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identify general functions of RA, which are common
among the five analyzed datasets we performed a gene
cluster analysis with clusterProfiler using DE genes with
p-values < 0.05 and abs. LFC > 0.5 as input data. Results
are shown in Fig. 3 (complete analysis output is summa-
rized in Additional file 5). GO biological processes af-
fected by DE genes from the meta-analysis (Fig. 3a) are
mainly involved in morphogenesis, development, and
extracellular organization as well as “axon guidance” and
“neuron projection guidance”. In regard to GO cellular
components (Fig. 3b), most of the terms involve synaptic
and postsynaptic membranes. The term with the lowest
p-value and highest GeneRatio is “collagen-containing
extracellular matrix”. GO molecular functions, which are
enriched in the meta-analysis (Fig. 3c) involve

transcription activator activity, receptor activity, extra-
cellular matrix structure, and binding of sulfur, heparin,
and retinoic acid. In regard to KEGG pathways (Fig. 3d)
only “Neuroactive ligand-receptor interaction” reached
statistical significance (p-value < 0.05).

Comparison of early and late RA and RO response in LMH
cells
To compare the response of hepatic cells to RA and RO
we analyzed differential expression in LMH cells treated
with RA and RO for time periods of 1 h and 4 h. This
led to the discovery of 21 DE genes after 1 h of RA treat-
ment, 139 DE genes after 4 h of RA treatment, 8 DE
genes after 1 h of RO treatment, and 128 DE genes after
4 h of RO treatment (p-adj < 0.01, abs. LFC > 1). The

Table 1 Summary statistics of transcriptome mappings of all datasets used in the study

Dataset Instrument Read
length

Avg. no. of
reads

SD no. of
reads

Aligned
reads (%)

Multiple
alingments (%)

Exon
coverage

BioProject Reference

LMH cells Illumina NovaSeq 2 × 50 bp 56,194,679 7,049,990 92.2 2.4 51.3x PRJNA667585 This study

SH-SY5Y cells Illumina Genome
Analyzer IIx

1 × 35 bp 20,527,389 6,226,040 99.1 32.8 4x PRJEB6636 [9]

mESCs Illumina HiSeq 2000 1 × 50 bp 31,145,345 12,850,360 97.4 18.1 9.1x PRJNA274740 [10]

mLympho Illumina HiSeq 2500 2 × 100 bp 45,280,435 16,575,120 92.2 8.1 52.7x PRJNA282594 [11]

Xenopus Illumina HiSeq 2000 1 × 50 bp 23,289,030 1,851,281 94.5 6.5 11.5x PRJNA448780 [12]

Fig. 1 Volcano plot of differentially expressed genes from a transcriptome meta-analysis that was conducted with MetaVolcanoR. The results of
each respective differential expression analysis from chicken hepatocellular carcinoma (LMH) cells, human neuroblastoma cells (SHSY5Y), murine
embryonic stem cells (mESCs), murine lymphoblasts (mLympho), and in vitro-generated pancreatic explants from Xenopus laevis (Xenopus) after
exposure to retinoic acid were used as input data. Red dots represent transcripts with a p-value < 0.02 and a LFC > 1
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