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Bioinformatics evaluation of the gene expression profile of
Arabidopsis seedlings in order to identify heat stress responsive
hob genes

e Ol 4T Tl wlKis MOLS 03 LS 4 e
0SSl ( ALS S5 5 W5 kige 03,5 ($55LES (5P g Al ol IS (g gzl -
Ol 2 b il 5 (555128 pole o8I (g5, 5LES
@L'w 3 S5slS psle oLl (5, 5LiS 0aSLEils ¢ ALS K3 5 M5 pwdigr 038 sl =Y
Ol e S Ol g a
Oloslo 8 (SNt ple Do s o 535S e ST (5 @l oS53 Olslanl Y

u./,.:\ ‘)b,h\ ué)JjLwS C:)/J 3 p&)}ai uuu.j;v:

Kiani Deh Kian M 1, Taheri H*?, Sadr AS®
1- MSc Student, in Agricultural biotechnology, Department of Plant Production and
Genetics, Faculty of Agriculture, Agricultural Sciences and Natural Resources
University of Khuzestan, Mollasani, Iran
2- Assistant Professor, Department of Plant Production and Genetics, Faculty of
Agriculture, Agricultural Sciences and Natural Resources University of Khuzestan,
Mollasani, Iran
3- Assistant Professor, South of Iran Aquaculture Research Institute (SIARI),
Iranian Fisheries Science Research Institute, Agricultural Research Education and
Extension Organization (AREEO), Ahvaz, Iran.

Taheri@asnrukh.ac.ir : S5 ;S oy (DL J sts sk 5 3

T L
1E0F Sl ¥ o jlods cadxd 0590
188 - 1) e axio

LY/ E/0 18y sl = VE V) /YA il ) oS

GBLE i o d9umme ) BT goi 9wy (e Sl oG Olgied Yo Slod
CSUl Cgx ol g 90 . N10818 drwgd bo T S 4wl Slp 1) AlS S pusile
b i Gl BB 41555 GBedls (alo s oo 68 Kas gz § J9T0 Slodsr
3390 § w3l 33 GEO (50315 olSl 3 GSEB3128 w yiwd 05kods by 35T (Sl dmarls”
Lo Slyp Limma (gt 31 (aodld il Jloy § cuds J &8 3 g .2d 5 518 b3yl
9 /) G0 e glaw 58 Bl Ol b O YYAL dluwd Lol ooliu! (B8l Ol b 2GS
ol nd (GARAd (g 4 (GO Jol 0 98 &5 Wl bl [log2Fold change| > ¥
S ottt b o ogill uuls”™ GUS 9 (B9 n/ (890 (TR » 458 KEGG (Sl peus
BEHUE o9 Fpen (S 5eln AT 30 45 Wb aseie b 4510y Sbygdilan SB 595
SIS (mgig) bl 4 Loy o i 4 owddgul SEI ol b 2O Sl
G oo ()9 Lol 2 (i Bl o0 Ml 3l 90090 4 Gl § L1/ Sgamligus!
Fawew (B SO JUKw JES b e KEGG (geals oKl 50  Sdailio
o8 3 WD AP b G o0 B gindg el medprlio § 490 S pio
TIR1 ARF5/MP syl v Jgile 38 Yb blisl a0 b oud olbd ol sbyj
Sy 430 38 $50 OFSDPIL (oS gl puwn 005 15" Olgisds WOL cpmus ™l 00 35~ Olgasdy
Fowgr 00 F30 SBOT 5 Busdghud Jhwgw 20 Fio GO LPAATZ/A (g s ol
Wil b F S A Ful 50 Gl 8 a7 oo Olgied (PSCS2 ¢ PSCSL) gy
4 b bF i 4 (G 5l Syl 45 0 5 ekl YOS cul 8 Klos owyp Al (B o
Sl (SNigT Sl drwgi (JigF gmd Wiy dAly) 9 Blu Sl i o Al paliid
b9 50 (Joho Lol Ogualipnsl ookl 9 sLiE Svoand cuf § o (2boF & 9o Sy
G Cwd B4k 3 (b bF 4 oo Cugdl cuz (Mol Sl y gyl 31 .00

D8 D550 B puo o9l 58 S0 (Sl

Sl sWeojly

g gl |


mailto:Taheri@asnrukh.ac.ir
http://mg.genetics.ir/article-1-1803-en.html

[ Downloaded from mg.genetics.ir on 2025-12-02 ]

le&aj‘_;ja\buli;a

e SBATALS 5 Ol Fops (Sboygdilgn (adtllae

i g, 5 oS bl &l Sldlas cpl bl ol ol
fW))wB@Jju\ﬁij‘aMw&wm
Bl W el Ol Jobe e 53 LS A el
sor Ll 55 ok Sl Sl slas Shas
e bl gl wlyls, glaesls 5l estizal 5 s a5 S
6 o5 s JUT (Mantione et al. 2014) 1l e S5
45 \;.w‘ Qj dl:; 6ueb‘é ﬁjbi DL J\.«Aj‘).l:% &j‘) Lg’l d‘j&
)‘ Lajf U’:’J b ja.ija LSJJKLQ.‘ 6“°)J§ &L.»Lw"a L J.>r.w
ekl 5l Kize (sde) 55 o5 S o s e Sl slaesls
S 4 il ek gad Ol 3 LOT b Ly, &S el
@i cpl 5> (Shen et al. 2017) Wjls  Sowpr UG L
Lol Sl Bl oSt DL 55 oa b o 53 DS
Gtk s 4 & A 5 Olojad Sojpo 40 ame Ll 2 o5
Shuad st Gk Sl bog i Ole sdel oy (Saeuen
Langfelder and Horvath 2008; ) 552 o cyend 51,0 bk
sbesls 51 55 L5l adlles 5> .(Jafarzadegan et al. 2019
Ll 5 LS 5 Cod el glaazalS wliin,
Lol 5 $5 ey S alibs 5 Sles U Gl IS
}D;JJMKAJ«@JSJJ 6\f‘}3’m°m>cwliiém

A ealad CA}L&A 6&4&)‘} Az g5

gy 9 Slgo
GEO® a5 Sesl> Nt 5
o by laels  (https://www.ncbi.nlm.nih.gov/geo)
Olsee 6 xSo3lul 5 GSEB3128 o zeus o5les b s sl
Affymetrix Arabidopsis ATH1 DAQJ% sheslaal L O3 ol
O Jsd) @b 8 38 Lol s,se 5 <3l ,s Genome Array
Sheslizal L oKL 31 el il s e sleesls coiS J S
2 ROle S 53 g e (Ritchie et al. 2015) Limma g4t

4 Hub genes
5 Gene Expression Omnibus

doddo
L OS5 5 L) o Gy S Olpea LS A
L ObLS 5l GlanmsilSe g S5 S LS e g
Coopart end gl 53 g3k Sllles (oL S i
sS4 el s (DEGS) | 35l ol L s
2> 4 .(Gong et al. 2020) ol ol fl?r..s‘ Arabidopsis s
Ope Cod ol Glapdle s K g
el 31 oS S s Jlb TS 5 slag”
P s S sSE S o il ol S RS L
S Ated e siss Gla,sSU ol Glesl il a4 Glaze T ol S
aeta el odd Chlis Loy pl 5 Ol JIs
s o os HSFALS sl S 55 peusiss LsS1 ol ol
SLO3 Ol posiss 5586 opl il LS @ e Lol
Lodsply s 255 w5 0 S ) b S H5 4 sdiaspnl
N R O S T P SRV e v P
LS o b S e s 15 (ROS) 0581 b glae S
sld esxis (Ohama et al. 2017; Yoshida et al. 2011)
SIHSFALS Sles LHSPI0 5 HSP70 (Jbs 5 Lol 15 55 oS ol
SUHSFALS (i Ll b o S e (6,8 o Of e
oo (Hahn etal. 2011) 555 o Jlé 5 ot 5131 HSP70/90
Sl a0j 5l H o HSTAL & anly Sl
o OF 51 oS a8 o o HSFALS 5l Jazs | Lo S a4 fosss
Jls «(Sun et al. 2013) bZIP28 .55, > See 4 Ols5 o
2l 5 (Mizoi et al. 2019) DREB2A .54, okS
HSFA9 5 HSTA4 HSFAS ales I HSTA o sis, la, S
Baniwal et al. 2007; Kotak et al. 2007; von ) 53 o Ll
53 S #ls s 55 opl .(Koskull-Déring et al. 2007
G5l pnslSle S o gln 5 Lo S 25 4 raly OaLS
sloyst el Ol ks Gl S cul lodamy
Lo p 2,8 e o 1) Sl sdome il 5 B

orsia b S 553 s a e sy slaysSt o o)

1 Differentially expressed genes
2 Heat stress response (HSR)
3 Heat stress transcription factors (Hsfs)

VP lewnal /Y o louds [ pdoxd 0590 [ (33 48 Sl -



http://mg.genetics.ir/article-1-1803-en.html

[ Downloaded from mg.genetics.ir on 2025-12-02 ]

e SBAALS O3 Ol Fopd (S loygdilgn (Sl

ob\g.us)‘_gja&uli;a

CytoCluster i3s3 L« o 4 by e sla 2dlS™ (8L

i dy Oy 50 (Lietal 2017)

p3lie w55 et Sl Jlsged baesls (g5ladle b 51 g
55 (o1 JK8) PCA Slssas 5 (il ) JK8) sl (slass sl
el 1555 51 LS &S A o 5 Ao 53 SO (5ol sme mlans
Sz LT Jorl e gaalsl sl kS 030 ol 5 a5
Gla e sland & oo L ine slded 2alS (6l PCA i,
3 Wakisad o 55 (B ol S ealial b5 A3 eslizal b
A ey resls (e pemme L5l IS

35 85 WAL slaws a S &g 313l Ol gla BT el
Ol ol 31 as sls OLES Hls jae ogls o/ ) (615 s CB.N
sy 0L Ol [RalS 03 00V 5 nll of YV
Mlacle” s 5 Ll pae A0S bt s b5
(MPF)* 55050 «(CC) " b «BP) " (S5 g (4503 4w
Sogo /) Gl gmn ae 53 5 DAVID oL Sl ealizal |
25 Ol b ol o Aot ¥ S8 s Ol mls S 3 8
© by bosle e IS 3 Ses i 3 S
Sla,sSB cls 5 ATP 5 DNA (555« Jlasl ol
S gl p s bosle n Seee Al s
@ ol el 5 OpaldenST il B S el 4
At B Gk i 53 pdie b Al S
e BT T R R I L
3l olanst] Blews sandly

KEGG (sesls oL L3 Sslie bt s oy bl 5
s ( ALE Dgay e JlEDl S AS b gxe s TV i
Slp s S 5 A pid g S s 5 050 Gac b
(Y ) i bl BT g o1 e ol

! Terms

2 Biological Process
3 Cellular Component
4 Molecular Function

LSLAJ;L:T)A oalaiul S50 6[.&4.:},“ g;éj""‘ﬁg;""f”’: A)Lw.;—\ Jj.,\>

rol= s
o3 o lad & 503 eS|
GSM1541844 Control08hr, 18 days old, biological repl
GSM1541846 Control24hr, 19 days old, biological repl
GSM1541849 Heat08hr, biological repl
GSM1541850 Heat24hr, biological repl
GSM1541853 Control08hr, 18 days old, biological rep2
GSM1541855 Control24hr, 19 days old, biological rep2
GSM1541858 Heat08hr, biological rep2
GSM1541859 Heat24hr, biological rep2
GSM1541862 Control08hr, 18 days old, biological rep3
GSM1541864 Control24hr, 19 days old, biological rep3
GSM1541867 Heat08hr, biological rep3
GSM1541868 Heat24hr, biological rep3

- VP lewal 1Y o ylouis [ pdaxd 0590 [ (9 99 Sk

L gos o Sledle 5 byl 505 oledle 5 aslsl o
31l el Quantile 5 Loess (s sy 5 eslinal b s S
el Glosae s Jls 5w ¢l Limma ga,
2 e LimMMma games s eslinad Ol <ol 5JUT (slaesls
B33 Slsme 5 318 Ol b sl plelid Jlas 5 <l R
Ssbew S p-Valu 5 -Y 31 s 5 Y 31 < Fold Change

Dt/
Ls .5l 4 (Huang et al. 2009) DAVID (gosls oKL s
s Sisse b eew Ll https://david.nciferf.gov
Jol b el 05 (90 Shes 5 ol sla S5
il bl slaisy el eds el la bl Sl
sop s S ol e Wl s e
ARl SV oS n e 5> BB Ok b slal) g b5
Ls sl 4 (Szklarczyk et al. 2019) STRING
L Jelss o 1l 5 cpl s ad eslend hittps://string-db.org
Fo s Gl bl 53 AE Bae Y B S S (Ge e
walsl s s ol /8 1 VL S 5 Oles b odleles
Lo gbaasd 5o b 510 a b slapns » aild ol
esliz.l Cytoscap i3l 5 5l (Soloes 3208 5o, 5l eslinu
ol gllis Ll ub o «(Shannon et al. 2003) ..
5 (Tang et al. 2015) CytoNCA i3ile 5 SaS 4 il S5


https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM1541844
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM1541846
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM1541849
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM1541850
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM1541853
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM1541855
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM1541858
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM1541859
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM1541862
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM1541864
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM1541867
https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSM1541868
http://mg.genetics.ir/article-1-1803-en.html

OF Ok Eomd SHloygdilaw Sadillae

als

T

Q\)&«A}L;Jaklouliu

0
3
B} .
€ i ] a : £
$EE m L “ yl- > ,M
c b o
85t Kl : Iy 3
. X - =1 - Mu
S - N | . 1 =
o t a ) _ 2
) ] 3 . \ &
~ . < g I 3 M % 3
™ o > .
7 . ) 5 I | I 3
5 2 B ey i | mu |
: 3 - g — ; I %
1 : ’ LR A A -
m o ,6 =N xwua /m L.\f J/ w
: : : I AT
8 . . 1 >
: 3 < 1) =
8 K 5 3 3
w L . — D M
a ! 5 5 I 2 5 4
K 3 5 v 2 K
L B g 3 3 <
3 © 3 R E =
C 0 > S : I > 3
p 2 0z v BN N 2 A, A ) °
4 % . = S lgl= ¢ %
a a.u ) 3
c». a 5 uu K
@ | bomemmeeeeeee - 1[- 8981¥SINSD 2 1 D IE
m. P - 1 | L981PGINSD IUJ s 1 w B
m pommmmmmeeee] - 1| essivsinse | 3 .y | . S -
@ - ---- - 1 ssaivsinso | 3 + i qodbaw w =
o R 1} osaivsinse | 3 e Ml s S gy 520 gy , 2
O | pmmrmmeeeee RS 1} evavsimse | ~ H U, " tep,, S py 2y 5
% : o Bl Hog % og, 0 0 o ity > 3|3
Q| o - 1 vesivsimse | 3 éa@@ &&&J@@ Pty a 3
o | o - i} zoswvsimso | 2 “ Teoy o Yoy, % CTE = o)
L . i} ssarvsinse | 4 & Ml oy, SSuoq 3 Moo
Q| g - i - esawsinso |\ | g I P, Ry B ’ 5
- Ege - 1 orairsinsD | O = I 595, Q%@m 9\& b
© o, 0, " % ,,
(&) W - 1+ Pr8IPSINSD I\M % ccﬂc.u oboab&%o@@ 3
I ! T 1 w—w (=] (=] (=] (=] (=] (=] (=] (=]
© ° ® o w g 88 88 8 8 8
. i (0w
)
JW
IW
S
2

[ 20-2T-G202 uo 1rsoUslb B wo.y pspeojumod ]


http://mg.genetics.ir/article-1-1803-en.html

[ Downloaded from mg.genetics.ir on 2025-12-02 ]

e SBAALS OF Ol Fopd (Sloyadilaw Saddlke

Qb&.us)‘_gjallauli;a

Cdlad aanlyy o lilssl 5 oSt s 5 Ll sl e
OF SaS les 11U 48 0 420 SCFTRVAFE. | oil
S05 Oby o 5 ekl il MP o5, 5550 (55
»> -(Hardtke and Berleth 1998) 5,5 o (ST 45 slmsmuly
sy Sla,ssSt oLy aull s Zhu etal. (2022) (gasdlas
5 S 5 b8 A coes ol Gaa gl s MP/ARFS
L& sualie Moricandia suffruticosa C3-C4 Luls d> oS
ol sl o ps eS| o, S SGS Olsea TIR
Shuetal. ) col ol antlis b S 25 4 fresly 3 D5 58 520
Seile Sl S ek SKaS opl L(2015; Yu et al. 2022
(oSl L glaclale s a5 wsl e SCFTRVAR o1
oljlasl (SadsBsn ear 5 0D RndS s Sldde
ARF oy, slba,sSt gsluslsl 5 AUXIAA w5,
st ol U S L AS e el B L LS s oS
358 eS| e Sl S e s L LS

.(Wang et al. 2016)

DAVID esls ol 55 S sibie 6ls s s olal
L3 plalis alS Opepn S Ul s b s e 05 A
salie LB (L) Y K8 s of L85 laos gl S
pasia S50 50 Ky ol ulal 5 05 e Ol Ol
O s Ol Ol o SV Glls &8 Sy .cnl o
Loy 4 by Sl s e ol | g rie K
AL Osaosn JUES| e b as e a s 0 5YL L TS
4 gl 53 WOL 5 TIRL MP (sla05 8 513 0L (7 Jsus)
Lls 1 s slas S L bl amys slie o 5VG ol S0 2

Ll e
LSk G MP) Monoptros 05 Lwss sdd US55
Ll e Sl a edimszaly a0 Ol 53 ARFSY s,
2 sl sl S5 5 adS siS o las Olpew oS
53 J(Ulmasov et al. 1999) ol o antlid o sl

)L@.ﬁ Aux/IAA OJJ)\))L Lguu,:.f.v}ﬁ A.L;...ujm MP st‘ uL;&

L Auxin response factor 5/MONOPTROS

—al
- GHax o - PYLS - RR17 ATALX2N 1
SNRIK2.2 RR18 PYL7 RGL1 1AAG AHP1 OBFS o
1AA14 RGL2 JAZ1 BOP1 cTR1 1AA2 ARRTY BAK1
RCARS SH3A7 RRS OFL2 ETT SNRIK2.3 IAAZ1 SHY2
- PIF4 BZR1 JAZ4 SAUR1S EBF2 PIF3 EIL3
GAI LAX2 = ° 3 M :1 BSK1 e -
PP2CA TIEY 108 HAB1 ; ABF3 ERS1 1AA16 SNRIK2 5 p.-
- 1AAT S 1AAS2 ERF2 JIAZS ABI2
PYLS
(== @ rGA7 g 3 - RIR10
PAN WES1 PyLa TIR 1AAB BES1 BRUS -
—
IAA31
1AA14
RCAR3
ATAUX2-11
. RGL1 PYL3
P TIR1
ETT PIF4
PP2CA
SNRK2.5
1AA16 BZR1 HAB1
SHY2
IAAB
IAA19 GAIl
PIF3
1AAG ey
1AA32 JAZ1
1AA2
P -~ - NS
\ S A 1Ly A M Y

S ) 51 ol sla 2SS i aLS Oe 58 JWES] s A0 b e e el T S

- VP lewal 1Y o ylouis [ pdaxd 0590 [ (9 99 Sk


http://mg.genetics.ir/article-1-1803-en.html

[ Downloaded from mg.genetics.ir on 2025-12-02 ]

le&a}‘_;ja\buli;a

e SBATALS 5 Ol Fops (Sboygdilgn (adtllae

A Sesn JUEIL B se a5s olie 5 5VL L S Sla03 Y Jsd

[EESERS S S e s glae S L byl e 03
<IOFYY )98- £Y OA MP
NIy £ YAYA of TIR1
QI -YIVEFD 2 WOL
< [DYVY YAYIAVEY \fd SHY2
JFALF YYV/O-YY A2 1AA19
<fYOY AY/VYVE vf 1AA16

'\::"-‘JJM"lf B} '\:-c':!}“*'dﬁj*tlf e b 12131‘ a3 polie Q:’.;NL{ LS gladf -t Jya

S S Sl S s slae S L bLsl ax s Ry
¥AYO VIV AAY ot SDP1-LIKE \
YNV La/YoY £ LPAT4 Y
/Y449 YV/e000 i LPAT?2 v
/Y4 oy/ArVY £y PLDALPHA1 §

Dobra et al. ) Wsi oo |55 sma iy S 5 S sl

.(2015; Skalék et al. 2016
S0 e g2 JU] s 55 a8 b Lo e Lol (s 2udIS
oo sme v 53) CytoCluster 5l 5 5l eslizal L AL
Preee d}\ JJ..A%).)ASJMJSM%M &Lﬂlﬁ.ﬁ L ] ('/'0
g ar s Las ol Ol Gl VL ST S e 4y =l
4 Ol o (Promchuea et al. 2017) asaiy; Cusdl 5 b
Oledles BEREBT = ujf u,:ms L" CM'L BE QT Jjﬂaﬁ Q)jﬂ
LUl LS 4 Jess s 45 55 odd oals QLA 550 S
A3 R DasE g alyy Sho et e b et
55 .(Werner et al. 2010; Mackova et al. 2013) s,ls oS
oo S 3 5 S s a0 b e A0S psn IS
355wl Sl o rhey AT 4 Rl s b e e a0

(u Y J.(.L) Lals d.ol-.a.?:'-\
DAVID (gosls oL 55 Splie bt s oy 2 olal
@Lﬂu J"::':J};“Qf 2 MW};& Prans L l’-.JJ" oM
SF a3 i 0) ke ol 5l &S (W KS) Ll
o s s 53 i3 05 5 (SDPIL) U S L]
w3 polie o YL L " 6uS slaos” Ol sew (LPAAT2/4)

G (8 Jsdr) Ldd Gome LS A5 4 mal L bLS

AL s o 5l Ks SS Wooden leg (Wol)
Gl 03 ALS algen 8 IS s b BLS ) a3l
ok, S K05 el &S Sl ol jasie dib o L S S
JEs S uS o S 1, (AHKA) (G5LS bt S5 53
B 00 5 XS e it Jlewdly i 20 Sl S pmle
s 8 Lol pls 5 sl sl Jike 2SS
55 @l (Mahonen et al. 2000; Kuroha et al. 2006)
o Olge S3sm 5 e Rl o (gl S S sl OLS
Lo S S ek pde S L) 5 Sl
Glaeki S dhwsa by 4 aly Sy, S L 5 S s
S U5 )3 g &S Gl S s e IS (LS s
CK & e 3 DDl 5 (AHK) oS sl slaos S
Cerny et ) &S o slee i VU glos 53 1) |58 g LS,
Gls W e s g cosl L oL S S,s (al. 2014
g S5 AEL e Sl 5l i oS (DMDP) oolens
5 RS o CasB Shpe ssbar ) ALS Oses 58l e Ol
Sybon B0 sl e gn G0 DMDP Lol s sy
SIS pbies Slaedi 1S a0 il delad 5 Los Sl L
bl Gl S ooyt L2825 3 3
S Glazoly Ul o ilg & WS 3L

! Arabidopsis Histidin Kinase 4

VP lewnal /Y o louds [ pdoxd 0590 [ (33 48 Sl -



http://mg.genetics.ir/article-1-1803-en.html

[ Downloaded from mg.genetics.ir on 2025-12-02 ]

e SBAALS O3 Ol Fopd (S loygdilgn (Sl

ob\g.us)‘_gja&uli;a

LTS a0 S elisls <Solie s (SR e
4l sbednbe sy s b DL az s slie o 5L
(0 sor) ks (Jyme Lo S (5w iy 5o

Sl bt b Sl st 03 odon e ol s
o5 3sh e B PSCR 5 P5CS o5l 55 5 Shas 4k
el Loyl l 5o ol ol e G Olsens s
et e (Siead 1S e B ) oS S s
3375 Npame 3 @b S 5 Jem b dsn e
5,03

LS 25 e 3 e JS0m ol 2B 2 Il salp T
Col sk edalin 102 5 H202 sladiCsl, 055 o L
S A esls 0L A8 oldles s .(Kavi Kishor et al. 2022)
Trovato etal. ) 505 olS sad 53 a8 5131 Koo el s
et tall gy a5 ety (e o o3I 0das > (2019
.(Biancucci et al. 2015) ol J3s 50

sl sl cdls il s s S e Sl o
R o M3y @la s ROS LS 5 (ol san g Sl
o oS (Bauduin et al. 2022) ai b 4l
Olsear s 5 ST ST Slans 5T (S3ladlab 53 aodtes 8
Wil BT GGl 68 el SOl S
o Jsb 3 &8 5 5 (Mohanty and Matysik 2001)
w31 odld NADPT 15 5 NADPH 0 geslieST b (s
e >SS ol S Uk Slid- SIS
Syh g Se s il o (PPP) lind sz

NADPH oSy ol aie Slicdjgny e S ol sl
A5 3l S Ay 0t STl Sl e il 36
e 593 S 31 S b 1y el SIS 5T et
SlaSd s Sl 530 (gl s ol (W lans
JBh sbdssp M5 w e L Sk n J8 s
Sl Sl ol s A8 S e DS BT
Forlani et al. ) Wiz o 55 1y o5 Jsb 43 ROS oLS 5
(2017

- VP lewal 1Y o ylouis [ pdaxd 0590 [ (9 99 Sk

ol 4 e 55 6a5d pl b las e slad) g 28
S s el esls Ol ot S 55 S A IS
A e sed e ple Julb L RS e e e
SLre o33 2S5 5 Al ol s 4 |y Sl
5 Spbe TSl gladd Sale oyl s 4 by
s 513 e S o 2 T s

»oodle &S Us asis Higashi et al. (2015) aslze s
Dol Joul 55 s 52 Fpe bSOk coud
G5 sk 534S 55 SDPIL 5 SDP (slaori ol «(TGA)
il b a5l VU gles L3 cdls 58 bad s pealS oo
O bl 1 ISz slad s S Ll 5 0814 slaw S
slasld b 5 Ol Rl Lol AT Sl i) il
S s edS S 5 is ke Ll o TOA oS 4 o
Glaos S sl sladds S slaws 2S5 sleadl lis
4 5 Glagals Ssn sl L s ssmse gLt e o
Al LS i o S plasld s olea L LS i
Lo Al 2 slie laded s medS d U5 s Wipd o0
o SRIB sl L Ll AN G sl bl
i s el s Lol cuslil 5 084 SWTAG
S S ) Ksle eal L glands S S
6> J5sSVE Ssn w525 e (Stan b Sen g Dlalllas
i 53 TAG sy 5 (MGDG) *lads oS ool
> 3 .(Higashi et al. 2018) 5.5 4ol 1) _ewdl sl
O e B g e K
Sk 0350 gl il ser 4 iy S sl
ol il sl a3 Shes 5 sl bis ol 5
DAVID (osls oL L5 S plie Sla s oy r ol
R g g AR
Y3l S 5y S0- sy 0S8 (Ll 0 IS)
53 45 (P5CR) 5S35, MewS g S—0- 050 5 (P5CS)

! Phospholipid metabolic process

2 Cellular lipid metabolic process

3 Lipid metabolic process and lipid biosynthetic process
4 Monogalactosy! diacyl glycerol

5 Pyrroline-5-carboxylate synthetase

& pyrroline-5-carboxylate reductase


https://pubmed.ncbi.nlm.nih.gov/?term=Bauduin+S&cauthor_id=35684285
http://mg.genetics.ir/article-1-1803-en.html

[ Downloaded from mg.genetics.ir on 2025-12-02 ]

Ol 5 (g alb xS e SRAZBLT O3 O Fond S loygdilgw (Sadlliae

GPATS

Y oS

7

S ol JJL} Sl S o J"::.J)fﬁcg 3 '*::‘:‘j“‘""ﬁf*:g e SO L J‘-.Jj‘ eas .-t Ji-'“

4l b gl s b lad e 4z s polie 0p YL L S Lol -0 s

Sa03 S e A3 glas S L byl ax s o5

+/OVA Y144/000V VA P5CS1 \

+/0)14 AAEEVAt 1\l P5CS2 Y

VIR 14+V/0 VA Vo mtLPD1 Y

VAL YYVY/AYVO Rt PGI1 ¥

/84T YAQY /AL 08 \YA AGT I

NG YYVY/ForY \YA OMR1 14
oS .,\.‘z)v,:laﬁjuljlw s L/ ‘_}:,ul:.:“mla:-): Ol o> 4QJJUL5LA¢.:J).3L&M)>S:laowuwgwltw):
NV ﬁ%\ﬂwquﬁj&‘uﬁﬁmgyl'@g

VPV oLasl 1Y o )lods [ pddod 0590 [ (199 S5 -


http://mg.genetics.ir/article-1-1803-en.html

[ Downloaded from mg.genetics.ir on 2025-12-02 ]

e SBAALS OF Ol Fopd (Sloyadilaw Saddlke

Qb&.ua}dﬁwulf;a

i g s e 3l s elie b SRIBIL LS
53357 sm fLdl 22 O Sladenl O sl STy O 3ST e
Boca et al. ) das o 0580 1, sledl glalis ksl
lodly SLlis (sl g LOT Slpldl b Sial
ol o = ke Lo S a olS (685 slagaly 31 S Ol pon
4 5o Yuetal (2022) sasllas 5 .(Higashi et al. 2015)
5 b eedpbe il Gladl Sale sl e 1

ol oLl ,_im;-'"' w.:mc..»l.i 3 4l L;Lagﬁglﬁl:.» s g

e G5 sl gl bk e sblS s medls il
03 ies odalie LB 0 ISG s oS s plalds mdS
SIgbe Gladal B e s bspe Sl (p i Il 1S
ok Lasie A3 slaasl il ail e bolday S
sl 53 02 bl 18 Bis e e la g S S
Sl i SIS Sl s 3 & Sles past dhaulgay ol S
WiNd ) st woger 5850 slagaly S5 53 lils glo S
S e g3 NS 53 (et al. 2010; Yu and Zheng 2012
e SIS o sk lhaslinl 5 S sbd Sy
w ) Gl i s So,aeis b o laden! e sile
oS el asls 0L 3 Sldlas sl ol 5t

St ol S medS o5 50 e sl s s b LU s GO L ke gaSs o IS5

- VP lewal 1Y o ylouis [ pdaxd 0590 [ (9 99 Sk


http://mg.genetics.ir/article-1-1803-en.html

[ Downloaded from mg.genetics.ir on 2025-12-02 ]

Q‘)&oﬁ}d,&\b@&ﬁ

e SBATALS 5 Ol Fops (Sboygdilgn (adtllae

35 olil GbS Sei gty oledld 5 gLl
edle L Jee S Gl o e
st 03 Jots 05 oDl &S sls 0L ey S 5as
53 5 SDPIL L) TAG 4525 )3 J5e sladl dady) 5o
oS ol ey i 53 s LS U LS L w
L 5 omelS o 38 s 3 sl 03 LS 55 4,
5okl b ol Jie 055 sbead oleses 4
sl s v 3l anls sl b s Shee
0Lz (PECS2 5 PECSL) s 5o s 53 S50 (soulS (slacs)
S5 4 oS ol fely sl G sl e 53 S 5
5 e 53 OF (sogomn 1 davly (s s Sus Lo S
Logpame 3 il oS 55 5ol OlS 5 gole i
O A ey g edd S5 GUlS Glaadlie pluld 4 ax g

LlS 4 Jood sl g (ol gl Ol e b S
313 el ba el s s sl ol &b

&l

Baniwal SK, Chan KY, Scharf KD, Nover L (2007) Role
of heat stress transcription factor HsfA5 as specific
repressor of HsfA4. Journal of Biological Chemistry
282:3605-3613.

Bauduin S, Latini M, Belleggia I, Migliore M, Biancucci
M, Mattioli R, Francioso A, Mosca L, Funck D , Trovato
M (2022) Interplay between proline metabolism and ROS
in the fine tuning of root-meristem size in Arabidopsis.
Plants 11:1512.

Biancucci M, Mattioli R, Moubayidin L, Sabatini S,
Costantino P, Trovato M (2015) Proline affects the size of
the root meristematic zone in Arabidopsis. BMC Plant
Biology 15:1-14.

Boca S, Koestler F, Ksas B, Chevalier A, Leymarie J,
Fekete A, Mueller MJ, Havaux M (2014) Arabidopsis
lipocalins AtCHL and AtTIL have distinct but overlapping
functions essential for lipid protection and seed longevity.
Plant, Cell & Environment 37:368-381.

Cerny M, Jedelsky PL, Novak J, Schlosser A, Brzobohaty
B (2014) Cytokinin modulates proteomic, transcriptomic
and growth responses to temperature shocks in
Arabidopsis. Plant, Cell and Environment 37:1641-1655.
Dobra J, Cerny M, Storchova H, Dobrev P, Skalak J,
Jedelsky PL, LukSanova H, Gaudinova A, PeSek B,
Malbecka J, et al. (2015) The impact of heat stress

S S
Sl ol b b0 el e b)) sl andlas s
ST 25 L Bt el L LS i S ol 0L
S Al o Jlab K (sl s el o] 25
5 ade s o Sl g gladal b oS sl
Syt s gt ool e A3 S e S5l s
I Szl sla e KEGG (osls ol 3 S plie
e slie 5 5l Gledale mas (LS Glaose, s
ey b S I3 S 0 o e shed e lS
SR Sl s 40 b0 " ldS 05 s Shee i
Sl (S o8 35 i Ui (AS Sbise s
(ARF5/MP 5 TIRL) (pouS1 030558 SIUKss e 55 Lo
(WO (oS sl s 0 Lo (LS Cpdits iS5
o Joms Szl 5o s s 8l e e (Sledled o
Liy 53 i 4 Ol e e 0T 51 &S 550 LS 2

SISl anv sl (Jo S sms A3 alyy 5 Bl glenl o

targeting on the hormonal and transcriptomic response in
Arabidopsis. Plant Science 231:52-61

Forlani G, Nocek B, Chakravarthy S, Joachimiak A (2017)
Functional characterization of four putative d1-pyrroline-
5-carboxylate reductases from Bacillus subtilis. Frontiers
in Microbiology 8:1442.

Gong Z, Xiong L, Shi H, Yang S, Herrera-Estrella LR, Xu
G, Chao DY, Li J, Wang PY, Qin F, Li J (2020) Plant
abiotic stress response and nutrient use efficiency. Science
China Life Sciences 63:635-674.

Hahn A, Bublak D, Schleiff E, Scharf KD (2011)
Crosstalk between Hsp90 and Hsp70 chaperones and heat
stress transcription factors in tomato. Plant Cell 23(2):
741-755.

Hardtke CS, Berleth T (1998) The Arabidopsis gene
MONOPTEROS encodes a transcription factor mediating
embryo axis formation and vascular development. EMBO
Journal 17:1405-1411.

Higashi Y, Okazaki Y, Myoug, F, Shinozaki K, SaitoK
(2015) Landscape of the lipidome and transcriptome under
heat stress in Arabidopsis thaliana. Scientific Reports
5:10533.

Higashi Y, Okazaki Y, Takano K, Myouga F, Shinozaki
K, Knoch E, Fukushima A, Saito K (2018) HEAT
INDUCIBLE LIPASE1 remodels chloroplastic
monogalac-tosyldiacylglycerol by liberating a-linoleni

VP lewnal /Y o louds [ pdoxd 0590 [ (33 48 Sl -



https://pubmed.ncbi.nlm.nih.gov/?term=Bauduin+S&cauthor_id=35684285
https://pubmed.ncbi.nlm.nih.gov/?term=Latini+M&cauthor_id=35684285
https://pubmed.ncbi.nlm.nih.gov/?term=Belleggia+I&cauthor_id=35684285
https://pubmed.ncbi.nlm.nih.gov/?term=Migliore+M&cauthor_id=35684285
https://pubmed.ncbi.nlm.nih.gov/?term=Biancucci+M&cauthor_id=35684285
https://pubmed.ncbi.nlm.nih.gov/?term=Mattioli+R&cauthor_id=35684285
https://pubmed.ncbi.nlm.nih.gov/?term=Francioso+A&cauthor_id=35684285
https://pubmed.ncbi.nlm.nih.gov/?term=Mosca+L&cauthor_id=35684285
https://pubmed.ncbi.nlm.nih.gov/?term=Funck+D&cauthor_id=35684285
https://pubmed.ncbi.nlm.nih.gov/?term=Trovato+M&cauthor_id=35684285
http://mg.genetics.ir/article-1-1803-en.html

[ Downloaded from mg.genetics.ir on 2025-12-02 ]

e SBAZALT 5 Oy Fops (Sbogdlgn (Sadtllae

o\)\g&a;‘sﬁ&u@

acid in Arabidopsis leaves under heat stress. Plant Cell
30:1887-1905.

Huang DW, Sherman BT, Lempicki RA (2009) Systematic
and integrative analysis of large gene lists using DAVID
bioinformatics resources. Nature protocols 4:44-57.
Jafarzadegan M, Safi-Esfahani F, Beheshti Z (2019)
Combining hierarchical clustering approaches using the
PCA method. Expert Systems with Applications 137:1-10.
Kavi Kishor PB, Suravajhala P, Rathnagiri P, Sreenivasulu
N (2022) Intriguing role of proline in redox potential
conferring high temperature stress tolerance. Frontiers in
Plant Science 13:867531.

Kotak S, Vierling E, Baumlein H, von Koskull-Déring P
(2007) A novel transcriptional cascade regulating
expression of heat stress proteins during seed development
of Arabidopsis. Plant Cell 19:182-195.

Kuroha T, Ueguchi C, Sakakibara H, Satoh S (2006)
Cytokinin receptors are required for normal development
of auxin-transporting vascular tissues in the hypocotyl but
not in adventitious roots. Plant and Cell Physiology
47:234-243.

Langfelder P, Horvath S (2008) WGCNA: an R package
for weighted correlation network analysis. BMC
Bioinformatics 9:1-13.

Li M, Li D, Tang Y, Wu F, Wang J (2017) CytoCluster: a
cytoscape plugin for cluster analysis and visualization of
biological networks. International journal of molecular
sciences 18:1880.

Mackova H, Hronkova M, Dobra J, Tureckova V, Novak
O, Lubovské Z, Motyka V, Haisel D, Hajek T, Prasil IT,
Gaudinovd A (2013) Enhanced drought and heat stress
tolerance of tobacco plants with ectopically enhanced
cytokinin oxidase/dehydrogenase gene expression. Journal
of Experimental Botany 64:2805-2815.

Mahonen AA, Bonke M, Kauppinen L, Riikone M, Benfey
PN, Helariutta Y (2000) A novel two-component hybrid
molecule regulates vascular morphogenesis of the
Arabidopsis root. Genes & Development 14:2938-2943.
Mantione KJ, Kream RM, Kuzelova H, Ptacek R, Raboch
J, Samuel JM, Stefano GB (2014) Comparing
bioinformatic gene  expression profling methods:
microarray and RNA-Seq. Medical Science Monitor Basic
Research 20:138-141.

Mizoi J, Kanazawa N, Kidokoro S, Takahashi F, Qin F,
Morimoto K, Shinozaki K, Yamaguchi-Shinozaki K
(2019) Heat-induced inhibition of phosphorylation of the
stress-protective transcription factor DREB2A promotes
thermotolerance of Arabidopsis thaliana. Journal of
Biological Chemistry 294:902-917.

Mohanty P, Matysik J (2001) Effect of proline on the
production of singlet oxygen. Amino Acids 21:195-200.
Ohama N, Sato H, Shinozaki K, Yamaguchi-Shinozaki K
(2017) Transcriptional regulatory network of plant heat
stress response. Trends in Plant Science 22:53-65.
Promchuea S, Zhu Y, Chen Z, Zhang J, Gong Z (2017)
ARF2coordinates with PLETHORAs and PINs to
orchestrate ABA-mediated root meristem activity in
Arabidopsis. Journal of Integrative Plant Biology 59:30-
43.

- VP lewal 1Y o ylouis [ pdaxd 0590 [ (9 99 Sk

Ritchie ME, Phipson B, Wu DI, Hu Y, Law CW, Shi W,
Smyth GK (2015) limma powers diferential expression
analyses for RNA-sequencing and microarray studies.
Nucleic Acids Research 43:e47

Shannon P, Markiel A, Ozier O, Baliga NS, Wang JT,
Ramage D, Amin N, Schwikowski B, Ideker T (2003)
Cytoscape: a software environment for integrated models
of biomolecular interaction networks. Genome research
13:2498-2504.

Shen PC, Hour AL, Liu LYD (2017) Microarray meta-
analysis to explore abiotic stress-specific gene expression
patterns in Arabidopsis. Botanical Studies 58:1-11.

Shu W, Liu Y, Guo Y, Zhou H, Zhang J, Zhao S, Lu M
(2015) A Populus TIR1 gene family survey reveals
differential expression patterns and responses to 1-
naphthaleneacetic acid and stress treatments. Frontiers in
plant science 6:719.

Skalak J, Cerny M, Jedelsky P, Dobra J, Ge E, Novak J,
Hronkova M, Dobrev P, Vankova R., Brzobohaty B
(2016) Stimulation of ipt overexpression as a tool to
elucidate the role of cytokinins in high temperature
responses of  Arabidopsis thaliana. Journal  of
Experimental Botany 67:2861-2873.

Sun L, Lu SJ, Zhang SS, Zhou SF, Sun L, Liu JX (2013)
The lumen-facing domain is important for the biological
function and organelle-to-organelle movement of bZI1P28
during ER stress in Arabidopsis. Molecular Plant 6:1605-
1615.

Szklarczyk D, Gable AL, Lyon D, Junge A, Wyder S,
Huerta-Cepas J, Simonovic M, Doncheva NT, Morris JH,
Bork P (2019) STRING v11: protein—protein association
networks with increased coverage, supporting functional
discovery in genome-wide experimental datasets. Nucleic
acids research 47:607-613.

Tang Y, Li M, Wang J, Pan Y, Wu FX (2015) CytoNCA:
a cytoscape plugin for centrality analysis and evaluation of
protein interaction networks. Biosystems 127:67-72.
Trovato MFG; Signorelli S; Funck D (2019) Proline
metabolism and its functions in development and stress
tolerance.; In: Hossain MA, Kumar V, Burritt D, Fujita M,
Mékeld P (Eds.) Osmoprotectant-mediated abiotic stress
tolerance in plants, Springer Cham Press, Switzerland 41-
72.

Ulmasov T, Hagen G, Guilfoyle TJ (1999) Activation and
repression of transcription by auxin-response factors.
Proceedings of the National Academy of Sciences USA
96:5844-5849.

von Koskull-Déring P, Scharf KD, Nover L (2007) The
diversity of plant heat stress transcription factors. Trends
in Plant Science 12:452-457.

Wang R, Zhang Y, Kieffer M, Yu H, Kepinski S, Estelle
M (2016) HSP90 regulates temperature-dependent
seedling growth in Arabidopsis by stabilizing the auxin co-
receptor F-box protein TIR1. Nature communications 7:1-
11.

Werner T, Nehnevajova E, Kollmer I, Novak O, Strnad M,
Kramer U, Schmulling T (2010) Root-specific reduction
of cytokinin causes enhanced root growth, drought
tolerance, and leaf mineral enrichment in Arabidopsis and
Tobacco. Plant Cell 22:3905-3920.


http://mg.genetics.ir/article-1-1803-en.html

[ Downloaded from mg.genetics.ir on 2025-12-02 ]

le&aj‘_;ja\buli;a

e SBATALS 5 Ol Fops (Sboygdilgn (adtllae

Wind J, Smeekens S, Hanson J (2010) Sucrose: metabolite
and signaling molecule. Phytochemistry 71:1610-1614.
Yoshida T, Ohama N, Nakajima J, Kidokoro S, Mizoi J,
Nakashima K, Maruyama K, Kim JM, Seki M, Todaka D,
Osakabe Y (2011) Arabidopsis HsfA1 transcription factors
function as the main positive regulators in heat shock-
responsive gene expression. Molecular Genetics and
Genomics 286:321-332.

Yu B, Ming F, Liang Y, Wang Y, Gan Y, Qiu Z, Yan S,
Cao B (2022) Heat stress resistance mechanisms of two

cucumber varieties from different regions. International
Journal of Molecular Sciences 23:1817.

Yu Q, Zheng X (2012) The crystal structure of human
UDP-glucose pyrophosphorylase reveals a latch effect that
influences enzymatic activity. Biochemical Journal
442:283-291.

Zhu X, Liu J, Sun X, Kuang C, Liu H, Zhang L, Zheng Q,
Liu J, Li J, Wang H, Hua W (2022) Stress-induced higher
vein density in C3-C4 intermediate Moricandia
suffruticosa under drought and heat stress. Journal of
Experimental Botany 73:6334-6351

VP lewnal /Y o louds [ pdoxd 0590 [ (33 48 Sl -



https://pubmed.ncbi.nlm.nih.gov/?term=Liu+J&cauthor_id=35675763
https://pubmed.ncbi.nlm.nih.gov/?term=Sun+X&cauthor_id=35675763
https://pubmed.ncbi.nlm.nih.gov/?term=Kuang+C&cauthor_id=35675763
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+H&cauthor_id=35675763
https://pubmed.ncbi.nlm.nih.gov/35675763/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+L&cauthor_id=35675763
https://pubmed.ncbi.nlm.nih.gov/?term=Zheng+Q&cauthor_id=35675763
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+J&cauthor_id=35675763
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+J&cauthor_id=35675763
https://pubmed.ncbi.nlm.nih.gov/?term=Li+J&cauthor_id=35675763
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+H&cauthor_id=35675763
https://pubmed.ncbi.nlm.nih.gov/?term=Hua+W&cauthor_id=35675763
http://mg.genetics.ir/article-1-1803-en.html
http://www.tcpdf.org

