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The physiology of plant seed aging: a review

HAN Peilin', LI Yueming', LIU Zihao', ZHOU Wanli', YANG Fan', WANG Jinghong',
YAN Xiufeng'?, LIN Jixiang'
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2 School of Life & Environmental Sciences, Wenzhou university, Wenzhou 325035, Zhejiang, China

Abstract: Seed quality plays an important role in the agricultural and animal husbandry production, the
effective utilization of genetic resources, the conservation of biodiversity and the restoration and
reconstruction of plant communities. Seed aging is a common physiological phenomenon during storage.
It is a natural irreversible process that occurs and develops along with the extension of seed storage time.
It is not only related to the growth, yield and quality of seed and seedling establishment, but also has an
important effect on the conservation, utilization and development of plant germplasm resources. The
physiological mechanisms of seed aging are complex and diverse. Most studies focus on conventional
physiological characterization, while systematic and comprehensive in-depth studies are lacking. Here we
review the recent advances in understanding the physiology of seed aging process, including the methods
of seed aging, the effect of aging on seed germination, and the physiological and molecular mechanisms of
seed aging. The change of multiple physiological parameters, including seed vigor, electrical
conductivity, malondialdehyde content and storage material in the seed, antioxidant enzyme activity and
mitochondrial structure, were summarized. Moreover, insights into the mechanism of seed aging from the
aspects of transcriptome, proteome and aging related gene function were summarized. This study may

facilitate the research of seed biology and the conservation and utilization of germplasm resources.

Keywords: seed; vitality; aging; physiological mechanism; omics

TEAE SR N, BT ACAREm, /T R E—ERRE .

B AR, e i AR B R A A
ORI SR A . MR N A A D Rl gk
DUAHE A, o 2 AR A )7 A JE R DG B, b
JREIIEH M ABO R | 2T s e A
A YRR A A R IR S
HESREEXREEGERY, FFE R
— /IR A R AE S A — ROk,
IE SRR O R | BT
I HABSRAGTE, Aol B A ML
YERE . (ERAE A 92D, B TR R
W27 1k B AN 2 LA KR 7~ 3 B i AR BEAZ AL
PR A A BRI T A5 22w

http://journals.im.ac.cn/cjben

a1k (seed aging) B “47AE”
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5. (Glycine max) FIfEH: (Arachis hypogaea) Fli
T 2 b 2 AR RS BN s 5 I R
T3~ N TR I R e 25 32 B R, id T
AW IF HYT A AL BEG PEREAR, Oy 7 AR
M H,0, &I, AREAFWH R, X4l
J IS AR, Fh o R R IR 2
H AR S22 1 — RO URRAE, 2
IR,

H R &M T A 2ALET A R, X %5
R ZACRY A= AL A ok — E R IR XE . A
I, BORBZ TR ZB, ol IR 544
Xof Bl F AT 0 S Ak A R AL [ AR b
feo N s o limh 735 Jris e 2k, 78
BRI ] AR T A RS, AT RE 5 LB
HiFE 4 2 Al R v D 1 1 A R AR TS 9 7R
b, 3t A B A A I TR A9 R A 7 S B
ot O AR P A AR 0 T B R AR AR

BT, ARSONE WANSE TR B AR AR
PLEEWE SR AT TIN5 B4, MR &4k
T AR TR ZE R . AT ALY
Az BRI T LA LA 7 AT 1 R0k, B X Al
TSP WA IS . ERHE (electrical
conductivity, EC). N .[¥ (malondialdehyde,
MDA) & R NI e . fo A A B
LRARLE I 5 — RV A LS B A IF AR
TR O BT A AR ST I D RE S
A E TR AL, BT
Ry Tl A 5 B B SRR BT B IEOR A S A A
Rhor T it — 1 A PSR

1 #TENET %

FRTRP T2 AL AT 505 4 20 A R4k
NI ZA WA . X F AR, BAD
S R T IR A K R Y T AR R
PRI, B a2 AR Y AR S AT H B
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ART S MTANTm#EEN, F5 by
%R RIRER SRS HDY ., HEEEA
BMS) | ok (HW)PIRIE R fin ek
ZAik (SSAA)(FE 1),

WA EARTE, X T F7 2072
REEHT N2, MmN B Zm
) mil s ik . 1228 X R4
AR AR BEAE AL LA T T AESE, Hh AR s R
(Cucumis sativus) . W3¢ (Brassica napus). [13¢
(Brassica pekinensis). Ttk (Toona sinensis) Fl
KRERFEN NG RE, N LB
PL—@E R E Mt fp 7 AR B RES AT
ZALRD TR A I AR G sz B U FEAEE R T A
REALIIFI -, TEPER B R =Rk, B
R 25 AR 0T (8] S5 19 40 8 AR ROIR DL A 4
T AREM T, fE—ERE Eal IS HARE
AR B, S T )G S PR AR R Ak
BLBE, LUK S AR 7 v e 5T % ) DR A7 R P S A2
Wt , ZEBFFE RN 2 AL BRI FRAE B R AT Befée
N2 H AR EAES .

2 ZURAMTFRFREFE AN ™

Tl 25 AR 3R RN 1 S M D VR 7
MM EZERNE ., MrmEFER. KHFHE
G 8 8FE S HOE M Fh L4 1 248
b, ELHER BB H R R, R Bk
Pl 716 128 Ak B T 58 A B4 AR AR . Akl
Rl 1% B BRI, e R SR B i A
LB O E R A A AR B 25 AR AR, E TR
B R T A BRI

AR R RE . BT B R S T AE T
(Rh TR ZFAR . KRR RFRE. TE R
¥ifife i 2 U0 e AR AT, BR
¥ (Ephedra sinica) 1222 (Elymus sibiricus) .
HEE . ZILWR (Hibiscus cannabinus) “§Fp—F 1%

[+: cjb@im.ac.cn



m ISSN 1000-3061  CN 11-1998/Q  A:#y T'#22£4}  Chin J Biotech

x1 BERMOFMATIZHAZ

Table 1 Four common artificial aging methods

Aging methods Treatment conditions Pros

Cons Applicable types

High temperature

accelerated aging incubator

method (HH)!"!

50% methanol

solution, constant

Methanol stress
accelerated aging
method(MS)!®
Hot-water bath
accelerated aging

temperature shaker
(58=+1) °C, Distilled
water, water bath

method (HW)[9] kettle effective reduction of microbial
infection ratel!'"'?
Saturated salt Saturated NaCl Suitable for most plants and

accelerated aging  solution, constant t

method (SSAA)!'Y temperature
incubator

easy to operate

40-45 °C, 100% RH, Suitable for most plants and
and high humidity constant temperature easy to operate, and the
conditions are close to the
external factors of natural aging microbial infection and

The aging effect is clear, the
treatment time is short, and the
seed is not easy to be mildewed!"? further studied!'™
Simple operation, clear aging
effect, short treatment time and

The treatment time is Rice (Oryza sativa),

relatively long, and the wheat (Triticum
seeds are susceptible to aestivum) and other
crops

mildew!""!

Wheat, radish

(Raphanus sativus)

The related aging

mechanism needs to be
and other crops
Not widely used and the ~ Crops such as
scope of application is soybeans and wheat

limited

Same with the HH method Watermelon
(Citrullus lanatus),
vegetables and other
small seeds

25 R I8 B I s ) A SE K T R A D &
(Allium mongolicum) 1) & 23 ) 12 B 5
TR RS, BT R ZERAEN 3 AR
BRI, 7 HEGNET 60%!" 75 IF7#E 1 4EAYTK
# (Avena nuda) #—¥ K ZFREL 90%, 5 5 4
RAERNFER 54%, W 1-5 450 i e
(Avena sativa) Fp¥ % 2E5355 5] 80% LA ¥,
BN, KREFTALE 46 °C . 100%18 5 &4 T m
e 3dE, KFFRRETRE, 8d 5 HA 10%
(0 AT LABE &1 #1005 /% Mahdia (e K&k 2F
K 66%) F1 Marchouche (Fx KA 28K 56%)
H R s AR AN F] . 72 40 'C L 100%
MRS T s &4k 2 d J5 , Marchouche & %
FRFET 52.95%, MiAH[FALLEER) Mahdia Fli—F
KERMNTET 12.5%. 4 d J5, Mahdia Fl
Marchouche ) % Zf #5853 31 15%H1 9%.7 d J& ,
A R IRl 3 2k 25 & ZERE P,

WXt AR S AN TnEE e & T
P R T LR R B, ERBE (Azadirachta
indica) FhTHE AR NI 15-100d 5, &
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2RI 100% FRER T 37%, MTE 45 C. 95%
W B 451 R s AL 24 h, B TR R 2R
o TR 7% VEAL (Allium cepa) FhT1E
40 °C. 100%W%FE A1 T ims 21k 48 h &2
RIEMLE 64.62%65.92%, XAHYT1E AR
PERICRE 1 4R, M, AT &M ARElk
Xt Rl & 2RSS e o i 25 Y R
FETEAGIR . RS, RE SR I b R e Fh
1R & 255

3 MTFEAEHEENS

Tl 2 Ak 32 28 9 PR T ol 4 R Y 5 e
RN, BN Wk BRI
AL, B PN E Y B ANE &
B, R BC WAL RE NS — R R S
YRR ZE R I SE B e, ] DU S —Fh e A
TG TP iR R TR I AR BR 4 K A
F EC 5115 2 B A REH M
4 5 F1 0416-1 FhT-1E 40 'C . 80%IEE M &1 F
Ak 9 d, AR B AEXT EC 5% REAH
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A0 11.83%F1 12.01%2); YE H s (Brassica
oleracea). Fift . /N . EXK (Zea mays). &
. K&, 815 (Vigna unguiculata) “SEVEYIFh
TN TR 8 k80, FEE R 2 b
FERINGE, Fh R A AR EC &5 it
{HZ A HREFR, EC W Fh 16 77 ) 22 SRR
K, BV ASBE R el 0] S B9 3% 1K F o e
I B N e R A i i i = | =X (VU TS 7o TN
RAEASE] B AL A2 A, EC RTRE S i)
FERRE B B R T BRSO RRAE R S b5
LA B4 x5 AR

MDA ¥ & 5= il EC M2 b AL AH
L, e E B R AR BRI TS
H MDA Sl AR RIIE 5 R SR Ak B R 2%
e, BEREEIR AN TR R G e E AT
TE— R b S WS o A A AR T i) 5 55 A 4
MRS R G SRR Y Ik, MDA % # 2
M2t EEI A2 —, MDA & &L,
TN R, Bz,
QNZLAY (Pinus koraiensis) Fh—¥1E 45 CHISMF
Tk 25 d J5, MDA & RSRIE N 35d
JEARMBINT R 21 £ 2 AN
A 57 M@ 2 SFTTE 45 C . 90%IR Y
FAE T s Z A5, MDA 5 & Bifi b PR [A] 7 4E
KEI T EFER &S, (HEPER MDA
O R, DB I N R IE
WA RE R T — et e A A
REAL VL M) H %% (Helianthus annuus) F1/)
AR F R b R R I, BE A TR
Bl EE, FpFH MDA AL 2R, &
A IR A R RR 1 AR Y, Rk, MDA
e R R SR RBOR T A, Mg 5
A3 AN S S 7 RE B 4 M A Al v 4 g A
AR, S8 fr T4 IR i — B R AR

JIg B 3 A Ak BN Dy g T BORM IS )k
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Py F E PR R RO R R A R
b FEOKRAE HZE R PR BIFAK
(Melanoxylon brauna) Fh—¥7£ B 2R Fl 0 =& 1k
i B AR R S 0 B SR AR
40 °C. 100%¥FE 451 Fim# 1k 96 h 5,
Folr =7 o A i 7 TR 5510 R T T TR 1 B R R
Ik, X T RE S TN A0S D R L A0 A g 5 R
WG KSR, MR IR K A, &
B A I RRDF A A R AR AR sk
638 T L e A ol B R g BT AR X L
%, ¥/ Mahdia 76 40 'C . 100%{% B /0
WA, PERRET PC A PE 19 L 451 43531
TRET 18.1%H1 21.0%, #KJFi/NEE Marchouche
WERR BT PC MY LB T RE T 19.1%, 1 H Mg it
TAG ] T 9.8%, FEA L3 m T
6.5%" Mg JFad AL P 1 R TE Al i R
N s e wid s, e AR IF 1)
FHA AR Abad A A AR DBl R B, 30T BB
LA —Se R IR T, AT BOR e
YRR, BT AR Sk S A R AR
VEFBAEE—E i, L, fEFRERF
ZACHLIR T R AT B N T2 AR B SR 2 A A
4it, FARTF AR RSN, &
U P2 BT AT A B

P 5 AR 282 o 7 A S I A
PR EE AR IR, ERFIRERAE
(FE R RE AR FERD IV L R
A EVE BT WA S T st 4 i, 5 SRR Y
P e B B ] 0 S T s/ ) A R S
Tr 22 16 45 C . 90%JR I 1Y 418 T k=& 1k
1 dJa, PIETERE S R B, M R R
T 28.3%; Nk Ak 2-4 d B, ARG R A
FIR R, HB &R TS, ity & B,
HWERT7E 40 °C . 100%30 5 1 &0 F g4k
6 dJr, NVETERES R IR R T 48.21%!";
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Garcia ZPHGE T EVPHLIK (Caesalpinia echinata)
o5 S YT SR R A 0 O i o i
T TL7%M 72.2%; BRMANTZAEMAT,
TN A T Rl 0 o A AR SR o 2 s>
FVHIRTHE S A R e A E 2 R,
TEFM I R e, ATy M Y & o TR FT
T1 RS AR M R P A A AR KAV

MR R R IR B, R AR
ST ol Ak el B s A e e i R el AR
525 11 (seed storage proteins, SSPs) AFfif
R MG A RKRERRE SR, WMTiLkS
A KA W EEER, S0 BB
AR B YN R, ERFI R fe
KE HEEFKA (Allium fistulosum) EFPFHH)
SSPs i EHANHT FREAEAAN LR
TEXTAE A2 At B & P B AR 5 A
58] TS, BIREE R 15 I mak sk,
S A ™Y, SR e R
th, SSPs [N, FIEHEEASEEm. ¥
bRl i A B R R AR AR [E]
MIIER, &R 2B TS B AT T R AR
e, EEXRMELZES AR E, RHAK
LAV R R E A RS A
o, (BRI, T AL A PR R R
IR SV AR KA — i R T 4
2B mrgE T 2N PR gE WA A /N i
AT BUNE N AR b B AR AN R AR B 1Y 7R
b, EARSRAEREAKR, HERNEE
TRRIEE 2, TE RS B, i+
HEAGRED, S FaasEn SR,
JE 5 I 1T A I G R P

AR (JisEfl) R A
I ARGz —, W AR ok R g
P A4 N it 2R G 7 b 2 Ak e 7 v ke 381 O
YER, XHEBRAMANTE R . EEZM 2 h
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HEFE L R\ REY . BAAYE
1L (superoxide dismutase, SOD) . i %A1k A
(catalase, CAT), %A fk¥lE (peroxidase, POD)
BRI N E S, SOD EHUAN KK
FEM) O VG BRI T, &Rl AEHUARFCE ™ A= A
F Oy AL Hy0,, [H H0, XIHUATAE, 75
22N B CAT FiIl POD K HUH AL Sy A= i i sl ] 1)
MM H,0. filin, $EETE (Medicago sativa)
FhFHLE LG (SOD. POD. CAT) Fifi F 4%
Z AL ] Y SE K S B RIS B ik e,k
PR FIE R, W 12 4R )5 B R
%, W 3 AF e Vs, TR 1-2 AR
Fy, (HBERTUOR SERF T, BEAKRE
IR S, B2k BE b, B it 4
ACAE RN, 11 S ST AU A TG P 1 o, A
TIEBRIE A A B, R AR AT,
T AR 3E P, AR (dehydrogenase,
DHA) AJ DLz B Fh -1 & Jo A AR 0 A5 o B2
ARG, AR R 15 77 89 58 55 B 42 52 i Fh - 1)
W6 R Azt RREVNEFITAE 45 CL 90%iE
FE RNk Z Ak 251 DHA 6 PR e T E s
TREEH, T3 996 AL 1 K\ 3 KA 4 K
DHA %P I X0 ], b5 2 Rt ris ok
BERTX,; §EE 22 B 2 RAGE 3 K1Y
DHA HM & & T, 51X e 3.76 £
1 3.18 15 . DHA {GTEAEZALRTINA —E LR
Thim, AT RESE B TR B 2 A A BR 2R /N D
TN DHA W76 PE, (EFEHE &I TR SE K
/NZFIF DHA JE KRR

SR Z A M R S R e, AR
TEALTIAS 25 R IF AL AR 1 2 5P, R 1E &1k
U s LIS ¥ AL YT i b T ST N Sy ST
MO, HEPER, NAMERY 5E B P32 B ALy 5
M SR N R AE 35 °C L 85%IHE
25T s 2 G, kiAot B /b
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(Ao TR NGB b (K f R = ~ R K S AN
PAFPF I Xin S92 505% K SR 1 &b b 25
WFFE I, LRI Z A0 . N AP RS BORY |
s 5 B SR b s MR (Ulmus pumila) Fh5
TEZALWIN R 0y SOIR B GOk A 34 50 1 431
TEANRL B, A AR iR, SRR
T RSE =R NI S Sy NI I SR NIV ES 3 TR NN
PR, S B RETEMMNE B, oo H
RIZERLARIY R (0 A A T Lok A TE i &
BB IR R E , HLORAR B A S5 1 K A= 2
A5, ATP LR R, LA kiR
b 1Y 52 BR AR #E 7% PE 4 (reactive oxygen
species, ROS) AU, Soadkfe v F2 4k,

4 MHIEUNITIH

WA XTI 2t Z4E M4
AR AR, S= 50 HIEAY FEAR, R AR
FES 0 FEYFHE RS G v A2l
TR AT R S R . Y HT BN I
A FARTEF AV A S,
22 MR IRAE 7 SR 2 2 R ER 11 B AL 2 A T T o

e SR 2 e — T AR AR R 4 i
JIT A e DRI B o S Sy A AR R 2B, T R ) i
EYIRRESRE  HEERE AT AR FRIRE
T A R R RIEKE o I, AT LA S 4k
b AN [R) 2 2l A () A B 45 T S R KO 1 3
R2ESE, IMWFFE A B AR G Ay JE 1), i
& (Pisum sativun) FhF1E 50 CHIZMH T Nk
EAbp R, B 717 M ERFEIN, H
H FRZRIA 330 4, NIRERIS 387 4. EEAL
5515 RET 22 5 RIB M IERA XK £, X L A
ZH5EAMIEEM T R AR S5
K, AT R B S 20 FE g R B A8 5 i 4 R
PESET- R, IR LRE )y, W& Fh 1
AE RS FORFIFAE 45 °CL 100%i8
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M40 T4 72 h s, 356 4 713 4055
FIRMEEA, Hp 2874 4~ 13, 1839 4~ T,
XEEFE R 29 I ge AR . (59 . o
PNFE BT SRR . AT R, Rk
SE DN AR R AR AR 2 B I, S8 ROS 1Y
FRAERIRLR, AR RS 1. Wang
SRR, TR FAE 40 C L 90%IREE Y
S IME S, R0 CBEmERRIK
LA (differential express gene, DEG) #F2 1
A, fEFE sk M, DEG 7EXF ROS. Ffk
Ji3E F HoO, 1Y 0 H I 25 = 4R, R A 21k
AN N ROS FRR, S EUBAR UL AL |
SR VTN R 5 1 | S S ER AR B S 1]
Fe R P &% S [H ¥ (heat stress transcription
factor, HSF) FI#UYAFTEEH (heat shock proteins,
HSPs) b, BLREATTERN & Ak ke SC s
1, X4 Prieto-Dapena Z5EPNEB] HSF 7% K4
ARGIT (Arabidopsis thaliana) FVHHE (Nicotiana
tabacum) PP R R 2 HSPs LR M
[E AR o A DA S 1

M — R A T R A 2 R
BT, BREEAAEYAA . A . AL A MR
TE SRR BT Rk B A AR O R R HE
VK (two-dimensional electrophoresis, 2-DE) I
[ 37 25 A iC A X FT 48 %) % & (isobaric tags for
relative and absolute quantification, iTRAQ) %
AR T R A it 7 5t oo A e A R 5 T
()25 S8 T E AT EeAS, RS KA A5 A
KME M A LEA &1, DNA gL & .
Cupin FIRHE A A AR E VRS & ZEAPY;
H VHS .ENTH Hl ANTH 25 #4388 14 /9 L4
Kk G RIGHEREEAN N HEREITRS
IKFERDF 19 2 A4 5% Chen 250 ifit 0t %
(ST) FHI- AR (SS) HU/NFE (TRI 23248 Fl
TRI_10230) MIBFFE K, SSPs & 7E ST #h
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TR FER N, SS R FE WA, SSPs IR
AL ROS Xf HAl 25 i il $@ /22
DN I S ) B W R N =2
1 Zhang % D500 B %t E AL B9 E oK A A B
(Populus tomentosa) ™5 KM, FKirkA W
FEVE2ZRNENZ S, SRR, &
LA S I . BB . A0 A RN o3 240 G
Yin FHGEKFR 2 B 112 FE AR
B = BE A 68 B AR 1 5T 1 S Ak K F- B 3 AR AL
KM 23 TR, el R rp A
78 MR IR, Hd 16 RS REEACEIA K,
MR T i RN 4, X A TR YOG
SAERE S Z T SO R e R, A LAt AERE
JIRR T R M AR B 12 A B
BARDG, R 7P Ak R G2 BN
S AR 1 B B A s TR AR R A Y
TR T A, R WD A TR
SSPs ¥, 1 e Ky iR A, SR FAE &
et FE A SSPs B RE SRR, 52 SSPs 1Y
R FERELAL, SSPs [k HEAL K- HE R W] &
A1 ROS AKPAEXT SR , X5 &R+t
ARG T E—BT,

738k, BeE G (lipoxygenase, LOX) JEfR
Jor AR Ak It R vp Y S B I, A AR NG TP B AN T AT
JIE 05 IR A= AR Ak, 5 IR W o ik R R I JRR
iz, SEENG S AE AN KR EN T
M ALAMFE T OsLOXT FER ik, AIHE—
SEFRBE b AE 28 R (1 A0 PN B 3 K A
hpRNAi20-1 o1 OsLOX2 BYF ik KB A= T Ay
29%, TEN TN e bab B 5 A& 28 2 T 8 4k
B, ULITE—E R ERER OsLOX2 HyZRIkR]
miFFEk, ERKFFHEGD; A Bai
AIOOTL PR R, OsLOX3 K& IR Y s 5L RUK R e A
TmECEEA IS B A ZFER L BT AR R, DR AR
OsLOX3 JEPR 3k AT il #h & Ak . W 5 1 D
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(phospholipase D, PLD) B4 I Hr (¥ ik g 4 i,

2 5 Fh I B o B B0 w R
LRI IF AtPLDal 3£ H, 0] PLD ik, o]
B R RS R T & 2 R AN S R 1k
HiE B AtPLDal W) 3R3K AT 48 & Fl - A it It
i aE SN KRR INE ki AR OsPLDI 1)
FRATEMERE N, BTNk OsPLD, 55
OsPLDI1 5 T fhF&ibid e i A S ke At

5 RESRE

Foft 19 & A0 AT LA B R 52 i B & M4 B R 25
SR, e BE— A FEARAR L B A
AR T IR R IR I AL A . Fh T4k
FENJoad F b JE AN kA i, 5 1R e A i S A
WA 2, ENAMEE BRI TR T RE R
TAE, ABATER MARAS |45 75 Ff -2 AL 1) 22 BEAL
o BEHE > TAEDAEORRPE L JE, XA
PLELA OISR AE A WL 5835 . £i5is T #% SR 4l
L A AU A RR Bl LU B
TAREEHOR, 2 N E R M AL A ok A
PERIZESE . ZE T A BEEAF R R, 4 ) al
PATE N iR JLAS 7 A T IR AT

(1) 519 2 A0 32 PN B PR R A1 57 30 35 [
THILEG R, 5 WA Rl 4 ) 2% [R5 [ A
HAW L SEREVERT, PLERILE A R, 2
A TR e R, SR T K
P ERAEAAEHLE, HETOFRE = RALES
M2 JZ WSS TT, PR A SR i <4 2 B Al
DA — 7 R JRE fifp DRI — MRS 345 1) 2% A
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Jnsie %t 2 AL A OCH 1 B mRNA € AL AT,
e 2 eI 240 i K- W 55 b 122 AR Y BB B
55 FRTR ARl o IR 5 AR AT ST A
XD, A R ESE, AT AR B
WS 5 7 S (R R E P b 51 8 Al A P IR o
A, HE—BogE AT ALHLEE, B2
W2 TR A RO

(2) 75 fi 2 DR AR 0 b 2 A ] T A e 22
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B AR ARSI o SR FEA RIS L o5 o A
ZACE RS, IR E RS
S EA 58 125 6, 2B AR Tl 16 ) R 35t % 5 4
PERIRZIE , B P T 250 RO . A
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Wb, (HAL 2 RS K A B 225, Al A
MG OB &K R ST IR R, ok
i 5 3 A [R5 R U P ) 0 5 7K
S K AR T I FHE R, Bl 7R R BN T
W, kS NI, HETEAmRh 1K
PERFST M 2 BN . eoh, AT
TR TE 25 A LR T2 Ak R Y
A A AR A /DX B AR TR AR R TR A2 K
PERE LK AN [ 2 A28 BB 5 (A1 i 244 Kz FH [A) R
AR HCAE AN A ] 3R] LS L W ¢
FARBAMAN T 2R 225, N IR 258
XA TR AL 3 R | AR
SYBEREST . AR A 5 T ARSI

(3) BA BT AL A BRI B B 5 2R LA
b, A JE N Z T R — SR Y A 25 AR
Py UL A 7= T3 BARAE D A AL ) TR A B
G5 RET AT RINRL, N [R5 R A K T A
i AR AR B RAS R IR, PRR AE 2 14k
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T 51 R ROCR A AL = Ry A TR A AR R 22
5, SIMANE SR D7 SO AS R A6 g 52
P A BAE AT bR AL e, RIS BT
KIT MG R A6, H4 Ja 5 Ja] FfR A A
TAERNFUG IR T ) e R AR 2

(4) Fh 71Kk T LA R A5 e ad A A A
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HI THUR ROS ) 24N de e 2obifdk, P
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(programmed cell death, PCD) A &%), £
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