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RERLTYARW -PEEHR, KB
¥, AIXshpEeimasgs, LERXMA
EEENBEARR HE S ALK FRBAESR
FERMBETEEOEH., MEATEERARY
IWREHER, i TWEMEMEE, ST
FREK. 20 Bk, BE DNA EHHE A,
STFEYY. 7 T8EY. EHAGELEY
2, REH¥FERFHIESHEARANAE A&
B REEZNENLENSEE, W5 ANETEE
MRABREERK, FRRZHAS, TEM
EEHNSGEEDT FYLH MR RN AKIELE
HHEBETHAELLSER, TEHE, 23
Y15 AR EEWIRAE T, LA TIEEMIR
A4 FFRERE, MS5ZFEDHXEHK
HAEWILEYL ., REIEREE, A1
ST E LR AR H RZRT
ZTHEM; HYEERROLATLIMETHRTS
HEUK FZE BT A B4 . W40 A 4y F K
N, RN 20 feg 90 FARLIK, AMAKR S
FIKF E#HATHY S EN R ARG R T R
KIE, W 1990 BRI EE — MK Z
WA EHA XHEEEMK, 1994 £ HFF
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W EHEE R EES— AR E AN
(Flavr Savr) REM B R &R, 1995 £ 5 1997
FaRREERETFEENERERN (IPT &S
HHE, EXEES B EHAE Knotted 1 #1241
Knotted 1 &) NTH15 EH) EERK, L5 XHE
M, EfrFrEMEys¥re=8 8 &,
2000 FC RS 50 E M IEE R AN S EEM
KB cDNAs, X #EFRREEIIA/ER T
. RAEHBEFURTEFSHSHEFMZ
REFFEFEATTHR. LI, SHGBER
LAMFET IR T —$8E, BN
EAMUBRHEYEKRE TR P AT D1 —F
4, MHRMYENAY . ELDIMER —FF
A, SESEL, FRIR E 7RSS
REABRKHHERE, MELEKKFE~FRKHE
MEEVNERREAEEDETF MR LR
A, RETEVESREEAMTSE T K
BFMER, FRET MM ERERE
A ER RN KBE&KSE,
1992 FRAIEN -BH LA, WAILRK
W KZERBIET, FENEERRARBIERE
&mEmE XNEZFEVESHEHRE,
1996 4F7E o B 4 b K 22 ¥F IR 5 27 B 22 [ 4k 42
MNEZHEOFR T/E, HE, B THYEE
W 3% W AR & e B L Al SR %o At 3R [ AR g AR
MEME KR MEEN, FREZEE,
REERFOE 1998 FIF AL £ B AR SR
MERMEL (8) MIRERACEFITAEN
PENRAGREFARE TXHMEE, HEBHRE
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F B AR 3R B AR i U P B R — S R 5 R
R, XEERAKLWEIHEHIMNETTH BN
REEAR,

MHEYEERBRAER T TE
BRELER, APHEAERH L ERESZNA
®a: (1) REENMAHYEELESEANRR
MAESkE; (2) MRS EKE LE
MREENRE; (3) RELEMNHHAKAE
KT EEYEEMTBER; (4) REem
BT E, R, VELEETAYFSE
A BEREVHRESTOT: UAEHL
Ug) (PEARIFERRAL SRR, The
Hebrew University of Jerusalem, Faculty of
Agricultural, Food and Environmental Quality
Sciences) WEH —. —. =. ~. £. .
+, toaE; RFESEE L (L8 RARRE
e A BABIRAT) RERE. T=
&, MEELE (5) hERLAHERE DRI
B AT WEE/N. LE; B ¥+ (#
IMRFAMERR) REFE+LE; T8
=L (UERLK¥FEGBYER) #EHE
+&F; ftkEEL (B) (FERKLK=FE
k) mES M. AR KEEEL
(dtEsl K¥FRPESR) REFTE; #H
S+ (FERLKRFRIVERSHIES
Be) mEHE+ -F,

EABREHEGR 7hELRKFHEY
BERABEMHE . eS8, PERLR
LR SEHRFARTEMR R . BESH
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% 1% wHpses5ehk

| HYRESELAR

EESHTCEEYAGHPTETEER
o, “ENEEYARNRE B HARK
¥ (Btk, #F. A8 41 by, B
HBRAGRESR BRI, REYEN TN
BB, WL EF AT R — S
wH, EEBHKYERE., BRELETE
& 1o Bl A R R AL ) Zh RE SIS ) B R R
BidE, H-HBEEDZNIMNE T EHESE
EEMARR TR, EBHETATEEE
Wi iR, EERMARETRAEN. E3h
H . BRFAHSES BRI CH CHEM, mMEl
-1 EBRZIIMREATEWME . ERFAME
BhEH .

1.1 EZ2—AFEEE

1.1.1 &1, MR AERE
R R, B R — AR A AN [6) 41
MRIE R ER WY, LRIEH 5 EEd RS
KEBEFRYEEME KMz M KEERE
Wo BAM A NARBMSHNERY, g
FEXEREMBEEEMN; LBK, ZRMBH
-1-




BRSNS EEEY,; FEUFEREREHBOMES, X
R EE A R R TR VT LURIE E Z R I T R RER FFH K.

Leopold (1961) # M H EE#M B W EA BB ALK ERE
YHES., BXEMARETESEMH 2 T E; Thimann
(1980) ZM it B M BAFML: BE &L, TRIERM,
KA FYE (BAK. BR) BH. #os, RAILESEIE. B
=V 42 2 3 54 70 A SORRE IR 0 A FAE AL B FEE AT T2 IR AL
3, AAFFXMIEESRY et EE", FEREERRZ
S AR Bk, BET, EEIAK S AR XE
LRHEA BT B4 LR 42 FARICEERIE N CO, RAL=R.
Rubisco 7E#E LA & CAB 1 rbes mRNA K - FBE; 5otk
440 B SR B e S BLAH Y MR . OS8O i B DR R A TR AT B K LA
FREE, BBREZEE, BARINEEGEME: B2OHRE
wﬂﬁﬂﬂ%%IJJ%EFB%%H&%%%ER?F%E’\J——AE%lﬂ?—o

BN A RS R R E sz AN, H
£ AR B R B R LAY S B B A, I
MES R, KA R K T A SRR, HXMEERA
SRR B A FRThEE A A B AR A, X 4 K4 HT RE R IR R
EERFEAMGT, EEHARISER, B2, e PR . 4
s T R 0 K4 F KRB AM B, T A FRINBEIRUT SR, P
Pogr g RN TR, BB TR B2, BES
T8 ARFSTEEHE.

Nooden (1997) HEE T LAEEM K EEH AL RGHE LM
SR ORBAS N AR, BN IFEREHETHEER
MiEd RAEE RS RAE GENEY H £8, B4 R
s REBNARARRREE, FERESHFEIRREH,
MR AL AT RS s RERT. AR, ATRER ARSI
BT AMAEDLER MR, HEHERRBSS.

Yoshido (1961) B K% ( Elodea ) H B iR At B 22 4% 5E
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BEHAMITZEEAEARA RNA §RMER (3RS MK
ZEE-D), LEEREZFEHFREN (Senescene-Specific Gene,
SSG) MESRERBTEARERELY, WA EEREAZRERH
EREFYEERESENRBRIF IR,

1.1.2 AERE

BEEBRSUUKRAELAERE., &5, 44, £Z A KR
E, BEEENRESBE (Adicott, 1982), HHFJEEE S
EfHaSBE.

AFEELT, HYERA - EHARRAZEARAALHEE,
WK AR B AR 40 AT B . S (A 20 LR ER 43 D i stk
EHER, LRAREHHEENEE R T Bk, XLFEEMN
MK EdF, MR NI ILE TS, AL
U, BLREEHETEARTHEERE, - _F4HMPAL
FHEEAEYNBKRALZT - MERKETEEENIET; EFE
ZHI, MFEZEHATEAKABTERMEN, MHEEMH 5
A EE, FE, BERHEYRTENR T, ABEKEELRE
B, HEFEEEMNERFTRMESERE, IHEHNEER TS
HYEMRVAATAREX, ERAIELCHEEE, XHEEAS
Bl T B EEMEE LR, FEH A EEER - N T
M, HMAHMATIAENE/N, FARZAF AL, —&—
F . ZHEEEAHEPMBEANETRAE BIFRETERA,

—BAAEYEERZTHNER FHEEN, THR—-KREELH
MY, HEDIEEFER A THXEREE, #FIASXECH
FERZHBEEN T, LBEMYEH F 2 Molish (1938) 3¢
BEER, WARBTLUFEEZTE CTK, #MERH FFE;
A—THRAGFREIBEHELNHEERIBFERLHNRESE
(Mayak, 1980). KEAMIFEHAME ZAEIFHILTEZRE T
RSB EH A MAEKE M F B (Robetes, 1988). A KL
SFHEYEERGEREY, XHBHRKEERENSEREERE

. 3 .




FHEET (HR) M8, B hoakesds, AR
N iZREHAESFEREE (Nooden, 1978),
1.1.3 FhEMETE
1.1.3.1 ELFHEHE
FERHEYEREE . AU I35 N & BN —
2R, EEMER, EAEFLEG, BdEETUHERBRILE
SERH A B e A EE HOAE: Mk EMRE4d
Mk, AEEB4IM A E, HEAEHEL, EEEFLRMET R
M, RAEBERNAK, BT E AR YR AL 5 E ) X
#Yy, WA LK, BRYEME S FRELSTFRZENEE,
1.1.3.2 BFRYRHFIEAH
—K., ZRELHEHYFEN, FEN BRSSP RE
fEEUNRES/NM TR (NEER) PAEFEBRTEIAT
R 7 S AL AR E P A

1.2 #ib—FEFHgshidE

BEERAATHESHOSBR UM EROE, MAELNA
¥Ry, FREAERNN. FERIFERENAER
R, XM SRR RERNRGRBGER; €45
ALeERILT:, ARESRRRAEYI N A RIFERIIEIT -, M
FET-RO R REYE . MY AT BEREZREGEFHRAT, Higfk
AT REEERN, WBEFESNMm, 5 IEK; SR ARS,
BREFRENILEARE, BREATHESH TR,

1.2.1 ShRAE

B BT AR 2 AL ) T R B 108 0 Bl (] 8 0 o i KT R
BRAFMEEYR T EGAERKER, BREBLEIEH, FT1
EHRERE —ERE FFERIARER N EEW, X555
BB R WA T RaRBE TR X,

1.2.2 FEHELFME




FFFEAMBRGEAETER =% (1) RIBEHBEHE
%, AR ; (2) BEmEMEEK; (3) DNA ®HfF,

1.2.3 EhikN"

FrFER X FERIRGRER M MT MBI AR R, HhF
HERRB|GERRTHTEE., BETE, BE. SRAREK
&4, B mEFFHRG.

BFREM, mREEAMHTERBEM, FFrfLlEE DNA S
MELBKETRE 1, IMEAFTFEHERIIBEUTESHLE
BHEY (HE. £5., X5%) WHAMAWRBENEE S —
¥, CFEEERTBRE. Y0 RE&F (o, B BidZE
fHE, FEEBARTBEE B FEARTKE, HAEX LARBE
MELEERERSRETHRED,

2 BEF{ARIET, REHRT

BRAAEIPHEBHRC-HARCEHILTERLE, BEREREFE
(1993) AXHET AR A BB RELE, MEXIHYHAMRIE T
WAEYIERMBEFZHFEARB R, FHZIBRZ AR
-4 # (Programmed cell death, PCD), H TEZE M E—F 3
. REEFRENEFIE, B SHRETHEX, A
EZR BT ERE (Nooden, 1997), B X 1T-FixEE 2 [A]
XAZABRIMIAEE, xR, AT —BEHERANHEEAKE LM
T, MAHEYSF, SEZHEBERABEKELEE,

HRERH, RTEFREAF-LAAES, EAMEE LR
fE: MNP EE, DNA SR, 408 ZF 8 s & /i
B, RERIERME, LB HEAHHBREEEZRIEN, &5
i PCD BB FE Y K ced3, cedd i cedd =P HEP, ZHE
BB R -RIE K. AEBEEF. BE. REREHN
BR. B SRS REESB PCOAMRELERBEANED

N 5 .




MALK (ICEXBEIMHFZ—), NEMREREOBRSE (Ca-
spase) , E¥HEH PCD [ 5 F 2 MELHEARE

FAXRHEYHAR PCD IR EL BRE M, HiEJLEREES
mEl., R EE LM RESEEVDEAKETHNE TR,
GREH, PCOURHEYEKRLAETLABRTPERBAFEN. ERXEX
RENBAXEMNBRNIEIMMIT- IR, mEFHEWHEP
M EHREN, TR RERYEESRE. Wi, PEEERIAIE
B, THYENGFEES PCDO A XMW EMEARE QA PCD
HTRATRSIPERE dad (defender against apoptosis death) K
¥ (Mittler 1 Lan, 1996), R, XEHFEFMEHKKFL, @0
AR —KELHYREN BT RBAT IR THRED,
. HREREZEMUPAEFEZ M ERBIMT- AR E, nE
EHENAR—BEREFVZHAFAIR, HERFOFRHK
B ZF (Brady, 1988; Nooden, 1988); i EEZEERPF
HREMT, AMBERTEREAETY A B ESRETHREAHK
BT, RAETELRMOEREN R T H
Wi #) DNA B4R (Orzaez 1 Granell, 1977),

XA R aFEEAHARA 3-aEXME (3-
aminobenzamide) F{R BRI EEHWEFE (staurosporine) FrAdiA
R, 3 EEEBEABEZBEEBRAGTE M I FHE
ERTEBREMNFEER, M staurosporine R FHFET-, X1
TRVHYBEEENRUNHYH T ZEIFEERERER,
Nooden (1978) #1 Brady (1988) Ak, M R 3 & /A Al ¥ ¥ i
BHLATEEREEEYENERIR T EL.

3 REWRHESHAR
3.1 FEMESEEERE

EEREYEMAPN—TREHE; EXEN RE—FRF
6 -




AR AL, FERBORMEIET ., Bk, AP MAfEESE
(Gerontology) AR FESIEEM, BEMEMAMXFWIARIEHEH
B, MTHEFRSAKRANYHEALAQEREAMBAEX, H
ZRBIBYEINEHERIFMEIILT (Woolhouse, 1967),
HYEENTRTBHE 20 2% (Minot, 1908), 1928 4
Molisch & T fb# (Y% 4r) (The Longevity of Plants) %
F, eaEYy¥ EEE, EUSETHESIANRAS— EX
SERET-HMBEEETH, INVEYERERRTEG FHEAYEK
RN TRNABEERR, EE5XBRFILT AT BERINE
NTERAR, XMW ATRAFZESITBEFIREATHERR
JEE ., Molisch (1938) BIEFEACUERHHAYAEINARBEN
FEEEATRERWERZ T, i, SHFEELFIAAED R
S EEMmEAL—R, —HEWTUEH, Bilk, X - HH#AIE
B EHERE., 1957 &£ Medawar IR B FEZREFESHERETHN
—RIEASRE, MEARBERNE (FEE) HEin, BFERAK
BB, RIESRT-AHXMBEREI, 1961 4F Leopold #EEM N
—AEW . EFH. ESEFFERTE. 1980 4 Thimann ¥ #
YEELREFE: HHE. EORAHEELR K RNA KKFEFIK
h “BEESET, HIANEERANTREEERHNWSBIELTH
FiBIR, 1994 4F Smart K BEEEX AN F EBEXBHE
BEEHERFIR, SEHRNEREHBAEHERERE, RNANHE
YEZS55HY PCOBEMEZ A, 1997 & Gan fl Amasino ¥ A
FEMHKT X PCD, Amasino (1997) F¥HHIARH F EER
HEERERNER TEMRMAFRSEIRNOIR. ETHAX
FESELEDRFERS FAEDEIBRGIHSEAER TR, X2
HZEIHMET R —EH AL

S5zhmEEAL, AVEENRXBRE NS EHR, BR4HE
W —Eg, THEEBYREELEER, KAHEYEK, ST
(M H. B, B, BREWR) FENFANE, #H T HIrEE

. 7 .




WA —RELEYEZRGELHEY . HEEEESHAETE
REAEE, W ERIEE BESTE OiigES e ELM
(Leopold, 1961, 1975), B —FMRIFBELEM K LR 5 FE LKA
AR T ] AE YA dr B S A9 4E fa] — AN BEAS (5] 40
HH REURBHEKERENVELSE, I THRFELSE
W, Simon (1976) BWHM A EE T B EE, SHEEM
BAX; ~KE5ZKELHYTREE, SEBAETREX; B9
HE, 5FN (&, B &F) SHEEFE; BAHFEEL, 1990
% Huffaker XM A BEES WM BB EE. BRESEE. &
AEHS5EEATEENMEKR, A THEEET KHEDEEER
ARBERE, AESRERTFERENSEHSE, 44~ 1 H
F{EYEERE., TENEEREEWRITLEEE, TSR
¥RECEEFTREPES. AHOEWEL (BH) REAR
e FFEEEERES, BEXMHARTEEERTRMHEANE LD,
AREESRMANE (1994) EZIFERTEZE T 2841 &EH
TREBRIEFLEXMHHENLNESHEESBEIESCGHEE
INEGEEFVIMHREBALBIIRESHE, B LR M 4
A (RBE, ¥RA, KEREEREBER) Mo NEE
TE.CERYE, RERASNRAFTIMEELER,; S ERARESE
BT T B EHRE T HA R 33 8 5 B E 5N R & &
HTREBRIERE., EHMRAKFE L, B 20 ith4 90 FRFHEFL,
BERBEZESY. £WLESREXTRIFHE, HYHKRMNZIY
HMMEN, FEE—-TEHHMPCDO SR, VHEYAKRAKELE
EHRFRET A —IFHOH R, i, AMMAHEYRE., B
[FEERBEHT T KBEIE,

3.2 FEEVLHBURB

MEES, B¥ FEFEHEFEREY EREEY =M FE
N RERBKRERSDEFHEAZNER, EHANMEY
+ 8 -

mm‘ AR SR e AR MO




FEEMRMERMAKE N, FEEENARFEMNARKF EHE
WEEVE#ATTHR, RETHFERE, KERBHEYEEN
FH, i FEER4PAE RIS, Ht -2HPpNBEKRE T
FEHYIER
3.2.1 BEFSHEL

Molisch (1928) BR#E “AHEBENEMBEEFRRKE
BRYE, UBFHMBEERZERMAT" X—WS, R
Mt HEEERERTHREL, EFRTHABKENY
HEH: —REXRYENAFANELRERNAEHSE (BF
REBERER);, _R—RANEFRHNEE (BRAH) RE4FERHF
MEKORHRESR, HSHEHEBE, INBEXRBEPEN
(BIFRaM). ZBRIEAREHBEMESHKEAY, WEX. K
WEBRMTE, BEFHERSD, ZENEZEFERESR N
BB MERUN R AKLEYERIKRP WA AEETEF
FERXR, FAMNZBENHEITTEBE, BRHEHABEES
BEKX, MEASEESRER/), EEREEH THENE
FYR, MXHPEFBRENHTERS A UK TERASE, H
FHBEER (FHERBRR) WA, i, °F - BIRER
BTHEZELERE,
3.2.2 #HPYARRLEIL

INABKHEYHN EEZREH A HEYMELEHEBENES
ERRTAE., R, AALCHERHA, REXSZREFEZRER,
HAALAPHRBE,. EKESEF5FE L X, Woolhouse
(1982) RHTHFHMA: WHHYEREKHE, M
THEEFNABRMWEER, EdEBEERKABR - MK, H
iR, SFFEYIEFREKARE . MW R EEDS LB,
XGRS, REERKBBRPBRAN I EREEH FH—
FRHFFEE,
3.2.3 ETHEF




WERBEREY, SENBEVERFAARRE IS EFH
K (WCTKMGA), MEHTFTAERFFHEREH#FENE
T, HEEP HME AT (Nooden %, 1987), Nooden #i
Leopold (1978) BAER U THER FTRIAT-KEES, 7K.
MERETIANRE “FETHE”, EHRTAN4-EBIR28. ¥
FIMTEDEIBERER T, TERTFEET-RERSELEN
i —EWR,
3.2.4 FEHEAER

B 20 2 50 X FH, Harman (1956) HEH THE
KA BEBR, HED 60 FERK Mccord (1969) # Fridorich
(1975, 1978) HFAEM SOD 5, *FAEWIEA A d &N K H
WEIEMRESENEBASREAMEYR, FHEBEHAEHE
HIBT B — ME KRB AR T T8, TR B A Y4k 1E 3 6940 R A it
HEP, BHENTAESHEROEEAREREEER, X—
YHHEILG SR EYETEE, EERT., HiEYELEIRT
RFBRELBHEFERYRSEFEHARAIHEA
3.2.5 REERERFERFR

FERMUVARETABRTHN - HRE S, WLFMIbEST
HRE-HZRERTRES . B, FE¥*EREFEFERRA
MBI, ANHEYHEERTERRELAWNER, BHAEEZE
SOREFERERM TIRFRAFSEN— R A AR H
FEOR, (hELREIEK, ANEEZEEHBREE LN BREEER
REERER, AMFLLREREY, SEZHEZHERT
T, g2 E TR R ESHMEFW CTK AF F R
ABAKF FAMEWMBEREERFRIEEAN. KEHREH
RERBEHNFAET IINE, RHENTFEXG N HEH:

(1) £#EER., Yoshido (1961) ¥ F % (Elodea) #hH
BT 0.2 mol/L CaCLEW T, KM N4 k4L REELE, B
SR AE R LR A E R Y, kB8, — ¥ B, B

. 10 .




—REZEMEDAEMEEREP SEEEMAERE, WL
BREAERES, H@EBEFgRa, 2PESAAMAERARE
e B8 7. Hammorlign (1953) A KB AR E (Acetabularia)
ERTRIERSR: TEAREMEEK,

(2) HEFEHMH ALK, Nooden (1988) ZHMKEE D
(—FRKE DNA B RNA AW #IR) e MERsEE, X
HoEEEdBPREBREAERE, #—FLUBMERD RS M
FIRAC TR (R SEAREEERE) MEABE (ERMR
- SRAEEA) tEEEN R R, O W H A R 7
—MEZHRFEEMABREEAEZTE, WHEEETERE
M P R A mRNA M EEERHES R (Brady, 1998;
Matile, 1992), HL A E PG REZHIABRETUEZ T E,
A, MHlEEERHE, BEERFITEARH TXRAFEREFAR
RERK, MERREHTHREEREARINEGR,

(3) REEK, WEAZHHEY K, THELRTAFEE
BEWRH, BIFZ¥EAENXLT., Kd. GR. K, HEH
Pt EYMH LA T RELEBAUENPEDE (R1-1) H
ek (Stay-green) RAF, AR E 1969 4 Thomas /MNA
KHAAIERIL (Non-yellowing) RAEHK bf993, 5 & B bf993
FRTE BN ABERT (E4£F Sid, Senescence-induced
degradation) o Sid®fE —~THHEHE, HEHK LK 5B 4F R Rossa M
FHAAEE -HEHRAEEM IR, BEFRGEREH,
Side & — ARl - g A b ok K FF R FEEH . Thomas H 58 38 (& it
FRABABRTHERSERNCGERTL, LA LATEHH
MR RSB KAE, oAb, BJLERB#RE IR EE
5EAMBTIFEZREL, AR EE2BAARBEEERY
KA, 5 CTK., ET MERBFAE XN, BHEEME,
IR, B Papep—IPT # 4 3 B 60 5 fK RS 5
EEEKE,
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