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Identification of low-grade glioma driver genes based on gene mutation frequency
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(Faculty of Environment and Life, Beijing University of Technology, Beijing 100124, China)

Abstract; Cancer is often driven by the accumulation of genetic variants, and effectively identifying the driver
mutations in cancer is a great challenge. The current methods of identifying driver genes mainly include comparing
observed mutation rates in regions of the genome with those predicted from background mutation rates (BMR) or
conducting functional impact tests, and the genes are essentially statistically abnormal genes. Besides, driver genes
between subclasses of well-defined cancers have not been studied. In this study, an association rule algorithm was
introduced to explore the effective rules for the occurrence of this gene mutation that induces patients to suffer from
this subtype of low-grade glioma, and the relationship between the mutation data and the results of cancer was
established through the algorithm. Then, three metrics of support, confidence, and lift were used to screen and
evaluate the obtained rules to predict candidate driver genes as well as between-class driver gene differences.
Finally, using the somatic mutation data of 491 cases of low-grade gliomas, we obtained 22 driver genes associated
with the results and their subclasses. The sensitivity and false-positive results were better than the existing single
algorithm, and the 22 genes had important biological functions. At the same time, a subclass identification method
of low-grade glioma based on the 22 genes was established. The overall model accuracy rate was 98.99% , and the
method could effectively distinguish three subclasses.
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Fig.1 Sufficient and necessary conditions diagram
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Table 1 Gene mutation data matrix of low-grade

glioma samples ( part)

FEH 2R ZNF878  CYTH1 IDH1 - 4%
TCGA-HT-7483-014 0 0 1 codel
TCGA-TM-A84Q-014 0 0 1 codel
TCGA-DU-7301-014 0 0 1 codel
TCGA-DB-A4XF-014 0 0 1 <o codel
TCGA-FG-6690-014 0 0 1 codel
TCGA-CS-4943-014 0 0 1 codel
TCGA-S9-ATQW-014 0 0 1 codel
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Fig.2 Association rule algorithm flow
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Table 3 Driver gene screening results
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B CIC * 19.96 98.00 2.95

B FUBP1 = 8.76 95.56 2.88

st/ ZNF292 2.04 83.33 2.51

st/ NOTCHI * 4.4 75.86 2.29

R IDH2 # 3.05 75.00 2.26
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IR PIK3R1 = 2.24 50.00 1.51
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FRE HMCNI1 2.24 50.00 1.02
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Candidate driver genes were screened by four methods
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Table 4 Comparison results of four algorithms with
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Table 6 GO database query results (Part)
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chromatin binding
protein heterodimerization activity
isocitrate dehydrogenase (NADP+) activity
phosphatidylinositol-4 , 5-bisphosphate 3-kinase activity
protein phosphatase binding
transcription factor binding
protein N-terminus binding
chromo shadow domain binding
enzyme binding

insulin receptor substrate binding
protein binding

magnesium ion binding
NAD binding
DNA binding
1-phosphatidylinositol-3-kinase activity
protein kinase binding
p53 binding
double-stranded DNA binding

NIPBL, ATRX, CIC, TP53, EGFR
NOTCH1, TCF12, PIK3R1, TP53, EGFR
IDH1, IDH2
PIK3CA, PIK3R1, EGFR
PIK3R1, TP53, EGFR
TCF12, PIK3R1, TP53, SMARCA4
NIPBL, TP53, SUARCA4
NIPBL, ATRX
NOTCH1, PTEN, TP53, EGFR
PIK3CA, PIK3R1

FCGBP, NOTCHL, MUC16, ATRX, TCF12, PTEN, PIK3R1, ARIDIA,

EGFR, SMARCA4, PKHD1, NIPBL, PIK3CA, FUBP1, NF1, CIC, TP53

IDH1, IDH2, PTEN
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ZNF292, ATRX, ZBTB20, CIC, ARID1A, TP53
PIK3CA, PIK3R1
PTEN, TP53, EGFR
TP53, SMARCA4
TP53, EGFR
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