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Data visualization portal for the Humanlslets project Xia Lab

The Humanlslets database can be explored from three complementary views, each accessible

from the home page:

1. Omics view: compute gene-level and pathway-level associations between an omics dataset
and a metadata variable of interest.

2.  Feature view: query all metadata-omics associations that involve a feature of interest, sorted
by statistical significance.

3. Donor view: view all metadata and functional outcomes for a specific donor, compared to the
distribution of values from other donors.

There is also a data download tool.







The main steps to computing results on this page:

1. Select an omics type of interest (ie. proteomics)

2. Select a metadata or functional outcome of interest. These are grouped into 9 categories.
Categorical variables automatically prompt the selection of two specific classes to compare.

3. Select any covariates that you would like to adjust for. The tool supports the inclusion of
donor metadata (ie. Age, Sex) or technical variables (ie. cold ischemic time, cell culture, etc).

4. Optionally choose to do the analysis for a subset of donors.

Choose a p-value cut-off to determine statistical significance.

6. Click ‘Submit’!
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‘ Sex ® Cold Ischemic Time (h) ® v

Omics View
L2 D‘: Q:‘ X

This tool uses general linear models to find associations between omics features and donor metadata/outcomes using the limma R package. A linear model is fit t¢

Organ Characteristics and Processing
covariate variables. Then, results are extracted from the model for the primary metadata. See the statistical analysis documentation for more details.

Cold Ischemic Time (h)

1 Omics Type: Bulk protein expression v [] Pancreas weight (g)

[ Fatty infiltration

2 Primary Metadata: Donor Characteristics v Diabetes diagnosis v ‘ " [ Organ consistency
Comparison of Interest: Type 2 v VS. No Diabetes v ‘ | nte rface for seleCtI ng mu |t| ple
covariates
3 Control for: Select covariates v ‘
4 Donors: @ All O Subset
Select Donors X
5 P-value cutoff: 0.05 ‘ Use adjusted p-values Apply Filters  Upload List
Donor Characteristics Data Availability
Note: if enabled, variable filters will exclude donors with missing values for that variable. Show advanced
filters
6 @ [ sex Male Female Jaa
Diabetes diagnosis Nodiabetes ] Type 1 Type 2 @
[ Age m
Data visualization portal for the Humanislets project Lab
J Bmi bt
[] HbAte Lt

Support for extensive filtering to
subset donors included in the o
analysis



Controlling for technical covariates can have a big impact on the statistical analysis. We find that
culture time and non-endocrine tissue proportion are the most influential variables. Here is an
example of controlling for culture time in bulk RNA-seq analysis:

1

Omics Type: Bulk gene expression (RNA-seq) v SeIECt IBUIk gene
expression (RNA-seq)’ and
‘Diabetes diagnosis’ (‘Type

Pri Metadata: D Ch teristi b Diabetes di i v .

rimary Metadata onor Characteristics iabetes diagnosis 2, Vs, INO D|abetes') for

the omics type and
Comparison of Interest: Type 2 v vs. No Diabetes v metadata Of interest_
Control for: ‘ Culture time (h) ® A7
2

] cut Q X

Donors: |

Select ‘Culture time (h)’ as
a covariate in the ‘Control
for:” input.

Cell Culture Outcomes
P-value cutoff:

Culture time (h)

E] Total islet egivalents after culture (IEQ)

3 D Percent IEQ recovery after culture (%) @

Click ‘Submit’

[] 1slet particle index after culture
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There are 542 mRNAs with
significantly different expression
values in ‘Type 2 versus No
This statistical analysis resulted in 542 significant features (282 up and 260 down). Diabetes’ in the bulk RNA-seq data,
when controlling for culture time.

Feature Association Results

If we do not control for culture
time, we only detect 418 mRNAs
as significantly different between

Type 2 and No Diabetes. This statistical analysis resulted in 418 significant features (236 up and 182 down).

Feature Association Results




Download date and time-stamped results tables and copies of
the input data and R scripts used for the analysis for locally
reproducible results.

Feature Association Results

This statistical analysis resulted in 1519 significant features (797 up and 722 down).

Graphical Summary Results Table Pathway Analysis
Click a point in the volcano plot to view donor-level
T -Logl D(psvalus) measurements in either a violin (categorical metadata) or
16- scatter (continuous metadata) plot
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Feature-level plots are interactive. Hovering over
a point reveals the donor ID and clicking navigates
to the donor-view page for that donor.
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Ormics Overview



Click ‘SC’ to view this feature’s gene
The results table is interactive, with many links that expression across cell type in our

generate more detailed plots or navigate to other tool single-cell database comprised of

data from 7 publicly available
pages/eXtemal databases. single-cell RNA-seq islet datasets.

HADH: hydroxyacyl-CoA dehydrogenase X
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Hover over and click a row to generate an
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The pathway analysis tab supports pathway/gene set analysis of the associations results using
two different method (ORA and GSEA) for 8 different gene set libraries.

Feature Association Results

This statistical analysis resulted in 1519 significant features (797 up and 722 down).

Graphical Summary Results Table Pathway Analysis

Pathway Analysis of Significant Features

See the pathway analysis documentation for more details on the parameters and methods below.

&, Download Results

&, Save Analysis

The ridgeline plot shows the distribution of
feature-level fold-changes or t-statistics,
colored by the p-value for pathway
enrichment. The dimensions of the
ridgeline plot can be easily customized to
better display results for a specific analysis

Method: @ora O osea
Collapse redundant sets: O
FDR cutoff: ’ 0.05
Pathway Results
Library: KEGG

Graphical Summary

Results Table

Heatmap of pathway/set feature levels

shown if there are fewer than 50 donors. across rows. h
black. For pathways with many features, scroll down to see the entire heatmap.

Synaptic vesicle cycle

Samples are sorted according to the primary metadata from the statistical analysis. Significant features are annotated with "*++". Donor IDs are
to missing values are

itrate cycle (TCA cycle)

Pyruvate

This pathway analysis resulted in 20 significant gene sets.

Synaptic vesicle cycle

Insulin secretion

ting duct acid secretion

&, Download Results

Distributions of gene-level log2FC for the top significant gene sets, coloured by the ORA p-value (darker green = more signifigfint), and sorted top-to-bottom by ascending mean log2FC. Hover over a distribution
to see the ORA adjusted p-value (FDR) and gene set size and click to generate a gene set heatmap. Use the sliders below t

Genesetnumber | 20 Resolution @

Density height @

& Save Analysis

Rapt signaling pathway

djust the number of displayed gene sets and the density plot resolution.

Rowheight —@
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Full results table shows statistics and IDs for all gene sets

Hover over a pathway result
to see the associated
statistics, and click to

generate a heatmap showing

feature-level omics data for
that gene set

Set Name

Ribosome

Carbon metabolism

Pyruvate metabolism

Fatty acid degradation

Results Table

Vibrio cholerae infection

Biosynthesis of amino acids

Glycolysis / Gluconeogenesis

Arginine and proline metabolism

Citrate cycle (TCA cycle)

Collecting duct acid secretion

Leukocyte transendothelial migration

Rap1 signaling pathway

Epithelial cell signaling in Helicobacter pylori infection

P-value Adj P-value Hits Set Size Set ID

3.57e-11 8.24e-9 62 117 hsa03010
0.00000195 0.000168 36 71 hsa01200
0.00000246 0.000168 21 33 hsa05110
0.00000291 0.000168 27 48 hsa01230
0.00000535 0.000247 23 39 hsa00010
0.0000282 0.00109 17 27 hsa00620
0.0000554 0.00183 17 28 hsa00330
0.000249 0.00656 16 28 hsa00071
0.000255 0.00656 11 16 hsa00020
0.000562 0.013 11 17 hsa04966
0.00082 0.0166 17 33 hsa05120
0.000863 0.0166 24 53 hsa04670
0.00102 0.0181 34 84 hsa04015







Statistical associations between each omics type and each metadata/function outcome were

computed and stored in a database (>3.8 million relationships). Age, sex, BMI, and culture time
were included as covariates in the analysis. The pre-computed results can be queried by either

gene symbol or by metadata/functional outcome name.

Humanlslets

Feature View

Documentation

Updates

We computed all omics feature ~ metadata associations across five different omics types and more than 100 metadata variables. Sex, age, BMI, and culture time were included as covariates in all analyses,

Insulin|

1.5 mM Oleate/palmitate-stimulated peak secretion [Dynamic Insulin Responses to Macronutrients]

Insulin content (ng/ml) [Static Insulin Secretion]

INSR (Entrez: 3643 - insulin receptor)

INS (Entrez: 3630 - insulin)

unless one of these variables was the primary metadata variable. Search either a gene/protein symbol or metadata variable to retrieve relevant results, sorted by p-value.

Typing in more than three characters automatically populates the dropdown
with all matching features

Gene/Protein Symbol /' Metadata Variable V'

INSR N cell proportion

INSR Purity (%)

Data visualization portal for the Humanlslets project

INSR

Culture time (h)

Purity (%)

Trapped (%)

— Purity (%)
INSR: insulin receptor x
Trapped (%)

Culture time before experiment (days)

N d

cell proportion

Diabetes diagnosis, Type2-None
INSR Diabetes diagnosis, Type2-None
INSR Corrected diabetes status, Type2-None

InGD Nizhatas diannacic TunadMana

The results table shows all results for the queried
feature, sorted by statistical significance. Interactive
table components are the same as on the omics
analysis page.

Omics type V'

Bulk protein expression

Bulk gene expression (Nanos\ng)

Bulk gene expression (RNA-seq)

Bulk protein expression

Bulk gene expression (Nanostring)

Bulk gene expression (RNA-seq)

Bulk gene expression (RNA-seq)

Bulk gene expression (RNA-seq)

Bulk gene expression (RNA-seq)

Bulk gene expression (RNA-seq)

Bulk protein expression

Bulk gene expression (Nanostring)

Bull nana avnraceinn (Nannctrinal

Coefficient 1|  P-value 7|  Adjustedp-value 1|  Links
1.78 4.13e-14 291e13 NCBI
-0.0148 3.67e-9 4.44e7 NCBI
-0.0111 2.04e-7 0.00000159 NCBI
.00713 7.15e-7 0.00000817 NCBI
0.0000051 0.000157 NCBI
-0.0152 0.00000558 0.00031 NCBI
0.0224 0.0000659 0.0026 NCBI
-0.268 0.00381 NCBI
2.36 0.00506 NCBI
0.652 0.00516 NCBI
0.238 0.00163 0.0106 NCBI
0414 Omicstype Coefficient
n a9 (
Bulk protein Match All v
Bulk gene e: 18
‘ Contains v
Bulk genee: | "
Bulk protein
Bulk gene e: 1
+ Add Rule
Bulk gene e: 52
Bulk gene e: 4
Bulk gene expression (RNA-seq) -0.268

About  Terms of Service

The results table enables filtering, for example by omics type




Donor View



The Donor View page shows a summary of each donor’s outcomes, displayed against the
distribution of values from different donors across the Humanlslets database. Donors can
be searched by either donor ID (ie. R360) or RRID (ie. SAMN14146088).

)o
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Donor View

Metadata

Donor Information R3 60 « Diagnosis: None + Sex:Fammiale « Cryopreserved tubes:

: : 0
» Adjusted diabetes ) .
(RRID: SAMN14146088) status: None HLSAENEISE « Snap-frozen tubes: 0

Isolation Information

Insulin Secretion

Static Glucose-stim. Insulin Secretion
Dynamic Insulin Response to Glucose
Dynamic Insulin Response to Leucine HbA1c: 4.9% Age: 51 years BMI: 26.1
Dynamic Insulin Response to Palmitate

Other 10th perc. 48tH perc. 47th perc.
Mitochondrial Function

Single-cell Function (electrophysiology)

Omics Overview

There are currently nine types of data available to
view. More data will be added over time as it is
collected.



Each tab shows a summary of a different kind of dataset. For example ...

R360 « Diagnosis: None « 'Sex: Female « Cryopreserved tubes:
" " B 0
« Adjusted diabetes . .
(RRID: SAMN14146088) status: None * HLAA2: Negative « Snap-frozen tubes: 0
Basic donor metadata, including
<«——— availability of isolated islets for future
HbA1c: 4.9% Age: 57 years BMI: 26.1 resea rch projects
10th perc. 48tH perc. 47th perc.
Isolation Cold Ischemic Time Dithizone-stained Islets
§is b4 st 0 o2 s @ s s 7 % 5 % 2 %0 % b 4 ©  Coldischemictime: 16h bl E—
Percent Years Index O  Purity:80%

(O  Trapped: 0%
(O  Pancreas weight: 54 g
O Digestion time: 20 min
O Total IEQ: 120000
O Islet particle index: 1.1
(O 1EQ/pancreas: 2300 IEQ/g IS S S S A S S
. . . . (O  Insulin content: 1.8 mg Hours
Technical islet isolation outcomes, O Wiy
including images of the isolated islets N .
Pre-distribution Cell Type Composition
(O  Culture time: 6 hours
(O  IEQrecovery: 100%
(O  [Isletparticle index: NA No cell type estimates for this donc
O  Insulin/IEQ: NA
Inventory
Raw values
No perifusion data for donor R360 o Cryopreserved tubes: 0
Normalized to 3 mM glucose baseline O Snap-frozen tubes: 0
1 Insulin Secretion (uU/mL) (S e e
Baseline: log10(AUC)
2,000~ |
1,800~ |
1,600-
1,400 Functional outcomes such as dynamic insulin
1,200- . . . .
1000- | 153995399y y39ysl secretion in response to three different nutrients.
15mM glucose: log10(AUC) . . . . . .
800- <+— Functional data also include static insulin secretion,
§00- oxygen consumption and single-cell
400- | electrophysiology outcomes.
)
200—\ 3 0T Na.:mwg\:c;:m;:(;; o
T Omics Data Availability
| The Humanlslets project is collecting up to seven different types of omics data per donor. The table below shows which omics types are available for
| "* - donor R360.
0 v T T T T T T T 1 ~ e
20 40 60 80 100 120 140 160 180 200 FFdd TSI
[ 30 mM KCI: log10(AUC)
‘ Tim(l. (minutes) ‘ l ! Omics Type Available?
Bulk gene expression (RNA-seq) X No
Bulk gene expression (Nanostring) V Yes

Single-cell gene expression (RNA-seq)

Bulk gene expression (RNA-seq: adipose tissue) X N

An overview of the omics
H H Bulk protein expression
data available for this donor protei exp

: l :
z z
5 s 5



Data Download



The data download page has two steps: ‘Select Donors’ and ‘Download Data’. In the first
step, users can filter donors by metadata, data availability, or a donor list.

Clicking this generates a distribution of the
values, helping users choose a cut-off

Variable Distribution X

Humanlslets o Documentation Updates About Terms of Service

Data Download RRra

Downlo
Select Donors v & Select Donors
Click "Submit" without specifying any filters to download d . N . .
v Ok ecta Click "Submit" without specifying any filters to download data for all donors.
Select datd
o Apply Filters Upload List
) . 2
Apply Filters Upload List
Donor Characteristics Data Availability
Data forma
Note: if enabled, variable filters will pxclude donors with missing values for that variable} Show
advanced filters
IDtype: | DonorID v
Note: due t{ Tl'y Example
|:| Sex ale Female differently.
Downloa|
[] Diabetes diagnosis o diabetes Type 1 Type 2 R391
R399
R343
O Age lua R200
R022
R246
] emi ] R212
R329
R191
[ Hbate luat R173
R357
R272
R286
E=0 Ra2]
R392
R395 Z
‘ sy .
The ‘Upload List’ tab allows users to filter
m only donors in the list of upload IDs
Select Donors
Click *Submit* without specifying any filters to download data for all donors.
Apply Filters  Upload List Advanced Filters x
Donor Characteristics Data Availability
Donor Information  Distribution Information _ Isolation Information _ Inventory
All donors have basic clinical metadata and isolation information available. To filter based on Note: i enabled, variabl fitrs wil exclude donors with missing values for that varizble.
availability of other data types, please use the form below. Only donors with ALL of the selected
data types wil be included. [ coldischemia time w
Select datasets: Mitochondrial Function @ Proteomics @ v [J Pancreas weight at
Other Outcomes
[ pigestion time
m [J Electrophysiology Outcomes
Mitochondrial Function O] %puiy ™
Omics Data
[ TotaliEQ
] Gene Expression (Nanostring)
Proteomics [ 1slet particles 1]

[ ttetpartcte index s

[ IEQ/Pancreas weight

Users can filter to include only donors with
specific data types available Clicking the advanced filters link allows users to filter by
many more variables



Once the donors have been selected, users can choose the data types that they’d like to
download and the format that they want it in.

Humanlslets Documentation Updates About Terms of Service

Data Download Reset Dataset
Select data types to download v
Select Dono "~ other Outcomes Download Data

Click "Submit" wit

D Electrophysiology Outcomes Select datasets: ‘ Select data types to download v \
Apply Filters

[«

[[] Mitochondrial Function

Donor Charact

P Data format: Comma separated values (.csv) Vv
Note: if enabled, v/ ¢ Omics Data E

advanced filters \

D Gene Expression (Nanosmng) Note: due to its large size, download of single-cell patc|
O sex | differently. Click Comma separated values (.csv)
] Proteomics
Download .V, Summary [l
[C] Diabetes diagnosis No diabetes Type 1 Type 2 [ Comma separated values (.CSV)
(
[ Age Text file (.txt)
[ smi R object (.rds)
I
[ Hbalc Excel (.xIsx)
~ | Dataset Summary X
Sex

Al

In dataset

v 7 download_20240603154005
.| gsis.csv

Percent

Age

Al

.. donor.csv

In dataset

H
Al Indataset 3
o

Diabetes Type

The downloaded files are date and time stamped @

30
BMI

In dataset

Percent

Count

The dataset summary shows the distribution of T hewte "
key metadata for downloaded donors, compared

to all donors in the database E3EE -~




