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Figure S1 Multi-platform cluster analysis of ALDH in TCGA database. (A,B) Unsupervised clustering of all ALDH isoforms by gene 
mRNA expression and gene methylation level in TCGA database. (C,D) Unsupervised biological clustering of all ALDH isoforms in TCGA 
database. ALDH isoforms can be classified into 4 groups according to their biological functions and 4 groups according to their signal 
pathway activations. (E) ALDH isoforms can be classified into 5 groups by integrated Cluster-Of-Cluster assignments analysis according to 
their biological functions and signal pathway activations.
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Figure S2 Landscape of biological functions of all ALDH isoforms in 5 groups in CGGA database. Most related biological functions of 
ALDH isoforms in each group. Only all ALDH isoforms in a group are significantly (not) related to more than 50% biological functions of 
one classification is defined as most (non) related. 
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Figure S3 The clinical features of all ALDH isoforms in 5 groups. (A) In TCGA database, the expression of all ALDH isoforms in group I 
decreases as the WHO grade increases. ****: P<0.0001, ***: P<0.001. (B) In TCGA database, the expression of all ALDH isoforms in group 
II decreases as the WHO grade increases. **: P<0.01, ns: P>0.05. (C) In TCGA database, the expression of ALDH isoforms in group III 
does not share the same changing trend with the increase of WHO grade. ns: p>0.05. (D) In TCGA database, the expression of all ALDH 
isoforms in group IV increases as the WHO grade increases. ####: P<0.0001, ns: P>0.05. (E) In TCGA database, the expression of ALDH 
isoforms in group V does not share the same changing trend with the increase of WHO grade. ns: P>0.05.
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Figure S4 The ALDH groups are closely related to the state of genomic mutation. (A) The correlation coefficient between all ALDH 
isoforms and DNA repair function scores reveals that PARP enzymes that bind to DNA, NER-related and H/Catalyzes unwinding in 
precision complex are most positive related to the expression of ALDH isoforms in group I and group II and negative related to the 
expression of ALDH isoforms in group IV. In addition, Fanconi anemia/Tolerance and repair of DNA crosslinks and other adducts in DNA 
and Homologous recombination are most negative related to the expression of ALDH isoforms in group I and group II and positive related 
to the expression of ALDH isoforms in group IV. Red background represents a positive correlation. Blue background represents a negative 
correlation. Grey background represents no significant correlation. (B) Biological functions, most related DNA repair functions, is immune 
system process classification. The scale values in the graph represent the proportions of significant correlation biological functions in each 
biological function classifications. (C) The correlation coefficient matrix of ALDH isoforms and immune function scores. Red background 
represents a positive correlation. Blue background represents a negative correlation. Grey background represents no significant correlation.
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Figure S5 Prediction of therapeutic effect of immunological and enzymatic combined therapy. Kaplan-Meier survival curves reveal the 
therapeutic effect of immunological and enzymatic combined therapy. Red frame means elevating the expression of ALDH isoforms in the 
corresponding group can improve the prognosis of patients. Blue frame means knocking down the expression of ALDH isoforms in the 
corresponding group can improve the prognosis of patients. Grey frame means changes in ALDH isoforms expression in the corresponding 
group do not affect patient prognosis.
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Figure S6 Analysis on different sub-classify ALDH enzyme in distinct cell types based on scRNA-seq dataset from 28 patients with GBM. 
Cell subtypes clustering via t SNE method and distinct isoforms of ALDHs expression in different cell clusters based on single cell mRNA 
sequencing data. The color shows mRNA expression level compared to the average level in all cells. The size of plots represent the ratio of 
specific subtype of ALDH positive cells in distinct cell cluster.


