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Specific Aims:

Diabetic Neuropathy (DN) is the most common complication of diabetes with significant morbidity, mortality, and
cost. Despite extensive research to determine the key factors underlying DN, the pathogenesis is not completely
understood. Therefore, ongoing research has been employing high-throughput technologies to examine global
gene expression changes associated with DN in humans and animal models. In order to comprehensively
understand the complex genetic mechanisms associated with DN, it is required to establish a disease-specific
knowledgebase and develop analysis systems to facilitate the enormous wealth of data generated by
high-throughput studies. The successful integration of heterogeneous datasets and publicly available annotation
information will make it possible to perform effective mining and analyze the data to extract meaningful
information on-demand.

Specific Aim 1: Identify, annotate, and process publicly available DN transcriptomics datasets.

a. lIdentify and annotate human and mouse DN gene expression data sets in the DCC microarray data
repository, National Center for Biotechnology Information (NCBI) Gene Expression Omnibus (GEO), and
European Bioinformatics Institute (EBI) ArrayExpress.

b. Process data using our established data processing pipeline to achieve consistency.

Specific Aim 2: Develop and implement tools for data storage, mining, and analysis.

a. Design and develop a database to store the annotation information and transcriptomics data and upload the
processed data sets along with annotation information.

b. Develop and implement data mining and data analysis tools with a user friendly web-based interface.

Making a consolidated platform for gene expression data available to the diabetes complications research
community at large will facilitate the integration of vast amounts of molecular information and will aid
investigators in generating hypotheses and designing future experiments.

Accomplishments
Specific Aim 1: Identify, annotate, and process publicly available DN transcriptomics datasets.

We have written Perl scripts to automatically download the complete experimental details of all microarray data
available in NCBI GEO and EBI ArrayExpress. No Microarray data was readily available through the DCC
website. Text mining-based examination of the data identified 497 diabetes-related data sets, eight of which
were specifically related to DN. Four of the eight data sets were from our laboratory and were already included in
the prototype database. For the other four data sets generated by other investigators, we obtained the raw
microarray data from ArrayExpress (IDs: E-TABM-987, E-MEXP-515, E-GEOD-34451, and E-GEOD-34000)
and processed the data using our in-house microarray analysis pipeline. When our pipeline was not applicable
due to different array platform and incomplete raw data, the details of the differentially expressed genes (DEGS)
were extracted from their supplementary data or obtained from the authors.

Due to the inclusion of public microarray data and additional sets generated in our laboratory, our proposed
web-based Diabetic Neuropathy Microarray Knowledge-Base (DNMKB; available at
http://jdrf.neurology.med.umich.edu/DNMKB/) system currently includes 52 DEG sets from 13 DN-related
microarray data sets, including transcriptomic profiles in peripheral (dorsal root ganglia, sciatic nerve, and sural
nerve) and central (hippocampus) nervous tissues from several mouse models (db/db, BTBR ob/ob, high-fat
diet, and Streptozotocin-induced) and human subjects. The details of the current transcriptomics data sets are
summarized in Table 1.
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Table 1. Summary of current transcriptomics data in DNMKB

\ Data Set Name  Species \ Type Genotype/BG Tissue SEO(]; Treatment Published
sets
db/db mouse 2 BKS db/db 8~24 wks SCN, DRG 10 Mostly

db/db autonomic | Mouse 2 BKS db/db 24 wks AG 1 No
HighFat mouse 2 C57BL/6 36 wks SCN, DRG 2 No
DBA2 mouse 1 DBA2J 34 wks SCN 3 Rosiglitazone Yes
PIO mouse | 12 BKS db/db 16 wks SCN, DRG 8 Pioglitazone No
ohob-male mouse 2 BTBR ob/ob 5~13 wks SCN 6 No
obob-female mouse 2 BTBR ob/ob 26 wks SCN 1 No
SOD1 mouse NA C57BL/6 2~30m SCN 7 Yes
Human DN human | 12 NA NA Sural 2 Yes
Publ-Rat rat 1 Goto-Kakizaki 10 wks Hippocampus, Cortex 2 Yes
Pub2-Rat rat 1 Sprague-Dawley 6~8 wks DRG 3 Yes
Pub3-Rat rat 1 Wistar 6~13 wks DRG 5 Yes
Pub4-Ins2Akita mouse 1 Ins2_Akita/+ 20~26 days SCN, DRG 2 Yes

* AG: autonomic ganglia, BG: background, DEG: differentially expressed gene, DRG: dorsal root ganglia, SCN: sciatic nerve

We only included data sets specifically related to DN in the current project; however, we identified over 50 data
sets of peripheral nervous systems and over 200 data sets using neuronal tissues. These additional data can be
incorporated into our system to enhance the power to detect DN-specific gene expression signatures.

Specific Aim 2: Develop and implement tools for data storage, mining, and analysis.
a. Design and develop a database to store the annotation information and transcriptomics data and
upload the processed data sets along with annotation information.

First, we have successfully completed the user-friendly web-based interface. We re-designed the microarray
selection page so that DEG exploration, searching, and advanced analyses can all start from a unified
microarray selection page. To increase the flexibility and reduce typing errors at this step, we now provide the
most frequently used criteria (species, tissues, ages, and DEG tools) as a drop-down menu in addition to the
typical keyword-based search. Second, in order to support more flexible DEG searches and extensive
comparative analyses, user-defined criteria for defining DEGs are supported; DNMKB users can define their own
DEG sets by applying their preferred criteria for calling DEGs, such as statistical significance values and
fold-change cut-offs. Finally, we also implemented an easy-access menu system and provided a master page
which shows all sub-menus for browsing, searching and analyzing in one page. Therefore, researchers can
perform any of functions they desire.

We have also successfully completed the link structure interface to connect the major annotation websites, such
as National Center for Biotechnology Information (NCBI) Gene Expression Omnibus (GEO), European
Bioinformatics Institute (EBI) ArrayExpress, or Gene Ontology (GO), with the updated knowledgebase. These
features are very useful for users seeking detailed information about their selected DEGs in DNMKB.

b. Develop and implement data mining and data analysis tools with a user friendly web-based interface.
We have successfully implemented advanced analysis feature, which currently includes three modules:
Functional Enrichment Analysis (FEA), Gene Set Analysis (GSA), and Transcriptional Network Analysis (TNA).
The FEA modules allows users to examine the enriched biological functions among the selected DEG sets using
the gene set enrichment algorithm available in the Database for Annotation, Visualization and Integrated
Discovery (DAVID; http://david.abcc.ncifcrf.gov/). This module will also generate a summary heat-map including
the top 10 most significant terms in each DEG sets. We also implemented a functional clustering summarization,
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grouping similar functions based on shared gene contents together, to help identifying clusters of biological
functions with similar levels of enrichment. These heat-maps are particularly useful when comparing the
biological functions of multiple DEG sets. The results from the analysis are heat-maps to show the visual image
for enrichment analysis and their annotation information which can be downloaded for further analysis. Figure 1A
illustrates an typical heat-map comparing DEGs dysregulated by type 2 diabetes (control vs db/db) in three
tissues. This heap-map suggests that there is very strong tissue-specific gene dysregulation in diabetes.

We have also developed a DEG set analysis method called ‘Gene Set Analysis’ to identify the intersection
between gene sets. Since the best way to show set operations is a Venn-diagram, we provide the Venn-diagram
image and also the list of intersecting genes between sets. Figure 1B illustrates the gene-level overlap between
the DEGs in three different tissues affected by type 2 diabetes (db/db). The detailed gene lists of each of the
sub-sets are also given on the results page so that users can do further down-stream analyses of their own.

A B Geneset overlap Analysis
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Figure 1. Functional Enrichment Analysis Results

Finally, we have developed a network-level comparison module, TNA. A virtual server running the TALE program
has been established, and we completed generating literature-derived gene-gene association networks of user
selected DEG sets. At this time while writing our progress report, we are currently experiencing a technical
difficulty in fully integrating the TALE virtual server with our DNMKB system, but we expect that it will be
completely resolved before the public release scheduled on January 2, 2014.

Conclusion

We have developed a web-based data repository and analysis portal of DN-related transcriptomics data. This is
the only comprehensive transcriptomic data resource for DN-research. We believe user-friendly DNMKB
powered with multiple advance analysis tools will significantly enhance the DN-related research.

Future work
1. We will complete the integration of TNA module into DNMKB before the public release.
2. Aregression analysis module, identifying highly correlated gene expression signatures with phenotypic
data such as nerve conduction velocities, will be developed linking DNMKB to our in-house animal
database management system (FLAIMS).




Diabetic Neuropathy Microarray
Knowledge-Base (DNMKB)

User’s Manual

(Released on 1/2/2014)

http://idrf.neurology.med.umich.edu/DNMKB/

Copyright 2013 Program for Neurology Research and Discovery.

All rights reserved.

Laboratory of Eva Feldman
Program for Neurology Research and Discovery
University of Michigan
Ann Arbor, MI 48109, USA
Email: DNMKB-help@umich.edu




Table of Contents

INtroducing DNMKB........iiiiiii e 1
) 1= 11 S 1[0 3
ACCESSING DNMKB ...ttt e et e e e e e e e e e aaea e e eeeeeeeeanees 4
FEALUIES ... 4

Starting DNMKB ....... e 6
0o o 11 o PP 6
Y= [ To @] o] (o] 1SR 6

IMAIN MENU ...t e e e e e e e e e e e e eeaaa 7
BIrOWSE IMIBINU ..t r e e et e et e e e e e e e e eas 7
Y= = 1] o I 1Y/ =T T 8
ANAIYSIS MENU ...ttt e et e e e e e e e e e et s e e e e aaeeeaennes 9

Understanding RESUILS ........iiiiiiiiiii e 11




Introducing DNMKB

Diabetic neuropathy (DN) is the most common and debilitating complication of diabetes,
but the pathogenesis is not fully understood despite extensive research. Recently, the DN
research community employed high-throughput technologies to examine DN-associated
transcriptomic changes in human and animal models. To comprehensively understand the
complex systems associated with DN, it is critical to have a disease-specific data storage
and analysis system to facilitate effective mining and seamless integration of the enormous
amount of data.

Here, we present the Diabetic Neuropathy Microarray Knowledge-Base (DNMKB), a
centralized repository and analysis portal of diabetic neuropathy (DN)-related
transcriptomics data. DNMKB has been developed to facilitate the efficient storage and
exploration of the high-volume microarray data. Table 1 lists the current data sets (as of
12/19/2013), including both published and unpublished data. While access to unpublished
data is currently limited to laboratory members, it will also be made available once the
associated studies are published.

Table 1. Overall statistics

Total Number

Number of experiments 13
Number of DEG sets 52
Species Human, mouse, and rat

Statistics

DNMKB currently contains 52 differentially expressed gene (DEG) sets from 13 DN-related
microarray data sets, including transcriptomic profiles in peripheral (dorsal root ganglia,
sciatic nerve, and sural nerve) and central (hippocampus) nervous tissues from several
mouse models (db/db, BTBR ob/ob, high-fat diet, and Streptozotocin-induced) and human
subjects. The details of the current transcriptomics data sets are summarized in Table 2.
Four microarray data sets from other investigators, identified from a public microarray
database ArrayExpress (http://www.ebi.ac.uk/arrayexpress/), were processed by our in-
house analysis pipeline and included to maximize the data comparability.




Accessing DNMKB

DNMKB is accessible at http://idrf.neurology.med.umich.edu/DNMKB/. Public users can
access any published microarray data, while the Feldman Lab members or collaborators
have unrestricted access to the database. Member login ID and password are given by the
system administrator and non-members can use the following login:

Email: public@access
Password: public

Table 2. Summary of current transcriptomics data in DNMKB

Data Set Name  Species = Type Genotype/BG |  Age Tissue glEo(fS Treatment Published
sets
db/db mouse 2 BKS db/db 8~24 wks SCN, DRG 10 Mostly

db/db autonomic | Mouse 2 BKS db/db 24 wks AG 1 No
HighFat mouse 2 C57BL/6 36 wks SCN, DRG 2 No
DBA2 mouse 1 DBA2J 34 wks SCN 3 Rosiglitazone Yes
PIO mouse 18&2 BKS db/db 16 wks SCN, DRG 8 Pioglitazone No
obob-male mouse 2 BTBR ob/ob 5~13 wks SCN 6 No
obob-female mouse 2 BTBR ob/ob 26 wks SCN 1 No
SOD1 mouse NA C57BL/6 2~30m SCN 7 Yes
Human DN human | 1&2 NA NA Sural 2 Yes
Publ-Rat rat 1 Goto-Kakizaki 10 wks Hippocampus, Cortex 2 Yes
Pub2-Rat rat 1 Sprague-Dawley 6~8 wks DRG 3 Yes
Pub3-Rat rat 1 Wistar 6~13 wks DRG 5 Yes
Pub4-Ins2Akita mouse 1 Ins2_Akita/+ 20~26 days SCN, DRG 2 Yes

* DRG: dorsal root ganglia, SCN: sciatic nerve, AG: autonomic ganglia

Features

DNMKB allows users to explore the compendia of genes and biological functions
(pathways) perturbed in the neuronal tissue by diabetes or drug treatment. Users can
easily identify the most frequently and highly regulated genes in either all or selected
datasets (across different animal models, tissues, and ages). Users can search the
database using various criteria such as gene name, Entrez ID, gene symbol (or synonym),
and associated biological function (Gene Ontology term and KEGG pathway name or their
respective ID) and explore gene regulation across studies. All the results are
downloadable in Excel spread sheets to facilitate the users’ downstream analyses.

Browse mode

Users can browse the compendia of the transcriptomics datasets. The full list of
differentially expressed genes (DEGs) will be available for any selected dataset using




user-defined significance level and fold-change criteria.

Search mode

Users can search the database using various criteria such as gene name, Entrez ID, gene
symbol (or synonym), and associated biological function (Gene Ontology term and KEGG
pathway name or their respective ID).

Analysis mode

Users can perform various analyses on the DEG sets. Currently supported features
include functional enrichment analysis for identifying enriched biological functions among
the DEGs, gene set analysis for identifying the gene-level overlap among selected DEG
sets, and transcriptional network analysis for network-level comparison of two selected
DEG sets.




Starting DNMKB

Login

Click the ‘LOGIN' button on the front page of DNMKB and proceed with registered or
public ID and password.

Enter your email address and password.
* Guest Users: use "public[@access' as email and "public' as
password.

If you forgot your password, contact your system administrator.

E-mail:
Password:

| Login H Reset |

Figure 1. Login

Select Options

M Diabetic Neuropathy Microarray
Knowledge Base

[Instruction]
Choose options and/or keyword to retrive microarray data, after then click 'Retrieve Available Microarray List' button for microarray results.
Or, click 'Reset to Default' button to reset all selected options to their default values

Species: Tissue: Age: DEGTool:

Keywerd:

Retrieve Available Microarray List ‘ ‘ Resetto Defaults

Figure 2. Select options

The first step after login is to retrieve the available microarray data sets and filter them
using four major criteria and/or simple keywords.

e Drop-down menu: Select options for ‘Species’, ‘Tissue’, ‘Age’ and ‘DEG tool’ or
type search keywords into the textbox to retrieve microarray dataset. Then click
‘Retrieve Available Microarray List’ button. It should be noted that this filtering
step is optional, but users must click the retrieve button to proceed.

e Reset: Click ‘Reset to Defaults’ button to reset all selected options to their default
values.




Main Menu

Browse Menu

‘BROWSE’ provides users with an efficient way to retrieve all DEGs with their fold-change
information. The results can be sorted by different criteria such as the number of
experiments having each gene as a DEG or by the fold-changes in a specific DEG set.
DEGs from different species will be automatically mapped across different species using
the NCBI HomoloGene database (http://www.ncbi.nlm.nih.gov/homologene).

Users should first select datasets to browse. Optionally, users can adjust the sorting and
handling species options before retrieving the results. Users can also specify the
significance value or minimum fold-change cutoff to limit the results to highly significant
DEGs. If these values are not specified, the default values (each DEG set have their own
default criteria) will be automatically used.

Once all options are chosen, users need to click the ‘Generate Matrix’ button to proceed.

M Diabetic Neuropathy Microarray
Knowledge Base

* Combine multiple species: use mouss gene a3 base

* Sortby: ¥ of sapenments wih DEGs
Note: Combining muitiple Species works with two species

Genesabe Matr Rosel
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Select
Toggle

Fxperiment name Species Tisaue Agejwhks) 0EG Tond Cuaf | hate Pubdded I0 Lak P Pubdished

Figure 3. Browse menu

Sort by

This option specifies how the retrieved DEGs in the result page are ordered. The default is
‘# of experiments with DEGS’, putting the most frequently perturbed DEGs across multiple
conditions on the top list. If a specific dataset is selected, then the genes will be sorted by
the fold-change values in the selected dataset. The list of sorting options in the drop-down
menu is different based on the selected datasets resulting by the previous step.

Combine multiple species

This option specifies how genes from multiple species are handled and displayed. The
default is ‘use mouse gene as base’ as the majority of the datasets are using mouse.




Search Menu

‘SEARCH'’ provides users with search flexibilities to retrieve specific DEGs of interest. As
in Browse menu, users can provide custom significance and fold-change cutoffs. If these
values are not specified, the default values for each DEG set will be used.

Once the keywords or significance and fold-change cutoff values are typed, users click the
‘Generate Matrix’ button.

Search criteria

DNMKB supports seven types of search criteria. Only one search criterion should be used
for each query, although multiple keywords are allowed in selected criteria (noted as
MULTI below). Allowed separators include ‘semicolon’, ‘comma’, ‘tab’, ‘space’, ‘newline’.

Gene IDs: Entrez gene IDs [MULTI]

Gene Symbols: Entrez gene symbols (either official or synonyms) [MULTI]
Gene Names: Entrez gene name (either complete or partial names)

GO IDs: Gene Ontology IDs [MULTI]

GO Term: Gene Ontology term (either complete or partial terms)

KEGG IDs: KEGG Pathway IDs [MULTI]

KEGG Pathway Name: KEGG pathway (either complete or partial names)

Show non-DEGs option

This option specifies if the result matrix will include any non-DEGSs. This feature is useful in
case the genes of users’ interests do not show up in the matrix and users want to make
sure if the genes are included in the array platform. The default is ‘Do NOT show any non-
DEGs'. If ‘Show any non-DEGS’ is selected, the following colors will be used to represent
different DEG types:

e Green: included in the array and a DEG
e White: included in the array but not a DEG
e Gray: not included in the array

All other features in the ‘SEARCH’ menu are identical to those in the ‘BROWSE' menu.
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Analysis Menu

‘ANALYSIS’ provides users with further analysis tools to identify meaningful information
from selected DEG sets. Three different analysis methods are currently supported in
DNMKB; ‘Functional Enrichment Analysis’, ‘Gene Set Analysis’ and ‘Transcriptional

Network Analysis’.

Figure 4. Search Menu
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Figure 5. Analysis menu




Functional Enrichment Analysis (FEA)

Gene Ontology (GO; http://www.geneontology.org/) terms and Kyoto Encyclopedia of
Genes and Genomes (KEGG; http://www.genome.jp/kega/) pathway information are used
in FEA. Basically, GO is classified by three groups; Cellular Component, Biological
Process and Molecular Function. Therefore, DNMKB provides four different categories to
perform the functional enrichment analysis.

Users can select as many DEG sets as they want and then click the ‘Generate Matrix’
button. FEA generates heat maps for selected DEG sets. Users can click heat map icons
to see the bhigger images for the maps. If users want to download all the information
generated by FEA, click ‘Download the complete results (FuncEnrichment.zip)’

Gene Set Analysis (GSA)

GSA is done by clicking the ‘Generate Venn-Diagram’ button after selecting between two
and 5 DEG sets. GSA provides a Venn-diagram showing the number of overlapped gene
sets between them.

Transcriptional Network Analysis (TNA)

TNA identifies conserved transcriptional networks between two DEG sets based on the
gene-gene co-citation data. Sentence- and abstract-level gene-gene co-citation
information was mined by using SciMiner on the complete PubMed abstracts (over 21
millions). Currently, DNMKB performs the sentence-level analysis by default. Once gene-
gene co-citation networks are generated for the selected DEG sets, a graphical analysis
tool TALE identifies sub-networks shared by two DEG networks. Since it takes long time to
generate a final graph using TALE, TNA will provide users with the URL where the results,
once ready, will be displayed.
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Understanding Result Tables

The figure below illustrates an example of the matrix.

Browse Results
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Figure 6. Browse Menu Result Table

e The matrix is downloadable in Excel file.

e Clicking the column headers will sort the table.

e Clicking gene IDs will show the detailed gene information (NCBI Entrez Gene
database)

¢ Clicking symbols will create a summary page of biological functions (GO and
KEGG pathway) associated with the selected gene.

e The values correspond to the fold-changes between control and diabetes,
unless specified otherwise. Positive values: up-regulated in diabetes and
negative values: down-regulated in diabetes. The degree of fold-change is
also represented by color gradient of the cell (red vs blue)

As shown above, clicking symbols will create a summary page for biological functions in
terms of GO and KEGG pathway associated with the selected gene (in a new window).
Depending on the number of associated function, the loading time of this page may take
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up to a minute. So, be patient.

The current DNMKB displays not only those explicitly assigned GO terms but also those
implicitly assigned GO terms as well, which can be inferred from the explicitly assigned
GO terms and the hierarchical GO structure. Future version will allow users to select which
sets of GO terms to use (explicitly assigned terms are less in number, thus taking much
less time to load).

. The number corresponds to the number
Link to NCBI Entrez Gene of DEGs in the selected datasets
(orthologous genes combined)

ocivivyival Funci

X OT U oCiatea W

Description } (All genes in genomes)
GO:0004672 protein kinase actiity 165 ! [357; 3778)
[ G0:0030232 cychn binding [ 6 [ (6: 40)
[ GO:0016301 Kinase actwity [ 239 | (243: 2351)
[ GODNETA0 transferass [ 505 [ (524; 5072)
[ GO:0DDABED | " ! 111:95)
| GO:0019207 I 32 [ (32; 339)
| GO:0004857 b f 50 f 56: 825
| GO-0008047 enzyme actator actity | % | 1193, 9%8)
I GO:0046872 matal ion binding | 936 | DO2E)

First number: associated DEGs in all the selected
dataset (no orthologous genes combined)
Second humber: total number of genes associated
with the selected GO term (human, mouse, rat)

Figure 6. Summary Table for Biological Functions

Search Results

The ‘SEARCH'’ result table is similar to the ‘BROWSE’ menu except that in the ‘SEARCH’
menu users can specifically search for the DEGs in the database using various criteria.

Analysis Results

Functional Enrichment Analysis

The results of FEA are gene annotation information of the enrichment analysis and
clustered heat-map images of top functions. DNMKB provides the analysis results both in
text format as well as Excel format, facilitating users to perform additional down-stream
analyses of the DEGs using other tools. By default, biological functions in terms of GO
terms and KEGG pathways with a Benjamini-Hochberg (BH) corrected P-value < 0.05 are
deemed significant and will be included in the heat-map. The heat-map will include the top
10 most over-represented biological functions in each DEG set, clustered based on the
significance values (log-transformed BH-corrected P-values), to visually represent overall
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similarity and difference between the DEG sets.
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Figure 7. Functional Enrichment Analysis Results

Gene Set Analysis (GSA)

The result of GSA is a Venn-diagram showing the overlap between DEG sets. DNMKB
also provides the list of overlapping genes, available for download.
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Figure 8. Gene Set Analysis Results

Transcriptional Network Analysis (TNA)
An example of TNA will be available by the time of the scheduled public release (Jan. 2,
2014).

END OF THE USER’'S MANUAL
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