
	Table S1. Summary of the RNA-seq datasets used in this study.

	SRR accession
	Treatment
	Stress/Treatment Description
	Biological Replicate
	Library size 
	Developmental Stage

	SRR23625992
	Cold-4h
	Protonema grown 7 days at 13 °C, sampled after 4 hours
	3
	        32,146,650 

	Protonema

	SRR23625991
	Cold-6h
	Protonema grown 7 days at 13 °C, sampled after 6 hours
	3
	        31,772,375 

	Protonema

	SRR23625990
	Cold-24h
	Protonema grown 8 days at 13 °C, sampled after 24 hours
	3
	        30,295,432 

	Protonema

	SRR23626076
	Control-4h
	Protonema grown 7 days at 25 °C, sampled after 4 hours
	3
	        35,382,713 

	Protonema

	SRR23626065
	Control-6h
	Protonema grown 7 days at 25 °C, sampled after 6 hours
	3
	        20,670,421 

	Protonema

	SRR23626030
	Control-24h
	Protonema grown 8 days at 25 °C, sampled after 24 hours
	3
	        32,403,581 

	Protonema

	SRR1588450
	Light-Continuous
	Protonema exposed to continuous white light
	3
	21,832,510
	Protonema + Young Gametophyte

	SRR1589660
	Light-UV-B
	Protonema grown 1–2 weeks under 4 µmol m⁻² s⁻¹ white light + 1 µmol m⁻² s⁻¹ UV-B (300–320 nm)
	3
	29,525,046
	Protonema + Young Gametophyte

	SRR1589656
	Light-Dark
	Protonema grown 1–2 weeks in complete darkness before harvest
	3
	10,243,693
	Protonema + Young Gametophyte

	SRR1589686
	Light-Red
	Protonema grown 1–2 weeks under continuous red light (10 µmol m⁻² s⁻¹, 660–680 nm)
	3
	16,887,334
	Protonema + Young Gametophyte

	SRR1589669
	Light-Blue
	Protonema grown 1–2 weeks under continuous blue light (5 µmol m⁻² s⁻¹, 460–480 nm)
	3
	16,799,209
	Protonema + Young Gametophyte

	SRR1589684
	Light-Far Red
	Protonema grown 1–2 weeks under continuous far-red light (2 µmol m⁻² s⁻¹, 720–740 nm)
	3
	19,767,590
	Protonema + Young Gametophyte

	SRR1588572
	Dehydration
	Gametophores (5 weeks old) dehydrated at 91% RH and 17 °C to constant weight, sampled at 180 h
	3
	21,081,435
	Gametophyte

	SRR1588571
	Rehydration
	Fully rehydrated gametophores by floating on water for 5 min, then 2 h recovery before harvest
	3
	26,495,107
	Gametophyte

	SRR1588467
	Control-BCD
	Gametophores grown 5 weeks on cellophane discs on solid BCD medium, standard conditions
	3
	20,679,951
	Gametophyte

	SRR1588474
	Control-BCDA
	Gametophores grown on cellophane discs on solid BCDA medium supplemented with 5 mM ammonium tartrate, standard conditions
	3
	19,523,343
	Gametophyte

	SRR1588468
	Medium-Knop
	Gametophores grown 5 weeks on solid Knop medium, standard conditions
	3
	27,949,215
	Gametophyte

	Data sources: RNA-seq datasets included in this study were retrieved from the publicly available datasets reported by Perroud et al., (2018) and Rieseberg et al., (2025).









	Table S2. primers used in this work.

	Gene
	Forward primer
(5ˊ→3ˊ)
	Reverse primer
(5ˊ→3ˊ)
	Amplicon Size (bp)
	Tm (°C)

	α-tubulin
	CGTAGGAGGGACCAGTTTGG
	CATCCGGAGCTCCAATCGCT
	81
	62.5

	D6D
	GAAAGCATTGAAGGAAGTCG
	GGATGCCAGTACATTCGGTC
	147
	61

	D12D
	CGGCGTTCTCTGGTACAAC

	CAAGCGGTGAAATGGAGAAGC
	117
	63

	D6E
	GACGGAAAGCAAAAGGGAGC

	AGACCACGCCCACACATCAT
	145
	64

	bHLH
	GATGGGGTTTGCTCCTCAAG

	AGTGAAGACGGTCAATCAGAT
	124
	61.9

	MYB
	GAGTGTAGATACTTGGTGGAC

	GCGGTAACACTGCTATTG
	77
	58.6

	ERF
	CAAGCCAAGACCACGAAGC

	CTTGTACCCAGTTCTTGACAC

	130
	61.9

	G2-like
	GTCTGAAGCCACCATCCATG
	CTAACAAGTTGAAGGAGGCACA
	83
	60.5









	Table S3. The number of down- and upregulated genes (DEGs) under different conditions.

	Conditions
	Downregulated
	Upregulated
	Unchanged

	Continuous light
	1145
	1314
	47604

	UV-B light
	414
	788
	48861

	darkness
	2939
	2874
	44250

	blue light
	607
	1071
	48385

	Far red light
	2630
	2500
	44933

	Dehydration
	7194
	6477
	36392

	Rehydration
	7573
	7178
	35312

	Knop solid
	221
	636
	49206

	Cold 4h
	946
	2238
	46879

	Cold 6h
	1595
	3193
	45275




Table S4. Complete differential expression results.
The complete differential expression results for all pairwise comparisons are provided in the accompanying Excel file (Supplementary_Table_S4_DEGs.xlsx).


	Table S5. Complete KEGG pathway enrichment results


	Pathway
	Count
	Category

	Metabolic pathways
	1613
	Primary metabolism

	Biosynthesis of secondary metabolites
	856
	Secondary metabolism

	Carbon metabolism
	252
	Primary metabolism

	Biosynthesis of cofactors
	218
	Cofactors & nucleotides

	Biosynthesis of amino acids
	186
	Amino acid metabolism

	Glycolysis, Gluconeogenesis
	120
	Primary metabolism

	Plant hormone signal transduction
	115
	Secondary metabolism

	Starch and sucrose metabolism
	104
	Primary metabolism

	Nucleocytoplasmic transport
	88
	Primary metabolism

	Pyruvate metabolism
	85
	Primary metabolism

	Amino sugar and nucleotide sugar metabolism
	84
	Cofactors & nucleotides

	Biosynthesis of nucleotide sugars
	83
	Cofactors & nucleotides

	Glycerophospholipid metabolism
	73
	Lipid metabolism

	Cysteine and methionine metabolism
	70
	Amino acid metabolism

	Pentose phosphate pathway
	65
	Primary metabolism

	Fatty acid metabolism
	61
	Lipid metabolism

	Porphyrin metabolism
	53
	Primary metabolism

	Ascorbate and aldarate metabolism
	53
	Primary metabolism

	Glutathione metabolism
	53
	Lipid metabolism

	Glycine,  serine and threonine metabolism
	53
	Primary metabolism

	Glycerolipid metabolism
	52
	Lipid metabolism

	Inositol phosphate metabolism
	52
	Lipid metabolism

	Alanine,  aspartate and glutamate metabolism
	46
	Amino acid metabolism

	Terpenoid backbone biosynthesis
	41
	Secondary metabolism

	Valine,  leucine and isoleucine degradation
	40
	Amino acid metabolism

	Propanoate metabolism
	37
	Primary metabolism

	Arginine biosynthesis
	35
	Amino acid metabolism

	beta-Alanine metabolism
	33
	Amino acid metabolism

	Autophagy - other
	33
	Amino acid metabolism

	Lipoic acid metabolism
	30
	Cofactors & nucleotides

	Sulfur metabolism
	26
	Primary metabolism

	Nicotinate and nicotinamide metabolism
	25
	Cofactors & nucleotides

	Carotenoid biosynthesis
	24
	Secondary metabolism

	Thiamine metabolism
	24
	Cofactors & nucleotides

	Sulfur cycle
	14
	Primary metabolism




Table S6. Complete GENIE3-predicted TF–target interactions.
[bookmark: _GoBack]These interactions represent computational predictions used as one component of the integrative TF prioritization framework. Final candidate TFs were selected based on the combined evidence from differential expression, co-expression, promoter analysis, Random Forest prioritization, and GENIE3 network inference. The complete interaction table is provided in the accompanying Excel file (Supplementary_Table_S6_ GENIE3 all links.xlsx).




