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Abstract

Environmental conditions lead to biosynthesis of
signaling molecules including phytohormones in plants
which have important functions as primary messengers
in signal transduction and regulating cell metabolism.
Jasmonic acid hormone by controlling the transcription
factors can play key roles in response to various
stresses and developmental processes in plants. Despite
numerous studies, plant responses to the hormone are
not completely understood. Here, microarray data of
Arabidopsis from GEO database was used for analysis
of co-expression network. WGCNA (Weighted Gene
Co-expression Network Analysis) analysis determines
25 gene groups (modules) that their expression profiles
correlated highly significant with each other in
response to jasmonic acid. Gene ontology was utilized
to investigate each module for statistical significance.
This analysis indicated that jasmonic acid controls
many processes including photosynthesis, cell
programmed death, and response to various stresses. In
addition, many of transcription factors such as 11 genes
of NAC family and 12 genes of bHLH family play
roles in the regulation of jasmonic acid responses and
adjust processes including response to biotic and
abiotic stresses, flower development and response to
light.
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Treatment Growth phase

GSE10732 18 (Mueller et al., 2008)

GSE17464 99

(Lozano-Duran et al.,

GSE18667 12 2012) LUC

GSE21762 12 .
eill
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Laer; penta; gai

C2 lines; PR1-

Col; coil; ein3

10- day-old seedlings

MelA; GA; MeJA+GA; 5-weeks-old

flg22; seedlings

MelJA 7- day-old seedlings
JA Seedlings

Low and high R/FR; JA Four-week-old

rosettes
GSE4733 27  (Mandaokar et al.,2006)  opr3 mutant JA; OPDA Stamen
GSE45662 10  (PoHuetal,2013) Col; Ril7 MeJA 21-day-old seedlings

YL oz > ) Wog GO 5460 el s gimo
ol ol & (Cudl onis o3yl bxyl > gl
Do J) ol gl JA (ig0y90 o8 ol e
VW ks GSEA U1 5 Lol s oo 58 15t cou
Y slJsis) Log b sxe slasyle gl g5l

A\

w99y el
S ol ol (black) oluw Jgile sl GO 3
sy Sl oS ol o5 WD
Wy Glaie a8 (Y SWS) i (GO:0045449)
NAC domain edlgls 93 .0dgs ljome 35 0dlgils
AT3GI10500  :capys  Jold) 50 L
AT3G15500 ATIG71930 AT3G10490
ATI1G65910 AT5G62380 ATIGO1720
9 AT3G17730 AT3G10480 AT4G10350
slys Jols) o5 VY LbHLH 4 (AT1G01010
AT4G01460 AT3G61950 AT3G62090
AT4G09820 AT5G15160 ATIGI18400

S 9
cilisee Sliglejl 51 5dUT cpl (el a5, (slaodly
Pyl ol odlital 3)50 (LS (slocuig) A5 o3
Sl Sigonls (Gl e )3 Cilige 5 (o
TA 4 | 48 128l o s3lge Sl 35 b jless Lidgs
BIA Gyl e b i (g ymme 4Gl L A
slodls Ll 3 () o) dimd o )3 o8l con
S o 45 cny aloye 305 Jlog 4l
9903518 Joilo b (55 09,5 VO (49,0 |y b 457 5
S5, b Jsile m Ry cblSal ) oslizl |
Slojoxd sladsile (N JSi) 48 waplits ool
«hls (brown) (g 4 (blue) I (turquoise)
5 o YIF 5 Y00 DA | o olis ity
o Slojgxd ddarkgreen) gl gsl oo (slo gl
(darkgrey) ,w (sS4 (darkturquoise)
Sloe 3 ¥Y 9 YA SV L o5 sl o jieS (el
Sy 36T (el gl slog] o oS s
Syg0 b gsle cpl bl (olo gxe s odlizul
Sacbe Gl b sl 4on 24,5 5 o



b3 e 0Xigbnalals slogile Bl (sl S0 Sloes &b LT 2oy Sen 5 3l po

&S ol o3y li aales (Fankhauser, 2005
0B i lbanld > BHLH odlgls clacl
» TabHLHI (g o Jie slp )b <8y
SSENERPRS NEKRRINC JUVRE: KK SV
colo mlas > PIFI (Yang et al., 2016)
Moon et al., ) Lumoginl)] olS ;3 11 idg IS
> OsbHLHI48 § MACIDHLHI 4 (2008

Seoetal,2011;) suwj pue sl s & Fuwl
Dge5 0,)lil (Feng et al., 2012

AT5G39860 AT5G54680 AT4G02590
(ATIG73830 ¢ ATIG68810 AT4G14410
Sloaly lis ldllas 5yl 1) a5 sl oy i
» bHLH olgls  slacl | (gl o
bl i 5 8l 8 )98 s lu)ly
S sS4 135 o Ll Ly Sgid by S >
phytochrome interacting ) PIF lgie L 1, Lol
phytochrome interacting ) PIL | (factor
Duek & ) a8 0 ()30 (factor-like

Cluster Dendrogram

10

08

Height
0.8
|

08
|

Madule colors

ks ganades gy bl plS 9,000 A (ig0)9m s urggtel)] olS sy sl Jhiis Sles 4S5 N IS
Josle YO doxsl > .l dynamic tree cut sy wlal p b5 (a04,5 .0 3ol TO dlold s 5lo 51 lye

el 005 0313 L5 K5 25 5 45 0 Mailis (ol (S5, L Jgile yn 48 45 (s e slacf ssl>



(AO—V\) \wyas )L@f ‘r@.\m O)Lo.o.'\'} ‘p.-.a.b JLv ‘L?CI)) uLbLg d)jLBW) (RN — L;“Lc Ao

FDR < 0.05 LA lued 45 jl oto] casd 4 (gla Jg3lo (lys GSEA gl ¥ Jus

Description of gene set (No of
probsetIDs in each module)

Category  p-value

Description of gene set (No of
probsetIDs in each module)

Category  p-value

Module: blue (3630 probsetIDs)

Module: yellow (2185 probsetIDs)

Plant-pathogen interaction (41) KEGG  6.04e-06 ||[Ribosome (170) KEGG  3.02e-88
target genes of TF: SEPALLATA3 (11) TFT 5.31e-05 ||Core Cell Cycle Genes (19) Gfam  2.21e-06
target genes of TF: AP2 (39) TFT 5.97e-4 [ Oxidative phosphorylation (28) KEGG  2.88e-05
Module: cyan (292 probsetIDs) Module: turquoise (5688 probsetIDs)
E2 - Ubiquitin Conjugating Enzyme (7) Gfam  1.14e-06 Eezcze)ptor Kinase-like protein family Gfam  3.42¢-10
Ubiquitin mediated proteolysis (8) KEGG  3.2le-3 |[target genes of TF: HYS (85) TFT 6.98¢-3
CCAAT-HAPS TF Family (4) Gfam 3.56e-3 |[Metabolic pathways (305) KEGG  2.59¢-4
Module: darkgreen (61 probsetIDs) Biosynthesis of plant hormones (92) KEGG  3.5le4
Proteasome (28) KEGG  8.11e-56 |[Module: tan (295 probsetIDs)
Module: darkred (120 probsetIDs) target genes of TF: AtbHLH15 (21) TFT 6.04¢-05
target genes of TF: E2Fa/Dpa (21) TFT 5.51e-28 || TUB TF Family (3) Gfam 291e-4
DNA replication (14) KEGG  321e-22 %ﬁfﬁ;{fﬁfﬁfﬁ;ﬁfeGﬁﬁﬁﬁiﬁlf; Gfam  29le-4
Nucleotide excision repair (6) KEGG  1.38e-07 |[Module: salmon (288 probsetIDs)
Mismatch repair (5) KEGG  2.09e-07 ||Glycolysis / Gluconeogenesis (8) KEGG  6.08e-06
Core Cell Cycle Genes (4) Gfam  1.57c-4 g‘;’symhem of terpenoids and steroids b 5 570 4
Putative targets of mir837 (2) MIR 4.71e-4 xgg:;teﬁ;;))y alblue (113
Module: darkturquoise (49 probsetIDs) Receptor kinase-like protein family (17) Gfam  1.04e-13
Receptor kinase-like protein family (7) Gfam  8.55e-07 | Cytochrome P450 ,CYP76C (2) Gfam 6.97e-4
AP2-EREBP TF Family (5) Gfam  4.04e-06 | Module: midnightblue (207
probsetIDs)
Organic Solute Cotransporters
target genes of TF: HYS (6) TFT 2.08e-06 ||,Adenylate translocator (brittle-1)-like Gfam 1.3e-4
family (3)
Module: green (1464 probsetIDs) target genes of TF: E2Fa/Dpa (5) TFT 1.34e-3
Class III peroxidase (28) Gfam  2.13e-13 | Module: magenta (457 probsetIDs)
Methane metabolism (26) KEGG  5.03e-11 |[Putative targets of mir414 (11) MIR 9.91e-05
Phenylalanine metabolism (25) KEGG  1.52e-10 |[Spliceosome (12) KEGG  4.96e-07
Phenylpropanoid biosynthesis (27) KEGG  9.24e-10 |[RNA degradation (8) KEGG  2.94e-06
Cytochrome P450 ,CYP705A(4) Gfam  3.32e-07 || Module: lightcyan (150 probsetIDs)
Module: grey (1098 probsetIDs) Putative targets of At5g25610 3237 (3) MIR 9.48¢-05
target genes TF: LEC2 (8) TFT 1.51e-06 |target genes of TF: AP2 (6) TFT 4.45¢e-4
. . Lipid Metabolism Gene Families,
tify family (7) Gfam  3.48¢-05 Ph%sphatidylinositol A-kinase family ) Olam - 1.9e-4
Module: grey60 (144 probsetIDs) RNA degradation (4) KEGG  2.18e-4
C2C2-CO-like TF Family (5) Gfam  7.94e-07 ||[E3 - HECT family (2) Gfam 1.12e-3
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Description of gene set (No of probsetIDs in red module)

category p-value

Metabolic pathways(153)
Photosynthesis(32)
Photosynthesis - antenna proteins (14)

KEGG 1.26e-22
KEGG 1.07e-17
KEGG 9.96e-11

Biosynthesis of alkaloids derived from ornithine, lysine and nicotinic acid (31) KEGG 4.66e-09

Biosynthesis of plant hormones (43)
Carbon fixation in photosynthetic organisms (20)

KEGG 1.17e-08
KEGG 1.74e-08

Biosynthesis of alkaloids derived from histidine and purine (28) KEGG 1.34e-07

Pentose phosphate pathway(15)

KEGG 3.65e-07

Biosynthesis of alkaloids derived from shikimate pathway (28) KEGG 3.92¢-07
Chloroplast and Mitochondria gene families ,Chlorophyll a/b-binding protein family (11) Gfam 2.76e-08

Glycolysis / Gluconeogenesis (18)
Biosynthesis of terpenoids and steroids (28)

KEGG 2.18e-06
KEGG 2.66e-06

Biosynthesis of alkaloids derived from terpenoid and polyketide (24) KEGG 4.67¢-06

Biosynthesis of phenylpropanoids (31)
Carotenoid biosynthesis (8)

Fructose and mannose metabolism (10)
Valine, leucine and isoleucine biosynthesis (8)
Protein export (9)

Ascorbate and aldarate metabolism(7)

KEGG 1.05e-05
KEGG 5.88e-05
KEGG 2.03¢-4
KEGG 4.22¢-4
KEGG 6.07e-4
KEGG 1.87e-3
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