@@ Agricultural Biotechnology Journal :

Shalkid Bahoouy Tranian
Univershty of Kertsas hstechnology Sockety
Print ISSN: 22286705 Online ISSN: 2278-6500

Bioinformatics identification of hub genes involved in osmotic stress of

Arabidopsis

Mohammad Mohsenzadeh Golfazani
*Corresponding author. Assistant Professor, Department of Plant Biotechnology, Faculty of
Agricultural Sciences, University of Guilan, Rasht, Iran, E-mail:

mohsenzadeh.mohamad@guilan.ac.ir

Maryam Pasandideh Arjmand
Ph. D. Student, Department of Plant Biotechnology, Faculty of Agricultural Sciences,
University of Guilan, Rasht, Iran, E-mail: Pasandide.m92@gmail.com

Habibollah Samizadeh Lahiji
Professor, Department of Plant Biotechnology, Faculty of Agricultural Sciences, University of

Guilan, Rasht, Iran. E-mail: hsamizadeh@quilan.ac.ir

Abstract

Objective

Plants are often exposed to a variety of environmental stresses such as drought and salinity,
which leads to osmotic stress in the plant and ultimately reduces crop growth and productivity.
Identification of effective genes at different treatments of osmotic stress can be very helpful in
finding genes that are effective in tolerating plant stresses. Therefore, the aim of this study was
to identify the hub genes of Arabidopsis model plant in osmotic stress and to introduce them for

crop breeding under environmental stresses

Materials and Methods
In this study, Arabidopsis microarray data that were exposed to mannitol-induced osmotic stress
for 1.5, 3, 12 and 24 hours were analyzed separately by GEO2R online tool. Genes with

significant expression were identified and the most important genes at each stress level were
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identified using bioinformatics tools. Then, the hub genes in osmotic stress were identified and
their protein interactions and biological processes were studied and discussed

Results

The result showed that 26, 79, 138 and 184 genes had significant expression at 1.5, 3, 12 and 24
hours after stress, respectively. Based on protein network analysis and biological processes,
SDA1, CRK11, CYP81F2, EDA39, PLA2A, T1K7_24, F6N7_24, AT2G25735 and MRH10_18
genes were reported as hub genes at different levels of osmotic stress. The results of molecular
function analysis of hub genes showed that these genes involved in oxidative stress, response to
hypoxia, regulation stomata movement, hypersensitive response, response to chitin, induced
systemic resistance, indole glucosinolate biosynthetic process, defense response by callose
deposition in cell wall, response to cadmium ion, phytochelatin biosynthetic process, arsenite
transport, defense response to bacteria, insects, fungi, viruses and other environmental stress

responsive biological process.

Conclusions

It seems that the key genes introduced in this study can be used to breed crops under
environmental stresses that cause osmotic stress in plants.
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Figure 1. Volcano Plot of genes at 1.5 (A), 3 (B), 12 (C) and 24 hours (D) after osmotic

stress
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Figure 2. Common genes expressed at 1.5, 3, 12 and 24 hours after osmotic stress
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Table 1. Important genes at 1.5, 3, 12 and 24 hours after osmotic stress

e Sl O gl
Important genes Stress levels
WRKY33, SDA1, TCH3, MPK3, EDA39, WRKY53, XBAT34, MRH10_18, AT2G25735, 15h

ATA4G36500, NUDT7, CBP60G, AR781, ERD6, AT5G35735, AT1G05575

EDA39, TCH3, AT1G55450, AT2G24600, F6N7_24, XBAT34, MRH10_18, SDAL, 3h
AT5G19240, CRK11, CRK10, CYP81F2, AT2G25735, AT2G18690, ERD6, AT1G18390,

PLA2A, T1K7_24, AT5G18470, AT4G08850, ABCG36, AT4G38550, BCB, NACO36,
AT5G48540

SDA1, WRKY33, CNI1, F6N7_24, HSFA4A, WRKY40, AT2G24600, EDA39, AT2G25735, 12 h
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EDA39, PLA2A, AT1G26420, T1K7_24, MYB51, AT1G61360, XBAT34, F6N7_24,
AT5G18470, ZAT11, AT3G19010, AT2G25735, AT5G35735, AT5G25440, YLS9,
AT1G66880, MRH10_18
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Figure 3. Common hub genes at different hours of osmotic stress
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Figure 5. The expression of hub genes at 1.5, 3, 12 and 24 hours after osmotic stress

CDP-diacylglycerol-) SDAL 5 oo > s3gmo 89y cam Sjoml i Slelo Gl &8 sl olis b

ool SDAL & coul sas jasie (0 JS3) 345 (glycerol-3-phosphate 3-phosphatidyltransferase
g ol STy ol laoaiiS” @las (lgis 4 baindghnd gyudS WS (o 0800 dedgind g pudlS pudgilie )3 o ol
SDAL 4 sy ol s sjle & JUT (Appel et al. 2014; Dutta et al. 2020) loss Chogs SA 2 i
b L 1y (oyblize oylo (gioml i Slebo oles 3 o5 opl 2l Lid (GO:0006979) gilans] sla a5 4 gl 4
Pl ulylg e 5 odlizal b 48 (glos S clallae ) bl (gjaml LI 4 usly > 05 ol Sl oimd (Lt Wl e &S
(Appel et al. 2014) s4i.0 W L SL slaciel 4 gl » cus 4 o Wb Sl S5 olee 4 SDAL ws
s 1y 98T oyl Jooi g (2l 8L il Jelge plp 53 €85 0F cul &5 a8 pasete dladllas ) (pizxen
)8 39 Sye slad (5yme p3 g Wy cind (£ slaj e > W09 ik b SDAL (f 3 & SllS S
Jelse il > Cunglio Jal8l 4 oo SDAL s 1 o ol 8 (LSl Cumdg 5t s (SA) sl Sbeaslles
» SDAL b 5 (ylew Jolgs oM Dutta et al. 2020)) 395 oo g51aunST Loyl Joo5 g (0L ySb (cl5cslow
ey SBUAS 4 Gl 3 Grzpen SDAL (o 098 o Wl Sl )Y 5 i dlox 5l () slagi gyl 4 Gl
b b alS osn o olye 4 SDALLS aad o ol gl cnl 058 Sbml ROS 5 035 «5y98 ((Sis wile
b 28> poo 3o,k 511 ol sl SDAL &l ,5 (Appel et al. 2014) 1S o Jos oyl 4 s0imd Fusly g 03,508
01 Bl rogd Sy (53l S5 AT (g o SDAL 5 o i g5lasnS] sl Jooss 5 SA (55 Ay

V1o

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



e T e L e e O L

(VE+Y oz ¢ 2)lowd V€ 0,93) (55)9WiS (5599935T 9w Ao

- -
F R L e e

oS Jen ol pre sl glanS] oyl Joos g (35l w3 g 3 ol 3Slee (gl & WS 0 151, N WLl
SDAL (laSglgen aon 2> 3525 a5 g bigw caomigy 5SS o « 55« L) alo 5l LS €55 (x> SDAL
oBign 2,8as 3 iy cpl Cueal eima L pl g s g N Wbl ) (sl gl Cin S8 (0095 S (4l
oo 5 Sl g5 (sl ol bty SDAL 5 Slhe > assclilin uagd (5Lb Cang (o (S35 & -l

2 ot s SDAL o8 s o )l Slalllas W08 o dtus g |y (progd ol Canon] &S el 0 o lolis ROS

ryate oyl & 5wl (g Sy dw e a5 4 g WS o0 W] ueggnll )3 i g () QAT 90 2 has
o Olebs led 45 oS 55 EDA39 5 o5 sulS 5 (Appel et al. 2014; Dutta et al. 2020) cwl lals
lboj LRl b g ials oS el V0 4 cuns ol plo ol G55 5 e el Y53 g 0l L g )blixe ol (6o
paas a5l calizee  JoSUgo L;lm.\;ﬂ)é » EDA39 &5 oy i s (gjle i€ I;tllﬂ (0 JSs) cdly iliel Ioase i
i (GO:0010200) iS4 gl § (GO:0010197) ¥ s clodiun glpzel ¢(GO:0010119) baasjy, oS >
(Zhou et al. ssl pgo (gygi g (S dile oo (cla a5 4 olS (o599 18 (slagunly 5> Wil oo an] b opl o)l
x5’ 1, (calmodulin-binding family protein (CaMBP)) 93408 & o395 Juate 59y EDA39 5 2012)
O90s98 (23S b jihwge » CAMBP cusd ol slocyiyn Gl 5l lgagells” e slais balys 55 48 e
s ygeysn ;> WCAMBP (yl i alauly 0950 (Jls cpl b 3)iS o 3L SA 5 (JA) Suiganls ol 2iile aLS cla
LS Glasylon plp 5o Coglio .l ALl (b ao b il plp > Caoglio 4 bygpe o JUSw plo g (alS
b belgs on) 8k o lagygeysngid o ROS (Ca2+/CaM) (dgdgalli— mauds’ dlox 5 (23gusl (slojno Jolis
L3 oo S5 ol el e JS (9,5 Sinlan sl 1) (glodiomy (site b cute )55l glaadls 5 35 Jols 5008,
Giliseo olaylinl & gl (3 &S canl oy 4l ooy ply Cap"/CaM (Lv et al. 2019; Noman et al. 2021)
b plosdgn Colld gn Yoome (ol & oso9allS 45 oo il oo (i (LS Slo claanlyd plos > Sl
god 5 by (Sl 51 6yl 3 (lg39ellS’ & g Juate (sla g 4 Jlal b eandS S lgic @ Ll o)l (o
Jslas 034,01 .(Dai et al.) 2018; Khare et al. 2020 5> cuon! jlows jpé g i o i 4 Gl 9 alS
sl ey daciy 5 s U Jols b CAMBP ol el o0 slobis ks 5 CaMBP a..
alsl s Slos b lapuBgn plo g bosgply (mgy) oSt Sdplie (a3l Gland/ s (lacnsyy
P ol s el oyl LS glis L K5 bls) CaMBPS o cuul odls olis (ool cliiss viua

Sy g oedeallS 4 oxisd hate saSon o crlply (ol oree 2LS claiygey9n o ROS CaMBPs

’. Polar nucleus fusion
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oS )13 3935 g B Jske (slaoyles 5 (Lban )8 cdSul s &S sl N-acetyl-d-glucosamine ol s
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(et Ll el 015 ol 5o 31 (o3 Cunglio )3 (3558 S JB) (5 535, (sl SWllo 4251 (1) al. 2019
(Song et cuwl osile 4 lisl sl (S b osd Jlad &g, ydid ditus 4 bogsye 45 (63,190 039 4 (US| pno (gl5a ]
Jib S8 Sgdioe slom el g 0ad 2l ol 3D 4 &ijgy )bl bdes 2Lyl (ol (ilen Jelse al. 2021)
bibre o Jsho 05 o0 )3 S b g)B (2)me 1> Sy & (el 390 il w2l Sl Blo djgy (b din
(David et al. 2019; Song et al. 2021) 5550 i)l Jolge 3985 3l @lo g didd oo gl Wdijg, dilad pws
"l Wb oo wlall BoIEl 9 3l Gl y98 6ypd (SuiS dler I wjnd g ) oS b sl OIS
381 S35 5 ROS wiile 4l oglujply 5 S U dajlis” (g doosi S Jolis badijey <8 > slo
9Vse Jelse aiin (lalS )3 by (cerlal (slaaSd (gl (ol (slasjg; bl sl Jobo an3 0 (L5 & el (NO)
stoglis Slopunllo (13,5 b 1 oo ol plgie 4 o] )3 Dl o (S 3l (U (laSS Jshe (23U & bgyye
55 B odlisel 3y90 Jame (slo (A5 plp 0 Vs I clibloe gl 2Ll o Bl b g JlalS
Goblixe lo (55 5 e ceel VD 3 &S 54 CRK1L S5 (culS o5 (Murata et al. 2015; Song et al. 2021)
iy (e39m0 K9y o plo caelo YF 9 VY & i Slelo (il381 L g 3905 lo 0 gy (i 5l e celo ¥ 51 Lol sl
GO:0006468) (155, cysmodl i (S slosislp 5 CRKIL & ol i lne sl 8 361 (0 JS5)
55 b i (GO:0009816) " 55l ziSany 5 55k 4 2 fly (GO:0006979) silans] a5 4 gy
Feol Jame slacS e & gl o &5 sl Cysteine (Cys)-rich receptor-like kinases oslgls 5 55 CRK11
3 e o Sy ORK S o ol 1) (45 b (6830 9 ol dnasgs aor 31 e Sojlses 4l i CRKLL i o
A8 e Wl palS  Jols Spe g hlow 4 Cuoglie > epe Lid &S wwn (Receptor like kinase) RLK
» CRK 4lo ol il 3l hlaw plp 0 1y oS cuoglio Lumnginl)] ;> CRK ol iol53l .Quezada et al. (2019)
- i ok by 595k Sy wlel p esgiwly] (LCRK i Jolo 55 el Nicotiana benthamiana
o5 (Yadeta et al. 2017) auS’ o Joo ol ol slaguol (iol38l gly (oudas Jolge plo b Sinlon jgbo 4y 9 359

O3 48 2 (i gl 298 Jasme (sloediS 4 Fusly bl ca Wl e (el GBS )3 P90 9 eMS 1 olie 4 CRKLL

® Defense response to bacterium, incompatible interaction
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il bog ol s o bliae by 5 5l e celo ¥ 51 (FAD-binding Berberine family protein) T1K7_24
anld > of ol &5 ob ol g ey ile (8 5 @ls (0 JSS) <8l GBI ole olie O e
S TIK7_ 24 o5 o) is (GO:0071456) 5ms] 3908 40 Joho gl 9 (GO:0055114) Lol 5 jgamwlipns]
5 olodgn 3,Sas &5 ol gac YV <l S5 edlgls ol .cwl FAD-binding Berberine family proteineslgis
e S i 5 ol & sl oad aseie Slillle Sy 50 b ol b el 4 lsb ool as b bl Sojsle
Iy 55 odlgls cpl lays a5 Slals & conl oad 5155 (6,50 dalllae o pien (Friedel et al. 2012) sl i
Benedetti et ) w8 o o)lil HlS ool 3 o5 ool L8 4 ol g diten Gpglie lag)B ply > S e olo a5l i
o) .cwl Heavy metal transport/detoxification superfamily protein oslgls ;I FGN7_24 5 (al. 2018
Jsl )3 o3 cal o ol 3 il 8 5T (0 US8) w3 ol (o )bliae ybo 4 (1551 gy sl Y 9 WYY 0
o ol ord ()5 ) i (GO:0046916) * Jsho ey &l e (sibiwgan 5 (GO:0030001) * 56 e
FONT_24 5 o ol oids [asuine cpixen (HUibers et al. 2009) uS o i) oo (i85 oz ) 4 gl j> )5 ol
o wilo Jsho (glas,Shos 53 Sli el fgo Sl (LS (5> clapunilSe 5 Jaome S5 & sl 3
Slos & Loy j) o U pge S ojly S Gib s 4950 095U Jal 5 il sl J5SUse gpelinns]
AL 4l olS gl g drgi )3 (ot (I Wi oe (i SIIE L lasye (egd 59l o] nlpl )l glisl o3k
¥ ,» (cytochrome P450, family 81, subfamily F, polypeptide 2) CYP81F2 ; .(Imran et al. 2016)
(0 JS) cusly (e39m0 39, o] o celo YF @ (i o Lol380 b g 39 g bbline by (elld (g ioml L5 5 o sl
65SL 4 ol (GO:0002213) oji> 4 elis mul o o ool & o ol by wile & WU @l
V555598 Jganl  Gyiwgm ol (GO:0009682) il Seeigw  Cwslis  (GO:0009617)
(GO: o¥sijsSolS Jsom) Sglie anld (GO:0019760) &Y e56lS Sglie anl é (GO:0009759)
aliwgy clbs guly (GO: 0050832) 7,56 4 clbs fwl (GO: 0042742) (s iSL 4 clis muly 0042343)
S9eeS & Joku el g (GO: 0055114) vk ygamslonnST 01,3 (GO: 0052544) Jshus olexs ;0 565 g,
e Y=ol 0lS p3 (3B (559l loj o a5l o3l ol clllas gbs wols 25 (GO:0071456) 5]

ole ) WsSs oSl S bl byl il ) gy b b s b w93 e Jlb CYPBLIF2 Luwgy ¥ sisjsS5lS

° Metal ion transport
0 Cellular transition metal ion homeostasis

VA

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



e T e L e e O L

: YL (o, e g (J13805 8315 Cpmmo

L -
R R

il olS (Sogl b el aslil oS o S8 g )b ply 3 eptel ladgle ) clablre 4 g 29 00 Siisge
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Cowl odd Lasuiio e (HUNZIKer et al. 2020) 18 o oS 08 03901 Jolge ply )3 ol b 4CYP8LF2
(Yang et 355 0 CYPBLIF2 (il cuws (slon o baslys lall .3)1 oo (i85 (y3umST dgsaS &y gy 55 (ol &
(Clay et al. 2009) 5,5 sage pr (cotee (i (i bl )d wollS zess 4y el Frwly )3 Cpized o5 oyl <Al 2011)
Uilidl g casly (o)blime by (gheml iS5 5w el YF 5 Y & #okaw > (Phospholipase A 2A) PLA2A
S Splio sl B ) o5 ol & b ol layf (il & U (B JSS) 15 o ol Gl cew 5 clebs
Sl glasnl s (GO:0009626) oS b 53 gy (GO:0008219) Jobo 5, (GO:0006629)
PLAZA 15 (a5 bl 3 & ol o0 Lasedio 3yl i (GO:0031408) " iy oS 5 (GO:0016042) 1.
@ Gl 2 0F ol promen WS (o bl Lo Sl g bog )b ade (e 0uilS a1 Gl 4 g 0ad b (oo Spe o
(Camera 55 o (i jl (50 @l Bl gl cow Golo cnl 5l g 39800 obS ) ol 393 (2STy (Sl o o929
b Ygans sl Joo 53 o casl (PCD) Jsbo 015 g5 )asbip Spo (055 (HR) comluo 368 gely €t al. 2009)
5 o9 W 2 e ROS Wy (s o uiy 008 Jb (Jsbo Gloolnd cagli «05)See 20 OLSy e
3ol (SAR) et (oluiST Canglio b g ciso SV gb Canglio G ad Jld b HR ol olyon (59 cygmw M yginsd
(Dutta et al. 2020) 13l o 3lis] Spatuss cclocdl 3 PR (elaiys ol 5 SA mas ialsél b Cosglio oyl 395 o
PLP2) Ll 5l 3590 93 a8 ol guae a5 Jolis (55 03lgils ol by so Liul33] cilisee  Jawme (slo s bawgs PLA2A -
PLP2 (159 oo 90 o0 dbml il 00 03901 (b3Sl g ()8 slipslow Jolgs b oS (oS p3 s 4 (PLPT,
2SSl 5o PLP2 s dtunly SA & Lol wdgy dtasly sl g JA (20 UK & (2,8 slacisae & by )
S e 35 ) ewMgiow (gdud Yo, K PLP2 (La Camera et al. 2005) .S o cogis |y lag,)B 5l s
Sigden Sl L Slinhe seh camw &5 sl olS 4Dy 090 )3 LS LT 4 Gl ae o Sho Jl (S S gy
S8 Jb >l (950 15 o )1 ALl & imd e (S ) (oo S ye Olitie cpl I (S 9 e il
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bl lslo ol oy slonl s 51 (o adgs s (e 51 olS SVl g b 51 (5 Ylois] gl g g a2 0
Sl uilSe b GRS s lidgge o (e 3 9 9 S b & wb bl daw pulple S e Jie

; La Camera et al. 2005; Legeret et al. 2016) cuol osis (slolis 295 @ alS ;> 1 doyin (Sojelg 0
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ol b s ol b > (Phytochelatin synthase 1 (PCS1)) MRH10_18 ; .(Gao et al. 2021
sl p oy (B JS5) 09 15 Slebo plo I Soke 85 5] e colo YF 3 05 ol gl (i g glolias
S8 a1 5 (GO:0015700) oyl Jlasl (GO:0010038) (o3l 0 4 LiiSTy 5> o5 ol 45 sy olis  JoSUgo
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ol owien (Holmes et al. 2021) 55 o lawxe slo i ply 0 (el 3bul o 9 3513 jods Sl slic
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s ) oS 51 gans 5 oogredls (shiiyy slbuSliaS LS5 3 1, 395 obly lS & 15 o MRH10_18
05 b ol yblize b 4 a5 Glele den > &5 gulS slayy 3l Sy (S .(Howden et al. 1995) waw,
S O ol el L35 5 G el ¥ il g)blixe lo (5 5l e el VB 3 o5 cpl e AT2G25735
cdb Gl ol ol wslo Y 4y 55 loj e a8l b e g 8l iali8l 55 5] e el Y 0 boasme ¢ il
b olj (g piSer 5 3 L (g )bliae pl BRIl ol Lailpd & Cod (Giaml L35 ulyd 55 0F ol (0 US)
4 505 G Slels ol )3 pre Sl o)) 51 (S 35 GABan aSed LT )3 (¥ JS) el gl sla)) b
285 3929 ol (So5gn sl B g (F cnl 3y90 53 sbj leMbl A (Bpme (salS (slagy S (o lyie 4 > e
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FON7_24 T1K7_24 PLA2A EDA39 CYP81F2 CRK11 SDAL la;;.be lo s)blixe
clags oloss an g S el i il clels ) Sge o) (ke oo 3l MRH10_18 , AT2G25735
L Laspo o8 J5SUse syl ol 50 S (slagy ol 48 o Lt s 505 (3155 (Semsl G5 )3 g0 sl

YYe

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



e T e L e e O L

: YL (o, e g (J13805 8315 Cpmmo

L -
R R

043 gl (SlapusilSie Sl slodzey 45l 9 1)1 (plju B s (Jaze i g (2)B S e 4 0lS Gl
g oans LS )5 O 3gea8 sl (Sob (535 g 5 6y eoSuts e asms sla 25 S s ol ) ases Ly 4
L] oo s Al oo Jrme (sl i Elgil o lacys ol 5 (o)l oplplo A8 slool ol 0 1) (gheml i ASle5 o
3 relar S5 wilgigo o J5SUse slaaiald 1o Lol 185 ()0 5 Jao (LS 53 (15 & o3t gl slag) bl a8
Ol iRk crl 3 0 (Byre S lay] I oo Sl 4 ams )] o5 QLS > i bl 5 o) e 0go0
ol W o &5 038 9 (53] B «(Sy9b (St gzman laxe o i blyd 3 (o)) oS (ol sl

Dy oy WNgd oo =i kS )
B e earen g adme a2 e Sl Slem Sl ails (e Y 955 QSIS 16l Suwlew

Wiled (43Rl Lad )l gl &) g pols dlis o dalllas (ol 4y diem | ) jgls

References

Appel HM, Magbool SB, Raina S et al. (2014) Transcriptional and metabolic signatures of
Arabidopsis responses to chewing damage by an insect herbivore and bacterial infection
and the consequences of their interaction. J Front Plant Sci 5, 441.

Benedetti M, Verrascina I, Pontiggia D et al. (2018) Four Arabidopsis berberine bridge
enzyme- like proteins are specific oxidases that inactivate the elicitor- active
oligogalacturonides. Plant J 94 (2), 260-273.

Bremer E, Kramer R (2019) Responses of microorganisms to osmotic stress. J Annu Rev
Microbiol 73, 313-334.

Camera SL, Balagué C, Gobel C et al. (2009) The Arabidopsis patatin-like protein 2 (PLP2)
plays an essential role in cell death execution and differentially affects biosynthesis of
oxylipins and resistance to pathogens. J MPMI 22 (4), 469-481.

Clay NK, Adio AM, Denoux C et al. (2009) Glucosinolate metabolites required for an
Arabidopsis innate immune response. J Science 323 (5910), 95-101.

Dai C, Lee Y, Lee IC et al. (2018) Calmodulin 1 regulates senescence and ABA response in
Arabidopsis. J Front. Plant Sci. 9, 803.

Darko E, Végh B, Khalil R et al. (2019) Metabolic responses of wheat seedlings to osmotic
stress induced by various osmolytes under iso-osmotic conditions. J PLoS One 14 (12),
e0226151.

David L, Harmon AC, Chen S (2019) Plant immune responses-from guard cells and local
responses to systemic defense against bacterial pathogens. J Plant Signal Behav 14 (5),
e1588667.

ARA

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



e T e L e e O L

(VE+Y oz ¢ 2)lowd V€ 0,93) (55)9WiS (5599935T 9w Ao :

Dutta A, Choudhary P, Gupta-Bouder P et al. (2020) Arabidopsis SMALL DEFENSE-
ASSOCIATED PROTEIN 1 Modulates Pathogen Defense and Tolerance to Oxidative
Stress. J Front Plant Sci 11, 703.

Friedel S, Usadel B, Von Wirén N, Sreenivasulu N (2012) Reverse engineering: a key
component of systems biology to unravel global abiotic stress cross-talk. J Front Plant
Sci 3, 294.

Gao G, Zhang X, Zhao K et al. (2021) Genome wide identification and expression analysis of
patatin-like protein family members in peanut (Arachis hypogaea L.). J Reproduction
and Breeding 1 (1), 48-54.

Gupta A, Rico-Medina A, Cafno-Delgado Al (2020) The physiology of plant responses to
drought. J Science 368 (6488), 266-269.

Hadizadeh M, Mohammadabadi MR, Niazi A et al. (2013) Use of bioinformatics tools to study
exon 2 of GDF9 gene in Tali and Beetal goats. MGJ 8 (334), 283-288.

Hadizadenh M, Niazi A, Mohammad Abadi M et al. (2014) Bioinformatics analysis of the
BMP15 exon 2 in Tali and Beetal goats. MGJ 9 (1), 117-120.

Holmes DR, Bredow M, Thor K et al. (2021) A novel allele of the Arabidopsis thaliana MACPF
protein CAD1 results in deregulated immune signaling. J Genetics 217 (4), iyab022.

Holmes DR, Bredow M, Thor K et al. (2021) A novel allele of the Arabidopsis thaliana MACPF
protein CAD1 results in deregulated immune signaling. J Genetics 217 (4), iyab022.

Howden R, Andersen CR, Goldsbrough PB, Cobbett CS (1995) A cadmium-sensitive,
glutathione-deficient mutant of Arabidopsis thaliana. J Plant Physiol 107 (4), 1067-
1073.

Huibers RP, De Jong M, Dekter RW, Van den Ackerveken G (2009) Disease-specific
expression of host genes during downy mildew infection of Arabidopsis. J Mol 22 (9),
1104-1115.

Hunziker P, Ghareeb H, Wagenknecht L, Crocoll C et al. (2020) De novo indol- 3- ylmethyl
glucosinolate biosynthesis, and not long- distance transport, contributes to defence of
Arabidopsis against powdery mildew. J Plant Cell Environ 43 (6), 1571-1583.

Imran QM, Falak N, Hussain A, Mun BG et al. (2016) Nitric oxide responsive heavy metal-
associated gene AtHMAD1 contributes to development and disease resistance in
Arabidopsis thaliana. J Front Plant Sci 7, 1712.

Khare T, Srivastav A, Kumar V (2020) Calcium/Calmodulin Activated Protein Kinases in

Stress Signaling in Plants. Protein Kinases and Stress Signaling in Plants: Functional

ARA

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



S N G Sen s i oy e
Genomic Perspective (1st edn). Girdhar K. Pandey (eds). John willey and sons, Ins,
USA. pp. 266-280.

La Camera S, Geoffroy P, Samaha H et al. (2005) A pathogen- inducible patatin- like lipid acyl
hydrolase facilitates fungal and bacterial host colonization in Arabidopsis. Plant J 44
(5), 810-825.

Lee TA, Bailey-Serres J (2019) Integrative analysis from the epigenome to translatome
uncovers patterns of dominant nuclear regulation during transient stress. J Plant Cell 31
(11), 2573-2595.

Légeret B, Schulz- Raffelt M, Nguyen H et al. (2016) Lipidomic and transcriptomic analyses of
Chlamydomonas reinhardtii under heat stress unveil a direct route for the conversion of
membrane lipids into storage lipids. J Plant Cell Environ 39 (4), 834-847.

Liu X, Zhang R, Ou H et al. (2018) Comprehensive transcriptome analysis reveals genes in
response to water deficit in the leaves of Saccharum narenga (Nees ex Steud.) hack. J
BMC Plant Biol 18 (1), 1-16.

Liu Y, Maierhofer T, Rybak K et al. (2019) Anion channel SLAHS3 is a regulatory target of
chitin receptor-associated kinase PBL27 in microbial stomatal closure. J Elife 8,
e44474.

Lv T, Li X, Fan T et al. (2019) The calmodulin-binding protein IQM1 interacts with
CATALASE2 to affect pathogen defense. J Plant Physiol 181 (3), 1314-1327.

Mohammadipour SAL, Mohammadabadi M, Asadollahpour Nanaei H et al. (2021) Introducing
candidate Genes Associated with the Milk and Wool Production Traits in Sheep. MGJ
16 (2), 281-297.

Murata Y, Mori IC, Munemasa S (2015) Diverse stomatal signaling and the signal integration
mechanism. J Annu Rev Plant Biol 66, 369-392.

Noman M, Aysha J, Ketehouli T et al. (2021) Calmodulin binding transcription activators: An
interplay between calcium signalling and plant stress tolerance. J Plant Physiol 256,
153327.

Oliveros JC (2007) VENNY. An interactive tool for comparing lists with Venn Diagrams.
http://bioinfogp cnb csic es/tools/venny/index html.

Pervaiz T, Liu SW, Uddin S et al. (2021) The Transcriptional Landscape and Hub Genes
Associated with Physiological Responses to Drought Stress in Pinus tabuliformis. Int J
Mol Sci 22 (17), 9604.

Polle A, Chen SL, Eckert C, Harfouche A (2019) Engineering drought resistance in forest trees.
J Front Plant Sci 9, 1875.

VY

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



e T e L e e O L

- -
F R L e e

Quezada EH, Garcia GX, Arthikala MK et al. (2019) Cysteine-rich receptor-like kinase gene
family identification in the Phaseolus genome and comparative analysis of their
expression profiles specific to mycorrhizal and rhizobial symbiosis. J Genes 10 (1), 59.

Rehschuh R, Cecilia A, Zuber M et al. (2020) Drought-induced xylem embolism limits the
recovery of leaf gas exchange in Scots pine. J Plant physiol 184 (2), 852-864.

Shannon P, Markiel A, Ozier O et al. (2003) Cytoscape: a software environment for integrated
models of biomolecular interaction networks. J Genome Res 13(11), 2498-2504.

Song W-Y, Park J, Mendoza-Cozatl DG et al. (2010) Arsenic tolerance in Arabidopsis is
mediated by two ABCC-type phytochelatin transporters. J PNAS 107 (49), 21187-
21192.

Song Z, Zhang C, Chen L et al. (2021) The Arabidopsis small G- protein AtRANL1 is a positive
regulator in chitin- induced stomatal closure and disease resistance. J Mol Plant Pathol
22 (1), 92-107.

Takahashi Y, Zhang J, Hsu P-K et al. (2020) MAP3Kinase-dependent SnRK2-kinase activation
is required for abscisic acid signal transduction and rapid osmaotic stress response. J Nat
Commun 11 (1), 1-12.

Wang Z, Li G, Sun H et al. (2018) Effects of drought stress on photosynthesis and
photosynthetic electron transport chain in young apple tree leaves. J Biol 7 (11),
bio035279.

Yadeta KA, EImore JM, Creer AY et al. (2017) A cysteine-rich protein kinase associates with a
membrane immune complex and the cysteine residues are required for cell death. J
Plant Physiol 173 (1), 771-787.

Yang C-Y, Hsu F-C, Li J-P et al. (2011) The AP2/ERF transcription factor AtERF73/HRE1
modulates ethylene responses during hypoxia in Arabidopsis. J Plant Physiol 156 (1),
202-212.

Zenes N, Kerr KL, Trugman AT, Anderegg WR (2020) Competition and drought alter optimal
stomatal strategy in tree seedlings. J Front Plant Sci 11, 478

Zhou YP, Duan J, Fujibe T, Yamamoto KT, Tian CE (2012) AtIQM1, a novel calmodulin-
binding protein, is involved in stomatal movement in Arabidopsis. J Plant Mol Biol 79
(4-5), 333-346.

\ve

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500



