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Abstract
Via mitochondrial genes, eukaryotes: such as plants, animals, human and yeast have evolved ways of cellular
suicide that are known as Programmed Cell Death (PCD). In multicellular organisms, the organized destruction of
cells is important in development and immunity and for forming body and specific organ shapes, as well as for
removing superfluous, unwanted, damaged or infected cells. Furthermore, disfunction of PCD could lead to
various diseases in humans, including cancer and several degenerative diseases. Two characterized systems for
the study of plant PCD are those of the Hypersensitive Response (HR), which is often observed during plant—
microbe interactions, and the development of tracheary elements in the xylem of vascular plants. A simplified
depiction of the sequence of cytological events that take place during these forms of plant PCD is contrasted with
those of "apoptosis™, the well studied form of animal PCD. The *"clean" process of apoptosis effectively contains the
contents of the dead cell for removal by other cells and avoids activating an inflammatory response in animals. In
the case of HR-associated cell death and the terminal differentiation of tracheary elements, the contents of the dying
cells are not engulfed by other cells. In addition, the ""corpse’ of the dead cell is held in place by the cell wall, and
for mature tracheary elements, the cell wall is reinforced during the early phase of PCD and carries out the
essential function of mechanical support and transport after autolysis. The final collapse of the vacuole immediately
precedes nuclear DNA fragmentation, which occurs at late stages of the cell death process before the final autolysis
of the cell. These ""key" characteristics therefore distinguish plant PCD from that of classic apoptosis and indicate
that specialized features and pathways have probably evolved to control and execute the death program in plant
cells. Taxonomy of all forms of PCD based on inhibitors, activators, and identified biochemical pathways involved
in each form of PCD, and that should offer new insight into cell death associated with various disease states, and
ultimately introduce new therapeutic approaches in human and animals. In plants, and by controlling PCD
mechanism, the system capacity constant could be increased, and ultimately, the economic yield.
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A AN oy e 3yhal)

Bl (unugiagaly LsigSgiilal)

zalin 8 Jsdall e sl gaall LDAN Cua <
Ggal llise 3pay e AT Jby 1aag (LAY cgal
liiase 3)gumy Jand aPlsildl 3 PCD zeaysall LDIAY)
Al Sa (e faae dag 28 L3l Bagasall Gl e
e Bhrall (8 aalid lpasSalall Leias p3dlgilull
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e sy o DCI-2 (455 2asy Al (e apaall B
Blylly e D) ASeally Lo oS sulall 00 4y zeY)
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(Glutathione) (ssiwe A Jisew 43l sam LS aus5all
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doa Ao daxs 3 chulia Gl Al el (5< cua
bel- 5 bax Leies sl Suiadd lalawia) 3T 210
L bel-2 dbile a8l ol @l e Sicad .[90,9] XS
dalie ) dlaa (DIMMeErs) ey (sSs e 3l
aa ) Aplal) Apalall 4 ()5S il Ladgad )% Las
s (in il s Ladly Guagia o) (DY dal)
Jadll a3yl csSiice [ ced-3 iy .[90] el
791 gl seals) Baliy) @i e Jany o3 il
clal ced-3 pdse 8 aan Al )y shal) co
iCe Lt yd Sdny Laiw ¢ g 151 Gmny (8 CusinglY)
a3.[129, 85] oyl glsl 8 Akl Cali DA 8 4igan
(e At gara el ChHLEAY) e e PLA (e
Luall ced-3 / ice ddile syhapn cann dadlgl) Clagyy)
5 Tx/Ich-2 5 cpp32R/yama s Ich-1/Nedd-2 Lgws
Cipan o8 aalud Lenaan o samg el iy Mch-2
gl Calide 8 Lgd soeil) Japd Adla 8 GugigdY)

[79] Wi
Jieice Jae cilladie of b Jiay AT S dllia o LS
YVAD (consall 2iidly CrMA o paall (s bl (455 4
ol Fas bl ddaaly ojdad o (g3 Gunagius) (L
L) 8 S L [79] L) dgabiad) Lagdall il Lgilalinsa
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Caall 1aa Glatiie aa g Y ([121] LWIAN Ciga jadad
i il 038 35y oy L Ao Sad) LAY &
5w Ofiebe ) el Guugins¥) Gabel Heels G
V) aslee e sa b cpsSl il S cpall
call @y Gada o Gy caslae HAT (gl ol 4
ciaal ) Al ol Gl L Sl ) e S Cay
S sl LA e (gsind Gaall I 55k Lgd
JalSis asanty 55 reaper of 2y .[121] By ke
o Al o Al HLEYT e dealall e gladll
cpall eydar dgay )l Ahadil) o2 die s ¢ uusing) Gl
Leslas (S (A lilsll Sl

o Lo g coviall o 83 AWy ?Ai Om O O
¢ AY) L) slasg LAY oany Cise

o cpal ) aluhall e sl AV ey s
Llaall jig Layy drcage L) dlia o ()l ekl
O b (uagin sl Balhay gyl G LAY (any]
sla o) b .[95] L) Hlaml maliy ddle) Dla
Agase dulse (o ading Loy 5)-kaiall Al LA
Jgd o ) LA wd) (KLY 8 e s b
23 sanall Mgal) (e IS i€ WDl & LD asy
h LY saa Uil Ja <l LAY Ll Cgay Gy
e G (o agrin ) 23l Loy Lyys pia dpiayell
oabel aal aal o DAY Gasysla e oWy Dl
U LA gl oy aUas alay) 4 138 PCD galsy
DU LY s (Lol ISl 8 Calladll Ly gl
Ll s And5all LA Gl (LA el e o Lal
o Lam Sl clpatll 3 450a) Lwiall LDIANG L [96]
G il @bl ) syl Lgles alal) ol
o i ) LD G L) dllia s
din O i) e gl Cigain cllal) @l ) Jsaal)
Lys pal) LAY (e Craya 28 Al LY lgia (alil)
i e of LY e Jd (S . [18] slaall
oda Jull Jalse paadl saiaa Sy pedail (piaidll
O O O e Led genall e LAY Calagin
el Sliugll GUay i sa L1y e LB o al
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LA s Adal) 3L 3 kel 00 D oS )
Oy QLK e dgana 22 o Jaall DA e el
Jase 038 Aadl) ) a0l dsletl) olasall Leaal
comsins) Alee 8131 leie Cisay Apana A3 1090
it G Guansins¥) Aulee (b Aad) Jabe gl llia
o Copain Ll 5 Lad R uae i oay luall S
Al A Calass Al Cigag ¢ AT Dm0
= ) Al aldaa J a3 (Phagocytes) ddaul s
Al akais Al Gliadl e dre (el O 25 280 Ledlas
2 5 A bkl o 3L [111] Gl 8 el
Latay conanll LIS poan (3 i 85831 EDGN Jabial
Jalaae 8 i Jass LA g dadiys Al calial)
AN 5ylapad aaads Ll Jal ddee () LLDIAY el
(ced=cell  ced-9 sced-4 ;ced-3 4y clua
J<Gs ced-4 5 ced-3 Jwx s .death  defective)
Ced-9 Jary Loy «Jll Lo oSa Al DA (4 Jiina
0ed-3 (e (51 Usnia il La 1315 (PCD ol Lasi
s Lo sale 3l LDAY oli alall s (e ced-4
O plaadl a8 o B8y i doalae) A 8
ety (LA g Jay it s CEO-9 (A asl) el
Ciga 331 (A} (g5 8)3hlly HsSAL) (padl Jsrde JUay)
O AU Sl csall I aghy (sl ¢ S IS LA
ced-3 2sa5 e 245l Sala may LAY Cige malin
ol at.ced-9 o nlab V) day Y a<iy ced-4
Chamaas C00-4 5l ced-3 (iadl aal 853kl Jyuan
@ LaadlS d dagahe 8yik Jeuan Lain Al Ciss
Shh 3 @l 3l Sy LS PCD el ilay) )
5 ced-3 85y 5yike 4 cilian 238l Jiles (gretae

.[49] .ced-4
ot o 0Se G dee ST e Cunall (sl
el Jlad A8 18 e L) (e dpaall Gl ol
S i QY dias dla Ay il e s Ladl)
) bl el sl pal ) ey 8 Al
(Drosophila melanogaster) agSkll 4,3 e cyjal
o Loy 33 aaly (5301 rEAPEN o2 (s (ki
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Al el e dasy 40l8a )Y aal dcadiall LAY
[76,51] 4 (e Al Cigar ALl Ol aass A
U LDAN g e JISET Bamd s Ciaa il a5
O -[56,5,2] culalaiall (e ddlida mualaal la)say s
Clsndll 515 LB (e iy il Sl my s
52 Apaal il Lol aiiay L Aabal) CLPS i
Giluall il gl padosilly Gal) Cige g isal aas
e Ol agd & € < aald of oSy AR il
5yasl) clall )5Sy o adsiall (re of LS LAaBSA LD
doan LS ad Jalsll aalill apaatis o giad) Cigan Jlas (8
L aladin) oo Sad il t\}'&\ BZIELIPPLTENy DY
S Aady (o aai (o [31] LiaSally Agiiall )50
PCD salla; asinll gsinall oy AN Calaginy
G 25 O 0Sa [120] a) S dadail apaas of LS
D5k gyl caal Glial) (aillay aaas e 5)adal)

sAaal) clilsl) 3 PCD gabipd fudail) cuilad
Gl 5)sal) diia e Al LB o) ) 5Ly s
gl ahils g il LAl Calias daliie PCD graly LS
U yay ¢SS SAL Aatiall saill Jalses ((sd) Jalall)
oSl 51 e Lyl e ls oLDA g oga
Leie (eadially laiall sy glla il il s s
s e Gpall eja Adjaa 4118 PCD e 4idle
Ll s ) il e Allal) dallee (S
I gas <13 .[32] (One-enzyme one-gene)
e LS A all e W ateds gl S0 ) o
Oayru salds lashdl aie W gl aie el il
Olas U lead) ae Lo HLEEY) Gy aas (5350
e Ol deliayy s Vy iSla Lale 40-35 ¢4
O iy 53 PCD el duiity Uyl Ciaay . pglla]
28 Sl Leleagy gail) oo ladl 222 LA =S
e RS L Jrmn Vs el Glayas (e Aaibs 3l
LOA Cige las &x8Lilly Glgaalls lus) 8 PCD ki
Alall LA ety el 4-3 U< JLlSIL laagaass aall
ol oLdl) Asile a5 Ligis (S 4 s 035)
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(Hormone Refractory Prostate Cancer )
bl (< aainy i) WA slas o 3) ((HRPC)
S Labe Ol ((Androgens) A <Al cilisasell e
Iasa ai v [96] umssins¥) ddausdsy LOAN sae Jii )
e gyl 8 iyl LA sldie) (e saliiu)
b2 dldas LA Cigae (50 Adsball (g 2 3Y)
Ggaa sl s i W) Jlatind PLA e cdaadlal)
32l lias g pull Aillayud) LAY (8 Gusgiag¥) 35ala
Juaiinl daglie o) conbaall HSAN e cpalill 2ace
bel-2 8 il hajd aa meoaly JS5 asiys ang 2!
alh =S e Juny 53 ceA-9 (grdal) cpall plas say
G 13D Ll g yall Ay W UDIAN 8 e i)
bel-2 et hajs DA (e g )aDU Ganeatll e cUEY)
DLl () (g Gl pll 450l Al yd) LIS 8
enal |30 GUAY Dol L g pall ige Il LAY 538
igaa jdat Letm 5<a (PCI-2 Jwe arlati LY
e Bhally LAY el Jha 8 GeugugVl sallh
O A D dla o a3 Las gy« [96] Gl yudl
Sl Lol s alal) ad o Al oLy LAY se
Sl daali Ladle Jslay axy 13g8 A8l 220 Plicil

ot Olapadl Jie dpasivall Gabad) (e pall e
Cige Tpaal ladie (glait ) Ldadl Adeall 58 ayell 0
lee (5S¢ L) small ol nil) (g5t die 413
Linal) daV 1y LAY e 48032)) yualinll 5o gi€Y y gail)
PCD il e ) (myall L dall LA )
s (AR Gpe et ) dals Al (4585 L
g il Apimpal) Sliisal) il Guaal) Lo il s
Leyy -[68,57,40,19] Jilall culall 3 Ujlea JE¥) (g
Lai Ca it LAY ¢hgad dmiadiio e @il ()5S,
Ay Lagis 408 g ala) (e @A) (i al) CDBRY
Glaalusall Lo 131 L Lelwmit o5 ) A1 alsall dagla
O oSy (LAY gl L 3 ppall GlLll 4 abia))
LA s QAT o peasl gl Caglall alad) Jamall e
JSal) gl ol Sl ety o) L L) el
AL Sl 305 pudy cclllisall by 881N Jaall e



9Al Ssalud)

(2009) 261 :(3)40 — &l Lol aghall Alna
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SCC alai b ol sae Lagin (xSIg ((paagipe calac
Seal A laey) Lk baad 13) ade Ui L oS
Liaghs clall elld 6 [28] cilimll (e Ao shaiay o Sl
3 3 siVlg (S0 sl iy o PCD e
o el ae e Sy ()€ el (s Slis o]yl
gllac) Ao 28l 3Hnsadl cld cllall jaddal Jaal)
G S Gagipal) J ) cagall e el Juala
cebipn Ly e Sl s ehinall 00 cilsls b
(I syl IS Ly IS (e aay 531 PCD

34
Ay Cisa Ay el Aa3 8 PCD syl @llX hadls
Gaa Ll LS el cally Y a5 8)Sae dlaye 3 (353ll
(6 55 P& —_a) 4

.-
A4 4

s jo o

Pl 2225 Leilh alaall LA Jag cple JS 12a Cuaay
Caal cueal Alls cllia e 726 s glady) jee
§laad) Caas Jol 1318 (o) (e g5ty syl ¢ Lo
O 48 (Dlsins 5-3) 58 e (8 Ganall Clad
DL elay 8 s xaad 5l e Lpnnds (s
§ Ll s 35l Y cina o (<l Sl
Gl atayd ol Mie Lle 14-13 jery sa5 olad
188 sae Ly ) Cagas PCD el of V) clgd 0S50 Y
e 15 (g Band AS pally QOIS e day (e palai) (e
Al ) Jpeasll Tan dege PCD Siginy salll Aaya
WA el b oty (lapall 1 Jial ool GISH dpaplall

(A o pasl Buns
b Al LSh LS dlligh (Jraaladl clsls 8 L
¢smaill Jualse s (puially gslly Caiall ) (Shs ) sl
8yd8e il dylas [29] (Ssaldl apo 28l sl dayag
cpaa A (System Capacity Constant=SCC) Uil
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