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Tables

Table A.1 Available single-cell RNA sequencing data for HSC aging.
Summary of available datasets including information on reference, species,
number of samples, and details on the sample composition.

Author Accession Species #Samples Comment
number
Kowalczyk | GSES59114 Mus 2128 -Two mouse
etal. 2015[1] musculus strains

-All mice are
pooled
-LT-HSC,
ST-HSCs,
and MPPs
from young
and old mice

Grover et al. | GSE70657 Mus 135 -2 ages

2016 [2] musculus -only LT-
HSCs

Kirschner et | GSE87687 HPC7 cells | 12 -TPO

al. 2017 [3] from mus treatment

musculus -4 points in

times of
treatment
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GSE87631 Mus 1152 -2 mouse
musculus strains: WT
and
Jak2V617F
-2 ages
(young and
old)
-mice are
pooled
Ratliff et al. | GSE138544 | Homo 730 -8
2020 [4] sapiens individuals
-8 time
points

Table A.2 Complete inactive genes in all ensemble networks. The color
legend indicates if the literature findings match the expected behavior of a
quiescent LT-HSC. Green indicates that the activity is coherent with quiescent
HSC, while for pink genes, the activity is contrasting. For blue highlighted
genes, we did not find any information in the context of HSCs. In total, genes
that have an activity level < 1% are considered to be inactive.

Gene Literature Reference
ZAP70 T-, B-, NK cells specific factor. Its loss causes loss of | [5, 6]
CD8+.

VCAMI1 VCAM-1 is minimally expressed on most resting | [7]
vascular endothelial cells and is inducible in many tissue
vascular beds following injury or stress.

TRAF3 Evidence of activity in myeloid cells. [8]

TRAF2 TRAF2 is both a target of CYLD and an activator of | [9, 10]
TNIK and CTNNBI. Loss of TNIK does not alter HSC
but his hyperactivation causes leukemic transformation.

TRADD TRADD is activated upon stress stimulation. [11]

TRAFI Activated upon TPO specific stimulation. [12,13]

TNFSF11 Involved in osteoclasts formation. Expressed by | [14]
(RANKL) osteoblasts and stroll cells. It is an NF-xB activator that
binds to its surface receptor in osteoblast and osteoclast
progenitors.

TNERSF1A | TNFRSF1A (p55) is constitutively expressed. Its loss | [15]
does not affect HSCs.

TNERSF11 | Is the receptor of RANKL and is involved in osteoclast | [14]
A differentiation.

TNFAIP3 Its expression is reduced in aged HSC. Nevertheless, it | [16, 17]
is induced upon TNF stimulation.

TNF External stimulator of HSC behavior. [17]




TLR4

Hematopoietic progenitors express TLR4. When
stimulated with TLR4 ligand myeloid progenitors give
rise to monocytes or macrophages.

[18, 19]

TIRAP

Constitutive expression of TIRAP in HSCPCs promotes
upregulation of interferon-y promoting bone marrow
failure. It is also responsible for the induction of
myelodysplastic syndrome.

[20]

TICAM2

Neutrophil influencing factor, whose activity relates to
their exhaustion.

[18]

TICAM1

Responsible for response to bacterial-produced LPS in
HSCs. Plays a role therefore in infections and stress-
induced proliferation of HSCs.

[21]

TAB2

Tab1/Tab2 double deletions completely eliminated the
reconstitution activity of HSCs, whereas Tabl or Tab2
single deletion did not cause any abnormality.
Tab1/Tab2 double deficient lineage-negative, Sca-1+, c-
Kit+ (LSK) cells did not proliferate and underwent cell
death. Relevant for HSC activation, nevertheless here we
are looking at LT-HSCs, which are not activated yet.
Nonetheless, mong bone marrow cells, the mRNA levels
of Takl, Tabl, and Tab2 were significantly higher in the
undifferentiated populations including LT-HSCs and
progenitor cells compared to differentiated bone marrow
cells.

[22]

TABI1

Tab1/Tab2 double deletions completely eliminated the
reconstitution activity of HSCs, whereas Tabl or Tab2
single deletion did not cause any abnormality.
Tab1/Tab2 double deficient lineage-negative, Sca-1+, c-
Kit+ (LSK) cells did not proliferate and underwent cell
death. Relevant for HSC activation, nevertheless here we
are looking at LT-HSCs, which are not activated yet.
Nonetheless, mong bone marrow cells, the mRNA levels
of Takl, Tabl, and Tab2 were significantly higher in the
undifferentiated populations including LT-HSCs and
progenitor cells compared to differentiated bone marrow
cells.

[22]

SYK

Largely expressed in progenitors and Vascular
endothelial cells. Expressed as fusion protein TEL-SYK
causes fatal myelopoiesis in mice.

[22]

RIPK1

Hematopoietic RIPK1 deficiency results in bone
marrow failure caused by apoptosis and RIPK3-
mediated necroptosis.

[23]

RELA

RELA is down-regulated in LT-HSCs by ZFP521,
which preserves their quiescence and self-renewal.
Activation of RELA via loss of ZFP521 leads to

[24]




uncontrolled NF-xB activation, loss of quiescence,
increased proliferation, and apoptosis.

RELB Knockout induces excessive quiescence via loss of self- | [25]
renewal and impaired engraftment of HSCs.

PTGS2 PTGS?2 is relevant in HSC formation and recovery after | [26, 27]
injury. Its up-regulation promotes the expansion of
HSCs.

PRKCQ Mainly expressed in muscle and lymphoid tissue (T and | [28, 29]
B cells, thymocytes). Its expression is connected to the
oncogenic growth of stem cells.

PRKCB Hyper expressed in HSCs during psoriasis disease. [28]

PLCG2 Specific to megakaryocytes. [30]

PLCG1 Required for the maintenance of leukemic stem cells. [31]

PLAU PLAU is the receptor of uPAR. Mobilized HSCs are | [32]
uPAR negative.

NFKB2 Constitutive activation of NFKB2 and 1 causes bone | [33]
marrow failure and loss of quiescence gene signature.

PIAS4 - -

PARPI1 Involved in oxidative stress protection of HSC induced | [34, 35]
by salidroside. Induced in DNA damage response and
highly expressed in AML, where it is used as a
prognostic factor.

NFKB1 Constitutive activation of NFKB2 and 1 causes bone | [33]
marrow failure and loss of quiescence gene signature.

MYDSS8 Involved in myeloid and lymphoid differentiation. | [36,37]
Activated in HSCs after bone marrow transplantation.

Also known to drive the proliferation of HSCs upon
infection.

MAP3K7 Tak1 single or Tab1/Tab2 double deletions completely [22]
eliminated the reconstitution activity of HSCs. Among
bone marrow cells, the mRNA levels of Takl, Tabl,
and Tab2 were significantly higher in the
undifferentiated populations including LT-HSCs and
progenitor cells compared to differentiated bone
marrow cells.

MAP3K14 | Constitutive activation of MAP3K 14 (NIK) impairs self- | [38]
renewal and induces bone marrow failure.

LY96 Leukocyte specifically expressed gene. [39]

LTA Lymphoid lineage marker that is expressed at low levels | [40]
in HSCs and progenitors.

LTB Lymphoid lineage marker that is expressed at low levels | [40]
in HSCs and progenitors.

LCK T cell-specific activated promoter. [41]

LBP Mediator of endotoxemia. [42]




IRAK1 IRAKI is overexpressed in cells with myelodysplastic | [43]
syndromes.

IL1B Important for differentiation into myeloid cells and | [44]
chronic IL-1 exposure impairs HSC self-renewal
capacity.

IKBKG - -

ICAM1 ICAM-1 is a secreted factor by the bone marrow and | [45]
ICAM-1 deficient mice HSCs show impaired
quiescence.

GADDA45G | Can induce differentiation of LT-HSC and cytokine | [46]
induction.

GADDA45B | Important for the genotoxic stress response of the bone | [47]
marrow and thus affect the survival of hematopoietic
cells.

GADDA45A | Important for the genotoxic stress response of the bone | [47]
marrow and thus effect the survival of hematopoietic
cells.

EDARADD | - -

EDAR - -

EDA2R Upregulated in the bone marrow post-irradiation. [48]

EDA - -

DDX58 Induced during myelopoiesis. [49]

CXCL8 Rapidly mobilized in cells with long-term repopulating | [50]
potential in the peripheral blood.

CXCL3 Upregulated in human quiescent HSCs in comparison to | [51, 52]
proliferating ones; Oct-1 a repressor of CXCL3 is highly
expressed in CD34- HPC.

CXCL2 Upregulated in human quiescent HSCs in comparison to | [52]
proliferating ones.

CXCL12 Constantly expressed in the bone marrow. [50]

CXCL1 Upregulated in human quiescent HSCs in comparison to | [52]
proliferating ones.

CSNK2B Nothing is known for HSCs, but it is an important factor | [53]
for bone health indicating secretion by the bone.

CSNK2A2 | g-PCRs showed only CSNK2A2 expression in 1 out of | [54]
11 HSCs.

CHUK Active when HSC differentiate [55]

CD40LG Involved in lymphoproliferation [56]

CD40 Expressed in the bone marrow. [57]

CDl14 Mesenchymal progenitor cells in humans lack | [58]
expression of CD14.

CCLA4L2 Oct-1 a repressor of CCL4L2 is highly expressed in | [51]
CD34- HPC.

CCL4 Secreted by the bone marrow. [50]

CCL21 Secreted by the bone marrow. [50]
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CCL19 Secreted by the bone marrow. [50]

CCL13 Expressed by surrounding cells. [59]
CARDI11 - -
CARDI10 CARDI10 expression accumulates during differentiation. | [60]
BTK Expressed in all hematopoietic lineage, except T-cells. [61]
BLNK Downregulated in aged HSCs. [62]
BIRC2 - -
BCL2L1 Important for senescent HSCs. [63]
BCL2A1 - -
BCL2 Populations of HSCs show only a few BCL-2 expression | [64]
cells.
BCL10 Essential in lymphoid immune cells. [65]
TRIM25 - -

TNERSF14 | Involved in mesenchymal stem cells. Not known for | -
hematopoietic stem cells.

UBE21 -

ILIR1 IL1p signaling is not essential for the normal | [66]
maintenance of HSCs. Chronic exposure to the ligand
inhibits bone marrow hematopoietic stem cell
proliferation. IL1R1 loss does not affect HSCs during
maintenance or homeostasis.

Table A.3 Expected hallmarks of HSCs aging matched by the attractor
landscape. Mainly described hallmarks of HSC aging are reported and their
matched attractor activity. Green indicates that the hallmark is captured by the
attractor landscape. Pink indicates that the hallmark is not captured by the
attractor pattern.

Hallmark of aging References
Loss of quiescence/ reduced self-renewal [62, 67]
Altered DNA damage response

Myeloid skewing

Altered cellular polarity

Altered homing/repopulation abilities

Increased inflammatory response

Telomere extension

Impaired autophagy/metabolic activation
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Figure A.1: Clustering of log-normalized gene expression data of NF-xB pathway by
individual (eight individuals in total: young A = 19 years old (y.0), B=40y.0., C=21
y.0.,D=37y.0.,aged A=66y.0.,B=70y.0,,C=61y.0.,,D=68y.0.). Aged Samples

are colored in different shades of grey and young in shades of green.
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Figure A.2: Clustering log-normalized and z-transformed gene expression data of NF-
kB pathway by individual (eight individuals in total: young A = 19 years old (y.o), B =
40 y.o., C=21y.0.,D=37y.0.,aged A=66y.0., B=70y.0.,C=61y.0.,D=68
y.0.). Aged samples are colored in different shades of grey and young in shades of

green.
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Figure A.3: tSNE plot of gene expression data of NF-«B genes (according to KEGG-
DB) using log-normalized expression data. Data was centered and z-transformed before
applying tSNE, all using the R-package Seurat. Each dot shows one sample. Aged

samples are colored in red, young samples in blue.
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Figure A.4: tSNE plot of gene expression data of NF-«B genes (according to KEGG-
DB) using log-normalized expression data. Data was centered and z-transformed before
applying tSNE, all using the R-package Seurat. Each dot shows one sample. Samples
are colored according to the corresponding individual (eight individuals in total: young
A =19 years old (y.0), B=40y.0.,C=21y.0.,, D=37y.0.,aged A=66y.0., B=70
y.0.,,C=61y.0., D=68y.0.).
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Figure A.5: Runtime of network reconstruction algorithms using besz-fit algorithm with

and without inferInput by Maucher et al. [68] as preprocessing step (here named filtered

best-fit). Runtime is measured in seconds (y-axis). The x-axis shows the varying

network size. 20 time series tuples were measured for each of 100 random networks of

each size between 20 and 200 in steps of 20. Simulation was performed for both on

non-noisy (A) and noisy (5% noise, B) time-series data.
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Figure A.6: Boxplots showing the measured sensitivity when predicting the regulatory
inputs in each regulatory function for each reconstructed network with the cor-
responding original network. Figure A shows the results for the reconstruction from
data without noise, Figure B for reconstruction from data with 5% noise. The sensitivity
distribution is measured over the 100 random networks of each size from 20 to 200 (x-
axis), respectively. All reconstructions are based on time- series with 20 time points.
Results are measured for the different reconstruction approaches best-fit (red) and

filtered best-fit with inferInput by Maucher et al. [68] as preprocessing step (blue).
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Figure A.7: Boxplots showing the measured specificity when predicting the regulatory
inputs in each regulatory function for each reconstructed network with the cor-
responding original network. Figure A shows the results for the reconstruction from
data without noise, Figure B for reconstruction from data with 5% noise. The sensitivity
distribution is measured over the 100 random networks of each size from 20 to 200 (x-
axis), respectively. All reconstructions are based on time- series with 20 time points.
Results are measured for the different reconstruction approaches best-fit (red) and

filtered best-fit with inferInput by Maucher et al. [68] as preprocessing step (blue).
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Figure A.8: Runtime of network reconstruction algorithms using best-fit algorithm and
filtered best-fit algorithm with inferlnput by Maucher et al. [68] as preprocessing step.
Runtime is measured in seconds (y-axis). Time-scales on the y-axis are shown in
logarithmic scaling. The x-axis shows the varying network size. 10 random networks
of each size between |V| = 20 and |V| =200 in steps of 20 were created. Based on these
network time-series with [V|+ 10 number of time points. Simulation was performed for

both on non-noisy (A) and noisy (B) time-series data.
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Figure A.9: Boxplots showing the measured sensitivity when predicting the regulatory

inputs in each regulatory function for each reconstructed network with the cor-

responding original network. Figure A shows the results for the reconstruction from

data without noise, Figure B for reconstruction from data with 5% noise. The sensitivity

distribution is measured over the 100 random networks of each size from 20 to 200 (x-

axis), respectively. Reconstructions are based on time-series with IVl + 10 time points,

where |V refers to the number of regulatory components in the network. Results are

measured for the different reconstruction approaches best-fit (red) and filtered best-fit

with inferInput by Maucher et al. [68] as preprocessing step (blue).
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Figure A.10: Boxplots showing the measured specificity when predicting the regulatory
inputs in each regulatory function for each reconstructed network with the cor-
responding original network. Figure A shows the results for the reconstruction from
data without noise, Figure B for reconstruction from data with 5% noise. The sensitivity
distribution is measured over the 100 random networks of each size from 20 to 200 (x-
axis), respectively. Reconstructions are based on time-series with [Vl + 10 time points,
where VI refers to the number of regulatory com- ponents in the network. Results are
measured for the different reconstruction approaches best-fit (red) and filtered best-fit

with inferInput by Maucher et al. [68] as preprocessing step (blue).
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Figure A.11: Static measures per individual. The four properties as described in Section
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Figure A.12: Comparison of interactions with String DB. (A) shows the matrix of the
comparison of all young network interactions to the STRING DB using experimental
and database knowledge. (B) shows the matrix of the comparison of all aged network
interactions to the STRING DB using experimental and database knowledge. (C) shows
the matrix of the comparison of all young network interactions to the STRING DB
using experimental, database knowledge, text-mining, and co-expression knowledge.
(D) shows the matrix of the comparison of all aged network interactions to the STRING
DB using experimental, database knowledge, text-mining, and co-expression
knowledge. Yellow indicates matches between Boolean network and STRING DB,
green mean no interaction in the Boolean network, and blue indicates a mismatch

between Boolean network and STRING DB.
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Figure A.13: Boxplots showing attractor properties in different ensembles. The number
of attractors of each network within the ensembles was measured and grouped via age
(A) and individual (C). The number of attractors found for each network within the
ensembles was measured and grouped via age (B) and individual (D). Attractors were
simulated exhaustively for all 100 networks in the ensembles representing each
individual in 20 repeated runs (1000 random pseudo time tuples per run; eight
individuals in total: young A = 19 years old (y.0.), B=40y.0.,C=21y.0.,D=37y.0.,,
aged A=66y.0.,B=70y.0,C=61y.0,D=068y.0.).
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