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Research Advances of Plant Hypersensitive Induced Reaction Protein
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('College of Biological Sciences and Technology, Beijing Forestry University, Beijing 100083, China; *National Engineering
Laboratory for Tree Breeding, Beijing Forestry University, Beijing 100083, China;*Key Laboratory of Genetics and Breeding in
Forest Trees and Ornamental Plants, Ministry of Education, Beijing Forestry University, Beijing 100083, China)

Abstract Plants have evolved a complex immune system which helps them cope with pathogen attacks.
The hypersensitive reaction is one of the various defense mechanisms which is characterized by a rapid cell death at
the point of pathogen ingress, hence restricting the spread of the invading pathogens from the infection sites. Hyper-
sensitive induced reaction proteins are a group of proteins involved in hypersensitive reaction, playing an important
role in plant immunity. Hypersensitive induced reaction proteins contain highly conserved SPFH domain, which is
thought to be related to the formation of membrane microdomains. In recent years, studies have shown that hyper-
sensitive induced reaction proteins play an important role in regulation of anthocyanin biosynthesis and participate
in ion transportation as well as abiotic stress resistance. The review discribes the research history, structural features
and cellular locations, and biological functions of hypersensitive induced reaction proteins, and propose the future
research directions.
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PRI T s NI 55 AR A0 0 iR B P AR O, FEAE
VB S N HR R R )4 AL

T B 75 5 ) B (hypersensitive induced re-
action, HIR)E 12— 5 R B0 s B AH G (1) 2
1, 125 1 2 B AT T 4 M o e, e ik JCN- i P
B 1 1 B2 35T i SPEH (stomatin, prohibitin, flotillin
and HIK/C)Z5 f 3k, & 42 TILAE X, A B T I
X HIE R, SF NP EEN, MY HIRsS 5 )
R NI R AE I E N, LR AR RAEDA R
SRR S, AR 7 HIRSHIBT T 0 s, S5 M0
MR AYEDRE, DA ) I B
S ANAE S NN

1 HIRERRMEASE
20004F , NADIMPALLIZ ¥I7E £ oK (Zea mays)

ORI T 3ANET AL R A, 5 B (Nicotiana
tabacum) Fy Hh ik R 51 B KBS M NGT
cDNAJT F1 i & [R5 171, DR] ol a3k 1 356 Rl 42 Sy iok
Bk S N R AR . 20034F, K (Hordeum
vulgare) 53 BSAR 3 | 405 R K HIRsH: R 51 B[R] IR
(I HIRFER . T KAK 2 Hp HIRs#E HRIG A R FE Hh %
ik B, BN S5 1E AR BET: LA R U N AR
K, 20044F, 11 2 RHE A 1 BKAR (Lotus japoni-
cus)For BT IASE /N S R IR I SRR, 1%
BN gm0 5 il B T )OS SIARA,
BN AT g5 /N kK B I R R I T A
KO, 20074F, J I XS FIBHUR FE R Xa2 1 B 7K R 277
YT R R B R A b, e s R
RN FIFREEE, KB T OsHIR1E A, iZEAEA
PIFRAS RIS LR, & SN AT BRI BEIR LA R, 3R
W AR BT S S A v, T RER AR T iR Ak Bl
A EEME I, 4, JUNGAHTHWANG! i i)
BESURAS ik, %55 T B (Capsicum annuum)it
Brki% S ROV R F CaHIR], ZE A 5 E S =5
% % & 5 %] (leucine-rich repeat, LRR)f{ 2 FHCaLRR1
(1) LRREG A AH BLAE ), H 3 6 2k ] DA 3 M
FHUFE I MIAET, K B CaHIR 155 [ /2 28 HR4H 4
TR AR . BEJS R FER ], CaHIR1AEME 1Y
SERALA T TR T T A B T A AL EUR AL R P syrin-
gae pv. tomato (Pst) DC3000(1) 414, Hid F iA1=
TN T E i AT B AU I SR U2 2008F1 2013
), R BN ININEE (Triticum aestivum)#

Fr 2y T TaHIRI  TaHIR3 . TaHIR2 AN TaHIR4FR: A,
O3 A5 K3 (14 HVHIR/E cDNA R Z S /K
AR m I REE 119, 20104F, R4 AE YIRS
I¥ (Arabidopsis thaliana) 70 55 2] 1 HIRFE K 5%
(R 8 D3 070, 32 SR ol 7 A R B 4 ) B ) FEE A
X gz, W LME NI AR I B A, 20154F, B
XAV B IR T K (Glycine max) Pyt B 75
FI N EER, 2K HAb YA HIR S
B B AR, R S HIRER I AR A K
R 25 B R =25 9 1) Tty LA B 19200, 20174F
TG, R e BE R AE R (Malus domesticas)
oh % e tH HIRFER, Ik BLSLAE A= W 3 it 1 DA &
WHREVGRPYRIEEZER . E1PRN
ANFEFEY) HIRER H 34 #r, R HAEE )
ZAFE

2 HIREBMEWHFR S5ENM

HIREE [ N-Uify & A — A~ s JE AR 57 1) SPFHES 14
Ik, SPFHZS #4354 #x yPHB(prohibitin homology)4h
¥ B Band 7454038, B SPRHES 3811 & 1 Kk
TERIZAED) . EARZAEY Y 2 A7 1E . L4
farf, SPFHZS #4381 &5 (16435 : prohibitin. flotillin.
stomatin. stomatinZ$%5 [ (stomatin-like protein, SLP)+
podocinfll erlin% P23, 53R : 'E & SPFHEE #)15,
(2R e T RS e . SRR, R
PR SRR LA K N o P A5 S R 21240, %K
TG A RS T RS AR, AT DU IR A R A B
JE B,

TEYISPFH S 1% 1 prohibitin, flotillin, stoma-
tinflerlinZ 4b, L ELFEEPTRA FHIRE H . 45
Lk, K&, KRE. Bk, DEUKLKERHIRE
AN, 30 T 21 N- A e Ik A 6 st DA % 1% i
PSR PRI 120200 o UL R I AtHIR AR [ f) 45 4 T5L 00
AR P IR LA IR AE AR, (R TINE] T N-A &5
LA A B8RRI AL AL 21 B2, Ak, Bk AtHIR3
24k, AtHIR1. AtHIR2FIAtHIR4A S FL A5 %4 il 12 e 45
4 (coiled-coil), ZZE PN A2 AHIR S HAhEE A
FE 54 1 X3

VA A A 75 T, HIRER (4 8 e o T, />
BoE TN BRI, M A A . EF W
WEFE R I, $UFFIF AtHIR 1. AtHIR2ATAtHIR4 - 5 &
BETE T EAH 43 T, T ACHIR3TE P R 43 o g 6
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At: LFFF; Zm: oK Bo: H W Ca: Bl Ta: /N ; Hyv: KFF; Os: /KAE; Md: 3259 Ne: K@i s; Rs: & b Cs: #5JI; Na: JH#5 .

At: Arabidopsis thaliana; Zm: Zea mays; Bo: Brassica oleracea; Ca: Capsicum annuum; Ta: Triticum aestivum; Hv: Hordeum vulgare; Os: Oryza

sativa; Md: Malus domesticas; Nc: Thlaspi caerulescens; Rs: Raphanus sativus; Cs: Cucumis sativus; Na: Nicotiana attenuate.
E1 FREEMHIREBREL S
Fig.1 Evolutionary analysis of HIR proteins in different plants

FEEN TR E Y, /N TaHIR 1 F1 TaHIR3 &
AL IS, TaHIR2 U 5E A7 A py U2, 3R, Md-
HIRAE e AL RN b, A He S e A% Bk
W CaHIR 118k SPFHSS #4385 A7 45 Bl |-, /b e
KT P AAREY, 7KAREOsHIR1 2 A TR i, /b &
SERL TR RS, HIR B (AE IR X h KA,
O IAE AR, SR - AtHIR 1. AtHIR2. AtHIR3
AT AtHIRA H & 5 TR AL IX B, 24 B F K - B-
IR (methyl-B-cyclodextrin, MBCD)J 12 [l B A
WA G , AHIRIMKIRAFEAE T P12 35 7 (detergent-
resistant membranes, DRM)ZH 437162, babh, 783
B, /K% OsHIR1. OsHIR3A1OsHIRSH A 776 T
JF EDRMP,

3 HIREHHIIHAEE

HIR & I FEAEY) 028 SN A 40 P P A T e+
CERNAEM AR & FiieS AN R K
HEEMEH. RUVEY O % 2 FHIRE H
FER S HThRe
3.1 HIREAS5EYMRERRN

FEYILE S0 SR A 3L R R R, TR T

WE RN RS, Rl &k %9% (pattern-triggered
immunity, PTT) 8 F1 258 il & () % 7% (effector-
triggered immunity, ETI)[ M. ETUR RS2 B A HRIdE A
SEZIPURIS AR, & E RIS S ), SR G
EASE A R P RSB T, AT B A9 R AR P e A
FEOY, BT, 7R R AR B e S R
o, AR ) HIRYS 2 i G RIA B8, N7 3 2%
BWRYE, 4N TaHIRFEF B FRIA Fit-1o 745
FEH, AN AtHIR, R AtHIR4Z Ab, 352 3| Pto DC3000
FGH T $E R 85 A% /NI (flagelin 22, FIg22)11i% &
FIKBY, IKFELEIRG A A 5 , OsHIRIFE R Rk
AU PR, TR A B R, #RE S T HIREE
[ IAI265],

HIRE HZ S5HEWN R RN . THaEm.:
ik AtHIR 1 AT AtHIR2, ¥ 0] L3 58 $0L B 7 % Pro
DC3000/HL 1, T 1E Athir2 1 Athir3 5838 Mk
ok FE R RPS24y S ETIUR B IR G BV 245 17 e
/NFE TaHIRI AN TaHIR3SE DK TR FI AR , ZINZ2 I 3R
SETAR IR /)N, AH DG 1 485 PR K S 2448, 2% BH TaHIR 1
F TaHIR 3383 75 5 Jok B0 S AT 15 7 A AH G ]
Z: 5 /NP W I S ISP, AU R I e
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xR1 EBEYPELLEEMNHIRERE R HEINEE
Table 1 HIR genes identified in plants and their fuctions

= HHEM ke 27 R
Gene Protein localization Function References
ZmHIR3 — Involved in defense response [6]
CaHIRI Mainly localized in the plasma membrane, Involved in K" efflux and resistance to P. syringae pv. [11-12,30,34]
enriched in the membrane microdomains, tomato (Pst) DC3000
and localized to endosome
TaHIR1 Plasma membrane Involved in resistance to stripe rust and abiotic stress [13,29]
OsHIRI Mainly located in the plasma membrane, a Involved in resistance to P. syringae pv. tomato (Pto) — [26]
few located in the tonoplast DC3000
AtHIR1 Mainly located in the plasma membrane, Involved in formation of membrane raft microdo- [18,28,31]
enriched in the membrane microdomains, mains, participated in the formation of RPS2 complex
and a few located in the tonoplast and resistance to P, syringae pv. tomato (Pto) DC3000
AtHIR2 Located in plasma membrane and tonoplast,  Involved in the formation of RPS2 complex and [28,31,35]
enriched in membrane microdomains RPS2-mediated ETI response, and resistance to P.
syringae pv. tomato (Pto) DC3000
AtHIR3 Mainly located in the tonoplast Involved in the ETI response mediated by RPS2 and [28,31,36]
absorption of calcium
TaHIR3 Plasma membrane Involved in resistance to stripe rust and abiotic stress [29]
TaHIR4 — Involved in the HR response caused by wheat leaf rust  [16]
fungus
AtHIR4 Located in plasma membrane and tonoplast,  Involved in the formation of membrane raft [28,35]
enriched in membrane microdomains microdomains
MdHIR4 Located in the plasma membrane and cell Enhanced biotic stress resistance by participating in [4-5]
nucleus the JA signaling pathway; involved in resistance to
P, syringae pv. tomato (Pst) DC3000, reduced apple
resistance to Botryosphaeria dothidea; inhibit antho-
cyanin synthesis
NbHIR3 Mainly located in the plasma membrane, a Involved in resistance to rice stripe virus and P, [37]
few located at the nuclear membrane syringae pv. tomato (Pst) DC3000
OsHIR3 — Involved in plant basal resistance via an EDS/ and SA  [37]

dependent pathways

FIE CaHIR 1A OsHIR T, 7= A S0k s o7 9 A%
[ B 5 5 7 A A DG BE PR (1 3R, 398 T R IR0 T
S A PP,
HIREARY S E 5 RAREZFHIEN
K 01 (leucine-rich repeat superfamily, LRR)%:
4, S 5EYBIERN . BFREN, KiEOsHIR1E
OsLRRIMHHAEH , Hit 1A OsLRR1§ OsHIR 13
ik R, R HE OsHIR TZE B M [ 5 A, AT SR 25 53 1E
995 JER B N AR I, T ke A S e I, R A R T 1
A 3 10 1 SR A A % Pst DC3000HIHT 1 20, 7E Bk
o R 5  FAN S DL R % SLPTTE S8 I IE
B CaHIR15 CaLRRIEAE, [, CaLRR1 1)KL
AT LB 18 CaHIR1[J3RIE . AR, 7EF R IF IR LA
Je B g 2634 CaLRR1, ¥4 7 CaHIR 135 S 1)

YA TS RAFHIR 5 LRRA EAE 2 54
WG I L, SRTTAEAS R0 (4 F J7 A AE 22
Sto M%) NDLRR1S HIR1ZS S, 3 2= 5 0%
B TLCYnV4uig i C45E H R 5 HIRIAMH BAEH, 1
#ENbLRR 15 HIR1{)454 . NbLRRIEHE HIR 1 (1] [%
fife, 76— EFEEE LA T HIR1A S B HR N, AT
IR BRI TS A IR, Ak, FERL R TR,
AtHIR I FIAtHIR2#S 7] L 5 NB-LRR & [IRPS2TE i &
A, Hodr AtHIR 15 RPS2E R &2 A4 E B T
JIER S B AMIX N o RPS2A S ETL M Y, AtHIR 2K
1A BEFH SERPS 2 A RS X, 34 S A ) e P28 I

HIRZ 5 EE S IR RN g . %
HIR E [ 38 2 3 a5 s S, 18 5 A 4 0] 9 Ji oA 1)
PUrE, SR, 763 ek i A b, $MdHIR4
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)2k 58 7SN T KB E P P ERF
1% (jasmonic acid, JA)E 5 #EEH , JASZ AR AR H]
=, W2 ARE Gl 5 JAZ(jasmonate ZIM-
domain)iE L5 &, % SIAZBHIBYI I FE AR, TGS
Z PSR T, WS JARE DGR B R U1, HE AL
F W] MdHIR4 5 MAJAZ24H EAEFH , MdHIR4iE L 5
JAZE AR AR IAZEA, TIAZE AR KR
{H 5B AEMIHIE T, Fk, MdHIR4EL 5 JAG S
FRER TG, 25 R a2, 7K
IR (salicylic acid, SA)E AAE Y G5 S i B 21
B9 0T, TEREYHGIN I B B FE o E )
ER . WHLER M, HIR®E A SKMIRE 5 B A %
TaHIRIFN TaHIR3WIUTER, BEAK 110 B2 SA I FEAH ¢
F AR ) 205 ), NbHIR3sITER FE AR R 1 SA
KPR, SAE S BAM R FRE TN, ERE
OsHIR3MM/KFEH , SAFL R, SAME T I8 EE N ik
ik. NbHIR3.2883# OsHIR3(F)it ik 4y B 38 55 1 1A
K RGNS T Pst DC3000F 7K FE 3 5 B R o i)
3.2 HIREREHEREINCER, 85HAKRE
R AR

ST S E 400 B 11 2% 300 2 o i sh R Py i S AN T
R ) A €0, AR A M AP, U 4 L P A
R, 251G BB UK R EIE . R
TP S 7 B0 e A0 I B 1 1 o A 7 S 25 A 3, i
R E H FRA 2 A SR T A xS, B
FROABEAEE U4, 20 g o 22 A 38 A A s o2 R AR X
R, AT B A R AR AN
1218 RN R A ) IS 1) % iS5 SPFH &5 4 4k
FYIOE, S R SR B - & SPFHZE 1Y
W) A4 E TR RS0, HLAE &S LS F )
GRNE SR

HIRE H YA 10— K B4 SPFHES 445
(KR, YIEFEA (Allium cepa)F Bz b S5 #e 1k
BRBN CaHIR 12 B, HAE IR 2 I SO0, 1%y
A REAE 2 B A X A 1 (1) SR S 6 RO B0 AR
1B PO L B A R OB RN O] A A B A P R
PN AU R T U E A7 UL R TF AtHIR WL K
B, AtHIR 1/E G S b AN TR0 A7, 3R HH i 28 g
FERRIC B I/ A REAE , v DUE N AT X AR i
U8, DANEKZ: PR 9T &K B, AtHIR1. AtHIR2A
AtHIRATE U FE T+ AR 32 5z 41 o 1) o b T8 s B A
— RAIA—MBERIX 58 . Bhak, A A0

S, TOLRE I A 4 2R A R T A X R AE AE AtHIR 1/
AtHIR2F1 AtHIRA4MOT, 22 i P[] f 41k 452 771 Ak 2
AtHIRIKAR A T DRM A B2, 2¢ | HIRE [ £ %
SENLT A FUIX, W LA N IR AE X bR id 2

[ FoAth B G SPFHZS M3 (1) 85 1 —#F , HIRZE
EA] DLAE AR A TR B R Bl S R 58 B Ak . W TR
P, AL T A B SR I8 AtHIR 1. AtHIR2
AT AtHIRAR | 3X 3/ 8 [ Al LU sl & faoe Pt
+ B FBREL BN (sodium dodecyl sulfate, SDS). 2-
S LA TE R B AR A R T AR A
JEE 4 N S 5RO e, S 40 e I e 3 R 8 i
AtHIR1-GFPEE H , H OGR4 ] AL &t 54
FRIEIE, X796 650 B 1B R 2 ) 98 Y6V 1 Hh 28, R B
i E AtHIR /AR AR, Bk, =Bk, PIERAK
PAK HRAOIRZS , W] AtHIR 1ZE 44 A 77 7E A 35 3R
PRUST Ziam i AR A R 3R B A SPRHES F3 T
I N-o 7K X 5 IR IE P2, T2 R A1k
Frah G A, T Rl — S [ BB = & X
FHEHAE . P, SPFHE AW LIEES SR
TR, BEI A 2 A 22 R A T R A 2 170
T HIR E 1 B8 DA SE SR AR I 0 X A T A X
TR MR FE T DU HIR 7y T REE— T, ATHES
5 M R ) S 4, BT HIRER (431 1026 il i
JiE X 3 4 A oA i 1, TEBRASHRIX A U R
FEEZ DR,
3.3 HIREBS5ETRETZENEIERK

T oAt — K IZAE T = S R 2R A b
FAEY), CEEYR e AN BRI R,
MERH MO, Ak, ERN—FR AR
Y, el =AM T HEDAEIRR . S6E . IR R
RYEEA YRR A E ¥, T8 KAV A
— R G5 ) 5 DR G B 1) Il R A 0 R, X 4 A B A
221k, % FHMYB. bHLH(basic helix-loop-helix)
A WD40iX 3254 5 [K 741 % s MBW(MYB-bHLH-
WD40)E &K, JAZE AL KFRE SR
AR, CARPF RV T IAZER S
HHERGREZE SR MBWH ) — ke LD 145
G, ks T H SR AT = A P,

CHENE VI o 9 B S FE i a8 R I, 3 R HIR
FE R MAHIR2 5 MAJAZ2 B AE | B RERUZR AL S5
KILMAHIR2 5 MdAJAZ1. MdJAZ2VL K MdJAZ4H.
fE, TIMdHIR4 5MAJAZ1-7¥) HAE. 83t —5 KwF 5%
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F B, MAHIREE [ BE % 5MAJAZ245 &, 5% TJAZ
EAEMFE M, A KIMAIAZ2 5MBWE &4 4
MdAbHLH3 M &5 & . Ui BRMdHIRYJ5, % F HMd-
JAZ2(MFa i RIS, TR T JAZX AL 2 6 )
s E A RMBWIRHNS, S8 T AET R A Rk
BRIk 2k THeH = BA . BKlth, MAHIR44T
R e T RAR, MR BLEFRNER
AR o OEER . dhah, SR TF ok
T AtHIRs 5AUAZsH H ) HAEBL S, Ui BFTHIRX T
JAZI ISR A v] Re e AR AR AE .
34 HIREBE25EFH#iE

T O N R v, AR IR AR 4 3 8 R
I H O ) 2 A A R B T IR AR AR R . A
YIHIR & E FICA iy fi I B A B iR 4514, 7T RES 5
WA PR T E S, BB TR T AN R A A s R A
BIREEMNHET, 25T S FRE. BEARMN
FEEAR Ak I N o BB BPE 75 S I B B (4 CaHIR 1)
SN AR AT 5 5 R RO R T A At T, f R T
CaHIRIFERI S ik, 25 3K AE 40 i i TR
A, 2 AR Y KR B PR PRI, S B AR T
PEFETII,

AR, Ca® M A K LB & T, R A
KRR R IEREE/EH . 8 SFHIR3 K T-DNA
3 N\ 4l SRR BT A2 RUAE PR AE AN [R] Ca? 2 4 N AR
KN B 2T B 2 2 5, RHHIR3 W] fe S 545
BT IR S F2, H A0 2 5 4 B BRI, AT e
BEE— P AR 7R
3.5 HIREBWEMIER

HIREE [ bk 2 5% AV b id 4b, KRk
JEA Py e 2 A SR B S B W, TaHIRIAN
TaHIR31E 3 BB FI A RIR . T 5 DA = 2R )
B LR Rk 2 PR, /KRS OsHIRI{E £h e R
RIBFEWRT =B, sk, i FRikCaHIR e T+
RAAEKTH, W T AT 55 R MBiEha g
RPN, RHIRE AW et 2S5 T AEAE
Yilhia N2, K25 RE W7 AEA Y A B
NGB

4 RBE

SO 5 5 2 11 R R AR T — 25 R
H SPFHZ M0 (1, 25 7 % A0 1 30 15
SRR, R R K R T RIS RN R R A %

FHER . TR B 55 5 I N R E B AT,
AR T B FAT S G 3 A L S5 R R Th e, U Bh
THRATRHE g AT Pl s B . AN+
RILH) — Rk B E, Bk 3 B 8 E
AR 2 M 5 (AR R 9, M HIRKE R 7E
I3 BRI AR R R AR B AN S 43T HIRZ HJA
FISALE T W5 1 G 5 B2 B AH D2 3 A1 75 2 e b
B ETHIRAH BAE & AR %€ 5 0 fr oA B T3k
AT HIRER E DI RE IR N PR .

AN, VRN EEE bR IC 8 A, AT X 2 ] i 5
B S N X, I AHIRZ 7 5 8 544 HAF 4
g — DRI . BRI IX 2 e oA e (1) X 42, HIR
1) 1A 2 75 5 M 240 o o JBE () A5 I 2, A e A Bh T
B YL RLEAT BN . BRHIRA, A5 40 40 i v IS 77 1E
HAR AR i 8, AR B i 8 E T8 R BT
X e &5 ES, HAH B RUTHAa Tt — 21
WL 7340, HIRE H A A B AL s (A7 AL,
X EEAB AL SO T HIRE 6 FE A X R 2 23 J
€L 5 DRI R M M A 78 3. AR AE A A BIHREK,
b & 5 AE YIHIR AR (1 H IR N TS, 5 54 b o] e
YEFRIALEL, IR FHHIR & A S E MY A 58 4E
LUERER T T SN
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