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Executive Summary

A. Introduction

lowa benefits gratly from the bioscience sectoBiosciences overall represent an economic

specialization for the state (with a location quotient of 1.8@1eaning the state has 36% more

employment inbiosciences thaanticipated given national normative leveldiosciences provide high

wage family sustaining jobs (with an average wage of $6 4673is the average lowa private sector

wage of $41,964), and lowa has been generally outperforming the nation in ternigsofence

employment growth (plushioda OA Sy 0Sa KI &S I RRSR 2264 Fd | NIXGS SE
overall). Speciaed, growing and payirgjrong,family sustaining wagesbiosciences are critical to

L 2 & ¢ugeateconomic success and hold much potential for further focused development.

Becausdiosciences represent a fast moving and expanding area of scientificommehercial activity, it

is imperative that the State of lowa have antgpdate understanding of its bioscience assets, core
O2YLISGSYyOASa FYyR 2LIRNIdzyAGASa F2NJ 2y3d2Ay3 RS@OSt 2
performed in 2004 and updated 2011¢ conducted by the Battelle Technology Partnership Practice
(TEConomy Partners forerunner organization). The analysis reported herein brings forward a current

jdzt YGAGEFGABS YR ljdzk €t AdG1F GAGS | yI f grigritizésplatermd 2 6 Qa 0o
that are attractiveopportunitiesfor further bioscience development in the state. In addition, the report

provides a series of strategic recommendations that are ecasting for bioscience development in

lowa and will be followedip bya Phase Il report profiling platform specific strategies and actions.

o L 2 6| QGore.CandpétaddieSy OS
L2gl Qa 0A23a0ASyO0S O0O2NB 02 YLIS i Sdgpihvpiscess kflaalgticso SSy A RS
with specialized cluster analysis performediadscience research output (publications) together with
analysis of patents, entrepreneurial activity and business operations. These quantitative data were
supplemented with a series on ofm-one and group interviews with key stakeholder organizations,

companies and research teamsittentify strengths, weaknesses, opportunities and threats relating to
specific areas dfiosciencan lowa.

lowa enjoys a robust base of bioscience core competencies, with these identified on TaldadES
provided with anumeric score pertaining to their strengths across a range of evaluated metrics (both
R&D and commercial in orientation).

@ T€C 1



Table ESL: Identified lowa Bioscience Core Competencies and Comparative Sc@tigber sore equals a
stronger core competency)

Core Agricultural and Associated Biomedical Life Sciences Crosscutting and Basic
Competency Bioscience Sciences
Score
>14 1 Plant sciences (19) 1 Genetic engineering and
1 Animal infectious diseases biotechnology (20)
and veterinary medicine (18) 1 Infectious diseases
1 Biofuels and biobased (microbiology, bacteriology,
chemicals (15) virology) (16)
1 Agricultural equipmat (15)
10to 14 1 Animal and vegetable oils (1] { Audiology (11)
1 Ophthalmology (11)
<10 9 Food products and 1 Medical imaging (9) 9 Drugs and pharmacgicals

additives/ingredients (9)
1 Animal nutritin (6)

9 Orthopedics (7)

1 Dentistry (7)

9 Cancer (6)

1 Medical devices (6)

9 Cardiology (5)

11 Aging (4)

9 Diabetes (4)

9 Neuroscience (4)

1 Perinatology and neonatolog
3

9 Nephrology (2)

9 Pulmonology(2)

9 Cleft Disorders (1)

9 Obesity (1)

©)

9 Biochemistry (9)

1 Biological sampling and
analysis (5)

Core competencies vary greatly in their ability to promote economic development in a state, and rather

than building programs around individual core competencies,-pesttice istoideit T & G RS @St 2 LIY Sy
LX I GF2Nyvae GKIG O2YLINRAAS Ot dzadSNAR 2F O2NB 02YLISGS
industry in the state, and (most importantly) a ll@&sight to substantial growth markets with good

prospects for commercial growth, new jobeation and wealth generation.

/| ® wWSO2YYSYRSR tflGF2Nya F2NI L2gl Qa A2320ASY

Based on the core competencies and stated parameters for bioscience platform identification a series of
seven potential platformsvere presented tathe lowa Innovéion CounciBioscienceéAdvisory
Committee which providedadvice and feedback to the TEConomy analy§lss included discussion of:

w Platform related core competencies and the current lowa research environment
w Innovation and corporate presence in lawelating to the platform

w Identified platform strengths, weaknesses, opportunities and threats

w Future projections for market size and growth trajectory.

The Advisory @nmittee discussion and review of the potential platforhedped to narrow thefocus to
those platforms holding the most promise for lowa economic development AND most likely to benefit
from state programs, industryniversity partnerships and other sector stimulating activity that a
strategy and action plan could positively influen&pecific attention was paid to discussion of the
strengths and weaknesses of lowa assets in these platforms, and particularly-od-Sigght to
significantcommercialproduct and market opportunities rooted in lowa competitive advantages. Based

TEC 2
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on the reviewprocess the bioscience TBED Platforms for lowa wefsnedand narrowedo
incorporate the four platforms shown on Figure ES

FigureES1: Recommended lowa Bioscience Development Platforms

Biobased
Chemicals

TBED
Platforms

Vaccines &

Immuno-
therapeutics

Recommended

Precision &
Digital
Agriculture

Medical

Devices

While these platforms do not incorporate each and evemymising opportunity in the biosciences

within lowa, they do represent the focused areas where lowa is considered (by TEConomy and the
Advisory Committee) to have the greatest likelihood of achieving a differentiated leadership position

based on researcstrengths, established or emerging industry activity, market potential, and other
competitive advantage factors.

Within the main body of this report a detailed description is provided for each platform, together with
an assessment of the market and rative pertaining to the strengths, weaknesses, opportunities and

threatsfor lowa in each. An overall summary tafile each of the platform opportunities is provided,
with these summaries combined in TableZ&8 provide a general fouplatform overview

TableES2: Summary Overview of Each Recommended Platform

Platform Medical Devices Biobased Chemicals Precision & Digital Vaccines &
Agriculture Immunotherapeutics
Status Yy’ Emerging R&D Plus 9 YS NH A y| ¥ Emerging R&D Plus 9YSNHA Y3
(R&D core competency | (R&D core competency | (R&D core competency | (R&D core competenc
and small base of and small base of and small base of and small base of
industry) industry) industry) industry)
9ad!l 6f Aly Established Growth 9aidl o6f A a|ly Established Growth
(R&D and significant (R&Dand significant (R&D and significant (R&D and significant
base of industry with base of industry with base of industry with base of industry with
expansion potential) expansion potential) expansion potential) expansion potential)
Business Strong potential given | Strong potential given | There could be Evidence shows that
start-up multiple device related | lowa track record in significant starup lowabased R&D can
potential clinical R&D strength starting companies in potential. There have | lead to the development
areas at Ul. Realizing | the biofuels sector and | been some small start | of successful stantip
potential dependon proximity to bomass ups in bwa in precision | companies in animal
creating and facilitating | and a focused suite of | agriculture already, and| vaccines. With alester
a startup culture with R&D assets in the proximity to major | of companies in and
financing to advance universities. Potential | agricultural equipment | around Ames, other
concepts and facilities tq for specialty spirout companies is promising | vaccine companies
accommodate companies and for collaborations. within the state,
operations from major together with USDA and
ISU relateecore

“i TEC



prototyping and
business development.

grain and soybean
processing companies.

competencies, there
should be a conducive
environment for
innovation and
commercialization.
However, this optimism
is tempered by
interviews with sector
representatives who
have been unable to
identify specific
pathways forward.

Business Moderate at the present| Significant. Major Attraction of venture Potentially strong, given
expansion time because there is agricultural processing | capital into the positive factors
potential just a small base of companies are actively | agricultural technologies influencing market
device companies and | pursuing valueadded sector is providing eady| growth for animal
most of these are in chemical opportunities | stage companies with | vaccines and the cluster|
early business and multiple biofuels capital access required | of related companies
develgpment phases. companies with for growth. formed in and around
potential to consider a | Oppatunities for Ames, and more broadly
more diversified acquisitions are also across lowa.
biorefinery approach to | evident, with large
growth. However, there| companies having the
is alimited base of resources to significantly
specialty chemical scaleup production
companies in lowa into | from emerging ventures|
which biobased
products could be
introduced.
Business Challenging Production imustries Organized correctly, an¢ Potentially strong
attraction environment for likely to be attracted by | with the right approach | environment for
potential business attraction giver] biomass availability, G2 YI NJ S Ay business attraction giver
the much larger and biomass processing relevant academic R&D| significant cluster of
more well-established infrastructure and strengths and associate( lowa assets, especially i
device clusters in other | transportation workforce education Ames.Good
U.S. locations. networks. Limiting attributes, combined combination of
factor of lack of a gA0GK L2gI Q& corporate, university
workforce with specialty| base of advanced and government lab
chemicals production manufacturing (USDA) operations as
experience, although capability, nay be seen | attractors.
lowa community as attractive to inward
colleges have been investors.
respaisive in the
biofuels sector.
Academic Good potential given Challenging There is a potentially Challenging
R&D growth | funding agency prioritie§ environment for raising | challenging environmeni{ environment for raising
potential for translational funds from traditional for raising funds from funds from traditional

research in biomedical
sciences, but potentially|
restrained by current
federal budget
allocations.

federal sources, with
federal agencies facing
funding cutbacks.
However, agricultural
commodity groups and
other non-government
funding sources may
engage in this research
area.

traditional federal
sources, with federal
agencies facing funding
cutbacks. However, ISU
is ranked first in the
nation for agricultural
engineering, and has
significant strengths in
other disciplines, that

likely support the

federal sources, with
federal agencies facing
funding cutbacks.
Potential though for
G G8LAOK T €
Homeland Security and
defenserelated funding
applications.
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development of highly
competitive promsals.
Industry funding is likely
to be attracted to
leaders in precision
agriculture R&D.

lowa Emerging only. There ig lowa is very well This is an emerging lowa is well positioned
competitive | an insufficient base of | positioned in terms of | sector, and no single in terms of having
situation R&D and business having R&D assets, state has established a | industry, academic and
development activity in | robust sources of robust leadership federal government R&[
lowa in this space to be | biomass and a business| position. lowa can be a| assets cdocated in the
a2y (KS NI R basethat understands | highly canpetitive sectorg together with
the device industry. biofuels production and | player in this sector it regulatory organizations
Major centers of gravity | grain/oilseed processing organizes its assets and vaccie product
exist in the industry and refining. In the appropriately and manufacturing. A key
outside of lowa that biofuels sector there is | addresses identified will be moving to the
have potential to attract | only a limited presence | weaknesses and gaps. | next level by achieving
away successful lowa | in biorefining operations another significant
start-ups¢ although the | for chemicals beyond external investment or
proximity of lowa to biofuels, however the fastgrowing startup
Minnesota may mitigate| big agrcultural company to sustain
this somewhat. processing companies growth momentum in
are engaged in the face of competition
producing valueadded such as the Kansas City
industrial chemical Animal Health Corridor.
products. Competition
from other regions of
the U.S. to grow this
sector has thinned due
to shortterm market
constraints (fossil fuel
prices and government
policies),and there is
thus potential to cement
a position for lowa in
anticipation of a future
market rebound.
Key barriers | { Building interest and | 1 Potentially 9 Highly 9 Building continued

to overcome

momentum with
faculty to advance
innovations along a
commercialization
pathway,

1 Early stage capital
availability for proof of
concept and early
stage business
formation and growth

1 Relative lack of
experienced radical
device business
entrepreneurs and
experienced startip
management

constrained current
environment for
biorenewable project
financing based on
low fossitfuel prices
and deemphasis of
sustainability by
current federal
administration.

9 Bulding interest and
momentum with
faculty to advance
innovations along a
commercialization
pathway,

1 Early stage capital
availability for proof of
concept and early

transdisciplinary
nature of precision
agriculture solutions
development may
require investment in
faculty and
infrastructurein
identified under
resourced fields.

9 Applied nature of
work in this space may
not hold appeal to
academics across eag
of the disciplines
required.

9 Building interest and
momentum with
faculty to advance

innovations along a

interest and
momentum with
faculty and federal lab
personnel to advance
innovations along a
commercialization
pathway.

1 Early stage capital
availability for proof of
concept and early
stage business
formation and growth.

9 Development of joint
industry-university
USDA research and
cluster development
collaborations,
particularly in Ames.

Sy



stage business
formation and growth
9 Coming end of NSF
funding for the ISU
Center for
Biorerewable
Chemicals

commercialization
pathway

9 Distance between the
AgriTech Accelerator
in Des Moines and the
major academic
research hub in Ames

9 Plant metabolic
engineering pathway
would require
significant investment
in additional faculty
resources

D. Crosgutting Strategies and Actions

Each of the biasence development platforms for lowa are
distinctenough from oneanother to require development
of a series of focused strategies and actispscificto each
platform. Thesare outlines in a separatehase Il
Strategies and Actiongport. There ardowever, several
crossOdzi GAYy3 aidNYGS3aASa GKIFG
preliminarilyidentified in Phase | for consideratiaelevant
to bioscience development overall in the state. These are
discussed in further detail within the main body of this
report, but are summarized briefly as follows:

Strategy One: Establish a Public/Private lowa Bioscience

Development Center

It should be noted that the strategies
listed in the Phase | repoftereinare
preliminary and have been modified
and detailed more specifically in
¢9/ 2y2YeQa S
Gt KFasS LL wSL2N
Strategies and Actions for lowa
Bioscience Development.
Crosscutting and Platform
{LISOAFTAO {GNX GS§

t KFas|

lowaneeds to establisan lowa Bioscience Development Center as a public/private economic
development initiative focused on coordinating eiig assets and strategy implementation and actions

to advance lowa bioscience platforms and overall sector growth. It is recommended that this bring
together existing assets in the lowa Innovation Corporation and other related entities, rather than being
a separate freestanding operatiomRiosciences represent such a significant and specialized suite of
sectors in lowa that futurdevelopmentmandates a wellcoordinated, shared approach across
stakeholders to providstrategy andactionplanimplementaton over the longerm.

Strategy Two: Increase Capital Available for Investment in lowa Bioscience Companies

For a small state (population 3.1 millioigwa is quite
competitive in terms of performance of academic bioscien
R&D and in terms of innovatialas measured using patents
as proxiesy;, although, of course, not in the same league aj
major bioscience states such as California and
Massachusetts Wherelowais far less than competitive is i
venture capital to finance growth of companies based on
2l AYyy20F0A2yad LYONBI a
employment, especially in high paying technology venture
is hampered by a comparative lack of risk capital investmg

¢ particularly investment required to scale an enterprises

Note: The complexityfdhe capital

access situation in lowa is such that IED
has contracted with TEConomy Partner
to perform an additional focused analysi
of the situation and make specific

recommendations in a separate report t(
be completed before the end of 2017.

‘) TEC

Recomnendations made in the current Sy O S
document, therefore, should be
considered preliminary and may be
subject to change.
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post proofof-concept. Speciiactions are needed to increase access to risk capital (especially venture
capital) in lowa.

Strategy Three:Ensure continued legislative support for existing innovation ecosystem development
programs

Investors and entrepreneurs are risk takers, bugtio seek to minimize risks to the extent possible.
One of the key risks that a state should have control over is the stability of its government sponsored
programs and incentives (and control of a predictable and stable regulatory and tax environment fo
commercial enterprise). The State of lowa needs to assure tlwgiggterm commitment is sustaineih
terms of maintaining the programs and incentives in its current economic development portfolio.

Strategy Four:lmprove Connectivity and CollaboratioOpportunities Between Key Stakeholders in
Each of the Focused Bioscience Development Platforms

Interviews and discussions held throughout the program of core competency review and platform
identification provided a consistent theme of a lack of awarermeskconnectivity between key

companies, university research teams and other key stakeholders in lowa. This is related to the need for
standing up the recommended HBDC as an organization that will coordinate activities and
communication across the fubioscience spectrurg but alsoplatform specific committees are needed

that will bring together key platform stakeholders. Each of the platforms has significantly different

sector foci, companies, university research teams and markets associated guthdtthus bringing

these parties together tadentify andcoordinate actions within their specific platforms is critically

important.

E. Conclusion

The overall opportunity for lowa @@gnificant in terms of continuing tiouild momentum and economic
development through focused attention dhe bioscienceslevelopment ecosystem in the statdt is
imperative that lowa be committed tbioscience strategy and action implementation ovéorgterm
time horizonand the time is right to standp a focused@rganizational initiative to coordinate strategic
implementation of current and Hilevelopment recommendationsAs shown in the successful
bioscience initiatives in other regions of the country, thersigmificantpay-off for regional economic
development accomplished throughioscience sector developmepathways, but robust development
within the sectortakes time (often decades) and a letegm, sustained commitment of resourcées
required.

The reader of this Phase | report is specifically refereeithé Phase Il report for further details of
NBEO2YYSYRSR ONR&alOdzidAy3d yR LI IFGF2NY &ALISOATAO
ongoing bioscience development.

"') TEC 7
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|. Introduction

I ® ¢CKS LYLRNIFYyOS 2F . Az2a@entSyoSa (2 L2sgl Qa 9

By any economic measureghe number of companies, economic output and exports, employment, and

averagewagelL 2 6 Qa4 0A230ASyO0Sa AyRdzAGNRARSAE I NBE AYLERNILF Yy

and development. Recestate benchmarking by TEConomy tioe Biotechnology Industry
Organization(BIO)inds that lowa:

1 Has 1,266 biosciences business establishments;

1 A high concentration of employment in the biosciences seici@omparison tahe national
average \yith alocation quotient of 136'); and

1 An average wage of $67,6 78@mpared tothe lowaprivate sector average of $41,964

Moreover, as a sector that is driven by advances in scientific knowledge and research and development
leading to the commercialization of new technologies, the biosciencasirgastrysector that

leverageshe Regents universities (University of lowa, lowa State University, and University of Northern
lowa) for science and engineering workforce talent, reseaottaboration, and technology transfer

B. About this Report and Aalysis

¢CKA&a addzRe o0dzAf RA dzLll2y LINB@A2dza ¢2N)] o6& GKS . FddS
forerunner organization) performed for lowa. The previous work included both a 2004 strategy for

L2gl Q4 0A2a0ASy0Sa as O isequeniGld Sudy2th Msess pragressdince St £ |
2004.

Thispresent analysis and repasteks to answer three questions:

Q¢

1. Whatl NB Legisfirlg @l emergingioscienceesearch core competencies

2. In whichbiosciencesectors is lowa seeing translation of thessearch core competencies into
commercial activity and competitive technologhatforms?

3. What strategies can help lowa capitalize on these opportunitefurther biosciencebased
economic developmerit

Thisreport presents theresults of R&D core compency analysis for biosciences and associated

disciplinesn lowa, and works to identify technologjatformsrepresentingemerging opportunitiegor

lowa technologybased economic development stemmifigNR2 Y ¢ 9/ 2y 2 Yé Qanfluentd f € 4 A a
of competitive researchcommercial activityand lineof-sight to substantial growth markets then

presents strategies based on identified gaps and opporturitiasdraw onbest practices in other

states It should be noted that the bioscience advisory grougheflowa Innovation Council directed
TEConomy to focus on identification and strategies to advance emerging opportunity areas, rather than
strategies to advance existing bioscience strength areas such as plant sciences or biofuels.

lwS3aAz2zytt SO2y2YAada O2yaARSNIF t20FGA2y ljd2dASyd o[ vo
location quotient of 1.0 represents parity with normal national levels.

@ T€C 8
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ll. Bioscience R&D Go€ompetencies in lowa

A. Introduction to Core Competencies

To understand the potential for bioscience developmeniiwa, it is necessary to undertake a rigorous
analysiof existing and emerginigioscience research core competencies found across déise bfR&D
performing organizations in the stafaniversities, national laboratories and industryBy rooting
bioscience development in identifiezstablished and emergingpre competencies, the lowa Economic
Development Authority and its partners imgtwide economic development can leverage existing
clusters of investments in research talent and infrastructure to advance _

associated discoveries and innovations to build fgghwth technology 1 €or e compet en

based sectors for the lowa economy. gg;%";’tiﬁt;‘gsf”féf wership in

Research core competensiare those fields with a established or a core competence
emergingeritical mas®f ongoing activity along with identifiableeasures ~ represents a potentiality that
of excellence. No one single source of information is sufficient to iden IS released when imaginative
research core competencies. Rather, a variety of integrateti hewways OI SfElEnE L
complementar’y anglyse,:s are typically dpployed py TI,ECommiﬂyntify Zo;e\;: ?mg G’; egcr? 2“{; N
'y Ay auA i datrapilly énéergitpzhtiNdaydiareas of focus '

. , . . Hamel and Prahalad,
that may contribute or lead th. 2 & futQre bioscienceectorgrowth. s far e =

Using bothquantitative and qualitatie methods TEConom¥yas developed
a rigorous approach for assessing the core competencies of research instit{igmel).

Figurel: Approach to Identification of R&D Core Competencies and Development Platforms
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Quantitative assessmeptimarilyincludes examination of R&D competencies as identified via analysis of
research publications (resedroutput) andintellectual property generation (patents)rhe publications
analysis uses records contained in the Clarivate Analjtets of Sciend@VoS)Xatabase, with TEConomy
deploying two primary analytical techniques with these data:

1 1)OmniViz Analysis: which uses real tettister analysis to provide unique insight into focus areas
of research activity across tH&,255 publicationin the bioscienceauthored atinstitutions in lowa
(during the period 200 through 201% OmniViz analyzes th#les andabstracts ofresearch
papers allowing for free association based on the use of words and phrases, rather than forcing
clustering based on preselect¢dS & ¢ 2 NRa ¢ ¢CKdzAZ y2 &l LINR2NR €
(unlike analyses of publications, research trends, and reputational rankings for which the research

A~ A s oA

FASER OF(iS3I2NASE I NB LINBRSGSNX¥YAYSR od&teri KS &2 dzND°

analysis involves the following steps
0 Step I Content DevelopmentA data set is developed with sufficient descriptive
content,in this caseublication titles and full abstract text.
0 Step 2 Pattern RecognitionThe analysigenerates clusters whepublicationsactivity
has apparent relationships and produces a series of words to describe and link these cluster
areas.
o0 Step 3 Interpretation and Grouping by Expert Reviewhe identification of key themes

FYR 3INRBdzLIAY3I& G(KI G 0serdadafysis refuids ¥n ekpgriemcady A + A T x

research analyst to read through the cluster items to interpret and explain the types of
technologies and specific activities that are represented.
1 29@ f dzl GA2Yy 2 Fraik2and bhardaypdblt&ididin biasic &rid @pplied academic
fields with relevance to biosciences.

In addition, TEConomy examines the presencagesfgnated research centers and institutesi L 2 6 | Q&
research universitieg serving toidentify where the institutions themselves have chosetfocus
around particular research themes

TEConomy also deployéttellectual property analysisusng USPTO patent data for 20 through 2016

for lowa patent awards and patent applications. The analysisarggpatents with lowa inventors
providingamore accurate measure of invention activity that is generated within the region rather than
all patents held in lowa (which may contdihthat companiesimport¢ as assignees from other

regiong. TEConomy assessgmplications a well as granted patentsince applicationsan be

indicative of emergingnnovative areas for corporate or academic innovatithet have not yet made it
throughthe lengthy USPTO appval process. The analysis of the lowa patenting landscape included
5,565 totalpatent records and demonstrates thdbwa bioscience patenting has exhibited strong
growth from 2010 to 2016vith a237% increase in number of applications and 29% growth in awarded
patents

The complete series of analyses are shown on Thtigether with the ratingsystem used for each
analytical element.

‘) TEC 10



Tablel: Measures Used in Identification and Ranking of R&D Core Competencies in lowa Biosciences

hYyYyA+Al n Clusteranalysis of 17,255 publication ~ XXX=clusters with >500
analysis abstracts 020102016 XX=clusters with 26600
X=clusters with 2899

lowa share of U.S. Used as criterion to decide on whether t XXX >= 1.6% (=run ranknext

publicationsin do rank run Used to see if a field is mor metric below)
Web of Science or less concentrated in lowastitutions
(WoS) versus all disciplines.

L2dél dzy A ¢ WoS ranking of publishing volume in ke XXX=in top 10
rank in WoS on fields/terms Identifies where each lowa XX=rank 1-P5

key terms university ranks versus other U.S. X=rank 240
universitiesin publishing in each set of
key terms.

Patent volume Number of patentand applicationsvith ~ XXX=>500
lowa assigned inventor(s) 202016 in XX=206500
associated patent classes X=50199

University centers Identified from university web sites and XXX=Multiple major centers,

and on-campus interviews The presence of ¢ especially those collaborating

institutes/notable  center or institute typically implies a with industry

programs formal system was used to determine  XX=Multiple centers
competency in order to achieve X=Single center, or department
designation. where interviews highlighted

industry relationships.

lowa company Identified through presence in patent XXX=>10 companies

operations in this  analysis, interviews and otheesources  XX= ELO companies

area Competencies are more likely to lead to X= 14 conpanies

in-state commercialization if there are
companies present in the sector.

lowa university IP  Identified in patent analysisidentifies XX=2 lowa universities with IP
generation in this  whether competency activity is centered X=1 lowa universities with IP
area in one university or multiple.

Under this core competency scoring system, each variable is weighted equally, and the maximum
cumulative scorghat a core competency area may achieve is 20.

6 TEC 11



B. Core Competencies Identified

The analytical steps shown in Figdz@nd the scoring system shown in Tabjeesulted in the
identificationof 29 preliminary researclsore competencies. There is caleiable rangehowever,n

these core competecies in terms of overall score. They range from a high sd@@¥ 2 NJ ¢ ISy SGA O
27T

SYaAySSNAY3 FyR 0A2080Ky2t238¢ (KNP dzaréspectivdly? ¢

Table2 provides an ograll summary of the identifiediosciencecore competencies, divided into three

macro categories: Agricultural and Associated Bioscience; Biomedical Life Sciences, and Crosscutting and

Basic Sciences.

Table2: Scoringof R&D Core Competencies in lowa Bi@nces

Core Agricultural and Associated Biomedical Life Sciences Crosscutting and Basic
Competency Bioscience Sciences
Score
>14 1 Plant sciences (19) 1 Genetic engineering and
9 Animal infectious diseases biotechnology (20)
and veterinary medicine (18) 1 Infectious diseases
1 Biofuels and biobased (microbiology, bacteriology,
chemicals (15) virology) (16)

1 Agriculturd equipment (15)
10to 14 1 Animal and vegetable oils (1]  Audiology (11)
9 Ophthalmology (11)

<10 9 Food products and 1 Medical imaging (9) 1 Drugs angharmaceuticals
additives/ingredients (9) 9 Orthopedics (7) 9
1 Animalnutrition (6) 1 Dentistry (7) 1 Biochemistry (9)
9 Cancer (6) 1 Biological sampling and
1 Medical devices (6) analysis (5)
9 Cardiology (5)
11 Aging (4)

9 Diabetes (4)

9 Neuroscience (4)

9 Perinatology and neonatolog
3

9 Nephrology (2)

9 Pulmonology (2)

9 Cleft Disorders (1)

9 Obesity (1)

In general, it is found that the agriculturedlated core competencies in lowa tend to have strengths on
both the academic and commercial sides, whereas the biomedical core ¢tengs are mordocused
solely in academic R&D (primarily at the University of lowa) and have relatively limited industry
presence. As such, while medical specialties such as audiology and ophthalmology are world class in
terms ofacademidR&D, they stilscore lower than most of the agricultural related competencies, which
each have associated industry and academic R&D and innovations (as measured by patenting) taking
place

C Paths to Bioscience Development: Translating Core Competencies into Teaiyolo
Platforms

lowaQa O 2 NtBnci€3 i Yhebiosciences represent foundational elementsuphich the statecan
build its position and reputation in the global biosciedzssed economyln and of themselves they are
important as areas of distinctive R&lgtivity, but their real utility for technologhased economic
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development is to be found ithe translation of these core competencieso broader Technology
Based Economic Development PlatforfhBED Platform}.

TBED Platformare applicationoriented, strategically chosen areas that offer the potential to realize
significant gains in economic developméort lowa, against domestic and international competition.
They should correspondith a line-of-sight tothe potential development of technologieand
commercial applicationwithin areasonabldimeframe andbe able to addressubstantialand growing
markets. The TEConomy proces®ts TBED Platforms in verified existing and emerging core
competenciesideally (but not exclusivelyyompetencies demnstrating both academic and industrial
R&D presence in the stateThe proceskelps to assure that resulting development strategies build on
demonstrableexisting or emergingn-state strengths and assetsas opposed to simply chasing the
latest technobgy trend in competition with every other national or international location seeking to
achieve economic development. In other words, the TEConomy approach focuses on building
economies around their established and emerging scientific, technologicalbamghercial strengths

and assets in relation to expanding marketgersus simply trying to establish a position in any tech area
that is temporallyohote.

A focus on core competency based TBED Platfaiswsllows identificatiorof strategic actions that
may be deployed tacceleraterelevanttechnology development, foster effective collaboration and
partnerships, raise awareness of thearket opportunitieghey address, and stimulate investment in
R&Dand new business developmernin thelong term, implenentation of TBED PlatforAiocused
approachegan produce sustainable competitiveness for ftegte by: stimulating innovationbuilding
upon a proven base of capiities, andworking to overcomdarriers toongoing innovatiorandthe
commercialization oinnovations by new or existing lowa enterprise.

Identification ofTBED Platformequires the consideration of several criteria:

1 Opportunities drawing upon multiple core competencies and organizatiolstechnology
platform should address market opporttigs thatdirectly Ink to, or leveragegore competencies
andideally have relevance to commercialization bysiate organizations. The goal is to develop
Platforms that leverage a fertile base of R&D programs in the state andwtilisciplinary, cros
cutting, andpresent opportunities for collaborationsather thanjust being astandalong single
discipline research strength

1 Presence of existing or emerging industry connectiods TBED Platforshould aligracademic and
other institutional reseach strengths witteither established or emergirigcal industrieg creating
newlinkages and strengthening existing connections.

1 Opportunity for external funding. A TBED Platforishould relate to pressing issuesedsor
opportunities(which helpsattractongoingexternal R&D funding) and have a linésight to a
sizeable and growing market for likely products and/or services.

9 Limited competition from other states or regionsideally a TBED platformill benefit from
identified competitiveadvantage such as geography, market basgpertise andacit knowledge
base, exclusiveesources, signature infrastructurer, favorablepolicies. Taken together, these
assets should collectively form a competitive advantage for an agglomeration of core conipstenc
to rise to the stature of a TBED Platform.

D. Translation of Core Competencies into Platforms for Consideration and Review by the
Project Advisory Committee

lowa has been focused on developing its biosciemded SR SO02y2Ye& aAyoOm,m GKS SI NI
combination with thegrowth of the bioscience research enterprise at the University of lowa and lowa
Stateq and the emphasis placed on funding of bioscience R&D at a federag leaslresulted in a
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significant base oéstablished and emergingprecompetencies iowa. As noted abovéhe research
performed for this projectdentified 20established or emerginioscience core competencies, of
varying levels of robustness, that may be considered in deliberations for potential TBED Platforms.

Theinitial, first-pass assessment of opportunities suggested that the following seven platforms be
presented for further consideration and review by the project adwismmmittee (Figure )2

Figure2: Preliminary Development Platforms Presented to Advisory Coittee

Agricultural and Associated Bioscience Core Competencies

Animal Livestock

Biofuels & Food Products

Infectious Biobased Agricultural Breeding & Animal & Animal
Diseases & Chemicals Equipment Animal vegetable Oils
Vet Med Husbandry

& Additives/

Ingredients NI

Genetic
Engineering & o
Biotechnology Oils from AP:'ieCCLIJTtISPe
Agriculture Te%hnologies
Infectious Biofuels & Livestock

Diseases Improve-
ment &

Nutrition

Biobased
Chemicals

Drugs and
Pharma

ahyS | SINfGKE .
Infectious Med_lcal
Diseases Devices

Biochemistry

] ] Personalized
Biological | Genomic

Sampling and Medicine
Analysis

A
( |
. i . . Medical .
AUdIOIOQy ?TEJOI]tOhga)/L l'\:lneadg"l:nagl Orthopedlcs CardIO|Ogy
. . . Perinatology & - .
Neonat0|ogy Nephr0|ogy Pu'monOIOQy S

Biomedical Life Sciences Core Competencies

Crosscutting & Basic Science Core Competencies

Specifically, th@reliminary TBED Platforms comprised those shown on Table 3:
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Table3: First Round of Potential Bioscience Platforms for lowa as Presented to Advisory Committee for Review

Potential Description Rationale
Platform
GhyS | S|[¢KS G4SNY ahysS 1S Large and broad clusters of R&D publishing
Infectious multi-sectoral and collaborative identified for infectious diseases and associat
Diseases approach by those in human microbiology across multiple lowa universities
medicine, veterinary medicine and USDA National Animal Disease Rese@efter
other areas of life science to located in Ames.
improving health and welbeing at L _
the intersection of humans, animals EX|st_|ng, and rec_ently growing, cluster Of.
andthe environment. One Health vaccine companies (particularly focused in
Infectious Diseasesarrows the animal health) located at ISU Research Park.
focus to leveragingapabilities in Combination of expertise at the University of
multi-disciplinary microbiological lowa in human infectious diseases, lowa Stat
disciplines, animal and human Universiy in veterinary infectious diseases, arn
infectious disease expertise, and at both institutions in relevant basic and
associated skills in diagnostics, applied sciences, including microbiology,
therapeutics and vaccine R&D genomics.
develop unique and holistic Key terms analysis shows lowa State Univers
approaches to combatting infectious ranked By F GA2yFffeé& Ay al
diseases. Diseases and Vaccinesafhaceuticals and
5AF3y2a0A03ad¢
Base of relevant patenting activity in lowa.
Biofuels and The termdbiobased product refers An established, existing base of operating
Biobased to products wholly or partly derived biofuels companies leveraging the intensive
Chemicals from biomass. Using physical, biomass productin capabilities of lowa
chemical omiological process agriculture. This base comprisasporate
technologies biomass may be facilitiesproducing firstgeneration ethanol and
converted into fuels and a variety of biodiesel fuels, together with a more limited
commodity and specialty chemicals base of investments in integrated biorefinerie
polymersand materials. and advanced lignocellulosic biomass
lowa has built an early leadership procesing.
position, particularly in first A robust base of intellectual capital and
generation liquid biofuels physical infrastructure invested at lowa
development and production. research universities, especially at lowa State
Institutions in thestate also have University. Expertishere spans multiple
significant intellectual and physical relevant disciplines rangiracrossplant
assets dedicated to advancing next transformation, bioprocess engineeg, and
generation biofuels anthe chemical engineering using catalytic, thermal
advancement obiobasedchemicals. and bieconversion technologies.
Operation of a NSF Engineering Research
Center (ERC) at lowa State focused on
advanced manufacturing for sustainable
biobased chemicals. The Center for
Biorenewable Chernals (CBiRC) was founded
in 2008.
Oils from Plant oils (and to a lesser extent, Publications cluster analysis showed
Agriculture animal oils) have widespread uses 3 AAIAYAFTAOLyGte aal SR
food and feed ingredients and as 20KSNJ LIX Fyd 2Aftaég |y
liquid fuels and specialty chemicals. and lipids
15
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Increasingly, they are also being
investigated for futher use in
replacing various chemicals derived
from petrochemical sources.

Current and emerging technologies |
plant transformation, such as
metabolic engineering, present
opportunities to modify the
expression and characteristics of oil¢
within plantsto enable further
development of thebiobased
economy and increase the value of (
producing agricultural crops

Key terms analysis féowa State University
shows the universityto rank F'in the nation in
Lldzof AAKAY3I AY al yAYl
ISU has focused expertise and facilities for pl
transformation work using plant transgenics,
and the Crop Bioengeering Consortium at ISU
is focusing work in CRISBRRS gene editing.

Over 80 patentsre held by lowa organizationg
in plant and animal oils, including patenting by
industry and the Regents universities.

Precision
Agriculture
Technologies

Precision agculture seeks to increas
farm productivity and efficiency
based on observing, measuring and
responding to inter and intrdield
variability in biotic and abiotic
conditions and the expressed spatia
variation in the growth and health of
crops.

It is inheently multi-disciplinary,
incorporating biological sciences,
physical sciences, engineering and
computer and data sciences.

lowa contains a significant number of large,
midsize and small companies engaged in the
production of agricultural equipment and
as®ciated systems for which precision
agriculture technologies may be applied.

Over 800 patents in lowaereidentified for

a lriéiltural machinery and planting
LINEPOSaasSac o

lowa State Universitis rankedirst in the

nation for Agricultural Bgineering pubkhing
output. The ISU Department of Agricultural a
Biosystems Engineering has two groups with
focused work relevant to precision agriculture
in the Advanced Machinery Engineering and
Manufacturing Systems group and in Biologic
Systems Engineering.

Beyond agricultural engineering, multiple ISU
departments, research groups and individual
researchers are engaged in the development
relevant cybeiphysical systems comprising, fg
example, on plant field sensors, field
phenotyping, computer vision systenand
other novel technologies.

Diverse aademic capabilities in data analytics
sensors and materials scienctatistical
analysis, andlata visualization in combination
with plant sciencexpertiseand a robust
network of field stations, provides ISUthvi
opportunities to grow in this area of
technological development.

Livestock
Improvement
and Nutrition

Livestock represert3% of the total
value of all agricultural production in
the state. The scale of production is
impressive with, for example, 22.4
million hogs (rankedslin the US) 52
million layers, 11.7 million turkeys
and 3.9 million cattle and calves.

lowa State University ranks first among U.S.
universities irpublishing in the area of livestoc
breeding, and has strong programs in animal
science.

The state contains a significant cluster of
industry engaged in livestock nutrition and

‘) TEC

16



Improving reproduction rates, meat
yield, nutrition use efficiency, and
livestock health each have importan
impacts on the bottom line
profitability of this important
component of lowa agriculture.

Modern sciences provide multiple
pathways to improving livestock
breeds, their rations and feed
conversion efficiencg among other
areas.

livestock health and animal husbandry
products.

Over 150 patents held in lowalatingto the

LI 6Syid Oflaa 2F alya
YFEylF3SYSyideo

Technological capabilities highlighted for
precision agriculture have potential applicatio
for livestock production processes.

Medical
Devices

The term Medical Devices covers a
wide rangeof health or medical
instruments used in the treatment,
mitigation, diagnosis or prevention o
a disease or abnormal physical
condition.

In the U.S., medical devices are
dividedby the FDAnto three classes
(according to risk)

1 Class | deviceme low ri&k and
subject to the least regulatory
control, and inclué products
such as bandagedentalfloss
examinationgloves etc.

1 Class Il devices are subject to a
higher level of regulatory control
Examples include contact lense
diagnostic instruments (sucs
ultrasounds), syringes, etc.

9 Class lll devices are subject to
highest level of control as they
typically involve life sustaining
devices or devices that have the
ability to cause harm. Exampleg
include replacement heart
valves, pacemakers, deepaim
stimulation devicesetc.

Compared to pharmaceuticals, the
pathway to market is typically shorte
for most medical devices.

Over 370 patents identified with lowa invers
assigned in medical deviceslated patent
classes.

Small, but not insignificangroup of medical
device companies located in lowa.

Potential pathway to the development of
multiple forms of medical devices (diagnostic,
prosthetic, surgical or therapeutic devices) in
areas of medical research and clinical
excellence at the Universityf lowac for
example in Audiology (ranked3n the nation)
Ophthalmology (ranked™ and Orthopedics
(17" in terms of publishing volume.

This is an emerging area of emphasis for the
University of lowa and lowa City, with
prototyping labsand associatd supporting
infrastructurein development.

L26FQa NBEIFGABS LINBE
cluster in Minneapolis St. Paul may carry
advantages in terms of partnerships,
commercialization, talent and capital access.

Personalized/
Genomic
Medicine

Persoralized medicine, also termed
precision medicinencorporates
medicalanalytics and processes that
helptailor medical decisions,
practices, interventions and/or
products to the individual patient
based on their predicted response o
risk of disease.

Approaches to cutting costs and delivering
healthcare more precisely and efficiently in
lowa are economically beneficial.

The statewide scope of the University of bow
Health System provides data and access to
patients within an integrated system. The
University of lowa Health Alliance (UIHA)
includes 20 hospitals and more than 1,900
physicians.

‘)TGC
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Per®nalized medicine shows promis
for increasing the efficacy of medica
treatments and for reducing side
effects and negative impacts from
medical treatment. Giving the perso
the right drug, at the right dose at th¢
right time based on analysis of
individual characteristics such as
genome, allergies, metabolism, prior
medical history, etc. has multiple
advantages.

Personalized medicine may also hay
cost control benefits, by avoiding
costly triatand-error approaches to
treatment ¢ curtailing expenses madi
on the wrong treatment and the
personal costs involved in delayed
appropriate treatment.

The lowa Institute of Human Genetics (IIHG)
dedicated to promoting dhical care, research
and education focused on the medical and
scientific significance of variation in the huma
genome. The IIHG is a statewide resource for
understanding the extent and meaning of
human DNA sequence variations.

Expertise at the U of | indpharmaceuticals
production, formulation and developmethias
potential for application tahe science of
personalized drug formulations and dosing.

An expanding program in genetic counseling
U of | provides the ability to rebut genomic
medicine at sale within the state.

Each of these potential platforms was discussed in detail with the project Advisory Committee,
comprising discussion of:

il
il
il

T

Platform related core competencies atitk currentlowa research environment

Innovation and corporate presende lowa relating to the platform

Identified platform strengths, weaknesses, opportunities and threats

Future projections for marketize and growth trajectory.

Thecommittee discussion anetview of the potential platformsought to narrow focus to those

platforms holding the most promise for lowa economic development AND most likely to benefit from

state programs, industryuniversity partnerships and other sector stimulating activity that a strategy
and action plan could positively influenceSpecific #ention was paid to discussion of the strengths
and weaknesses of lowa assets in these platforms, and particularly toflgight to significantangible
product andmarket opportunities rooted in lowa competitive advantag€onsideration was also [hi
to the fact that advancing seven separate TBED Platforms would be too much of diftegavgn
present resources in lowa, and that a more refined focus on fewer platforms would enable more
effective and detailed strategies and actions to be deployethose platforms with the best chance of

engendering positive economic growth in the state.

Based on this review, the bioscience TBED Platforms for lowa were narrowed to:

‘) TEC
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Platform 1:MEDICAL DEVICES
Platform 2:BIOBASERBHEMICALS
Platform 3:PRECISION ANDGITAL Chemicals

Biobased

AGRICULTURE Agriculture

q Platform 4:VACCINESND Recommended

IMMUNOTHERAPEUTICS TBED
Platforms
While theseplatforms do notincorporate :
each and every promising opgonity in Vaccines &

the biosciencesvithin lowa they do immuno:

represent thefocusedareas wherdowa is
considered (by TEConomy aneth
Advisory Committee) to hawbe greatest

therapeutics

Precision &

likelihood of achieving differentiatedleadership position based on research strengédstablished or

emerging industry activitymarketpotential, andother competitive advantage factars
Each of these platfms is profiled irChapter 11l

“iTEICONOI\/lY
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l1l. Recommended®iosciencd’latformsfor lowa

Platform 1: Meital Devices

A. Description

Healthcare currently represents 8y  LISNOSy (i 2 F (%Kafd ig afdniiabdRverdfdi 4§ S&aQ D5
bioscience R&D and commericétivity. Within the broad healthcare segment of U.S. biosciences,

medical devices represent an attractive, significant and growing market ($171.8%jhidgth lower

barriers to entry and faster timelines to market than pharmaceuticals.

Medical devces and diagnostics encompass all software, instruments, and devices that are used in the
diagnosis, prevention, treatmepand monitoring of patientsAs shown in the examples on Fig@e

medical devices can include products that go inside the bodyi\{@) or are used externally, or never

touch the body at all (ex vivo). Medical devices can be either durable (such as an orthopedic implant or
a defibrillator) or nordurable and disposable (such as temporary stents or examination gloves).

Figure3: Exanples of Invivo and Exvivo Medical Devices

ExVivo:Durable Medical In Vivo: TherapeutiDurable

Devicesand Technologies et Devices
A Defibrillators * A Orthopedic implants
A Ventilators A Pacemakers

A Infant incubators A Vvalves
A Electrocardiographs A Implantable electronics
A Ultrasound devices A stents

A Aesthetic implants
A Lensimplants
A Dentalimplants

In Vivo: Therapeutic Temporar
A Drugdelivery devices

A Tissue scaffolds

A Embolization patrticles

A Wound closures

A Imaging Equipment

A Operating roommonitors
A Assistivadevices

A CPAPVachines

A Surgicatrays

Ex Vivo: Disposable A Suraical mesh
HealthcareProducts A Cor?tact lenses

A Surgical gloves

A Fluid bags In Vivo: Procedural/Disposabl
A Tubing A Surgicalnstruments

A Adhesivepatches A Angiographyballoons

A Packaging A cCatheters

A Incontinencewear A Medical tubing

A Bandages A Syringes

2Sean P. Keehan, Devin A. Stalehn A. PoisaBigi A. Cuckler, Area M. Sisko, Sheila D. Smith, Andrew J.

al RA&a2ys /KNRAGAI Y Wo atbrdafHSalth BXdgendie RiSjedionsa2@26 Plice 2 y A (i1 ® a
Increases, ging Push Sector To P@rcent & Economyb #Health Affirs.February 2017

3 Gerald Donahoand Guy Ki#l ¢Estiméates of Medical Device Spending in the United Stafes Wdzy' S Hnamp ®
Accessed online altittps://www.advamed.org/sites/default/files/resource®94_ 100515 guy_king__

report_2015_final.pdf
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According to BCC Research, the global market for medical dewvidéschnologiesvas $483.5 billion in
2016, witha robustanticipated CAGR of 5.68% $634.5 billion by 202Eeveral factors are driving
stronggrowth, including ging populations with longer life expectancies, the need to manage chronic
diseases like diabetes and cardiovascular disease, and increasing health caragpgretnerging
market countries (especially the Ad®acific [China and Indiebut also the Middle East, South America,
and other regions with rising incomeBecause of these trendgrowth in market demand is likely to
be sustained into the foreseeable future.

Looking more narrowly activity inmed techstartups and VGhere is continued growth in new

business startupsSilicon Valley Bank (SVB) estimates 511 medical device deals attracted $3.9 billion in
venture capial investment in 2016. The top subsectors of the startup maide2016 were Neuro,
Respiratory, Cardiovasiar, and Orthopedidevices According to SVB, tlegrongestcurrent market

demand is for coseffective devices that are neimvasive and integrate smart technologies. These

include technologies (e.g., wearable technologies) that share data with patiadthospitals, use data
analytics to improve patient outcomes and reduce healthcare costs, and leverage big data to improve
diagnosis.As such, these are technologies that require the integration of knowledge from multiple
disciplines and technology donmsto realize product development.

B. Connectivity tolowa Core Competencies

Figured illustrates the connectivity between multiplewa established or emergirmpre competencies
and the Medical Devices platform:

Figure4: Medical Devices Platformy Conrectivity to Identified Core Competencies

Agricultural and Associated Bioscience Core Competencies

. . Recommended

rugs an

Pharma TBED
Platforms

Biological
Sampling and
Analysis /

Ophthar Mediczi
niology Iraging

Medical
Devices

Medical \\
Cancer Cardioingy

Nephrology Pulmonology Obesity

Crosscutting & Basic Science Core Competencies

Audiology Orthiopedics Dentistry

Perinatology &

Diabetes Neuroscience
Neonatology

Biomedical Life Sciences Core Competencies
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Almost every one of the identified biomedical life sciences core competencies hapettial for
research and innovation development relevant to medical devices. Hablews just a partial listing of
medicd device examplepotentiallyassociated with individual biomedical core competencies.

Table4: lowa Biomedical Core Competencies and Example Types of Medical Devices Associated with the
Specialty

lowa Biomedical
Core

Core
Competency

Selected Eamples of Associated Medical Devices

Competency

Strength Audiology Hearing Aids- Measurement/Testing DevicesOtoscopa ¢ Audiometersg

(11) Impedance Analyzers Hearing Aid Analyzers Cochlear Implantg Bone
Anchored Hearing Aids (BAHA) Implants

Strength Ophthalmology | Contact Lenses Corneal Implantg Surgical and Implantation Instrumengs

(11) Surgical LasersRetinal Implantg Scleral Implants- Stentsg Examination
and Diagnostic InstrumentsProsthetics

Strength (9) | Medical Imaging| MRIs¢ CTScannerg PET ScannegsX-ray Equipment, Ultrasound Devices
¢ Image Processing/IT SystemBndoscopeg Contrasts Agent Delivery
Systems

Strength (7) | Orthopedics Screws and Fixation DevicePRlatesc Spacers, Surgical Instruments Joint
Replacemengystemg Bone Cement Bone Substituteg Soft Tissue
Repair Matrices

Strength (7) | Dentistry Dental Materials (Amalgam, Cements, etcDental Implants; Crowns and
Bridges; Denturesg Surgical/Dental InstrumentsWound Dressings and
Closureg; Cannlae and Syringes

Strength (6) | Cancer Focused Radiation Device$lltrasound Therapy Deviced-luid Filtration
Devices; Biopsy Toolg Surgical Instruments Ablation Devicesg Infusion
Devices

Opportunity | Cardiology Artificial Valves; VentricularAssist Devices Pacemakersg Implantable

(5) Cardioverter Efibrillators ¢ Stents¢ Cathetersc Guidewires; Closure
Devices; Wireless Monitorg, Surgical Instruments

Opportunity | Aging Assistive DevicesHomecare DevicesCatheters; Adult Sanitary Rxducts

@) ¢ Personal/Wireless Monitors Wound Care Devices

Opportunity | Diabetes Insulin Pumpsg Insulin Pens/Injectorg Glucose Meters, Infusion Sets,

@) Continuous Glucose Sensarbleuropathy Detection and Monitoring
Devices

Opportunity | Neurosaénce VentricularNeedles and Avils¢ Neurostimulatorsc Aneurysmdips ¢ Blood

@) Clot Rtrieversc Deep Brain tBnulators ¢ Brain Tumor Treatment Devices

Opportunity | Perinatology/ Catheters; Surgical Instruments Suction and Airway Cleag Devices,

©) Neonatology Incubatorsg Heatersg Ventilation Assist DevicesCosmetic/Reconstructive
Surgery DevicesResuscitation Equipment

Opportunity | Nephrology Dialysis Machines Wearable and Implantable Renal Assist Devices

@) Surgical Instruments Hemofiters

Opportunity | Pulmonology Tracheobronchial and Airway Stemt3hermoplasty SystemsPulmonary

@) Balloon Dilatorg Biopsy/Brush Cytology Toa]#Aspiration Needles and
Deviceg; Ventilators¢ Bronchoscopy Devices

Opportunity | Obesity GastricBandg; Electrical Stimulation System$5astric Balloon Systems

@) Gastric Emptying Systems

“"i TEC
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Having such a broad variety of areas with potential to engage in medical device innovation suggests that
the strategy for lowaneeds to bdocused on programs, deities and support mechanisms that are

flexible to supporting development across multiple technology and product tymesther than being

specific device niche focused (such as only orthopedic implants, or neurostimulation devicesT ledt.)

said, thee are areas within the University of lowa that are strengths and already demonstrating work in
devices, including ophthalmology, medical imaging, audiology, etc. that are most likely to generate
innovation inputs.

C. Strengths

In lowa, technology developent and startupactivity (as one commercialization stratefyys occurring

aroundthe convergence of University of lowa biomedical reseapgrialtiesand University Hospital

Ot AYAOLt LINF OGAOSd !'LQa yI GA2Y brishpeemdBe@addy Al SR a i N
scientific journals from 2012016, include: audiology '3, ophthalmology (9), biomedical imagingf

the lung (16", dentistry (16, and orthopedics (17, for example, provide opportunities to leverage

research and clinical egllence for the desigrtesting and developmerdf novel and improved devices.

A small stardup culture around medical devices (using the broadest sense of the term) exists around the
University of lowa, witlstartupsbased on technology originally devpkd at Ul incluihg:

1 Medical DevicelDxis an lowa Citpased medical device company pioneering technologies in
image based computer (aided) diagnosis, particularly focused on using imaging of the eye for
clinical diagnostic purposes. IDx has experiersiguificant success in raiding funds, already
KFa | LIINRPGSR LINRPRAzZOGA AY dzAS GAGKAY 9dz2NRLIS 61ty
technological leadership has been recognized with membership itBileWatson Medical
Imaging Collaborative, whichdludes 24 healthcare leaders worldwide.

1 Medical DevicelotaMotion is a medical device company developing hearing assistive
technologiesased upon a robotic system for cochlear implantation that has receive@ih S
Phase | award.

1 Medical DeviceVoxelloisfocused on assistive communications technology for hospitalized
patients who cannot speakThe company hagceived 510(k) FDA clearance and has raised
$1.3 million in grarg and private equity investment. It is currenplyrsuing $5MVCround.

1 Medicd DeviceCorvidaMedicalis developing closed system transfer devices for safedliag
of hazardous drugs (for example, drugs used in chemotherapy).

1 Medical MaterialsNanoMedtrixis using nanoparticle technology as the basis ofagineered
platform used in a variety of biomedical applicatioms.cancer, for example, the company is
developingmaterial designed to target solid tumors such as: bladder, colorectal and neural
tumors. The materialalsohave applications in medical imaging as a contrashaige

1 Medical MaterialsCartilagen has a platform technology called &@&co, which is a biomaterial
for drug and cell delivery for orthopedic applications.

91 DiagnosticAmaging Vida Diagnosticés a pulmonay imaging and software compamghich
recently rased a $5 million Series B round.

1 Research Toolémmortagenis seeking to personalize cancer treatment through clinical
decision support algorithms

Analyzing VetureNet data forall lowa startups it is evident th&#2% are in the med tech/life sciences
sector. The source of underlying intellectual property for these comparigsarily comes from the
Regents universitie@n contrast to the ag tech and advanced manufacturing startups whose underlying

4 Licensing to existing companies would be anott@nmercialization strategy.
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source of IP is primarily the private sedtdt shodd be noted that not all med tech and life sciences
startups in the state apply for lowa Innovation Program funding and, therefore, are not captured by the
VentureNet date’. For example, NewLink Genetics, a startup immuonoology biopharmaceutical
companythat went public in 2011, did not apply faswa Innovation Program fundir{@lthough the
company did receive IEDA funding through traditional financial assistance programs).

Med techl/life sciences startup companjésterviewed by TEConomigentified URa DI LJ Cdzy RAy 3 ¢
G2 PTpY0 FYR GSOK (NIXya¥TSNI 2FFAOS |adaAraildlyOSzs L2g
/| 2YYSNODALFE wStS@FyOS yYyR bPmnnY 5SY2yaiaNrGA2y 21y
LY@SadG2N) ¢ E / NBRA GIZZ FyaR ILE2f6 | 608 yindb 5LJ2¢f 1 AEO NV NS REAdzLILIZ N
ecosystem.

The University ofdwa and the lowa City region hairevested in business incubator operations suited to
the development of biomedical business ventures. Three primary locations exist:

1 MERis acollaboration betweernhe University of lowgthe John Pappajohn Entrepreneurship
Center JPELat U] and lowa City Community Area Development (ICYAD)le MERGE iavailable
to entrepreneurs and startups developing a wide range of products andces the space
specificallyhouses Protostudios, a biomedical and electronics prototyping hub to support smal
businesses and train studentsIERGBpened in earhi2017 and is located on thgedestrianmall in
downtown lowa CitylEDA provided a $1.5 hion grant to MERGE through the Strategic
Infrastructure Program to purchase 3D modeling software, hardware and electronics equipment.

1 TheTranslational Research Incubat¢fRI) athe University of lowdslocated on the west side
medical campus. TRIasincubatorandaccelerator specifically targeted towadgvelopment of
innovationbased biomedical or lifscience startup companies. Ventures are expected to graduate
within one year

1 The BioVentures Centas located on the University of lowa Researark and facilitates the
incubation of early stage life science ventures with wet lab, drydfilze facilities and shared user
facilities. Alsolocated at the Research Park is fhechnology Innovation Centerhich, relevant to
some categories of meditdevicesprovides office space to engineering and technotbgged
ventures.

Taken together, the above represent a good base of facilities for development eliptanedical device

and med tech companiesThey build upon an additional asset in tHeHCa a SRA Ol f  Lhgpa (G NHzY Sy (i
which has been engaged jimototype design and buildut services for device concept$he Medical

Instruments Shop is noted by the university to |tk technical capacity to create many types of

modern medical devices (e #ose that involve nommetallic materials, have complex shapes and are
miniaturized). MERGE will provide the next level of prototyping and development capabilities necessary

to take the Medical Instrument Shops work to the next level.

L2gl Q& Ndnityltalitte Mé&dicdldidRice cluster in Minneapolis St. Paul alsycarry advantages
in terms of partnerships, commercialization, talent and capital access.

It should be noted that, particularly in lowa City, thésea smalbut not insignificant starup culture
that has emerged around biomedical therapeutic produris addition to medical devices. There ig
obviously complementarity in biopharmad medical device markets serveghd a potential

5 lowa provides up to $25,000 for Proof of Commercial Relevande$100,000 for Demonstration for startups

that are prerevenue. Aequired step in applying for vea Innovation Program fundirig to haveVentureNetmeet

withalJLXX AOFyida FyR 2NHIYAT S F20dza 3INRdzZLJA (G2 LINRPDARS (SOK)
plan.
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intersection between the two areas in terms of drugidety devices and materials, diagnostics
technologiesand hybrid drug/device producffor exampledrug eluting implants Several
biopharmaceutical companies are in development at the University of lowa Research Park, wit
examples including:

1 Emmyon whichdiscovers and develops small molecule compoudmprove muscle mass,
strength, exercise and metabolism.

1 InnoBiopharma which isa startup biotech company focusing developing nexgeneration
anticancer drugs based on naturally occurring anticacoenpounds.

1 KemPharm, Inds an early phase biopharmaceutical company focused on the discovery
development of therapies for the treatment of Attention Deficit/Hyperactivity Disorder
(ADHD), pain, and cardiovascular disease.

9 Viewpoint Molecular Targetig, a company developing pharmaceutical drugs for therapy
diagnostic imaging of cancer, which has been awarded $4 million in SBIR funding.

D. Weaknesses

Three weaknessagpresent the principle identifiedhallenges fom medical deviceplatformin lowa
CANBGEZ L26FQ& SEAAGAY3I AYyRdzZAGNE o648 F2NJ YSRAOI ¢
relatively smallFrom an innovation perspective, this is a challenge strmesents limitations of the

number of existingtartup entrepraneurs and founding teamsith experience growing companies in

the sector In addition,lowa lacks larger existing medical device and med tealpanieswhich might

serve as potential advisors, mentors, connectors, investors, customers, and exits fop stampanies.

As noted above, however, comparative proximity to the strong device cluster in Minnesota may help
mitigate this challenge.

Secondly, there are fewer lowa angels and VC investors investing irseayéymed tech/life sciences
companies compad to IT and ag techlowa med tech/life sciences startups interviewed by TEConomy
noted that there is a significant gatygically in the$150K to $1 milliofunding rang¢ faced by pre
revenue startups after Ul Gap funding and lowa Innovation Progradirig.Most lowa angels laaked
tech/life scienceslomain expertise, sarereluctant to invest In addition, there aréew lowa seed

funds or Seried or B VC funds focused on med téith sciences

Thirdly, tech transfer and spiout activity from Uland the University Hospitals is hampered by the
dzy A @SNEAGeQa NBflGAGSte avlftf 0A2YSRAOFIET SyaiaySSN
News & WorldReport ranksJniversity of lowa:

1 639(ISU is also tied for 6% for computer science

1 56" for biomedical engineering

1 65" for mechanical engineering

1 70" for computer engineering

The small number of graduates from these programs is also a problem:

9 Ul produced 17 Masters and P#é&vel computer science and informatics graduates (hagk
150" for number of graduates) in 2015. By contrabe University of Illinois a&€hampagne
Urbana produced 167 computer science Masters and-leliél graduates.

5 All startups that are basedpon commercializing more capitaitensive technologigsvith technical/regulatory
risk in addition to businesssk and a longer time frame to exface similar capital challenges.
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f Ul produced31 Masters and Phizvel bioinformatics and biostatistics graduates (rank® f2f
number of graduates). University of Minnesota, Twin Cities produced 51 Masters aA@wiD
bioinformatics, biostatistics, and computation biology graduates.

E. Opportunities

Key opportunities are shaped by the existsige andorojectedgrowth in the marlet for medical
devicesand associated technologies. With the sector sizef488.5 billiongloballyin 2016nd
anticipated to grow to $634.5 billion by 2021, even capture of a relatively minor share of the market
would result in substantial economic beits.

lowa has generated a small number of medical device and materialsuptaxmpanies and has the
potential to do more. As noted in a recent private memo from Ul to the IEDA, the Ul has the
fundamental strengths in areas such as surgery to enablelm®wrice development work. What it has
lacked has been a culture of medical entrepreneurship and the associated support structures required
for device development in terms of ideation, prototype development, testing, regulatory affairs, etc. Ul
notes the growth that Minnesota has experienced:

.SAAYYAYT AY (GKS ™ dpnuentdrs, ényiriRercandkatreprendurs draedNH S 2 v
development and commercialization of innovative medical devices that transformed patient care
around the world and turned Miresota into a global powerhouse in the Medtech field. The
AYLI OG 2y GKSANI adl GSQa S aecy eiviganies amplbying dvardS g A i
125,000 workers and generating > $14 Billion in annual economic activity within the State of
Minnesota
Wil K adzNBSNE |4 GKS NR20G 2F aAyySazidl Qa &adz00Saax
note that:
Currently Ul Healthcare surgical departments are by all objective measures higher performing
units than their peer departments at the Univéysif Minnesota. Yet, the economic
development impact of our work is a fraction of 1% of that of our colleagues in Minnesota.
¢tKSNBE A& y2 NBlLazy (G2 0StAS@GS GKIG L26l Qa adz2NEHS2Yy
health center and acrasinto the university at large, should be any less creative or inventive than
colleagues elsewhere. What has been lacking has been a culture and associated support mechanisms to
enable and encourage device innovation. This though is changing, and anunipds presented to
build-upon nascent interest, and investment in prototyping and incubation facilities in lowa City, to
make a concerted push on sector development. With a small number of relevanuptatnderway,
there now exist some entreprenesiwith experience to buildipon.

Proximity to Minnesota also presents an opportunity to access the skills, experience base, capital,
supporting professional services and other capabilities of the Minneapolis/St. Paul metro area to benefit
lowa.

F. Threats

CKNBFdGa 2 L2gl Qa Y SwuldicnizKrent ahyikifd ae@iimsnfideSistingl OG0 A OA G &
state policies and prograntkat support research commercialization and innovation activity. For

example, a recent call to cut $8 million from each &g university on top of existing budget cuts

would significantly reduce funding for tech transfer operations, commercialization grants (known as Gap
CdzyRa&0I IyR 20KSNJ S02y2YAO RS@YSt 2SSyl I OUABAGASE
Investor Bx Credit have also come under review. These cuts, if enacted, would signal a withdrawal of
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startup activity in the state.

Another threat relates to the lonterm development horizon for regulated medical devices. While not

as long as typically experienced in biopharmaceuticals, the medical device realm still requires significant
patience and a sticto-it attitude. Implementation of strategies for advancitig sector requires that a
long-term perspective be adopted, which is not always in alignment with political needs to show results.

G. Platform Summary

Table5: Medical Devices Platform Summary

Status I Emerging R&D (core competency in research omgdrio build industry)
Yy Emerging R&D Plus (R&D core competency and small base of industry)

I Established GrowtfR&D and significant base of industry with expansion potential

Business starup Strong potential given multiple device relatelihical R&D strength areas at Ul. RealiZ
potential potential depends on creating and facilitating a stapt culture with financing to
advance concepts and facilities to accommodate prototyping and business develop

Business expansion Moderate & the present time because there is just a small base of device companie

potential most of these are in early business development phases.

Business attraction | Challenging environment for business attraction given the much larger and well
potential establisheddevice clusters in other U.S. locations.

Academic R&D Good potential given funding agency priorities for translational research in biomediq
growth potential sciences, but potentially restrained by current federal budget allocations.

lowa competitive Emerging only. There is an insufficient base of R&D and business development ac
situation L2¢gl Ay GKA& aLIF OS (2 06S a2y GKS NI RI
gravity exist in the industrgutside of lowahat have potential taattract away successfu
lowa startupsc although the proximity of lowa to Minnesota may mitigate this

somewhat.
Key barriers to 9 Building interest and momentum with faculty to advance innovations along a
overcome commercialization pathway

1 Early stage cafzl availability for proof of concend earlystage business
formation and growth

1 Relative lack of experienced medical device business entrepreneurs and exper
start-up management

H. Recommendations

Primary crosscutting recommendations for biesaie cluster development in lowa are profiled in
Chapter IV. Under the recommended niwa Bioscience Development Centiris recommended
that each platform has an individual segbmmittee focused on platform advancemenSome
considerations for the Mdical Device Platform would include:

1 Support development of a culture of innovation within medical and associated disciplines likely
to relate to medical device development at the University of lowa. Canvas surgical and other
departments across the Ul Highcare enterprise to identify physicians with an interest in
innovation activity. Focus on mentoring those with interest through connectivity with existing
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lowa medical sector entrepreneurs aatsothrough creation of linkages with Minnesebased
andWisconsiAbasedmedical device entrepreneurs

1 Integrate the MERGHEhe UlMedical Instruments Shop and other engineering and prototyping

services across U to provide afsdirve prototyping operation to facilitate advancing
innovations to the proobf-concept phase and beyond.

9 Visit and integrate best practices and learning frexistingmedical device focused university

and related innovation centersuch as: the Global Cardiovascular Innovation Center in
Cleveland; the Center for Medical Innovation la¢ tUniversity of Utah; Medical Devices Center
at the University of Minnesotaand the Stanford Byers Center for Biodesign at Stanford
University.

A~ 4 oA =

T 'aS GKS a! bSs 'L aSRUSOK 902y2YA0O 5S@St2LIVSyi

A

|

IEDA, as a startiagoint for deliberations pertaining to platform development under a platform
sub-committee.
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Platform 2BiobasedChemicals

A. Description

Over the last 100 years, molecules derived from oil and gas have generated much of the innovation in
the chemicals indusy. The ability, however, to derive novel new chemicals from these traditional
feedstocks is limited. Petrochemicals have been so well studied, and their inherent chemistry so well
exploited, that there is little new to discover of commercial value.

Thesame is not the case with biobased feedstocks and chemi$kry futureof innovation in the
chemicals industry is likely to come from the discowvamyg exploitationof new molecules generated
from biomass andlso in the advancegrocess technologies @ ,thermal, chemical and biologigal
needed togeneratethem. Biobasedchemicals encompass opportunity rich environment for
generatingboth novel molecules with enhanced or noyrformance characteristicand usesas well
as sustainable replacemestor existingnon-sustainablepetroleumbased molecules.

The present reality of low oil and natural gas prices has been a limiting factor on investment in
alternative chemical feedstocks and processes. Current market conditions make it uneconomésto inv
in creating drogin replacements for petrochemicatsunless they haveither A)substantial price
advantages (which is unlikely given how efficient the current petrochemical model has becoB)e) or
they significantly outperform petrochemical producti the U.Smarket,there is relatively littlegreen
premium for biobased chemicals being more sustainable or environmentally benign than
petrochemicalsand the present political environment means that regulatory changes or subsidies to
support biobasedalternatives to petrochemicals are unlikely to deriority.

The current market, therefordavorsdevelopment and production of biobas@aolecules with novel
performance characteristiasrather than targeted replacement of petrochemical based commesditi
Longerterm, as the price ofossil carbon feedstocksses replacementbiobasedchemicals wilalso
become more competitive but it is highly challenging to predict whémat might occur givetthe large
numberof domestic and global factors thatoe into play.

Despite a challereg marketenvironment,Lux Researclestimates that venture capitalists have
invested $5.8 hillion ibiobasedchemicals since 2010. Their research confirms much of the discussion
from above;:

1 From 20162015, the investmentocus was on drojin replacements or substitutes for
established petrochemicals, though the focus shifted to synthetic biology (s§ainid)
conversion technologies in 2016. This shift is largely due to falling oil prices.

1 80% of VC investment in 2016 wasimproved products (as opposed to droyps and
substitutes) compared to only 46% from 262015.

1 Synbio startups received over $300 million in 2016.

A discussion of biobased chemicals, and the opportunities therein, would be incomplete without
characterzation of the complexity of chemicals, processes and feedstocks that can be involved

" Lux Research (201@how Me the Money: Where Is Venture Capital Placing BBtehase@
http://lwww.luxresearchinc.com/newsand-events/pressreleases/read/vcénvest58-hillion-biobasd-chemicals
focusshifts

8 According to the Advanced Biofuels Association, synthetic biolobg @dasign and fabrication of biological
components and systems that do not already exist in the natural world, and the redesign and fabrication of
existing bological systems.
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Currently the use of plants for production of fuels, chemicals and materials may be characterized by the
pathways shown on Figufe

Figure5: Biobased Feedstocks, Prodis and Market$ (A Simplified lllustration)
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As can be seen on Figuseprocesig of biomass via fermentation, thermal processes (such as
gasification) and chemical processes can result in a variety of intermediate and end product chemicals,
materialsand fuels. This series of pathways to mankeétarily represents the use of existing types of
biomass, with their known oil, starch or other chemical compositidhislargelya process
engineeringchemicalengineering focused approach.

The develoment of biobased chemicals along these pathways may occur viammdefining processes

to an existing liquid biofuels biorefinergdditional processing of biomass into chemicals by grain or
oilseed processing companies, may involve development atand-alone biobased chemical

companies or refineriesThese three potential pathways to biobased chemical production are shown on
Figure6. It is notable that all three of these pathways are currently operating in lowa, although the
third pathway is the madimited currently. lowa (primarily at lowa State University), as discussed
further herein, has also been pioneering technologies potentially suited to these production pathways
that use anovelcombination of biocatalysis (using engineerattroorganisns)and chemical catalysis.

LAY2Y ¢ NX LILID GwSIAA2yIf {(INy Z2&EFR FRAAAAZ2D LIS RS § NRIRWD (i :
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There is also another, quite different scientific pathway potentially driving opportunities to realize
product variety and functionality from plant chemistrythat of plant metabolic engineering. Plant
metabolic engineering (PE) provides a significantly different way of viewing plants in the chemical
production value chain. Instead of thinking about existing plants and their oils and starches as inputs to
chemical refineries (e.g. converting oil and starch into intermediaggbals and then refining them or
processing them into specialty chemical products), PME provides a pathway to using plants themselves
as the chemical factories. It should be natedwever that plant metabolic engineering as a route to

novel biobased abmicals (at any kind of commercial scale) is viewed as atéwng highrisk area of
RSOSt2LIAYy3a a0ASyOS IyR (Kdzi 7 efnfbioscidrndshadel RS 2 F (G KS
economic development. Because ISU has work taking plataritmetabolicengineering, TEConomy

has included some further detail in Appendix A.

In the nearto mid-term, it is biomass conversion and processing techno{ompted in catalytic
processes)and its application to the conversion of loyweoduced biomass, that is theearest path
forward for the state.

Figure6: lowa Potential Pathways to Biobased Chemical Industries Development

/
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Each of the biomass processibgsed pathway$or biobased chemicals (integrated biorefinery

operations, agricultural processing opemts, and focused biobased chemicals companies) present
opportunities to build upon existing assets and momentum in Iqwecluding both corporate R&D and
production expertise and interests and academic R&D and technology piloting (particularly at ISU).
Because an R&D and asset base is already functioning within lowa, the biomass processing pathway to
biobased chemicals represents a néam opportunity for development in this platform.
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investment in the commercial bioeconomy, biofuels and biobased chemicals, scientific expertise in plant
sciences, biobased chemicals and process technology development at ISU present a robust platform for

the ongoing develoment of a biosciencdased economy in lowa.

L2266l Qa Oly2¢6f SRAISR LIRRaAdGA2yY YR fSFRSNAKALI Ay LI
0SSy KAIKEAIKISR AyuUusd $IQANI WP NEepid/AtidayeEieERanQy G KS
Process Intesification Deployment (RAPID) Manufacturing Institwtgch represents th@ewest, and

GSYiKZ YSYOSNI 2F (GKS ylLiAazyQa ySGe2N] 2F al ydzFl O

Based on the above discussidris evident that each of the potential pathways to biobased cloain
development (illustrated on Figure 6) are open to exploitation for economic development in lowa. The
pathways, however, are not equal in terms of potential development timelines and the types of
challenges faced in their development.

A key challengéacing biofuelgand therefore, the integrated biofuelsiorefinery pathway)including in

lowa, is their cost competitiveness with petroletaerived fuels (given currently low oil prices). The

market for biofuels is currently sustained largely by goveenhregulations calling for a percentage of

biofuels to be used in fuel blends. While this regulatoaged model has helped to build a market, it is

effectively an artificial market ansuibject to the risk of regulatory chang@&hesustainabilityof biofuels

producers may be improved througineating valueadded biofueldriven biorefineries that improve

their profitability through the production of a diversified suite of valagded products and eproducts

(which may be chemicals, but may also be fobdEbR dzOia> FSSR LINRPRdzOG& 2NJ YI G
existing investment in biofuel production facilitiaad the impact of the sector on the lowa econgran

integrated biorefinery model is logical to pursue.

L2gl Q4 o0A2Yl aa 7T SSRaldngeverl biorefidety RlatforGforleda@pkS & 4 S R
1 Single carbon molecules (biogas and syngas)

1 5 and 6 carbon carbohydrates from starch or cellulose
1 Mixed 5 and 6 carbon carbohydrates derived friigmin, hemicellulosesplant oils, etc.

These biorefinery latforms can be further refined to produce vakaelded products using thermal,
biological and chemical processes and combinations thereof.

The second pathway leverages the substantial investment in lowa of major agricultural processing
companies (such asR&, ADM, Cargill, etc.) in largeale grain and oilseed processing infrastructure.
These companies are already engaged in the production of multiple chemicals (beyond the food and
feed products that primarily drive their business). GPC, for example,axgeertise in carbohydrate
chemistry to produce binder chemicals (starch based sealers and adhesives) and powered starch
products with absorbency characteristics used in personal care products. ADM similarly produces
starchbased binding agents, and spalty vegetablebased lipids and natural antixidant chemicals

from soybean ingredients. They are also active in biobased polymers and a broad range of products as
acidulants, solvents, industrial oils, surfactants and wetting agents. Cargill iglgianigaged in

producing a broad range of industrial chemical products from biomass feedstocks.

Thethird pathway is also logical, building on the significant R&D assets (especially at ISU) in terms of the
development of new biobased chemicals, novelgasses, or combinations thereof for application in
standalone specialty chemical businesses.

Thefourth option of metabolic engineerings fascinating as an alternative model, but has a significantly
longerterm development horizomooted in building se@ntific capabilities in lowa, particularly within the
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universities (most notably ISU) to advance capdaoifyerform R&D in plant metabolic engineeriqg
particularly focus on plants suited to growth in the lowa agricultural production environment.

B. Gonnectivity to lowa Core Competencies

Figure7 illustrates the connectivity between multiple core competencies andBlabasedChemicals
platform, illustrating how multiple lowa R&D core competencies may be leveragarilvi
transdisciplinary work on thplatform.

Figure7: BiobasedChemicalslatform ¢ Connectivityto Identified Core Competencies
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C. Strengths

As noted previouslypwa already has developesignificantbase of assets for bimsed chemical

platform advancementFirst, lowa alreadizasmanycompanies engaged in manufacturing

intermediate bidasedchemical product ethanol and biodiesel. There is also a base of lowa companies
engaged in R&D related to the use of different feedstocks as biofuels and pretatesl technologies

for conversion of these feedstock$owa presently has 43 ethanol production facilities producing over
27% of the U.S. ethanol output, and has 12 biodiesel refineries producing 16% of U.S1buétpdt.the
state is home to several eartage companies focudéan the biobased chemicals technology market,
including for example:

1 SusTerea Biorenewables Lis@ startup company focused on developing and commercializing
the manufacture of an array or aromatic chemical products from biomass feedst(&ks.
affiliate of the ISU Research Park).

T Swamp Fox Chemical, LISTocated at the ISU Research Park araléeemical technology
companyfocused on usinfiobased and synthetic raw materials to develdgemical solutions
for industrial markets.

9 VariFAS Biorenewabldd.ds cofounded by a team of researchers from lowa State University
focused orsustainable, bibased technologies. VariFAS has been the recipient of lowa State i6
green award and NSF Phase | SBIR award for its research and business developmenisVariFAS
developingbiomassderived moneunsaturated fatty acids of various chain lengtAs.VariFAS
y2iSay K SanbéBédyoariake agietydof fatty acid derivatives and other bi
functional specialty chemicals for the application in surfactants, ¢alots, and polymers. Our
vision is to produce biorenewable chemicals economically, help our partners create
environmentfriendly products, and contribute our effort to buildedobasedsustainable
chemical industng

lowa was also successful in attractagnajor facility oiValent BioSciences Corporatiamhich
constructed &150 million biorationamanufacturing facility in Osage, lowsalent performs
fermentation using lowagrown raw material¢corn and soybeango produce valueadded chemical
and migobial products, primarily serving agricultural markets. Valent is a subsidiary of Japanese
chemical company Sumitomo.

In addition to the above chemical companies, lowa has a robust base of major agricultural processing
companies

9 Cargillhas multiple praessing plants in lowa, performing soybean and corn processing
operations. Examples include major production facilities in Fort Dodge, Cedar Rapids, Eddyville,
Sioux City and lowa Falls.

9 Grain Processing Corporatigpart of Kent Corporation) has largeogessing facilities and HQ

operations in Muscatine

ADMhas major production operations in Cedar Rapids and Des Moaines.

Bunge with oilseed crushing operations @ouncil Bluffs

Ag Processing Inavith 6 crusher locations in lowa and refining operation€adar Grove

American Natural Soy ProcessarsCherokee

= =4 4

101owa Economic Development Authority.
https://www.iowaeconomicdevelopment.com/userdocs/programs/FS_RenewChemTaxCredit.pdf
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As noted above, grain and oilseed processing companies are presently engaged in the production of a
broad-range of industrial chemicatgprimarily using corn and soybean feedstocks in lowa.

The presace and operations of multiple plant science/seed companies in lowa is edéated strength
in terms of potential partners for work on increasing functional chemical expression ingrdpsther
that be via traditional breeding and transgenics/gestiting work or via plant metabolic pathway
engineering. Companies present, include, for example:

1 DuPont Pioneerheadquartered in Johnson lowagi¢eading globadleveloper and supplier of
advanced plant genetics providing seeds to farmers around the weilstheerdevelops and
sells corn, soybeans, sorghum, sunflower, alfalfa, canola, wheat, rice, cotton, pearl millet and
mustard seed, as well as forage additives and a variety of services and expadiseruses
conventional plant breedingnd is thepreeminent company itowawith respect totraditional
breeding plant gene editing and plant metabolic engineering.

1 Monsantohas multiple locations in lowa, including R&D (incorporating corn research at their
facility in Ames).

1 Syngentahas a major R&[acility in Slater lowa which is a hub for Syngenta R&D in corn and
soybean breeding.

1 BASF Plant Sciences |.h@s operations at the ISU Research FRaltkough the company has
downsized its R&D).

T NuTech Seedat the ISU Research Park, sptant hybrid ard variety selection processto
bring to market high yieling, disease tolerant crop products. NuTech seadlisidiary of
DuPont Pioneer.

9 Stine Seed Comparnyas abiotechnology facility in Ames

1 Data2Bio LLGwvhich is an ISU Research Park Affiliateyidessequencingervicedor breeding
programs that rely on genomic selection.

Additional strengths are provided in the private sector with compaperations in lowancluding:

1 Novozymesan internationabiotech company with a strong focus on enzymeduction.

1 Kemin Industriesa privately heldylobal nutritional ingredient company headquartered in Des
Moines Kemin has a diversified range of products using bioloigigeddientsto enhance
human and livestock nutrition, and for industrial applicat such as biofuels and
biopharmaceuticaingredients

‘) TEC 35



In addition to industry activity, a second core strength for
lowa is in academic R&D in biobased chemicals and
associated researciowa has grestigiousNSHunded
Engineering Research Center (ElR€)sed orbiobased
chemicals for nearly 10 yeatte Center for Biorenewable ¢  center for Biorenewable

lowa has multiple R&D center assets
to build-upon in biobased chemicals,
including for example:

Chemicals (CBIiRC) at lowa State University. ERCs are hi Chemicals (13)
competitive, nationally awarded research centers that see 1 Center for Metabolic Biology
to advance interdisciplinargiscovery and innovation (ISU)

throughresearch collaboration amoracademic Biocentury Research Farm (ISU
researchers, small innovative firms, andgler industrial Center for Crop Utilization ‘
partners CBIiRC represents a-§€ar, $33 million Research (ISU)

investment in biorenewable chemicals research in lowa. q
Approximately 60 ISU faculty and graduate studesnte
involved with the center, and lowa industry partners incluc
Cargill, DuPont, Renewable Energy Group (REG), Archer:
Daniels Midland (ADM), and Grain Processing Corporatiol
(GPC). There are also industry partners from outside the
state. While there fave been no new biochemical molecule
commercialized out of CBIRC to date, thereareumber in
the pipeline that are currentlyndergoing testing. The
commercialization vehicle for many of these molecules is
licensing tostartup companies that have spuut of CBIiRC.

= =

Center for Bioprocessing and
Biocatalysis (Ul)

BioEconomy Institute (ISU)
Biobased Industry Center (ISU)
Center for Bioplastics and
Biocomposits (ISU)

Plant Sciences Institute (ISU)
Ames National Laboratory

= —a 9
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CBIRC as a Foundational lowa Asset for Platform Development

Engendering a shift from a petroleum based resoseenomy to a biorenewable resourxe
economy is clearly no small task. The chemicals industry has more than a century afregiri
developing highly efficient processes for petrochemical conversianalueadded products, and
has a huge sunk investment in the infrastructure required for such processing. The marketplac
only pivot to biobased chemicals if they can o#@hanced economic returns or provide significant
novel or enhanced performance characteristics.

Like any frontier area of science and innovation, sucitebsilding a new biobased chemicals
economy cannot occur overnighiut rather derives from a lonterm, sustained commitment to
building a program of R&D supported by investment in specialized R&D infrastructure and highl
skilled, expert scientific talent. The development of a base of talent and infrastructure has been
greatly facilitated in lowa thnegh the federal investment in CBiR@ich has focused on advancing
fundamental knowledge and technology in biobased chemicals and the academic and industria
partnerships needed to advance a renewable resodrased industry. The overarching goal of CB
has been to

Enable the transformation of the chemical industry through the optimized coupling of twa
catalyst types such that a biocatalyst will convert glucose to an intermediate chemical th
can be readily converted by a chemical catalyst to the e@&sinemical product.

The Center has drawn together a substantial multidisciplinary team of researchers, with R&D fo
Ff2y3 aLISOATAO NBaSIHNOK GUKNHzaGasy

9 Thrust 1: Biocatalysis of fatty acid or polyketide biosynthetic pathways

9 Thrust 2: Enhanced micradiproduction through highly targeted biotechnologies
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9 Thrust 3: Combining Biocatalysis and chemicals catalysis to produce fatty acid or polyke
based platform chemicals (examples include carboxylic acids, dienes, pyrones, branche
ring structures, thers and esters, Hunctionals and multfunctional chemicals).

Advancing the mission of CBIiRC has required both fundamental and applied research focused
on advancing and testing nouvabcatalysis and chemical catalysis technologies but alssideration
2F YFEIN]SGZ SY@ANRYYSyiGlt FyR 2G4KSNJ T OG2NA
for development of multiple novel bimased chemicals that can be used as precursor chemicals fg
array of biobased products and matais.

The approaches used by CBiRC have borne fruit in terms of innovations and spurring the devel
of new startup enterprise to advance the commercialization of these innovations, incldiding
example Glucan Biorenewable®me@Chea BiorenewableBareto Biotechnologie$ure
OleochemicalsSusTerea Biorenewabta&/ebChemiTechnology Holding/ariFAS Biorenewables;
Sumatra BiorenewablesndWE Complement

As the tenyear NSF funding for CBiRC comes to an end in 2018, it is imperative that redansd
in lowa for the Center to continue its mission. The capabilities at ISU within CBIiRC, and other
complementary research programs and centers, represents an investment that should be furthe
built-upon. In a complex and challenging technology amadket space, CBiRC has started to yield
success for the state in terms of invention disclosures and new business enterprise formation.
not have a true peer in other universities, and represents a unique signature for lowa in advanc
biobased bemicals industry. In terms of strategies and actions for the Biobased Chemicals plat
figuring out how to sustain CBiRC upon the closeof NSF funding, should be a priority.

A third core strength of lowa is thaih 2016the State of lowgass@ a Renewable Chemicals
Production Tax Credit which incentivizes production of 30-kimjbe chemicals derived from biomass
feedstocks!! The tax credit offers $.05 per pound, up to $1 million for startups and $500,000 for
established companies. It is thiest tax credit of its kind in the U.8emonstrating a commitment by
lowa to be a leader in developing the biobased chemicals economy.

Fourth, lowa is one of the richest environments in the United States for the production of biomass
(FigureB). As repaed by the lowa Economic Development Authority, the state has the second largest
supply of biomass in the natianwith the ability to harvest 14.4 million dry tons of biomass per year
(including total cellulosic and crop biomass). Developing a biobdsadicals industry for lowa,

therefore holds promise not only in the development of hew or expanding companies in the
development and production of novel biobased chemical production technologies, or metabolically
engineered plants, but also in high prodivitty agronomy in producing biomass for chemical production
and the further development of the biorefinery cluster in the state to process biomass into valuable
chemicals, plastics and other products.

11 https://www.iowaeconomicdevelopment.com/Business/RenewableChem
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Figure8: lowa is Among the Leading State in SoBiomass Resources

Solid Biomass Resources by County

Thousand
Tonnes/Year

IINREL

D. Weaknesses

While lowa has a considerable base of agricultural processing companies and biofuel production
facilities these are located in the state predominantly because of access tortweifeedstockg
primarily corn. Furtherefining of platform chemicals into downstream valadded products, however,
is not guaranteed to occur at the same locati@rend may be pulled toward major existing chemical
company infrastructure and end user facilities (which are primarily outdideven).

While metabolic engineering is a hew area, the ngthway engineering companies (including those
that would make a biological intermediate and then conduct traditional chemistryhatren lowa
Rather, they argparticularlyconcentrated inCalfornia (.g. Anyris, Zymergen, BP, DuPont Industrial
Biosciences).

The currently low price of oil has made petrochemicals and plastic less expensive, which act a
disincentive for corporate investment in biobased chemicals and bioplastics developntkatshort

term. In addition, the change in environmental regulatory policy in the U.S. will also negatively impact
demand for biobased chemicals. While the chemicals industry appears to be pivoting to specialty
biobased chemicals with enhanced performapeeperties, innovation is this area is still challenging
due to the process innovations that are also required to get these biochemicals to market.

While lowa State University has a strong base of assets in multiple areas relating to biobased chemicals,
there is a need to bring them togsgr under a more coordinated approach to development of this

sector. Combining the capabilities of ISU in plant sciences and plant transformation, plant metabolic
engineering, biobased chemical processing and refininghelds promise for forming a uniquely

capable and holistic platform unmatched in other locations.
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E. Opportunities

Despite the currently low price of oil today, the price of oil is unlikely to stay this low over the né%t 10
years. An important valuerpposition for biobased chemicals is the fact that molecules with enhanced
performance properties are unlikely to come from the petrochemical industry in the future, in addition
to their improved cost competitiveness when the price of ail rises.

Second, a theBiobased Chemicals: The lowa Opportdaigport points out, in the same way that the
petrochemical industry grew out of where the refinery infrastructure was located, biobased chemicals
will also likely cluster arounithe biomass production aniomanufacturing infrastructure. lowa has
significant biomanufacturing infrastructure that can be leveraged for biochemi@ts, corn wet mills,
soybean processing facilities, wood mills, corn dry mills, biodiesel pardssthanolplants.

Third, lowa hasesearch talent and technology commercialization infrastructure for biobased chemicals.
The number of faculty and graduate students focused on biobased chemicals research and existing
research infrastructure at CBiRd other centergshown in the sideér on page 28)representan

important competitive asset that can be further leveragethe state commitment to the sector,

embodied partly in the innovative new state tax credit, is also an advantage.

The Office of the Vice President for Research at I8tage University arranged for TEConomy to

participate in a focus group/brainstorming session with leaders of major biobased R&D programs at ISU.
During themeeting,a potential vision for lowa was expresded the state to cement a leadership

position n discovery of novel biobased molecules that are screened for commercial application and

tested for efficacy, functionality and other characteristidhe vision would combine a series of what

$SNBE RSAONAROSR Ia adNRy3 o txireate GrdaNdyBtgtipattdvayToNd I Y Sy (G S
identifying, screening and testing novel biobased molecules for application to-adhlexd biobased

chemical production in lowa. Figure 9 depicts a draft structure for the concept based on

conceptualization of the ideduring the meeting.

Figure9: ISU Potential Vision for an Integrated Novel Biobased Molecule Development Structure

_ Vision of a series of novel biobased molecules identified, screened
'd%‘;‘g'e‘j by for application and advanced towards commercialization with lowa partners.
ers

1D of
Novel Biobased Screening for Commercial Scaling for

Molecules Application Targets/ Testing
Opportunities

T A Library of molecules A Mechanisms to connect molecules to marke
Szl o A" Propertiescharacterizatio A Market size and competition
ISU A Peﬁormanc_:e testing _ A Commercial partnerandscaleup fortesting
Engineered A Determlngthnof baseline A Process development
by ISU characteristics needake

Plant Sciences

A New/improved crops for biomass production
A Plant/metabolic engineering

w
Pl
(@]]

o)

2Hayes, D.; Shanks, B.; and J. Euken (2Bitijased Chemicals: The lowa Opporthity/ 2 YYA aaA 2y
Innovation Corridor with support from the lowa Biotechnology Association.
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Engaging existing lowa industry in the further development of this model and in potentially forming a
joint university and industry R&D taborative would be a preferred mechanism for organizing around
this opportunity.

F. Threats

Other universities with strong chemistry departments are also focused on biobased chemicals, and NSF

ERC funding for CBIiRC will end in 2019. An example of aakgamnpetitor is the Center for

Sustainable Biopolymers at the University of Minnesota, Twin Cities, which was awardegeafiv§l12

million NSF Center for Chemical Innovation in 2014 to developgenération plasticsTheUniversity

2T aAy ylkedigaliBng@eridg program is rankéti®de | ®{ ® bSga g 22NI R wSLR
339 There are also competitor regions with historically strong chemicals industries and chemical

engineering programs like Delaware, California, Michigan, Pennsylvarés, Béc., which are also

turning their attention tobiobasedchemicals.

A key challenge is to maintain interest and investmerttiobasedchemicals research and innovation in
lowa despite the weakness in shaerm demand caused by the low price of aild downgrading of
environmental and sustainability policy. A current wild carals®how federal research funding
especially for sustainable and renewables technology resewaiiihe affected.lt is likely that policies
promoted by the current fedexl administration will have a chilling effect on investment in domestic
green technologies that sell based a sustainability marketing strategybut this does not mean that
unique biobased chemicals having novel properties and functional charactevistitd be so market
constrained.

G. Platform Summary

Table6: BiobasedChemicaldlatform Summary

Status I Emerging R&D (core competency in research only, need to build industry)
I Emerging R&D Plus (R&D core competency and small base of industry)

Y Established Growth (R&D and significant base of industry with expansion potent

Business starup Strong potential given lowa track record in startimgnpanies in the biofuels sector ang
potential proximity to biomass and a focused suite of R&D a&ssetiniversities.Potential for
specialty spirout companies and operations from major grain and soybean processi
companies.

Business expansion Significant.Major agricultural processing companies are actively pursuing xadded
potential chemicalopportunities and mltiple biofuels companiekavepotential to consider a
more diversified biorefinery approach to growth. However, there is a limited base o
specialty chemical companies in lowa into which biobased products could be introd

Busines attraction | Production industries likely to be attracted by biomass availability, biomass process
potential infrastructure and transportation networks. Limiting factor of lack of a workforce wit|
specialty chemicals production experience, althoughd@ammunity colleges have
been responsive in the biofuels sector.

Academic R&D Challenging environment for raising funds from traditional federal sources, with fede
growth potential agencies facing funding cutbacks.

lowa competitive lowa isvery well positioned in terms of having R&D assets, robust sources of biomal
situation and a business base that understands biofuels produeti@hgrain/oilseed processing
and refining In the biofuelssectorthere isonly a limited presence in biorefining
operatons for chemicals beyond biofuelsowever the big agricultural processing
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companies are engaged in producing vaaggled industrial chemical products.
Competitionfrom other regions of the U.$o grow this sector hathinned due to shor
term market castraints (fossil fuel prices and government policies), and there is thu
potential to cement a position for lowa in anticipation ofugure market rebound.

Key barriers to 9 Potentially constrained current environment for biorenewable projecaficing

overcome based on low fossflel pricesand deemphasis of sustainability by current federal
administration.

9 Building interest and momentum with faculty to advance innovations along a
commercialization pathway

1 Early stage capital availability for proofazfncept and earhgtage business

formation and growth

Coming end of NSF funding for the ISU Center for Biorenewable Chemicals

Plant metabolic engineering pathway would require significant investment in

additional faculty resources

= =

H. Recommendations

lowa has made impressive strides in buildingrain and oil seed processing industry and a biofuels
industry, but the development of these industries in lowa hagen more a result of biomass

availability (corn and soybeans primarily) than of novel R&idpment and technology
commercialization stemming from lowaerformed research. Recognizing the promise of a biobased
economy, however, universities (especially ISU) have invested in davgbpeep basef

infrastructural and intellectual assetpplied to bioeconomy R&D and development opportunities.

While the market for biobased productssesmewhatchallenged at present, the lorgrm future of the

sector is likely such that doublirdpwn on biobased chemicals and associated products is a valid
strategy for lowa. This is an area where lowa has established definite R&D leadership that deserves to
be sustainedbetter coordinatedand further builtupon.

Primary crosscutting recommendations for bioscience cluster development in lowa are profiled in
Chapter IV. Under the recommended ndowa Bioscience Development Centiis recommended
that each platform has an individual sebmmittee focused on platform advancement. Some
considerations for th&iobased ChemicaRatform would include:

1 Signifiantly increasing awareness and coordination of respective research interests and assets
between academe and industry

91 Increasing awareness of the lowa Renewable Chemicals Production Tax Credit among the
investment community and across the biobased prodirdistry nationally.

9 Attracting venture investment firms with interests in agricultural and biobased products to
consider lowa investment opportunities.

9 Assessing the interest of the existing biofuels industry to move into more integrated biorefinery
operations and diversified biobased product portfolios

1 Screening international technology markets for new technologies potentially suited for
application to processing of lowa biomass types.

1 Evaluation of the history of CBIRC, and other university centedgteymine what barriers and
challenges need to be addressed to create a flow of novel commercializable biobased chemicals
that may be piloted.

1 Examining opportunities to build lortgrm leadership in plant metabolic engineering and
associated plant transfaation.
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1 Reinforcing the existing investment in CBIRC and other ISU assets and expertise to sustain lowa
as a leading center for biobased chemicals R&D. With NSF funding closing out for the Center,
and CBiRC now generatiggin-out commercial enterpriserad promising innovations, there is a
clear need for a state strategy to maintain and buiftbn the asset base and intellectual
capacity within ISU.
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Platform 3: Precisioand DigitaAgiculture Technology

A. Description

Agriculture facesahugechal@s Ay YSSGAy3 GKS F22R RSYFYR 3ISySNI
population. The world can seek to meet the challenge in two ways: one positive and one negative. On

the negative side is the destruction of forests and other fragile habitats to preskeftagd into an

unsustainable agricultural production model. On the positive side is the use of R&D to enhance

productivity (yield) from the agronomic land we already have. Clearly it is in the interest of the world

and future generations to take thisttar path. Doing so, however, requires the development and

application of a broad range of technologies and advanced agricultural practices.

Much of the focus on increasing yield in agriculture has been via improvement to the varieties and
cultivars of cops grown. Producing crops resistant to diseases or pests, or resistant to herbicides so
weeds can be better controlled, has leddignificant yield improvementsWhile new areas of

technology application in plant improvement (suchgame editing angllant metabolic engineering

discussed in the previous section) will remain a focus for seed companies and plant researchers, there is
also a second important area of technology that is increasingly being brought teviibahe joint goals

of enhancing yilel and more efficiently using scarce inputs to agricultural produdiprecision

agriculture technology.

Precision agriculture igrimarily, but not exclusively, an
agricultural engineeringpased approach to improving
yield that focuses on the fact &t conditions in the field
are not spatially uniforng and, therefore, a onesizefits-
all approach to fertilization, pesticide application,
irrigation etc. is inefficientln crop agriculture, gecision
agriculture systemasehighly precise global posibning
systems in concert witadvanced sensorand data
analysis technologies to provide the tools and
information farmers need to optimize and customize the
timing, amount, and placement of seed, fertilizer,
pesticides, irrigation, and other inpugsall towards the
goal of producing maximum yield at the lowest cd@sd.
noted by TEConomy in a report for AgriNovus in Indiana:

oDigital Agriculture
An alternative title for this platform,
suggested in a focus group work sessio
at ISU comprising both university and
AYRdzAGNB NBLINBAaSYI
I DwL/ | [ Thisre€gnizes the
centrality of data collection and data
analytics to realizing the promise of
precision agriculture and overall
improvement in agricultural production
systems.

Precision agriculture is the next evolution in production systems, embracing an emerging set of
technologies in sensing and dataadytics to gather, track, and analyze agricultural data, usually
in conjunction with other systems such as harvesting, planting, ofifiplds application

machinery. Integrating multiple hardware and software technologies, precision agriculture
includesnot only traditional agricultural equipment manufacturers, but also includes companies
engaged in informationor computeroriented technologies, including agricultural decision
support software, sensors and monitoring systems, GPS and mapping systeatitsivere

modeling technologies, and unmanned aerial surveillance (UAS) and imaging technologies

Precision agriculturéor crop productionpromises to provide multifaceted set obenefits:

f  Improved yield through providing plants withLINS & O NJA Ldfinut8eyits, crépprédt&€ction
chemicals, water, etc. on an-aseded basis

1 Reduced input costs, through using only the amount of inputs required in precise doses.

1 Reduced ruroff of agricultural chemicals.
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Several different types of technologies are comyieg to realize the full promise of precision crop
agriculture:

1 Realtime sensing technologies providing rapid sensing of field conditions (such as soil moisture
content, soil chemistry, etc.), physiological condition of crops and individual plants, @nd th
presence of emergent weeds, pathogens, or other pests.

1 High precision locatiofixing technologies using GPS and correctional augmentation
technologies such as Wide Area Augmentation System (WAAS) technology and Real Time
Kinematic (RTK) technology. Gmned with mapping software and tied into steering systems,
this technology can guide equipment and the application of agricultural inputs down to the
centimeter level of precision.

9 Data analytics using data analysis and statistical algorithms and Albdesiigpport software to
guide precision actions in retime. Plus wireless technologies connecting agricultural
equipment to online/cloud decision support systems, specialist analytical services, weather
data, etc.

9 Variable rate application systems. Qntapplicators of irrigation water and agricultural inputs
such as fertilizer, growth stimulant biologics and crop protection chemicals typically distribute
the input at a fixed rate. The real promise of precision agriculture is realized when the
technologies noted above are combined with applicators that are able to vary their rate of input
application based on sensdata and decision support software.

Because of the required integration of both cyber and physical systatuanaing the development of
precision agriculture technologies is an inherently transdisciplinary endeavor. Developing data
capturing hardware, guidance systems, precision metering technology, sen®gsther with the
software and data management componeigtsequires expertisenimechanical engineering, electrical
and electronic engineering, signal processing, software engineering, and information technology,
together with a range of agultural sciencealisciplines (plant science, soil science, agronomy,
agricultural economicgnimal science, etc.).

As the reference to Animal Science above implies, opportunities for deployment of precision agriculture
technologies are not confined to field crops. Precision livestock systems are also a focus of R&D in
precision agriculture The application of technology to precision livestock management presents
opportunities across a range te#chnologies, such as

1 Onanimal sensors and monitoring systems recording livestock vitals, health status, location,
stress levels, etc.

Precision feedig systems delivering customized metered rations to individual animals
Disease and disease vector monitoring and reporting systems

Environmental monitoring of livestock housing conditions

Estrous monitoring.

As noted by the National Institute of Food anglrigulture (NIFA):

= =4 - =9

Current technologies allow producers to monitor individual animal feed consumption, feedlot
movement, temperature, lameness, milk production, meat composition and quality, and weight
gaint often without any human intervention or presence.

BpLC! &t NBOENB 24y ! I3yNS YOhEpsiinitdRseagoMipredsiomgricultureanimak
production
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It should also be noted that sensors, data analytics and the types of-pylysical systems that may be
deployed in precision production agriculture also have application ist¢rentific research an&&D

phase of crop development. What startedthe development ofautomated phenotyping using various
imaging and other sensing modalities in greenhouse research environmasisow started tanigrate

to the field. lowa State University has been coordinating research across a range of disciplinas, such
agronomy, computer engineering, statistics to developptent sensors, machine vision systems and
cyberphysical systems to enable-ine-field phenotyping to occur. Understanding how improved crop
varieties and cultivars perform outside of a conteollgreenhouse setting is crucial to realizing the true
promise of crop improvement efforts and to testing precision agriculture technologies themselves (such
as metered doses of irrigation water, fertilizers, pesticides or other inputs). Similarly,ipnecis
technologies applied in animal/livestock science can enable enhaesedrch in livestock breeding,
nutrition, animal housing and health.

Thedevelopment of theprecision agriculture sectavill engage companies that have been traditionally
engagedn agriculture as well as companies that have naoadifional agricultural equipment
manufacturers (such d3eere & Company) are actively engaged in integrating precision technologies
into their product lines, but this is also a space attracting the dibenand presenting opportunities for:

9 Agricultural inputs manufacturers, such &ed and crop chemical agbioscience compani
1 Software and information technology companies

9 Aerial systems producers

1 Companies producing imaging, sensing and precisiorum&intation solutions

1 Robotics manufacturers.

Despitecurrentlydepressed agcultural commaodity pricesstartup activity and investment in
agiculturaltechnology, including precision aggulture technology is growingAgFundeyan equity
crowdfunding si¢ focused on agculturalandfood technology, estimates thatventure capital YQ
investment in ag tech grew from $0.4 billion in 2010 to $3.2 billion in 28TAGR of 41.4%). Within
the ag techspace AgFundenotesthe following statistics for precisin agiculture technologies:

1 Farm Management Software, Sensing, and(iet€rnet of things) $363 million in 117 deals
1 Supply Chain Technologies: $180 million in 69 deals
1 Robotics, Mechanization & Other Farm Equipment: $109 million in 19.deals

The most ecent report on the precision farming sector by BCC Research projects very strong growth
rates for the sector, summarizes the market as follows:

1 The global market for precision farming technologies totaled nearly $3.3 billion in 2016, and
should total $5.%illion in 2021, a fivgyear compound annual growth rate (CAGR) of 12.4%,
through 2021.

1 Hardware as a segment totaled $2.1 billion in 2016 and should total nearly $3.6 billion by 2021,
a CAGR of 10.8% through 2021.

1 Software as a segment totaled $1.1 bitliin 2016 and should total $2.3 billion by 2021, a CAGR
of 15.2% through 202%

Representing fast-growingmarket, with multiple opportunities open for innovative technologies and
integrated technology solutions, the precision agriculture spactemrly attractive as a technology
based economic development target.

4 7/ wSaS | Riddision Farmingvlectnolagies and Global Magkéts
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B. Connectivity to Core Competencies

A precisiorand digitalagriculture platform would connect to several identified lowa core competencies,
including particularly those in agricultural engering, plant sciencebyestock operationsand
biological sampling and analysis.

FigurelOillustrates the connectivity between multipldentified lowacore competencies and the
Precision Agriculture Technologies platform:

FigurelQ: Precisionand Digtal AgriculturePlatform ¢ Connectivityto Identified Core Competencies

Agricultural and Associated Bioscience Core Competencies

Livestock
Plant Sciences Agricultural Breeding & Animal & _ Animal
Equipment Animal vegetable Oils Nutrition

Husbandry

Genetic

Engineering &
Biotechnology

Precision
and Digital
Agriculture

eCommendeo
TBED
Platforms

Biochemistry

Biological
Sampling and
Analysis

Crosscutting & Basic Science Core Competencies

Biomedical Life Sciences Core Competencies

C. Strengths

lowa has several strengths it can leveragepi@cisionand digitalagricultureplatform developmengand
associated economic developmeifirst, lowa has an existiagricultural machinery cluster engaged in
research and commercialization activities, in addition to manufacturing. The top lowa industry
innovators inagicultural machinery asmeasured by total number of patents awarded from 24016
include:

1 John Deeré¢285patenty’®

15 Deere & Company has opened a strategic technology office in the lowa State UnivessiydRé>ark, growing
its onrcampus presence in recognition of the research, education, and talent development capabilities at lowa
State

@ TEC 40



CNH Industrial (42)
DuPont (21)

Kinze (20)

Vermeer (18)

Kooima (7)

Ag Leader Technology (5).
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Second, lowa has significant agricultural and livestock production occurring across theogtatker
with ISU research stationghich provide opportunities forthe pilot testing of new technologies. lowa
farmers and livestock producers represent potential eatlhge investors and customers for these
technologies.

Third, lowa State University has the
top-ranked graduate agricultural
engineemg program in the country

A Growing Starup Culture in lowa in Precision Ag ISU

IntelinAir, Inc, located on the ISU Research Par, is an aerial
imagery analytics company focused on the agricultural

(ranked.#l by U.S. News &_World LINE RdzO G A 2 Y Yl N St gAGK &l
Report in 2017), and there is strong to help farmers make datélriven decisions to improve
existing universityndustry research operational efficiency, yields, Y R dzf G A Yl (St &
collaboration and innovation occurring - armers Edgesesproven Variable Rate Technologypower
already. precision agronomy, optimizinginputs and resourceand

On the innovation side. there is more directing their application where they widbunt most.
early-stage risk capital availabin lowa Smart Ag also located at ISU, is developsajtware and

for agiculturaltechnologystartups _Kl' R E T Ny K.)\ O ¢ A.f i Sylot s
. internet connected machinery, supervised and fully autonomo
compared to other sectors like med

. . [ t, data t hine integrati d ad d path
tech. There is also a new industad ﬁg{Ulfm;r;/ S a;[aaoq)méac ine integration and advanced pa

ag tech accelerator, which has support DecisionPxat the ISU Research Park, develops vibased

froT DuPont Pioneer, Farme.rs Mﬁjtual phenotyping solutions. Their data analysis pipelines are desig
Hail Insurance Compapy, Grinne to provide real time data that enable growers to make crop
Mutual, Kent Corporationohin Deere,  management decisions. DecisionPx also provides image ana

PeoplesCompany, and Sukup services to assist plant breeders with the development improv
Manufacturing. Based in Des Moines,  crop varieties.
the lowa AgriTech Acceleratds a Source: ISU Research Park Directc

mentor-led accelerator focused on

AG LEADER TECHNOLOGY INC.
An lowa Based Company on the Frontier of Precision Agriculture.

Located in Ames, Ag Leader Technology provides a wide range of precision farming technology solution:
company sells its products through dealers in the United States, as well as through regional sales
representatives in both its home market and Canada. Key products and solutions include:

1 Displays: InCommand 1200, InCommand 800, and Compass Display.

1 Guidance ad steering systems: GPS receiver systems (GPS 6000, GPS 6500, GPS 6500 base ¢
Relay), SteerCommand, OnTrac3, and L160 Lightbar.

I SeedCommand: Advanced Seed Monitoring, Sectional Control, Hydraulic Down Force, Air Seed
Support, and SureDrive.

1 DirectCommand: An application rate control product with features such as total liquid control witt
variable rate application, chemical injection, AutoSwath; spreader control:titrgpplicator; OptRx
Crop Sensors (for measuring crop health and progidipplication rate recommendations in real
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activities supported by ISU through its tech transfer office, Startup Factory, and Research Park.

It should also be noted that it was hypothesized in a project advismmymittee that California is the
likely hub for precision agriculture industry growth given its confluence of hardware and software
companies, large agricultural sector, and available risk capital. However, a review of the companies
listed as active in gcision agriculture in the major 2017 market research report produced by BCC
Research shows this not to be the case. Indeed, the report profiles 32 U.S. companies active in the
precision ag market, with 15 located in midwestern U.S. states (47%). Qialidoty listed four, and

after the Midwest the largest number were in the southern region of the country, with five.

D. Weaknesses

The two sides of the precisi@griculturecoin are hardware and softwarewith both factoring similarly
in importanceto the cyberphysical systems at the heart of precisiomiagituraltechnology While lowa
State University rankfirst in the nation inagricultural engineering, ISU ranks%#8r computer science
and graduated 39 undergraduates and 30 graduate leuelenits in 2015While these are obviously not
the only disciplines relevant to such a transdisciplinary area of technalegglopment as precision
agiculture, they are indicative of the degree of variability acrosgrersitiesof various disciplinary
elements that will need to be integrated to advance in cyphysical systems for precision agriculture.

While companieon the marketwith technologies and products in precision agriculture are most

likely to be based in the Midwestbased on BCC Researttt more activestartup markets in

agricultural technologyaccording to AgFunder datarein California, New York, and Massachusetts
whichtogetheraccounted for nearly threguarters of the startupssranked by ventureapital

investment in 2016. lihoisthoughranked fourth. These are all states (except Massachusetts) that have
a strong agricultural industry base coupled with a signifigafisrmation technologyworkforce and Top

15 university computer science departmentMIT, Stanford Universitgnd UC Berkeley (tied foft),
University of lllinois UrbanaChampagne (%, Cornell University {§, California Institute of Technology
(11M), UCLA (13, Columbia University and UC San Diego (tied f8).15

In lowa, it will be important for platfom development that the comparative strengths of individual

contributing disciplines and research fields be evaluatédeaknesseand gapsnust beidentified that
needfurther investment in talent and infrastructu® assurebalanced transdisciplinary stngths are
developed that enable robust cyb@hysical systems development.

E. Opportunities

Unlikemanyother technology sectorqrecisionagriculturaltechnologyis still in the early stages of

development with a lot of seed stage deals. AgFunder egémthatseed stagaleals accounted for

57% of all agcultural technology/C deals in 2016. This is a teclogysectorthat is still quite open for
newentrants,anddy S KAOK L2¢l Q& dzyADBSNBRAGASA yR SEA&AGAY3
more innovation and startup activity. Existing companies can serve as potential advisors, mentors,
connectors, investors, customers, apobvide a pathway to liquidity exits that remaininlowa L 2 g | Qa
startup ecosystem is already responding to this marl@iartunity by creating the AgriTech Accelerator

and through the launch of seed funds focusedagmicultural technology.

TEConomy sees an opportunity to invest today in targeted computer scinkcassociated discipline
faculty hires at lowa State Univ@ty to expand programming, dagmalytics, datavisualization
capabilitiesand the development of decision support systerfibese will enhance university research
capacity, precision agrulture technology development, and dovetail with efforts to addréss excess
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demand forinformation technologyworkers in the state.Capabilities in big data analytics will also be
highly useful across the other recommended platforms also.

A precision agriculture platform for lowa presents opportunities for R&D exparsid business
development across a broad range of technologies. Examples may include:

1 Fieldresearch phenotyping systems for evaluating plant physiology, gene expression and other
factors important in plant variety development.

1 Sensors for detecting daionditions a&d soil chemistry

1 Sensors for assessing thbysiological and growth status of individual plamisdthe presence
of pestsor diseasecausing pathogens.

1 Software systems for decision making based on seimguts that also provide positional

guidance of equipment and variable rate control of inputs applicators.

Guidance systemand precision autosteer systems

1 Unmanned aerial and terrestrial remote sensing systems and sensor platforms. Imagery
collection from aerial and satellite platformisicluding multispectral imaging.

9 Highprecision ariable rate agricultural input applicators for seed, crop protection chemicals,

biologics, fertilizer, manure spreading, irrigation water, etc.

Variable rate livestock fe@ag and wateringystems

9 Sersors and systems for monitoring livestock health, stress levels and other factors influencing

yield

Systems for monitoring and handling waste streams and emissions from livestock operations

In-cab/on-equipment control interface and rediime decision suport information for

operators.

1 Cloud and remote services for data storage, current and historic data analytics and decision
support, and data sharing.

=

=

=a =9

The precision agriculture sector is presenting opportunities for significantgpabusiness enterjse

formation. While still in the relatively early stages of market growth, the opportunity to attract

significant private equity capital is being enhanced by the fact that there have already been several

significant acquisitions by major corporationsf i NS LINBY SdzNA I £ o6dzaAySaa @Syic
fAljdARAGE S@Syiaéed 200daNNAyYy3I Ay | aSO02NI A& ONRGAO
investor interest. Some notable examples acquisitions occurring in precision agricutiudein

AgJunction, Inc. purchased by Hemispheres GPS for more than $10 million.

Climate Corporation, purchased by Monsanto for $1.1 billion.

EzeeOn acquired by Buhler Industries.

DS2aeax I OlldANBR o6& [lIYR Wh [I1Sao®

Precision Planting Inc., purchased by Manto for more than $200 million.

Rainwave LLC, Hydemgineering Solutions LLC, Farm W@&#&fware, and Nitech Solutions

acquired by Trimble Navigation.

1 Ranchview acquired by Raven Industries.

1 RDS technologies acquired by Esigar LLC.

1 Spratronics acqued by Nozzleworks Inc.

= =4 =4 -4 - -9

In the focus group held with industry and university representatives at lowa State University participants
Yy20SR GKFG GKAAa LI FGF2NY aK2dZ R 0S O2yaARSNBR | 4
G5A3AAGEE  Ipradedts@uzred diedd bowaNduld have a very real chance to dominate,

leveraging the very strong intellectual assets and infrastructure in agricultural engineering, other

engineering disciplines, data sciences (including robust capabilities in stadigti¢slata visualization).
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devebpment along two distinctJl
11).

Figurell Dual Pathwaydor Digital Crop Development and Digital Agronomy

t NBLISIiyAy3a (GKS t 2300S¢Ay3a GKS
Advanced Seed Development Precision, Daté@riven Production

Focus on developing the very best seed.| Focus on advanced datlriven agronomy.

A Application opredictive phenomics A ¢ KS d&RA Jiktégrafing Seris@d, R ¢

A FieldphenotypingR&D. and engineering data gathering systems
A ¢ KS &RA Jiktégrating Serisd 1{‘:‘ to providedatato decisiorsupport
and engineering data gathering f systems.
phenotypeto-genotype crop A Agricultural equipmentR&Dto develop
improvement. digitalagriculture systemandsystemdor

A Plantimprovementthroughtransgenics preciseapplicationof meteredinputs.
gene editing and breeding techniques. A Development ointegrated servicesn field

A Related improvements data gathering, data transmission and
complementanbiological anathemical storage, data analytics, Al and decision
inputs. support, and machine control. The

agricultural Internet of Thingsising
cyberphysicakystems

A definite recommendation of the focus group was for lowa to focus on the development of integrated
service solutions for digital agricultugevhereby solutions would be offered that integrate field dat
collection, data transmission and storage services, data analytics and the provision of decision support
services based on the data.

F. Threats

As with any fasgrowing technology sector, there is a threat of disruptive technology that may
negatively inpact existing agricultural equipment companies in lowa if they do not participate and
adapt.

Another threat is thathe intense cybeiphysical systems/internedf-things aspects of precision
agriculture technology and applications development will pergadiny state trying to develop in the

sector that has insufficient R&D capabilities in information technology, communications systems, data
analytics, sensors and instrumentation, and the multiple other specialized areas required to produce
integrated precsion agricultural systems.

Thee are alsaincertainties for future growttattached tohow much precision agriculture will penetrate
the market beyond the largest agribusinesses, and whether smaller farmers will be slow to adopt the
technologies involvedapd possibly reluctant to have precision agriculture companies have access to
data about their farms)This is still very much an emerging technology spacejtaathains to be seen
how new technologies will be absorbed and adopted by the farming contiasmn each state.
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There are also regulatory challenges that may need to be addressed in terms of the use of unmanned
aerial systems (drones), health and safety aspects of unmanned terrestrial farming equipment and other
factors to be determined.

G. Platform Summary

Table7: Precisionand Digital AgriculturePlatform Summary

Status I Emerging R&D (core competency in research only, need to build industry)
Yy Emerging R&D Plus (R&D core competency and small base of industry)
I Established Growth (R&D and significant base of industry with expansion potenti

Business starup There could be significant stawp potential. There have been some small stgs in
potential lowa in precision agrulture already, and the proximity to maj@griculturalequipment
companies is promising for collaborations.

Business expansion Attraction of venture capital into the agricultural technologies sector is providing-ear
potential stage companies with capital access required for growth. Opportunities for acquisit
are also evident, with large companies having the resources to significaatéup
production from emerging ventures.

Business attraction | h NA yAT SR O2NNBOilfex FyR ¢gAGK GKS N3
potential wg5 aidNBy3IdkKa FyR aa20AF0iSR 62NJ F2ND
substantiabase of advanced manufacturing capability, may be seen as attractive to
inward investors.

Academic R&D There is a potentially challengirgvironment for raising funds from traditional federal
growth potential sources, with federal agencies facing fundingbacks. However, ISU is ranked first in
the nation for agricultural engineering, and has significant strengths in other discipli
that likely support the development of highly competitive proposals. Industry fundin
likely to be attracted to leders in precision agriculture R&D.

lowa competitive This is an emerging sector, and no single state has established a robust leadership
situation position. lowa can be a highly cgmetitive player in this sector if it organizes its assets
appropriately ad addresses identified weaknesses and gaps.

Key barriers to 9 Highly transdisciplinary nature of precision agriculture solutions development m

overcome require investment in faculty and infrastructure in identified undesourced fields.

1 Applied nature dwork in this space may not hold appeal to academics across e
of the disciplines required.

9 Building interest and momentum with faculty to advance innovations along a
commercialization pathway

i1 Distance between the AgriTech Accelerator in Des Moinegtanthajor academic
research hub in Ames.

H. Recommendations

As highlighted herein, precision agricult@eNJ & RA 3 A { thdlds pramich fOr digvei ogeidst Of a
highly diverse range of products, technologies and solutions. lowa should bringeogeth
stakeholders in this sector to work in collaboration to identify best areas of opportunity rooted in
existing and emerging lowa research community and industry strengths.

Tying precision agriculture R&D to the agricultural profile of lowa makeg $ensnabling the
development of innovations that may be tested in the lowa production environmgefiether on the
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crop or livestock side of the equationy 8irecting technology development towards the needs of lowa
production agriculture, R&D activity more likely to attract investment form commodity groups,
cooperatives and other key financial stakeholders within lowa.

lowa State University shoutdeate an Institute foDigital Agriculture, or similar organization,
comprising industry and academimakeholders. This Institute should represent an umbrella
organization for coordinating activities around thematic opportunities, assembling the teams from
various disciplines required, providing seed funds for research teams, and develogeigraduate
andgraduate level curricula for precision agriculture engineeand digital agriculture cybgphysical
systems and analytics

Primary crosscutting recommendations for bioscience cluster development in lowa are profiled in
Chapter IV. Under the recommaead newlowa Bioscience Development Centiris recommended
that each platform has an individual sebmmittee focused on platform advancement.
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Platform4: Vaccineand Immunotherapeutics

A. Description

A vaccine ign antigenidiological prepaation typicallyprepared from the causative agent of aebse
(the pathogen)or a synthetic substituteandused to provide immunity against one or several diseases
A vaccine typically works by priming a H@$inmune system to recognize a diseas@sng
microorganism This is done by exposing the subject being vaccirtatadlead or weakened version of
the pathogen, its toxins or one of its surface proteivgaccines are usually used agraphylacticagent

to prevent or minimize a future infectiaihat may be encountered by the vaccinated hunfananimal

in the case of veterinary vaccinesyhere is also work taking plaiceusingvaccines as therapeutics,

with most of this work focusgparticularly in human cancers (e.g. stimulating the immuystesn to
attack cancer cells).

While incredibly effective public health agents, vaccines have tended to be seen by industry as a low
profit business with slow growth. The rationale for the industry perspectigeoisndedin the fact that

a person or aniral may only need to receive one dose (or very infrequent doses) of a vaccine over a
lifetime ¢ and, therefore, will not represent a repeat customer in the same way that a person needing a
therapeutic drug for a chronic condition will be. While this laibservation still holds true, various

factors have led to life sciences companies reconsidering their position on the vaccine business and
seeing it as an attractive pathway to revenues. Among these factors are:

9 Pressures to significantly reduce the udeantibiotics in livestock (which are associated with the
spread of antibiotics resistant organisms) and instead use vaccination approaches to livestock
health.

1 Global population growth and rising global incomes enabling the purchasmarelwidespread
use of vaccines.

91 Increasing awareness of the threats of emerging infectious diseases opening new markets for
novel vaccines

1 Rising global incomeascreasingdemand for animabased proteinleading to increasing
production of livestock needing to be vacaiad (and the short lifespan of livestock leading to
more rapid turnover othese@t OOA Y S G Odzali2 YSNBEE 0 @

1 Spending by governments on vaccine R&D and vaccine stocks for biosecurity purposes
(pandemicand bioterrorpreparedness).

1 Anincreasingly global commuyi with widespread global travel reqing vaccinations of
travelers, and increasing the threat of rapid transmission of infectious pathogens.

1 Campaigns by governments and global fpoafit organizations focused on increasing
immunization rates.

1 Researchuncovering the link between infectious diseased the later development of cancers

and other chronic diseased-or example, the HPV vaccine being deployed as a preventative

measure against the development of cervical cancer.

Potential for therapeutic vecine development for cancers, allergies and other conditions.

Improvements in vaccine distribution, storage and delivery technologiekifingmedical

devices).

1 Increased spending on animal healthcare, especially in emerging econtwiies) companion
animals and livestock.

= =4
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As a result of positive trends, BCC Research notes that vacc In developing countries, rapid
b N‘BOWA(’E‘e of the brighter spots f@harmaceutical __ industrialization of the livestock segment
compansa Ay USN¥Ya 27 Gere@ly)yB@S ¢ animpending shift to international best

considers growth in the industry being especidiiven by practices; increased realization among
global population increases amdisothe acceptance of adult progressive farmers about disease
vaccineqas opposed to only childhood vaccinationspr managementnd prevention; and more
animalvaccinesakey driver is the pressure to reduce use of ~animal diseases being taken up by feder
antibiotics. as well as state governments for mass
vaccination programs are amplifying the
TEConomgees vaccines as a potential platform for &ofer market for food producing animal
several reasons. In particular there is a small, but recently ~ vaccines.
expandingcluster of vaccine companiestime area around BCC Research

Amesc especially companies fooed on the animal vaccine
market located in the ISU Research Rarkffiliated with it:

1 AeroGenics, LLgrovides gene research for the development of veterinary drugs. The company
was founded in 2013 and is based in Story City, lowa.

1 BioProtection Systems Corporatigom biotechnology company, develops antiviral vaccines to
fight against biderror agents and infectious diseases. The company was founded in 2005 and is
based in Ames, lowa. BioProtection Systems Corporation operates as a subsidiary of NewLink
Genetics, Inc

1 Boehringer Ingelheim Vetmedica, In¢BIVI) is the fifth largest animaéalth company in the
U.S. and produces innovative vaccine and pharmaceutical products for the prevention and
treatment of diseases in the swine, cattle, equine and companion animal markets.

1 Merck Animal Health recently acquired Harrisvaccines. It offarisroad portfolio of products
G2 GLINB@Syidsx GNBFG FyR O2y(iNRBf RA&SI&ASa | ONRaa

1 NeoVax, Incis an early stage company currently developing a range of novel protein subunit
vaccines for use in humans and livestockifiy against the Clostridial group of bacteria.

1 Pathovacs, Inds developing novel, universal protein subunit vaccines for infectious agents
The company is usingpaoteome mining platform for proteirantigen discovery called
Proteomicsbased Expressi Library Screening (PELS).

Also of potential relevance to this cluster in Ames are the following local cong@erations

91 Clarus Validation Groupwhichprovides compliance and technical consulting services to
companies in the regulated Life Scienowtustries (pharmaceutical, biological, medical device,
diagnostic and nutraceutical).

9 Hipra Scientific USA, LligCa veterinary pharmaceutical company focused on research,
production and marketing of products for Animal Healffhey are particularly fosed in
Biologicals.

1 Ideopakprovides customizedackaging solutions for food and pharmaceutical companies
including contamination detection technologies.

1 Versova Laboratoryprovides animal health monitoring and veterinary diagnostic services to the
poultry industry.

1 Veterinary Resourceprovides contract services to companies doing research and development
of biologicals and pharmaceuticals for poultry, swine, and cattle. The company performs studies
using disease challenge models to meet USDA, FDEbrdgulatory requirements. Veterinary
Resources owns and operates 15,000 square feet of infectious disease isolation facilities in

8 /7 wSaS | Globa Warkets fartveaccire Technologhes
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addition to operating four additional leased livestock facilities meaes The company
produces high health status swinerfits research use and is expanding production to provide
sales to other research companies and institutions.

The global animavaccinemarketis also gaining in importance. e
Expandinglemand for livestock products and an increase in th Close to the University of lowa, and
trend of pet owneship are the foremost reasons for increasing 0catéd on the University of lowa
vaccination in animals. Significant developments in REESETE (PR 1S LSTIENS :
biotechnology, informatics and information system has Pharmaceuticals, Inc. W.h'msyaccme
! : . . . platforms for both infectious diseases an
promptgd b_etter planning gnd execution of animal disease oncology personalized medicine
prevention in many countries. Ty i)
The global vacciea markethas bothhuman and animamarket
segments. / /  wSaSI NOKEpkces dphinl SedahueNBr bazha&gmentst nearly $3.3
billion in 2016with strong growth predicted:

1 The global market for vaccine technologies reached $33.3 billionli& 20d should reach $45.2
billion by 2021, growing at a compound annual growth rate (CAGR) of 6.3% from 2016 to 2021.

1 Human vaccines as a segment of this market reached $27.2 billion in 2016 and should reach
nearly $37.5 billion by 2021, growing at a CAG& 6% from 2016 to 2021.

1 Animal vaccines as a segment of this market reached nearly $6.1 billion in 2016 and should
reach $7.7 billion by 2021, growing at a CAGR of 4.9% from 2016 to.2021

The animal vaccine market can be further segmented into:

1 Vaccineased in foodproducing animals, with sales of $3.3 billion in 2014 and $3.5 billion in
2015. This segment is expected to grow at CAGR of 4.9%.

1 Vaccines used in companion animals is expected to reach $2.9 billion in 2021, ayeafive
CAGR of 5.1%.

1 The market for vaccines for other applications (such as for wild rahitsons andavildlife)
stood at $177.2 million in 2014 and is expected to reach $216.3 million by the end of 2016.

It should be noted that members of the focus group for animal vasdield at lowa State University
noted that they consider the above market projections to significantly underestimate the market
LG ¢la y2GSR (GKIG aAyRdZAGNER 0StAS@Sa (KS Y

As theabovedata showyaccines used in fooghroducing animalsare the market leader in animal
vaccines, having a 60% market shane2015versus vaccines tbmpanionanimalsat a36.9% market
share \accines used for other animatemprise only a small marke?.(%).

Compared to human vaccines, tdevelopment and approval of animal vaccines advances much more
rapidly, atthree to fiveyears for USDA approval of veterinary vac¢ommpared tdfive to ten years for

FDA approval of human vaccifed he primary reason for the time differencahat fewer clinicaltrials

are requiredfor animal vaccinesConcerns ovedntibiotic use in food animals, and their connection to
increasing challenges of antibiotic resistanae, expected to be a significant driver of animal vaeci

growth although other faiors also come into playNewand emergingliseases and the globalization of

the food supply means diseases spread quickly. Global population growth and income growth are driving
the global demand for food animal3he bottom line is that animal vaccinespecially for food

animals, demonstrates strong prospects for significant ongoing growth.

7 /] wSa&aS | Globa Warkets fartveaccire Tewlogiesh €
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B. Connectivity tolowa Core Competencies
Figurel2illustrates the connectivity between multiple core competencies and the Vaccines platform:

Figurel2: Vaccineslatform ¢ Connectivityto Identified Core Competencies

Agricultural and Associated Bioscience Core Competencies

Animal Livestock
Infectious Breeding &
Diseases & Animal
Vet Med Husbandry

Animal
Nutrition

Genetic
Engineering &
Biotechnology

Infectious
Diseases

S . Recorimended

rugs an

Pharma TBED
Platforms

Biochemistry Vaccines

Biological
Sampling and
Analysis

Crosscutting & Basic Science Core Competencies

Ophthat Carcer Medical

Audiology mology Devices

Pulmonology

Biomedical Life Sciences Core Competencies

C. Strengths

As noted abovéowa hasestablished a notable cluster of animal vaccine companies in Ames and its
immediate environs. This cluster includeveralearly-stage companiebut also lage market leaders
with two out of the nine largest global companies in animal health products (see Sléeing
locations at the lowa State University Research Baillerck and Boehringer Ingelheim.

Outside of Ames, there are other significant operai@f leading animal health companies in lowa.
Elanco U.S. Ina 6ubsidiary of Eli Lilly and Compdeadquartered in Indianaacquired the Fort

Dodge operations and manufacturing®dehringer Ingelheim Vetmedica, Inc.'s (BIVI) U.S. feline, canine
andrabies vaccines portfolio. The Fort Dodge facility is a fully integrated manufacturing and R&D site
for animal vaccines.Zoetis(headquartered in New Jerseyhe largest global company in animal health
products, also has a major manufacturing faciiityvaccines in lowa. The Zoetis manufacturing site in
Charles City, lowa, produces vaccinegfaultry, swine, equine and canine applicatioifie Zoetis

Charles City facility includes 600,8G@juare feet of buildings located on 256 acres and empbogs

400 personnel.
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Table8: Global Market Leaders in Animal Health Productkowa Presence Highlighted (20145) ($ millions)

Company 2014 2015 | 2016*
Zoetis Inc(Charles City, I1A) 4,785.Q 4,765. 4,740.G
Merck Animal Healt(Ames, 1A) 3,454.0 3,324.0 3,400.0
Merial SAS (part of Sanofi)** 2,325.1 2,816.4 3,326.4
Bayer Animal Health** 1,476.4 1,668.4 1,868.2
Elanco Animal Health (Fort Dodge, 1A) 2,346.0 3,181. 3,228.8
Boehringer IngelheinVetmedica* (Ames, 1A) 1265.9 1,526.9 1,541.1
Novartis Aninal Health*** 1,174.Q - -
Virbac** 865.9 954.2 952.6
Ceva Santé Animale 857.1 959.2 1,019.7
Others 8,709.7 9,145.3 9,593.3
Total 27,258.6428,340.929,669.6

*Estimated based on halfear financial results.
*Numbers reported in other currencies are carted to USD as per the exchange rate.

***Novartis sold its animal health business to Eli Lilly & Co. in January 2015t y 02 A& 9f A [AffeQa | yAYlf

Source: BCC Research

Particularly for R&D activity, Ames is viewed as a prime BCC Research reports time Merck

location. Dr. Albrecht Kissel, president and CEO of acquisition of Harrisvaccines

Boehringer Ingelheim Vetmedica, emphasized this at the = |n November 2015, Merck Animal Health
2LISYAy3 2F GKS O2YLJ} yeéQa p signedan agreement to acquire IS PHH
R&D Center at the ISU Research Park, saying: Harrisvaccines, a privateheld company

| d . lationship with that develops, manufactures and sells
We are pleased to continue our relationship wit vaccines for food production and

lowa Stae University as well as local and state companion animals. Harrisvaccirtess a
leadership, and to be part of this community, whict unique RNA particle technology for

is considered to be the epicenter for animal health vaccine development. The company holc
research in the country. a highly versatile production platform

Th . h hei . ial that is able to target a wide range of
ese operations have their roots in entrepreneuria viruses and bacteria. RNA particle

ventures in AmesNOBL Laborattes, a vaccine company,  technology involves the collection of
was started by Dr. Jan SChUiteman, Dr. Mike Daniel, and | pathogens from a farm ansbeciﬁc genes
Hank Harris in 2005. The company was acquired by are sequenced and inserted into RNA
Boehringer Ingelheim Vetmedica in 1999tr. Harrisalso particles to make safe and potent
foundedHarrisvaccines, based on a novel porcine vaccine Vvaccines for herdpecific protection.
200b6. Harrisvaccines received easitage comrarcialization

funding from IEDA, and theompany was acquireloly Merck

Animal Health in 2015 which now condubisth R&D and manufacturing at its Ames facility.

It is also of note thakowa is a significant prodec of pork and dairy and one of the leading egg
producing states eggs are used in the production of vaccines. Indigenous animal therapeutics and
g OOAYS O2YLI yASas &adzOK Fa L2gkQa !'YSa I OOAyYyS

18 http://www. bi -
vetmedica.com/company/company/newsroom/press_releases/boehringer_ingelheimvetmedicaincopensnewrdfac
ilityinamesiowa.html
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now part ofElanco) and Charles Gligsed Salsbury Laboratories (acquired by Solvay, then Fort Dodge
Animal Health, then Pfizer, and most recently, i120y Zoetis) both date back to the 1910s.

In addition to the corporate presence in vaccines and animal hgatttiucts in Ames and its immediate
environs there are also notable government and academic capabilities that are complement&iyief
among theg is aUSDAfacilities constellation for APHIERS that includes: thidational Animal Disease
Center (NADC); &tional Veterinary Services Laboratories (NVSL), and the Center for Veterinary
Biologics (CVB)Primarily focused on the health of livestock species used in production agriculture, the
USDA Ames facilitiese modern (constructed between 2004 and 2009) aomprise:

{1 Consolidated laboratory and administrative facilities -
containing over 612,000 square feet of space. A key competitiveness factor that
Includes labs are: the APHIS Pathobiology Lab; Af ggfeoirrﬁsvcgeiSa?r']re"ﬁ)';’;f:r']”gf't”hdeus”y

Dlagnost!c Bacteriology La_lb, EQS&QC_J BSB ' {51 Q0a @S éiseNdkaoyilhtdik

Ia_boratone; and caged anm_1a| facmty._ bodyin Ames.This is the Center for

9 High Containment Large Animal Housing and +SGSNAYINE . A2f23A
Training Facility, comprising over 141,000 square  and Plant Health Inspection Services. Tt
feet of space serving ARS and APHIS research arc USDA National Animal Disease Center &
including the diagnostics and biologics programs a National Surveillance Organization are
associated training. also located in Ames. According to one

f  Low Containment Large Animal Housingliiggi animal health company with a vaccine

providing housing for animals infected with BSar gﬁ;gﬁfusm%?gigg’pirr:)\'/‘;‘l’&ot?ﬁe USD!
lower-level organisms.

Center for Veterinary Biologics multiple

As would be expected given the-lmxation in Ames, the times a week. The ability to develop goo
USDA operations in Ames have collaborations with ISU, w Personal relationships and trust with
the following projects: USDA regulatory staff thugh faceto-

face interactions is important. All the
1 Evaluating the Epidemiology, Ecofpgnd Biology of major animal health companies are
Swine Viral Pathogens members of the Animal Health Institute,
1 Investigate the Pathogenesis and Biology of which collectively meet with the USDA in
Emerging and REmerging Swine Viral Diseases ~ AAMes to work on regulatory issues.
1 Nanoparticle Microarray for Higtihroughput
Chemical Phenotyping of Microbiomes
9 Diversity of Antibiotic Resistance Geraesl Transfer Elements Quantitative Monitoring for
Environmental Samples

The USDA operations are performing both basic and applied reseaadimal health, andelevant to
vaccines, examingsubjects such as:

1 Disease mechanisms and pathogenesis

1 Charactrization of antigens, host immunity and virulence markers
9 Disease intervention and control strategies

1 Novel approaches to vaccination

9 Exposure and methods of infection.
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ISUhas a number of strengths that contribute to the vaccines clustganging fromfundamental
microbiological research through to applied veterinary sciences. Training of graduate students is

particularly notable in terms of thenterdepartmental
Microbiology (IM) Graduate Prograwhichoffers both M.S.
and Ph. D. degresn all asped of prokaryotic and
eukaryotic microbiologyMultiple ISUdepartments and
affiliated national laboratories in Amgsarticipate, bringing
together faculty with expertise in biochemistry, ecology,
genetics and molecular biology, biogeochemistry,
biorenewales, food safety and security, veterinary
microbiology, medical microbiology, plant pathology,
virology,entomology, immunology, parasitology, mycology
and microbial genomics, among othefBhere is also an
Immunobiology Interdepartmental Program.

TheL{! /2ttS3S 2F +SGSNRAYI N
Veterinary Microbiology and Preventive Mediciselso a
key asset. The Department notes that its:

Faculty promote the understanding of causes of
infectious disease in animals and the mechanisms
which diseases develop at the organismal, cellular
and molecular levels. Veterinary microbiology also
includes research on the interaction of pathogenic
and symbiotic microbes with their hosts and the hc
response to infectiok”

The College and Department sjifically caHout the close
relationship with the USDA NADC, noting that:

Unique to lowa State is our proximity to the USDA
animal health centers located in Ames. This provid
outstanding opportunities for our faculty and
graduate students to collaboratgith USDA
researchers to develop new vaccines and improve
diagnosticg®

ISU is also the leader in the emerging field of nanovaccine
R&D. Centered within the Nanovaccine Initiative, ISU is
leading a multdisciplinary and muHinstitutionalteam of

51 wiversity, medical school, research hospital, national

lowa State Universityhas been a
significant contiutor to the
establishment and growth of this sector i
lowa, with bothits College of Veterinary
Medicineandalso its biological
SY3aAySSNAyYy3 LINEINI
animal vaccine companies with R&D
portfolios and orgoing R&D activities
were either fourded by, or have senior
management who received a doctorate ¢
veterinary medicine fromlSu e.g., Dr.
Jan Schuiteman (emunded NOBL
Laboratories), Dr. Hank Harris {co
founded NOBL Laboratories and founde:
Harrisvaccines, now Merck Animal
Health), and DriMichael Roof (NOBL
Laboratories, now Zoetis; developed
salmonella vaccine at ISU that was
licensed to NOBL). U.S. News & World
wSLI2NI NIYy{SR L{!Q
medicine program 13th nationally in
2015.

NI YSvy i

From a research, tech transfer, and
workforce perspective, ISU is an
important pillar of the animal vaccine
cluster in lowa. ISU is one of Boehringer
LY3aSt KSAY +SGYSRAO
strategic university partners, and the
company targeted Ames for thedation

of its animal vaccine R&D, with
approximately 65 employees located at
its new $22 million R&D facility at the ISU
Research Park. This is in spite of the fac
that BIVI was headquartered in St. Josey
Missourt now Atlanta, GA, with its
acquisition & Sanofi. BIVI has found ISU
to be a very good and collaborative
partner and source of talent.

laboratory and industry researchers to design nanovaccinc.
targeting diseases such as tuberculosis, malaria, biodefense pathogens and cihedeader of the
Initiative, ISU Profess@alaji Narashhar> Yy 2 (i Shis isiriyloiie oféithie dream teams working on

g OOAYS NBaSHNDOK

19 https://www.vetmed.iastate.edu/vmpm/about/aboutepartment
20 |bid
21 https://www.nanovaccine.iastate.edu/atut/
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function which unlike current vaccinesisenangparticleswhichsenddépathogenlikee & A 3y £ & G 2
stimulate the immune system.

Other strengths noted at the focus group held at ISU include:

1 Capability at ISU to study diseases across multiple animal mauohelgo test at scale across a
large number of animals of the species of interest.

1 Presence of B&3 facilities in Ames and personnel wekilled in biosafety procedures and
associated research activities.

9 The Center for Public Health and Food Safety at ISU.

As illustrated on Figurg3, the triangulation of three core assets (vaccara animal healthcompanies,

USDA animal disease labs, aola State Universitwith basic scienceseterinary medicinend novel

R&D approachggrovides the Ames region, and the State of lowa, with a signature base of science and
technology capacity around which to faer build a cluster of R&D and production economic activity.

Ames also represents a location that attracts companies, vaccine researchers and other relevant parties

from outside of the state to interface with ISU, and all companies in the seat@nwide areengaged

with the USDA operations. As noted in the sidebar on B@gdl of the major animal health companies

are members of the Animal Health Institute, which collectively meet with the USDA in Ames to work on
regulatory issuesBecause ofthe@sS G a Ay L2g6F AG 6l a y206SR Ay (G(KS 7¥F:
FYAYFE KSIFIfOGK 3t260ltfe {y26a !YSa L2glé YR GKS @
participants to come to lowa for multiple events and training programs.

Figurel3 The Ecosystem for Animal Health and Vaccines in Ames and lowa
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