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enriched in each group of DEGs with a false discovery rate (FDR)
threshold corrected P value , 0.05 using Fisher’s exact test on the
BLAST2GO program (Supplementary Table S2). In particular, the
number of GO terms that were enriched are 120 in pre-D-day male,
52 in pre-D-day female, 189 in pre-D-day appendix, 890 in D-day
male, 184 in D-day female, and 92 in D-day appendix tissues
(Supplementary Table S2). These GO terms were enriched from
DEGs as shown in Figure 3B. To summarize the significantly enriched
GO terms along with semantic similarities, the enriched GO terms of
the biological process ontology were represented on the 2D semantic
space (Figure 4). In the male florets, 19 GO terms at pre-D-day and
120 GO terms at D-day were significantly enriched. In the male florets
at D-day, genes involved in a number of biological processes were
particularly up-regulated. The summarization on the 2D semantic

space presents semantic clusters of GO terms related to the response
to some biological stimulus, and the metabolic processing of various
primary and secondary metabolites in the male florets at D-day
(Figure 4A). In the female florets, 11 GO terms at pre-D-day and
42 GO terms at D-day were significantly enriched. In the female
organs, GO terms of some metabolic processes were particularly
over-represented at pre-D-day, whereas GO terms related to response
to stimulus were weakly over-represented at D-day (Figure 4B). In the
appendix, 39 GO terms at pre-D-day and 14 GO terms at D-day were
significantly enriched. Although not many GO terms were particularly
over-represented in the appendix, GO terms of pyrimidine nucleo-
tides or compound metabolic processes were enriched at pre-D-day,
whereas those of purine nucleobases or compound metabolic pro-
cesses were enriched at D-day (Figure 4C). The comparative GO

Figure 3 | Differentially expressed genes (DEG) in the flower organs. In total, 53,315 transcripts that showed significant homology with known

protein sequences were analyzed. (A) Scatter plots of pairwise combinations of tissues with selected DEGs (colored) in the male and female florets

and the appendix. DEGs were selected using DEGseq with Fishers exact test (P , 1025, fold change $ 5) (B) Numbers of DEGs in each combinations of

organs.
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enrichment analyses between pre-D-day and D-day in each organ
represent differential up-regulation of genes involved in various pro-
cesses behind the flowering of A. concinnatum.

Co-expressed genes with their associated temperature profiles. To
explore genes associated with A. concinnatum thermogenesis, we
filtered transcripts from 53,315 known transcripts that showed a
significant correlation between expression pattern and the temper-
ature trend of each sample. As a result, 1266 known transcripts
(2.37%) that showed a strong correlation (Pearson’s correlation coeffi-
cient (PCC) $ 0.95) with the temperature trend were labeled with an
ID that begins with ‘‘Locus’’ (Supplementary Table S3). A box
plot summarizing the expression of these transcripts agreed with
the temperature trend, which are slightly heated in male florets and
well heated in the appendix at D-day (Figure 5A). On the other
hand, among 105,175 unknown transcripts, 3195 transcripts (3.72%)
showed a significant correlation between expression pattern and the
temperature trend of each organ. There is a possibility that a number
of unknown transcripts from related gene families are associated with
the heat production.

AOX-encoding genes. The 1266 transcripts that correlated with tem-
perature include those of five genes (Locus19666v1rpkm11.18,
Locus2198v1rpkm97.78, Locus31425v1rpkm6.48, Locus4502v1rpkm51.79,
and Locus85509v1rpkm1.83) putatively encoding AOX. Transcripts
of Locus19666 and Locus85509 were especially correlated with the
heat pattern, being not expressed in any organ at pre-D-day, and
mildly expressed in male florets, and having highest expression in
the appendix at D-day. Transcripts of three other genes (Locus2198,
Locus31425, and Locus4502) were expressed in the organs even at
pre-D-day (Figure 5A). In this correlation analysis, only AOX
showed significantly higher correlation; other genes for mitochon-
drial energy-dissipating enzymes (namely UCP, NDA, and NDB)
were not significantly correlated with the thermogenic levels of each
organ (Table 1). These results suggest that gene expression for AOX
plays a critical role in thermogenesis of A. concinnatum, and UCP,
NDA and NDB may act in a rather ubiquitous fashion in this non-
thermoregulatory plant. In a previous study, two mRNAs encoding
AOX in A. concinnatum were reported (AB485993 for AcoAOX1a
and AB485994 for AcoAOX1b in DDBJ)39. In A. maculatum, another
Arum species distributed around Europe, at least seven transcripts
for AOX were cloned50. Our transcriptome analysis revealed at least
seven independent transcripts putatively encoding AOX. This result
suggests that there are unidentified AOX homologs other than
AcoAOX1a and 1b in A. concinnatum.

Enriched GO terms. GO enrichment analysis was performed to
infer particular functional categories of genes over-represented in
the 1266 selected transcripts. In total, 131 GO terms were signifi-
cantly enriched in this group of transcripts (Supplementary Table
S4). The summarization on the biological process ontology of the 2D
semantic space presents semantic clusters related to metabolic pro-
cesses of the unsaturated fatty acid, oxylipin, and jasmonic acid,
particularly (Figure 5B). On the molecular function ontology, we
observed particularly enriched categories of oxidoreductase and
alternative oxidase activity because of putative AOX-encoding genes.
In addition, we observed 1-deoxy-D-xylulose-5-phoshate synthase

Figure 4 | Significantly enriched gene functions in DEGs found in
combinations of pre-D-day and D-day tissues. Enriched gene functions

were projected to a 2D semantic space of the gene ontology, biological

process. Green circles and pink circles correspond to significantly enriched

GO terms found in DEG genes at pre-D-day and D-day, respectively. The

circle size represents the 2log10 transformed FDR in REVIGO analysis.

Circles depicted by filled color show significantly enriched GO terms with

FDR , 1025. (A) Male florets at pre-D-day and D-day, (B) Female florets at

pre-D-day and D-day, and (C) Appendix at pre-D-day and D-day. The

semantic space was generated by the REVIGO web service with all enriched

GO terms found in the DEG gene sets.
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Figure 5 | Genes with expression patterns that correlated with the temperature pattern. (A) Expression trend of 1266 transcripts whose expression

patterns were highly correlated with temperature patterns in each organ (Pearson’s correlation coefficient (PCC) $ 0.95). Red colored line plots are

expression patterns of homologs of AOX encoding genes. (B) and (C) Enriched gene functions of GO categories of the correlated genes with the

temperature pattern projected onto a 2D semantic space. The circle size represents the 2log10 transformed FDR in REVIGO analysis. Circles depicted by

filled color show significantly enriched GO terms with FDR , 1025. (B); GO categories related to biological process. (C); GO categories related to

molecular function.
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