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The Effect of Metyl Jasmonate Hormone on Gene Expression of
Phenylalanine Ammonia Lyase in Arctium lappa L.
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o) sads, 5> (Ferracane et al. 2010) 5,8 o 1,3 eslinl
ez SLlen Oloys WO il sl b DS 5 olS
Chan et ) couloas ol 500 5 Ol o dibe o 50 las Lo
LS 5 5 boleS| 5T o es (al. 2010; Cole et al. 2016
(Cao et al. 2012) Wjls 545 LS opl aiy 53 ol A4S
5 o5 SO Sl sl S el S35 )8
Predes ) Lo ¢>T LL oy ol w5l slacd plie o554
S5 55 b e b 5l 46 e e (et al. 2011
(V i35ls syms Jool S5S1s an e ) 53 45 Lpd o o
Jid 21350l el Sl 35 W5 sl PAL 5
02,5 WLl b CAH T (Y s e S 1 Y
s el SOLSP ) ) Sslis 315 JenS 55 0n
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5 adsl el bl a1 U el 0T
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10 Phenylalanine ammonia lyase
11 4-Hydroxylase Cinnamate
12 4-coumarate-CoA ligase
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2 Tanin

3 Arctigenin

4 Arctin

5 Caffeic acid

6 Chlorogenic acid
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8 Lappaol

9 Gobho

YWAY 30l Y o )losds [ ndd juw 090 [ 985 S5 -




g.gYT Jd 05 Ol g Dbgawl> fio Og0rgn S

O‘)&m&)&i\b.lgu

o095 9 Olgo

P geen 3 Jots PAL 05 6l S5ET b s
bl Lol 3 B 5,50 05 & SlalS bl sl S35 S
S (S5 a5 oS Sha 5 S ekt sy el
A bl aaals o1 Ll olS b nlS sl 5t 3 (6 5
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xS s cdy g Shlel s S 15 b ae Skl o b
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L oS, s ody sla S5l Amplicon «s & Mastermix
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30ctadecanoid pathway
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Al et S GC (¢t (bp) =5 Jsb
Forward PAL 5'-ACGCRCCTMGAGSGAYMTCGTTCCACTC-3' 50 609
Reverse PAL 5-GTTCSTTGGAAGTTGCCDCCGTGT-3' 50 609
M13 5 Rps9 PAL la S5LT 4 by o ledbol =Y Jsu
bp) =5 b GC () 0C) Il gles 5-3 g S5ul Rt

Yoy o Ay AGTCTTGTCCGCCATTTTCG PAL-F
yoy EA /A GAGCTGCCTTAACGTAATCACTTCC PAL-R
Yov 0r Y GCGTTTGGATGCTGAGTTGAAG Rps9-F
Yov 08/0 A\ GGCGCTCAAGGAAGTTCTCTAC Rps9-R
Vol oY/A A% GTAAAACGACGGCCAGT M13-F
Yo 1Y YAV CAGGAAACAGCTATGAC M13-R
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Sl w580 &S o3Il w4 Real-time PCR
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L SYBR Green )y Se 0 ol 2y Ko V0 ol o
(Vo Sa Ve clale) S5l a5l ads S o/Y VX clale

3 Ribosomal Protein S9
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SO 51 b V0 i Jsba slaskss L,8T I3 )
Wl 3 5e anlsd b b oS el sty oS 5 oy Al
by Mg ob s 5l e Sl o ((V JK2) cils ciylles
Ly NCBI osls oL S syse b Jis b 05 cnl @
Ol (gilwtss yon ol A (G5lacdys jon blastx  blastn
s blastn s 74Y-/4V (g5 dsen b (,J LL s PAL 03 S sls
Os 5 55 blae glos L dblastx s TAA=7AY (¢34 san
Cglie S5 5 nlS (s RS a8 S LSS
3V g o3l Ll s 3 PAL 05 Oy Olgee oo kol
Voo g 00 glackle s Clsenls ke Osose Hles
ol Bl s LB sba OF pl Ol a8 sl OLis Y se s Se
3 g sl Y PAL 05 0ly Ol o5t (F IS05) <l
Loys w5 Gl al s A edalie Oe) e lesd
Olsee O3ny 50 Jlosl 3l g sl SA 5 (P<o/00) 551 s me

sl mals 05 ol

700bp

«— 609 bp
600 bp —»

LSalr o o 5HPAL 05 olhodr 18 G5 andad 2S5 ) S
S5 axkad 3l 4 ged 55 5 (e o) Aald 4 4es Ladder 100bp s s

sl

W Gl el Sl S sl e e
Solg 03 & i mime OLLS 55 4l sbac b
el sl L3 5l OS5 5l il gl W5 4 e
AP nl as Seds Gl Sl g dadd gl

EYCIP PP PP PRI JU PRI

2 phytoalexins

ol aby s LS b oa LROX 25 Koo /Y
A RS sl

w3l S e axjs 40) m’j el oledles ol 05 5o
a3 40) OAd g J»Lﬁ: e b (akdy NV Ol
e W) ST Jlal (b Vo s 4 ol S sl
318 ol a3 VY) S 5 das (B Y wde w5 S Sl
A9 U ax 3 00 5l Les Aul58l) g3 pove 9 (450 Y e &
RS RSty el S e g (s S B0 a4
oSz 5 'Ct & 5oy sl slassls Real-time PCR v s,
ealiad ool ol 5 a3 51,2 270 555 51 as ol A
.(Livak and Schmittgen 2001) ..

DNA JsS0se (555 s b sla SHET L PAL 05 5
oLS p 533 5o 1y B 550 05 4 by S VA I s s
3 sl @l Sl e PCR U g () IS2) 515 0L r’T L
PTZSTRIT s 5o Jlasl 2Sly Lwys Ji o)
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Sl Sei sy 4 MCL06L « s E. cOli (55U dates
b G55 oS58 L sl o SL LU iz
Copots Vges Sen Vor Chle b e ool (g5l Lol LB
S plods slbs ke S ad, 048 S
A2y Olabad (g5l 5 en S il ) S S5 sl
Colony sty .as eslawsl Colony PCR ST 5l s
M13 8, 5 b, sla S5kl s 5l eslizal L PCR
PR W T TR I | SR BN EAP R QN PRES)
ol a5 b S el s gls 13 s g kel Jlasl o
08 axkd (5,515 Jows b MI3 iy SHLT Jlasl oKl oS
ankd (¢S S5 e LML 28 ) S5l alols 5 5L i
b Sbidr V0T gaeme 3 oS A3l SLdx 102

S V0 iy (IS aakd b oS 2 el

2 01 N g 55585 5801 5 1Sy plal 51 oyl 1530
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Lad g0 cnl 5 a8 S o W5 1) el 318
Lols i ol el 53 S el Ikl ek .S L
JOCRCHCVUM PSR SR AU e TGS Jte: P I
QodiS jlee slasltsn ekiS IS gla0) ) ASsle Xsd e
Fo s e bl gl el slacnSs
05 ¢ sy 0 s Sl oS W5 sl 5T sl
o gl S S S s Sy Sop Aoy s
00 (B e s o (@b A s
Dobsss T sl bUslS Joo Sosds Sl
S Gl oW1 s 5 bl oS e T 5658
Lol ln 53 STy @ e b panls 51 (g3daze ol
S IS @ spd e oS s 0SSl p kS 5 ol
SELS PP RGOV PR TN W PN SO PV FVUW ESa %
NPTy

L ast sbaadpbe bl b oablis 53 OLLS cacd
b ] S o A5 Bisslan Jolss Jlis 53 gls sl
Calg 53 5 b 5T a5 S s | s sl ol e
FSES Lol 5 S e olllely 1) il (g5 s Sl e
oLS 2 ol lagul g8 s e w5l o sl
el e AS e Al 1 Sl cedle 5l sleSs
Eors P o bk S by sl sl se
S SUSS e S Cwledd pasle 5yl 4 bl
i 355 e s 4 anls 03 Sl ol sl Ll sy
Zhao et ) il s deol Sileodl 5 kil ol posls (slaecs
(al. 2005

1 Proteinase inhibitors (Pinll)

2 Fungal inhibiting proteins

3 Phytoalexins

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

“Tionin

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

1 Ethylene forming enzyme (EFE)
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FheslsS @l s sled 4 SLS S pl G g e
W5 a s n e Ll sl pud e 511 S e
PAL 0] Oly 03 J3e Jelse S o0 S 56l OLS 5
Ll ba 25 plsil by glaodiS iy Chle olS o ol
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(g b b Rl L Dbl el by s e
Cladwl 5 oS Gbhda ple @S slel glatd Ol
Raman and Ravi ) das s il 5l ol jles olalS 55 1, T
Sl PAL 5T 4 bs e 05 Ol (55 ayls s (2011
ol Glacd e (Bl ol Sl (RIB s & 5wl
S SIS 5 Jed OS5 R sl S e
Olpeas Wil o b DLS 5l SRl 23 L el
L 5 O3St 3l SISl ediS sl b 5 edeS gl
L .(Cass et al. 2015) Wl fos O3Sl Jld saa S L
OgedenST 5l Slea b 5 Shals 5o Jyd SLS 5 8 w4 ax g
SOl SlSS ol dadeSly g L ey
s Sarte 3 S e CBlis (gl (55,5 OS] s
Lolei o Jor OS] b sl S ade glis 5 silas]
OllS ;3 1, ROS wl g b senl> e .(Ksouri et al. 2007)
Slr S eSSl e Kol S o <
Al bl s o Sl slas S bi= ¢l OlalS
S SIS BT gy Bls ol s Sl sose
O3S a8 SU s ol 53U Ll s ke 51 Claslon
S e ik Gbaptans LS s Jes 5ol b
SeaST ST Glan 5T dowsa Jb 03t slaai S ol 36
oot OISt BT 5 U Ll VT s asle elos
Agarwal and ) 1S o Cbdle AS 5k Jd LS 5 L
Jee slacble 51 5 aS clodd osls gliS .(Pandy 2004
A5 e Yzl 45 51T NADPH ool S b sl
Conrath etal. ) &S Wl [, (sl o a5 Ol 53 H O, E
Sbgenlr Lo & G asde s b ool L .(2002
PSen LS o oo SIS ST Slagtenn 5 sl 455
2 e b 3L el cdld Slpenlr e
I3 U o aer 5 5l e b e 5 53 i (05 i

Aas
Voo chle ganr s a5 Wl Ol Oliie (gladdlas s
Col gl ciS g Sl fae Ve S
L oaS Lsls 0l Lol opores a8 PAL Cdgbs, Jhl8l

S S S LSS e PAL Sy, I

- IWAY 30l /Y 0 kol /o0 e 059 [ oy g8 S 3

Ol pls QLS o5 DLS 5 (Sl e 5l (S
5 S o) ay sl 51 eslinal cdls b gl 3 08
W5l e e sG] S S (450 glacd sl
o B 5 Ll e 2als OLLS s ekl glac gl
DRSS el 4l gl WS a0
eI sl 4 e Sl glis el 1S L s szl
5 kS e S ol el LIS pl &S 58 e
S 1 sl sl plie sme s by o T sl gt
Omidi and Farzin 2012; Ahmadi Moghadam et al. ) 1.5 .
SoSs Ul byl 5015 e s eesa (2013
4 OLLS 53 Jss LSS Ol SRIBl sl ke s el
Ruiz and Gomez ) ssa eslitul o5l Lie OLS 5 Ol ge
2 3 Sl Coeal 4 g L Ks b 51 (2013
4 Jsree a0 Oly SRl sl et gl v
SLS S o5 4 e Ll sl OLLS 52 o
Sp b OLS ol Sleys ol 5 5 oS Slaest sl
55 Lol gla JIg 5 Was cpl clis ae) o adlas ais
ol b @l Gl e g e 0LlS Ll s sls OlS

ALl s
A osln Slids o gladle s &S pl 4 s L
S Jal i 5 PAL 05 0l Olsee U pal ute 05050
0558 30 Cosd PAL 05 0Ly canlodd ploil (glald 050
5 23S 15 addlas sy SIS Lyl g Sl genls e
b tals 4 o 5L Lgel VT 28 05 0Ly o 5l 0L b
CEL SRl ol sba Osepse chle Ll
2 PAL 35 0k 5 Sbgamls e 1 Gaiss ol 3 (P<e/00)
ol Sy il p aloie gladles 53 (S 4w
4 Sl LAl e Sy e glalle) 55 05 oS oy
Voo Sles Jlasl 5l ey ol YE 05 0Ly 0p 50 S sk
chle o a5 i8S ol Slsenlr e Ve S
oeals Cele VY 5 A slapley s SY e e Vv 5 00
Sl ble b g s s 05 055 Jld L2l
oo 53 n8 5 a8 S Sose S el (Dlsenlr e
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e 53 5 PAL Cligiss SRl e e DU gaslr fite sles
(Mandel 2010) s Uy Johoo <2 s 5l b 2531

b el J::.a Oseysn 3l J.‘ob- @L.. ax)lzs ol s
Ol oo S e Chle giluane L oas sl 0L PAL 05 Ol
o Slsanls foe 31 olS (K85 bl 53 (63550 O
Sl PAL 05 ol Wl 5o b 5l &8 WS sl Ol
3ol 03 358 0 w0 5L Gl e s s OAdSw S s
Sl b sl pl i o e 5 s S eslatal syl slad S

Al Al glagsls g 5 Cdplie wdige g o

Sl Bl
ra QL bl b gasls &S Sl dlie QB

&Ll
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