therapies
targeted to individual
genomic characteristics
leading to greatly improved
outcomes and reduced side-
effects
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Pest and disease resistant
crops

Increased crop yield and
desirable qualities
characteristics

Lengthened growing
seasons via cold resistance
or reduced light
requirements

Enhanced shape, texture,
flavor and processability
characteristics

Technologies to reduce the
required application of
fungicides, herbicides and
insecticides

Functional foods and
nutraceuticals

Plant genetic resources for
development of biologics,
drugs and pharmaceuticals

New approaches to animal
disease diagnostics,
prevention and treatment

Increased food animal meat
yield and desirable quality
characteristics

Improved technologies for
food preservation and the
prevention of spoilage and
food-borne diseases

Genetic resources for
development of biologics,
drugs and pharmaceuticals
for human and veterinary
applications

Xenotransplantation and
tissue engineering, providing
organs and tissue for human
medical applications via
animal pathways

Development of engineered
species, such as customized
predator insects, to control
pests and diseases
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Table 6: Potential Bioscience Breakthrough Areas (continued).

Human Biosciences || Plant Biosciences || Animal Biosciences I

The development of
replacement tissue and
organ systems to replace
those injured or failing

The biological integration of
advanced technologies,
such as nanotechnology,
biomaterials and MEMS
devices

Advanced bioinformatics
and health informatics tools
to drive knowledge-based
medicine.

The ability to eradicate,
inoculate against and more
effectively treat established
and emerging infectious
diseases

Enhanced biosecurity

Genetic resource
(germplasm) preservation
and storage technologies

Development of biosensors
for industrial and commercial
applications

“Biopharming” and the
production of novel and
useful chemicals via plant
pathways

Development of sustainable
bio-based fuels

Development of advanced
biomaterials for use in
construction and other
industrial applications

Development of degradable
plastics from plant starch,
protein and fermentation-
produced monomers

Bioremediation and
environmental protection via
plants

Enhanced biosecurity

lowa Bioscience Path for Development

e Development of biosensors
for industrial and commercial
applications

e Bioremediation and
environmental protection via
microbial pathways

e The use of animal waste and
byproducts as renewable
energy and chemical
production resources

e Enhanced biosecurity

The novel application of
animal and plant genetic
resources to new
technologies such as
biological computing

As a result of potential discoveries and innovations in these areas, multiple forms of economic
development may take place around the biosciences, including but not limited to the following:

The Business of

The formation, growth and attraction of companies engaged in

(0]

(0]

Drug development and manufacturing

Biologics development and manufacturing

Vaccine production

Gene therapy development

Diagnostic test development and production

Diagnostics and imaging instrumentation manufacturing and development
Laboratory and diagnostics services and healthcare services

Medical implants and invasive devices

Tissue engineering and organ systems development

Seed and plant varietal development and production

Improved food animal species and enhanced animal health
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o Agricultural and food processing technologies

o Biomaterials and biocomposites development

o Biofuels and bio-sourced chemicals

o Production of novel and useful compounds via plant pathways

o Agricultural equipment and precision agriculture devices

o Bioinformatics and health informatics tools and software

o Biosecurity

o Waste management and environmental clean-up and protection

o Nanotechnology and MEMS devices

o Other bio and bio-related commercial applications yet to be developed or imagined.

e The diversification of existing commodity producers, such as farms, into enhanced value-added
products.

e Direct economic benefits from research itself, brought by the attraction of external research funds and
the scientists and staff they support.

e Enhanced education and workforce development in and around biosciences and technology.

Because research is the driving force behind bioscience innovation and commercialization, it is
imperative that Iowa’s decisions regarding science and technology policy for advancing the
biosciences be built upon a formal understanding of the state’s bioscience research core
competencies. To develop a profile for lowa, Battelle performed a formal, in-depth assessment and
evaluation of the state’s bioscience core competencies and resulting technology platforms—a task that
Battelle has undertaken for other states and universities.

METHODOLOGICAL APPROACH TO ASSESSING IOWA’S CORE RESEARCH
COMPETENCIES

Underpinning the successful translation of bioscience research strengths into economic development
opportunities requires recognition of the importance of “market-driven” processes. The traditional model
of commercialization assumes a “research-driven” approach to commercialization. This research-driven
commercialization process proceeds in a pipeline fashion from basic research leading to a major scientific
breakthrough, to applied research leading to product development, and ending with industrial manufac-
turing and marketing. The shortcomings of the research-driven approach are that it is too divorced from
commercialization and product development needs and has uncertain economic value. The market-driven
approach recognizes that commercialization is a highly interactive process involving close ties between
research activities and business development activities. Success depends, as the Council on Competitive-
ness points out, “on a team effort that includes carefully focused research, design for manufacturing,
attention to quality and continuous market feedback.”'®

' Council on Competitiveness, Picking Up the Pace: The Commercial Challenge to American Innovation (Washington, DC:
Council on Competitiveness), pp. 9-10.
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As seen in Figure 7, the components of a core
competency area can bring together basic research,
enabling technology, and applied research

lowa Bioscience Path for Development

Figure 7. Line of Sight.
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Defining Core Competencies

There is no one single source of information that serves to identify core research competencies and focus
areas. Rather, a variety of integrated and complementary analyses are required to help identify an
institution’s current position and areas of focus that may lead or contribute to lowa’s future bioscience
growth.

In identifying core research focus areas in the biosciences, Battelle’s objective was to identify those fields
where there is an ongoing critical mass of activity along with some measure of excellence. This does not
mean, however, that other fields of bioscience excellence may not be present within Iowa institutions.
What it does mean is that these other bioscience strengths are found in relatively limited pockets and so
offer more limited opportunities upon which to build—but may still contribute in some manner.

To take the analysis further, Battelle chose to apply an industrially focused core competency definition
that is widely used by technology-based firms. As defined by Hamel and Prahalad, in “Competing for the
Future,”'” a competence is a bundle of skills and technologies, rather than a single discrete skill or
technology. It represents the sum of learning across individual skill sets and individual organizational
units.

Three tests can be used to identify a core competency:

1. Isit a significant source of competitive differentiation? Does it provide a unique signature for the
state?

2. Does it transcend a single business? Does it cover a range of businesses, both current and new?

3. Isit hard for competitors to imitate?

Approach to Identifying Iowa’s Bioscience Research Core Competencies

Battelle identified core research focus areas using both quantitative and qualitative methods (see also
Figure 8):

e Quantitative assessment uses statistical information on extramural grants, publications, and patent
activities—as well as application of Battelle’s proprietary software tool “Starlight™” to identify
research clusters—to develop an understanding of the trends and characteristics of bioscience
research within lowa institutions.

7 Hamel, G. and Prahalad, C. K. 1994. Competing for the Future. Harvard Business School Press: Boston, MA.
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e Qualitative work includes Figure 8: Quantitative/Qualitative Analysis.
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e What is Iowa’s overall , e .
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negative, are being
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e In which fields of bioscience and related activities are lowa R&D institutions receiving significant
levels of funding, especially funding from “gold standard” sources such as the National Institutes of
Health (NIH), the U.S. Department of Agriculture (USDA), National Science Foundation (NSF), etc.?

e In what bioscience and related fields do lowa academic institutions demonstrate a substantive and
influential record of publication?

e In what bioscience areas is lowa generating patents and intellectual property?

e What areas of bioscience and related fields do Iowa’s institutions self-identify as core competencies?

e Based on identified core competencies, what development opportunities can be identified for the
near-term (over the next five years) for growing the biosciences and related industries and
technologies in lowa?

e  Which bioscience core competencies show the most promise for becoming growth poles for
incorporation into Iowa’s statewide technology and economic development policy?

e  Which core areas of bioscience focus require additional investment in order to realize their

development potential ?

In evaluating the answers to these questions, the Battelle team can provide insights into the lowa
biosciences research base and draw implications as to how these research strengths may best intersect
with the state’s industry and economic base, economic competitiveness factors, and market trends.
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Quantitative Assessment of the Iowa Bioscience Base:
Trends and Developments

As a first step in assessing the biosciences position of lowa, Battelle reviewed published statistics that
allow the position of lowa institutions to be compared to those of other leading bioscience institutions.
Several sources of information typically are accessed by Battelle in assessing comparative bioscience
positioning:

e External, national research funding sources, including NSF, USDA, and NIH grant funding
e Institute for Scientific Information (ISI) science publications citation index statistics

e Proprietary Battelle Starlight™ analysis tools for mining research abstract information and patent
abstract information for clusters of research expertise and focus.

For purposes of this study Battelle used the latest comparative data available on all 50 states from federal
agencies. While individual universities in lowa have later data, it could not be used because it would not
allow us to make comparisons with the nation and other states. In addition, this analysis is affected by the
disproportionate federal research investments in human/medical research compared to plant, animal and
related agriculture research. Because of the disproportionate amount of federal research dollars flowing
through NIH, as compared to, for example, USDA, the reader should not conclude that the University of
Iowa, whose medical school is the state’s primary recipient of NIH funds, is more successful than Iowa
State, where USDA has a much smaller research budget to allocate to research universities.

S1ZE OF THE IOWA BIOSCIENCE RESEARCH BASE

In terms of total university-based R&D activity, Towa stands 24th in the nation, with $439.8 million in
total research funding across seven research universities (as recorded by the NSF for 2001, Table 2). This
level of R&D in Iowa outpaces the state’s overall ranking in population, which stands at 30th.

Iowa historically has performed relatively well in terms of academic biosciences R&D. In 2003,

66 percent ($291 million) of the $439.8 million in total Towa university-based research was within the
biosciences—placing lowa 21st in the nation. Also, Iowa has sustained a strong position, relative to its
population base, in multiple areas of bioscience R&D, with national rankings as follows:

19th in “medical sciences” ($138 million)

20th in “agricultural sciences” ($50 million)

22nd in “biological sciences” ($84 million).
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Table 7: Iowa Biosciences-Related Funding.

| FY 2001 %

TOTAL OF ALL ACADEMIC DISCIPLINES $ 439,810 1.3% 24

LIFE SCIENCES TOTAL $ 290,912 1.5% 21
Agricultural Sciences $ 49,993 2.2% 20
Biological Sciences $ 84,185 1.4% 22
Medical Sciences $ 137,689 1.4% 19
Other Life Sciences $ 19,045 2.5% 15

OTHER CRITICAL SCIENCES
Chemical Engineering $ 3,558 0.9% 32
Chemistry $ 9,625 1.0% 30

Iowa’s ability to attract research funds is reflected in an overall rank of 24th for all academic disciplines
combined, compared with lowa’s population ranking of 30th. In Bio/Life-Science disciplines the state
performs particularly well, while it also achieves a ranking appropriate for its size in chemistry and
chemical engineering (two disciplines of great importance in current and future BioEconomy initiatives).

As the pie charts in Figure 9 illustrate, the percent of each type of bioscience and associated sciences
R&D in Iowa is quite similar to that within each field in the nation as a whole except that lowa has a
significantly higher than average concentration in agricultural sciences (16 percent versus 11 percent
nationally).

While Iowa has performed comparatively well in bioscience research in relation to its size, it has started
falling off the national pace. Since 1996, Iowa has experienced a slowly declining share of U.S. academic
biosciences R&D funds. This trend is illustrated in Figure 10.

Key data relating to Iowa’s recent performance in the biosciences is highlighted in Table 8 and further
explains how Iowa has not kept pace with national bioscience research funding trends. The data show that
Iowa has a greater concentration of total academic R&D in the biosciences than the national average, and
also that bioscience academic R&D spending per capita is considerably above the U.S. average. This
comparative concentration in bioscience is declining somewhat as lowa’s growth in bioscience R&D
Junding has not kept pace with the growth rate of U.S. bioscience research. To put it another way, if
Iowa’s bioscience R&D increase from 1997 to 2001 kept pace with overall U.S. growth, Iowa would have
received approximately $8 million more in bioscience R&D funding in FY 2001.
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Figure 9: Share of Bioscience-Related R&D for Iowa and the U.S.
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Figure 10: Academic R&D in Iowa as a Percentage of U.S. Academic R&D.
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Table 8: Recent Bioscience Performance in Iowa and the U.S.

Total Academic R&D, FY 2001 $439,810,000 $32,652,261,000
Total Bioscience R&D, FY 2001 $290,912,000 $19,145,970,000
Bioscience as a % of All Academic R&D 66.1% 58.6%
Annual Academic Bioscience R&D Per Capita, FY 2001 $99.22 $67.10
% Increase in Academic Bioscience R&D, FY ’97-01 37.7% 41.5%

To further examine this issue, Figure 11 depicts life science funding to the seven lowa institutions
included in the NSF data, by general category (including bioscience funding and funding in chemistry and
chemical engineering), for 1997 through 2001."® The figure shows that in each category, lowa has
achieved an increase in the level of R&D spending at its academic institutions during this period.

Figure 11: Academic Life Sciences R&D Spending at 7 Iowa Institutions, FY 1997-2001.
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A more detailed examination by federal agency of the funding trends is shown in Figure 12 (most recent
available data is from 1996 to 2000). Figure 12 shows that actual declines in U.S. Environmental
Protection Agency (and DOE) funding, slower growth in NSF funding, and much slower growth in
USDA funding," all contributed to the overall slower bioscience research funding growth rate for the
state. However, in HHS (NIH) funding, Iowa’s growth continued to outpace that of the nation.

'® The 7 institutions include Towa State University, University of lowa, University of Northern lowa, Drake University, Grinnell
College, Maharishi University of Management, and Des Moines University-Osteopathic Medical Center.
"1t should be noted that USDA funding tends to fluctuate considerably from year to year.
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Figure 12: Percentage Change in Federal Agency R&D Funding at Universities and Colleges in Iowa and the
U.S., FY 1996-2000.
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Iowa’s overall position in one of the “gold standards” of bioscience funding, the National Institutes of
Health, shows that lowa ranks 25th in total NIH awards (Figure 13). This performance exceeds the state’s
population ranking (where it stands at 30th).

Figure 13: Total NIH Funding and Number of Awards, FY 2002.
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Quantitative Assessment of the Iowa Bioscience Base: Identification
of Potential Core Competency Areas

The previous section highlighted basic trends in academic bioscience R&D activity within lowa. In this
section, the analysis is extended to examine the specific areas of bioscience and bioscience-related
activities that are receiving extramural funding. The volume of funding and numbers of investigators are
used to indicate the most active bioscience fields in Iowa’s research institutions. NIH, USDA, and NSF
data are primarily used for this analysis.

In addition, the ISI Citations database—a source providing detail on research “output” in terms of number
of papers published, by discipline, and the average number of citations received per paper—was used. ISI
maintains a detailed database of U.S. scientific papers and associated citations, allowing lowa’s academic
paper output in biosciences and related disciplines to be compared with national norms and indexed for
relative impact. ISI data also allows for the calculation of the relative concentration of individual
bioscience fields within institutions against national norms.

These statistical sources were used to derive an overview of research core competencies and to give a
more specific description of the bioscience expertise within Iowa academic R&D institutions. An area is
identified as a core competency area when it has the following:

e A significant number of bioscience-related research grants awarded through rigorous peer-review
processes such as those at the NSF, USDA and NIH

e A broad base of principal investigators, along with prominent biomedical researchers who hold
multiple peer-review grants

e A substantial level and impact of publications.

RESEARCH CORE COMPETENCY AREAS SUGGESTED BY FEDERAL FUNDING DATA

Examining NIH, USDA and NSF funding more closely, at the department level, suggests specific areas of
strength in Iowa.

Table 9 summarizes the national ranking of departments within Iowa institutions that are recipients of
NIH funding (with The University of Iowa separated into the College of Medicine versus other depart-
ments aggregated across the University). Table 10 shows the number of awards by department (for those
receiving 10 or more awards) between FY 1997 and FY 2003.
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Table 9: NIH Awards Rank by Department.

Among Medical Schools (FY 2002)

Orthopaedics 3
Public Health & Preventative Medicine 5
Otolaryngology 5
Pediatrics 8
Anesthesiology 10
Biostatistics & Other Math Sciences 11
The University o_f I_owa Urology 1
College of Medicine
Radiation-Diagnostic/Oncology 13
Anatomy/Cell Biology 23
Internal Medicine/Medicine 24
Psychiatry 25
Neurology 30
Dermatology 30
Among Universities (FY 2000)
Pediatrics

Orthopedic Surgery
Anesthesiology 11
Nursing (2002 Data) 11
Otolaryngology 13
Radiology 14
. Public Health & Preventative Medicine 15

The University of lowa
Dermatology 16
Anatomy 19
Medicine 25
Neurology 26
Other Health Professions 26
Dentistry 27
Psychiatry 27
S Social Sciences 3
I0\_/va State University of Zoology 7
Science and Technology

Nutrition 25
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Table 10: NIH Awards by University Department.

‘ The Unlver3|ty of lowa “

Anatomy And Cell Biology

Biochemistry 45
Biological Sciences 34
Cardiovascular Center 1
Chemistry 22
Dows Institute For Dental Research 12
Epidemiology 12
Internal Medicine 274
Microbiology 39
Neurology 26
Orthopaedic Surgery 14
Otolaryngology 15
Pathology 28
Pediatrics 78
Pharmacology 18
Physiology And Biophysics 35
Preventative Medicine & Environmental Health 43
Psychiatry 56
Psychology 49
Radiation Research Laboratory 11
Radiology 27
Speech Pathology And Audiology

lowa State Universit of Awar ds
Science & Technology

B|omed|cal Sciences

While the NIH is the largest funder of bioscience research in the U.S., both the NSF and the USDA also
provide significant bioscience R&D funds. The USDA funding is, of course, particularly important to
land grant institutions, such as Iowa State University, who have a substantial R&D infrastructure
supporting animal and plant biosciences. Table 11 summarizes NSF awards in lowa, while Table 12
shows awards by the USDA.

BaIIEIIe 37

The Business of lnnovation



lowa Bioscience Path for Development

Table 11: NSF Awards by NSF Program Areas (Those with 10 or More Awards).

The Unlversny of lowa . lowa State University |

Bioengineering & Environmental Biological Infrastructure

Systems

Molecular and Cellular Biosciences 16 Environmental Biology 20
Integrative Biology and Neuroscience 18
Molecular and Cellular Biosciences 21

Table 12: USDA Awards by Federal Center or University Department (Those with 10 or More Awards
Provided to Iowa Institutions).

Agricultural Research Service Agronomy

National Animal Disease Center 30 Animal Science 20
Plant Pathology 10
Veterinary Medicine 80

*USDA Has Only Different Centers, Not Departments

The NIH data show that The University of lowa College of Medicine ranks in the top 10 in the nation in
terms of

e  Orthopaedics (#3)

e Public Health and Preventative Medicine (#5)
e Otolaryngology (#5)

e Pediatrics (#8)

e Anesthesiology (#10)

The University of lowa College of Medicine also has a strong placing in biostatistics and other math
sciences, an important area of modern biomedical research (ranking 11th in the nation).

In terms of NSF awards, lowa State University is a strong performer with awards spread across biological
infrastructure, environmental biology, integrative biology and neuroscience, and molecular and cellular
biosciences. Iowa State also is a major recipient of funding from the USDA, especially in the areas of
Veterinary Medicine and Animal Sciences.

Tables 10 to 12 also provide insight into the overall research funding strengths of the State of Iowa. No
departments or institutions other than Iowa State University and the University of lowa received more
than 10 federal R&D awards in the FY 1997 to FY 2003 period.

CORE COMPETENCY RESEARCH AREAS SUGGESTED BY ISI CITATIONS DATA

ISI provides specific insight regarding the volume of publications produced by departments and the
influence, in terms of citations, that each department’s work is having within its field. Battelle used the
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ISI data, in addition to extramural funding data, Starlight™ analysis, and in-depth interviews, to provide
an overview of where institutional strengths in science and technology may lie.

Battelle accessed the ISI data for 1997 through 2001. In determining areas of strength within the
biosciences, the focus was on bioscience and related fields where the institution has published at least 50
papers that meet either or both of the following ISI indices parameters:

e The relative impact of the published papers should be 1.25 or higher, where 1.0 equals the average
impact of a U.S. paper in the field. “Relative Impact” represents the institution’s citation impact in the
field (number of citations its papers receive in a field divided by its total number of papers) divided
by average national impact of a paper in that field. A number above 1.0 can be read as a percentage,
i.e., 1.25 equates to a 25 percent higher-than-average impact, while a 0.9 impact is 10 percent lower
than average.

e The publication quotient or citation quotient of 2.0 or higher indicates a concentration of effort in the
area within the institution. The ratio measures the degree of concentration in a field within an institu-
tion versus the U.S. average. A ratio of 1.0 equals the national average, while greater than 1.0
indicates a higher concentration in Iowa versus the nation.

ISI data were only available for Iowa State University, The University of lowa and the Ames Laboratory.
Table 13 illustrates the areas of strength suggested by the ISI data within bioscience fields in lowa:

Table 13: Overall Iowa Bioscience Publication Strengths.

Top Fields in Publications, FY 1997-2001
(Citation or Publication Quotient Greater than 2.0 or Relative Impact Greater than 1.25)

Citation Publication Relative
Field Citations Publications Quotient Quotient Impact to US

Agricultural Chemistry 555 185 2.85 2.79 0.94
Agriculture/Agronomy 929 387 5.80 3.56 1.50
Anesthesia & Intensive Care 638 119 1.20 0.77 1.42
Biotechnology & Applied Microbiology 602 106 1.63 1.61 0.93
Clinical Immunology & Infectious Diseases 3,481 308 3.15 1.70 1.71
Dentistry/Oral Surgery & Medicine 721 263 3.29 2.76 1.09
Entomology/Pest Control 365 140 1.58 1.14 1.27
Food Science/Nutrition 654 209 1.66 1.59 0.95
Microbiology 6,750 718 2.03 1.79 1.04
Ophthalmology 721 176 2.14 1.64 1.20
Otolaryngology 571 187 2.85 2.04 1.29
Veterinary Medicine/Animal Health 801 308 2.17 1.79 1.12

The ISI data indicate that lowa is generating significant impact relative to the U.S. as a whole in terms of
R&D in

e  Clinical Immunology and Infectious Diseases (1.71 relative impact)
e Agriculture and Agronomy (1.50)

e Anesthesia and Intensive Care (1.42)

e Otolaryngology (1.29)

e Entomology/Pest Control (1.27).

Also of note is Ophthalmology in which lowa achieves a relative impact of 1.2.
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The Agriculture and Agronomy field also has strong citations and publications quotients (at 5.8 and 3.56
respectively). Also of note for high citations and publication quotients are Agricultural Chemistry,
Clinical Immunology and Infectious Diseases, Dentistry, Oral Surgery and Medicine, Microbiology,
Ophthalmology, Otolaryngology and Veterinary Medicine/Animal Health.

Because of the comparative differences in bioscience focus of The University of lowa (primarily human
biomedical focused) and Iowa State University (primarily plant and animal bioscience focused), the ISI
citations data were separately analyzed for each. Table 14 illustrates the results for the University of lowa,
while Table 15 shows Iowa State University. (Research fields that are part of the overall state strengths
shown in Table 13 are represented in orange in Tables 14 and 15.) These results clearly illustrate the
different focus areas of both universities, with each having their respective and separate strength areas
that contribute to Iowa’s quite broad expertise in human, animal and plant bioscience.

Table 14: Bioscience Publication Strengths of the University of Iowa.

Top Fields in Publications for University of lowa, FY 1997-2001
(Citation or Publication Quotient Greater than 2.0 or Relative Impact Greater than 1.25)

Citation Publication Relative
Field Citations Publications Quotient  Quotient Impact to US

Anesthesia & Intensive Care 638 118 1.44 1.10 1.44
Clinical Immunology & Infectious Diseases 3,383 297 3.68 2.36 1.72
Clinical Psychology & Psychiatry 1,266 162 2.01 1.85 1.20
Dentistry/Oral Surgery & Medicine 718 262 3.93 3.97 1.09
Environment/Ecology 735 153 0.52 0.44 1.31
Immunology 5,733 342 1.4 1.15 1.36
Microbiology 5,776 545 2.09 1.96 1.18
Oncogenesis & Cancer Research 2,526 190 0.93 0.79 1.30
Oncology 2,120 170 1.1 0.97 1.27
Ophthalmology 720 175 2.57 2.36 1.20
Otolaryngology 571 187 3.42 2.94 1.29
Research/Lab Med. & Med. Tech. 1,604 163 1.31 1.15 1.26

Note: Field names in orange are fields that are part of a combined statewide strength.

Table 15: Bioscience Publication Strengths of Iowa State University.

Top Fields in Publications for lowa State University, FY 1997-2001
(Citation or Publication Quotient Greater than 2.0 or Relative Impact Greater than 1.25)

Citation Publication Relative
Field Citations Publications Quotient  Quotient Impact to US

Agricultural Chemistry 362 11.53 6.62 0.88
Agriculture/Agronomy 899 379 34.85 11.94 1.48
Animal & Plant Sciences 848 143 6.14 4.11 0.76
Animal Sciences 550 262 6.47 3.97 0.83
Biology 648 124 4.04 2.47 0.83
Biotechnology & Applied Microbiology 255 56 4.29 2.92 0.75
Entomology/Pest Control 349 131 9.39 3.67 1.30
Environment/Ecology 910 336 3.33 2.29 0.74
Food Science/Nutrition 546 187 8.58 4.89 0.89
Plant Sciences 1,519 366 713 4.24 0.85
Veterinary Medicine/Animal Health 629 289 10.57 5.74 0.93

Note: Field names in orange are fields that are part of a combined statewide strength

Batfelle 40

1l Business of Innovation



lowa Bioscience Path for Development

One research area of particular note is the Environment/Ecology field (highlighted in gray in both
Table 14 and Table 15). Interestingly, this field is considered a strength for each of the two universities
separately—The University of lowa for relative impact (1.31) and Iowa State University for citation
quotient and publication quotient (3.33 and 2.29 respectively), yet it fails to meet the publications and
citations strength criteria for the state as a whole.

Battelle’s ISI citations analysis highlights several factors relating to the biosciences in lowa:

e There is significant institutional depth in a broad range of bioscience, biomedical and related
disciplines. Both Iowa State University and The University of lowa contribute to this depth.

e lowa has strengths in the three primary components of bioscience—human medicine, veterinary
medicine and animal health, and plant sciences/agricultural science.

e The University of lowa is particularly strong and productive in Clinical Inmunology and Infectious
Diseases, Immunology, Otolaryngology, Ophthalmology, Anesthesia and Intensive Care, and Clinical
Psychology and Psychiatry.

e Jowa State University has demonstrated impact in Agriculture/Agronomy and Entomology and Pest
Control. The University also has a strong concentration in Agricultural Chemistry, Animal and Plant
Sciences, Veterinary Medicine and Animal Health, Food Sciences, and Nutrition.

RESEARCH CORE COMPETENCY AREAS SUGGESTED BY STARLIGHT™ CLUSTER
ANALYSIS

Battelle, through its research at the Pacific Northwest National Laboratory (PNNL), has developed
proprietary pattern recognition and clustering software that provides unique insight into research strength
areas. The clustering tool, known as Starlight™, uses pattern recognition algorithms to cluster research
fields into grouped strength areas. Starlight™ is valuable because it allows free association of words and
phrases, rather than forcing clustering on preselected key words—thus, there is no a priori bias to the
clusters identified.

Battelle has performed the Iowa Starlight™ analysis on both patent and research abstract data. This
provides perspective on key Iowa strength areas from a corporate and academic patent perspective, in
addition to investigating research grant themes. The performance of the clustering analysis involves the
following steps depicted in Figure14:

Step 1—Content Development: Developing a data set with sufficient descriptive content, such as patent
abstracts or grant abstracts. Starlight™ cannot work with only titles or single sentence descriptions.

Step 2—Pattern Recognition: The analysis generates clusters where patents or grant activity have
apparent relationships and produces a series of words to describe and link these cluster areas.

Step 3—Interpretation and Grouping by Expert Figure 14.

Revie.wz the identification of l'<ey themes .and Method for Using Starlight Cluster Analysis
groupings that result for Starlight™ require an
experienced research analyst to interpret and explain

— —

the types of technologies and specific activities that
are represented in the cluster items.
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The Iowa grants analysis dataset contained detailed abstract information for 1,880 grants, including grant
data from the following agencies for FY 1997 through to Nov. 2003:

e NIH—1,416 grants

e USDA—319 grants

e NSF—145 grants (only bio/agriculture-oriented grants)
The majority of the grants were issued to the state universities:
e The University of lowa—1,302 (69 percent)

e Jowa State University—432 (23 percent)

e All other entities—146 (8 percent)

Starlight™ output is provided to the analyst in both graphical and spreadsheet table formats. This allows
for visualization of key cluster areas and deeper investigation of the actual grants or patent information
contained within each apparent cluster. Figures 15 and 16 illustrate the resulting graphic for grants
activity, with grants included from NIH, NSF and USDA federal funding sources.

Figure 15: Starlight™ Research Clusters—Grant Data by Agency.
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Figure 16: Starlight™ Research Clusters—Grant Data by Universities.
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The grants cluster analysis indicates that R&D strengths are present most notably within the two largest

state universities, lowa State University and The University of lowa. Key federal grant funded research

cluster areas are identified in Table 16.

Table 16: Details of Starlight™ Meta Clusters of Federal Research Grant Strengths.

Grant Clusters
# of Ind. # of

Meta Cluster Title Cluster  Grants # of Grants by Institution # of Grants by Agency
Cell/Molecular Studies 7 510 Ul =370, ISU =112, NIH = 404, NSF = 64,
ARS/NADC = 6, Other = 22 USDA =42
Crop/Soil Analysis 1 49 ISU = 36, ARS/NADC =7, USDA=47,NIH=1,
Ul =1, Other =5 NSF =1
Disease/Infection Studies 2 96 ISU =48, Ul =32, USDA =50, NIH =45,
ARS/NADC = 14, NSF =1
Other =2
Genetics 4 259 Ul =177,ISU =72, NIH = 174, NSF = 46,
ARS/USDA = 2, Other =8 USDA =39
Neural Studies 1 51 Ul =50,ISU =1 NIH =50, USDA =1
Vascular Analytics 4 225 Ul =186, ISU = 18, NIH =200, USDA = 23,
ARS/NADC =9, MUM =7, NSF =2
Drake U = 2, Other =3
Miscellaneous Non-Descript Cluster 1 473 Ul = 288, ISU = 136, NIH = 326, USDA= 117,
ARS/NADC =13, MUM = 2, NSF = 30
Drake U = 2, Other = 32
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Battelle also investigated patent data for the State of Iowa to examine the key areas of R&D that are
resulting in potentially commercializable intellectual property. Patents were collected by Inventor State of
Iowa with a total of 5,129 patents clustered in the Starlight™ analysis (Figure 17).

Figure 17: Starlight™ Clusters—Patent Data by Universities and Other Patent Holders.
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Patent data show that the seed/agriculture and engineering sectors have been most productive in the
generation of patents in lowa. It is also evident that the great majority of patents generated in the state are
coming from non-academic IP generation sources—companies such as Pioneer in seed development and
John Deere in agricultural equipment and associated engineering disciplines. lowa State University is
noticeably active in the materials science and plant breeding/genetics areas, while The University of lowa
is evident in the biotechnology cluster around the descriptors “cell, nucleotide and nucleus.”

The Starlight™ analysis is notable in that it shows a disconnect between some of the primary research
grant focus areas and those areas generating patents. Within the biosciences in lowa, only a comparatively
small number of patent clusters emerge from the analysis; namely, corn and soybean plant breeding,
genetics, and cell, nucleotide and protein biotechnology. Areas of distinct focus in the research arena,
such as animal sciences, diseases and infection studies, neural studies and vascular analytics, for example,
have not yet resulted in substantial intellectual property generation in Iowa. It should be noted, however,
that on a national basis the private sector holds 97 percent of all patents (a logical situation given the
importance of progress and innovation to the private sector). lowa State University, in particular, demon-
strates strong performance in intellectual property generation, with a recent ranking in Nature of 4th
nationally in biotech related IP.
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CORE COMPETENCY RESEARCH AREAS SUGGESTED BY REPUTATION

Examining publications or research grants (either through funding levels or context, as in the case of
Starlight™ analyses) provides a perspective for establishing a state’s or university’s core competencies.
However, given that some unique strengths also may exist without a strong direct tie to research
publications or funding mechanisms it is important to look beyond these types of analyses to determine
such strengths. One method is to use third-party-based reputation analyses, such as the U.S. News &
World Report’s Graduate School Rankings and Best Hospitals Rankings.” These rankings, while
typically geared more toward the general public, often help establish areas of strength in the less research
intensive areas.

Table 17 details the rankings of Iowa institutions that appeared in published reputation rankings (most
recent, typically 2002). The agricultural strength of Iowa State University is shown through a rank of 10th
in agricultural engineering and 17th in veterinary medicine. Many of the University of lowa’s medical
school and health discipline strengths are detailed. Through this analysis some specific non-research
intensive strengths appear, including physician assistant (2nd), nursing (8th), and primary care (9th).
Additionally, the University of lowa’s overall strength in otolaryngology is demonstrated by combined
strengths in audiology (1st) and speech-language pathology (1st).

Table 17: Iowa Bioscience-Related Academic Reputation.

lowa’s Institutions US News & World Report Graduate Ranking and Peer Assessment Score

Peer Assessment Score

Field Institution LS (out of 5 - if applicable)

Biological Sciences University of lowa .
Engineering - Agricultural Engineering (2003) lowa State University 10 N/A
Health Disciplines - Audiology University of lowa 1 4.5
University of Northern lowa 58 2.6
Health Disciplines - Clinical Psychology University of lowa 12 39
Health Disciplines - Health Services Admin. University of lowa 11 34
Health Disciplines - Nursing University of lowa 8 4.2
Health Disciplines - Nursing: Anesthesia University of lowa 25 3.2
Health Disciplines - Nursing Specialties: Nursing Service Admin. University of lowa 1 N/A
Health Disciplines - Nursing Specialties: Nurse Practitioner-Pediatric University of lowa 11 N/A
Health Disciplines - Nursing Specialties: Nurse Practitioner- University of lowa 2 N/A
Gerontological/Geriatric
Health Disciplines - Physical Therapy University of lowa 3 38
Des Moines University (Osteopathic Medical Center) 74 2.5
Health Disciplines - Physician Assistant University of lowa 2 41
Des Moines University (Osteopathic Medical Center) 48 2.7
Health Disciplines - Public Health University of lowa 18 25
Health Disciplines - Rehabilitation Counseling University of lowa 3 4
Drake University 48 2.6
Health Disciplines - Speech-Language Pathology University of lowa 1 4.7
University of Northern lowa 51 3
Health Disciplines - Veterinary Medicine lowa State University 17 2.8
Medical Schools - Primary Care University of lowa (Roy J. & Lucille A. Carver) 9 35
Family Medicine University of lowa (Roy J. & Lucille A. Carver) 11 N/A
Internal Medicine University of lowa (Roy J. & Lucille A. Carver) 18 N/A
Rural Medicine University of lowa (Roy J. & Lucille A, Carver) 4 N/A
Medical Schools - Research University of lowa (Roy J. & Lucille A. Carver) 24 37
Note: Bold represents a major category. Indented Field is a Sub discipline of a larger category.

2 U.S. News & World Report methodology for identifying “America’s Best Hospitals” was devised in 1993 by the National
Opinion Research Center at the University of Chicago, which carries it out and refines it each year. The U.S. News Index
accounts for reputation cited by a random sample of board-certified physicians in each specialty area over the past three years
as well as data from an annual survey of hospitals by the American Hospital Association, generally covering extensiveness of
services.
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Table 18 details the rankings of Iowa hospital and clinical care institutions.

Table 18: Iowa Bioscience-Related Hospital/Clinical Care Reputation.

lowa Hospitals US News & World Report Ranking and Reputational Score

U.S. News Reputational

Field Institution Rank
Index Score
Ear, Nose, And Throat University of lowa Hospitals and Clinics 3 70.0 31.3%
Eyes/Opthalmology University of lowa Hospitals and Clinics 6 - 22.9%
Gynecology University of lowa Hospitals and Clinics 50 314 1.3%
Hormonal Disorders University of lowa Hospitals and Clinics 29 29.3 1.8%
Neurology And Neurosurgery Mercy Medical Center 48 28.9 0.0%
Orthopedics University of lowa Hospitals and Clinics 8 39.6 10.3%
Psychiatry University of lowa Hospitals and Clinics 14 7.2%
Respiratory Disorders University of lowa Hospitals and Clinics 25 29.9 2.8%
Rheumatology University of lowa Hospitals and Clinics 48 333 1.6%
Urology University of lowa Hospitals and Clinics 21 324 4.4%

Again the strength of the University of lowa’s research and care in otolaryngology is demonstrated by the
hospital receiving a rank of 3rd. Other top 10 strengths include eyes/ophthalmology (6th) and
orthopaedics (8th).

SUMMARY OF CORE COMPETENCY AREAS SUGGESTED BY QUANTITATIVE
ANALYSIS

The quantitative data sources (grants data, ISI citations data and cluster analysis data) provide
considerable insight into the R&D strengths of Iowa in the biosciences and related fields. Contained
within these data are broad themes that serve as “direction finders” to the state’s bioscience core
competencies (both broadly based and human medicine/health specific).

Among the broadly based R&D core focus areas are

Plant Breeding and Genetics—Significant programs in soybean and corn/maize breeding and genetics
in conjunction with other plant genetics and sequencing expertise.

Biotechnology and Applied Microbiology—Broad areas, with applications in cellular and molecular
studies associated with plants, animals, and human medicine.

Immunology and Infectious Disease—Substantial programs in human, animal, and plant based disease
studies, disease prevention, and treatment.

There are other areas of expertise in the state suggested by the quantitative data sources. These include

e Agricultural Equipment Engineering (mostly conducted in commercial R&D settings, with some
support at state universities)

e Food Safety and Nutrition

e Materials Science

e Agricultural Chemicals

e Entomology and Pest Control

e Veterinary Medicine and Animal Health.
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Table 19 details each of the broadly based core focus areas and expertise areas suggested by the
quantitative data.

Table 19: Broadly Based Core Focus Areas Suggested by Quantitative Data.

Publication Starlight Cluster Academic
Core Focus Federal Research Grants " & Citation Analysis Reputation

(U.S. News &| ||
Patents World Report
- Rankings)

Areas . . Strength
(ISl Data)

Plant Breeding v v v v
and Genetics

Biotechnology

and Applied v v v v v v

Microbiology

Immunology

and Infectious v v v v

Disease

Agricultural

Equipment v v v

Engineering
Food Safety v v v
and Nutrition
Materials \/
Science
Agricultural
Chemicals
Entomology
and Pest v
Control

Veterinary

Medicine and v v v v

Animal Health

Among the human medicine/health-specific research and clinical strengths, the core focus areas include

Cancer, Oncology and Oncogenesis—Led by The University of lowa’s Holden Comprehensive Cancer
Center.

Cardiovascular research and vascular analytics—The University of lowa’s Cardiovascular Center has
received more than $325 million in extramural support since its founding in 1971.

Otolaryngology—A world renowned research program and clinical practice at The University of lowa
ranked 3rd in the nation by U.S. News & World Report.

Ophthalmology—The 6th ranked program in the country by U.S. News & World Report.

Neurosciences—Expertise maintained at both Iowa State University and The University of Iowa, and
high quality research and clinical practice at The University of lowa in neurology and neurosurgery.
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Public Health and Preventative Medicine—Ranked 18th in the nation at The University of lowa by
U.S. News & World Report, and 15th in NIH funding.

There also are other areas of human health/medical expertise in the state suggested by the quantitative
data sources. These include

Anesthesiology
Audiology
Nursing
Orthopaedics
Pediatrics

Radiology and radiation diagnostics

Table 20 details each of the human medicine/health-related core focus areas and expertise areas suggested
by the quantitative data.

Table 20: Human Medicine/Health Core Focus Areas Suggested by Quantitative Data.

Starlight| | Academic
Publication i Hospitals

Core Focus | | : _& Citation .S. | (US.News & | |
Areas Strength World Report

(ISI Data) 2003
Rankings)

Anesthesiology

Audiology

Biostatistics

Cardiovascular

Neurosciences,
Neurology &
Neurosurgery

AN

Nursing

Oncology

Ophthalmology

SN

Orthopaedics

Otolaryngology

NRNEN

Pediatrics

Public Health &
Preventative
Medicine

SSIRVENRN

Radiology &
Radiation
Diagnostics

AN
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The core focus areas resulting from the quantitative analysis are used to direct the focus of field-work
interviews for additional investigation, and identify core competencies and technology platforms.

The following section details Battelle’s findings from the qualitative interview research conducted with
Iowa bioscience institutions. Both the quantitative and qualitative findings are evaluated by Battelle
experts to determine core technology platforms upon which bioscience development may be built. The
technology platforms are discussed in detail beginning on page 83 of this document.
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Qualitative Assessment of the Iowa Bioscience Base:
Interview and Fieldwork Findings

The analysis of grant, publishing, and patent data sets a context for understanding where Iowa’s core
competencies in bioscience research are focused. To further investigate these fields and deepen our
understanding of the core bioscience focus areas in lowa, extensive interviews were conducted with
university administrators, faculty, scientists, clinicians, industry executives, and development agencies in
the state. These interviews are essential in developing an understanding of how the data on publications
and grant awards translate into on-the-ground focus areas in lowa.

In total, face-to-face interviews individually or in small group sessions were conducted with more than
225 individuals. These included interviews with more than 200 academic scientists and faculty at lowa
State University, The University of lowa, and the University of Northern lowa, together with over 25
interviews conducted with commercial bioscience-related companies and associated industry promotion
and economic development groups.

The interviews, for the most part, confirmed the areas of specialization in Iowa identified in the
quantitative analysis. They also, however, highlighted several new and emerging areas of R&D focus and
some key theme areas that were not readily apparent within the quantitative datasets. One challenge in
using quantitative data is the rapid rate of change in scientific enterprise. Peer review systems—whether
used for federal grant awards, citation analysis, or in reputation rankings—tend to lag emerging new
fields of inquiry, recognizing younger and new