
Background
Heat stress is an environmental stress characterized by exposure to abnormally high temperatures. Previous research has focused on response systems involving
heat shock factors (HSFs) and heat shock proteins (HSPs). However, further studies of genes that have yet to be well-focused on previous research are necessary to
understand how organisms respond to heat stress. Additionally, a comprehensive analysis that includes these genes is required. In this study, novel heat stress
response genes were discovered through meta-analysis of numerous gene expression data from humans and mice  (doi: 10.3390/ijms241713444).
In addition, rice exposed to heat stress was compared with human and mouse results to analyze common functional genes.
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Public database

1. Data collection from a public database

2. Calculation of the “HN-ratio” and “HN-score”

3. Extraction and evaluation of gene groups 

4-1. Extraction and various analyses of 
common genes between human and mouse 

4-2. Integrated analysis (ChIP-seq and gene2pubmed data) 

gene2pubmed
(Number of reports to 

date)  

363 pairs322 pairs 242 pairs

Heat stress Non-treatment

vs

Heat-stress
(scaled TPM)

Non-treatment
(scaled TPM) HN-ratio 

Gene 1 100 10 10
Gene 2 10 100 0.1
Gene 3 1 1 1

HN-ratio ≧5  : upregulated
HN-ratio ≦1/5  : downregulated

Other :  unchanged

pair 1 pair 2 pair 3 … pair 140 upregulated downregulated unchanged HN-score
Gene 1 UP DOWN UP … DOWN 110 10 20 100
Gene 2 UP UP DOWN … DOWN 10 100 30 -90
Gene 3 DOWN UP UNCHANGE … DOWN 0 0 140 0

… … … … … … … … … …

2-3. Classification for all pairs 2-4. Counting
-

2-2. Gene Classification2-1. Calculation of expression ratio (HN-ratio)

1-1. Conditions for data curation

Downregulated 
gene group

Upregulated 
gene group

Scatterplot of genes based on HN-score

1-2. Number of data pairs collected from 
the sample in human and mouse

4-3. Functional overlap between human and rice gene 

A total of 15172 correspondence was given based on “GOSlim”※
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- Analysis period -

: 3 months

: 1.5 months

(※ other sequencing methods also included)

Example:) Enrichment analysis of the upregulated gene group of each organism
UP※1

※1
※2

※1 Metascape was used in human and mouse (doi: 10.1038/s41467-019-09234-6)
※2 ShinyGO was used in rice (doi: 10.1093/bioinformatics/btz931)
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(D) Common genes human and mouse distribution
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CodeSupplementary figures

ChIP-seq data
(Transcription factor 
binding information) 

ZFAND2A (zinc finger AN1-type containing 2A)

Is there a suggested link to heat stress response? :  YES
Number of reports (gene2pubmed) : < 50

- Genes of interest -

USPL1 (ubiquitin specific peptidase like 1)

Is there a suggested link to heat stress response? :  NO
Number of reports (gene2pubmed) : < 50

Prospects
The findings from this data-driven research may offer new insights, such as the identification of
novel heat stress-responsive genes. By expanding the heat stress-related meta-analysis conducted in
this study to various organisms, we aim to continue our research to better understand and capture a
more comprehensive range of phenomena in response to heat stress.

Article Additional information

Additional information, including a comparison of 
rice and mouse, is available on Notion.

Sorted by the line fold enrichment 

Map each "upregulated gene group" 
on the chromosome and draw a line 
if there is a common GOSlim term.

(※ cut-down versions of the Gene Ontology containing a subset of the terms)
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