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Figure 1. CYP81Ql gene expression at A)
Different times after treatment with salicylic acid.
B) Different concentrations of salicylic acid. C)
Interaction of salicylic acid concentrations and
time. Data represent the means of 2°44¢T + SD.
Letters represent statistical difference at P < 0.05.
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Figure 3. CYP81Q1 and C3H genes expression at
different times after treatment with phenylalanine.
Data represent the means of 224CT + SD. Letters
represent statistical difference at P <0.05
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Different concentrations of salicylic acid. C)
Interaction of salicylic acid concentrations and

time. Data represent the means of 24T + SD.
Letters represent statistical difference at P < 0.05
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Figure 4. Changes in CYP81Q1 and C3H genes expression at the interaction of time and concentration of
salicylic acid and phenylalanine elicitors. Data represent the means of 2724CT + SD. Letters represent statistical

difference at P < 0.05

g 14

2 12

£ 10

5 38

o

i 5}

= 4

Z 2

=

i ]

E
5A,0.1 SA,1 mg/l
mg/| mg/|

B o 4.63 11.11 9.08

~hle Ml

g 18
5 16
pé 14
212
£ 10
2 8
]
H 6
= 4
3 2
= 0
E SA,0.1 SA,1
mg/| mg/|
BO)Ow| 1418 6.39

27 bosls VT L 5 Sledlodnl Caliis sl bl 55 (0) C3H 5 (<) CYPBIQL s} ol ois -0 K3

s ga OLE 5 +/00 e ool GMsl g > 5 Ao 2CT £ SD

Figure 5. Changes in CYP81Q1 and C3H genes expression at different concentrations of salicylic acid and
phenylalanine elicitors. Data represent the means of 2-22CT + SD. Letters represent statistical difference at P <

0.05

Sk V5 0/0 Bl s uald 4 Cs CYPSIQL 0
ol S sl ol £ Shdladend 2 530 S
Olen (p eSS 5 Ll ea b (g5l pme &8 les 53
c ke o/ Sl s aald 4 s CYPSIQL 05 0L
may ol s YT 5 Sl 1) 30 S

sachle s oI 5 St 30

C3H 5 CYP8IQL (slal) Ol Oy p ilises
soble 53 CYPBIQL 05 oy (ke alis s
e e L e
Sl il GBS o 6 das e UL

ol O Syl s d)‘é‘jbu <ol WYTL}M‘;}

- WAD (yliwo) 9 jaly 1T 0,Lod /8 093/ (Jums § (ool 9 Sl (oot



oL 5 g Ol

e slS sy ol 595 T U 9 Selwaloign! 230

A58 edalis O Jlesl 5l ae cele VY Oloy s
05 Ol el el zig VT L Jlesl Ol 4 a
Jed &8 bl 5lcwl o8 Iy 5l CYP81QL
S D5 el i Mg el Gy YT
53 (VT8 b i (il 6 58 (g S
oY mpl Wy s 05 ok W e b
- (ol 5) olg oole w0 Of s sl (CYP8B1Q1)
Sl ool oo bdshe Ay s 4o Lo
o8 Ay e s adple YY UOVA slass,
Heidarifar ) &5 0 05K 506 5,05 o 5 Lioa
oladss b oees (and Dehghan Nayeri, 2015
b s Rl ol Sl bl ol Jas o
» -(Rivas-San Vicente and Plasencia, 2011) >, .
osba lad e 2S5 S glad e L) s Ll
spam 53 &S syl bl YY 5, ssde b ab
Gleaknd ama 5o 5 b Gl Shaddlaal
S 35 N o 5SS Jaee 53 05 31 6 i
b 05 0l Il G 555 sl e il Ko
ol b 03 0l il LYs alg e oS el VY
bl 56 3550 53 oS Sl il Soe
03 ke Slol 4 3 s OIS ol s Shes
Sa Yoo 0Ll S ibdlee (b
@b ol ¥se Le +/+) cLle L Brassica junce
Sl s (ous WYVA) Lo il o
opledis Ol &S s S (dops ME) dls 5 Shas
slge Oals Jlaml Hs b Ol S5 a5 cl bl
WSl e S e s dale G 4 (ST s
S 53 Ol 53 Gl G 51 5 St osle Sl
Clld 5 GRlBl s OseeenS 5 S easl (Rl
OLLS b anslie 55 SLAEISL S 5 WS008
Al VLl e ss 218 LS nl s sl
SR s Lol sk 4 ATy S
S W Al g ol esls DL Saas
ssb Sl ol e ile 50 ) e

LI e b ol e DlE las 55l &S 5k
(o |3)

globle 5 C3H 0F b oSl amlis @l
Wl 6 s VT 5 Sl il
Shdlodnl Cilisee glac e 0 a5 das o 0L
Olgen po i 3513 3505 (613 pne sl VT s
BE pfdk:a Y clle s aals 4 s C3H U5 Ol
4 S C3H 05 Ol 2508 5 Skl 2
sp A e S e N 5V Bl s Cs S e aals
(om0 J2)

.'.=‘

slsles s CYPBIQL 05 oy (s

¥ e 5 S Lol
ooVl s s Sl Calises gl sl andllas s
osb a e Gl glaesl 5 il gacbls o
$sad 4 Caes CYPBIQL 05 Ols Lalsl Sl
tslis 5l Jol 2l 4 ax g L A3 S sdalie dals
Oly Sl el iV b s Sedlodad (0 SSLe
Ol el s & a3 Ly CYPBIQL o
OB Jlel Sl sl dlash S 53 05 o
s 31 CYPBLIQL 05 1,5 ol sl 5550 cpusl jun
ke aglin S b e el B s ol
Ol Schdlotend ) g2l Ol o clale Jolie
i 45 das e 0L Jald 4 oo CYPBIQL U5
Jleel Shday ol VY Gles 63k 53 005 Ol 5> o
Sk ) 50 chle sy Sl szl
Sl 5o opl & osba Al Lol Sl 2
oSl anglie b LZIL s bl e sl
-t Gl e glajles o CYPBIQL O Ol
Vochle js oS das e 0l el 4 cas Y
EA YE Cile sa0bes G VT e 2 03 p S e
Solsgme sl VT s Jlas! 51 da sl VY

dalis 4 Cans CYPB1QL 05 Oly o i 5 315 552

1¥adH uLHM)’)-ﬂJlJ 1Y o lois [ 0490 /w) ‘sﬁwlij PP -




i galS S5 ol 89 YT Jed § Sl lsinns! 136

oL 5 g 0L

EA 5 Y8 Ol Js 505 sy (gols e oslis oVl
oo bl o Vs lesl 5l dey coela
Oley yo dals 4 s C3H O Ol o mig il
Lol cs w0 ooVT L Jlesl 51 dny csle VY
Sl 55 CH 03 ol VT Led dles! Oley 2l 5l
et 33 SIS g0 5l C3H 0 Ll 03 S 1y
P oa ) olSE 8 S ol wSsls b
Sl 5> S5 ol S e s DSl
Ralphet) 355« Las G 5S 65,5 Lol & e
Sl b Yol &8 ¢S Ol e opl sl (8l 2006
5 el M5 Ol o sl 56 s C3H 0 0Ly

Bl lseldy LaobS j.<{>
S ey iy G ol Sl el ml el
Gl o) G chle s VT s esle i 3
5 Sl 035 a AmS Sl Ospili g S
35 0k Ul s a2 813 ad gl Slasl s |
RO ECIW S W OO SO WIS UOP I S RPN W LRy
o3l sl o il 3 (gl e3le cpl 5 ONg e Ylazs|
03 el Sl Ll g sbse ) DUl oS s S
Cyei 3 okd Dled (ko Ol g SIS Lo

g (6 pSe3lul Aals

@‘.})u\j}ﬁ.’&:
il S &l o roms QLalii S (g
ol s (54 5SS 5 05,8 IS 50 55050

SooslES e IS 055 5 (o)) iwe plal
J}chﬁ J‘J).,GJJKJJQ‘J.@S eK..f;.;‘J vx.M.]o CLA)

&lw

Fariduddin Q, Hayat S, Ahmad A. 2003. Salicylic
acid influences net photosynthetic rate,
carboxylation efficiency, nitrate reductase
activity, and seed vyield in Brassica juncea.
Photosynthetica 41: 281-284.

S asle L5 s LS e ABs s ek
oz Sl o DlS 5 Bk ol sls 5 S
RO RV Y [ JOU R R PR PNCE W [
Js 5 edd AenST ST Sl s SRalS S S
338 o LAl s lpl s S il 5 50
.(Fariduddin et al., 2003)

9 Shedlosdesl gbajles 55 C3H 05 Oy (w5
oI

o) Ol > e Jlie I Sk anslie il
Ol dals 4 s CBH 03 Ol s Sehodlatid
3 V8 Gl sl 53 0 Oly 5o i o i 45 A e
ol A 5 p 8 e 110 5 /Y 035330 51 e sl VY
G dole S Sl S L 4 e
LS ea bl pme DslE Sl o ol Sk
sbadpbe W5 paid 5 e sl
Al sm S b5 b 5l S 4t
el s 5 s b s (J5sS15 JUl 5 ot
(Jeong and Park, 2006) s e i3 SU o
matey Sl et S el el Dlade el
5 WS Shadladud bug o5 ) oS gl
Sleesbe iy Sole 4 b o SRl byl
e SRl cer BiS e Srese Gl
350 oS Opailiwse S 53 46 cbao b
aal, ul 5> .(Zhang et al., 2006) 1,8 |3 eslisl
5 C3H 05 0y o:Sle amlie s oo ol o
Olas dals w4 e VT s Sl calises glsjles
e oV 1 s e S e ) e s S sl
- s dles 5l Cell VY 5 EA (YE il a0l

Hata N, Hayashi Y, Okazawa A, Ono E, Satake
H, Kobayashi A. 2012. Effect of photoperiod
on growth of the plants, and sesamin content
and CYP81Q1 gene expression in the leaves of
sesame (Sesamum indicum L.). Environmental
and experimental botany 75:.212-219.



https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeong%20GT%5BAuthor%5D&cauthor=true&cauthor_uid=16915660
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeong%20GT%5BAuthor%5D&cauthor=true&cauthor_uid=16915660
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=16915660
http://pubs.acs.org/author/Zhang%2C+Bo
http://pubs.acs.org/author/Zhang%2C+Bo

oL 5 g Ol

e slS sy ol 595 T U 9 Selwaloign! 230

Hata N, Hayashi Y, Okazawa A, Ono E., Satake
H, Kobayashi A. 2010. Comparison of sesamin
contents and CYP81Q1 gene expressions in
aboveground vegetative organs between two
Japanese sesame (Sesamum indicum L.)
varieties differing in seed sesamin contents.
Plant Science 178: 510-516.

Heidarifar M, Dehghan Nayeri F. 2015.
Establishment of callus and suspension culture
in Sesamum indicum L. Inte tional Jou | of
Pharmacy and Pharmaceutical Sciences 7(4):
255-258.

Hirose NIT, Nishihara K, Sugano M, Akimoto K,
Shimizu S,Yamada H. 1991. Inhibition of
cholesterol absorption and synthesis in rats by
sesamin. Jou | of Lipid Research 32: 629-638.

Jeong GT, Park DH. 2006. Enhanced secondary
metabolite biosynthesis by elicitation in
transformed plant root system: effect of abiotic
elicitors. Applied biochemistry and
biotechnology 29(132): 436-46.

Kang MH, Kawai Y, Naito M, Osawa T. 1999.
Dietary defatted sesame flour decreases
susceptibility to  oxidative  stress  in
hypercholesterolemic rabbits. The Jou | of
Nutrition 129: 1885-1890.

Moazzami AA, Andersson RE, Kamal Eldin A.
2006. HPLC analysis of sesaminol glucosides in
sesame seeds. Jou | of Agricultural and Food
Chemistry 54: 633-638.

Ono E, Nakai M, Fukui Y, Tomimori N., Fukuchi
Mizutani M, Saito M, Satake H, Tanaka T,
Katsuta M, Umezawa T. 2006. Formation of
two methylenedioxy bridges by a Sesamum
CYP81Q protein vyielding a furofuran

lignan,(+)-sesamin. Proceedings of the National
Academy of Sciences 103: 10116-10121.

Qusti S, Abo Khatwa A, Lahwa M. 2010.
Screening of antioxidant activity and phenolic
content of selected food items cited in the Holly
Quran. Jou | Biological Sciences 2: 40-51.

Ralph J, Akiyama T, Kim H, LU F, Schatz PF,
Marita JM, Ralph SA, Reddy MS, Chen F,
Dixon RA. 2006. Effects of coumarate 3-
hydroxylase ~ down-regulation ~on lignin
structure. Jou | of Biological Chemistry 281:
8843-8853.

Rivas San Vicente M, Plasencia J. 2011. Salicylic
acid beyond defence: its role in plant growth
and development. Jou | of Experimental Botany
62(10): 3321-3338.

Satake H, Koyama T, Bahabadi SE, Matsumoto
E, Ono E, Murata J. 2015. Essences in
metabolic engineering of lignan biosynthesis.
Metabolites. 5(2): 270-290.

Wahid OARA. 2007. El-Bramawy, Resistance of
some sesame (Sesamum indicum L.) collections
against root rot disease (Rhizoctonia solani
Kuhn) under field conditions. Jou | of Plant
Protection Research 47: 321-327.

Zhang B, Hettiarachchy N, Chen P, Horax R,
Cornelious B, Zhu D. 2006. Influence of the
application of three different elicitors on
soybean plants on the concentrations of several
isoflavones in soybean seeds. Jou | of
Agricultural and Food Chemistry 54 (15):
5548-5554.

1WA liwnoy g ol /Y o,lols /D 0490 /w) wlg&a} PP -



https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeong%20GT%5BAuthor%5D&cauthor=true&cauthor_uid=16915660
https://www.ncbi.nlm.nih.gov/pubmed/?term=Park%20DH%5BAuthor%5D&cauthor=true&cauthor_uid=16915660
http://pubs.acs.org/author/Zhang%2C+Bo
http://pubs.acs.org/author/Hettiarachchy%2C+Navam
http://pubs.acs.org/author/Chen%2C+Pengyin
http://pubs.acs.org/author/Horax%2C+Ronny
http://pubs.acs.org/author/Cornelious%2C+Brian
http://pubs.acs.org/author/Zhu%2C+Danhua

