(89 - oode) b 5 Jgho dhmo gy Yho
FAV-FR0 IPAF sl o oslads & Ml

0 ) s 0L JImSTACC (55 ot 9 wigidgl (Judg o5 I 1 w39 SIS W15 31 (o s 91
Qs 3 S 33 0 33 30 Clg pd y Solanum tuberosum L.

*TPh.D. jgulus! 51 Lo M.Se. 003 i dnd yo
ULQ(G.AoI olKiisly ‘LS“’L'M’ Cowy ) 09; ‘u_mLf ‘5)915)).._9 on)l LS“’L‘:’)K -\
ULQ(O..D‘ olKiisls ‘P9l.c 04 ‘UA»L.MJ Con ) °5)§ -y

ehsanpou@sci.ui.ac.ir : Jgiume ol g Sog xS Cany

YWWAYIVIY i o pds 2,6 VWAV VA edl o z,6

PRV

Sl ysd g o, GalS L o] aesd g 0gd e adgi aind jo ccaS byl s 0 a8 cul alS slagyge,ee 5l (S Ll idas
Sl s 5y 4b, 5 ol i 05 Jlgn e ol SIS s IS 1 sy alllae ol Bt el ol 8L (S5 50
Ll ey o 5lannST(ACC) Aminocyclopropane 1-carboxylic acid 5 o\l 5 (So5505: 58

e V0N b o glacdale gol> MS i lase j0 abn O Gas 4 olS il sbaalsx lanl adllas o] ;o (b Jhg5 9 Slgwo
Ol o5 s o 0l Ol digy cdale g wulh ool S Al g,0 bl b 0 CoCly i o 6,8 Lo £e oF - (Y
2 (oo 2 3lenSTACC 05 Olo 5 43959, 5 Judo)lS

Ol oSy has ]38l o 50,5 (6T sl Ll g olep slaaiy, ol 5l caiS Jasre [0 LS 0y IS oS ols lis b g b
il 3 e 813 LS g Lol 1, il e LS IS 59 0, hen Yo Bl 0 0555 S L 15
Bl rels aels ol 4 cand JlanSTACC (5 oLy cdale

Ay Soled )0 g da e Adud 4 CudS )0 Ll ez g oy el caw lanSTACC 5 ol mals b LS 16y amuss
lse 9 (297 A (o) o oL

(Aminocyclopropane 1-carboxylic acid) ;lawSTACC w15 CllS ¢ cue) e « il i gaudS 551g

YAY IFAY 500 & osled & Wl (2893 — oole) b § Jobu dlxe



o g ool A dwd po

w03 Ol 9 g gls (Judg HlS (S b p cILS w9 WS ST oy

Ol e Sl alST (gl (VY g oY) g go o S
Ol sl M) 0903 (6 25 9l sl g b Wb Sl s o
Sl GalS 4y e a8 LS s sbvens ol 5l les oo,

Do ookl 08 )F oo add o bl i s il e

=S e ol s £9,5 Gigete Selyial SOl g s

2 Boasg (5 995 g0 Joad (SAM) (gt o590
Sk 52,5 =) =0l 9lSemsiel 1) ACC &y jLiwACC
ediSogasme (iSly (gl (iiSly Gl 09d oo o (el
ACC ¢ypaslipaST cdms Al o 55 sl yoans gl 45 oyt
9 S SISl el SAS o (o STACC alsy
Ly 00t Sgas olga 51 g,S (VY 5 ) 05 oo dlws
i (golge Jolds 09,8 pl ok LSl jiw saias ralS
S 5l mle Gl jiwgey s 5l (Srand (35 Sgas Ly a5
AOA (DS ity g S 5ilsial) AVG aiilo w5 o ]
Jolye led yo ki ACC a5l a8 (suml Sitnlginel)
S e 553k (ACC 4 SAM h5) sl 52w 2y
ool 5w sLmoa S lge 51 (ILS ay,15) CoClz (9)
OF 5 11) 45 o 6,5 sl oyl &4 ACC s 5 oS
Oleeds s YOPIA pgasa (39 slyls (CO) LS oply ogdle
5 oledl 13 0351555 @l (paiz ol 2 (5,500 paie S
olelS ol cdlS uzmen ((VY) sl lags )15 lilg>
A (e jo2 o,k 3l Dl oaiiS oy a5 Y ek oolgil>
IS 31 solizsl anlllas oyl 3l Gan (V8 §10) el 3l
seaiedn (e o oS Al l o ciS Lylpd o LS
53 3leSTACC 15 L GralS jo ate nl Bl g
oS ud) el 5l (S p Ol oy pas p 30w

yby) 9 Slge
M as 050 Culy 08 () s LSl anlllas ol 5o
oS ils (AL (5355 58 olKaulejl jo Bl cunS Laly o
9y olalS ol slaasly> o oolarwl g 35290 yleasl
(Murashige and MS) S'¢Swl - Seisl g0 oS la e
Fogfe ¥ ¥ NN b glacbile g5l Skoog)
@y Gite ot ools ab) w5 LS ) 0 )5 e
(MS) sals glalawe ;o 4l 0l con) o slrazals
S oy e Fr s Fe XY 00 O 0 syl s

AT 5l o osled € o (2895 — ooke) b 9 Joko dloxe

LVRN-7Y

455 A+ 5l S Solanum tuberosum L. —wojou—w
=t 3l g Solanaceae oolgil 5 5| Solanum >
15 55 asekes YVO & 0T wdgi o ol oz olié Y gams
sean |y ol (=2l 51 ESe ekes VA g 0y o0 JLo
LaaSgISITeSIS gl)ls cojcmms (V) Col 20ls olazs]
Pl shls Jbl ey g Conl atulis ook Jlade 5 Olgl 8
ey oSl (V) canl Glgls sxio g a9 ls (olae
3 ol e alles s 5 58,5 15 i (slas lows 5 2T
05 s Sleis sl jl ekl 09,0 o 5l o] Jyae
5 a5l s LS S8 g ge AL il S
anlen ang 5l ole g pllo QoS ol (Y game i
A e yiwd LS Bl S (6,5l sl eslatul (F 4 Y OY)
= 5 sl d=slss 5 sl 5l g5l 5 pllw Glals
Oemzeed tlwl Bl e | (S5 0l 4y Shows
s o alsgdy 45 sl 2lsS ol ol cdl s
Ll polie slays g [ bem Jolse @ pslie slagy)
e () 58 e oS &1, (K85 5 5,58 asle cnlial
2 Ohel gez 9 g (e o L ST NS S
5048 el olS padplite ado 03,51,8 S lgreas asl
9 LS5l Geizmen 5 (0,5 CusSly plSan o plals wlad il
L 5l alS &gei god g 08 2 9 09800 Sdg s> slaaily
(5) 5,085 oo gllas

Sty Sz Sl plalS e Gl (Sujels s ol
Sy, o, W Siale wls Olgs sl oSy
b JLasl o IS ogre (S gy (JSos g a8l
ol 9 Ceglie sloul «(F) Liaé (5 ,niydsis a3l ¢S]
oS s (V) plals (liisn) 5 2S5 (g sbois
) Eml i Sy 5l oS 2550 ja
hee sl 5 b LS 36 e GLOS Geizpen
adox (28,8 Ll Vb &)l a2 )0 690 ¢ S wile
)l 3929 Ghil adgi p (o Sl g o35 bl dagisly
3 AL cdl csS o Ll gess 5 ads odas Crondd (3)
Sz &0t ol (03,5 (a3 Az y0 sl Llpl
Ol g ) sl el sbxl o 45 3,5 o & jg0
WJ29)A5 Gl 18lS (S (59 2l U 5l 5k
Obee alols il 8l Lol gloaiy ) sbml S v a8

YAA



o g ool A dwd po

e 05 ol 9 Wigii gl (Judg plS (S i p LS W9 WS ST oy

ol slosls w2 5 alool 56T o gl 1,55 F b dolss
& e s jo - SSls cus g SPSS I3 3l e, 5 L
2395 dwl=e (P 0.05)

o3, Solanum tuberosum L. _ow) o slrazals cuis
Yo 00 slacdile gol> MS citS eladase 10 0,50 ul
Lo L awlic o aan d Suw ay CoCl d o p 5 L
59 pae 9 9By (58l S 4y (Wal) MS cuis
29,5 il gam 5l 5L slas leal

Orzed 0L 5 (S5l 50 Dleogad usd g 0l als
loa iy, ad) g joebs (o Hhd pals 5 adle jad s
a8l 0b) slaadlags )3 olS 2l9a plal (55 2 bl (oo
o=l Lal ogs onalive LB 7gb9 4 0ol SM ¢S las 4o
b i adale )5 logaselCoC Gz glaclale [0 (e
3 ol 55 000,55 2a,21C0C Ji 5o .5 oo ¥ 55k
) 0 a S ke 0) o) 50 slaclale a8 ols ol ) S
Lol casiols lis S o o ol38l salss 4y cownsnlCoC
2o gaals 4 coi ob; s SWSIL S mhaw o o
2CoC = o pyS o oY clale o 2lCoC slacdale
e oS e o F 90 ¥ g 0¥ slacdale o0l cvalin
Sl plas (Sl aals 4 Cand Sy maw oy 21CoC

1000
800

£
% 600 b
£ b

= 400
- C
& 200 | T

a

10

15

Ol g laz ceiS oo jlazan 8 5l oy yod o 0, l8
) 6)—5 c)‘d_:‘ Arnon 1949 u,uj)da A.oj}us)ls 9 J’JS)JS
AOY)
5o oad oS Gl 5l lalSTACC o5 o (owyp Co
LS = o S e Vo Londs Jlas g MS ciS laxs
Lacl RNA g 000,58 solitul cuiS pga atin Ll 50 2 IS
oS ,5) RNX-Plus RNA 7zl el oS Josdl jgiws 3o
L oads gl 5wl RNA - Jlade obj 5l s 8 2l el (5o
A plosl ooy S5 5T 5 g esidan oSiws 5l ool
Oliee sz 8l oz CDNA L Josdljgnd Gobo o
Accession No: AY0989391L);la—.SIACC 5 L
(NCBI <l Ja.uy (SR o cDNA ey )‘ 03 ‘i‘).fa
plasl 5 s b golast gla sl L s 5 )50 (5 PCR
FW:5-GGACATTGGGTGAACATTCC-3'
RV:3-AGAAATGATGGCCTCACCAG-5'

—¥ ol & yeaed8) GAPDH 5 ool ui'.u..l_n)‘" o=l e

Sl GBI Ui 0F Olsrear nj Il L Gl s wlans
<35 1,8 oolaiwl 0,90 RT-PCR Lol gl ol

FW:5'-ACCATCTTCCAGGAGCGAGA-3'
RV:3'- GCAAATGAGCCCCAGCCTTC-5

MalS g el 2yl Sy o] s 00 (65 o5l gl,5ST6

200 30 40 60

CoCl, (mg/L)

ine Sl i 1l g g Leee il £, ST oz ple Lol s} e obS 3 Ty pebas y COClacilisie slocdilé i) 5

YAR

el G Q}a)'/'ud&/x P</+8) bo 00ls yog I

1FRY 30l O osled & Wl ((Ang s — oole) 8l 9 Jokw dlxo



HKed g 031 (i A 5o e 05 Ol 9 9599l (Judg LS (S e g CILS 8 ST oy

I JS Jsds S 9 b Ldg IS iul3dl lie o i 2lCoC i N b slacdale aSsly Glas Y S [ sow] Cawday gl
plwaS s ool gl lacdale ple g anlis 4 cons Sloie iolidl e CoCly jid jo o, 8 Lo Yo Y- 00
S el las sals a4 cas (g0 sme IS Laclale Fog e clale Lol ol soi sald 4u cada Judy IS
Oy 21COC ) o 0 8 Lo o ¥ clale a5 ol las O A Camd (6 S 8895 )50 2lCOC 2d jo 65 Lo
ool slas beedale plu g ool a4 cand 1) 059354, )00 2ACoC ,=d jo 5,5 oo ¥ cdale yizman 0l olis sl
s sl 4y S (1 ine M lacale L o5 > Loclale Lo g amld 4y Cai [y @ Judg IS o oy s

Asalas 30 eSS ke Y cdale oS sas o las T ¥ USS ols ylias

14

1.2 :F
1
0.8 be b b be
0.6 be T be
0.4 -T C
e
0 5 10 15 20 30 40 60
CoCl,y(mg/L)

Sl Site pé g s Lo Sl LTl ile b 00l in} e b5 00 s IS Jude y CoOClrcilisie (slocilé i1 :F IS

el Gl u-,g/'ww,, P</-8) lo 00> 050 1> izo

Chlorophylla (mg/gFW)

o

=
= M

o
o

<
o

Chlorophyll b(mg/gFW)
o o
B O

o

da
b
b b
b
. B h..
- o
0 5 10 15 20 30 40 60
CoCly(mgTL)

Sl Syite pd gy g lie ol Gl eSileo o 00l sin; e ol5 0 b g 5 Jado py CoOClcilinie slocilé il 1 [

el 5 Q}Aj[w[w/x P</+8) bo 00ls [og > ivs

3
= a
B 25
&h
z 2
= b
= 15 b b b
Z 1
E b b
I H
)
0 5 10 15 20 30 40 60

CoCly (mg/L)
Siiie ol gy > g Lwe Sy il oG g o Tleo b0l o s oS0 S g 15 Jaie s COClrcilino slocilé il F s
e ST d}c)'/'wﬁ.u/jg P<L/20) by ools Q‘)}r’)bd"""")'i’.%

IFAY 3ub & osled & o (g H — ode) C8b § Joko dlxo ra.



HKed g 031 (i A yo w05 Ol 9 959l (Judg LS (S p e g CILS w8 ST oy

Q

0.9 -
0.8 -
0.7 -
0.6 - b b
0.5 b

0.4 -

0.2

0.1 1 Ii
0 T T T

0 5 10 15 20 30 40 60
CoCl 2 (mg/l)

Carotenoid (mg/g FW)
o
o

e ol gy > g Lee Sy il )y Tl e Sile Lo 00l ia} oo ol 0 wpiig 5 Ido y COClrciline slocilé il & s

el Sl a5 ol o P/ 8) o o0l g0 o ina Sl

28s

13s

S5s

Lo 0 ;@))K[‘j), Losgi olS j/ ons CW/RNA CeldS s £ JKS

P eSSk Ve oble o sla nSTACC o5 oo plyee oS Pl 3l o SlanSTACC 05 Ol (2 5l Sl s
bwg bl (pl og asl yials wals 4 cawd CoCly ) 5 a8l Al doe) s b5 olee 25 (g9, » RT-PCR
A JSs (3l Jyss 5 GAPDH 5 PCR 5 Jol> ol 5 (Y JSi) wals oS gCoCly ;id jo 5,5 Lo Ve clale

A ausl ols oles (4 Jsw) Imaged 1581 6 5 51 ooliiwl b s ools 3JUT

180bp
ilee T gl CoiS Lo o o il 4, ol COCh dals oS Lo o il 45, ol SMS jlaeSTACC 5 5l wCoCla il:V S

CAS IS id 50 )5

ra) IFAY 5l O sl & w893 — oole) b 3 Jgho dlomo



o g ool A dwd po

w03 Ol 9 g gls (Judg HlS (S b p cILS w9 WS ST oy

nowy — [

GAPDH (o 155 Jyisi A IS

160
140
120
100

80

expression

60
40
20

Relative ACC oxidase gene

MS Co

B M5

@ Co

oL S MS . (ioj o o5 o iz o Image) Jisle i oolizw! L RT-PCR ;I Jol> DNA sloail s jJUT I fol> ol 9[5S

;,JU.J.:,U/.‘.J)J,A;GLA Fe ssl> cuis Lo jo 4idl .L.."}Joé‘f.COClz dols cuis Lxo o 4l ws,

Sgy ym ilgige adls o S Lyl pl jo lslades rals
5 ok s s 1 5 2SS s s
) (o) o ) Wl oo grlans 9y 5o Joloo slaad o33l
ol bl les 0dgi 1) 55 SlaS 5 oanddn Sge
e Vo lale ol mhans Gl o i LS g gl
il 38l 5l ool sy il b s ol wls las 1 o e 8
Cdled gloows)losh 510,08 po i Ollllas 1o I p mlaws
o oLS (59, (STS)(Silver thiosulphat) L5l s,S Jes o
0% b o o Jos 5l a2 S1.OVA) o)ls cbllae s
Syl Sl _ia s oLF s el sl o LS
e b o asalie (53 5 0, 1 algs 5o Ll o
ol LS g Jayakumar . ioen aiiws v alie Sy
b il o SIS elie clale a8 wisls Las (19)
A by ol 0 S

e 590 wzse o Lol Cale (Rl 5 S Sl3lE 552
2 8w SIS (o polie 9929 g oo HLALS )3 Coen
Secel jogass s o g (llS wl, rels o ge e
3 gloyinnd dlawlsay o5 Yloiol 098 oo LS (23, 5
2 b, 2alS 5 atly o J5Sle Jsbo b 5 Llise L,
515 08y gl Judods Yiais! cLS oYL slacdale
ROS gozss ULl Ly 5 LS YU slac blé con
a5 odl Latiw (V) 4V +) cwsl(Reactive oxygen species)

Sl Sl 5255 (65 JSew slage 3T 4 wilss o ROS

1FAY 30l O osled £ Wl (((Ang s —ods) 8L 9 Jokw dbxo

= -

Al s o sloazalS 4wl csslive yol> aslllas o
CoCly yid jo p,8 Lo Ve cdale gl S Jamxa j0 00,5
alie )0 1) (60 08 Sleay (&S jsbar 5 5,0l L
il sl 5 (U5 MS L s 423l ) ool |
plw sl e e ble ) 5 CoCly g eols Lis CoCly
54y sy 59 5,0l 5 (Siislsh e edle ol aile lncale
s Gal38l 00,5 0550 Cly 68 (e o oL 50
slaazals o gl slogisn 2l ate; pas s I S
9= Ol (F95,105k (5 2l slasgad (e 3l (g
S odslive ol asllas jo a5

2 Ol ez g yiden adgs Jdoay CILS 1S glacdale o
CILS cble (g A o (568 0 lrazelS @il

O3 Ol 2 I3k Sl a5 () 3 S e V)
eyt Oladllae bl o assls las cazsls 1) 5lanSTACC
S ol 002 alS g o lojl sl a8 wl aseie
I IS 2l S L il g o
JENPWE SONIEINE JIVSFI NI IR
GrS gz 4o S5l Jdsan Yhais! Lol consd jaseine
AL glacble o Lal oo oo 2alS 590 5939 S
a8l als oS o) e LS Camans Judo 4 Yl

5 3lanSTACC 35 Hlo 5l calon b CULS e Wlas! il

ray



o g ool A dwd po

e 05 ol 9 Wigii gl (Judg plS (S i p LS W9 WS ST oy

53 J=89l5 Gl LS g (V) Jedg S o 55 s,
el 00l (5,155 L gus oL

o e S ke Frog Feg Ve SIS VL slacdile o
Ol 5 (G0 s=me Dl olS al) poe 5 (09 (sow Zile
AME o et s eaaline 0595 5 by IS
(S s dile (et (cow DI L Jd9)lS J5SUse
olalS jo K Dl slo i b o ogm b paesls
gy oo Jdg S 5o ey a5 el 0l ools jlis Jle

A dily i 38 slaygy a5 ools las s (VA 4 )
HlalBas leol Kl jo oy ,usdl Jlasl gq, o alale
o Lo olibes] wls aes o i |y (6550 Jil ¢ 0,185 oo
el o pSke P T slachile o e o oS (59,
i I3 105 4 oS 5 e 5 Jub IS 0lS e
2ty 2l 5 o s DL 231 IS e
chale ymli 8l a S sal etk i e iored (05 g0 oS (o
Ol 9 S o gl halS o (pom 03guze p3 ZILS
00 isS A Ly ol a5 (VF 5YY) ol s b 1S
S o aliolel 51 Jols> =

09— a5 ol lis aslllas 0] ;o RT-PCR 3l Lol> gl

Sz oo 53 JleST ACC 5 lo 20 o LS
Coled y0 900,85 Canilon il 4 ACC Lo 5l aS oals L5
=y s oleS asgi 0ol wd s sl pliee RelS s
O e WS b aseh o clS Ll ph 55 0050 Culg of,)
FoSTACC 35 ple el caw SA sl Sl ouls
AOA (Aminooxy acetic Acid) yizmen 9 (YO) Cowl oo
ACC 5 ol a2lS o o 2,5~ Norboradiene
L CoCly (s solils 557 4 S1.(VF) 058 0 jlogs]
Amino acetic 42,5— Norboradiene «s.—wl Sl—wJls
ool S L CoCly aS ools ylis clalllas Lol 5 las 5424 acid
903, os ol 53 0leS 5 aline jlanSTACC o5 ole
ACC o5 4 by e MRNA sy Glise J20LS o
4 O9)gl (83)less (izren D dald olS 4 Cod jlaS]
ACC) ACO14ACS 5 sl il comw el S oo
SlsyliS 0 as 5,8 468 jo (Gluw ACC 4 jla s
LialS o (Amino ethoxyvinyl glycine) AVG 5,5

Y 5l v ACO 3 ACS (Transcript) (s, ls ,sccisgis, olime

ravr

ATP o sile (6,08 5tn 5 55,2501 JUil 0,25 5 (TCA)
s> NADH 5 jLisissT U0 60 SlnS g sl
) plocdd b jlee |y LagT g 00,5 8)ly ol jU3g,000
Fog¥e Glacdale o | Jo yaon 4 (YV5Y) a0 jials
poes 9 09 o=l 099 o S0 4 C0Cl 2 53 05 e
il 2alS s Sy el LS a2,

Lol 5hols (soge o (285 Jle plalsS (S35 50 Jids IS
0y Slas patld slatally 51 (o «olS (ludg IS Dlgizme o5
2aialS lsie &) CILS (g2 5l ) 2 el LT (90590
DS ki o Sy 4o IS i 1 (Ol
sl Fisgid anl 5 Jdg)lS Gl U sonims
osa U cllS e iyl 8l anlllas ol o S ,sboa,
Bl Ll s S 3oy )3 3235515 by IS il o
o 1y Gl 5 B ey SIS ) 55 0,5 e ¥
J29)l5 w55 g psn ols plas lacdile plu g vals 4
b5 lisn s, 5516 L o ool lodi 4213
syban a9l g Jdg IS olie 5o Galidl ol s e
Ly hesl g oaims pals (lgiedy SILST ST s o8
SRl Ohsl (gey98 50 o Jdo IS 1alS ams oo (Las
Ol adel po S Ll il )0 k891 1 (hge 90 onl (s
By, o 052ge Ll le a5 005 et 5 el ouds
oS il 0 (5 Sl i IS o 5 il caiS
Gloooslosh 0 )LS la gy malS plas «(VA) o,ls 0eg
3> desbo ISl 50, o e el ol by s
Jdoass asllas sl 0 CoCla oais 00, 5 4 slacdale
slaos ol a5 ool (asie el LS e 3 Cailes
slaog s ,o (Chlorophyllase) ;Mg , S o 35T oo S oS
38 L s bl 38 ol s o
S s al331 1 2 sl 5 g, ol
3 Jesbs oS Sl 5 Sy Sy s a3 5 sl ko
oS Cligime Lax |y g ail (Jolu axly o ags,lS
i e 53 by S ey 55 5] s e 5 W)
Foiwgtd LBlas 5 02, 0S80 Sl e Wlgi o0 (bS]
M0 n s slhe 5 e ol 5l cales jo 5 aes il
05 o Je9lS e 9590 50 ST Gl alde (1 4) 9
Okl 0,5 Jos oaijlosl lgreay STS Sasjlosl 51L g (V)

1FRY 30l O osled & Wl ((Ang s — oole) 8l 9 Jokw dlxo



o g ool A dwd po

w03 Ol 9 g gls (Judg HlS (S b p cILS w9 WS ST oy

cyclopropenes to counteract ethylene-induced
processes in plant. Plant Growth Regulation. 2007,
55:101-113.

4. Arigita L, Sanchez Tames R, Gonzalez A. 1-
Methylcyclopropene and ethylene as regulators of in
vitro organogenesis in kiwi explans. Plant Growth
Regulation. 2003; 40(1): 59-64.

5. Ehsanpour AK, Hasanzadeh M. [The effect of
Silver Thiosulphate (STS) on growth parameters of
potato in in vitro culture]. Journal of Sciences. 2000;
13: 37-43. Persian

6. Torabi F, Majad A, Ehsanpour AA. Plant
regeneration from cell suspension culture of potato
(Solanum  tuberosum L.). Pakistan journal of
biological sciences: PJBS. 2008; 11(5): 778.

7. Ververidis P, John P. Complete recovery in vitro
of ethylene-forming enzyme activity.
Phytochemistry. 1991; 30: 725-727.

8. Shin D, Moon SJ, Han S, Kim BG, et al.
Expression of StMYBI1R-1, a novel potato single
MYB-like domain transcription factor, increases
drought tolerance. Plant Physiology. 2011; 155: 421-
432.

9. Henstrand JM, Handa AK. Effect of ethylene
action inhibitors upon wound-induced gene
expression in tomato pericarp. Plant Physiology.
1989; 91(1): 157-162.

10. Ehsanpour AA, Jones MGK. Plant regeneration
from mesophyll protoplasts of potato (Solanum
tuberosum L.) cultivar Delaware using silver
thiosulfate(STS). Journal of Sciences Islamic
Republic of Iran. 2001; 12(2): 103-110.

11. Kadner R, Druege U. Role of ethylene
action in ethylene production and poststorage
leaf senescence and survival of pelargonium
cuttings. Plant Growth Regulation. 2004;
43(3): 187-196.

12. Luo H, Efimov K, Jiang H, Feldhoff A, et al.
CO; Stable and Cobalt Free Dual Phase Membrane
for Oxygen Separation. Angewandte Chemie
International Edition. 2011; 50: 759-763.

13. Grover S, Purves KW. Cobalt and plant
development. Plant Physiology. 1976; 57(6): 886-
889.

14. Yu YB, Yang FS. Auxin-induced ethylene
prodaction and inhibition by
aminoethoxyvinylglycine and cobalt ion. Plant
Physiology. 1979; 64(4): 1074-1077.

15. Li B, Xin W, Sun S, Shen Q, et al. Physiological
and molecular responses of nitrogen-starved rice
plants to re-supply of different nitrogen sources.
Plant and Soil. 2006; 287: 145-159.

16. Liu JH, Lee-Toman SH, Raid DM. Differential
and woundinducible expression of 1-

1FAY 30l O osled £ Wl (((Ang s —ods) 8L 9 Jokw dbxo

ATVY) 0l sald ay o oS5 oS jo oo Lo 59,

RAPD- S5 3l oolaiwl Ly (YA) il LS 5 Rancelis
Ose—Mized 5 oMo $9 K, o < JLS” SIPCR
Oles s L «(YA) aolo Lis |, Vicia faba o5 DNA
05 Ol GRelS' )9 (omnilin Lz Wl &S 09 oty
SIS 0,8 Joe (IS jsbay .l oolidl lasl 50 5lanSTACC
Gl e 5 Cens et o STACC 05 ol 205 50
S 3 3lenSTACC 5 ol ol 2 LS 586 (e
LS8 el 5l gl Ly S Y aiol s
s TF js el L (Transcription Factors) TF owogs,
A oo Ceniloe snsisy 5l 5lrecs RNA collad 5l conlos L
4SS Jlow ol coles jo el oad 5laSTACC jiiwgs
a5l Gz S0 STACC 5 ol SralS 580 puandlS

Syls 0anl 5o oyt slo oy

Sl IS CULS caS g e ol Cawddy gl 4 ax g L
ACC 5 ol (2alS cow glasbol puilSe 52,b
995 SRelS g oad il o0 S e Ve cile ) ST
olelS jo oud sdal i 0 iy slas,loal Lol fiwgn
o Sl Gl s SILS eizmen S8l 28l L J S

b 35958 g Jedg IS oS v Al

d.lé)u.:, :-‘- -
o=l il coles alawly as lpasl oBisls 3l dlie Basus g

sleiin 10,8 sy

&be

1. Sisler EC , Serek M. Inhibitors of ethylene
responses in plants at the receptor level: Resent
developments. Physiologia Plantarum. 1997; 100:
577-582.

2. Torrigiani P, Scaramagli S, Castiglione S,
Altamura MM, et al. Downregulation of ethylene
production and biosynthetic gene expression is
associated to changes in putrescine metabolism in
shoot-forming tobacco thin layers. Plant Science.
2003; 164: 1087-1094.

3. Apelbum A, Sisler EC, Feng X, Goren R.
Assessment of the potency of 1-substituted

ra¢



o g ool A dwd po

e 05 ol 9 Wigii gl (Judg plS (S i p LS W9 WS ST oy

aminocyclopropene-1-carboxylate oxidase genes in
sunflower seedlings. Plant Molecular Biology. 1997;
34: 923-933.

17. Arnon DI. Copper enzymes in isolated
chloroplasts. Polyphenoloxidase in Beta vulgaris.
Plant Physiology. 1949; 24(1): 1-9.

18. Rostami F, Ehsanpour A. Application of Silver
Thiosulphate (STS) on silver Accumulation and
protein pattern of potato under in vitro culture.
Malaysia Application of Biology. 2009; 38(2): 49-
54.

19. Jayakumar K, Jaleel CA. Uptake and
accumulation of cobalt in plants: a study based on
exogenous cobalt in soybean. Botany Research
International. 2009; 2(4): 310-314.

20. Dietz KJ, Kramer U, Baier M. Free radicals and
reactive oxygen species as mediators of heavy metal
toxicity. The Plant Jornal. 1999; 12: 341-349.

21. Hall J. Cellular mechanisms for heavy metal
detoxification = and  tolerance.  Journal  of
Experimental Botany. 2002; 53(366): 1-11.

22. Sweetlove L, Heazlewood J, Herald V,
Holtzapffel R, et al. The impact of oxidative stress
on Arabidopsis mitochondria. The Plant Journal.
2002; 32(6): 891-904.

23. Brooks SC, Herman JS, Hornberger G, Mills
AL. Biodegradation of cobalt—citrate complexes:
Implications for cobalt mobility in groundwater.
Journal of contaminant hydrology. 1998; 32: 99-115.

24. Luo D, Zheng H, Chen Y, Wang G, et al.
Transfer characteristics of cobalt from soil to crops
in the suburban areas of Fujian Province, southeast
China. Journal of environmental management. 2010;
91:2248-2253.

25. Huang YF, Chen C, Kao C. Salicylic acid
inhibits the biosynthesis of ethylene in detached rice
leaves. Plant Growth Regulation. 1993; 12: 79-82.

26. Kim WT, Yang SF. Structure and expression of
cDNAs encoding l-aminocyclopropane-1-
carboxylate oxidase homologs isolated from excised
mung bean hypocotyls. Acta Physiologiae
Plantarum. 1994; 194: 223-229.

27. Mathooko MF, Tsunashima Y, Kubo Y, Inaba A.
Expression of a 1-aminocyclopropane-1-
carboxylate(ACC) oxidase gene in peach(Prunus
persica L.) fruit in response to treatment with carbon
dioxide and 1-methylcyclopropene: possible role of
ethylene. African Jurnal of Biotechnology. 2004; 3:
497-502.

28. Rancelis V, Cesniene T, Kleizaite V, Zvingila D,
et al. Influence of cobalt uptake by Vicia faba seeds
on chlorophyll morphosis induction, SOD
polymorphism, and DNA methylation.
Environmental Toxicology. 2010; 27(1): 32-41.

Ydo0

1FRY 30l O osled & Wl ((Ang s — oole) 8l 9 Jokw dlxo



Journal of Cell & Tissue (JCT) Original Article
Autumn 2013; 4(3): 287-295

Study of Effect of CoCl; on Growth Parameters and Expression of ACC
Oxidase Gene in Potato (Solanum tuberosum L.) Cultivar White Desiree,
Under In Vitro Culture

Marzieh Taghizadeh M. M.Sc. !, Aliakbar Ehsanpour AA. Ph.D.**

1. M.Sc. Department of Biology, Faculty of Sciences, University of Isfahan, Isfahan, Iran
2. Department of Biology, Faculty of Sciences, University of Isfahan, Isfahan, Iran

* Email corresponding author: ehsanpou@sci.ui.ac.ir

Received: 7 Jan. 2012 Accepted: 30 Apr. 2013

Abstract

Aim: Ethylene, a phytohormone, is produced during in vitro plant tissue culture and its accumulation
is associated with reduction of growth and morphological changes. The aim of this study was to
evaluate application of CoCl,, as ethylene synthesis inhibitor, on growth and some physiological
parameters as well as expression of ACC oxidase gene of potato.

Material and Methods: In this study, nodal segments of potato (Solanum tuberosum L.) cv. White
Desiree were cultured on MS medium containing concentration of 0, 5, 10, 15, 20, 30, 40, 60 mg/L
CoCl,. After 5 weeks, chlorophyll a,b, total, cartenoied, content, leaf area and expression level of ACC
oxidase gene were investigated.

Results: CoCl inhibited root production in aerial parts and increased leaf areas and amount of
chlorophyll a,b and carotenoid. Application of 20 mg/L CoCl, was the best for potato growth. ACC
oxidase gene expression was decreased at this concentration.

Conclusion: Application of CoCl, decreased ACC oxidase gene expression and prevented ethylene
accumulation in the in vitro culture and consequently improved growth of potato plant.

Keywords: ACC oxidase (Aminocyclopropane 1-carboxylic acid), CoCl,, Ethylene, /n vitro culture,
Potato
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