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e wREFERTPCOEMNEFMEM EAEZNEN. HUF, HhF, £BF 2T HARENF
PR B K DL B oh A 20 0 3R 4 B P AT ME AT R APCD Y S 2 T R A3 20 1F 1, B a8 48 x By PCD Y 4 % 75 A B ok
WA M. LSMWPCDHE R T HURHFEIMBH A E, ZH T HE4, BLFEE v F R RAE
WENX. #ETPCOMER T EAINFTEABENANE: (1) ZEGMEEKRKRAR; () FHEETIRE
A (D) A BT R A, AU E E 456 LB P ey PCD & 7 By b1 7 3% K 48 3 2 T Mhag 4 o T AL A PCDAR 5 i & .

Ketin

40 0 F2 7 EFE T (programmed cell death, PCD)J2&
AR T AR I 2 B0 B B A ) —FR AL X
FOAILT L REAE A HEE AT PURE SR B RO
ARG R, SCRE T A Fh 0T 9% VR R AE 2o R 4 AR
FIHLIR, i85 Z B Ak Y RN EE AR Y b 0 I 4 0 45 AT
JITSGHR, PRI SR > A ) a5t A% 2 RN AR A AR A 5T Y
O RZ —. TSRSk, S THEY PCDI W9 s
TR, BN AMEE N Z 7 X PCDIL A 1)
Yo | R T L SRR R B A AR R TS,
e 5 H 1 2 R 3 i A IR 7 B 4 5 S ML E 9 I

HIYPCDY% A I, Van Doorn%F A& i )80
TPCDAYME T JLAE BB A R 8, I A28 1k A
K A R P 1 K B 22 Bk 4 S A T PCD YY)
e, PRt R R L . T Y R . W
WA AR R WA, DL R VR i SR K
i S VR T T 1 S IO R B 40 N A
YEF®E 2. e LB T I XF Metacaspase(Z 2 it K
A WP R ) B 2R GEvEIE 5 S PCD Y AR IR B {3
TR, ﬁﬁ?ﬂfﬁ%mmbid()psm thaliana) Pt %

FF, EF¥MARAE, DNA F B, RRBEREK, B%, EEER

Hi. Metacaspase /2 3149 41 g H 114 2 Bt K A< il (Caspase)
FIZRAY, TE S 3220 3 R o AL 25 4 - By
S PES JE A Tsiatsiani % AP BF 5T 2 W, Meta-
caspase fEAR 21 & B /& & 4= PCD T AL 1y, 4l
4 JT ) Metacaspase- 1 Fl1 2(AtMC1-2) 43 51 472 12 1 41 5]
PCD, W# MR BUERY, 7e 3R 50 A5 i 78
FRLHEZE LT 40 B £ 7= (pyroptosis*), 2 41 il PCD
) —Fh, JSES WA AT B4 R 2 — By
[) caspase-1Flcaspase-12. It 4} Metacaspaseid & 4l Jifd
FET R 45 W 46 b 1Y SC R R, X 40 ML R AR T B R
B R 2R3 T P R MY, fldn, AMCE K
K BUA PR A VR Y.

SR, XTHEYIPCD, MHiR 25 IR A 4
. Flan, ACHEY ARG T, A IR E
41l B 3K 3L (necrosis) A1 9E 2 /5 4 4H Al 5E 7= (non-pro-
grammed cell death)JHES, 1 1E A A IRAE Y PCD X}
Y B AL ORGP FOR A EEMME. Rk, A
ZEIR B A T A Y PCDAE E X A 8 AR A 1)
W VR, B 78 M AH Y PCD B i vE B A0 %8 %8 1L
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Y, A 2 WG b S R 7 b g A B IROR AT S A
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1 HIPPCDI) % B H AL Mk

FE Y PCD Y BIF 52 0 i, 5 J31) 2 %o L 4 R AL 2
FIBFSE, ELFE RN A8 PR IR T s dn e, (B
HRAR], HrpJEEPCDRYJE R & A PR 5 H 1] 35
I FHE Y PCD %5 8 W A 25 1 R AR KRR B AR i
(¥ J2: 2 ¥ 41 L PCDHEE (19 -1 7). PCD7E 19644
Lockshin7E sl ¥ RN A, M “J8 1= (apoptosis)—
i), i Kerr®F ANPIFE19724R 42 . Clarke!"*F 199045
W PCD4 M 325, P81, HWEAISET (autophagic
cell death) F={E % B4 M 2 0 73 f# (non-lysosomal ve-
siculate degradation), iX 2 IEH U AY4T2E, MM 4
PR R %, MR 20 ik = RMRwmE
I IRBEIFERR R = R4 str-

“ZR AL T2 (apoptosis-like) ik — fif I 7EAH ) 7 o
A2 Al DL R AR A Y PCD H A7 76 %5 DNA F Bt
fk.(DNA laddering), 251l T 3fi ¥ 4 jfd rf — Fp 9L 42
Caspase-3¥ DNA ) #| iz /IMA ALK BE (9 7 Be, WA
T {7 L 37 2 BRI B 180~200 b 4 45 15 2 B A bR 251
X 7F FE 0 A I 2 b e K W Bk AR R PCD Y A i 1 3
PR, (ELIR R Rl AN MG A A R LB, AN T RE 1R 3
W 4 IR A BE P AR Y T A0 M 2 A B R T N A
(apoptotic body), 1A 1 B I8 T 7= ¥ (1) 7% W 41 g
(phagocyte)'™ F¥y P Wi AN TEAE T, P2l
JHT 3 — R A HEA .

Fiti & A Y PCD I /E AN MLEE I A 98 B A2 IR A,
PCD 1) 3 AR A5 A= 22, i HLAS Wiyt B8 3 )3 28
Tk B R BUR Y & van Doorn % A "MK A ) PCD
43 M3 RIE: WA PCD IR SR PCD (3 ) 41 il 5t
T H X W A9 2 3R Fnecroptosis, {HAE H 41 i o o DL
FHYRA K 5 35 1) v ) 20 (2 1), 30 78 PCDl & e R4
REH A, KN GER A ZRED AT, van
Doorn #= Woltering" 4% ! %% 7 1 72 # fU PCD#% 3 T
S p i A WERIFETS, TR T A AR R TG IE B Y.

PCOEEHMAMMYI AT . Prii g g .
HAE Y % F i 7= L Y PCDJE T A PCD, X FR &
BARIPCD, fWGEIHR . IRFL. FiF . 4E8 R 2 Em
PCD, %K (Zea mays)Fh¥ k& il FEHPCDALFR T
KB AR LKA R0 R R E RIPCDAH L
W N WY PCDECN E 44, JFHZXFPCDFI £
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F1 MR T REIFNRE
Table 1 Cell death types and traits

2 {1 5E Tl ZEREAE
T EA AR
T H W /& (autophagosome) 2, WL L, WL
pcD"® TR B AR Hi(vacuole pro-
KAH TE L B ATk SR 58 cessing  enzyme,
B ORI, sodiius:  VPEE
FRAZ 1) H B
WAL SRR AR B 24 AN AE R NP I B R ORI ATP
pCcD'''®@ WInEZ; AR, AMIER FRE, MRS
A I bR WA R
e ] 25 A QMO HHAE
pPCD®)
R B AT (IS R ST R Rk ), BRI
HT-@ ML 5 AN B T 28 . LA s A8 1 0 28 78 g2
=y
iRt UHE@e@
SN IR ORAOIENY I IOL L HY €3]
PCD

AT 7 2 M SE R (R D).

5 PCDTEME & FXF 7 2 AR R P PR I BT T (L
RS & 1 4 MU BE T (accidental cell death, ACD)!™).
HAESY) b % e WAFTE— @ MERE, W i BT A F
YRR, AMISET A 44 Z5 1 2> (Nomenclature Committee
on Cell Death, NCCD)Xf HoiE CAy: H T4 o (1 4 34
A 2 BRI A5 | B 114 2R 428 %) 1 Bt 240 i 295 4 P 3 A
B4 sE T, NCCDRIH8 1, iy Tl s iy
ML LTI ORI & B, ACDRYTE FEIREZ 46 /)N, HE
Yrh AR AR P AN B SE T R AR ME LSS R, Rh PR
Kranner55 AT $AE A 4 o (32 1) B HTHE ATE = 554
Wy v Sz RS ASE AGI L AR T S BRI AT Y ) g3 ok
F CASOLXF MR BL (Nicotiana benthamiana) & 1% 20 il 19
Qb BRI Ek i () CASOL AL T ACD AR T
I B B A B T PCD A RRAIE, S48 32 BR T4 1 1
INFN, P50 e MR 2 B IR SE A T2, (HX AR L
B PEAE R 4 2 PCDRY 4 LS R,

EFE P PESE T HEe T DL A6 T 4l i g & A=
PCD 114 21 Ji K 114 22 i ok H W, (B i JC B} 2 52 53k B
AR M, R A 8 T 24 S0 o 0 T A AE A TR
ME, DOCREN AR IC Y AT SEE AN AT B HERR . El-
Maarouf-Bouteaus A 21243 T 56 e bRic 46 T- 41 i A
PCD 41 Jifl I % B #E 47 1Ak 55, (B AE S R RE
/N HFET- 4 2 FPCDA M. Minina®F AP 2434 1



iE R

FHPIRN LA EEREFPRICA [ FE T 40 fL 2 50, {H SO 3R
FERL AN LA, TR SR T AN M AR AR E e AR A
SRR HE R AT It WA BT T 20 ) At

JoiR3E R B R P PCDME LSS 78, AR B 4
FET 1) Z B e T X 43, 18 X ik 3a T B PCD
e, KB HPCOMHLE FIFAE SR, &tk
FUR 1 A8 A AL AN TS 20 4 M2 58 52 B3R 40 A
JE R . AR BRI it # I PCDJE K AL
{FURE ) 02 S5 [vi) B BB AR R A TR 5 T 1.

T2 E R e, SEBRAIESE o T RIERE5Y
B, R IP AR A —E R, YN
PR 27 Z28% < 3 # ME (hypersensitive response, HR) L
TSR RLE I NCCDIA S % T 41 38T %
TE I 2 VR DL SR ok 18 22 1) R 5 4 % 3, PCD 3 o
T ELR A T R R (R R 43475 R X 24 i
AR A58 A SE A AR B EE R M (B, T HPCDF %
A T R 95 I £y TG T — 2B A BIF 9, Mgt i A
AW Ak R %) A 7 A I T B A R N FH A
S XTPCDRY Y 7= A B i HE s A

2 HPPCDRIEI 5 3

Y SE MY PCD TG ZERG I, A6 I Ty ¥ 20 M A
T AW 2E 07 B B IR WS FEL Uk K I DNA F Befb, TEA
A5 U H, F B fUBS (electron microscope, EM) W%
YMIRR . SRR FIAZ 254, Az B9 7 vk anAs: )
Caspase i PE il 7 XA = P sz, DL AIB &%
5001 W 2 B 45 A 1 T 2 DA e 0 B R T 4 i
Yt 5F. DNAF BLAL I R AEFf 7 PCDIF 5T Hh AN
Ul: KrannerXf 4% & ALAEY 09 Fh 7Kz T DNA R Btk
{EALAE B & (Pisum sativum) P 20>, A3 W55 0F
FEPIPCD " A Y DNA J B AN S B /AR B ) %
5L, M2 160~180 bpai AL, REE & FKniE
1t ¢ 6 G 45,36 31F PCD 4 BF 5% 2431 s 2 38 1 DNA - Bt
A LAANE 5 R B0 AIE. RIS, 3 3 VR AR 5 X — L AR
() JE 2 P P 20 AR T 09 A 45 A Ak B I AR R
(Nicotiana benthamiana)4iififs, T4 I BSR4 A RIE
(RRAE, E077 4 T DNA K Bedb 2. R el 4 4 op 7=
A DNAF BAAL B 5 108 75 B R R . B AR AE
A0 T Ak R AT 6B A TR A S S Y
PCD A 5 T PE R T 28 Caspase-37F M 2 #h ik A5 2
Caspase- 175 P22, 7 A 130 19 Bl 3 7 A1) G A ), 5
JE A L 8 (A SR CPBAL, T A W i A A

(vacuole processing enzyme, VPE).

5 DNAFELE G T 7= A 96k i (i R EH 245 &
R LB R T e E AR I O vk, SR H Y
PSR AR EE 2 S 3 K38 (1) PCDHR /R 44T,
Hwp d i R J& TUNEL(RG &8 17 R K o % 7% il
(terminal deoxynucleotidyl transferase, TdT)4\ 5 )
dUTP Bt [ 5K ¥ 45 i€ (TdT-mediated dUTP nick-end
labeling, TUNEL)), X DNAWZLJ5 it 3'-OHZh M K s

SEPEEE A T sl & e, (i) FridseT- 4l
MO AR, Dt PR 8 o 20 B T S A R B i
I IIRE AR M SE B, X R R B AR C 45 R L
AT B 45 5 /5 A PCDI YR, (i) LA4',6- k-
2- K FE 5| Ik (4',6-diamidino-2-phenylindole, DAPI) >N
F, RIC R N T A AR X B (B 1(a)), 1HA B
T S M A8 & (B 1(b)). —FPPCDHE /R B8 %F
5 — R bR iC R 5T 5 Qe e S h R UL, e ol 1Y
JE TUNEL/DAPIE Y P37 DL iy g #8511 AL 2, 5
(acridine orange/ethidium bromide, AO/EB) % Jt 8]
I AP A BE B 2¢O bR e 5 I W AR A 45 A, e
TS A R ) S R R G G A AR R R R IR AR (FR
DAPI#5ic )P, 5 PVFDA/TUNEL(PI: propidium io-
dine, fi{kANE; FDA: fluorescein diacetate, —Z,FZ%¢
JB) R REF G5 A PO SR ET Bl LR 2). Hop
Lee #=Chen'**!i# i TUNELUEMA /KRS (Oryza sativa)i
0t R AEAEPCD, il i3 DNA B £k i ik 25 ik B
2% Caspase-31H HEANFEAE, fEYBZAER A B LA
B, JREAEE K25 Caspase-3 7% PEA/E A I T- 1776 1)
4. 25 Caspased P B AR B 48 ] DUAE A 17 20 it o 5K
AT RAL S SR ™, (HAE R H ) PCD 4y 2 1) L 4l
S AEAE T F 5T 1 2 ().

FET- AN AEBE A WA (autophagic body)&k [ /)y
AT Bt BB/ M PCD AR . i 2R EH A
21 0, By, 2% {7 %¢ ) 8 A (red/green fluorescent protein,
RFP/GFP)*#*45 F LysoTracker( — Fll % B 1A /% i
F AT T B P g BE P (monodansylcadaverine,
MDC)™ 4471 i [0 25 (i 3 s 7E T BRSO 1 5
AfE FEAM, J5 W HE S TE TR iC iR S AR
e

L S OB (LT T FR R 58 ) UL ZR 45 4R 02 H T Y
AR E B R TS F Bz —, TR T
SRR 25 A SO 3R A B % T M TUNELFH
PEJ B R PCDAFAE PO B AMA AT LAFE BB
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(b)

B 1 (P2 ROR [E))D APTRR L e ik 48 MUAZ FIAR 0 2 SR A A% ) 7 51 () 1 () 70 00 5 | F SCRR[341F1[35]). () DAPHENHREAR IR PARIC S
MDY, 1B SRR R IE AR AR 0 A, ORI 09 A0 I e B R sl L T 2500k, 8/ 2RI AR (b) DAPIFE 74 4T A
(Lycopersicon esculintum){f% B F 1 & b B hhiic 23 AL, LAESE ()b 22 B A TUNELA AR 12 A9 A0 A2 A7 AE I T HERR IR B . em:
embryo, JI; es: endosperm, JIRFL; sc: seed coat, Fitfz. ASEIY(a)Fl(b)53 I Zi% MU AT #5 Elsevier H it 1 58 A 1) AL ) 2 45474

Figure 1 (Color online) Application of DAPI in marking degraded nuclei and total nuclei). (a) DAPI labbled abnormal nuclei in Tabbaco (Nicotiana
benthamiana) suspension cells®", white arrows indicated degrading nuleus, which is brighter and more vacuolated compared with normal nuclei, yel-
low arrow indicated disassembled nucleus. DAPI labelled nuclei in curled cotyledon stage of tomato (Lycopersicon esculintum)™' to prove the exist-
ence of the non-labelled nuclei in the left image thus eliminate false negative. (a) and (b) were authorized respectively by Elesvier Publisher and Amer-
ican Society of Plant Biologists.

F2 ERPCOBM LR LY
Table 2 Profile of usual fluorescent probe for detecting PCD?

e 2R FRIC B RRAE pric B EB AL SR A A br g uR e EEDTN
STt 2 2

DAPI 2 AP 4l i InS Sus b= [34,35]

TUNEL InS e [19]
PCD 4l i iz

AO InS Sus P [34]

EB o~ Sus w [38]

PI A InS 7 [34]

YiEAItT . 4G
Evans Blue AT Sus e [37]
= JAs
FDA InS Sus w [34,37]

a) InS: In situ, J07, FWHZGEE 8 BT EAFRIC; Sus: suspension, IR, FUHZHEN® T M E 7 T AYF5iE; AO: acridine
orange, HVBERE; PI: propidium iodine, MUfLPNKE; Evans Blue: H3CEHE; FDA: fluorescein diacetate, —.ZMRWIEEK. BEME—F <R H
T 03 B B R PESEHRET AR AN AR AT I A0 M A A0 MRS DAPIBRARIC AP A M AL S, I PIARIC B A A% R, (R4S A 400 B = VR o i .
[ 24 G Y 30 AT 1 JOT AH 81 1% Hoechst.  PIRJZEF 4T I8 4T Sytox Fl Dead/live 4 ML i M 43 Hr i il &, Horb 5 3 Je 4 )5 2 R AR e IR R 20, Hik
TR0 o 1 A L I 5 T AT g A AR A DL P s PI) A AR Y i 7 A4 it [ 5 5 A BB RS B D APIAT T 4 3 4t Bl A% i /R ™Y, (B AR 3E T
28 it 0] - S AN R HEAT [ 15 00 2 DR I8 VA 40 A B 400 T 2 BB M. D AP AR IC B Wi ) A% 2 1) 91 T A 8 7 R b AT LB, An-
nexinZl f % DS IREN T T A0, BRI PR W . 55, TB: trypan blue, {5 M /E I RIPUH MY, (B A] LB BE B (0T 9%
W% TUNELB A T2 il &, REEHUR N Sy ik @

RIS A A 2 T PCDARIE, WTEM-TUNELIE!™
AL G B A S BB U] s (] 3 AR R R AS EBAR K, A LR
JT 5 B PCD 2 BY 48 31 BAR RAEPE 1Y 4T 50 i E
(0 2 HREH I AL A T BRI R i R (AT AT I

Wil 5 15t A% 27 0 A e, AL PCDAH 5 66 PR 3R 3K K
A ] REIE o ) R4S IR AR AL . qPCR, R
A LA K e st AR [ B 2 S5 RO S B A, Bl
X Metacaspasefiff 58 I TR A, Metacaspase i) 32 15 A5 1k
SRR N A TS

812

3 PCDREMFSEIEYIHUTE B HALBRI)A 5 M
IR RN #

30 F B9 PCD B FBIF 2845 5 754 19 S - A
TE AR L R B B HR-PCD, {HPCDZE Ak B 2% 1
Gy F A2 L IEOR R B TR 4 R TR AR T
R LAt A7 35 AL A DG EK .

HR-PCD ) H 1 3 filf 35 A 3 [R5 3 (R 33 20,
7 T 75 22 300 2 A 0 T T D A ) 55— 3 Bl 4 —— s
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JEUAH 5643 F A5 3 fioh % 4 42 % (PAMPs  (pathogen-asso-
ciated molecular patterns)-triggered immunity, PTI):
— HL B A R 800 IR F- (effector) ———Fh A7 3
(virulent) 8 FHI K5, A A AT AR RAE B 51
XS R B S 3 B e ——08E A 1 fik & 1Y)
B 2 Jvj (effector-triggered immunity, ETI): AT AY
RO R TR T TG (avirulent) 5 T #ME EAYHT
9 (R) A 1 U0 5 | R 3K 4% S 0L 7E Jmg 78 7 42 HR-PCD 2R
PR Tl S A . T At 290 D) 7 A R G AR A T
4 (system aquired resistance, SAR). ¥ JF A& X ] PLy=
A HT R 80 PR B0, T A 32 I TR ORI Y R A
X N T SE R,

i H ETIHON e LAk bitk, XBFrh 3 Bt
P, STEJR A PCD, HEAPEZE. PTINE & & HEfil
Utk XHRAKFHOE, POkEve, SitERrgem i A,
EHCPEAMETIANR. Bk i BE 5 e % W], PCDIf
R4 )8 FETI?, PAMPs I LA filh & PCDELAEA fith &
PCD 1% & F I8 ML SAR, ETIH A4 1l i A £l PCD,
WNAEGTIE A XS 8 By AR 25 otk rb. i BT dE 1AL
kB PCDIERE AP & 2 B0, ] DU EF X5 H
TR R4 A 14 S TRD 9 S A4 20, b T LA [] e o 2
PyFEAE P a P, L2 1, Y4 Lee®F APV B
FEUE BRI A AR (B JE Rl A oomk, L4 i) i
RPTIE R S LA b i — 2

Fifi & i DR 2H G156 79 17 4 R (genome-wide  associa-
tion study, GWAS)) & J&, FRPCDAH I 3 H AL 55 AF
GO B 22 W ] T AR WP s AL 2 b, ke
FEASE 2R ) K R 250 R 0 DL R TR
K E.(Glycine max)®"'r, WAHNEAF 3 E (Phaseolus
vulgaris)[sgl 1 ZE J& (Castanea mollissima 1 Castanea
dentata)®”. Olukolu® A 'i@ i %}338117 Tk 41 [
3 ZAMEGWAS & BLA4ANHRAH AR, bR T 5
PCD. Hlg. BifAES {55 (PCDH ISR 5 )M 5E
SN A FIAA AL TN AR G R BRI LA AR
WA D, RPN AL 2 B Al 8L o)
Brid B DL A i 07 sNaE AT, XS5 R Sk
KA Z R T HIPCDIE 5% T | WP 2% 1 L
07 5., BEAM A £ 55 15 P 4 (reactive  oxygen species,
ROS). 7KH7HR . R FT R AR 563 B VR AUk A T
DA P B R DG R PR, 3 S 37 5 FTPCD L B AT OG.
Zhang %5 N\ PR AN & BEAE K REHUFE S A b Y 104 He
JEHUIE SRR A T Y AR R A 1 ) B ERATPCD

K.

UL L, 2 W RGeS RPCD, WA FESH T
() PCD L AH N 2 BEAS [l A9 A% Jmy . B an, s #5111
PCD: 1 ¥4 7 55 10k S 88 T /K ik I oK 300 sl 422 2 v £ 5
RE; AN S 1 3 B A BAVE R A R AR A AR A (]
JRBE Rl S 1 A A e p e B AR N R S R
PCDH ] /2 | AT AR F B, Hitk, XFPCD4I4)
Y AT A T 4 A C AR A A0 B R B, T
e 3 AL ANk LB, A RT3 E R H oS | H e
Wy e ik PR SR, T N S B R s A
L P91 1 i A8 SR A e

4  PCD¥oE b HUPhist % 5T I A AT SE08

PCD 2% & RN UA B TR AR AED bk, 6
A B THE AR L. WA B RB
PR ) 2806 B 28 2 fAR (lesion mimic mutant, LMM)J2&4¢
v B 5 IR AR B, AR A R R R B2 T
5l HR-PCD B % 4 B 5. 1929 Hp K 22 (Hordeum
vulgare L.)mlo"?5& 5K 24 1 1A T B e B T T
Aelb SEEEAILMM, TR TiEAERAAE, MRS
9o R R 2 ECPT A K. LMM AT RS HR-PCD
B B 45 A% Jey 3 RN A= BUA Br R TA] . X BB PCDAR £
AN R R TR A i 2 G, R IR IR, BRI Ok
RO 3 B 1) pe A B B A /R Y. LMM R
PCD 1Y & 2 PR B T F1EF 4 4 rp B HR-PCD ™ A= Y B
B AL . HLEEOR[E 48, 8 K 3 5A 40 M st T
(runaway cell death, RCD)AY7EAES", RCD 238 i il /e
IFHRASRFR I : IR A IE T RN R A, 78
HRH A T A R T A AU sE Tt e di i, A
Bf R S 2 L, X EERCDS & /Y AL
LMMH PCD R A FVEY 7= & . BriEMRA R A SE
. PP LMMGE 7 HR AR R TR R,
TEARA T A 25 B 104, a3 JEhE R 2 Bl 17 51 & Rl
a8 B R BE /D, AR ONRCDE] T
il 5 B — 2 IE.

Minina% A" AF5E %, HR-PCDHIRCDAF1E
25 [ FE S, 1EROS K A% R A 8 /6 R A M 3k
[l (autophagy, ATG)FEREGH.LEHEPCD, M 3
B Sl 9o S A A 1 P, 1T s 2 7 ph JR g m O 1) A1
P, ATGHINE % A F A2 #EPCD K #IHil PCD, M
TR TR 20 I A A7 35 . X A HA I 5 E R AR I 5 Coll
2 N B AMC- TR REAF AR AR A7 15 A 5E 1= 1 A -
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A7, M HHE W PCD S X6 g i A4 B K BT A FH G i A Bl
FH ROSHE B2 H8 iy H = A= 5 B AVE R A 2 B it
PRy, ke AT W] aEHE— A ket B 9 PCDAL
HWFTE, HLMMAE R R 38 AL SR I, 2 1A
TV G M FEAE A, A3 AN [R]85 B AR R ER B 1) ST ik

W 7 23 [ 4% P, Zuppini 28 A TSI B 40 i SE T
A7 AE B ] 25 S . Bl o POl 30 %) 1 ) Pl 9 v R BB T
HEZE AL I IR AERL. van Doorn'®%1)2¢ T 445 3 %
FR) 35 TH- 3R 2 S AR PR IE W PCDAFAEAS 7)1 5 (24 40 g 5
T2 A R AR 30 5 3K — 9 5 S AR AR T AR A R AT ), aX
PRI T RS A b 0 e S

B SRR SR R Uk, AR R A7 B 20 Ak T
e, JCIRTEE A RS M &R, HAET- 7 =08
SRR, HA ER R i S R 5 A
AE MR 5% PCD B AR SC B S5 FL e 2. XTLMM
MH, % PCDZEAY | AR | 4% 32 B4 0 B[] o
FF A R TR BT 5 B B AR A9 3545 B2 IR

5 PCDEERRE BRPRAFHY R X

MR i B PCDAE R A &) T A R rh k75 A T
TR, R A E AR A BB —E R,
PCD 1 i 25 4% Ja A X BN 42 2245 . PCD Y I 25 5 5
PEFERD BT R AF AR BE T A2 3] T e 2 g E A

o7 = iR B A5 14 T 45 A8 A DG I PCD kT JLAF:
HUfS 7 2% H BB 7 ok J 122294700 o AN R F e
R ER 4R & BEROSTE Z Mt (Ulmus  pumila) F - 4h
R R R A 5 B B0 AL 5 PCDRY kA
AR 3% T3 8 R T o 25 O B = 4 i 1) 39 e B vy
B —32. (6] H 2% (Helianthus annuus)Fh 8T8 2568
I DX Sl A4 B R 1 A SR T S 4 W A B AR A Y
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Identifying stress-related programmed cell death improves research
on plant resistance

XU LingXiang, CHEN Renlie, XU HaiJin, ZHOU YuanChang & WU WeiRen

Key Laboratory of Ministry of Education for Genetics, Breeding and Multiple Utilization of Crops, Fujian Agriculture & Forestry University,
Fuzhou 350002, China

Programmed cell death (PCD) is essential to the survival and evolution of plants. Recently, the advance in the technology
of plant genetics, physiology, molecular and cytological biology supports the study on the phenomena and mechnisms of
plant PCD. In respect of phenomena, the significant progress includes the classification of two distinguish types of plant
PCD: vacuolar PCD and necrotic PCD. The outstanding progress in mechnisms includes the discovery of the structure of
a proteinase family: metacaspases, along with their role in survival/death decision or cell-death type controlling.

However, complications in recognizing plant PCD still persist for little is genetically conserved between plants’ and
animals’ PCD-regulation, so recognition of plant PCD depends on its parallels with more adequately studied animal PCD.
Stress-related PCD is even more complicated comparing with developmental PCD because it contains briefly necrotic
PCD and features of vacuolar PCD, while developmental PCD can be exclusively attributed to vacuolar PCD. Moreover,
stress-related PCD is likely to be confused with non-programmed cell death.

Identification of plant PCD consists of multiple methods including molecular biological methods, morphological
methods and physiological methods. Up to date, fluorescent probe staining nucleis, which is a combination of molecular
and morphological method becomes the most popular technique to label plant PCD and its effect is reinforced by other
probes which label cell death or autophagic activity, morphological observation with electron microscope and DNA
agarose gel electrophoresis. Still, both more reliable markers and quantification of marked events is required.

Stress-related PCD is becoming more important against both biotic and abiotic stress and its identification would
potentially improve the research in three respects: (i) correlating the resistances to multiple stresses; (ii) the utilization of
disease-resistant genetic resources and (iii) the preservation of germplasm. These applications assist each other and
would reciprocally improve the comprehension of the patterns and mechanisms in plant PCD.

Stree-related PCD in plant is most profoundly studied in the hypersensitive response (HR) during effector-
triggered-immunity (ETT) with recognition of pathogens. However, PCD is by far not confined only within ETI but also
associated with a great variety of resistance. Loci related to PCD or other PCD-related process like salicylic or jasmonic
metabolism, reactive oxygen species (ROS) scavenging, redox homeostasis and calcium signaling often contribute to
resistance to a great variety of factors. Therefore PCD identification has the potentiality to help in selection in crop
breeding and to decipher regulatory pathways and network for stress resistance.

One popular application of PCD in crop breeding is the lesion mimic mutants (LMMs). LMMs exhibit intrinsic PCD and
can be disease resistant usually at the cost of production. The identification of phenotype concerning PCD could help
selecting most fitable LMM genotype to balance production and resistance. LMMs in turn help deciphering PCD pathways.

Spatial and temporal heterogeneity exists in LMMs and such heterogeneity is comparatively well studied in PCD in
germplasm preservation including the storage of seeds, tissues or cells. Decline in vigor of germplasm corelates with the
proliferating of PCD cells, which probably include a process of survival/death decision. Therefore timing, counting and
locating PCD cells would assist in monitoring germlasm vigor, understanding the process of deteriotation and deciding
whether and when to rescue germplasm resources.

As a result of global climate change and population growing pressure and various secondary problems derived from
these, breeding stress-resistant crops and preserving germplasm become urgent and emphasize the indentification of
stress-related PCD.

necrosis, metacaspase, DNA laddering, lesion mimic mutant, autophagy, reactive oxygen species
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