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Phenylalanine Ammonia Lyase in Arctium lappa L.

Y0l 5 < b e el s T e DL 5L
Ol o8 e S e ol&ils «(g3,0lES (595K 5w 05,8 alial i)l i IS ant gal 251 -
Ol Olgtnl Olgaol xis o1 (55,538 (659555 5 05,5 eolinl luiils =Y
Gholamian F*, Talebi M, Sayed-Tabatabaei BE? Shiran B
1- MSc, Professor, Department of Agricultural Biotechnology, Faculty of
Agriculture, University of Shahrekord, Shahrekord, Iran

2- Associate Professor, Professor, Department of Agriculture Biotechnology, Isfahan
University of Technology, Isfahan, Iran

mtalebi@cc.iut.ac.ir : oy xS s (LK J ghons ok 55

B
IFAY 50007 0 5lod (oS 30w 0590
FrY - 1) axio

(‘\V/\//\O J:’J-,’.J‘:'. GJL. - QO/V/YX ZC,_ZQL:)J @)U) ) ’"S ?:

9 U Glp Jgd (b SOl T 31 Sé awiw (Arctium lappa L.) paT bl (29518 obs”
3T (PAL) W igaT (ps¥T b o 3T .0l 0 95 £95 obd § Ol pw Sl (83T Sbosd
Jud 0F globs atind ASb o Wigilgy b e 30 Jgb (b Dl Fhwge Sl
69 31 9 NCBI Skl &Sl 33 3930 035 3 o aibd Gl Igh oXos™ 4 W WgoT opi¥T
b b3y b >k PAL 03 2bd) &l g colais! @l ST cds oud cblis bl
dalad oy _pilgs  JNoi (Silwad e 9 = 5 plxil 0955 DNA (595 » PCR isTlg plexi
Jaie .35 w1y s ©F by coxe (NCBI odls ol 38 PAL &3 (sibcds 144
AT s B350 3 457 Al oo S g el Sl I Sihs phiChs o B gl
3Py 30 JIKw J9090 O Olgiedy Olgawle o 457 3510 3929 (Sudlgl .00 o0 4l
Sl SFwen GBS owis” WU ol Glam 3T oul Wl & ply JU! (Sl puo
20 Ngh on (LB G STy ST 4 e 9 WS (o SIS s (2B Ol S WKl
0 Sl b Olgowl oo 030398 Hlow o8 W LigeT (pui¥T Jud O3 Ol (a5 o
P oy 3390 O9009d b olod I w el YT 9 £A FE SOk 35 sYeog e Vee 9
Ol a0 0y g 45 (S35bdr 099 sl YE 31 Ly 05 Ol Ol (i 1391 oidd Ol s .od F
o lin ALl 4iged d S Y309 a0 Voo Olbigawly ko Hlowd codd caslo YE 31 o OF Ol
6L T ) gl gl Olgisd Olbgowls o 457 A8 o0 Olid Gudod ol guli .

980 pOT LU ol 53 Jgib (b Ol 5 Sl 1 r go Yo PAL 03 Ol »

gl |
pol bl
5L Ligol omi¥T b
Slgomwl> Juo


mailto:mtalebi@cc.iut.ac.ir
https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.3.4
http://mg.genetics.ir/article-1-70-en.html

[ Downloaded from mg.genetics.ir on 2026-05-25 |

[ DOR: 20.1001.1.20084439.1397.13.3.3.4 ]

e ¥T Jid 03 Oy g Sligawls Lo 09098 i1

o) sads, 5> (Ferracane et al. 2010) 5,5 o )3 eslisa
(e SBlen Oloys (O wial sl b DLS 5 olS
Chanet ) couleds cil 500 5 Ol pow dibe o0 slasslas
SlS 5 5 bolas! s e (@l 2010; Cole et al. 2016
(Cao et al. 2012) X ls 345 olS pl aliny 53 Cobs s
5 o8 SO oSOl sl (S el SG5sS
Predes ) s 3T LU 4t Jool 456 slacdplie (55
Sl S5 e G2k 51 456 s sl (et al. 2011
OV ils sy (ol STy am e 0l 3 48 g0 5
Jeb 21350l ool Sl 35 W5 sl PAL
52,5 WLl L VCAH T (s e S 1 Y
b Al Sl SP 4 1) sl Sl 315 LS 55008
Sl 8l 1 el SoloySp a8 TACL 3T (F 5 Sl
(Tuan et al. 2011) &S . <20 COA  LslesS—p
Jod osee e w3l e ) g sds JBIS gla Sl
w51 (Yamamura et al. 2001) das o |25 1 b il
5 sl e lauls a1 U el VT
e Koul and Conn L &5 5L sl gl p oS il o 4 50
e e s« (Weitzel and Petersen 2010) ool o3ls
Lile OLLS s il w50 o ple s 3 oS
SisS bS5 bl S b dagles
ol 4 S 13 anllae 350 (sles 1S ba T ol e
456 sl b s w5l cpl (Song and Wang 2009)
O a5 s 5 e sS4 STy 0
Xuet) oS oWl 55 5 SO 53 =3 UV LB o5 5L

.@l. 2010
35w asl glacd b W5 LI Gl e o)
S5 e b 5 e Wi b SLS S bl ol
5 Fese d e 2B e W G b Sl S L e
(Zhao et al. 2005) Wi o 4l gbodple calll

eSS (Olganlr Jae) OF gl Lo 5 Ll jenl

10 Phenylalanine ammonia lyase
11 4-Hydroxylase Cinnamate
12 4-coumarate-CoA ligase

doddo
e s dla 53 osls oLS Arctium lappa e ol L esT LU
LS5 ¥ B0 oy ArCUM i ol | S a3l gl
ol b 5 L)l 53 b ssba 5 anils Glaoy 5 Lile
wass 3 b e sble s Arctium lappa <8 O ) 53 .45 0
Ghle 5 SLI Olan Olagy iy ol Aol S
By ZOL Ol uliw 3 &S WS ) s e ol
Clods CiS Vb glaeyss gl psils oS K Ol e
3l aS cewl JL Yavn 3 ef sl siS S s e e
Maruta et ) s o eslical e b 53 5l Olgsas oS 4l
oS s ool L psls olS Ciline slail (@l 1995
SoeST s ST Tl asle GUS 5 51 les 1S el
5 bl CUSY Sl Sl S50 el Sl
Colodd gl il gla by, 4 oS LSl las I
Sy v;? LL s sla i oylas .(Park et al. 2007)
ol seslas Al o Jae ( SVsb oy Gy Oledl el
Sy o 5 AS e SusE L 0L el e oS
oS 0l sl s (Linetal. 2002) 545 o S sle slas Slas
e oslizal 4 )l Sl 5 kS Sl sae Oleys (gl ¢>T L
St BT s el s casl glls oSl aaens
Sl bl b S OS5 sms Wie 5 Lib s
.(Kardosova and Machova 2006) il o 50 cws g Lo
Ll 3 12 Olgsay ol w3l Ll oS STyt saies 558
bl Sl e 4 Sl s 58 e eslinad
LL olS il gl oo 4 ST o)ls (5 A b 5 AL
bl (&2 Ol sl OF & 5 osme S e Sl gl
3 e Olgea pal L dle O saty s bl 35 o oslind

S50 S oS 5 eal dolis Gl bolisS! sl

1 Asteraceae

2 Tanin

3 Arctigenin

4 Arctin

5 Caffeic acid

6 Chlorogenic acid
7 Inulin

8 Lappaol

9 Gobo



https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.3.4
http://mg.genetics.ir/article-1-70-en.html

[ Downloaded from mg.genetics.ir on 2026-05-25 |

[ DOR: 20.1001.1.20084439.1397.13.3.3.4 ]

e esd¥T id O3 Oy g Sligawls hio Og0398 T

O 5 St

g, g olge

Fo e 53 J3 PAL 05 sl SHET b sk
ol O s ki 5,50 05 45 SLS il el 355,08
5SS S5 S oS ke s AS aie sy el
A bl dmdls o5T Ll olS L gl a3l St 3 (65
o3ls oSl Sl kS ta nl b B s 05 Iy
S3loiss yon MEGAY 153l 5 5l oslizul L 5 ol 5zl NCBI
Sl dmdls |y (Sas cblis Ol V0 & >l s
S s 2y g Sl s S 5 ke SEET b
bl el o 5 Lus b Oligo7 lsile i SaSa,
o303 13 5 a A3 lS 5 e ST a s b JolS Sus
oS Bioneer ¢S & 4 e Cux b SET L0V Jsi) as
L olS S 3L DNA  S5LT o~ b L Olejen s Jlu)
Murry and ) i zlsael Opmal 5 So50 J2a) @ (”T
L s edd jmw la 56T L PCR sty (Thompson 1980
Jola (5S1s a5 S ploul Biorad-USA ol Sl eslizu
L ciS 5 od, sla S5l Amplicon =S & Mastermix
A5 S SHLY Chle LDNA 5 Jse Sy Ve ke
5 3055550 5,81 J5 555 2 PCR Sty J grames A ol
o8 A8 il 2l Thermo scientific J3 5 gl el
T4 oy 51 Lo 5 PTZETRIT 585 55 askd Jlail [2Sy asls!
ol 318 Sle ax, YY s csle £ s 4 DNA Ligase
gy ECOlI dazes sladshe & S 55 ladndly
Sl Gl SL LS Jame Sl Sed by, 4 MC1061
Chle b e el sl LB L (555 oS 55 Ll
Sl SL s S Ly 048 SO S sen Ve S Ve
Obe 3l Colony PCR ol lawys ol 3,50 axkd axly
Gl SslS sdme i, s plebds asl di, glosls
Npes oo Vor b ol (55l LB Lo (555 0l sl
S S S ke sl 555 slag SLoas sl Ol
Qoo Sb &S w Ly Gl S8 gl gls s
Ls sl g oS

S5 pSSam oKibesl 55 ITAE e b s adlae
A el Ol s oK1

- WWAY 500 1Y 0 5losds [ 020 juwr 090 [y 98 S5

s Gib 368 s Tl S Sl ) ol IS
Lols s w5 e LS s e JREIFEAC
Olgeas LOL gl VA aas 5 (Biondi et al. 2001)
Martin et ) Las o3t iwli K bl s 45U lac sl
s A panilr adsl oLl 51 e aas 53 .(al. 2002
beSy ool e glbs Lol SKidpsms gl
iy Ly g Oy i (g3 S35 sladnl
Wl e 5 WOSSL pln s Uy Gla Sy
D S0 o ) e b GBS 5 o 4 olS ST
<l .(Maciejew ska et al. 2004; Choi et al. 2005) Las .
o (AL 55w ans QLS o ol ponlr (055550
Sl sl a8 4 chle 5 Clgenlr p (e
4 Ll senls &S 55l 545 (gdaloi (Martin et al. 2002)
Ses S S Ol 5 S oo Slled JUSw slad S50 Ol 5o
i 055l 3 oS gbs s ply ge slasdias JU
o) (Memelink 2009) WL ls & o, 5 0586 ales
Sl oS ely JUS| Sl s Sl 3 IS sl S5
Sl S5 G STy adiS JBIS Lol slagy 5T oS
L W badss il sl oSy S
e g WS e s s O35 4 b gaSs
By S Caledd amie Lsd e b gla S|y sl
Lgdgr 030 580 2ol Spo 4 K Glad S50
SOl 4 e 5 03 S S oSy Shaten S 4
(Yao and Tian 2005) Lsi . bs ool 51 (5w
S ol B s gals Olosely SLS 5 Ol giea L ol
OF 31 loss 3 me 350 o a5l Sl e e 40 e
U LS5 g s s8] 08 (a5 PAL 5T S s
51 Gds cplly o(Cass et al. 2015) sl o sas sk,
Slcble 36 cos PAL 03 0k Ol byl ol asllas

A3l o 3T UL olS 55 Sl penlr ite g0y 58 il

1 Cyclopentanone compounds
2 Linolenic acid
30ctadecanoid pathway
4Jusmin Sp


https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.3.4
http://mg.genetics.ir/article-1-70-en.html

[ Downloaded from mg.genetics.ir on 2026-05-25 |

[ DOR: 20.1001.1.20084439.1397.13.3.3.4 ]

e ¥T Jid 03 Oy g Sligawls Lo 09098 i1

PAL 05 obss ol p ek >k sls S56T i =\ Jsi

A3l b e GC (¢t (bp) s dsb
Forward PAL 5'-ACGCRCCTMGAGSGAYMTCGTTCCACTC-3' 50 609
Reverse PAL 5-GTTCSTTGGAAGTTGCCDCCGTGT-3' 50 609
M13 5 Rps9 PAL sla Sslel a4 by o Sledbl =Y Ju
bp) 5 b GC ) (0C) Jlws! gles 5'-3 Jg Sill el

VoY 0 Ay AGTCTTGTCCGCCATTTTCG PAL-F
VoY ¢A /A GAGCTGCCTTAACGTAATCACTTCC PAL-R
Yov 0r ¢ GCGTTTGGATGCTGAGTTGAAG Rps9-F
Yov 08/0 a7 GGCGCTCAAGGAAGTTCTCTAC Rps9-R
Vol ov/A £V GTAAAACGACGGCCAGT M13-F
Yo 2% YAV CAGGAAACAGCTATGAC M13-R

5 38T U5 5558520 5l aslizal L o gl A RNA cois
oS 5l eslizal b CDNA o s ey e gty S
oS & Jse>e RevertAid First Strand cDNA synthesis

L PAL 05 Oly oy oshieay A el Thermo Scientific
a5 (2009) G~ w
Sly s xS 05 Olsea (Ribosomal Protein S9)'Rps9
sl S5l >l b s eslizal RT-PCR 3 ¢cDNA x5

Paolacci et al. 4y

S5l 51 eslisal L RPSY 5 PAL (sba0s sl ol
25 oS 6 S b b b S5LT ety s el Oligo?
(Y Jsdr) @3 8 &) 50 0 S Bioneer ¢S 5 5l i
RPS9 5 (PAL) 3U Lol VT b 0F 25

D505n b okt Jla Slakisad 53 RDSI 5 PAL (slal iS5
S 5 Vs Se Ver 5 00 glaclhle L olsenls L
Gl el VY 5 EA Y ol s (pbps o) i
el Real-time PCR Sty Lug 05 Olo g Seslul
03 e S I8 S )50 gl s 5 25kl By
Sy b il gl &S e3lul alew 4 Real-time PCR
Applied ) olKxs 51 sslizad b iy 36 K Jlasl amss s
> Real-time PCR juSly glpl . S ¢! (Bio system
L SYBR Green )y S 0 Jald )5 S Ve olg o2
(N g Ko Vo clale) S5l a5l )y S o/Y VX lale

3 Ribosomal Protein S9

ok Slides 5S s 5lesl UL sladle sy opl elnil )y
—os) Sew L S bS5 4 olals Ll
S g RS el Dl S Sy R a5 LS S ()
Qs Lyl 5o 5 s Jame Ay GBI 4 oS s
Lol S ol s Yo BVA &l 5 YV B YY Lls, gles s
Ly Sp ot gl B WSS e 10 BT G0 ol
As S

S A Sl Ol penlr e (b genls Jite J e 4 2
5L Olganls Lo Jolo bjleg s (ol > 0Ll S
53 (oligs O e JuS 5 Vaes S Vov 5 00 chile
G S phe Ga Bl s Soson (S ae do s
Al el Al e G b s dipd e DS S S (g b
3 sl VY 5 A TE a0l 5 OWlS wis; of 51 e
sk ol o4 ad clb gl Oldlle [ glaeas les
o3l o 5 LS o3l 53 5 nd DEPC LT L laads
At R s el mle 05,0 b JsS e slailesl s
L G 1S Sl 4 s

s S O epsl L slaasy Sl " IS RNA el sy
3 IV0 J561 Jsbs sl o3 S Lol an CTAB Ly o
5 S (JS RNA sl 51 e A eslizal DEPC O

1 Diethylpyrocarbonate
2 Total RNA



https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.3.4
http://mg.genetics.ir/article-1-70-en.html

[ Downloaded from mg.genetics.ir on 2026-05-25 |

[ DOR: 20.1001.1.20084439.1397.13.3.3.4 ]

e esd¥T id O3 Oy g Sligawls hio Og0398 T

O 5 St

SO 51 b VA0 o & Jsbay slaalas 5,87 U5 )
sl 3550 axkad Jsb L &S el sy S 55 deanly Al
R S R I I e i e R e
Log NCBI osls oL 0 sz pe b Jis L 03 ol
Ol (gilwtys jon ol Al (g3l jon blastx s blastn
s blastn s 74Y-74Y (654 en L fﬂ LL 43 PAL 05 S sls
Ot 5 5 blze o L oblastx s TAA=TAV (554 yan
Calie SN 5 ol (e RS S (a8 LSS
B PT Ll el) 5o PAL 05 Ol Oljee s 2000
Voo s 00 glackle s Slgenlr fme Ogesp s
oA s LB osba 05 cnl Ol o5 ol OLES )Y sy S
3 e el YE PAL 05 Ols Ol o 5 S (T JK2) 3L
Aoy iy mhw 53 SRIE Rl 5 A sdalie Ose s Jlesd
Ol 05098 Jlasl 51 o Cola EA 5 (P<o/00) 35 15 pns

IOUTIENCET

700bp —

600 oy
p —_—

LSalr o a5 PAL 05 ibcdr o8 S5 aakl 35 ) IS
S5 kb )4 5ed 53 5 (o0 > O dals & 4e5 Ladder 100bp s 5

sl

W Gl kel Bl S sl Jed e
Solg 02 &S s e LS 0 450 gl pke
ol gl Jod 51 OS5 51 il gl 5 0 e
S H Nyl (o Sk Sl Sl dadd g

EYC PR RE PR P P JUPESNCY P

2 phytoalexins

ol il e LS bylses s LROX 25 SCa o/
A RSl

w3l S Sl =y 40) v‘dj sl oledls ol 05 5o
a5 40) Odd Cldpuly Jeld a B daids Vo
e ) b SHET Jlasl (b Vo ol 4 sl S sl
318 ol a3 VY) S 5 s (B Y Sde 4 o) S sl
A9 G ax s 00 3l les (5 Csd o 5 (B s o
ASS Sl plondl ) e s (A Sl 0 e ar
oSz 5 'Ct & 5oy plt slassls Real-time PCR s s,
alinl Laosls o 5 w25 51,2270 2, 50 s ol e
.(Livak and Schmittgen 2001) .

DNA Uy (535 o b sla SHET L PAL 05 L5
oLS £33 53 15 B 550 05 w0 by Sboizr VA I s
3 &3l @l 5l ey PCR J guame (1 IS2) 515 0L 3T L
PTZ57RIT e s Jlasl 281y bwys J5 G
s sl 4 S 558 bt s (Ll (3ludilun
Sl Sed gy 4 MCL061 « 5 E. cOli (5 SU danes
be S5 S5 ey ol Gla SL LA Jae
gt Ngas Ko Voo Clle b ke ool g5l el LB
S oboyds ol s S Al 08 SO
A )5 Dlalad (gl 5 es S dbos I S S5 el
Colony sty .4 eslasl Colony PCR (ST 51 s
M13 8, 5 b, sla S5kl cis 5l eslizal L PCR
Sk 53 55 5 A g5 p LIl oS &S (Y i)
ol s b S el sl I8 s g aakad Jlas] foue
08 axas (5,815 Jous U MI3 iy SHLT Jlasl ol oS
axlad (6,8 513 Jous U MIB 28 y SHLT dols 5 5L i
e o S V07 ¢ yame 3 S Al e sbows 102
Sbicdz V0r sl (80 ankd Jgb &S i) e il

2 0TV eame 5,585 20 5 STy plowil 51y il 231

- WWAY 500 1Y 0 5losds [ 020 juwr 090 [y 98 S5

1 Threshold cycle


https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.3.4
http://mg.genetics.ir/article-1-70-en.html

[ Downloaded from mg.genetics.ir on 2026-05-25 |

[ DOR: 20.1001.1.20084439.1397.13.3.3.4 ]

OLes 5 (b dms

e ¥T Jid 03 Oy g Sligawls Lo 09098 i1

W5 7 53 s B sl Olpea 5 dns alS
U5 el Gy b el penlr e s 4 glacyd pbie
Lad S50l 5 a8 S 0 5 1) pladliSem 38
Lols 2 (21> sl 53 oS a0 (J ke v laoi S L
o Sl Jie Bug b0 aSoe LU
oS e Al eSS 505 5l Al Wk
Fo s e Sl g skiS e slapeSs
05 ¢ s e St ek A slags 5T lacenSI
"l eSS i e Sy S Al
0Sllr (B Lo oBsn) e (@B A5 S5
DS ss, rﬂﬂ}s LSS Je St Sl
I e B R IO g C P US B S
Jelse nln 03 PRSIy a4 e Uil 51 (gadate 3l
S gl S wagh e olS o WOy Sl mh s
ol Ok GRIB el S el elera Slsenls fe
s e 05

L asl gladpbe byl b dlie 55 ObLS cal
sl S o A5 Dobey Jolse Jle 03 gbs (ol
Calg 3 5 bl oS aeS Jld 1) s a0 Sl S
eSS Bl 5 S e (3l 1 Ciltsn (6 5 s (U s
oS 5o ol Glagaly pod Aisds sl gbed sl
s b s aS e W Sl Sl Sl glas
fors A ol slaedi S by el slad S
S FUSS e Sl Sledd asle ol 4 B osd
S 358 e pls a4y anls Gla0) Sl sl sl Ul el
Zhao et ) wib e dool Shedlo 5 sl (Ol ol slaonis
.@al. 2005

1 Proteinase inhibitors (Pinll)

2 Fungal inhibiting proteins

3 Phytoalexins

4 Vegetative storage proteins (Vsp)
SRibulose biosphosphate carboxylase (rbcl)
60smotin

7Tionin

8Chalcone synthase (chs)
9Hydroxymethyl glutaryl CoA reductase
10_jpoxygenase

1 Ethylene forming enzyme (EFE)

800 bp
00bp —

Seh wontee

Ladder Jyl sl PAL 03 Colony PCR I juls zls -Y JS

100bp
120 a O24hr
= 48 hr
100
m72hr
80
L b
60 be .
40 d 4
I
20
£ f f
0 r r
MJ Crtl MJ 50pM MJ 100pM

sl 53 Dlsenlr Lo jlas Cod PAL 05 ol Ol Ol =Y K5
Lh)lb}.a_‘s Lg‘}(b CJ)U.ZA &_'9‘9}.> Q}A))A )Lo.:: J]wub VY jf./\ J¢

Al e (P<r/e0) oo = Cﬁ« 03 O35 Lls e sdias OLES

S Npd oo Tulte a3l 05 S S by 4t SIS s
S salis b Bl s Lo sl pen b e 5Tl
Soobim 51 5 5 sudsilbsn b Sls 5 pled il s
Les lsoml Jas 5l S5 nl oS Lk Giie A
PAL 51 25800 Joole o0V J5 —d1 555 PAL 5
b s adsl e e o Janly d slae 5T Seee 5 S
oS I3 OS5 g e 53wl sl 5 el OLLS s
5> o iS s S 5T G oS Al e Ladisls b s
Sl a s sled 4 SLS S pl G gn s
M5 a s n e Bl wadsl udplie 1L S e
PAL 0) Ol 03 Jise Jolse AS o0 Soe a5l OLS S
5l o 23 gl Ay sloedisS i CBE lS o Jol
il Gy Wl Ol wde el OAs e s iScde

Loy oS a5 51 el sanle Jite il e Las 5 UV



https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.3.4
http://mg.genetics.ir/article-1-70-en.html

[ Downloaded from mg.genetics.ir on 2026-05-25 |

[ DOR: 20.1001.1.20084439.1397.13.3.3.4 ]

e esd¥T id O3 Oy g Sligawls hio Og0398 T

O 5 St

Sz L b LI Slsenlr Jte ulple a5
sl 5 oS cbaohda ple @S slel glatd Ol
Raman and Ravi ) aas e il 5l ol sl OlalS s 1, JI
Sl PAL 3T 4 bg e 03 Ol (55 il s s (2011
w5l glacd b ‘ﬁﬁ ol el bl JLs 4 s asl
Olypsa Llg e b Sl 5 aul e SRl A5 b il
Lo 05eS) 3T GadCaly oS Oyl b odiS 3 el
L (Cass et al. 2015) Wl fos O3S| Jd slaai S Lo
O denSI 5l Slen b s ol 5o Job OlS 5 L8 ax g
S dlpea ls sl adlSly apes L b
o Sty 3 2SS ke Chlim gl 55,2 OleST ST
Lol o Jos 058 Jad slaws S ade slis 5 pSlos]
OLlS ;3 1, ROS W g b saml> e .(Ksouri et al. 2007)
Sl Sp SaAeSI ST e Sl by kS e S
COVRE FW (| gis Ll b cal s il (55500
O5ST slaw 8 SU ot ol 36 ol s d s 51 Claslows
S e Jeke St OlalS 54i e Jes 2l Jled
ST BT Sla 5T dowsa Jab 0581 slaai S 236
Pl b GOIS] 2T 55U Ll VT b asle els
Agarwal and ) S e Cladls (gAS Sl b OLS 5
e glachle 51 2 &S coleds osls 0Lis .(Pandy 2004
W5 s Izl & 510eSTNADPH sl oo b saslr
Conrathetal. ) s Wl 1, w3l o (25 Obey s HO; -
Sl gl fe &S s jaie e b ol L (2002
Sen LS o oo S| ST Slagtenn 5 sl 455
BYSRE N P um-ﬂ e Slsenls Lo ol
(R ERRCIUS IO i OV PO S O B ST 3

Ay
Voo cble (ghans s &S sl QLA Oladses (gladlas s
Sl Spasder CiS n Slgenls fie Ve S
L aS Lols 0Lt ol oprea s PAL Sy, 458

Sl SRl S LSS e PAL Sy, Ll

- WWAY 500 1Y 0 5losds [ 020 juwr 090 [y 98 S5

Ol |y pols QLS o 5 DLS 5 Ll leacar 51 (S
5 S o) Lay sl 51 eslinal dls by sl 3 08
W5 il e e sl 5l S (456 s sl
o B 5 Ll als OLLS s el slacd b
Sy LS e el 40 gl dple WSt a0
eI sl 4 e Sl Glid ol 1S L s sz
oS e LU ol oy LK pl oS sy e
S 1 b sl plie i 53 s e 3T sl gt
Omidi and Farzin 2012; Ahmadi Moghadam et al. ) .S .
S5 S Olseas gl 5015 e s penn (2013
L 0Ll o Jsd SlS 5 Olpe R e Ak 5 el
Ruiz and Gomez ) > eslinal 5508 dde LS 5 Ol ge
23 e Sl Coeal 4 ax g b s bl (2013
4 Jse a0 Ol Rl sl Glacd sl i
SLS S s 4 e Ulse als LS 5o o sast
Se 1 OLLS ol Sles ol 555 0LLS Slaes] s
55 Ol Gla JIg 5 o) ool cotlis a5 andllas iz
ol b 6l Gl e Wl e 0llS Ll s sl OlalS

AL s
Sl Osel e Slagss i S sbdle s &Sl w4 g L
C,.JiS.b"\]J&); PAL 5 0l Ol U gl J'}AO_}U}A
Dyoosn 6l o PAL 05 Oly el plosil laied 0353
5 23S 3 adlas sy Sl Lls s Slgenls e
b,Mu@_w;uL.;,ﬂiotswngggssmu@u
L R b ssba Oseose Zhle 5
2 PAL 03 0l » b ganls e Sl Gaiss cpl 55 (Pse/e0)
s ol Sl sy il glaoles 5> (S ae al
4l lals e sl e glagley 5 O oS oy
Voo Sles dlest 5l e csle YE 05 Oly 0 5 A &S o5k
chle 55 s s 5 ol Jols Slsenlr Jae Y ses S
SalS el VY 5 A gladles 3 Ve Sie Ve 5 00
SV e ble Lo g s s o035 055 b L2l
oo 03 (S 5 43,5 Soso (S sl (Slpenlr Jie

Jime s slacand 4l sodal p3 o3 o b a5 oS


https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.3.4
http://mg.genetics.ir/article-1-70-en.html

[ Downloaded from mg.genetics.ir on 2026-05-25 |

[ DOR: 20.1001.1.20084439.1397.13.3.3.4 ]

e ¥T Jid 03 Oy g Sligawls Lo 09098 i1

(Mandel 2010) 5 Ly Jobo <28 55 o5l ol 23

U el J::» O Fl 5l Jeol> Cil:; adlas pl s
Dy S e chile gilasg b o s> 0LE PAL 05 0l
o Slganlr e 5l olS K85 Jletle 5o (355 Ok
Sl PAL 05 ol Wl 3 b 5l &8 a8 el Ol
3ok 03 355 e 45U e plie i s OdESY S s
Gl b ol s e a5 S eslizad o)ls glak S

Al AL lassls 5 5 cdplie wdige g o

ol Kl

&lw

Agarwal S, Pandy V (2004) Antioxidant enzyme responses
to NaCl stress in Cassia angustifolia. Journal of
Biologycal Plant 48:555-560.

Ahmadi moghadam Y, Piri KH, Bahramnejad B, Habibi P
(2013) Methyl jasmonate and salisylic acid effects on the
dopamine production in hairy cultures of Portulaca
oleracea  (Purslan). Bulletin ~ of  Environment,
Pharmacology and Life Sciences 26:89-94.

Biondi S, Scaramagli S, Capitani F, Altamura MM,
Torrigiani P (2001) Methyl jasmonate up regulates
biosynthetic gene expression, oxidation and conjugation of
polyamines, and inhibits shoot formation in tobacco thin.
Journal of Experimental Botany 52:231-242.

Cao JC, Zhang P, Cao X, Huang T, Bai Y, Chen K (2012)
Antidiabetic effect of burdock (Arctium lappa L.) root
ethanolic extract on streptozotocin-induced diabetic rats.
African Journal of Biotechnology 11:9079-9085.

Cass C, Peraldi A, Dowd P (2015) Effects of
phenylalanine ammonia lyase (PAL) knockdown on cell
wall composition, biomass digestibility and biotic stress
responses in branchy podium. Experimental Botany 19:1-
26.

Chan Y, Cheng L, Wu J (2010) A review of the
pharmacological effects of Arctium lappa (burdock).
Agriculture Food Chemistry 40:378-386.

Choi DW, Jung JD, Ha YI, Park HW, Chung HJ, Liu JR
(2005) Analysis of transcripts in methyl jasmonate-treated
ginseng hairy roots to identify genes involved in the
biosynthesis of ginseno sides and other second
metabolites. Plant Cell Reports 23:557-566.

Cole T, Su Sh, Hilger H (2016) Arctium lappa — burdock
pappus bristles can cause skin irritation and burdock
ophthalmia. Biological Chemistry 17:28-37.

2 O spesiliws sv 2S5 (Ellard-Ivey and Douglas 1996)
Dl 4 e Slgenls Lte sl oS A3 sdalie JS
ol dald @ gad 4 St Oyl mezs 5 PAL O3 Ol
@ S Oy Olalis 4 ax5 L (Zhao et al. 2005)
Sl lbie sl DU panslr Jozo NVga s Sn Vor 05050
i b Sdapbe (IG5 PAL 05 Ole Rl
o=l (Wang et al. 2001) ol a8 55 JsuSt
sl 5B s el S35 Ole 1531 5 PAL 03 0y
55550 i sl il Lo ss 3l (65l > Db el it

Heredia ~and Cisneros-) cosleds sdalin iy

sl 58l 5008 Shiad ile alies (glas s 3 (Zevallos 2009
Ol il e Slganlr e 36 oo PAL 05 Ol
Qin et al. 2009; Yang et al. 2011) & Js 208 5 s 558

Conrath U, Pieterse CMJ, Mauch-Mani B (2002) Priming
in plant-pathogen interactions. Trends in Plant Science
7:210-216.

Creasy LL (1987) The role of enzyme in activation in the
regulation of 19 synthetic pathways: A case history. Plant
Physiology 71: 389-392.

Ellard-lvey M, Douglas CJ (1996) Role of jasmonates in
the elicitor- and wound-inducible expression of defense
genes in parsley and transgenic tobacco. Plant Physiology
112:183-192.

Ferracane R, Graziani G, Gallo M (2010) Metabolic
profile of the bioactive compounds of burdock (Arctium
Lappa) seeds, roots and leaves. Pharmaceutical and
Biomedical Analysis 51:399-404.

Heredia JB, Cisneros-Zevallos L (2009) The effects of
exogenous ethylene and methyl jasmonate on the
accumulation of phenolic antioxidants in selected whole
and wonded fresh produce. Food Chemistry 115: 1500-
1508.

Howles PA, Sawalt VJH, Pavia NL, Elkind Y, Bate NJ,
Lamb C, Dixon RA (1996) Overexpression of
phenylalanine ammonia lyase points for flux into
phenylpropanoid biosynthesis. Plant Physiology 112:1617-
1624.

lijima Y, Rikanati RD, Fridman E, Gang DR, Bar E,
Lewinsohn E, Pichersky E (2004) The biochemical and
molecular basis for the divergent in the biosynthesis of
terpens and phenylpropenes in the peltate gland of three
cultivars of basil. Plant Physiology 136:3724-3736.

Jin P, Zheng YH, Tang SS, Rui HJ, Wang CY (2009)
Enhancing disease resistance in peach fruit with methyl
jasmonate. Journal of the Science of Food and Agriculture
89:802-808.



http://www.bepls.com/
http://www.bepls.com/
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwi81dOrhMfPAhVIwxQKHa_iCa8QFgghMAE&url=https%3A%2F%2Fjxb.oxfordjournals.org%2F&usg=AFQjCNE2NuKqxTgxYxFs_0OJonRc-QpbRQ&sig2=-p948dRHDCnVnK2Qv3oOLw
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiQ277-hcfPAhVHvhQKHW2IDLEQFggZMAA&url=http%3A%2F%2Fwww.journals.elsevier.com%2Fjournal-of-pharmaceutical-and-biomedical-analysis&usg=AFQjCNH58dxAHMQ4Ch70iw8Q25zVcXALlQ&sig2=B8IV-ZTr6xBAy0fJPRsxOQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiQ277-hcfPAhVHvhQKHW2IDLEQFggZMAA&url=http%3A%2F%2Fwww.journals.elsevier.com%2Fjournal-of-pharmaceutical-and-biomedical-analysis&usg=AFQjCNH58dxAHMQ4Ch70iw8Q25zVcXALlQ&sig2=B8IV-ZTr6xBAy0fJPRsxOQ
https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.3.4
http://mg.genetics.ir/article-1-70-en.html

[ Downloaded from mg.genetics.ir on 2026-05-25 |

[ DOR: 20.1001.1.20084439.1397.13.3.3.4 ]

e esd¥T id O3 Oy g Sligawls hio Og0398 T

O 5 St

Kardosova A, Machova E (2006) Antioxidant activity of
medicinal plant polysaccharides. Fitoterapia 77: 367-73.
Ksouri R, Megdiche W, Debz A, Falleh M, Grignon C,
Abdelly C (2007) Salinity effect on polyphenol content
and antioxidant activities in leaves of the halophyte Cakile
maritime. Journal of Plant Physiology and Biochemistry
45:244-248.

Livak KJ, Schmittgen TD (2001) Analysis of Relative
Gene Expression Data Using RealTime Quantitative PCR
and the 2**°T Method. Methods 25: 402-408.

Lin CH, Lin SC, Lin CC ( 2002) Hepatoprotective effects
of Arctium lappa Linne on liver injuries induced by
chronic ethanol consumption and potentiated by carbon
tetrachloride. Biomedical Science 9: 401-4009.
Macieijewska BD, Kesy J, Zielinska M, Kopcewicz J
(2004) Jasmonates inhibit flowering in short-day plant
pharbitis nil. Plant Growth Regulation 43:1-8.

Mandel S (2010) Induction of phenolics, lignin and key
defense enzymes in eggplant (Solanum melongena L.)
roots in response to elicitors. Africa Journal of
Biotechnology 9:8038-8047.

Martin D, Tholl D, Gershenzon J, Bohlman J (2002)
Methyl jasmonate induces traumatic resin ducts, terpenoid
resin biosynthesis, and terpenoid accumulation in
developing xylem of Norway spruce stems. Plant
Physiology 129:1003-1018.

Maruta Y, Kawabata J, Niki R (1995) Antioxidative
caffeoylquinic acid derivatives in the roots of burdock
(Arctium lappa L). Agriculture Food Chemistry 43: 2592-
2595.

Meek CR, Bidlack JE (2005) Arthropod population,
phenylalanine ammonia-lyase activity and fresh weight of
Sweet Basil (Ocimum basilicum L). as affected by plant
age and Bacillus thuringiensis treatment. Plant Science
85:9-17.

Memelink J (2009) Regulation of gene expression by
jasmonate hormones. Phytochemistry 70:1560-1570.
Murry M, Thompson WF (1980) Rapid isolation of high
molecular weight plant DNA. Nucleic Acids Research
8:4321-4325.

Omidi M, Farzin N (2012) Biotechnology solutions for
increasing the efficiency of medicinal plants. Journal of
Modern Genetics 3:209-220. (In Farsi).

Paolacci A, Tanzarella O, Porceddu E, Ciaffi M (2009)
Identification and validation of reference genes for
guantitative RT-PCR normalization in wheat. BMC
Molecular Biology 10:11-14.

Park SY, Hong SS, Han XH (2007) Lignans from Arctium
lappa and their inhibition of LPS-induced nitric oxide
production. Chemical and Pharmaceutical Bulletin 55:
150-152.

Predes FS, Ruiz AL, Carvalho JE, Foglio MA, Dolder H
(2011) Antioxidative and in vitro antiproliferative activity
of Arctium lappa root extracts. BMC Complementary and
Alternative Medicine 11: 25-29.

- WWAY 500 1Y 0 5losds [ 020 juwr 090 [y 98 S5

Ritter H, Schulz GE (2004) Structural basis for the
entrance into the phentlpropanoid metabolism catalyzed by
phenylalanine ammonia-lyase. Plant Cell 16:3426-3436.
Ruiz-Garcia Y, Gomez-Plaza E (2013) Elicitors: A Tool
for Improving Fruit Phenolic Content. Agriculture 3:33-
52.

Song J, Wang Z (2009) Molecular cloning, expression and
characterization of a phenylalanine ammonia-lyase gene
(SmPAL1) from Salvia miltiorrhiza. Molecular Biology
Reports 36:939-952.

Raman V, Ravi S (2011) Effect of salicylic acid and
methyl jasmonate on antioxidant systems of
heamatococcus pluvialis. Acta Physiologiae Plantarum
33:1043-1049.

Robert A, Creelman J, Mullet E (1995) Jasmonic acid
distribution and action in plants: regulation during
development and response to biotic and abiotic stress.
National Academy of Sciences 92:4114-4119.

Tuan PA, Li X, Park NI, Lee SY, Kim HH, Park SU
(2011) Molecular cloning of 4-coumarate:CoA ligase and
total phenolic content in garlic (Allium sativum). Plant
Molecular Biology and Omics 4:25-28.

Wang C, Wu J, Mei X (2001) Enhancement of taxol
production and excretion in Taxus chinensis cell culture by
fungal elicitation and medium renewal. Applied
Microbiology and Biotechnology 55:404-410.

Weitzel C, Petersen M (2010) Enzymes of
phenylpropanoid metabolism in the important medical
plant Melisa officinalis L. Planta 232:731-742.

Xu H, Park NI, Li X, Kim YK, Lee SY, Park SU (2010)
Molecular cloning and characterization of phenylalanine
ammonia-lyase, cinnamate 4-hydroxylase and genes
involved in flavone biosynthesis in Scutellaria baicalensis.
Bioresource Technology 101:9715-9722.

Yamamura Y, Ogihara Y, Mizukami H (2007) Cinnamic
acid 4-hydroxylase from Lithospermum
erythorhizom:cDNA cloning and gene expression. Plant
Cell Repeats 56:456-465.

Yang SY, Chen YL, Feng LY, Yang E, Su XG, Jiang YM
(2011) Effect of methyl jasmonate on pericarp browning
of postharvest lychees. Journal of Food Processing and
Preservation 35: 417-422.

Yao H, Tian S (2005) effects of pre-and post-harvest
application of inducing disease resistance of sweet cherry
fruit in storage. Post harvest. Biology and Technology
35:253-262.

Zarei AK, Zamani Z, Mousavi A, Fatahi A, Alavije M,
Dehsara B, Salami S (2012) An effective protocol for
isolation of high-quality RNA from Pomegranate seeds.
Plant Biotechnology 6:32-37.

Zhao J, Davis LC, Verpoorte R (2005) Elicitors signal
transduction leading to production of plant secondary
metabolites. Biotechnology Advances 23:283-333.


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiz_uDMhsfPAhXJvBQKHenoCJ0QFggcMAA&url=https%3A%2F%2Fjbiomedsci.biomedcentral.com%2F&usg=AFQjCNGbbsLwfp16jyDv27NYQzPZhIEzRw&sig2=jAV4zlstAU4EvOWnTsuO5Q
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjyoI70h8fPAhXDVRQKHWnABboQFggZMAA&url=https%3A%2F%2Fwww.jstage.jst.go.jp%2Fbrowse%2Fcpb&usg=AFQjCNEcmVTKY3jgi6GmuOyaIYuOefM8vg&sig2=5370gC9fha6vzEz02212MQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjPpZeTiMfPAhUBXRQKHbx6B_UQFggcMAA&url=https%3A%2F%2Fbmccomplementalternmed.biomedcentral.com%2F&usg=AFQjCNHh26XTXiO97PkCxVTnAlhT0L6TQg&sig2=Uh9Jj8B4mh3LlmhvDfPHkQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjPpZeTiMfPAhUBXRQKHbx6B_UQFggcMAA&url=https%3A%2F%2Fbmccomplementalternmed.biomedcentral.com%2F&usg=AFQjCNHh26XTXiO97PkCxVTnAlhT0L6TQg&sig2=Uh9Jj8B4mh3LlmhvDfPHkQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjA-d_BiMfPAhXGPxQKHUJHDKAQFggZMAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fbiochemistry%2B%2526%2Bbiophysics%2Fjournal%2F11033&usg=AFQjCNHb7G7ELh2rVxAX0rbNfZv0M-urIQ&sig2=OVK_0vlANh03szOubpE1LQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjA-d_BiMfPAhXGPxQKHUJHDKAQFggZMAA&url=http%3A%2F%2Fwww.springer.com%2Flife%2Bsciences%2Fbiochemistry%2B%2526%2Bbiophysics%2Fjournal%2F11033&usg=AFQjCNHb7G7ELh2rVxAX0rbNfZv0M-urIQ&sig2=OVK_0vlANh03szOubpE1LQ
http://link.springer.com/journal/11738
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwinifrhiMfPAhVFXBQKHSUtDXUQFgghMAE&url=http%3A%2F%2Fwww.pomics.com%2Fabout.html&usg=AFQjCNEnjTRXJ-AA8s-CSPmvilxQOHdw4w&sig2=dFgRjGgV8rB68ehLjvwjjw&cad=rja
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&ved=0ahUKEwinifrhiMfPAhVFXBQKHSUtDXUQFgghMAE&url=http%3A%2F%2Fwww.pomics.com%2Fabout.html&usg=AFQjCNEnjTRXJ-AA8s-CSPmvilxQOHdw4w&sig2=dFgRjGgV8rB68ehLjvwjjw&cad=rja
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjgreuMicfPAhWKPxQKHRvFAUoQFggZMAA&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F253&usg=AFQjCNGNIbG7JwYThahU7ANHk6XkXOc4pQ&sig2=dcqbOKIR-PrY04WfcacefQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjgreuMicfPAhWKPxQKHRvFAUoQFggZMAA&url=http%3A%2F%2Flink.springer.com%2Fjournal%2F253&usg=AFQjCNGNIbG7JwYThahU7ANHk6XkXOc4pQ&sig2=dcqbOKIR-PrY04WfcacefQ
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjo8fH2x6HPAhVJvBQKHQAdBrMQFgglMAE&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F%28ISSN%291745-4549%2Fearlyview&usg=AFQjCNEo7_K7sWOOKwuuGgld3T679M_drA&sig2=LqNuhgWl8926IPkxXXeWbA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwjo8fH2x6HPAhVJvBQKHQAdBrMQFgglMAE&url=http%3A%2F%2Fonlinelibrary.wiley.com%2Fjournal%2F10.1111%2F%28ISSN%291745-4549%2Fearlyview&usg=AFQjCNEo7_K7sWOOKwuuGgld3T679M_drA&sig2=LqNuhgWl8926IPkxXXeWbA
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjv3veBisfPAhUEnRQKHfYOBLEQFggZMAA&url=http%3A%2F%2Fwww.journals.elsevier.com%2Fbiotechnology-advances%2F&usg=AFQjCNGIMaZwIXxtRuox885qHvJV01EE6w&sig2=q4Uns2poiahgpCpSgDrZUA
https://dor.isc.ac/dor/20.1001.1.20084439.1397.13.3.3.4
http://mg.genetics.ir/article-1-70-en.html
http://www.tcpdf.org

