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Biological relevance of co-expressed modules

To test for the biological relevance of the co-expressed modules (22 for root and 18 for shoot), genes of the individual clusters are submitted for over-representation analysis in GO consortium using PANTHER classification system (v14.0) for Oryza sativa (1). Results with Fischer’s Exact Test and Bonferroni correction for multiple testing (p-value < 0.05) are retrieved for each module.  These results can be viewed through the “Browse Module-wise” option (https://bioinf.iiit.ac.in/netrex/module.html). Since co-expression clusters often point to coordinated biological processes where there maybe physical interactions between proteins, enrichment of protein-protein interactions (PPI) further validates the biological relevance of the clusters. We extracted interactions for the top 100 highly connected genes (based on intra-modular connectivity) from an independent database, STRING DB. Majority of the clusters in root and shoot indicated significant enrichment for PPI among the top 100 genes. The PPI enrichment scores given in the last column indicates that the query proteins have more interactions among themselves than would be expected for a random set of proteins of the same size and degree distribution drawn from the genome.

In Table S9 and S10, relevant GO terms associated with the modules, the trend of up and down-regulation of genes across stress conditions and time-points and the enrichment of protein-protein interactions are shown. For ease of visualization, we have only considered the time-point for which highest DEGs were observed for the given stress. The percentage of DEGs and the number of up-regulated DEGs followed by down-regulated DEGs are given in brackets. The cells with significant number of DEGs (≥ 30% of module genes) and a significantly large difference in the number of up and down-regulated genes are colour-coded: red for majorly up-regulated DEGs, blue for majorly down-regulated DEGs and white for no significant percentage of DEGs).

As a case study, the Turquoise module is observed to harbour significant percentage of up-regulated genes in drought, osmotic stress, ABA treatment and cold stress. Some of the important GO terms associated with Turquoise module include response to abscisic acid (GO:0009737, 2.46e-06), response to osmotic stress (GO:0006970, 2.83e-04), cold acclimation (GO:0009631, 9.06e-03), etc. Co-expressed together with these pathways, we also observe genes involved in energy metabolism such as tricarboxylic acid cycle (GO:0006099, 2.84e-04), ATP generation from ADP (GO:0006757, 2.53e-03), energy derivation by oxidation of organic compounds (GO:0015980, 1.91e-04), etc. Several studies have confirmed the interplay of ABA hormone signalling pathway and energy metabolic pathways as part of the core stress-response network and thereby provide evidence to the biological relevance of these co-expressed modules. Similarly, the Blue module with significant percentage of down-regulated genes across drought, flood, osmotic stress, ABA and JA is seen to be involved in photosynthesis (GO:0015979, 1.32e-22). Abiotic stress conditions confer serious damage to the photosynthetic machinery especially in stress-sensitive crop varieties, severely affecting growth, as a consequence of which photosynthesis is down-regulated (3). Similar analysis of root modules can be done. For example, Magenta is involved in abscisic acid-activated signalling pathway (GO:0009738, 7.64e-03) and observed to be up-regulated in the early time-points of osmotic stress followed by drought and ABA treatment in latter time-points. 

Supplementary Table S9: Co-expressed modules with %age DEGs across time-points in shoot tissue (h: hour, d: day)

	Modules
	Total Genes
	Drought
	Flood
	Osmotic
	Cold
	ABA
	JA
	GO
	PPI from STRING DB

	Turquoise
	3140
	89.4%
1day
(2805,2)
	24.0%
1hr
(559,196)
	60.5%
12hr
(1898,3)
	37.7%
12hr
(1048,137)
	50.0%
1day
(1425,144)
	20.4%
12hr
(365,275)
	regulation of response to water deprivation, positive regulation of response to salt stress, response to cold
	3.06e-11

	Blue
	2007
	82.5%
12hr
(0,1655)
	56.9%
6hr
(6,1136)
	70.5%
12hr
(1,1414)
	18.1%
12hr
(191,172)
	82.3%
1day
(6,1645)
	52.8%
6hr
(13,1047)
	NAD(P)H dehydrogenase complex assembly, photosystem II repair, photosynthesis
	<1.0e-16

	Brown
	1945
	36.8%
1day
(26,689)
	35.6%
12hr
(688,5)
	14.7%
1hr
(9,276)
	28.6%
12hr
(26,531)
	66.0%
1day
(1257,27)
	51.6%
12hr
(999,4)
	protein urmylation, protein processing involved in protein targeting to mitochondrion, single strand break repair
	<1.0e-16

	Yellow
	862
	46.9%
1day
(345,59)
	30.5%
1hr
(230,33)
	38.7%
1hr
(328,6)
	97.6%
12hr
(841,0)
	38.3%
1day
(173,157)
	23.3%
12hr
(105,96)
	phosphate ion homeostasis, trivalent inorganic anion homeostasis, positive regulation of GTPase activity
	2.45e-07

	Green
	728
	65.4%
12hr
(3,473)
	80.1%
6hr
(0,583)
	68.4%
12hr
(1,497)
	21.8%
12hr
(107,52)
	62.0%
12hr
(10,441)
	82.6%
12hr
(0,601)
	sulfate assimilation, isopentenyl diphosphate biosynthetic process, methylerythritol 4-phosphate pathway, inositol phosphate catabolic process
	<1.0e-16

	Red
	716
	81.1%
12hr
(581,0)
	52.5%
6hr
(374,2)
	67.7%
6hr
(485,0)
	20.0%
12hr
(43,100)
	54.7%
1day
(362,30)
	61.2%
6hr
(437,1)
	glyoxylate metabolic process, glyoxylate cycle, leucine catabolic process
	<1.0e-16

	Black
	631
	92.1%
1day
(0,581)
	22.2%
1hr
(38,102)
	60.9%
12hr
(0,384)
	26.3%
12hr
(21,145)
	65.9%
1day
(1,415)
	19.2%
12hr
(23,98)
	sialylation, pollination, multi-multicellular organism process
	5.4e-03

	Pink
	502
	53.4%
1day
(11,257)
	58.0%
6hr
(291,0)
	30.5%
12hr
(24,129)
	35.3%
12hr
(17,160)
	48.4%
1day
(18,225)
	53.2%
12hr
(262,5)
	blue light signaling pathway, intracellular receptor signaling pathway, cellular response to blue light
	3.7e-03

	Magenta
	489
	90.0%
12hr
(0,440)
	59.7%
6hr
(1,291)
	59.3%
6hr
(1,289)
	23.5%
12hr
(5,110)
	91.8%
1day
(0,449)
	54.2%
12hr
(4,261)
	xylem development, plant-type secondary cell wall biogenesis, plant-type primary cell wall biogenesis
	<1.0e-16

	Purple
	386
	23.3%
1day
(82,8)
	86.8%
12hr
(0,335)
	23.1%
12hr
(25,64)
	21.5%
12hr
(68,15)
	36.0%
1day
(21,118)
	88.9%
12hr
(0,343)
	carotene biosynthetic process, carotenoid metabolic process, tetraterpenoid biosynthetic process
	1.22e-05

	Green Yellow
	374
	93.9%
1day
(0,351)
	8.0%
1hr
(3,27)
	9.6%
12hr
(0,36)
	64.2%
12hr
(0,240)
	28.1%
12hr
(1,104)
	7.2%
1hr
(1,26)
	defense response
	1

	Tan
	371
	94.1%
1day
(0,349)
	60.1%
1hr
(1,222)
	62.0%
6hr
(0,230)
	52.0%
12hr
(1,192)
	85.2%
1day
(0,316)
	34.0%
1hr
(0,126)
	plastid transcription, plastid organization, chloroplast organization
	<1.0e-16

	Salmon
	340
	61.5%
1day
(207,2)
	48.2%
6hr
(4,160)
	67.4%
1hr
(228,1)
	33.5%
12hr
(73,41)
	46.5%
1day
(25,133)
	43.8%
12hr
(3,146)
	isoprenoid metabolic process, dephosphorylation, cellular lipid metabolic process
	<1.0e-16

	Cyan
	195
	33.8%
1day
(5,61)
	10.3%
1hr
(9,11)
	8.2%
6hr
(15,1)
	81.0%
6hr
(0,158)
	18.5%
12hr
(2,34)
	8.2%
12hr
(7,9)
	
	<1.0e-16

	Midnight Blue
	149
	15.4%
1day
(0,23)
	30.9%
6hr
(46,0)
	10.7%
3hr
(16,0)
	67.1%
12hr
(0,100)
	36.2%
1day
(45,9)
	45.6%
12hr
(68,0)
	lytic vacuole organization, peptidyl-asparagine modification, protein N-linked glycosylation via asparagine
	<1.0e-16

	Light Cyan
	123
	24.4%
1day
(21,9)
	30.1%
3hr
(9,28)
	19.5%
3hr
(7,17)
	28.5%
3hr
(34,1)
	95.1%
12hr
(117,0)
	18.7%
12hr
(8,15)
	regulation of RNA polymerase II transcription preinitiation complex assembly, positive regulation of RNA polymerase II transcription preinitiation complex assembly, positive regulation of DNA-templated transcription, initiation
	5.18e-06

	Grey60
	110
	32.7%
1day
(36,0)
	30.0%
12hr
(33,0)
	20.9%
6hr
(23,0)
	20.9%
12hr
(3,20)
	92.7%
12hr
(102,0)
	50.9%
12hr
(56,0)
	leucine biosynthetic process, protein deneddylation, ribosomal small subunit export from nucleus
	3.66e-15

	Light Green
	67
	40.3%
1day
(27,0)
	17.9%
1hr
(11,1)
	19.4%
6hr
(13,0)
	47.8%
12hr
(0,32)
	77.6%
6hr
(52,0)
	23.9%
1hr
(16,0)
	positive regulation of ATPase activity, regulation of ATPase activity, positive regulation of hydrolase activity
	<1.0e-16




Supplementary Table S10: Co-expressed modules with %age DEGs across time-points in root tissue (h: hour, d: day)

	Modules
	Total Genes
	Drought
	Flood
	Osmotic
	Cold
	ABA
	JA
	GO
	PPI

	Turquoise
	2158
	12.6%
1day
(57,215)
	26.1%
1day
(10,553)
	39.3%
12hr
(230,618)
	26.9%
1day
(234,347)
	86.0%
1day
(3,1853)
	71.7%
12hr
(275,1272)
	syncytium formation, mitotic chromosome condensation, meiotic chromosome condensation
	<1.0e-16

	Blue
	1653
	18.6%
1day
(244,64)
	6.7%
3day
(27,84)
	50.3%
6hr
(806,25)
	37.7%
12hr
(80,544)
	64.9%
1day
(1068,4)
	54.6%
6hr
(777,126)
	late nucleophagy, autophagy of nucleus, autophagy of mitochondrion
	<1.0e-16

	Brown
	1478
	28.3%
12hr
(6,413)
	18.9%
1day
(178,102)
	49.7%
3hr
(3,731)
	48.1%
12hr
(32,679)
	53.3%
1day
(40,748)
	31.1%
12hr
(244,215)
	arabinose metabolic process, L-arabinose metabolic process, cellular response to light stimulus
	1.52e-02

	Yellow
	1028
	9.4%
6hr
(15,82)
	20.5%
1day
(9,202)
	19.2%
12hr
(91,106)
	27.3%
12hr
(256,25)
	27.0%
1day
(50,228)
	72.9%
6hr
(71,678)
	positive regulation of translational fidelity, snRNA pseudouridine synthesis, ribosomal large subunit assembly
	<1.0e-16

	Green
	807
	10.9%
12hr
(7,81)
	25.9%
3day
(156,53)
	46.7%
12hr
(166,211)
	37.4%
1day
(282,20)
	60.5%
12hr
(4,484)
	41.1%
6hr
(52,280)
	photosystem II assembly, photosystem II repair, NAD(P)H dehydrogenase complex assembly
	<1.0e-16

	Red
	626
	34.0%
12hr
(201,12)
	10.9%
3day
(23,45)
	43.5%
12hr
(206,66)
	36.1%
12hr
(35,191)
	38.2%
1day
(125,114)
	76.2%
6hr
(399,78)
	purine nucleoside catabolic process, isopentenyl diphosphate biosynthetic process, methylerythritol 4-phosphate pathway, nucleobase-containing small molecule catabolic process
	<1.0e-16

	Black
	521
	64.3%
12hr
(335,0)
	9.2%
1hr
(48,0)
	91.2%
3hr
(475,0)
	44.9%
1day
(214,20)
	51.6%
1day
(260,9)
	40.1%
6hr
(165,44)
	regulation of signal transduction, regulation of signaling, regulation of cell communication
	3.0e-03

	Magenta
	510
	71.6%
12hr
(363,2)
	12.2%
3day
(16,46)
	75.9%
3hr
(387,0)
	36.9%
1day
(85,103)
	82.4%
3hr
(420,0)
	42.5%
12hr
(116,101)
	positive regulation of abscisic acid-activated signaling pathway, tryptophan biosynthetic process, indolalkylamine biosynthetic process
	<1.0e-16

	Pink
	509
	27.7%
12hr
(129,12)
	13.9%
1day
(10,61)
	35.2%
12hr
(126,53)
	35.6%
12hr
(159,22)
	86.8%
12hr
(442,0)
	45.6%
12hr
(154,78)
	acetyl-CoA biosynthetic process from acetate, acetate metabolic process, citrate metabolic process
	<1.0e-16

	Purple
	484
	14.3%
12hr
(1,68)
	9.7%
3day
(29,18)
	25.6%
3hr
(1,123)
	19.0%
1day
(40,52)
	11.8%
1day
(38,19)
	70.2%
6hr
(76,264)
	small nucleolar ribonucleoprotein complex assembly, box C/D snoRNP assembly, positive regulation of transcription by RNA polymerase I
	<1.0e-16

	Green Yellow
	419
	65.6%
12hr
(273,2)
	15.3%
3day
(10,54)
	78.0%
1hr
(327,0)
	33.2%
12hr
(102,37)
	48.4%
1day
(56,147)
	40.1%
1day
(69,99)
	carotene metabolic process, hydrocarbon metabolic process, terpene metabolic process
	2.36e-08

	Tan
	360
	29.2%
1day
(58,47)
	12.8%
3day
(12,34)
	35.8%
3hr
(52,77)
	43.1%
12hr
(19,136)
	84.7%
6hr
(305,0)
	35.3%
12hr
(47,80)
	sulfur compound metabolic process, biological_process, UNCLASSIFIED
	<1.0e-16

	Salmon
	343
	47.5%
12hr
(0,163)
	13.7%
1day
(41,6)
	28.9%
12hr
(88,11)
	84.8%
1day
(0,291)
	13.4%
1day
(37,9)
	15.7%
1day
(24,30)
	UNCLASSIFIED , biological_process, organic substance metabolic process
	1

	Cyan
	341
	20.5%
1day
(5,65)
	5.0%
6hr
(13,4)
	15.5%
6hr
(37,16)
	89.4%
12hr
(0,305)
	17.6%
1day
(8,52)
	21.4%
1day
(31,42)
	chromatin remodeling, chromatin remodeling, chromatin organization
	<1.0e-16

	Midnight Blue
	306
	51.6%
12hr
(158,0)
	7.2%
3day
(9,13)
	50.7%
1hr
(154,1)
	92.2%
12hr
(282,0)
	28.4%
1day
(60,27)
	21.6%
1day
(34,32)
	
	0.0371

	Light Cyan
	274
	5.5%
12hr
(9,6)
	20.8%
1day
(41,16)
	37.2%
12hr
(95,7)
	20.1%
1day
(38,17)
	71.5%
1day
(196,0)
	68.2%
12hr
(152,35)
	autophagy of peroxisome, process utilizing autophagic mechanism, autophagy
	2.41e-11

	Grey60
	263
	17.1%
1day
(35,10)
	35.4%
1day
(75,18)
	52.5%
6hr
(137,1)
	39.2%
1day
(62,41)
	31.2%
1day
(64,18)
	47.1%
12hr
(93,31)
	
	5.2e-04

	Light Green
	229
	5.2%
1day
(1,11)
	37.6%
1day
(1,85)
	27.1%
12hr
(30,32)
	55.0%
12hr
(126,0)
	16.6%
1day
(19,19)
	28.4%
1day
(22,43)
	mitochondrial electron transport, ubiquinol to cytochrome c, mitochondrial electron transport, cytochrome c to oxygen, mitochondrial ATP synthesis coupled electron transport
	<1.0e-16

	Light Yellow
	216
	86.1%
12hr
(186,0)
	12.0%
1day
(3,23)
	75.0%
1hr
(162,0)
	37.5%
12hr
(16,65)
	33.8%
1day
(52,21)
	45.8%
6hr
(75,24)
	chorismate metabolic process, aromatic amino acid family biosynthetic process, dicarboxylic acid metabolic process
	4.97e-13

	Royal Blue
	206
	57.3%
6hr
(118,0)
	25.7%
12hr
(4,49)
	55.3%
1hr
(113,1)
	39.8%
1day
(52,30)
	47.1%
1day
(10,87)
	49.0%
6hr
(70,31)
	CDP biosynthetic process, xylan acetylation, CDP metabolic process
	<1.0e-16



