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ABSTRACT

PIWI-interacting RNAs (piRNAs) are an emerging
class of non-coding RNAs involved in tumorige-
nesis. Expression quantitative trait locus (eQTL)
analysis has been demonstrated to help reveal the
genetic mechanism of single nucleotide polymor-
phisms (SNPs) in cancer etiology. However, there
are no databases that have been constructed to pro-
vide an eQTL analysis between SNPs and piRNA
expression. In this study, we collected genotyp-
ing and piRNA expression data for 10 997 samples
across 33 cancer types from The Cancer Genome
Atlas (TCGA). Using linear regression cis-eQTL anal-
ysis with adjustment of appropriate covariates, we
identified millions of SNP-piRNA pairs in tumor (76
924 831) and normal (24 431 061) tissues. Fur-
ther, we performed differential expression and sur-
vival analyses, and linked the eQTLs to genome-
wide association study (GWAS) data to compre-
hensively decipher the functional roles of identi-
fied cis-piRNA eQTLs. Finally, we developed a user-
friendly database, piRNA-eQTL (http://njmu-edu.cn:
3838/piRNA-eQTL/), to help users query, browse and
download corresponding eQTL results. In summary,
piRNA-eQTL could serve as an important resource to
assist the research community in understanding the

roles of genetic variants and piRNAs in the develop-
ment of cancers.

INTRODUCTION

PIWI-interacting RNAs (piRNAs), a class of small non-
coding RNAs with 24–31 nucleotides, are mainly expressed
in the mammalian germline and have vital functions, in-
cluding repressing the activity of transposable elements by
binding to PIWI proteins (1–3). In addition, several studies
found that piRNAs also occur and function in human so-
matic tissues (4), and investigated aberrant piRNA expres-
sion in some cancer types, indicating the potential roles of
piRNAs in the development of human cancers (5–8).

It is known that single nucleotide polymorphisms (SNPs),
the most common type of germline variants, play vital
roles in human diseases, including cancers (9). In the past
decade, genome-wide association studies (GWASs) have
identified multiple SNPs associated with human cancers
(9,10). Previous studies have found that these cancer risk-
associated SNPs may be involved in the development of
cancers by influencing the expression levels of nearby genes
(10). Therefore, expression quantitative trait locus (eQTL)
analysis, a method for linking SNPs to gene expression,
has been demonstrated to be a powerful approach to un-
derstanding the effects and molecular mechanism of func-
tional SNPs (11). Currently, multiple eQTL databases have
been constructed for evaluating the effects of SNPs on
gene expression (e.g. Genotype-Tissue Expression project
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[GTEx] and PancanQTL), DNA methylation (e.g. Pancan-
meQTL), alternative splicing (e.g. CancerSplicingQTL) and
other quantitative phenotypes (12–15). However, there is no
database that provides an eQTL analysis between SNPs and
piRNA expression. Therefore, it is necessary to construct
a piRNA-eQTL database to further understand the func-
tional roles of SNP-piRNA pairs in the biological processes
of tumorigenesis.

Previous studies have found that somatic mutations also
played an important role in the development of cancer
(16). In addition to mutations in protein-coding regions,
these studies described the landscape of non-coding mu-
tations in cancer, particularly in promoter and enhancer
regions, and their role in regulating gene expression and
protein functions (16,17). Therefore, it is noteworthy that
somatic mutations would also affect gene expression ex-
tending in piRNAs (18). However, in this study, we pri-
marily aimed to investigate the effects of germline vari-
ants on piRNA expression using The Cancer Genome Atlas
(TCGA) program, and developed a user-friendly database
for cis-piRNA eQTL analysis across 33 cancer types.

MATERIALS AND METHODS

Genotype data collection, imputation and processing

We obtained access to the raw genotype data from TCGA
database (https://tcga-data.nci.nih.gov/tcga/), which in-
cluded 906 600 SNPs using the Affymetrix SNP 6.0 array.
We subsequently imputed the non-genotyped SNPs from
normal blood or normal tissue samples based on the 1000
Genomes Project (Phase I, version 3, 1092 individuals) us-
ing IMPUTE2 (19). GTOOL was used to convert imputed
data into the PLINK format with a threshold of 0.9. A series
of filtering criteria for SNPs (including non-imputed and
imputed genotypes) on autosomal chromosomes were then
carried out as follows: (i) minor allele frequency (MAF) <
0.05; (ii) call rate < 95%; (iii) Hardy–Weinberg Equilibrium
(HWE) P-value < 1 × 10−6 and (iv) imputation confidence
score (info score) < 0.3 (Supplementary Materials; Figure
1).

piRNA expression data collection and processing

Raw small RNA sequencing data were also obtained from
TCGA database, and we recreated the raw FASTQ files
based on the BAM file using bedtools2 (20). Subsequently,
the FASTQ files were trimmed based on the criterion
of ‘Phred quality score ≥ 20’ and ‘reads length ≥ 21
nucleotides’ to obtain high quality reads corresponding
to piRNAs via FASTX-Toolkit (http://hannonlab.cshl.edu/
fastx toolkit/) (6). All reads were then realigned to the ref-
erence genome (hg38) using STAR with custom piRNA ref-
erence transcriptome data from the piRBase database (ver-
sion 2.0, http://www.regulatoryrna.org/database/piRNA/)
(21), and the counts of each piRNA were summarized using
featureCounts (22). In the piRBase database, all piRNA se-
quences were mapped to its latest genome using Bowtie soft-
ware with parameter ‘-v 1 -a –best –strata’ in order to obtain
the potential origin of every piRNA. piRNAs were referred
to as gene- or repeat-related according to the overlapping of
piRNA genome loci with RefSeq genes or repeat elements.

Considering that several piRNAs may have different loca-
tions, we used counts per million mapped reads (CPM) and
transcripts per million reads (TPM) to measure the total
level (total number: 8 123 075) and transcript level (total
number: 12 207 141) of each piRNA, respectively. Only the
piRNAs with a CPM or TPM ≥ 1 and that were expressed
in ≥ 20% of samples were retained and transformed using
log2(x + 1) for further analyses.

Identification of cis-piRNA eQTLs

For each cancer type, we merged the genotype and piRNA
expression data (transcript level) to perform eQTL analy-
sis in tumor and normal tissues with more than 15 sam-
ples. The piRNA location (hg38) was transformed to match
the location (hg19) of genotype data by LiftOver (https:
//genome.sph.umich.edu/wiki/LiftOver).

We performed the cis-piRNA eQTL analysis using R
package Matrix eQTL in a linear regression model with the
adjustment of sex, age, principal components (PCs, Supple-
mentary Materials) and probabilistic estimation of expres-
sion residuals (PEER) factors (23). The top 5 PCs (extracted
from genotype data using EIGENSOFT), and PEER fac-
tors (30 and 5 factors calculated using PEER from tumor
and normal expression data, respectively) served as covari-
ates in the model (24,25). Cis-eQTLs were defined if the
SNP was within 1 Mb from the location of the piRNA. To
retain more potential SNPs associated with piRNA expres-
sion, SNPs with P-value < 0.05 were defined as eSNPs (also
known as eQTLs), and the corresponding piRNAs were de-
fined as epiRNAs. Additionally, to control the type I error,
we also used the false discovery rate (FDR) for multiple test-
ing with the p.adjust function in R software.

Differential expression and survival analyses

Student’s t-tests for independent (i.e. unpaired) and paired
samples were performed to compare the expression of piR-
NAs (total level) between tumor and tumor-adjacent nor-
mal tissues. Furthermore, we carried out survival analysis
to evaluate the associations of piRNAs (total level) and
eSNPs with the overall survival probability in tumor sam-
ples. A log-rank test and Kaplan–Meier (KM) curve were
used to examine the prognostic differences among differ-
ent subgroups stratified by piRNA expression (high versus
low level with different thresholds) or genotype (homozy-
gous genotype AA versus heterozygous genotype AB and
homozygous genotype BB).

Identification of GWAS-associated eSNPs

We included all GWAS-identified SNPs from the GWAS
catalog (http://www.ebi.ac.uk/gwas/, August 2019) (26),
and extended the GWAS-associated linkage disequilibrium
(LD) SNPs based on the 1000 Genomes Utah Residents
with Northern and Western European Ancestry (CEU)
population using PLINK 1.90 (ld-window-kb 500 –ld-
window-r2 0.5). GWAS-associated eSNPs were defined as
the eSNPs overlapping with GWAS-identified SNPs and
LD SNPs.

https://tcga-data.nci.nih.gov/tcga/
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Figure 1. Summary of the study design.

Pan-cancer analysis

We also designed a ‘Pan-cancer analysis’ page, where users
can submit a batch of SNPs and/or piRNAs to (i) inves-
tigate the piRNA expression levels across 33 cancer types;
(ii) display all significant SNP-piRNA pairs across 33 can-
cer types; (iii) identify other quantitative phenotypes asso-
ciated with the eSNPs by combination of the PancanQTL,
Pancan-meQTL and ncRNA-eQTL databases (13,14,27);
and (iv) find published cancer-associated piRNAs by re-
ferring to the ‘cancer related data’ module of the piRBase
database (21).

RESULTS

Summary of piRNA expression and genotype data

We collected 10 997 samples with small RNA sequencing
data from 33 cancer types, and the sample size ranged from
5 in glioblastoma multiforme (GBM) to 1207 in breast in-
vasive carcinoma (BRCA; Supplementary Table S1).

For the total level of piRNAs, there was an average of 19
430 piRNAs for each cancer type, ranging from 10 031 for
kidney chromophobe (KICH) to 40 642 for acute myeloid
leukemia (LAML; Table 1). Among these piRNAs, we iden-
tified an average of 11 608 (P for independent samples <
0.05) or 10 074 (P for paired samples < 0.05) differentially
expressed (DE) piRNAs. In addition, an average of 2987
survival-associated piRNAs (P-value for log-rank test <
0.05) were identified, most of which were also differentially
expressed in the majority of cancers.

For the transcript level of piRNAs, the piRNA expression
data were merged with genotype data for the eQTL analy-
sis in tumor and normal samples, respectively. The matched
sample size is summarized in Table 2, ranging from 36 for
cholangiocarcinoma (CHOL) to 989 for BRCA in tumor
samples, and from 2 for skin cutaneous melanoma (SKCM)
or thymoma (THYM) to 69 for kidney renal clear cell car-
cinoma (KIRC) in normal tissues. After quality control, an
average of 3.6 million SNPs and 18 543 piRNAs were ob-
tained in each cancer type.

Identification and exploration of cis-piRNA eQTLs

For each cancer type, the average associations of 2.4 and 1.8
million cis SNP-piRNA pairs were identified in tumor and

normal samples, respectively. For tumor tissues, we identi-
fied 76 924 831 significant pairs in 32 cancer types (P-value
< 0.05), ranging from 1 154 364 pairs for KICH (with 8751
epiRNAs and 15 759 eSNPs) to 5 012 068 pairs for LAML
(with 38 811 epiRNAs and 56 189 eSNPs; Table 2). For
normal tissues, we identified 24 431 061 significant pairs in
13 cancer types (P-value < 0.05), ranging from 1 074 197
pairs for KICH (with 8675 epiRNAs and 16 646 eSNPs)
to 2 552 732 pairs for BRCA (with 18 801 epiRNAs and
22 563 eSNPs; Table 2). By comparing tumor and normal
SNP-piRNA pairs in 13 cancer types, we only identified an
average of 117 681 shared pairs, indicating the distinct dif-
ferences of cis-piRNA eQTL results in human tumor and
normal tissues. In addition, to better control the type I er-
ror, we provided the P-value at FDR = 0.1 for each cancer
in Supplementary Table S2, where we identified 1 660 892
significant SNP-piRNA pairs (FDR ≤ 0.1) in tumor tissues
and 114 511 pairs (FDR ≤ 0.1) in normal tissues.

In addition, among these potential eSNPs identified in
tumor tissues, we found 53 186 survival-associated eSNPs
(ranging from 652 for CHOL to 3250 for ovarian serous cys-
tadenocarcinoma [OV]) and 380 672 GWAS-associated eS-
NPs (ranging from 6426 for KICH to 21 664 for LAML) in
different cancer types. For normal tissues, we identified 15
147 survival-associated eSNPs (ranging from 620 for kid-
ney renal papillary cell carcinoma [KIRP] to 2866 for liver
hepatocellular carcinoma [LIHC]) and 120 260 GWAS-
associated eSNPs (ranging from 6608 for lung adenocarci-
noma [LUAD] to 11 503 for LIHC) in different cancer types.

Web design and interface

Based on the above results, we constructed a user-friendly
database, piRNA-eQTL (http://njmu-edu.cn:3838/piRNA-
eQTL/, which can also be accessed at http://222.190.246.
206:3838/piRNA-eQTL/), using R package Shiny. In this
database, we designed four modules to display the results of
cis-piRNA eQTLs (tumor and normal tissues), differential
expression analysis, survival analysis and GWAS-related
eQTLs (tumor and normal tissues), respectively (Figure 1).
Users can browse each module simply by clicking the corre-
sponding module. For example, the user can select a cancer
type, and input an SNP ID and piRNA name of interest to
search for corresponding results in the four modules (Figure
2A). In addition, we also designed a ‘Pan-cancer analysis’

http://njmu-edu.cn:3838/piRNA-eQTL/
http://222.190.246.206:3838/piRNA-eQTL/
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Table 1. Summary of the piRNA expression data in each cancer type

Cancer type No. of samples No. of piRNAsa No. of DE piRNAsb No. of survival-piRNAsc

Tumor Normal Independent Paired

ACC 80 0 20 185 - - 5933
BLCA 409 19 14 898 9928 9253 1079
BRCA 1078 104 20 102 17 843 15 258 1874
CESC 307 3 15 180 6592 1137 2146
CHOL 36 9 15 782 13 235 11 540 496
COAD 444 8 19 928 14 434 10 177 2620
DLBC 47 0 21 343 - - 261
ESCA 184 13 17 933 11 374 10 976 1317
GBM 0 5 21 070 - - -
HNSC 523 44 21 159 15 402 13 603 1087
KICH 66 25 10 031 8165 7530 550
KIRC 516 71 18 912 18 376 16 475 6156
KIRP 291 34 13 995 9559 11 709 1589
LAML* 103 0 40 642 - - 7460
LGG 512 0 25 828 - - 16 439
LIHC 372 50 19 568 15 999 15 358 6150
LUAD 513 46 15 354 12 475 9270 5228
LUSC 478 45 20 202 18 981 14 598 531
MESO 87 0 14 294 - - 5351
OV 489 0 27 004 - - 2044
PAAD 178 4 10 840 1621 1660 3563
PCPG 179 3 15 033 9111 6061 2134
PRAD 494 52 14 316 13 695 13 513 90
READ 161 3 21 379 14 772 7247 505
SARC 259 0 14 311 - - 3401
SKCM 98 2 26 428 1068 - 2010
STAD 436 41 16 358 13 305 13 465 1319
TGCT 150 0 25 543 - - 506
THCA 506 59 16 248 10 777 9996 1716
THYM 124 2 21 763 5139 329 3893
UCEC 538 33 16 793 13 531 12 395 2833
UCS 57 0 23 023 - - 787
UVM 80 0 25 753 - - 4508

aThe number of piRNAs in the total level.
bDifferentially expressed genes, P-value for Student’s t-test < 0.05.
cP-value for log-rank test <0.05 based on the median value of piRNA expression.
*Primary blood derived cancer-peripheral blood.

page, where users can submit a batch of SNPs and/or piR-
NAs to perform pan-cancer analysis (Supplementary Fig-
ure S1). The ‘About’ page provides more details about the
function of this database.

Data browsing and querying of the four modules

On the ‘cis-eQTLs (Tumor)’ or ‘cis-eQTLs (Normal)’ page,
a table with the chromosome ID, SNP ID, SNP genomic po-
sition, SNP alleles, piRNA name, statistic, beta value (effect
size of the SNP on piRNA expression) and eQTL P-value is
displayed on this page. When the user selects a cancer type
or enters a piRNA name or SNP ID, the table will be re-
built to display the query results. Users can download the
results of cis-piRNA eQTLs for each cancer type by click-
ing the ‘Download’ button. In addition, users can select one
SNP-piRNA pair and click the ‘Plot’ button, and a vector
diagram of the boxplot is provided to display the associ-
ation between the SNP genotypes and piRNA expression.
For example, our analysis showed that piR-hsa-1945036 ex-
pression in individuals carrying the rs8018979 genotype AA
(i.e. GG) is significantly lower than that in individuals car-
rying the rs8018979 genotype AB (i.e. GA) or BB (i.e. AA)
in bladder urothelial carcinoma (BLCA) tumor tissues (P

= 0.024); however, there was a reverse eQTL association in
BLCA normal tissues (P = 0.043; Figure 2B).

On the ‘Differential expression analysis’ page, the search
boxes are designed for retrieving the specific cancer type and
piRNA. A table with comparison type (independent and
paired Student’s t-test), piRNA name, mean CPM value
in tumor tissues, mean CPM value in normal tissues, fold
change, statistic and Student’s t-test P-value is provided. In
addition, two boxplot diagrams are used to display the dif-
ference in the piRNA expression between independent and
paired tumor and normal samples. For example, the expres-
sion of piR-hsa-1945036 in tumor tissues was significantly
higher than that in normal tissues for BLCA (P for indepen-
dent samples = 7.03 × 10−6; P for paired samples = 7.70 ×
10−4, Figure 2C).

On the ‘Survival analysis’ page, the search boxes are de-
signed for retrieving the specific cancer type, piRNA or
eSNP. For piRNA, a table with the piRNA name, median
survival time (months) for high- and low-expressed groups,
and log-rank P-value is provided. Users can also select a
different threshold value (i.e., percentile) from the slider
box to split patients into high- and low-expressed groups.
For eSNP, a table with the SNP ID, median survival time
(months) for patients with different genotypes, and log-rank
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Figure 2. Overview of piRNA-eQTL database. (A) Advanced search box. (B) Example of eQTL boxplots on the ‘Cis-eQTLs’ page. (C) Example of differ-
entially expressed boxplots on the ‘Differential expression analysis’ page. (D, E) Example of Kaplan–Meier (KM) plots on the ‘Survival analysis’ page.

P-value is provided. Additionally, two diagrams of KM plot
are provided to display the associations of piRNA expres-
sion and SNP genotypes with the overall survival proba-
bility. For example, our analysis showed that BLCA pa-
tients with the eSNP rs7175451 AB (i.e. TA) or BB (i.e.
AA) genotypes have shorter survival time than patients with
rs7175451 AA (i.e. TT) genotype (P for log-rank test =
1.76 × 10−5, Figure 2D). Higher expression of piR-hsa-
135916 was significantly associated with a worse prognosis
of BLCA patients (P for log-rank test = 6.64 × 10−5, Figure
2E).

On the ‘GWAS-eQTLs (Tumor)’ or ‘GWAS-eQTLs
(Normal)’ page, a table with the SNP information, regu-
lated piRNA and related GWAS traits is displayed. Search
boxes are designed for retrieving specific cancer types, SNPs
and piRNAs. In addition, users can select a different LD
threshold value from the slider box to explore more poten-
tial eSNPs associated with GWAS traits. For example, the
BRCA-associated eSNP rs7175451 was in the LD region
of rs7170930 (r2 = 0.855), which was a potential GWAS-
identified SNP for response to cytadine analogues (cytosine
arabinoside) (28).

Pan-cancer analysis

On the ‘Pan-cancer analysis’ page, we provided three
modules, including ‘Pan-cancer piRNA expression pro-
file’, ‘Summary of pan-cancer eQTL analysis (Tumor)’ and
‘Summary of pan-cancer eQTL analysis (Normal)’ (Sup-
plementary Figure S1). In the ‘Pan-cancer piRNA expres-
sion profile’ module, the search boxes are designed for re-
trieving a batch of piRNAs. A table with the piRNA name,
tissue type, mean CPM value in 33 cancer types and P-
value for the ANOVA test is provided. In addition, two box-
plot diagrams are used to display the piRNA expression
level across 33 cancer types in tumor and normal samples,

respectively. Furthermore, users can search cancer-specific
cis-piRNA eQTL results by selecting a cancer type. For
example, the expression profile of piR-has-317 is shown
in Supplementary Figure S2A, which can help users bet-
ter investigate the piR-has-317 expression level in 33 can-
cer types; additionally, users can search cancer-specific piR-
hsa-317-associated eQTL results by selecting a cancer type
(e.g. BLCA; Supplementary Figure S2B).

In the ‘Summary of pan-cancer eQTL analysis (Tu-
mor) ’ or ‘Summary of pan-cancer eQTL analysis (Nor-
mal)’ modules, the search boxes are designed for retriev-
ing a batch of SNPs and/or piRNAs to display the re-
sults of three sub-modules, including ‘Summary of pan-
cancer eQTL results’, ‘eSNP-associated quantitative phe-
notypes’ and ‘Cancer-associated piRNAs’. For the ‘Sum-
mary of pan-cancer eQTL results’ module, a table with the
cancer type, chromosome ID, SNP ID, SNP genomic posi-
tion, SNP alleles, piRNA name, statistic, beta value (effect
size of the SNP on piRNA expression) and eQTL P-value
is displayed, and a boxplot diagram is used to display the
significant eQTL pairs across 33 cancer types. For example,
all significant SNP-piR-hsa-317 pairs in 33 cancer types are
shown in Supplementary Figure S3.

For the ‘eSNP-associated quantitative phenotypes’ mod-
ule, a table with the cancer type, chromosome ID, SNP ID,
SNP genomic position, SNP alleles, piRNA name, statis-
tic, beta value (effect size of the SNP on piRNA expres-
sion), eQTL P-value, phenotype source, SNP alleles for phe-
notype, phenotype type, phenotype name, beta value (ef-
fect size of the SNP on quantitative phenotypes) and eQTL
P-value for the phenotype is displayed, and a boxplot di-
agram is used to display the number of quantitative phe-
notypes across 33 cancer types. As shown in Supplemen-
tary Figure S4, the eSNPs associated with piR-hsa-317 were
associated with multiple quantitative phenotypes (includ-
ing genes, lncRNAs and CpG sites) in 33 cancer types. For
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example, the rs10823260 C allele was associated with in-
creased expression levels of piR-hsa-317 (beta = 0.030; P =
0.019) and STOX1 (beta = 0.24; P = 4.51 × 10−8) in BRCA
tumor tissues.

For the ‘Cancer-associated piRNAs’ module, a table
with the cancer type, chromosome ID, SNP ID, SNP ge-
nomic position, SNP alleles, piRNA name, statistic, beta
value, eQTL P-value, piRNA associated cancer and related
PubMed ID is displayed. For example, the rs10215854 A al-
lele was associated with a decreased expression level of piR-
hsa-29218 in BLCA tumor tissues; besides, piR-hsa-29218
was also reported to play a crucial role in the development
of bladder cancer (7).

DISCUSSION

In this study, we systematically performed cis-eQTL, dif-
ferential expression, survival and GWAS-eQTL analyses by
combining piRNA expression and genotype data in 33 can-
cer types. Finally, we constructed a user-friendly database
called piRNA-eQTL for users to query, browse and down-
load corresponding results. Millions of tables and plots
(e.g. boxplots for eQTL and differential expression analy-
ses, and KM plots for survival analysis) are provided in this
online database.

Compared to previous eQTL databases, our database has
several strengths. First, this is the first eQTL database to
systematically evaluate the effects of genetic variants on
piRNA expression across 33 cancer types. Second, con-
sidering the distinct differences in eQTLs between tumor
and normal tissues (29), we provide cis-piRNA eQTL re-
sults for both tumor and normal tissues, which can help
users better identify cancer-specific eQTLs. Third, we also
provide the ‘differential expression analysis’ and ‘survival
analysis’ modules, which are useful to help understand the
potential roles of piRNAs in the development of cancers.
Fourth, we used the piRBase database as our reference
data. Compared to previous piRNA reference databases
(e.g. fRNAdb and piRNABank) (30,31), piRBase is the first
database that systematically integrates various piRNA as-
sociated data to support piRNA functional analysis, and
the numbers of piRNAs have been increased. In addition,
a major limitation of this database is that the piRNA ex-
pression level may not be very accurate because these data
are obtained from small RNA sequencing (miRNA-Seq)
data, and small RNA-Seq data are not enriched for piR-
NAs neither enriched for any other class. Notably, piRNA-
specific RNA-Seq data are needed for further studies in
non-coding RNA areas. Additionally, the sample size of
normal tissues is limited for some cancer types. In partic-
ular, eQTL results with sample sizes <100 should be inter-
preted with caution; therefore, in our future studies, we will
update the piRNA-eQTL database to provide more accu-
rate cis-piRNA eQTL results with sufficient sample size by
incorporating other databases (e.g. Gene Expression Om-
nibus [GEO] dataset). Furthermore, given that previous
studies have demonstrated the influence of somatic muta-
tions (e.g. single-nucleotide variants [SNVs], small inser-
tions and deletions, genomic rearrangements and structural
variations) on gene expression (32), a systematic analysis

between somatic mutations and piRNA expression needs to
be further performed and incorporated into this database.

CONCLUSION

In summary, piRNA-eQTL is the first online database for
providing cis-piRNA eQTL results by integrating genotype
and piRNA expression data across 33 cancer types, and this
database could serve as an important resource to assist the
research community in understanding the roles of genetic
variants and piRNAs in the development of human cancers.
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