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Abstract: Objective: Gestational diabetes mellitus (GDM) is a major pregnancy complication. The purpose of this 
study is to investigate the molecular regulatory mechanisms of GDM. Methods: RNA-seq and methylation data of 
GDM were retrieved from the Gene Expression Omnibus database. Following principal component analysis (PCA), 
differentially expressed mRNAs and microRNAs (miRNAs) in the blood were highlighted between GDM and the 
control. Then, an abnormally expressed miRNA-mRNA network was constructed, based on which a protein-protein 
interaction (PPI) network was established to identify hub genes. Differentially expressed and methylated genes were 
identified for GDM, followed by functional enrichment analysis. Results: According to PCA results, no outlier samples 
were found. A total of 35 differentially expressed circulating miRNAs were identified for GDM. The miRNA-mRNA 
regulatory network consisted of 94 miRNA-mRNA pairs. The PPI network contained 10 hub genes, including HIF1A, 
TLR2, FOS, IL6R, MYLIP, ABCA1, SELL, BCL3, AP1G1 and NECAP1. Furthermore, 22 down-regulated and hypermeth-
ylated genes and 8 up-regulated and hypomethylated genes were identified for GDM, which are related to helper T 
cell (Th) differentiation. Conclusion: We identified methylation-driven genes and circulating miRNAs for GDM, which 
have the potential to serve as novel diagnostic biomarkers.

Keywords: Gestational diabetes mellitus, miRNA-mRNA relationship, methylation, protein-protein interaction, hub 
genes

Introduction

Gestational diabetes mellitus (GDM) is a major 
complication in pregnant women. Epidemio- 
logical findings have shown that GDM can sig-
nificantly increase the risk of adverse perinatal 
clinical outcomes such as dystocia and shoul-
der dystocia [1]. Furthermore, women with a 
history of GDM exhibit higher risks of type 2 
diabetes mellitus (T2DM) later in life [2]. For 
their offsprings, GDM is also associated with 
an increased risk of obesity [3]. However, due 
to the lack of useful biological indicators for 
monitoring GDM during pregnancy, GDM is 
often not diagnosed in the early stages of preg-
nancy. Thus, it is important to understand the 
molecular changes associated with GDM.

DNA methylation regulates gene expressions 
without affecting gene sequences, and is in- 

volved in many biological processes, such as 
chromosomal instability, cellular physiological 
processes and genomic imprinting. There is 
increasing evidence that DNA methylation of 
cord blood status is closely related to the occur-
rence of GDM [4]. Cord blood DNA methylation 
has been linked to adverse results of GDM 
exposure in the uterus, such as elevated early 
childhood weight and obesity.

miRNAs are conserved, non-coding small RNAs 
(20-22 nucleotides) that may inhibit target 
mRNA translation. Circulating miRNAs, as im- 
portant mediators of intercellular communica-
tion, can participate in myriad biological func-
tions and may serve as excellent biomarkers for 
restricting circulating degradation and expres-
sion in specific tissues [5]. Increasing research 
has highlighted the potential of using circulat-
ing miRNAs as GDM biomarkers. For example, 
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in early pregnancy, circulating miR-223 and 
miR-23a have high sensitivity and accuracy in 
distinguishing GDM from normal pregnant 
women [6].

This study comprehensively analyzed methyla-
tion and gene expression profile data to investi-
gate DNA methylation pattern changes between 
GDM and healthy pregnant women and explore 
potential miRNA-mRNA regulatory relation-
ships. The research process is shown in Figure 
1. 

Materials and methods 

Data sources

RNA-seq data of whole blood cells of 8 women 
with normal glucose tolerance (NGT) and  
8 GDM patients were collected from the  
Gene Expression Omnibus database (https://
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc= 
GSE92772) [7]. The dataset was based on 
GPL16791 Illumina HiSeq 2500. Genomic 
expression profiles of blood were obtained from 
the GSE19649 dataset (https://www.ncbi.nlm.
nih.gov/geo/query/acc.cgi?acc=GSE19649) on 
GPL16791, with pooled blood of four GDM 
patients or four healthy women included. 
Furthermore, methylation profiling data of 

dataset, β value information was extracted 
from SMF. After annotation of probe ID, meth-
ylation β value matrices were established.

Principal component analysis (PCA)

To remove outliers and find samples with high 
similarity, PCA was performed using genes with 
significantly different mean values (P≤0.05) 
based on mRNA, miRNA and methylation data. 
The correlation between gene expression lev-
els and samples was researched. The correla-
tion coefficient was calculated to inform poten-
tial similarities between samples. The results 
were visualized as heatmaps.

Differential expression and methylation analy-
sis

The mRNA data expression matrices from the 
GSE92772 and GSE19649 datasets were ana-
lyzed by limma package in R [9]. mRNAs with 
p-value <0.05 and |fold change (FC)| >1.5 or 
|FC|>2 were selected, respectively. miRNA 
expression matrices from the GSE92772 data-
set were used to distinguish differentially 
expressed miRNAs with P<0.05 and |FC|>2. 
For β value matrices of the GSE88929 methyla-
tion dataset, the ratio of the mean of the  
GDM group over control group was calculated 

Figure 1. Research flow chart.

umbilical cord blood samples 
from 68 cases of GDM pa- 
tients treated with insulin and 
64 controls without GDM  
were downloaded from the 
GSE88929 dataset (https://
www.ncbi.nlm.nih.gov/geo/
query/acc.cgi?acc=GSE889- 
29) on the platform of GPL- 
13534 Illumina HumanMethy- 
lation450 BeadChip (Human- 
Methylation450_15017482) 
[8].

Data preprocessing

For GSE92772 and GSE19649 
datasets, expression informa-
tion was extracted from Series 
Matrix File (SMF). Probe ID 
was converted to gene sym-
bol. Duplicate gene symbols 
or miRNA IDs were averaged 
to obtain expression value 
matrices. For the GSE88929 
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as fold changes of the differential methylation. 
Methylation sites with p-value <0.05 were iden-
tified to be different.

MiRNA-mRNA regulatory network

mRNAs and miRNAs with P<0.05 and |FC|>2 
were used to predict miRNA-mRNA relation-
ships. Down-regulated genes and up-regulated 
miRNAs were searched through TargetScan 
(v7.0; targetscan.org) [10], miRTarBase (http://
miRTarBase.mbc.nctu.edu.tw/) [11], miRDB 
[12], miRanda (http://www.microrna.org) [13] 
and miRMap (http://cegg.unige.ch/mirmap) 
[14] databases, and used to establish a miR-
NA-mRNA regulatory network.

Analysis of methylation regulation relationship

Based on the differentially expressed mRNAs 
with |FC|>1.5 and differentially methylated 
sites, genes with up-regulation and low methyl-
ation and genes with down-regulation and high 
methylation were identified, respectively, which 
could be regulated by methylation.

Functional enrichment analysis

Based on the Gene ontology (GO) [15] data-
base and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway [16] database, func-
tional enrichment analysis was conducted on 
the two types of genes in that network, respec-
tively. F-test was applied to detect significantly 
enriched GO and KEGG pathways.

Protein-protein interaction (PPI) network con-
struction

Using the STRING (https://string-db.org/) 
online tool [17], PPI relationships for differen-
tially expressed and methylated genes and 
genes in the corresponding regulatory networks 
were predicted. An interaction score over 0.4 
was set as the threshold. Based on the obtained 
PPI relationships, the PPI network was visual-
ized using the Cytoscape software [18]. 
Connectivity Degree analysis was then per-
formed to identify critical nodes as hub genes 
in the PPI network.

Statistical methods 

R project software (version 4.0.2) was used to 
conduct all statistical tests and produce the 

resulting graphics. Princomp function in PCA 
package was applied to perform a PCA. R pack-
age “scatterplot3d”, “pheatmap” and “ggplot” 
were used to plot PCA, heatmaps and Volcano 
plots. “ClusterProfiler” package was utilized  
to perform GO analysis. Cytoscape 3.6.1 soft-
ware was applied to perform the PPI and miR-
NA-mRNA regulatory network analysis. 

Results

PCA results and sample correlation analysis

To remove outlier samples, we performed PCA 
on all samples included in this study. The 
results showed that no sample was removed. Corre- 
lation coefficients of gene expression levels 
between samples were calculated to inform 
potential similarities. The correlation coeffici- 
ent has a positive correlation with sample simi-
larity. The PCA and sample correlation analysis 
results can be found in Supplementary File 1.

Identification of differentially expressed 
mRNAs for GDM

Differentially expressed mRNAs were identi- 
fied for GDM based on the GSE92772 and 
GSE19649 datasets using the Limma package. 
Based on the criteria of P<0.05 and |FC|>1.5, 
104 up-regulated and 96 down-regulated 
mRNAs were identified between GDM and NGT 
in the GSE92772 dataset. As shown in the vol-
cano plot, the top 5 up-regulated mRNAs 
(KIAA1024, SHISA7, ABCA13, MMEL1 and 
MMP8) and the top 5 down-regulated mRNAs 
(MCU12, MTUS1, SLC35F2, MIR8061 and 
MIR4646) were marked (Figure 2A). Further- 
more, 601 up-regulated and 704 down-regulat-
ed genes were found for GDM in the GSE19649 
dataset. Figure 2B shows the top 5 up-regulat-
ed mRNAs (GNLY, EOMES, LOC650263, HBG1 
and HBG2) and the top 5 down-regulated 
mRNAs (C4BPA, SLC2A11, FOSB, FOLR3 and 
G0S2). These differentially expressed mRNAs 
enabled reliable identification of GDM blood 
samples from normal samples (Figure 2C, 2D).

We also analyzed mRNAs with P<0.05 and 
|FC|>2 for GDM in the GSE92772 and GSE- 
19649 datasets, and identified 28 up-regulat-
ed and 9 down-regulated genes between GDM 
and NGT in the GSE92772 dataset (Figure 3A). 
According to the volcano plot results, there 
appeared to be 68 up-regulated and 230 down-
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Figure 2. Identification of differentially expressed mRNAs with P<0.05 and |FC|>1.5 for gestational diabetes mellitus. Volcano plot showing all differentially ex-
pressed mRNAs in the GSE92772 dataset (A) and GSE19649 dataset (B). Hierarchical clustering analysis results for the GSE92772 dataset (C) and GSE19649 
dataset (D). Red represents up-regulation, and blue represents down-regulation.
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Figure 3. Identification of differentially expressed mRNAs with P<0.05 and |FC|>2 for gestational diabetes mellitus. Volcano plot showing all differentially expressed 
mRNAs in the GSE92772 dataset (A) and GSE19649 dataset (B). Hierarchical clustering analysis results for the GSE92772 dataset (C) and GSE19649 dataset (D). 
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regulated genes between GDM and healthy 
individuals in the GSE19649 dataset (Figure 
3B). The expression patterns of these mRNAs 
between GDM and controls in the GSE92772 
(Figure 3C) and GSE19649 (Figure 3D) datas-
ets were visualized.

Identification of differentially expressed miR-
NAs for GDM

Using the GSE92772 dataset, 35 differentially 
expressed miRNAs with P<0.05 and |FC|>2 
were identified between GDM and NGT, includ-
ing 15 up- and 10 down-regulated miRNAs 
(Figure 4A). The top four up-regulated miRNAs 
were hsa-miR-19a-3p, hsa-miR-96-5p, hsa-
miR-190a-5p and hsa-miR-199a-3p. The top 
four down-regulated miRNAs included hsa-let-
7d-3p, hsa-miR-4685-3p, hsa-miR-4732-3p 
and hsa-miR-485-3p. As visualized in the heat-
map, there were significant differences in these 
miRNAs between GDM and NGT (Figure 4B).

Identification of methylated genes for GDM

The volcano plot depicted that there were 426 
hypermethylated genes and 528 hypomethyl-
ated genes between GDM and non-GDM 
(Figure 5A). As shown in the results from hierar-
chical clustering analysis, significant differenc-
es in methylation status could be found 
between GDM and non-GDM (Figure 5B).

Construction of miRNA-mRNA regulatory net-
work and PPI network for GDM

Based on all mRNAs with P<0.05 and |FC|>2, 
down-regulated mRNAs and up-regulated miR-
NAs were matched in at least three databases 
among the TargetScan, miTarBase, miRDB, 
miRanda and miRMap databases. Additionally, 
up-regulated mRNAs and down-regulated miR-
NAs were also matched. We found that there 
were 94 miRNA-mRNA relationships in the rel-
evant regulatory network (Figure 6A).

The PPI network was established for GDM, con-
sisting of 29 nodes (Figure 6B). The top ten 
nodes were set as hub genes, including HIF1A, 
TLR2, FOS, IL6R, MYLIP, ABCA1, SELL, BCL3, 
AP1G1 and NECAP1.

Functional enrichment analysis (FEA) of 
mRNAs in the miRNA-mRNA regulatory net-
work

FEA of mRNAs in the miRNA-mRNA regulatory 
network was carried out. For GO-BP terms, 

these mRNAs were enriched in response to 
bacteria, other organisms, external biotic stim-
ulus, B-1 B cell homeostasis, intestinal epithe-
lial cell maturation, protein K33-linked deubiq-
uitination and positive regulation of cell death 
(Figure 7A). For GO-CC, these mRNAs were 
mainly associated with cytosol, clathrin vesicle 
coat, nucleus, clathrin coat, intracellular organ-
elle, nuclear lumen, cytoskeleton, nucleoplasm, 
vesicle coat and RNA polymerase II transcrip-
tion factor complex (Figure 7B). For GO-MF, 
these mRNAs were mainly enriched in cytoskel-
etal protein binding, Lys63-specific deubiquitin-
ase activity, RNA polymerase II-specific, DNA-
binding transcription activator activity, tran-
scription regulatory specific DNA binding, and 
beta-tubulin binding (Figure 7C). In Figure 7D, 
these mRNAs were significantly associated 
with Th17 cell differentiation, autophagyani-
mal, PD-L1 expression in cancer, HIF-1, TNF  
signaling pathway, osteoclast differentiation, 
apoptosis, measles, cholesterol metabolism, 
and microRNAs in cancer.

Identification of epigenetically driven genes for 
GDM

Based on all mRNAs with P<0.05 and |FC|>1.5, 
we identified 22 down-regulated and hyper-
methylated genes and 8 up-regulated and 
hypomethylated genes (Table 1). In addition, 
we also identified 1 up-regulated but hyper-
methylated gene and 4 down-regulated but 
hypomethylated genes. These results are pre-
sented in Supplementary File 1.

FEA of epigenetically driven genes

We further explored the functions of epigeneti-
cally driven genes for GDM. For GO-BP, these 
genes were mainly enriched in T cell receptor 
signaling pathway, negative regulation of leu- 
kocyte activation, negative regulation, signal 
transduction, mesoderm formation, mesoderm 
morphogenesis, DNA damage response, anti-
gen receptor-mediated signaling pathway, and 
cell communication in response to DNA dam-
age (Figure 8A). For GO-CC, these genes were 
mainly enriched in membrane raft, membrane 
microdomain, plasma membrane protein com-
plex, dendritic spine, neuron spine, receptor 
complex, cytosol, condensed chromosome and 
centrosome (Figure 8B). For GO-MF, these 
genes were significantly associated with elec-
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Figure 4. Identification of differentially expressed miRNAs for GDM. A. Volcano plot depicting all differentially expressed miRNAs between GDM and NGT. B. Heat 
map showing the differences in expression of these miRNAs between GDM and NGT. GDM: Gestational Diabetes Mellitus; NGT: Normal Glucose Tolerance.
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Figure 5. Identification of methylated genes for GDM. A. Volcano plot depicting all methylated genes between GDM and NGT. B. Heat map showing the differences 
in methylation status between GDM and NGT. Red suggests hypermethylation, and blue represents hypomethylation. GDM: Gestational Diabetes Mellitus; NGT: 
Normal Glucose Tolerance.
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Figure 6. Construction of miRNA-mRNA regulatory network and PPI network for GDM. A. Regulatory network. Diamonds represent miRNAs and circles represent 
mRNAs. B. PPI network. Red represents up-regulation, and the blue represents down-regulation. GDM: Gestational Diabetes Mellitus; PPI: Protein-Protein Interac-
tion.
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Figure 7. Functional enrichment analysis of mRNAs in the miRNA-mRNA regulatory network. A. The top ten GO-
biological processes (BP); B. The top ten GO-cellular components (CC); C. The top ten GO-molecular functions (MF); 
D. The top ten KEGG pathways.

tron transfer activity, ion channel binding, Ras 
guanyl-nucleotide exchange factor activity, Ras 
GTPase binding, guanyl-nucleotide exchange 
factor activity, GTPase binding, and GTPase 
activator activity (Figure 8C). As shown in Figure 
8D, four KEGG pathways including Th17 cell dif-
ferentiation and human T-cell leukemia virus 1 
infection were enriched. 

Discussion

In this study, we carried out a comprehensive 
analysis of gene expression and methylation 
profiles of GDM. We identified novel methyla-
tion-driven genes and circulating miRNAs, and 
examined their potential regulatory mecha-
nisms in GDM. 

Based on the results of abnormal gene expres-
sion, we constructed a miRNA-mRNA regulatory 
network for GDM. These miRNAs may be 
involved in GDM pathogenesis through their 
target genes. Studies have found that at least 
60% of human protein-coding genes are regu-
lated by miRNAs [19]. Intriguingly, we found 
that hsa-miR-19a-3p, hsa-miR-96-5p and hsa-
miR-199a-3p in the network had the highest 
fold changes of up-regulation in blood samples 
from GDM pregnant women compared to NGT 
ones. Several circulating miRNAs have been 
linked to hyperglycemia in patients with diabe-
tes mellitus [20]. Therefore, our identified circu-
lating miRNAs have the potential to serve as 
diagnostic biomarkers for GDM. To explore 
potential functions of mRNAs regulated by miR-
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NAs in GDM, we performed FEA and found that 
these mRNAs were associated with positively 
regulated immune system processes and cell 
death [21]. Furthermore, these mRNAs were 
significantly associated with several GDM-
related pathways such as Th17 cell differentia-
tion [22], autophagyanimal [23], HIF-1 signaling 
pathway [24], TNF signaling pathway [25], 
apoptosis [26], and cholesterol metabolism 
[27, 28]. The above results indicate that these 
mRNAs may participate in GDM pathogenesis.

We identified 10 hub genes in the PPI network, 
including HIF1A, TLR2, FOS, IL6R, MYLIP, 
ABCA1, SELL, BCL3, AP1G1 and NECAP1. Hub 
genes are important mediators of diverse bio-

logical activities. For a given pathway, the 
expression of other genes is usually regulated 
by the hub gene. Given previous studies, HIF1A 
methylation might lead to insulin resistance in 
GDM [29]. Defects in HIF1A could lead to car-
diovascular diseases later in life for fetuses 
exposed to maternal diabetes [24]. Previous 
studies have linked elevated TLR2 expression 
in peripheral blood cells and placenta to early 
metabolic disorders in GDM [30, 31]. GDM is 
also associated with hyperoxidative stress [28]. 
ABCA1 is elevated in the cord blood of women 
with GDM. Lycium barbarum polysaccharide IV 
may improve the lipid profile of GDM via up-
regulating ABCA1 [32]. Furthermore, ABCA1 
methylation in both placental and umbilical 
cord blood can influence the metabolic status 
of pregnant women [33]. Previous studies sup-
port the reliability of our findings regarding hub 
genes for GDM and the need to further explore 
the roles of other hub genes in GDM. 

Epigenetic changes can occur early in the pro-
gression of diseases such as GDM, but the 
potential consequences of such changes 
remain unknown. The development of methyla-
tion sequencing technologies has facilitated 
the research to uncover clues related to dis-
ease progression. Here, we identified 30 abnor-
mally expressed genes that were driven by DNA 
methylation. These genes appear to be associ-
ated with GDM and may participate in DNA 
damage. It has been found that DNA damage is 
associated with maternal blood glucose levels 
in GDM patients [34]. Furthermore, these 
genes showed strong correlation with T helper 
cell subset differentiation, such as Th1, Th2 
and Th17. During pregnancy, the immune sys-
tem needs to adapt in order to maintain immune 
tolerance to the unborn fetus. Dysregulation of 
immune adaptive mechanisms is associated 
with a variety of complications. Increasing evi-
dence suggests that GDM is associated with 
the upregulation of circulating inflammatory 
factors [35, 36]. A prospective study reported 
that women with GDM had higher levels of Th17 
than non-GDM women [37]. These findings 
implicate DNA methylation in inflammatory 
responses in GDM.

Although we identified potential methylation-
driven genes as well as circulating miRNAs and 
the pathways related to GDM through bioinfor-
matic analysis in several datasets, our study 

Table 1. Identification of key epigenetics 
driven genes for gestational diabetes mellitus
Genes Regulation Methylation status
ABR Down-regulation Hypermethylation
ARID3A Down-regulation Hypermethylation
CSNK1D Down-regulation Hypermethylation
FNDC3B Down-regulation Hypermethylation
GAS7 Down-regulation Hypermethylation
GLTSCR1 Down-regulation Hypermethylation
HLA-DMA Down-regulation Hypermethylation
IL6R Down-regulation Hypermethylation
KLHL2 Down-regulation Hypermethylation
NPEPL1 Down-regulation Hypermethylation
PAG1 Down-regulation Hypermethylation
PDE4B Down-regulation Hypermethylation
POFUT2 Down-regulation Hypermethylation
PPFIA1 Down-regulation Hypermethylation
RBM33 Down-regulation Hypermethylation
RERE Down-regulation Hypermethylation
RIN2 Down-regulation Hypermethylation
SLC35F2 Down-regulation Hypermethylation
TXNRD1 Down-regulation Hypermethylation
ULK1 Down-regulation Hypermethylation
USP10 Down-regulation Hypermethylation
ZAK Down-regulation Hypermethylation
C19orf33 Up-regulation Hypomethylation
CCDC36 Up-regulation Hypomethylation
ERG Up-regulation Hypomethylation
ETFB Up-regulation Hypomethylation
MAD1L1 Up-regulation Hypomethylation
VIPR1 Up-regulation Hypomethylation
YIF1B Up-regulation Hypomethylation
ZAP70 Up-regulation Hypomethylation
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Figure 8. Functional enrichment analysis of epigenetics driven genes. A. The top ten GO-biological processes (BP); 
B. The top ten GO-cellular components (CC); C. The top ten GO-molecular functions (MF); D. The top ten KEGG path-
ways.

has several limitations. First, due to the lack of 
follow-up information in clinical samples, it is 
difficult to understand the real function of 
methylation driver genes, circulating miRNAs 
and the hub genes. We will further collect infor-
mation from clinical samples to construct mod-
els in the first trimester to better evaluate the 
predictive value of these biomarkers on GDM. 
Second, we did not carry out confirmation stud-
ies to detect the methylation driver genes, cir-
culating miRNAs and hub genes in clinical sam-
ples. Finally, because the mRNA sample size 
was relatively small, we used whole blood cells 
and blood samples to compensate and increase 
confidence. 

In this work, we comprehensively analyzed tran-
scriptomic gene expression and methylation 
profiles, identified methylation-driven genes 
and circulating miRNAs, and explored their 
potential regulatory mechanisms in GDM. Our 
results provide insight and reveal novel bio-
markers for the diagnosis of GDM. 
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Supplementary File 1

Genes with up-regulation and hypermethylation and genes with down-regulation and hypomethyl-
ation

We identified 1 gene with up-regulation and hypermethylation and 3 genes with down-regulation and 
hypomethylation.

Supplementary Table 1. Gene with up-regulation and hypermethylation and genes with down-regula-
tion and hypomethylation
Genes Regulation Methylation status
CXXC5 Up-regulation Hypermethylation
ELL Down-regulation Hypomethylation
SLC11A1 Down-regulation Hypomethylation
YOD1 Down-regulation Hypomethylation

No outlier samples according to PCA

To remove outlier samples, we performed PCA of all samples included in this study. The results showed 
that no samples were removed. There were no outliers among sixteen whole blood samples from eight 
NGT and eight GDM patients in the GSE92772 mRNA dataset (Supplementary Figure 1A). PCA results of 
one blood sample and two pooled blood samples from GDM patients, and four healthy women are 
shown in Supplementary Figure 1B. Similarly, no outlier samples were found in the GSE92772 miRNA 
dataset (Supplementary Figure 1C). In Supplementary Figure 1D, there were no outliers among 132 
umbilical cord blood samples from 68 GDM patients and 64 controls without GDM in the GSE88929 
methylation dataset.

Sample correlation analysis

Correlation coefficients of gene expression levels between samples were calculated, which may repre-
sent the similarity between samples. The correlation coefficient has a positive relation with sample simi-
larity. The results reflected that there exists strong correlation between obvious samples in the 
GSE92772 mRNA dataset (Supplementary Figure 2A), GSE19649 mRNA dataset (Supplementary Figure 
2B), GSE92772 miRNA dataset (Supplementary Figure 2C) and GSE88929 methylation dataset 
(Supplementary Figure 2D).
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Supplementary Figure 1. PCA results of samples included in this study. A. GSE92772 mRNA dataset; B. GSE19649 
mRNA dataset; C. GSE92772 miRNA dataset; D. GSE88929 methylation dataset. Blue represents GDM samples, 
and the green represents normal samples.
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Supplementary Figure 2. Heat maps showing the correlation between different samples. A. GSE92772 mRNA dataset; B. GSE19649 mRNA dataset; C. GSE92772 
miRNA dataset; D. GSE88929 methylation dataset.


