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Extended Data Fig. 1. In vitro CRISPRi screens identify radiation response genes in cultured human and mouse glioblastoma cells. a, Gene ontology (GO) analyses of CRISPRi screen hits driving RT sensitization in human (LN18) and mouse (SB28, GL261) glioblastoma cells. Top GO Biological Process terms are shown. b, GO analyses as in a but for CRISPRi screen hits driving RT resistance in glioblastoma cells.
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AI-generated content may be incorrect.]Extended Data Fig. 2. In vivo perturb-seq of RT sensitizing genes in intracranial glioblastoma patient-derived xenografts. a, STRING-DB network analysis of 35 candidate RT sensitizing gene hits from in vitro CRISPRi screens that were used for glioblastoma in vivo perturb-seq analyses. Genes are grouped by Markov Cluster Algorithm with inflation parameter of 3 (Colored circles). Colored edges show neighborhood evidence (green), cooccurrence evidence (blue), experimental evidence (purple), text mining evidence (yellow), database evidence (light blue), and co-expression evidence (black). C20orf196, CAMKK2, CDCA5, CENPT, DDOST, EIF2B2, GKAP1, GRAMD4, OVCH1, and RBM42, which were included in the in vivo perturb-seq sgRNA library but did not segregate into any STRING-DB networks, are not shown. b, Heatmap of cellular coverage for sgRNA perturbations as well as merged non-targeted sgRNAs across replicate samples from glioblastoma in vivo perturb-seq experiments. c, Distribution of on-target gene knockdown from glioblastoma in vivo perturb-seq for pseudobulked single cells in either control or RT condition (2Gy x 2 daily fractions). Values were normalized to expression in cells with non-targeted sgRNAs (mRNA remaining = 1.0). Boxplots show 1st quartile, median, and 3rd quartile. Whiskers represent 1.5 inter-quartile range. d, UMAP plots of merged glioblastoma single-cell RNA sequencing data for tumor cells passing quality control and also expresses sgRNAs, colored by treatment condition, Leiden single-cell cluster, cell cycle phase, UMI, gene, or mitochondrial gene expression. e, Bubble plot of marker genes corresponding to Leiden clustering in d. 

[image: ]Extended Data Fig. 3. In vivo perturb-seq analysis of RT sensitizing genes in intracranial glioblastoma patient-derived xenografts. a, Bubble plot of gene set enrichment analyses of gene expression modules (rows) following sgRNA perturbations (columns) with or without RT for in vivo perturb-seq in glioblastoma PDXs. Color represents normalized enrichment scores relative to non-targeted control sgRNAs in no RT (control) conditions.
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Extended Data Fig. 4. Gene regulatory network modeling of in vivo perturb-seq data using D-SPIN. a, Analysis of the proportion of variation explained in combined glioblastoma in vivo perturb-seq data using Markov affinity-based graph imputation of cells (MAGIC,left) or Bayesian Information Criterion (BIC, right) compared to orthogonal nonnegative matrix factorization (oNMF) rank specification (number of programs). b, Analysis of network edge uncertainty in control (left) or RT (right) glioblastoma in vivo perturb-seq conditions demonstrating robust D-SPIN gene regulatory network models. 

[image: ]Extended Data Fig. 5. Analysis of single cell heterogeneity and RT phenotypes from in vivo perturb-seq. a, LDA UMAP density plots showing distribution of single cells from glioblastoma PDX in vivo perturb-seq data expressing the indicated sgRNAs in either control (paired left) or RT (paired right) conditions. Cells expressing sgRNAs other than the one labeled (and highlighted in blue) represent the background UMAP outlined in white. NTC, non-targeted control sgRNA. b, Heatmap of UMAP density features (mean normalized density and area above 50th percentile) in either control or RT conditions from glioblastoma PDX in vivo perturb-seq data, grouped using hierarchical clustering, which shows 3 classes of in vivo perturb-seq distributions.
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AI-generated content may be incorrect.]Extended Data Fig. 6. Gene regulatory network analysis of in vivo perturb-seq data using D-SPIN. a, D-SPIN models of single-cell transcriptomes after sgRNA perturbations targeting RT-independent distributed (top) or RT-independent clustered genes (bottom) in control (left) or RT (right) conditions. Inferred activating (red) or inhibitory (blue) interaction edges between sgRNA perturbations (gene names) and gene expression programs (nodes) are shown. Edge thickness is proportional to the strength of network interaction. Gene expression programs (P#) are defined in b. b, Heatmap quantifying differences in interaction edges between sgRNA perturbations (columns) and gene expression programs (rows) in RT versus control conditions. Symbols show whether interaction directions were concordant (+/-) or sign flipped (diamond) in RT versus control conditions. c, Gene expression heatmaps grouped by Hallmark gene sets showing pseudobulked log2 fold changes relative to single glioblastoma cells expressing non-targeted control sgRNAs in control conditions from glioblastoma in vivo perturb-seq data. 
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AI-generated content may be incorrect.]Extended Data Fig. 7. Reanalysis of in vivo and in vitro perturb-seq data from GL261 syngeneic glioblastoma models. a, D-SPIN models of single-cell transcriptomes after sgRNA perturbations from CED in vivo perturb-seq in GL261 orthotopic allografts, isolating Prkdc perturbation in control (left network) or radiotherapy (2Gy x 5 fractions, right network) conditions. Inferred activating (red) or inhibitory (blue) interaction edges between Prkdc sgRNA perturbations and gene expression programs (nodes) are shown. Edge thickness is proportional to the strength of network interaction. Gene expression programs (P#) with inhibitory to activating interactions related to inflammatory gene programs following RT are shown in red.  b, as in a but for in vivo perturb-seq using GL261 cells that were transduced with sgRNA perturbations prior to tumor implantation (pre-infected). c, as in a  but for in vitro perturb-seq performed in GL261 cell cultures. 

[image: ]Extended Data Fig. 8. Single-cell RNA sequencing of in vivo GBM6 PDX cells following DNA-PKcs inhibition and/or radiotherapy. a, Gene expression feature plots showing marker genes for malignant cell states from Fig. 2d. b, UMAP of single-cell transcriptomes from GBM6 PDXs treated with vehicle, peposertib (100mg/kg x 5 daily treatments), RT (2Gy x 5 daily fractions), or RT and peposertib (n=8) showing all mouse TME cell types (n=33,623 cells). c, Gene expression feature plots showing marker genes for complete TME cell types from b. d, Gene expression feature plots showing marker genes for iterative subclusters of immune TME cell types from Fig. 2d.
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AI-generated content may be incorrect.]Extended Data Fig. 9. Single-cell RNA sequencing of in vivo GBM43 PDX cells following DNA-PKcs inhibition and/or radiotherapy. a, UMAP of single-cell transcriptomes from GBM43 PDXs treated with vehicle, peposertib (100mg/kg x 5 daily treatments), RT (2Gy x 5 daily fractions), or RT and peposertib (n=8) showing human malignant cell states (n=16,009 cells). b, Gene expression feature plots showing marker genes for malignant cell states from a. c, UMAP of single-cell transcriptomes from GBM43 PDXs treated with vehicle, peposertib, RT, or RT and peposertib (n=8) showing all mouse TME cell types (n=10,192 cells). d, Gene expression feature plots showing marker genes for complete TME cell types from c. e, UMAP of iterative subclusters of immune TME cell types (n=8,441 cells) from GBM43 single-cell transcriptomes after treatment with vehicle, peposertib, RT, or RT and peposertib (n=8). f, Gene expression feature plots showing marker genes for immune TME cell types from e. g, Stacked bar plot showing the proportion of malignant glioblastoma cell states and immune TME cell types across GBM43 PDX treatment conditions. h, Bubble plot of interferon pathway gene expression from single-cell RNA sequencing of intracranial GBM6 or GBM43 mouse TME cells (microglia, macrophages, and NK cells) after treatment with RT (2 Gy x 5 daily fractions), peposertib (100 mg/kg x 5), or RT and peposertib. 
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AI-generated content may be incorrect.]Extended Data Fig. 10. Single-nucleus RNA sequencing of human glioblastomas from NCT04555577. a, UMAP of 102,709 single-nucleus transcriptomes from 14 human glioblastoma samples that were treated with RT and peposertib on NCT04555577 (n=12 newly diagnosed, n=2 recurrent), 4 of which correspond to patient-matched pairs of newly diagnosed and recurrent glioblastoma samples from 2 patients that were subsequently analyzed using spatial RNA sequencing. b, UMAP of glioblastoma cells from NCT04555577 shaded by newly diagnosed or recurrent clinical presentation. c, Heatmap of single-nucleus transcriptome marker genes from NCT04555577. 
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Extended Data Fig. 11. Spatial RNA sequencing of human glioblastomas from NCT04555577. a, Gene expression feature plots showing marker genes for spatial transcriptomes from Fig. 3d.

[image: ]Extended Data Fig. 12. Analysis of spatial RNA sequencing of human glioblastomas from NCT04555577. a, H&E histology (left) and spatial transcriptomic projections (right) for 4 patient-matched pairs of newly diagnosed and recurrent glioblastoma samples that were treated with RT and peposertib on NCT04555577 between resections. Scale bars, 1mm. b, Expression of representative inflammatory and interferon response genes across patient-matched spatial transcriptomes. Scale bars, 1mm. c, Spatial projection of all points across RNA capture arrays and their distances to the nearest perivascular border, as defined by the perivascular stroma spatial cluster in a for a pair of newly diagnosed and a recurrent glioblastoma samples with significant perivascular stroma (left). Normalized gene expression of inflammatory response, IFNγ, IFNα, or TNFα signaling modules as a function of distance from the nearest perivascular stroma border (right), aggregated across samples with perivascular stroma. Shaded boundaries represent standard error of the mean. Scale bar, 1mm.
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AI-generated content may be incorrect.]Extended Data Fig. 13. Histology of in vivo GBM6 PDXs following treatment with DNA-PKcs inhibition, radiotherapy, and/or STING agonist. a, High and low (insert) H&E histology of GBM6 PDXs after treatment with RT (2Gy x 5 daily fractions) and peposertib (100mg/kg x 5 daily treatments) on days 5-9, STING agonist 8803 (2.5µg by convection enhanced delivery on day 12), or triple therapy with RT + peposertib + 8803. Mice were euthanized for histology 2 days after the last day of treatment. b, as in a but with euthanasia of mice 7 days after the last day of treatment. Images are representative of n=3 mice/condition. Scale bars, 1mm (top) and 100µm (bottom). 
image4.png
A4 80000 =3 80000 T——
+ae ontrol
0o 7 7
0 (] 4 o
C oed! it _ 2 60000 .S 60000
S At SE gE
£ 0.7 4+ 53 58
S 3.5 400004 > 2 40000
a g9 39
S 0.6 €8 ]
a =] =)
0.5 S 200004 =} 20000
MAGIC = =
Regular
Sg8d 28 g 0.95 097 099 1 095 097 099
AN ~ &
Number of programs Fraction of edges agreeing Fraction of edges agreeing





image5.png
Control

RT-dependent

RT

Control

Single-cell density

Min

Control

Max

RT-independent RT-independent
clustered distributed RT-dependent

Density RT - Density no RT
Mean z density RT

Mean z density no RT
Area RT

Areano RT

Value
m . sgRNAs
2 0 2

©
2
T
S
I
O

RT-independent distributed
Control RT Control RT Control RT

(C200rf196

Control

RT

RT-independent clustered
Control RT Control





image6.png
Control RT Inflammatory Interferon gamma Oxidative

CCT6A DNAJC17,
T6A MMS22L

response response phosphorylation
IL18 IRF4 MAOB
TNFSF10 FDX1
IL15 IFIT2 ETFB
IFITM1

Glycolysis
DNAJC17

Epors
MEST
FOXC2

ADAM12 G2M checkpoint

RT-independent distributed

sgPRKDC noRT
sgNTC RT
sgPRKDC RT|

sgNTC RT

POLD3poL RoC

sgNTC RT
sgPRKDC RT

EIF2B2
CENPJ
SFPQ

sSgPRKDC noRT
SgPRKDC noRT

EE
°3
z3
o
2
<3
3

Log, fold change
vs SGNTC 0Gy

l Max
. Min

=
o
<]
<
8
g
Q
>
@

RT-independent clustered
sgNTC RT

E(
&
8
g
Q
=3
@

SgPRKDC noRT

RT-dependent RT-independent distributed RT-independent clustered

=

1 oNMF gene programs
- P4 Cytoskeletal dynamics and cell cycle regulation
+ P23 CYP26-containing composite
< P8 Chromatin organization through histone proteins RT - control
+ P15 P53, PMAIP1, and BCL2-related apoptosis 2
P19 Translation and ribosome biogenesis l
0

QOO0 1+ 1+ 1 ++O 1 OOOOO+

i

Lt O+ 100+ OO

1% P14 Lipid biosynthesis and protein folding
& P16 EMT-associated extracellular matrix remodeling
& P6  NOTCH1-containing composite .-2
+ P13 EFNA2, CTHRC1, and DLK1-containing composite
& P11 Mitotic cell cycle regulation (TOP2A)
P12 FOXMH1 transcription factor network .
IP5 DNA replication and repair + Both positive
+ P22 TCF7, NRN1, SYNE1-containing composite — Both negative
- P9 LncRNA enrichment and regulation < Sign flip
< P21 Mitotic cell cycle regulation (AURKA, PLK1)
- P24 Interferon-mediated inflammatory response
- P17 Ferroptotic-like: apoptosis, lipid homeostasis, and Nrf2 signalin
+ P1 Fibrinolysis-associated extracellular matrix remodeling and cellular stress
P7 Amino acid metabolism and stress response regulation
P20 TNF-alpha mediated cellular stress response
PO Macrophage-associated extracellular matrix remodeling and cell migration
P2 Extracellular matrix remodeling, differentiation, and cell signaling
- P18 RNA splicing and transcriptional regulation
+ P10 Extracellular matrix remodeling and PRKDC/ATM-mediated DNA repair
- P3 Oxidative phosphorylation or mitochondrial enrichment

O+ 1 OO+ +0+00++

T T e = T
[ O+H+OO 1 A+ O+ +O
O 400+ 1 +0 1 0000+ | +4+0+

S+B0+  + 1 ++00 Bod+

L OO0 1O 1+
OO0 O 1O+ I+ 1O+ O+ttt

L+ 00 +00  ++0++O+++
OO+0 1 O+O+ 1 1 ++O 1 1 +OO+ 1 4

(O O+t
L+ 04108 000 1 + 1 00+

(O HEO+ F O O+
L Okt +O]

(OO 100+ 1 O+ +O+O++

L HO+000++ 1O [+
ittt 4+ 40 4 O

O 1 O+OO

Qi+t i+ 1 +00 OO0+

O +100 1+ 100+ 0+OO+

O Ot +OFHHHHO o+

i

sgRNA

DHX16 1
SLC39A7




image7.png
In vivo perturb-seq
using sgRNA CED

In vivo perturb-seq
using sgRNA pre-infection

In vitro perturb-seq

Prkdc no RT Prkdc RT

Prkdc no RT
Prkdc RT

s

Vs,

Prkdc no RT Prkdc RT

PO Chromatin organization and modification

P1 Extracellular matrix organization and cell signaling

P3 Mitotic cell cycle regulation and chromosome segregation
P4 Cytokine-cytokine receptor interaction

P5 Interferon-mediated immune response and antiviral defense
P6 Mitochondrial electron transport and oxidative phosphorylation
P7 TGFB SMAD and fibrotic signaling

P8 Extracellular matrix organization and cell adhesion

P9 Cellular stress response and regulation

P10 Cellular stress response and adaptation

P11 DNA replication and cell cycle regulation

P12 Oligodendrocyte differentiation

P13 Transcriptional regulation and cytoskeletal organization
P14 Cellular stress response and regulation

PO Immune response and antigen presentation

P1 TNF-alpha signaling via NFkB

P2 Myelination and axonal maintenance

P3 Stress response and transcriptional regulation

P4 Immune response and inflammation regulation

P5 Mitotic cell cycle regulation

P6 Immune cell signaling and regulation

P7 Vascular development and angiogenesis

P8 Mitochondrial electron transport chain and ATP synthesis
P9 Interferon-mediated antiviral response

P10 Neural development and glial cell function

P11 Extracellular matrix organization and lipid metabolism
P12 Vascular smooth muscle cell function and ECM organization
P13 Immune response regulation and apoptosis

P14 Oligodendrocyte differentiation and myelination

P15 Mitotic spindle

P16 ECM remodeling and cell signaling in tissue development
P17 Cellular stress response and adaptation

P18 Epithelial integrity and extracellular matrix remodeling
P19 Immune response and inflammation regulation

P20 Cellular stress response and cytoskeletal dynamics

P21 Mitochondrial electron transport and translation

P22 Cellular stress response and metabolic regulation

P23 Immune response regulation and T-cell signaling

P24 Chromatin organization and DNA replication

PO TNF signaling

P1 RNA processing and regulation

P2 Cellular stress response and homeostasis

P3 Regulation of FOXO transcriptional activity

P4 Extracellular matrix organization and cartilage development
P5 DNA replication and chromatin remodeling

P6 Regulation of IGF transport and uptake by IGFBP

P7 RNA processing and ribosome biogenesis

P8 Antiviral response and immune regulation

P9 Mitochondrial oxidative phosphorylation

P10 Biological oxidations

P11 Defective HLCS causes multiple carboxylase deficiency
P12 Mitotic cell cycle regulation

P13 Inflammatory response and transcriptional regulation
P14 RNA processing and transcription regulation

P15 Cellular stress response and metabolism regulation
P16 Protein homeostasis and metabolic regulation

P17 Cellular proliferation and differentiation regulation
P18 Cellular stress response and regulation

P19 Cytoskeletal dynamics and protein homeostasis

P20 Cellular stress response and adaptation

P21 Lysosomal function and protein processing

P22 Direct DNA repair

P23 Circadian rhythm regulation and metabolic integration
P24 Inflammatory response and immune signaling




image8.png
b
GBMB6 complete TME N ’
[y T innibitory

Astrocytes " g, feurons
. b A
Pericytes *’ Oligodendrocytes

\ \ Immune
» < cells
H Interneurons

Erythrocytes

.-

Endothelia

Neurons

TENM3

Excitatory neurons Dopaminergic

neurons

o
o

4

Fvs S

. =)

UMAP1  Expression UMAP1
|

Min Max




image9.png
1Y

Proliferative

Inactive

GBM43 tumor cells

Cell stress  MES-like

"AC-lik
g Clike MEGS )
< Expression
S -
UMAP1 Min Max
Immune cells §
Y . - Oligodendrocyte R
= . precursor cells
% Oligodendrocytes Astrocytes
o -
5 Ependyma
o™ 3
<§' Inhibitory neurons
3 h .
Neurons’
Endothelia
& ErythrocylesI/
<
=
=)
UMAP1
e f
" .
3 Macrophages M\crﬁgha
w
S -
=
©
3
=
o
(0]
inflammatory neurons
]
o
<
=
=)
UMAP1
Adjusted
Vehicle AC-like p-value < 0.05
Inactive o
AT MES-like
f‘g’gfife"ve -Log, (adjusted p-value)
Peposesrtib Cell stress ® 0
. Macrophages ® o
RT+peposertib Microglia
Neurons
0 25 50 75 100

GBM43 tumor and TME cells (%)

h ceve cBv4s
TME TME
cells cells

]
]

Interferon

. pathway
o genes

RT+peposertib
Peposertib

el
b=
Q
g
g
Q
g
z
K3
o

Peposertib

RT

+ Trim5

- Camk2a
L Egr1

I Sphk1

+ Mapt

I Tubb4a
I Snca

I Usp18
+ Adar

- fi27

I Rnasel
I Socs1

|- Stat3

I Socs3

+ Trim45
+ Prked

- Samhd1
L Ptpn6

- Stat1

- H2-T24
- Ifi35

L sp100
+ Trim25
- Eif2ak2
+ Trim21

‘: Bst2

Ifitm3
- Trim14
| Stat2

I Gbp3
I Ube2l6
+ Veam1
I Psmb8
- Ifitm2
Ifit1

- Rsad2
I Isg20
I Oas2

I Oas3

@@ Xar
Isg15
.!_Ifit.’)’
Q@O 7
@ @ Oasl1
o ® e o ool Tubad

'Y L ifitm1
cee L Gbp4

Log,(fold change vs vehicle)
w2

0

[





image10.png
UMAP2

MDA_214137
MDA_302121

MDA_384656R
MDA_385078
MDA_401899
MDA_402326

Recurrent

UMAP1

c Inflammatory
MES-like

Pericytes
Proliferative
Astrocytes
T cells

Z
S

Expression

Che, -

LR LS| “ H‘ "

[l \
W\ ‘\ HIEEHIR L 1 \ I | | \ fw |
Lincoo4ss [Tl ‘I [ (il HI\H | 1) | r
\ I L H \IIHHHI (R

!

11 | I il H' | H‘ | | Il w \‘\I\I‘ J\ “M

I”IH’\IHIH o \ I\ |
J

‘H‘II (1
AC083837.1 \H |

RAsGEF1B ]
TNFAIP2 | \HhI\IHHII I“
It

i m“.w ||‘.‘.‘.u.uu; I ““ll" i 4

\I\‘\"“ JI\I\I\I\ I LI | | ‘I‘\HH 1] | Ll | \ \IHII\‘HI\I ‘ ‘I
il HW | IH (] HIIHIIIIHH\ | \ \ | ‘ ’ ‘\ ‘ ' (I
AL596087.2 W} | AT | ‘ || \ | \H il
LB ‘ HII‘HI\ H i ‘ Il
NIPSNAP2
voPP1 [ || IIWIIII\ |
AC092957.1 III \HHI\ I
CCT6A I
CHRM3 ) \‘ \I

ZNF713

QUL I J0L T ‘Hll

”\H \‘\‘\ ‘\‘H \‘ ‘ I’“‘I"‘”PI"H “ ‘HH‘H i HHHHh “H”IHH H‘ 1] Hilh”l:\u‘\‘l“\‘\l‘\‘\ “ “ | HIH\H“H ‘IHH‘ [ IH‘\I

\
A \ il HHH\H L1k Ml e

(it | ‘ [ (00 (WS
AL163541.1

\

\‘ | | W \‘
seveT2 SRR IR [l TR HFI‘HI\H i
Tostr ‘ I ! H \IH‘

el || | (L ‘H “‘H‘”Mm‘ ‘ | | | ‘\ ‘\ ‘ ‘ !
} \‘IHIH \‘ H‘H\ ‘H \‘\ ‘ H\ﬂ \I\Ih“\ H\‘}‘

w‘ il 'H' -
| Fl"ﬂﬂu'[ “1 J R ‘ i A

1QCJ-SCHIP1
NRG3

ﬂ" i bl i i

TeENM2 il ‘ II‘

Il \IHHH

csmo1 RN HI‘\HH M1 ‘

evs i | I I
canTLe il

Ac034268.2 il l

LINC02035 fi |
eriid H‘I‘"HI | " ’H
OPCML \ \ (LRI Il \FIH\
ken2 AN M \‘ | I \‘
Larc4c (i I‘ w HIIH\ HIII I 111 H\H

“ ‘h ‘“H\“H‘HII Il ‘I Il ’HI\ IW‘ ‘H | ‘ | I\‘\HIHH\H\HII‘\ W\ \H I

il Ut Wl M" |
. T

I
‘\\ ‘
s H \““ | ‘ \‘\‘\‘\‘HI‘\‘\ .‘ HII‘\IHIH,I \:\ “H ‘\ il \‘ ‘H“ “I‘\‘\VII‘II‘M“" ‘ ““E”I | W H‘ ‘ \‘\‘\: ”H”H\‘\“H\I‘ “H‘\I\”\H“H‘ ‘ ‘
%{%Eé ‘H ‘\I I ‘ ‘: | ‘\i H‘\‘H“ ‘U \“‘I‘\rl“\‘ ‘I#HH\:‘”‘ I:““‘i‘”:‘\lﬂ“”\\::“‘” ‘II‘\H | | ‘H ‘H I HHM H‘ “ | | .‘\ | \HH”I“‘I‘\‘\‘ i
Mm[:’:i; " | \H‘ HH” ‘\ ’ JIRUTRL ‘ ” | {1 \:I\‘I M HH “‘H \‘“:‘: ‘ ‘\IHI ‘ | I ‘\ "\M‘
MT-ND4 HI \ Il HH‘ ‘\ h’ I \‘\ | \H‘\ [ ‘ |
\ |

MT-ND3 | H (Y | | I/
MT-ATP6 m‘\

IH\ HH\H H
MT-CYB * \

e R N L
\“ ‘H\‘\ i ’ ‘ \w: 'h\‘

|
(il \ \
MT-ND1 | il
MT-CO1
MT-ND2

\‘\ I w ‘I‘HH H IHN
1 \H I
HSPI0AAT | |
HSPH1 \ \ \‘ m
HSPA1B |
HSP90AB1 I I \H H I I HIH”
HSPD1 | ‘\ | 11 AT R 11 AV 1

DNAJB1 I Wil |1l \m
SEC61G [N oy \HH H’

| H\HI\N I“\H | “H ‘I\“ “‘H\‘H\‘ | \HI‘ | \i\HI

HH\H‘ I
c/}gg;? {1 | ‘ \\‘H“ I’} “ ‘ H‘\‘ M\ 1 ‘\‘H ‘\ il ““In

ST Lotk | ‘ \H‘\HH‘H‘\HHH \‘HH\H”H H\‘ I‘\ M“H \JMMN"‘\ I ‘ I H“ ! | | IH\‘H H

\‘H ‘ | \ ‘HIIHH i | \‘I I H‘ | ‘ ‘\HHH\ ‘\ ‘I\I\IH‘I‘
1 \IHI\IHHH Il ‘ iy HI‘ IWHFI‘ ‘w"‘ il ‘\ (H HIH\‘ \‘HH“‘\I:\H\“\‘\ | A ’ i ‘\‘ III.‘I“\"IHI \‘\H ‘\“\
[ ‘ ‘ LIl (i ‘ ‘\ I \H‘IhIIHHm \H‘m‘ | \“ ol IIIHHH‘\"”I HH [

il w
LAMA2 H\‘\ L1 LR Ii Il
coL+A1 ARHTIR U} /T I | H‘\ P 1 ‘HI\ il
ccpciozs T Il ‘H (N1 [N (L W ‘I\H I

UACA IH‘\ " \HH‘ ‘\ | I ‘\ ‘ ‘\ HH ”I H | \IH | \‘ M\ HHWH
MIR4435-2HG ‘HH\ | ‘ | \ UMUNARRA A HiHHI (i ‘\ I w”l’”

ApoLD1 (I I H‘ Il | ‘ ‘H L

CENPE | \ \ H [T ‘ |
CENPE | MR [ TH Il
TOP2A

\I‘\H‘\ i ‘\H‘\ ‘\H
\H [} HH‘HH‘\ ‘ I 11 ” i
| Il [ \ | | ‘\‘\ ‘H‘\ \‘
AC007402.1 | |
stcra2 [l H\ | ‘ L1 ‘ | \
GPCs | | | H\ L TRAAD N \H HH\H |
Apcrv1 W] I L
Lincoo499 i} ||

| E‘H
HPSE2 ‘ Hw LUNTI IIHH
Lincooz99 (RN (N (T 1 1L ) [
osi1-As1 NIREI HIH I HH\I I

oppio ‘ iHIHIHHI“\IIH““\‘ l\IHI‘\W“\“I\‘ \‘\‘MI
[ |

THEMIS | [N LRI
BCL11B |
IKZF1

Il | \‘\I“‘;“\ \ I H\‘ | ‘I‘\Il ‘I‘\‘\‘\ ‘I\H“ I u I\IM‘ ‘

ARHGAP15




image11.png
UMAP2

AC-like

MES-like

Cell stress

Inflammatory

IGFBPS

USP17L3

USP17L15

IF144L

CAMK2A

COL1A1

Expression

Min

&
Max




image12.png
218146

Newly
diagnosed

218952

e

218146 2181 43-‘

AT+ 4
peposertio [ g Tagws 218158 218147 218149

5 - ﬁ

3

8 ¥

14 3 1 )

e \
Interval 11 10 2 Perivascular stroma
(months) Cell stress Excitatory neurons Oligodendrocyte stroma

b

CD74 expression

IFIT3 expression

Minl

IMax

J

Minli

ISG15 expression

Minli

I Max

218144 218149

we

Distance to perlvascular stroma (mm)

0510

c 3

H

2

<

Q

J']

N

L33

Inflammatory response Interferon gamma response Interferon alpha response TNFa signaling

c 05 0.3 0.3 0.5
o
2
304 0.4
2 0.2 2
3 .
- 03 0.3
8
802 0.2
E 0.1
(e}
= 0 2 4 6 0 2 4 6 0 2 4 6 2 4 6

Distance to perivascular stroma (mm)




image13.png
Vehicle RT + peposertib RT + peposertib + 8803

Vehicle RT + peposertib





image1.png
RT sensitizing hits

RT resistance hits

LN18 DNA Metabolic Process (Gt
DNA Repair (G

DNA Damage Response (G

Response to lonizing Radiation (G

Mitotic DNA Damage Checkpoint Signaling (G

Double-Strand Break Repair (G
DNA-templated DNA Replication (Gt
Recombinational Repair (G

DNA Damage Checkpoint Signaling (G

Double-Strand Break Repair via Homologous Recombination (GO:

0 5 10 1
-log,4(p-value)

LN18 Ribonucleoprotein Complex Biogenesis (GO:0022613)
Ribosome Biogenesis (GO:0042254)

Kinetochore Assembly (GO:0051382)

Kinetochore Organization (GO:0051383)

Centromere Complex Assembly (GO:0034508)

Ribosomal Small Subunit Biogenesis (GO:0042274)

rRNA Metabolic Process (GO:0016072)

rRNA Processing (GO:0006364)

Maturation of SSU-rRNA Frm Tricistronic rRNA Trnscpt (GO:0000462)

012345
-log, y(p-value)

SB28 DNA Repair (G!
Double-Strand Break Repair (G

Telomere Maintenance (G

DNA Metabolic Process (G

Double-Strand Break Repair via Nonhomologous End Joining (G
Cellular Response to lonizing Radiation (G
Mitotic DNA Damage Checkpoint Signaling (G

Interstrand Cross-Link Repair (G

0 5 10 15
-log, ,(p-value)

SB28 Mitochondrial Gene Expression (GO:0140053)
Mitochondrial Translation (GO:0032543)

Translation (GO:0006412)

Macromolecule Biosynthetic Process (GO:0009059)

Gene Expression (GO:0010467)

Aerobic Electron Transport Chain (GO:0019646)

Mitochondrial ATP Synthesis Coupled Electron Transport (GO:0042775)
Mitochondrial Electron Transport NADH to Ubiquinone (GO:0006120)
Oxidative Phosphorylation (GO:0006119

Cellular Respiration (GO:0045333)

0 20 40 60 80
-log, ,(p-value)

GL261 DNA Metabolic Process (G
DNA Repair (G

Telomere Maintenance (G
Double-Strand Break Repair (G
Interstrand Cross-Link Repair (G
Double-Strand Break Repair via Nonhomologous End Joining (G
Cellular Response to lonizing Radiation (G
Telomere Organization (G
Recombinational Repair (G

DNA Damage Response (G

0 5 10 15 20
-log, ,(p-value)

GL261 Regulation of Mitotic Centrosome Separation (GO:0046602)
Negative Regulation of Mitotic Nuclear Division (GO:0045839)

Negative Regulation of Nuclear Division (GO:0051784)

Androgen Metabolic Process (GO:0008209)

Regulation of Cell Cycle Process (GO:0010564)

Estrogen Metabolic Process (GO:0008210)

Negative Regulation of Cell Cycle Process (GO:0010948)

Mitotic Spindle Assembly (GO:0090307)

Regulation of Mitotic Nuclear Division (GO:0007088)

Positive Regulation of Mitotic Cell Cycle Phase Transition (GO:1901992)

12 3 45
-log, ,(p-value)





image2.png
a - FBXL16
Replication LRRT RNA metabolism ERCC6L2 SHLDT
POLD NUP205
Mitosi o i
RBX1_.RRN3 - e
DHX16
BORA CENPJ RNF8
TFIPT1 PRKDC.
DNAJCT7
mRNA Splicing
MED17

Protein folding

Transcription

Single-cell coverage per sgRNA

non-targeted
ERCC6L2
PRKDC
ATRIP
RIF1
GRAMD4
OVCH1
C200rf196
CAMKK2
RNF8
MMS22L
RBX1
RRN3
FBXL16
MED17
DDOST
EIF2B2
POLD3
CCT6A
DNAJC17
CENPJ
POLR2C
RPLPO
RBM42
SFPQ
SLC39A7

[

mRNA remaining
N w

PSMC5
GKAP1

DHX16
CENPT
CDCA5
NUP205

no RT

GBM43 no RT replicate 1
GBM43 no RT replicate 2
GBM43 no RT replicate 3
GBM43 no RT replicate 4
GBM43 RT replicate 1

GBM43 RT replicate 2 EIF1
GBM43 RT replicate 3
GBM43 RT replicate 4
GBM43 RT replicate 5
GBM43 RT replicate 6

Single-cell RNA sequencing cluster 2 111109 4 8 71416155 3 0136 12

e

PTMA
PTTGT
HSPAS
MANF
UBE2S
out
PDIA3
. T PPIB
20 60 100  Hspeos1
RPLP1
MEG3
RPLP1
SRP14
EEFIAT
MEGS
DCN.

Lum
VCAN
S0x4
MFAP2
HISTIHAC
HISTIHIC
HISTIH1B
HISTIHIE
out
EEF1AT
PCLAF
NQo?
vim

RPL4
GASS
TNFRSF12A
SLC3A2

Percentage of
cells in group

Mean
expression
in group

RT 0 05 1

2ZFAST
RPL34
RPS26
RPS25
RPL4T
RPLI2
H19
PPIA
NDUFB9
HSPD1
HSPET
DLKT
CTHRCT
RPS17
APSIA
PTN
DLK1
RPS17

Log, (cells)
[

0123

Condition

@g‘ Single-cell RNA
- sequencing clusters

o RT
 noRT

UMAP2
UMAP2

00 <9
o1 <10
2 oM
3 012
o4 13
o5 014
©6 - 15
©7 - 16
8

UMAP2

RPS3A
RPS7
CTHRCT
CENPF
usE2C
TOP2A
9 const
TUBAIC

CENPF

8 ccnst
HMGB2

DLKT

7 TPX2
mie

In(x+1) UMI | 44

POLR2A
B2M
SPARC
MT-ND2
S100A11

mitochondrial
reads (%)

o G1
°G2Mm
oS

UMAP2
UMAP2

80

60

40

20

UMAP2

SoX4

9 MT-ATPE
TUBATA
MT-CYB
SNHG5
RPL39
MT-ATPE
MT-CO1
2ZFAST
MT-CYB
MT-CO2
MT-CO3
MT-ATPS
MT-CO1

©

<~

o





image3.png
No radiotherapy

Radiotherapy

oo [ XXX X ] [ XX J [ ] (XX I KX RX ]

°
°
°
°
o
o
o ° ece [EXRERY " 1)
° ececcee oo . ] (&)
° ° ° ° ° o
o -0 [e]e) 00 Q0°0 © 000 000 (XX) °
D>0C SN0V CODDRAOTEC O QO cucooD VONCOVCET-QUYODDEINY OO
.ﬁnn.mdmma.ﬁusonnuk.mmosano.ﬁdmnnm.ﬁ.mon.moavs.m”nn.mavismm
088 1220 CE== " EoRECC=TE0 es55200ns >80, /08550 gcso
c0 1050200088 S ETOQCWUECcoETBBcpdB380R0cOTTaPNe o5
G,/ 8E88E0va0cc 86520 c6VACC 86055850206 4EEXTD 3028
282=g380c 0 OOSSTE3000 55650993006 398248808 000558053
SEEEE5a8282anE>TRREss g8 Jang s 8uss 20 gehn Bidog
SREDEER fatwob? S8dds BPRgacEole s O et ag ol dE
@09 S5E8EE 9= ESS 32205 2238 & 9@ 29 o< 9 |
o028l E8BBaE £S5 27 5S583v280 2 SZsBERE 259 3
Ic®% 52185 G 9o 57«88 or% o Q5,2 oL o
525 P EIagvey &c'g 205 T J  B0ggo g8 o
ge et 5o 4 g3t Tgp 2 £ 3 &l g< 2
5§ = o B = =1 =
£ o = 2 £ oL 28 B 5 4 o o
Eb 8 € 5t af 8 3 T @ S
fu = £8 PR x £ & S
cc c o o) c
£ 2 =]

oaMdd
did1y
9IXHa
1dN30
vHog
rdN3O
V9100
ENYYH
cdedl3
1soaa
84NYH
SHANYO
96140020
L4417
2790043
2V6€07S
TeesSnin
2100
1414
£ai1od
Ocd10d
LdVXD
0dd4S
SONSd
xgd
Lidi41L
od1dd
cringd
Z1a3an
ZIOryNad
pajebigy-uou
96140020
L41H
oaM4d
¢190043
SHANYO
84NY
did1y
OcH10d
TecSWIN
ENYYH
cdedl3
Lidi4L
ZLOryNd
vHodg
rdN3o
2V6€07S
2100
cringd
1soaa
V9100
1dN3O
LdVXD
9IXHA
0dd4S
£ai1od
5417
SONSd
Z1gan
od1dd
xgd

o Adjusted p-value < 0.05

Significance

-value)
Normalized
enrichment score
m .
-3-10 2

10

-Log, (adjusted p-
e O

[ ]

@ 20

@ 30
@




