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Abstract

BloodSpot is a specialised database integrating gene expression data from acute myeloid leukaemia (AML) patients related to blood cell develop-
ment and maturation. The database and interface has helped numerous researchers and clinicians to quickly get an overview of gene expression
patterns in healthy and malignant haematopoiesis. Here, we present an update to our framework that includes protein expression data of sorted
single cells. With this update we also introduce datasets broadly spanning age groups, which many users have requested, with particular interest
for researchers studying paediatric leukaemias. The backend of the database has been rewritten and migrated to a cloud-based environment to
accommodate the growth, and provide a better userexperience for our many international users. Users can now enjoy faster transfer speeds
and a more responsive interface. In conclusion, the continuing popularity of the database and emergence of new data modalities has prompted
us to rewrite and futureproof the back-end, including paediatric centric views, as well as single cell protein data, allowing us to keep the database
updated and relevant for the years to come. The database is freely available at www.bloodspot.eu.
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Introduction specifically under conditions of hematopoietic differentiation,

BloodSpot (1-4) is a resource that enables convenient studying  blood cell maturation and leukaemia, with a focus on acute
of gene expression dynamics in blood and bone marrow cells,  myeloid leukaemia (AML). A growing number of carefully
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Figure 1. Example output from BloodSpot database with data from (12) categorized by age and WHO classification with query for gene TP53.

curated datasets have enabled researchers to gain insights into
the complex gene expression dynamics guiding the differentia-
tion and maturation of blood cells, thereby fostering hypoth-
esis and acting as orthogonal validation to experiments de-
signed for gaining understanding into both normal and patho-
logical haematologic processes (5,6). The value added to the
publicly available raw data has been data curation, quality fil-
tering and, importantly, batch correction and data integration.
This work has enabled users to analyse at a glance integrated
datasets consisting of samples from different studies, which to-
gether can provide new and important insights. Popular men-
tion is datasets with leukaemia blast populations side-by-side
with sorted normal populations (7).

Advances in single-cell technologies have unlocked un-
precedented resolution in profiling individual cellular states,
adding new dimensions to our understanding of cellular het-
erogeneity within complex tissues. A concurrent realisation
with the emergence of single cell data has been the fact
that profiles of well-defined cellular populations, as sorted by
fluorescence-activated cell sorting (FACS) are important ref-
erences to understand cellular dynamics, which then also acts
as a scaffold to understand function identity and state of un-
sorted cellular clusters. This has prompted us to maintain fo-
cus on both sorted and unsorted cells, whereas other projects
solely embrace the unlabelled nature of bulk single cells se-
quencing data with predicted or inferred cell types (8) typ-
ically from droplet-based protocols (9). Recently, single cell
proteomics has provided a nuanced understanding of func-
tional protein changes associated with genetic shifts (10), ef-
fectively bridging the gap between genotype and phenotype,

which we have introduced and will expand as more data be-
comes available. Moreover, paediatric leukemias, that present
themselves with unique molecular signatures and aberrant dif-
ferentiation patterns, distinct from their adult counterparts,
have been added to the database to serve the childhood and
paediatric AML and AEL communities (11,12). We will con-
tinue to grow this area of the database, aiding in therapeutic
discoveries and stratifications, which has been a requested ad-
dition by our users.

Materials and methods

Server infrastructure

The newest release of BloodSpot includes a comprehensive up-
date of the backend, in order to accommodate new data and
provide a distributed system, which will give a more respon-
sive experience for international users, who have long suf-
fered the physical distance to our servers in Copenhagen. This
meant migration to a cloud infrastructure, which warranted
revamping HTML and PHP code and MySQL database.
The MySQL is now migrated to a version 10.6.15 Ubuntu
Maria DB database hotel, and PHP code is updated to a mod-
ern version 8.2.

Protein data

Protein data has been processed as detailed in Schoof and
Furtwingler et al. (10), briefly, cells from the OCI-AMLS8227
culture model (13) were FACS sorted and processed for sub-
sequent single-cell proteomics mass spectrometry acquisition
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on a ThermoFisher Orbitrap Exploris 480 mass spectrometer.
Data was processed using the SCeptre python package (10).
Missing values are not plotted in the web interface.

Gene expression data

All gene expression datasets compiled from multiple laborato-
ries have been assessed for batch and quality, and batch cor-
rected using ComBat (14). Metadata from Illaria ef al. (12)
was compiled into a super-group of age_group and revised
World Health Organization (WHO) and to allow for separa-
tion on both age and disease classification information.

Visualisation

Main plots are SinaPlot (15) implemented in D3, where max-
imum width is given by total number of samples. This be-
haviour is no longer default in SinaPlot implementations,
but allows for easier comparison of distribution of samples
across groups. Both SinaPlots and Tree plots are dynamically
produced, whereas all survival plots are pre-computed from
TCGA AML data (16). Tree plots are based on differentia-
tion patterns, where applicable, or sample group correlation
otherwise.

Results

BloodSpot (1-4) has served as quick portal into data of
sorted normal cells, AML leukemic blasts by WHO classifi-
cation (17), and lately also single cell datasets (18,19). The
database contains gene expression profiles from microarray
and RNA-Seq data of various blood cell types across different
stages of haematopoiesis. This includes stem cells, progenitor
cells and mature blood cells of various lineages, for the inves-
tigation of differentiation and maturation. Users can search
for genes that correlate with the query gene, making it pos-
sible to discover co-regulatory mechanisms and find robust
marker sets. With this update we introduce additional AML
and AEL datasets with a broad range of age groups that we
have used as grouping-criteria, together with disease classifi-
cation. This will allow the study of age effects, to the benefit
of the many users who over the years have requested the capa-
bility to analyse transcriptional patters across paediatric and
adult leukaemias. In addition, we open space for new data in
the proteomics space, where we have already included a single
cell proteome dataset ready for browsing and we look forward
to expanding this section as more data becomes available. An
overview of datasets added since last release can be found in
Supplementary Table S1. We have decommissioned the path-
way search functionality, which allowed users to search for
gene signatures from MSigDB (20) rather than gene names, as
it was not being used.

Collectively, we introduce important expansions of the
BloodSpot database. This includes the integration of single-
cell proteomics data, that paves the way for a richer perspec-
tive of blood cell states, and of paediatric leukaemia profiles,
augmenting the potential of BloodSpot to continue to serve as
a reference for both basic research and clinical investigators
within molecular haematology.

To elucidate age related effects we queried TPS53 in the
newly added dataset from lacobucci et al. (12), because it is
known to be commonly mutated in adult AML, but virtu-
ally never in paediatric cases (11,12). We found an increase
in variation and an increase in number of cases with very
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Figure 2. Output from BloodSpot database with query gene MPO and
data from three different datasets. (A) ‘'Normal Hematopoiesis with
AMLs’, (B) 'human single cell normal HSC (Velten 2017)" and (C) ‘enriched
population AML proteome’. Abbreviations are in panel A: AML complex:
AML with complex aberrant karyotype; HSC: hematopoietic stem cell;
MPP: multipotential progenitors; CMP: common myeloid progenitor cell;
GMP: granulocyte monocyte progenitors; MEP: megakaryocyte-erythroid
progenitor cell; early_PM: Early Promyelocyte; late_PM: late
promyelocyte; MY: myelocyte; MM: metamyelocytes; BC: band cell;
PMN: polymorphonuclear cells; Mono: monocytes, in panel B: numbers
indicate clusters of unsupervised clustering, and in panel C:
LSC:leukemic stem cell; PROG: progenitor of blast.

low or no expression of TP53 co-occurring with increased age
(Figure 1).

In order to investigate the protein manifestation of a tran-
siently expressed genes we submitted the query gene MPO,
a myeloid differentiation marker (21), to three datasets: the
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default dataset with AML and normal sorted hematopoietic
cells (2), clustered Lin-CD34+ single cells from Velten et al.
(19) and single cell sorted proteome cells (10). MPO clearly
has distinct expression in MLL and complex AML from three
other karyotypes, and displays transient expression with low
expression in the stem compartment and high expression in
progenitors (Figure 2A). In the single cell expression data there
are also clear signs of transient expression (Figure 2B), with
cluster 3 notably showing higher expression. Interestingly, the
proteome data (Figure 2C) appears to show accumulation of
the protein from stem cells (LSC) to progenitors (PROG) and
blasts, which could be explained by a shorter half-life and ef-
fect of RNA compared to protein, or due to the nature of the
AML model OCI-AMLS8227 (13).

Conclusions

The BloodSpot 3.0 update represents a significant improve-
ment in the database’s capabilities, incorporating single-cell
proteomics data and expanding its coverage to include pae-
diatric leukaemia profiles. These enhancements will empower
researchers and clinicians in their studies of hematopoiesis,
leukaemia and related fields. The database is freely available
with no registration at www.bloodspot.eu.

Data availability

BloodSpot 3.0 is available at www.bloodspot.eu. All data is
publicly available and linked to relevant repositories as they
appear in the web interface and supplementary table 1.

Supplementary data
Supplementary Data are available at NAR Online.
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