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Abstract: NIH is a worldwide leader in supporting fundamental biomedical
research, which lays the foundation for disease diagnosis, treatment and
prevention. Evaluating this support requires analysis of diverse investments
covering the spectrum of biomedical research, to assess balance, trends,
outcomes, and relationships to other agencies. In this poster, we show the use of
NIH Maps, an online text-mining tool, to analyze research portfolios in NIGMS, a
$2.4 billion institute whose mission is devoted to supporting a diverse range of basic
research from basic cell biology to pharmacology. The tool was used for discovery
and classification of NIGMS research based on grant information including scientific
titles and abstracts. We show how this information is complementary to the NIH
disease-based research classification (the RCDC system), and how it has provided
a comprehensive approach for understanding portfolios, and their changes over
time, ir 1t of i ive research pi . This process included
expert validation of the automated categories, as well as consideration of the
strengths and weaknesses of the approach and the implications for future text
mining efforts.

Topic modeling refers to a strategy that identifies informative words in a set of
documents and analyzes their co-occurrence to arrive at “topics” or categories that
are independent of keywords. Certain groups of words co-occur frequently and are
defined as topics; the number of words in each topic and the number of topics set the
granularity of the analysis. Note that a particular word can be represented in multiple
topics (e.g., microtubules in cell division, cilia or intracellular transport). The topic
modeling strategy extracts groups of words from a set of documents and uses
Bayesian statistical techniques to infer the underlying distribution of topics. The most
relevant topics for a particular are by the of the
words within each topic and each document can be represented by several topics.
Thus, one grant can be represented in several topics categories; each of these is
weighted proportionally to represent the fraction of the project devoted to that topic.
The dollars that are associated with each of the subtopics within a grant are weighted
as well, thereby giving a more accurate distribution of the dollars than would result
from counting the entire grant as contributing to only one topic.

Example of Topic Modeling by Latent Drichlet Allocation*

1.1 like to eat broccoli and bananas.

2. | ate a banana and spinach smoothie for breakfast.

3. Chinchillas and kittens are cute.

4. My sister adopted a kitten yesterday.

5. Look at this cute hamster munching on a piece of broccoli.

Sentences 1 and 2: 100% Topic A
Sentences 3 and 4: 100% Topic B
Sentence 5: 60% Topic A, 40% Topic B

Topic A: 30% broccoli, 15% bananas, 10% breakfast, 10% munching, ... (at which point,
you could interpret topic A to be about food)

Topic B: 20% chinchillas, 20% kittens, 20% cute, 15% hamster, ... (at which point, you
could interpret topic B to be about cute animals)

. Allotting grant dollars to topics

2R01GM026875-35 Biochemical Studies of Mitosis
Highly integrative cellular p hose involving many with

actin_cytoskeletan, actin_filaments, actin_binding
458%

$421,791
cell_eyele, cyclin, cell_proliferation, cyclin_dep
28.3%
$260,743
proteins, purification, tagged, purify, mass_spect
25.8%
232,737

Total Cost: $920,271

The data presented in the NIH Maps analysis exclude what are considered to be
specialized or resource projects, namely pre- and post-doctoral training grants, the
IDeA awards transferred from NCRR at the start of FY12, and projects supported
through the former Minority Opportunities in Research Division. Topics that were
judged to be outside the scientific content of research grants were excluded.

. Validation and Clustering Topics into Scientific
Categories

actin dynamics & processes
tho, actin, signaling, rhos, eytoskeletal, actin_cytoskeleton, cdca2, rac, gtpase, ract, cytoskeleto
myosin, actin, muscle, force, contractile, troponin, contraction, filaments, thin_filament,
actin_cytoskeleton, actin_filaments, actin_binding, cytoskeleton, dynamics, actin_polymerizati
<ell_migration, cell_motility, movement, chemotazis, adhesion, cellular, edge, directional,
3l forces, cell, mechanics, mechanotransduction, stress, stretch, physical, loading,

Topics

barrier, tight_junction, cadherin, cell_cell, adherens, integity, adhesion, junctional, epithelial,
integrin, cell_adhesion, focal_adhesion_kinase, signaling, extracellular_matrix, binding, ecm,

While the topic modeling process provides valuable granularity by using over 700
topics to describe NIH research, there was a need for broader categories to carry out
higher level analyses. For NIGMS, ~300 topics were found to account for 90% of
NIGMS research spending; these ‘GM topics’ and the total costs of each award
were assigned as a percentage to the top three topics in each project. The dollars
associated with each topic were weighted accordingly. These topics were then
clustered using an algorithm based on co-occurrence, which resulted in 124
ategories. These categories were further reduced to 50 based on review by NIGMS
aff.
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Figure 4 shows the clusters accounting for top 90% of the NIGMS investment listed
in descending order by NIGMS dollars. 'Structural biology' is at the top of the list,
with a total cost investment by NIGMS of $149.5 million as seen in blue on the right.
Other significant investments are ‘networks, genomics, bioinformatics’, ‘molecular
recognition’, and ‘metabolic, metallo & natural products enzymology’.

This tabulation also shows what percentage of the NIH total investment for each
topic is funded with NIGMS dollars (red bars in Figure Il). For 'structural biology’,
the NIGMS investment represents 71% of the NIH total. Other scientific areas
where NIGMS has made significant investments are: ‘organic chemistry & natural
product synthesis’ at 62%, ‘cell cycle & cell division’ at 62%, ‘translation’ at 55%,
and ‘mi ics & at 56%.

Lessons Learned and Future Possibilities

Distribution of Categories Across NIGMS
Scientific Divisions
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Figure 5 shows the same list of top NIGMS investments, but as they are
represented in each division. B: Bi ical Technology, Bioil ics, and
Computational Biology C: Cell Biology and Biophysics G: Genetics and
Developmental Biology P: Pharmacology, Physiology and Biological Chemistry. One
can see that 72% of ‘structural biology' is funded by CBB, but that the other 28% is
spread across the other divisions. This was not at all apparent from looking at the
program areas and PCC codes alone. From the traditional description, one may
have concluded that NIGMS invested only $70 - 80 million in structural biology,
mostly through programs in CBB. For other topics such as posttranslational
modifications, the investment is spread somewhat evenly across three out of four
divisions.

Topics within a Category Across NIGMS
Scientific Divisions
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Figure 6 shows more detailed information on the differences among the divisions
within the structural biology category. For example, Biomedical Technology,
Bioinformatics, and Computational Biology (B) division focuses on NMR
instrumentation, while projects that use NMR to determine protein structure are
concentrated in the Cell Biology and Biophysics division (C).
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e Detecting Emerging Topics and Clusters with NIH
Maps Data

Clusters with >59% invested in either Projects in years 1-10 or Projects in years >10
are highlighted

Cluster Name S10¥s  <10vrs
metabolic, metailo & natural products 2% 8%
enzymology

DNA metabolism 6% 4%
transeription &% 8%
transiation 6% 0%
Intracelular traficking 6% 4%
protein folding & control 6% 4%
microtubule dynamics & processes 0% ao%
lipids & membranes 1% 9%
axidative siross. &% %
circadian thythm 5% 5%
Cluster Name >10¥rs <10rs
netwarks, genomics, bioinformatics 1% 65%
bicengineering 9% 81%
population genetics 5% es%
computational modeling 9% 61%
stem celis 15%  85%
computational biology & sci 2a%  66%
computing

epidemiology 21%  79%
clinical 27%  T3%
microbiology 21%  79%
behavior 18%  82%

posttranseriptional processing a98%  502%

n_processing, rma_binding, processing, dead_bos, s, mrma, rna, assembly, poteins, mase, expor lox 3
rna_splicing, alternative_splicing, pre_mrna, rna, excn, intran, splice, mrna, transcripts, proteins SSTH . aaan
oncoding_ma, ncrmas, transcrpts, antisense, noncoding, mns, protain coding, smallina, gene_sxpr I27% 673K
s, o interference, small_m, slencing, sien, gere_slencing, dicer, mima, dsma, sditing, ar am s
e, i mlcrorna_mirmas, mene, target coding_os, gene_expression, 3.t TH  623%
15.0% sso%
stemaells
pluripotent, stem_cels ipa_cels, cells, human, i, es_cells, plu o% %
3% 661%
regeneration, stem_cels, regenerative, tissue_regeneration, regeneraiive_medicine, resal, acult,
13w 87
diffesentintion, stem_cell, issue_engincering, masenchymal_stem_cells, _3d, mses, tissue, cells, mi 3
7% 262%

stem_cell, progenitor_cells, differentiation, ineage, population, markess, stem, self_renewal, adu

In Figure 7 we looked to see if newer projects might be indicative of scientific

ies that are i ging. Projects are grouped into “newer” or “older”
categories based on the project year date of <10 years. Categories with a significant
history of NIGMS investment such as enzymology, DNA metabolism, transcription,
and translation have a greater number of established projects relative to other
categories such as networks, genomics, and informatics, population genetics, and
microbiology. A higher percentage of newer projects within a category may also
reflect investments from targeted RFAs and/or PARs. Within categories particular
topics show a higher percentage of newer grants, which appears to reflect the current
state of the field. For example, newer projects emphasize topics on non-coding RNAs
and RNAS in post-trar p while there is an emphasis on
induced pluripotent stem cells and differentiation for newer grants in the stem cell
field.

Conclusions:

NIH Maps is based on a quantitative approach and is viewer
independent, transparent, adjustable, and reproducible.

NIH Maps topics generally represented the scientific content of
NIGMS research grants quite well.

NIH Maps NIH Maps data provides the ability to proportionally allot
dollars, which is a major advantage over other analysis tools.
<700 topics provides appropriate granularity

Determining how to combine topics into a reasonable number of
scientific categories relevant to the IC for reporting purposes
requires significant input from subject matter experts
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