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Abstract Plants can recognize and respond in various ways
to diverse environmental stresses, including pathogenic
microorganisms, salt, drought, and low temperature. Salicylic
acid (SA) is one phytohormone that plays important roles in
the regulation of plant growth and development. Nonexpressor
of pathogenesis-related genes 1 (NPR1) was originally
identified as a core protein that could function as a tran-
scriptional co-regulator and SA receptor during systemic
acquired resistance (SAR), a plant immune response that
could activate PR genes after pre-exposure of a pathogen.
Although the function of NPR1 in plant defense response
and the role of SA hormone in the regulation of plant
physiological processes have been well characterized, the
biological role of NPR1 in plant abiotic stress responses is
largely unknown. In this review, we will summarize and
discuss the current understanding of NPR1 function in
response to plant environmental stresses.

Keywords Environmental stress, NPRI,
(SA), redox

salicylic acid

M. S. Cheong ‘- D.-J. Yun (P<)

ANTfstn (st SgMEIIsHE, ASMHTsienA
(Division of Applied Life Science (BK21plus program), Plant
Molecular Biology and Biotechnology Research Center, Gyeongsang
National University, Jinju Daero 501, Jinju, 52828, Korea)
e-mail: djyun@gnu.ac.kr

S. W. Kim
SIRYURITATH HEANATA

(Advanced Radiation Technology Institute (ARTI), Korea Atomic
Energy Research Institute (KAERI), 29 Chungjeong-ro, Jeongeup,
56212, Korea)

rulo
off
ol
—_

: 4

A (SAR)Alo] ZA3} E&= pathogenesis-related (PR)

EPEEER PR
A F&l & 93t transcriptional co-
activator 2 1 %314 ¥ & 2 E 9] salicylic acid (SA)2] 4=
SA = 7|55ts Aoz g A k. 2L, NPRIO| A&
U o 22 A S84 A E | X (biotic stress) 0] €] of &= a2
A DL, AL, FEE 5 2L wABAA A2~
(abiotic stress)of| 4] 9] & Qltt whahA], H g =

‘]

H o
AL AR WL BE BT AEd Ao
,]-,'] A

o]t NPR12 A 7 THCE nFS IR
stct.
Ne
Apats}, © 23ty Ao - A, A Sl &gt A7t
A2 F & SO QA3 7| SRS A Al A AR A
< 348 A A 713 lth. World watch -4+ 7
obsl Ul F53h= Q5T T2 o] f- 2 Al A A el A7 9
717F 297 oA Aoletal Agetal 9o, Al A=
214171 Ak ztsto] s AsfoF & 7H et A A 5
afifolrt.

ol Aol GlEAEAQ A2 S ) H2] 3
W3S WsHA A gt A 5k # H3HE Al S 8ksto
AZAG J 25 Foto] AAHo FHAES A3

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



282

J Plant Biotechnol (2016) 43:281-292

31, 915 873 Wstel] A8, A% & 4= A v thSuaki

E
=2 HE Kol AsjHH, w4E9] 4
WA A st = Aol 22 A4 2
A s S, A Y, 293 e FAhE Y 4
o] 22 60% o] o] 71% FFe W=kl SHrh(Ray
al. 2015; FAO 2014). whebA 250 2H4 A sl s, 71,
o, gl 5) = oA BA A8k, o | A
5oko] B ofl A-5-sh=7tol W A= 1]
o] A& 3= AwA s dx A4t £yt of
LE 2o A S Fofshs & A
&, &3 As A3 A=A NS
AE 2 4= e et tete = AR AL Itk Tester
and Langridge, 2010). ©]
A, 87 2EF 2o Bt
7HA = 71219 o] = of 5 T &
Hofot= FAREY AT o8

Z17ko] gt AE g 2o B
Sol 2 =T e A 4
AL Qo I Foll A &=, NPRIZ 214
Z1 A1 A(transcriptional co-regulator) = A4, A 3£ Al
ol A AARIALE t = A A o A 7] 5= 5
ojth. #uk ofuf g}, 2| NPRI a2 o] SAQL ABA
sz s 2EHo] dEYo =M, AFLET
Soll QoA HAA A S 5t FHAAR o]l 5
| Th(Pajerowska-Mukhtar et al. 2013). o] of] & A A5
%] o] NPR1 | 34812l 543} chopat 84 A =7
=54, A E8H AEY 2o ti gt A= o) At

ol A= G et Ag7HA A A=

o &
i o ox to

g
R

2
>
1>
it
o

o

P,L

O

N
2
£2oim o

02 4
Jo
R
D)

o
el
yz 1o
o e

> i orlr
mr Lo

Jﬁ_]

s

of

is x}
o

=

R
~

=~

o

]

= i o
fol ox
20
Lo
Mo 2L & orfr X et

i

rlr

i&qo

myl o

50 M

7

N

T O D~ « T TR SV
oz

NPR1 (Nonexpressor of pathogenesis—related genes
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SAE A 2] 5to] = PR F-AAE WEsHA] ¢h& ¢ o] 4]
A& A 3)= 1A of| 4] NPR1 (Nonexpressor of pathogenesis-
related genes 1)0] A 5 1 th(Cao et al. 1994; 1997). NPR1
allele> SAR-S AL6l= oF 2 TLFoll A% 54 Hilv) = o,
SAR 415 e 3 of) lo] A I 2 3t AdF(components) S A1
H3}= 117 of A NIM1 (non immunity 1; Delaney et al. 1995)0] 2
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o] 271t B FS B Y S & Q18] A EDS17 (enhanced disease
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Fig. 1 The regulating mechanism of NPR1 protein
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NPR1 proteins are oligomerized by GSNO (S-nitrosoglutathion) activity in the cytosol. The oligomerized structure of NPRIs is
reduced and forms a monomer by TRX (Trxh3, Trxh5) through SA hormone signal. This monomeric form of NPR1 can be localized
into the nucleus. Subsequently, a transcriptional co-regulator NPR1 interacts with TGA transcription factors and proceeds transcription
target genes, such as PR1. Paradoxically, active NPR1 protein has the biochemical characteristic of ubiquitination by CUL3 E3 ligase
for protein degradation in the nucleus. This the 26S proteasome dependent protein degradation and target gene expression of NPR1
have been accelerated by the phosphorylation (Serl1, Serl5, Ser55, Ser59) or SUMO3 conjugation (Matika and Loake, 2014, modified)
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Fig. 2 NPR1 activity and stability by SA

A) NPR1 activity by binding with SA. As NPR1 is a SA receptor,
active NPR1 (SA-bound form) induces expression of SA-mediated
defense genes. B) NPR1 stability by NPR1 homolog. NPR3 and
NPR4, NPR1 homologs are interacted with SA. SA-bounded NPR3
and NPR4 are interacted with NPR1 and regulate NPR1 stability
in the high level of SA and in the low level of SA, respectively

(Wu et al. 2012; Manohar et al. 2015).
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200 mM NaCl, 10% PEG 6000, 0.01 mM ABA, 18] 12.4°C 2] A
£ AEWAG L R v A BT A A0 ER
= Al 35wl AF2kS] NPRI(MhNPRI) 4 A} 2 & o]
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% 2751, 12| 3 NPRI SR 0] 7] 5 A 17} B 7 A
& 50| 279D, 1 AEALE EYF 1
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A% 712F ol 8= o] Al A& E = A o] Tk
g 1] 9] NPRI(OsNPRl/NHl) N 71 Al npri-1 5 A o] A]
A ERAAI & W, npri-1 A=A 7F7HA = 2ot &
U AAE 2 NS EAG 0] 35 A 7S Byl oby 2, Figure |

Osmolytes biosynthesis

Secondary metabolites accumulation
Regulation of cellular redox status
Nutrients optimization

Abiotic stress tolerance

Fig. 3 Plant tolerance module from abiotic stress by SA pre-treatment.
SA treatment confers abiotic stress tolerance to the plants. SA
treatment before abiotic stress such as salt, cold, heat, drought, and
heavy metals boosts SA induction in the cells and induces osmolytes
biosynthesis, secondary metabolites accumulation, regulation of cellular
redox status, and nutrients optimization for stress tolerance. These
biochemical changes contribute to abiotic stress tolerance

ENPRIZ W7} 2 o}=SAA S 712 A+t 7F =REE] Qi ot
= 31, ofol o3 NPR19] o 1.2 o} = u]u] gt 52
Zoltt.

2, BB AR 4 o] SlojA FEH o
3o o old AEYA FERo|gIlE Bl ABA
off o34 %= NPRI THell & 2o 7} SR ¥ ekl Bt o8
Z th(Ding et al. 2016). o] & <13}, NPR1 TH=i 2 o] ABA o]
P25 0 2 ABAY o3t Bl &8 Ql AE | A RS
NPRI GA] G HAA] 2 755 Htd A o= o sl &
4= Qlth ol g3t A= NPRIO| A TP A S 2 &= v ¥ &

_YLEZJ_

518 2B A0 B0l 92 AN

== —

1Yg AEH A (Salt stress)
Y AEHAL 4B AT Y 0] 2 2FE A
(Na")o] =A3} AF=oto g ol3h Hhe o]
(Cheong and Yun, 2007). 3}¢], 1 AEH A= A &9
3} uherof GRS o] 42 o] Fejs WakA I
A A =Fef B o) ARl o] 9o =, SAS A 23t
W (Triticum aestivum)} & 1} (Lycopersicon esculentum cv.
Roma) &5 1Y 2Eg 20 A3/ o] F716k= A
2 2% ¢ th(Stevens et al. 2006; Lietal. 2013). o] & 3t /\}Eﬂ
A8 AT A5 714 A7) golt o7l gelel 9 23t
E Au R, SA 3FeFo] Yo NahG Al EL 11 ~AEH A
of Mgt A Y-S B Gl thCaoetal. 2009). 0]% SAZER

d

of Al of o] off 7] % tf NPR1 el 2] 0} A 3}3}2 E4 717
8- AFSFTH(Chern et al. 2001; 2005). o]+ of 7] & t] & NPRI
(AINPR1)ZF H ©] NPRINHI)o] 7|5 A 07 7o chulz
(ortholog) ®l& oJm|e 2t ofy 2, of 7] e & wjof A A
=04 ¢l AEF Aubg-of 9lo] A SANPRIS v/ 2 3=
SA A5 AT Bh9Jek Al of 71T ok 7k GARRRS ou]
ghef. A5k 4 0 2 §ALe S NPRI Th 2lo] 4, 9147
b 28 20 el o Fol 100~ 0%2] AEES U
el uj off 7] Ao NPR1 8- 2 AINPR1) S 2 51= 3 2
AB W A AL A 90~ 53% A S-S e Rk of
Yk, rab21, salT, dipl 3 772 1 F =718 AEH 20 g
HRES AT E e =R, AT o F ol B
4 A 9 THQuilis et al. 2008). 3H2|UF, 0] 5 P W A3} A&

AEZ of 718 ol A B ] NPRT (OsNPRI/NHI)& & Al
e 4o Aol A A€, off 7] o] NPR1 (ANPRI)& &
AIZ1 W o A &= SA ] HEg-5= FAAE & S°] PRIb,
PRS, PRIOZ} 28 §707-9] 9 S 221470, Bl d
T At ol ol A A7 & e th(Chern et al. 2001,
2005; Quilis et al. 2008). ©] = OsNPR1 (NH1) - A 2} 7} off 7] &
g AEoA HESH AEY A WS e =2 3}
The AL AF0) HojRE A Bk ofy 2, o7 4 o)
NPR1©] B o A &= SA Al T A ehof Qloj A G- & Ql(positive)

A& Aehe AL ofu| e e, o] 9] SA B v
5ol o] JE AEFA HEL o] HAZ O](negative)cﬂ 3t
3

of
112

1

o 71 v

?5‘ iEEﬂioﬂ
o st 29FS E?;E‘r(]ayakannan et al. 2015). o]=
NPR1E 55}o] SA éi Zh MY REE FAEE NS
whd) 7]ofghea 3 4 9lek.

o| A ¥, As}etd 0 = S AFSE = NPR1 -3 &} (OsNPR1
T AINPRDZ} LY 2 E 2 whg-of] Qloj Al = 8] 9} of 7]
oﬂ /\Egﬂ

o) ZHzhol A A 2 T2 HES-L W gt o] =
o uk-5-0fl 910 A 1)NPR1}SAZ 1} 7} 2 51 NPR1] 3} 9]



286 J Plant Biotechnol (2016) 43:281-292
GAS 2 A= SA AT AG 0| A&7 o] 2 Q13 =, ufj 7] 2 3}=NPR1 - A A} 7} FA 2 ¢l (positive) HoF 0. 2 o
AR B0 A 180 AT ) A D8 T Aol HE Ao B2, -1 180
F217],2) AINPRIO] Ho|A = off 7| Aol =Tl E A2 2 7} 300 mM mannitol 2] AH5QF éEH] L3k zxA0 A
Ch U] SV S S IO A o5 B B oA Alote] Wol B2 AR obgat Aol
A E7HS] &4 (activity) o] Z}o] &2 Cls] LEFL}E= A Q1 A, 8l-&0] -‘—PZ‘H ¢ t}(Brosche and JangaSJarw 2012). o] = A1 H
7t 2 A THEOINPRIS) T AEe| A WhGo] AEHD MR SEE PR AEH A0 NPRIC] Tojs}x) o
o 3t o a7} o EQF-S AJA}SHo), Bl o}y ), NPRI 25 olu|gt}. Cecchni et al(2011)Q] Aol A H WY+
SO IR S BB ARAAEI PR £ o G L Amd ol 4ol oA 02 fEE HEY
B2 whg S thE 4 S E AN 2ok AEd 2ol BT wHg-S olasl7] $13 4 NPRI Eral 2 o)
7150l SAS] & A7t ¥ F a5}t

AEQl AE G A (Osmotic stress)

AES AEH AL A Y §7])AKorganic acid), ©43} 718 2 E 2 (Drought stress)

&, F7]o]&(inorganic ions)¥} 2 §H(solutes)?] Fr  ThE AEHAE A AEH AL FARGE Hol W B4
Z712 Ql3slo] AR 3EElAK(osmotic potential) S H o] E EoHA] AEY AR ZAEO £ TFAaA 7]b ) 249l

st
g L

=9 hehS AF| AT B, e amElo]E
(Osmolytes)= =2 &3 = (solubility) S 7FA LA A&
o 712 A E A o A EAE Am e 2o
l-;oﬂo HH ]0}_1._1:1] 7]’6"@' 6]—“ \:rx]o 017_]

Zefo] Alw|Efel( Glycmebetalne)
OE /ppzoL /\Egﬂ/\ Eo}-q]

L 8o|=2, 4%?1( rollne)
O] ]:HJX40]]‘4— E_]l:l
swefolEd] o AR A

lTl

osmotic balance)o] &% %]

J(
(

o2 AYIALE ol E} Slama et al. 2015). L1}
o ametolEe) TN FAL 1E, S, 12, AL

I e v AESH AEYAE EE HESEH AEFH A
FUE dojurnl, o] ABAE HEF AEY LR
AEA Al HEskL, ojatA o v WA= AHRES &
Eg Ao A3Fslr] 93t wr-So|th ‘?:_(Trmcum aestivum

L) F&7to 7he2Ed 2o digh @ A 2pol5 &
ot ST AU SAE AR B AHEod
HE 890§ FE 2udeol AR B
o] BAHEY, o ametoE o F7het T
| A cH(Loutfy et al. 2012). =, SA7} 2/\58}0] E9]
RAPA S GEsln], AR 2B 20 HFHE LoE
L Ag oulg.

ProDH(proline dehydrogenase)
2 T232 ke A=

= 1=

AN

I
ﬂ
-

lo ®r
o il B oy

_IR rlr
ok
= > 2 B

o il
g e

"
18 o fe

>~
(T oo oL
olo ok

HF-3-(hypersensitive response; HR)-2
gof ojmAQ) A BAFolth Fo)
2 olga AolAl H1W ek uhelelol (Pseudomonas
syringae pv. tomato DC3000 (AvrRpm1))of &3] 5 =% HR Y
Z7|1GA &, 6X 7t ol = ProDHE] 41247} /g 3t of
ZEAY FH o] dojupA| gh=d], o] &3t §E-3-0] sid2-2,
npri-1 & Aol A& o A= o LhA] & $ETH(Cecchni et
al. 2011). o] &= HR& F-=3+o QlojA ot &9 thAt
(metabolism)©]] SA & 2 =7} NPR1 & A A7} & Q312 9n]
ghoh o] 24 A5 A Q1 AH RS A E | 2 0f tf3ENPRI F-4
Ao} o] akg a7 of el 9L, AR AR 20 SAS

i
RY
31
<

H] A58 A E g A 2= 5k o] th(Godfray et al. 2010). Y HHA]
o Ago| /g AR A FBFIL 4R AR A
w257 o] HBAE M AsT A% A

AA7}A] NPRIZ 0] &3t 7Ha A E | 20 o gt 214 4
glth skol, NPR1Z} 7Ha AE g 20 "44?7&
olgfjof] HLst7]ofl A, SAL} 7hE AE 20 BE Ol
S 1) WA A A} gk WA, wele] A9 b

Eg A EoF Malo A SAV} oF 28 Z7}aaL, o] & 9l °H
PR13}PR2 5-A 2} 9] &H4 &= 2719 th(Bandurska and Storinski,
2005). SAE A A7 & 7t AEH 2ol =EAIT K54
(Zeamays) = #3A ¥ H-S B ¢ th(Saruhan etal. 2012). 2]
=9 Yol A= SA7HF7sHA B 7]50] 5] A H=d
(Dong et al. 2001), cpr3, acdé6, siz1 T} Z+o] A& HUjo SAS
ol S451 Sle AlEE2 7IFol Bz qb)
7HE AE Y Ao AEA-S Btk (Miura et al. 2013; Okuma
etal.2014). o] 2|3t SAL] = H o] B HZEO0 Z QIS AEH A
of AlEo] 7HA = BE R I Aolet of AA L= QLo
U S0 EA = AA HE 5= SA T =9 STt 7Ha

ks
o
-

A& FAAIT, =& 522 SA A T = 7haoll A
A4S 7+ 2 A 7 thBorsani et al. 2001). o] 23t AE 2 2

ok, SAZF 7haol A3
A A7k o @ el

SHA oG A AW, NPRI, NPR3, NPR4 Thill 2 50] SA
Aot A 2 (Wu et al. 2012; Manohar et al. 2015; Fu et al.
2012),SA Fof| 2 7hE AEF Lof gt 2 HF o] Dt
A 4 glgol AAE A 978 Hels) BekS u, NPRI
chal g o] Z}7] W 55 0 SAY| A= NPR4%} &2 5 =0
A= NPR3%} Agtato] Tl A o] g o] 2 A E o], 7hg A&
Ed2 whgof Fhel & S QITha £33 £ 5 ik 3,

Fofgtnta 425 W2 7]oll= of
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NPR10] SA =84 Lk of 2} SAS| =5 Bl o2, 4
0] 7He LB Lo vhS, A5l SA Q] o] 8 = NPR1¢]
AdS 2N G435 Aol 2 ¢ A== 7|
Ok, 1t obu el o] ek A5 F3f 7hah SAY] HAdt
A7 eds] AYE Ao g et £, 7 AEH A
of ¥F-&-3h= NPR12] & o] sl = 4| Zo] 7He 2EH & &
QFSAQ 712kZ ol sl st FEoll lolA A d A
AL AL Eok EE ol e A= SAE A=
7He 2 EF AREg-of NPRIOJ&J o]l T2 =847} &
& TAISAE ot E Aol

> ot mlo o

s

2 E ) A (Heat stress; Thermotolerance)

B A Ee 2o 44T o] e vAE
g%i”—*. AEHA @ao|th SA A EEE2EE 12
(heat shock) AE Y AR KE A Z& K5 sh= o Fasict

a1 & A ) th(Clarke et al. 2004; Shi et al. 2006). L2 L}, nprl
EdHo] AEA = o F A EA Kok oF 2l B =2 SA

l‘

[‘

= KM

¢

S 7HA AL Al Fol = ek Al op A F Hk g of o oF
A 2H S HYlo] A E Irk(Clarke et al. 2004). ¥
bl oYz}, 12 AEF A0 =25 o] AlE 0] AR}o] 3]k
= B A npr] BA o] A B = oplE K}l g
EHE B W NahG A EA Bt & o S| BE S B

T}(Clarke et al. 2004) ©] = SA/NPR1¢] 2] 3] ufj 7] =] = A1 5 A
o] 2 AEY Ao A Hol=t B oS Yu|gt
o} ey aL2of] o8l f = F= SA Q) 7t SA 9| At
ol ot ARIA Az ol o3k A Q14| of2] g &}sA|
= %tk OIHﬂ% A2 AE Ao ) fEE= SALHY
Aol AFAL Folats SA AT A A te] oA
18] 3 NPR17}9) 434*401] 3 7L of A | B3},
=3 © FAH| D AHT 7129 o] a7k BashAu
E2ZFEYCO, Y2 AES IS AEYARRE HO%H
o} &2 A Q) th(Mishra et al. 2008; Madan et al. 2012). o 7] %
) nprl = AR 0] A& (nprl-13} nprl-5)5 £33 5= 9
COy Ao Al AL AEH 20 AFo] & HUS o,
Ao Y= H ok sHAINE o] = SA 3 229 93 A
2o]7|&= 3ty NPRIo| &f3t Zo] ofdo] HIilE it
(Ahammed et al. 2015). ©] 3t A} =SAS B3 12 AE
gl &RESo| NPRIO] o8 = R4 o % U

& AR

B2} A] = A H| & 0] =(brassinosteroids; BRs)-S A1 & 54 9]
AH|Ro|EY BEEOR THE A S2RET iR
2 A2 0| AL 27 A7) 9JBHS g} Diviet al. (2010)

&l Stof| u} 2 H, EBR (24-epibrassinolide)E A 2] 32 W) npri-1
ZEdHo| A EA 7} oA & =] A& 9] basal thermotolerance
32 el A 2t} Basal thermotolerance= 4] & 0]
UAF 2= w2 %Eoﬂﬁ 2 &-5h= 1} o
Ef i k& Hle u, Lo AFHS Y

o
ST
rfo o 1
l>

AL 2EHA(Cold stress)

NEo| AEY A ol SAZ B AL AL
2 NPRI 93] G Fohe AL 2 oA ek sA
of g HLAEY A WS ot ATE WA A
AW, SAS AHET S5, ), W, el 2 &

EolAE AR AEY 20| i3t Aol F7Fetth(Janda
et al. 1999; Kang and Saltveit, 2002; Kang et al. 2003). o} 7]
A 42 ST AL 2R 2 AE AP HolA
ok Agol= A E Hol A &9 7|7} ol HH Y
= 7FXEk(Scott et al. 2004). o] 2|3t A4 EHF o] L}
W= SAS A Aefehael g4 A4S A EE, SA
hydroxylase ¢l NahGE L& A 71 o) 7| &) A=A 7}k Col 0
ofA Y AEA KT 5C A AEH A EEHAS 1,
5o 2 ABAAE Ao el ABA 2717 &
2o a3 AR 24 Bio] o EEG ¥PYS vet
WTHScott et al. 2004). EZHS 2 A 9] nprl EAB 0]
e o] BHHS opE Col-09] 120%Z, SA 27 0|
A& NahG A=A 9] 61% H =] A7 *g%”EHE 7t
Ak AL AEF A Fonprl AW A EA = ofA
@ 20T o B 40 Wk o] s Ao
of, ol= A2 AEHAF AEY H&S A=
g SARto] ofd E thE 17} ‘21% EP(Clarke
et al. 2000; Clarke et al. 2004). 0] = W&
FaL Q= cprl AW A=A 7} 7‘1%
Fet AFS Bl Aol o]t 7hs A
(Scott et al. 2004) AR2HoZ AL /\EEﬂ
S, AT MeE Sl lojAl SA B2

4 NPRIS BoH S A 258 A
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(ROS)= AEH A HE-g-of A5 2 A-8-517] &2 3} A| i, =2
s MHZAE S do7]= AF A 840]7] & 6
TH(Potters et al. 2010). A A 712 0] AL A2 = o =0
& 58 FEoll mhE AR ddAtel= of sl H AL 9l
ok QFEE W et e S Ee AL B
Sto AbstAEd 2o HiRENPRIS] S -5 AFw H,
o 7] %t NPRI(AINPR1)Z 2@l oh= & 2 A 8 g A =4

of| AFSFA E H A E §E5F= MV(methyl viologen) S 4| 2] 3f
FQ& ul, PRI, PR2, PR5E 4| &3t APX(ascorbate peroxidase)
e} SOD(CuH/Zn2+ superoxide dismutase)®] & © 2 AbEA
Ef Aok A7 & Fofgho] T2 QI Th(Srinivasan et
al. 2009). o] Aol A= A A ROS o E = FAksHA| o] &4
o] S A= AUAT, NPRIO] AFSFAE g A0 & 7]5
= o= AlAFSEAL Qloh A A=, npri-5 E Ao A &E 0] of
AP ET ARG AEY Ao B 1S RS AP S K
& t}(Jayakannan et al. 2015).

A315EH 0.2 NPRI Ghal g o] ALsieel 2 o] SojA
Tr(thioredoxin) & 53] AF3-3-¢lo] T}2 NPR12] 727} &
eha e 2 el gl uhi(Fig. 1), QWA 02 A £ 0] At
shetd AHE HojF= A QA marker) &} 22 oSS
5= ZFE} 2 -2(Glutathione)-2 NPR1-S tj 7| 2 3t AE )
2RO T A= vlvettt. S ulE7) =, Han et al.
2013)2 glutathione©] SA A1 & o] loj A AlE U H,0,
SES 0] SA| A TGS B4 A 7] 1), o] = NPRI
b7 2R oh S NPRITHE S A BT nE
t} a2 B 115} oF NO(Nitric Oxide) TE3F A 32 U] Q8

Ad EA=, AE W3 slojA Fa3t 7%
b A& 2 g2 A QAR o] of e g 24 7] Ao
NBHY A2t ok Weksh otk A, No:
glutathione &] AF3}et Y-S vl glutathioned] 5= & =0|+=
g, o] 7 of 4] glutathione©] SA %2 7} NPR1] o] 7k {7
AR rd of] Jofe Erhe A4 47t 2 AL E 9l th(Kovacs et
al. 2015). T3k, NO donor 2] GSNO(S-nitroglutathione)7} NPR1
dHAS dow HFA7l=d BaFHKovacs et al.
2015). ©]+=SA 9] =24 0 & Y3} X NOL} glutathione A}o] ]

Z4of Qlo] A NPRIo] T3k w74 &<
rhe A& 9Ju|ehe) Han et al(2013)9] Aol A =745t
H} Q)= glutathione &] HH-8-0] NPR1Z w7} 2 3+ 7 2= NO
of eJ3k 7)1 4of elgt A +E UL F 29 B 4 Atk

Of

—~

Lot 1 O o
ik o0 ofn
fop St pok
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oM,

F34 2EG A (Heavy Metal stress)

7F=5(Cd), &5 1]E(Al), 7-2](Cu), d(Fe) 52t &
S5 o] A9 AR B40.2 2Hgalo] o £t 4]
O AR e, Bk ofy 2, AHE o] it @ ke v A
= @ 40|t} (DalCorso et al. 2014; Anjum et al. 2015). SA #| 2]
= o] e} Gfjof] F2|(Cu) FAd o AFA & Fr=etthe o
F£ A] A0 2 (Strobel and Kuc, 1995), B, 424>, 2, K 2] 9]

1

(Pb)o] Uk 7FEF(Cd) =/ ol SA A 2] = &9 FHAES}F Al &

Soll, Almut &S A A AHEY AFA
1 317} 9l th(Chen et al. 2007; Krantev et al. 2008;
013; Drazic and Mihailovic, 2005). o] 2 %, SA+=
Hd& ol 7191 #uk oby 2}, H(Fe)
(Arachis hypogaea) 2] & <] o] ui3}& A¢
Bl th= B 3 (Kong et al. 2014)2] W&
FEESSWNR S ASTHG S F
& Sl
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AY 2 ofA HArE vt glok ok, o Fu]w(Al)of of 5
A mpri-1 EQ®o] AEo] AYEE Hil=d, o=
NPR1 theff 2 of] o) sf| 24 &)= 3FAFSHA| &f Z/d o o]zt A
0 2 o]38|5}aL ¢l th(Zhang et al. 2014).

22

=
=
A B4 20 e Sh o

A ) ASFER 29 Thul A
), NPR1S 20 t 3491 £hul 9l 10| ch(Sapoel et
al. 2003; Koornneef et al. 2008). A A A3} & &9 (redox
status)o]] @2 NPR1 7] 5AA %7} AP 9l NPR12
redox status+= glutathione levelZ} T o] o] o] 59 A3}
(GSSG), 2 (GSH)E HF A e 2 §A] 3} 1L )t} Moucetal.
(2003)2] X 31o] ©J3} 15:12] GSH/GSSG 2] H]-&-2 NPR1
< RS FASHAY, ojHY W2 HlEQl 7.5:12
monomeric form @] A3tE e 2 A3HA] 7Ith 3R 9k o]
o A5} 5HA L 2 Apol = Br e F AR, o] 2F 1% NPRI 9
T2 7152 21 Age] thet A+t wn| st o] 28t
%, SA A3} Abokgklof| A gE NPRI Tl 2] o] L% 9]
o|gfje} o] X2 E 53 NPRI T2 o] A% 9l o3},
Z1Ejar oA o] m A= A shA, AEsHA 9l FaFo o 4
A= YE H d+t7F 2 sttt

HE0], ShAl E4E W80l ALt o] SA7} Bl E8H4] &
Ef Ao n A= G Atshe B oA ol HRTH
NPRI G2 28] 7] 5 AE7F Al ZFo] B o] XA & Holal §)
o o] %, A E Y Bl =T AE Y A EE GlofA], SA/
NPR19] &jgo] AHE5HA 2 3 of wf 2= 578 4 QA (positive)
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Table 1 The Biological Function of NPR1 and NPR1 homologs

AINPRI(+) Delaney et al. 1995; Glazebrook et al. 1996;
Shah et al. 1997
OsNPR1(+) Chern et al. 2001; Chern et al. 2005; Yuan et al. 2007
Biotic stress GmNPRI1-1(+) Sandhu et al. 2009
(pathogen resistance) GmNPR1-2(+) Sandhu et al. 2009
pathog GhNPR1(+) Zhong et al. 2015
MhNPR1(+) Zhang et al. 2012
NPR3(-) Shi et al. 2013
NPR4(-) Shi et al. 2013
salt AtNPRI1(+) Jayakannan et al. 2015
MhNPR1(+) Zhang et al. 2014
AINPRI1(-) Quilis et al. 2008
osmotic pressure [ MhNPRI1(+) Zhang et al. 2014
AtNPRI1(+) Cecchini et al. 2011
Abiotic drought
stress high temperature | AtNPRI(+) Clarke et al. 2004; Divi et al. 2010
low temperature AtNPR1(+) Scott et al. 2004
oxidation AtNPR1(+) Han et al. 2013; Jayakannan et al. 2015; Srinivasan et al.
2009
heavy metal (Al) | AENPRI(-) Zhang et al. 2014

+, positive response, -; negative response, Al; Aluminum, At; Arabidopsis thaliana, Os; Oryzae sativa, Gm; Glycine max, Gh; Gladiolus

hybridus, Mh; Malus hupehensis

PO T 2 2P Anegative) FFO 2 AL
o} 9k of U 2 ¥ 9} off 7] o NPR19] Abef| A & A=A 7F
o Bt BAMEEA 75 At BA 2 o) 5
o] et = Bl =54 AE g A vk3-o) AE5H4] 7]
el Hol7| = gttt ZE oAl AGE of 7] o B oA
S| NPRI1 ©]&]of Al Malus hupehensis) 2] NPR1 (MhNPR1)E &
o A&l A ZlS o ob 8§ Hoh 3 A A g Tl A=A
7F LI AR AEH A0 AP FHAAE B gol
AAAE B oh ek AFAL e BAEE 29
CH(Zhang et al. 2012; 2014). off 7| &of] -G HAAE v of 2HE A
%1 0] ZH(heterologous) L& of] A] NPR1 Thull 2] o] v] S5}
A= o3 2l Eo] I2E W, MhNPR1 2] Hrafj of A 2]
S L2 o] FH A A A o A= e AEH A
Hhg-o ARt ofy 2t v 584 AE E A WO A =
A3 £ & 3 o] T E| QI th(Zhang etal. 2014). 0] &= W] A &8}
A AE g A Rh3-o] SALE ¥hE o] §lthal 5} E 2k, NPR1 2]
W 5o tishol, ZLe] ALNPRI -7 2H9] 78 A 9l A
o] o] 37} B 8 8l th= A& AlAFRITE #5F of Y 2f, NPR12]
715 dtoll 9lol A SAZENPR1 2] 49Tk o] A5 2} 5}
2t SA7}F-H- U SHA NPR1 9] 7] 5ol FaFE vl 2| = A7}
ob]7] wsef, 92 = NPRI S11}e] Q1 hut s} b ooy
o 7 20 7S A Zhel Hotoprt gt o] of 2 2] {9
A AT el fiolet @Al e, o Y53 NPRIZ}
NPR1 homologZof| #&A S A =5H4], v Ee+H4 AEH A
HE-3-& 4 2] o 1ot TH(Table 1). thaF3t Abel] A5 &df

ot

AINPR1O] B BT 2 Ed) 2 Wb AP A 0= B
of i Flo] YFE I 9O WE NPRIS) B AE
Yoo AT ABAY, GO wYETY AEY A
NFGOl A NPR1S] 7] %52 3] o] e AAS 1 A0
2 7 gk

AL At
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