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A novel screening approach for identifying key genes involved in the regulation of

brown adipose tissue thermogenesis

WANG Shengwen, TANG Wenbin, SHI Junxiao, ZHANG Weiping, WEI Chunchun

Department of Pathophysiology, School of Basic Medicine, Naval Medical University, Shanghai 200433, China

[ ABSTRACT] Aim To systematically elucidate the molecular regulatory network of thermogenic function in brown
adipose tissue ( BAT) through multi-omics integrative analysis, to discover novel thermogenic regulatory genes and provide
novel therapeutic targets for metabolic disorders. Methods A novel methodology for screening key genes regulating
thermogenesis in BAT was constructed: First, differential expression analysis was performed on bulk RNA-seq data from
murine BAT.  Genes meeting the thresholds of ABS(log, FoldChange)>1 and Padj<0. 05 were identified as differentially
expressed genes. Intersectional analysis was then applied to obtain consensus upregulated and downregulated gene sets.
Subsequently, scRNA-seq data of brown adipocytes were partitioned into high-expression group and low-expression group
based on the expression levels of candidate genes.  Differential analysis and gene set enrichment analysis ( GSEA) were
conducted between these groups to assess the correlation between candidate genes and thermogenic function.  Finally, ex-
perimental validation of selected candidate genes was performed using quantitative real-time PCR and Western blot.
Results Bioinformatics analysis identified 65 thermogenesis-positive correlated genes and 7 thermogenesis-negative corre-
lated genes.  Subsequent quantitative PCR validation demonstrated that candidate genes Mfsd2a, Mel, Slc25a34, Pfkp,
Ankrd9, Hsd17b12, Aldoa, Cisz and Pcyt2 exhibited upregulation exceeding 5-fold, while Pidl and Angptl showed down-
regulation over 50% .  All observed expression changes demonstrated statistical significance ( P<0.01) through rigorous
hypothesis testing.  These findings highlight the potential involvement of these genes in thermogenic regulation, warranting

further functional investigations to elucidate their molecular mechanisms in energy metabolism pathways. Conclusions
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This study established a novel “computational screening — in silico knockout — experimental validation” paradigm for tar-

get discovery, systematically unveiling the molecular network involved in BAT thermogenic regulation.

is equally applicable for identifying key regulatory genes in other physiological or pathological processes.

This methodology
The study identi-

fied 11 core genes that may play pivotal regulatory roles during BAT thermogenic activation, which could potentially offer

novel pharmacological intervention targets to improve energy metabolism and treat obesity-related complications.
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®1. BRWERESIYF

Table 1. Primer sequences of target genes

e ISR S 77 1w} 1WA (5'-3") (A PHRKE/bp B K/ C

Sle25al7 Forward AGCCGCCCTCATGTTCCTTGTGTA 875 372 56.6
Reverse CCCCCTTGAGAAAAATGAATGAAC 1 246

Dnajell Forward AGGGCTGCCGGGGTTCTATG 1 560 370 59.0
Reverse GGCCGTGCTGGGGTCTGG 1929

Hsd17b12 Forward GGCGGCCGGCTTCCTGT 58 391 57.2
Reverse CATGCCCACGTTGTTCACTAAAA 448

Mfsd2a Forward CCGGCCGGCAGAACACAAGA 94 331 61.5
Reverse GCTCGGCCCACAAAAAGGATAATG 424

Ddhd2 Forward ATCCGTCCCCATCCCCGAACTCTT 144 255 57.6
Reverse CATACCGCATCCGCTCCCCTAAAT 398

Mel Forward GCATTCCGGAAGCCAAGAGG 510 295 57.7
Reverse GGTGCCGCAGCCCGATGTA 804

Pid1l Forward AGGCAGCATTTGGGCAAGGAGTTT 953 175 54.3
Reverse CACGGCAGCAGCAGGTTTCAATGT 1127

Ppif Forward CTCCGCGCCGCTGCTCCTCTC 116 394 63.9
Reverse ATTGGTGTTGGGGCCTGCGTTCG 509

Sle25a34 Forward GGGGAGGCAGAGGCAGGAGGAT 2 061 347 61.8
Reverse CCCCCGGACGTACACAAACAGGAA 2 407

Them4 Forward CCCCCTTCTTTCTGTTGTTGTGGT 587 295 55.8
Reverse GAGGCTGTTCTGAAGGGTCTGTGA 881

Angptl Forward CATTCTTCGCTGCCATTCTGACTC 539 325 57.1
Reverse TGTATCTGGGCCATCTCCGACTTC 863

Clstn3 Forward CCCCTCGCCTCTATTTCCATTTCA 3332 338 59.3
Reverse TGCGGCCCTCCTTTACCACAC 3 669

Cisz Forward CTGCGGGTCGGGTCAAGAGGT 72 169 62.0
Reverse CTGGCCCGAGCGGAAGTAGAGTC 240

Peyi2 Forward GCCGCCTGGAGGGGAGATTGACTA 1284 314 62.0
Reverse CCATGGATGCCCGGGATACACAGC 1597

Pfkp Forward GTGATCGGCGGGGACGGAAGT 459 317 59.8
Reverse GCGCTCACCAAGGCCAAGTAACC 775

Sqle Forward TTGCCCCGAACCCCTTTGAGAA 611 284 59.2
Reverse ATGGCGACAGCGGTAGGAGAGCAC 894

A5 Forward CTTGCCCTTGCCCACCTTTGACCT 715 280 62.9
Reverse CTCGCCCTCTGCCCGCTTCC 998

Tmem4la Forward CATCGCCCTGGTCGCTTTGGTTC 747 115 59.0
Reverse TCATGCGTCCTTCCTGCGGTCTGG 861

Ankrd9 Forward CCGGCGTCGTGGGATCTCTGTCT 117 253 61.2
Reverse GGCGGCCCTGGGTTCTGTAG 369

Aldoa Forward TGGCACCGAGAACACCGAGGAG 240 348 61.1
Reverse GCCAGGGCCGAGGGAGTATGTTC 587

1.6 FEBRENE DTT,pH7.4) # ZLff, M= H A s, ¥4 & &

Y4 R R B AR % 0 (25 mmol/L Tris-HCl, 12000 ¢ T & 15 min, J 10% 45 & SDS-PAGE #
8 mol/L &k % 1% SDS .1 mmol/L EDTA 0.7 mol/L Ji L ik B AN R, SR H B PVDF E L
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Figure 1. Data analysis process and quality control
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Figure 4. Screening genes related to thermogenesis pathway using scRNA-seq data
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