[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

(i (ag) Adaa
'van j#\,:\d' bJLA.ﬁnc\~ 09

Gy S g S S pmdiga Gk ) 4 sl gL gilia a6

NI e

Olamliy3T Sue g olK2Sls (63,5LES (658 55 g andy byl gl IS axst gl 25l

Gholami.2359@gmail.com

ol

Ed k4

Jolo sl slacd sl dpd e alis sl Olge 4 a5 LS 5o &S plend sla STy
Sl e &S pledan OLS S ple b bg o 5 LSy WOt S Sn s b SLS 5
(2aols SLS S Al slge Sl ey s &S sk e anlis @l gl Olis 4 il 05 S an
SLSESS (e 5l (S (AL S8l oS i il ) b S 5 RS i i Sla il
Al e s Dl b Lald s sl WS ey sl 450 glacd e g A
Rl b msn slaady,) CES 5 el CuiS (phe 28 1 LI le Bias ae) cnl 53 eslial 35 5e GlacSiSS
Gl S Glos Lo anio 5,08 L sl e SLS 5 5 6l alS ol glacis Sl esliad (Jl-
Dph Jole B s, 50 (S Sl dsame ) e S0l s 58 S 6305 Dl Oliee 4 Jpame &S
s Ol A5 Ly SRl L b e sla el b 5 sk Y Ol s e Slatiss el
Jole by e 0 diS e (a0 Olgn B Lpd ) 0T sdiS oS oo 5 Sl (St e L ) ol
e M LSS ol Sl el &S CuS Olg e IS 4k 4 35 overexpress |y A5 ediS 3 g
AL sl ol s 0 1y oYU (galaBl 5 g Ll 5 o b osils LS 5

Sl S (KL pwdige i pliglacd sl g AdS SlalS

M omegs aulp boaldsbed sl 0LLS andie

;;ﬁf]gf"a" Joo OlS 5 cle )5 e 5 ol S 5 A sbadle losasr Wl

osle Q‘).&su U des B .Lr_’.&@ .L:j_,] u-:i\i LQJLAJ.;\ .L.j:) DL La.:j.:.w.a @}‘6\.&@}\2& Aiybdl.hﬁﬂjyb
\V


mailto:Gholami.2359@gmail.com
https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

LAR ¥ 4 jﬁlgg\"b)@c\~ OJ‘QJMJ&\M.AA"

glodsle Olss o OLLS devy 4 osline
Copots dey s S 4 S Ll A5 sl
Sl sl ale gladis laskilasl bopsans
oled Jas OlalS sS4 i Ol by 5 ol i
()

by 5 ghe —(

Sl Sl Glodes o 3lge Slinie ol 1l
sersn (asise Gl ial) badds oy S daes
S L iSe i S (ol w8 S s
Dy o i i e (S 550
02 B e Gl s sl e 5 lansds 5 A
plo3pS chme 55 &S | Ll o iSe 0
Sl sl Com 5 atdls 2ol ) 0505 503
(8) 2,15 0|l

(C15) gy 5 s 5Symw =

laCostunolide  aileas LS5 nl 51 gslaas
5 Lyl olals s by E 4 Lleds SolS
ai G L oS anaaS el gl (55l 55elS s sl
olisd wle &S (uil mul) g2 0 0ySY
(0) 358 0 o gemn Dl i (S ob 3 Slagdas
(C20) Wy ieso (.

Ol s 5 28 3 oS ol e K Sl A
GBS Jbs 53 ops ol ea b 055 Y 5d 6,0
AU opl 45 85 55 e SOl s 45 s,
20 xhr Flosw oS wlss Sl s«
(S b Bl Lol 4 ol SRan ol o=
tlooed odipd w5 S B | eyl S
ol s SLS 5 5l asl gl wbl gl
O3 o QLS 55 (s ol) dpsh esS

J»& Ca.wﬁ oA J)\P- ub...o oo J}.\SA&A Qﬁl{

YA

Sl 5 o OlS 5 Olsea 5 Al e s w
ol e Aiphe 43,5 s eyl e b
bl 3ly e e sadnTS 3 LS 5
S5 o JSIT w56 slacd plie o 5o
3 Ll e S iyl (s slanes,
5> b 50 glac gl daws Ladd 50
W 0blS dede 5l Lol gbeslgls 5 e S
o3 dsbw 53 (oS e @ SIS 5 pl A e
d> o 53 5 ewsS lad e 53 bies 5 ol
ed 5 K M5 elS (S5 ez 5l el
Loamlis 3 1y ol Ladss zl Al
Kgd oo M5 ad sl plad 3 a8 a5l slacd sl
e B 51 saols Ol uS o Slsds
Lol SLS 5 5 dten 28 Sl 45l sl plie
(1) 1wl . Officinal L Medicinal .S s |1,
456 slac sl ¢l 5l

bap s me Blage 38 e Ll il
s (N) Oisps o= wlss 5 Jb ols s
(C-0) wssley gl sladsly 5l acy 5 .(S) s 5
Ol el S 51 el sl adss 31 5 Liledds | S
SIS 3 I DS 5 sl e S e il
L ol S8 pdor 5 Gl dnl Ko iS5 s
035 SUS 5 (pl pym guae LS o Ll OALS o
Sl S 5N Gl SlS 5 o ool S
() Gl oo goe gladialinnl 31 sz a0l

s — )

L oasl gbadpbe 5lesS S5 by
o b e pes ol i slse b oS s e S0
L gy Sl sSS Gladasds A= LA TS Ll

sp soletle 51 s 0SS


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

LSS pedige okl bl plie U 5 (oS

el alyy cosbl gl Ll glag e
Ly dss IS e (FYLE ppb oay) 0551 21580
(A) das o )58l

roless ()

s, Slos 5 hoksST s 0LS 55 oS wsle s LS 3
Sl ade oS oy a3 Lol
el sl e B sls g B sl S
5 L SaSed dl e Jool= DLS 5
Lols pam SLLS 5 bz B e SL 55 Loses
() L, 55 O 5l s I

olesS gloss (o

A e Sl ey bl b pbS £ S
bl 0l eslgls slael 55 Sl 4 &
! 25 eed Ly s 5 SR (S
5 K o Aipls J B b j5b 4 LS S
Ll i o obss ol UV-A 5 Lils 5o
23 Ml e s K8 e DB VL i L s S
adosm sl Lo sl DNA islae o be
e Al B s O patend B Sl 5 el AL
O0) s Jske S0 lulg 5 DNA

oS-

A5l p s slaes S 5 VL SUtil L ek
Coniferyl Jols (ool sl |55 1S aw 51 &S
LS| oslsT sladsl, as Sinapyl 5 Coumaryl
S SNy S5 ol sl Ol @ e
Odds oS s e S LSS 3 1y sl
el &S o500 Diglen oo A, B8 Lol
ON) el o5 b ST 601 SS

Lad 45928 —(s

LS 5 s IS 5SS a5l

14

() Sl Oy 515 e 51 5 S o
(C30) by S5 — (>

A3 e S cnl e (spal) IS syl i
iy d (I LS 53 ege SLS S 5 Ll
ool e,y plmlr 53 5 ol lis s
ok S et nle Ol 4 Cpx
Cel S xS )y (s Sl a8
Lagls 5 ol i ST 011l ads LS Elailons
L2l Gl 28 5l pam )3 bagnSI b 250 o0
e S L i x
() L5 o0 S o s 00

(C5) N lagy 5 sk —Co

OllS ;s YU JsS0se 035 L ook slacn s b
ks o AlE el b glacn 5l sy
L35, GLalaS elpl wl biep 5SS
LAl Sadly Sls S b s
S sl el Vovemvoeen Lls s ald,
wlad =l 55 (C-C) a8 slail eled Ly &5
BE Koot 55 S I 55 dies @) e
E) il 5 slas jltle js 48 55 sl (gutta)
Y e i slad ) s LacSadl s
bt ol sl 1 SO Cblim S W5 0
L 03le S e 4 sb e 5 LS e ol B
V) AS o s s)l5elS s

S bS5 =Y

My g b Sldg 5l a8 OllS
05,5 Sy Sl oy S Sl S S
L,ls SslogsT 4l a5 JorSsskenr o5 53 Shos
05,5 cpl s bl o 5 sl ki

5 bl ade oS by w5l g i


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

LAR ¥ 4 juhg\"OJLuic\~ OJ‘QJMJ&\M.AA"

crar

258 g S5l G s — ¥

Lo STzs GSL GSH - s wlS 5 ol
s s 4y oS Wil el s eiles s
Shisslen belse ads GLLS #bs L it o
O Sls Bl s s

GSH - ()

AL Jglon i 5 ST sl 5l S5 S
osse 0y plmlr 5o ege B S
5wl AlS e s A, ol s asl ials
ol lagaly ) ColdlenS| ST K ) peon
Wlea il Lawss gladsle (V) &S . oe
o) e Sl 5 VL el alS eSS
Sl b A sbedis IS Ll 5 S5
OA) kas o 0L uﬁ..ﬂ Sl Sl scaew

GSL [1] (v

3 o8y sl ALS ladn SIS 1 s S
ey 4 oS hmed Gl (JoS5e o b 0555
S ade Caslie Ll sk 4 e obalS
e Lot s B Ol ol
O anSa b DS 5 cnl 4l o 4 L 8
Lo S igs o 3T I el sy
53 A SIS Jo IS el 4 il
O8) ds = 20,

la eSO 28 — (2

Lo 2bsSt sl Sl o sl 53 lapnSUT g2
) 45 Wpd gr g L el K3 SN (08
LL erlee bsoben Jolse Sasly i
S 5 S o sdoe ST Joee GBI 3 e
Boben glacs S 4 Cuslin ases oS

53 oslie glas Shee oS des OlalS s b
5 LalaS sl e 318 o Wl oS r
DS 5 ol 3l edas 05,8 33 (1Y) DS 1§l
I 5 oS Jold o8 s e 2ol WIS 55
UV-B wints 3l bdsle bl 5Skes 55 S
Covsy ¥ 53 DLS 5 pl S S e Wl 1
it ) 5315 5 s b e e il 5 S,
St o5 el S Sl Jm 53 ) S e Ol
gl pedle L(OY) AS o Hse wesn O gen
Spd g odbe 95l Il CeL UV-B 60 2ol
s bl 5o 1 Ol (bS5l Bl s s
(A diglas o Edalons UV-B axl 0L
s 95 Mo 550 — (o

Ll O bl A 3l Grie LS 5
33 e B Ll s LS s &S
SLS 5l Al ol ols slagaly 5 axws
2 e B L md 5 SV abes
Ll G yer lapsmsn, sl S LS ()
(O18) w8

laoy —C e

olS b gla ey 51 o3 05,8 ol LS 5
e shils il Clel aaaa ols ol L
Lo il Logos s Ogdls w5 Von -y J S gs
L 5 sy 6Kt sb 4 5 L1 e ol
Ol a0 sb men 5 Las oo S2alS | 0110l
Sy b SO ol ellasl esle
) lselS Ol Ik 3 S e Jas SUlg
S WS 45 il sy sl LS

(010) ol Lol 315 sla sy Jlasl ass


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

") i okl bl plie U 5 oS

5 St sl Soll ale sl s caas s
Ao 3l Vgeme LS 5 cpl b Ol elS e
(i el Sl snsn (apes anelid
(YE) L or 3o OB gz 55 (s

S5l glady SIS — (0

ol bl SLS 5 5l a5 LSSl
Lo ST 51 a8 das e LS5 1) 055 20
slasl ;s 5 S e o311, HCN s el
Rl (Y0 Wls 3 gmm s V5 5 55 el S onl gl
U2 VR VY RS LTS SR - PN | P PG S
g H2S S HCN e 515 o 3150 ey o O
a3 o oS Oul 5= 6@ 03 S LS s
Sl sy 4 A% o3k LS 5 opl sl
(TN el S 5 D5k i Ol el S s 5
S5 g S\ s

Lol S 5l 45l glad sl oS IS
s sl gty Aolp b5 eddowl
slodale Wy s 8 s sl sl
el s ael gladd il EE 4 gl
Mg 53 e G 3 Sl del 5 TS
2 S el s Al bl gy 56l
A B LIS Joal 5 oS W
() JS8) xS e

AR

o ST 5 Loy 05 i pennids — (5

P Gl i slaptan SLSH ol e
@quQMJ:M&}JS:»WJ\w‘«SM
ey ddy eIl lS 3l aes (YY) Ul o
Lo aaids 5l pban laas LA@G 3l
Lol 3 b SL s Cls A 5 ey 2B
S 0550 s paniys SO opl e sde (YY)
Blowslie L S, o OLS5 ple 5 dues
AN sl axzls  Sien Oly A5l 5

03578 ol gl gl —£

S5l B3I ol oS
ol s e laaie] el 5 s SIS
P oole lawgel Al I SLS 5l e
B S o 4 DLS S ) pled L
S Ol sl 0T e 5 (ol el A
Alas 5 I

Lo JSIT —( )

2 Oisse sl gbadabe 51 Shp el
il sl Dbl eSS dwss Y LE
s alS slagladss oo Slslp o il i
Kpd g odys OKIS3L 5 LaglesSS s (g3
LI Lle olS 5 ) Gl Lses


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

LAR N4 jﬁlb.:\c\'OJMc\~ OJJJU.E..“:IJ&\M.AA"

co,
! Photosynthesis
hd

PRIMARY CARBON METABOLISM

Erythrose-4-phosphate /
Phosphoenolpyruvate

//
Tricarboxylic ]..

Aliphatic
amino acids

-
“Shikimic acid
pathway
Nitrogen-containing

[ secondary products

‘Malonic
acld pathway

F-Phosphoglycerate
Pyruvate (3-PGA)

-
Acetyl CoA

- -

“Mevalonic
acid pathway

] [ MEP pathway

» | Phenolic
» | cOompounds

Terpenes

SECONDARY CARBON METABOLISM

adgl pud il b LasJ e blijl s a5l slacglio g5lo ) odes sl s 5l ool jgai S —Y SO0

keS8 — pS1a) bl S0 LSS
Al s 2L S e b U5 1y Dlid s —0
sl g Jeem ooV & buly - S5l
IPP o 315 55 o 553 o Jots (MEP) livs—t

OO0 5 K20 558 o
63 ST e 69) O josl 5 Dlind 63 Jezys!
S gy ek Jw glajlrle (DPPoclivs
S Sy S5 Gl o wtien Loy sl
DPP 5 IPP il 3 iy e oo o 0 5530
SS1s el (GPP) clinies 1ol LS ol
wr S o> ele Lo LB GPP tas_s
4 Llg e GPP e (Y ISK8) il S5 se
SN0 S5 b asd Jame IPP 1 Sos S0 5
ool osle iy L5 oS (FDP) i s
SO WLl ol S el by 5SS
WS YV eSS S e Ko IPP S
S 4 53 (GOPP) Slindiss ol il

Yy

3355y 5 sl S Sl s 9

s 33 51 Jila= 5 adsl b d gl Sl ey 5
Ssllse o 53 Lpd o ol Sy sl
J5Ssm el 4 S0 3 aallln 5550 5 0 S
U Lsdpe Goe on o oy alo o A 58
ol e (VS s s 1 SOl Al
skt alpiidsn cbuly de e SN e LSS
(IPP) ity 0k lpdns 5 aloS 51 S5y
s Jlb an S 0 Olasle IPP s e Al g |
(V) 255000 sled s bagyy 5

at o buly J> US55l Ll e IPP coman
sl st 5 Gnst S Gl ot b SIS
Joto s LOT 6 gamme S L2815 5l (5SS
sy LS o pd e 4 (MEP) Sl J st 5 )
2l s Lo IS 55 el A e B 0
5 ST S 5,5 e el Lt

G -5}‘:‘1;“ cbfi.é Qlﬁ)::’. )\ W u.:; VJ\ 9


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journalofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

"o ;Qu:'j sedage L;ij" 3 A.UJU‘SLAC...JJ{L:A J«_JJJ ‘u"w"

(F J52) aules (au S £0) cpils 5 (au S T) GGPP , FPP ulg 3 .clap 53 osbe
() HAGS M S w GAd e e Kl e
i B % §.2
e =G Om o«,—c—c\m
3 Acetyl-CoA (Cy) O‘P'Q

Glycer sidehyde
3-photphate (C)
Ont ]
i I

Myl = €= Oy = € ~3 ~CoA

Ot
" /°‘r—°‘0
COOM Y
HMG-CoA g L‘
Mevalona (3-hydroxy-3-methyl-glutary-Cod) > Methylerytheitol
o e < . > ol
pethwey 1-Deoxy o-wyluiose S-phosphate phosphate (MEP)
l pathway
O "« o
4
Mgl — € = CHy — Oy — OM é,‘\ /0‘1—°'O
, (<)
i & b
COOM
Mevalonic acid Methylerythritol
/ phosphate (MEP)
|
| Oy =0~ -t .
A ou-o0@® — |__ouo-@® — oy -o-B-®
\_sopentenyl diphosphate (PP, Cy) Dimethyallyl diphosphate hopenteny! diphosphate (P9, C,)
E (OMAPP, C) | <
hoprene (C)
P
Famesyl diphosphate FPP, C,) Geranyl diphosphate (GPP, C\p)

AAAAA o000 AN o-00
| | |

Sesquiterpenes (C,y) Triterpenes (Cy) Monoterpenes (Cyg)

Geranylgerany! diphosphate (GGPP, Cp )

AAAAAAA o000
| |

Diterpenes (C,) Tetraterpenes (C,)

sl a5 SeeSld e s Sl g orle Gy yone
Sl s el s ALS glad g ] Sl ey Sslie b Sl alS glad g
2 I el DS Gl e g S SNl ,S (S plin oS Sl el il 5 L5 e
53 01 el bl 35500 e o Lzl 5 ag St Sladsd Cxle 5wl e 93 L e SIS
(YD) (F S8 el s e oals gt 5 SenSed el s A s alS

Yy


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

MYFAE Sl oladi o) b 080 ) e Alaa”

crr

Erythrose-4 Phosphoenolpyruvic
phosphate acid (from glycolysis)
(from pentose l
phosphate pathway)
;r;'tl:]'w;cyac'd Acetyl-CoA
| —
Phenylalanine [ Cs] m,‘,’v'\',fya('
: Cinnamic acid [ cs]
Gallic
acid l l L
Hydrolyzable [ ca] [ c‘] [ G ] Miscellaneous
tannins phenolics

Simple phenolics

[(€~c]n

Lignin

Flavonoids

(@@,

Condensed tannins

Gt eI 5l oga b Jiloo L J5id el Jle (lals po g oo (ol ey il Goyb 4 (alS sla i Y JSCS
ISl &gl ial)T samo b ilonss @dly 55l U315 50 a5 olsJses o] oS Sl yane 51 03,5115 K eVT it g oo

d e Lo 3 S =3 PAL Yl
D3 andlles 5550 a5l plo 51 iy aLS w5l
S o XS p Bl pl 65 LS5 5 ol s 8
LS 5 5l ol LGS 55 e eliS ol al e

) (& JS8) 55,000 slad a0 J 3

Y¥

bber (S

SOl s Jsb Sl S e S S0l
S Sl bl e Grie eV
Aol 1S VT 5l SLsel S0
daily Sl ol sde el Seali

s B PAL) 5L SUel VT Lo


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journalofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

MBS i Gesb Sl sl sle A5 (R

ArIOCy arviees.
Condenied tannens

mul

o o
Flavones
o

s o

O
oM

wilo slaadsilsy b Jold (ol slasid 5 (S JoSas VT L 5l Jsd gl S lptennd plales —F S0
gdise ST VT Jeid L laadgigdld sl g 00,28 (slo il oyl o ilogiil ¢S « gt sl Sliiio i slogS

Jold 3 0l 4 S SlS 5 5 8SS S
JK8) Wi e nie (OMNIIN syl 5 055
3 03 auly d OLS 5 51 S50 5950 a5 (0
“B) el e sbed a il sl
el g il Slesle o G (Al 5 5850 (el
A S sl LISl (Al i)

G el Bl G (el ) e

Yo

Lok JSIT (52 gt s
ehs 4 el gladead 51 S Y s b ST
Ll i 0 atle Obgts 5 5 s, (sl
Sl gt oy S ST 5 o o S IS
Voosled dader ool edd Gris 5 s 3l aS

oldnd laosle f s LS ISIT das gl

SLS 5l ) il sl s e 0L a0l


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

LAR ¥ 4 juhc\"OJMc\~ OJJJMjﬂ\M.AA"

crar

(YD) &S o i sl

Nicotinic acid mononucleotide (NADPY)

o cooH — J
\ N
|
Z CH,

|
S

Nicotinic acid

3 NAD™ 5l eim 5 S sSe el 2580

el gin 53 035U 56 Ol sy oS ) NADP?

H,C————CHj
H,C—NH; CH-— COOH
NH,

Ornithine

z@ ———

n—

H3

N-Methyl pyrrolinium

o

Nicotine

Sl 09 oo 5T Dland-Yo oSl pucdS 5 bl 51 (anls) S oSS ] Sl Gy b 9SS sl Gy -0 S

Dgl oo Bdee D9, 0 Slods & Orf-;j)T s‘"L“‘ Sy 4o Jawly o oole G aS i ol 5l i 9SS ;LLAC_A.’ adl>

Oladss asd8 Jlo o3 53 L pd o O gues S5
ol plrl 456 slacdple L LSS 5o Sl
Slads b plsil o S sl (V)
e My e 51 SWl o oledbl
2 555 el (iSea s 5wl glacd s
SLOS 31 asdae dluad e ol e
Sl gty 53 a6l gl gl 4 by, s
SL0) mhw 3 gy Sldlas S ola s
Ll slcdple Koo 4 oo OF LS Nlcms
5oL WS e el el el

S§ pwdige 51 B (Y4, YA) ol La il sl

\R4

OLLS 3 45 e plie A5 udige
53 LS 5 ook slas sl ol Jl- s
sdel ows & 45l Glacd sl Sl dige
Seslinal b e glacd po la e o
5 ekdmtip el emS e, g0
S e s Lledd s seS slay
Gla s 035 dgds Gl p 5 M&:ﬂ 1k
o sl Sdabe g RIE S alecdse
Whlp slas )8 s gl e eolinad
s gl b gabse wsb o pbke

el 5 S 058 Gk 5l SUL AN


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

") i okl bl plie U 5 oS

S5 Wy Sl Sl el 5 G
e 4y by e a5 JUEI L s g olS s ol
SL S S e sl sk S s
Gl Sae raman 3L B 5550 65l g50
OlalS s b gt S L ole S W
Al s S S SO Cde sl Al
OF ke b G Ok Ol et L lahy (5 00
S sy 3 5 RS ads ol S 5 Slse
SR L (2B) (g5l gl e S L K05
oS 53 1y esle OF Slde S 5550 e3be e 52618
S oS 05 Ol 5o Sl bl A1
2 el glacdsbe ps A5 s J S
Sl Ll e s e ) 3 s edee
gl aslsl 5y (VL) ol B sy LSS Ay
o o Sl edel ey ml Sl e e
Oly ks 5 J st a0 450 o ple A 8

3 g o0 40 2S5 sl

osle ;,<3‘ )(.;\2,4 g:'-i\f‘ M..{).:U CA:.S})L".A &.’. e
s Gl YTV YAYY) ol LS 5l
Q&k}obb&@jd\ﬁad&gﬁﬁdeMw
Jﬁjﬂlﬁméuab ol 4:‘“""}}“’ 3‘}‘)‘ O‘AJ;
3 (Al s opl 51 6ol b mis 03551 5
.,\.:J‘}S P )‘ 4.1;-,« ;,<.3‘ ijs S ghene cL&:ob U'i‘
Al Sl b g 038 e 5wl S b
LoLly o Sl cpl ol o O @ by
bowsl ol W5 Jsiee MRNA Olg tals
S VL Ol L IRNA (e 5T g5k 51 eslizl
sl opd Gime Jstee o3l ade (s3b 5
ozl LIS K, i Gy o5 4 e D
HELRVY UJ»“ “ len:.w) J'<'.‘.'> Lgl.ﬁab (Y‘Y“) Sl 0
B L GOl e G e
Ca...w\ugmat.a\ g(-\ Jg.ﬂ) Sl Ls'it‘é" osle MJ);ULS
F

A — B —» " —® ) (over production of metabolite )

Ower expressed

Regulatory step

antsenses

overexpress (A) Jio 4,50 slacadglio slojlo i adss (ial38l 5wl )le Sy (65,900 b adgs (ial38l sla sl il =F JSC%
oyl s ((Cay F M) 09290 pows 5l (gan a5l adg B) Jio) wiS o vgume | (pols s a5 5 Jgame (0,8

CLLT_' EREXY ol aslll Lff- “ apl e g
Q{.’) B It Bl u:"\) 4ol (‘bﬁ." C)():':"'j
(¥0,Y4,YA) il sdalie LG La €

Cilisee la05 Ol [l Jols ol sla iulesf

(B 45 C 3,5 Ssls Moo) i (5T (29, b 39250 (25T

W il 55T 5 LS 55 M6 2 g J e (SL0O)S
S s ol 5l el ml 5 A8 58 sm s
Lol S5 wdige 45 35 a5l slacd b


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

LAR ¥ 4 jﬁlgg\"b)@c\~ OJ‘QJMJ&\M.AA"

89 Ajgfdé

L ST J gyl jon g sla0s

3 Golm oy ASISIT Jatl AS gy 5 e
spde oS L ol 03y S5 wdige Sl
el xS e ) DS 55 g N0
alazr OF 31 dliny Lsap Ao LIJSIT il
o ) Cand O3 LS ISIT ) e ol
ok el bl el WS B olende
SLES 53 s bl pl 5l A S 2l
i IS Sl oS 4l 5 LS il
LB g Gl ekd gl Sl iy sl
Olgpe 03538 5 yoms S i 5 4yl hoe S35
SO il e3gr s Sl sl a0 Ol
L ST 5 e Sdlad 2153 LaylS
OLgiy 5 oS e, lads Jle bay ol
olS sladsle ;5 STR-SS 5 (TDC) 5VueS 5 5>
O3 asdles 5,4 o0 4 Catharnthus roseus
() ol as

A3 JSIT gl 55 oS oS (slads

ORCA3 5 ORCA2 (slapl & sy Jolbs 33
M aledsm e O dope pkir 3 &S
k5 ii Catharnthus roseus s s JISIT
LEY) Wl opend (5500

My Sl Eel slesa ORCA3 Ol il
85 i Jolo nl S | 0 b a o YIS
5> Fse PABO ey S s myl S 1, G10H
Sl YK Mg Uyl el e U
ol i b bdsle 0di 51 e bl LS
Lo s JSIT W 55 el 85 Slen a5 518 ) S

gl s a (8)) Wle LRIl s Y Ol B

YA

SlSS Mg b s b sl sl
Glaiasy S ol aid plail oS s dax
3 LASEOL sy w3 edd el
WS Dope SperS oS o bl sl
Sesnl 05 S 5l eyl &5 ol sl jasiie Lol
W5 s adsl Jle slae sl 51 CHE (U o
3l e A5 Gl s ST A a8 0
()

Aer o5 Soads LS 5 S LOM sl s s
e WSl s o5 Se Sl 1,
ﬁ;j &S sl 0Nl 05 Ol il
0 olS Sl Ay el el P450 £35S Foms
Ul @sle ssb 4 aS Cyd 5 055 Al
ol A ((PATY) 555 el | slse )l A S
B35 s 53 4 (S QLS ol 53 DS S
LWl by n s e glaosle iy
Sleli 55 5 ol 53 LIS n s 2l oligs
(F9) L3l ge Ol e QAL 55 0555l 52 5

la il 55T 5 Lok g3 D6 A 55 codeS o lass (sla
e oS Ol edkige Sl s S
Sl ol e Bs) Jelse Sl eslinal plard 5o
Jas 1y ol plandise Gl e o)
oS5 by bl g ool Ll s S
b oS CLos R sy Jole 5o
S 2SS bl cals R gy,
(CMY) 05 o358 o 305 Oblse e 5105 Jawes
OV pams alin Cl o la sy, oS J5s 550
LS sl Wy s ldl .ol ©-MYB oy
2 CLl 5 R sisy Jole o onl Ol 58l
g S e 5o 03 L pla glad sl


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

") i okl bl plie U 5 oS

s ook obdl cd B sy g d gl
oY U spie sWl oS ) s bl
BER [Pt ORUTY CHUR T PR W P P A
S il Jole SIS Gl (Keal Comax
Lo B3 5,50 SN paame 51 Ol 0 5YL Gl
el s ) (Sl oSKeal 51k S e pln
g slp bl Conex J51s 5 (ol oo
358 o ol VU g LB b Sl oY
(0t ,£Y)

Ay lasus r.,la.? 3 e el giluangY
S b

28—

Sl sl mexd 5 A5 Olpe 5 8L Ol
Jbe ssb A3l o Jse Jobo lacis 5o a5t
VIO 5 Y10 L hugpem oS ke 2S5
oAl Seosbes 3 Ses Ol oL Ao
BYYE RGO PPV N ¢,§V/VJ AL eSS
53 b Olye (R L oS el 5158 5l e 2
ol 4t sbad sl W5 Ol 2 e
P add ol Ko wr il (s ks
(LY) Col ol

O3/ —

SIS § Ol O Chle &5 cl ols ol
T ST P P S R W P R R P g
L B5 MS [z fl.f ClS glaleos ol S
U35 e Olge a1y pamigel on 5 a5 s LS
s 4S5 Sl 0l 03l QLA & 4y 0 Hls L] s
22 Oisse IS Oy zmen 5 Ol 20 /055 50
s oasl gbadple Wyl b

Y4

A5 5,5 (ORCA3 5 ORCA2) okis Lilse
SAS o S lten L3 IS J gkl A3 525 s
S das g O g b ol A GIOH 05
P LN E R S R M TE SN
ol 03 s sl e £ ge Ll e oS Lnes
(8)) L s

4l slacd ple A5 (sl (AL dghw i8S

53 sl LB lacs iy anidS aas b s
2 el sbodale st 5 A)g (S
LS el B S e LS Sl glecis
W5 Sl e s ol mie LS slad sl
el QLS ST s A5l 4 sl phe
Sl (e B 5L sl gldsl
i T
5l ls 1 Wi olS K3 Sledbl ples 2uis
sle 3 lawls B osls L sUls ol sy ol Sl
Mg osde 3l ol olS s &S ) plend
(EY) Wl

Gk Ol M L anlie s Sy pl S
el 3 ek @\) slbels

5 @BLAr (Jab Sl Sl s B, -
L e e e gla ) pSU

W5 gddr SLS 5 el (Sae Sy opl o -
s b oS 2 ab Bld s &S s
RCRIRPLRIRY

28 e bl VU s 5 (S L -
scdple Mg Ll cer LSS F 0
i S Ll 5 s 4 4

W5 B b Sl glag¥ ol

2L o ol &S (ool oS S )l 5o


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

LAR ¥ 4 juhg\"OJLuic\~ OJ‘QJMJ&\M.AA"

crar

@l D3 4l sbadpbe Gimus e S
25508 4 Sl sle s Shae (Ll g Ll
S S Olse a VT s 05 S wlol Jis b
53 el Sesless A5 s Shas sy el osle
35 (80 Gl ol gy e ol L S
5 Sl slaesle iy 035381 b 5,5 Sl
S Ogredlimsm SIS 4 S Jrs 50
AT asds b J5eSt a5 Olpee Sl e olS
(V) b a5l

CiS Jaee Jayl 0 (g 5lkingrt

Les -

S Jsene sk 4ol Sl 2 WV-TO gl
Sy ek SIS sladshe Ai, 5 e dlS L W
Sl ams sz ol boayS e 3 eslind
il Sglite Cal San ALS £ S 8 ol sl
(EY)

S

P Al o8 Ol a5 CiS e S b«
ol 5 AL SIS 450 slacd sl A5 O
ol aseie Jie gl oyl AlS S 4 Sa
s 42 $3L5 o Um0 il 55T o
B TP = oS Jsh ciS)s L4
A

S Jaee PH -

> oasl glodale Sl als ke o
Ll S Ls PH Ysoms Jsho 225 Gla ko
Sl sl SYLPH Sl 5508 a5 01
5

S Lame 4 565 -

s gy ciS b asles 033 phe

s ooesSe W5 NOB sty Ol s NHA'
pomsel Do 8 Jlm 53 ols GRI bpilals
ran ME RISl meS DS Oliee 5 i
(E8) 03 S 5SS

olans -

ol Bl el lS e s olind (VL Ol
e 6 WS oS I s st Jske A
4wt g AL 4l 450 gl dple s
Slind ol il (tlS lase LS 5 5 alS 48
lacdplie pend e b oot U LIS e
(£Y) dil ails a6

L LSL““'\:SV:'E:" -

23 e 05SBSG Ll S siS da l e ke
5 fr Sl el gbadpbe bl 5 A
S el eS| o i s oS Ll
Cdple Mg oes s Ady s Sedx sbe
ol yasie (8Y) das s 13 S0 Cod | 4 sl
Mg sl sl S5 24-D gud; Osese &S
Sl ojlse 85 enl 5o asd e 45l sl sl
(NAA) sl Sel e L 0T 5550 1 2,4-D
Mg SlBl el (IAA) Ll Sl dol b
5 POPUIUS 5 gomiliw pe glaiiS 55 Loyl g
L Portulaca ¢ sl s 53 pilowly D, carotta
N. tabaccum sl g SlACES 5 5 S0
s L. erythtrorhizon Oseilinsn 55 0S5
(£0) ol oz M. citrifolia s L yus 551 51
lassle -

cladpbe Slpl ol besle iy 03,5 6Ll
oxlizal LI sba LS sbad e iS55 45


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

") i okl bl plie U 5 oS

Y goame 055 351 ke 4 s e 6 D
L m olis sl (alS ol 5515 5
T O T T R
4 AL sladshe 035 phidsh sl la B0
1 bad s s s B ol 03 ool 340 b
Ll e ple JUsl by Sl 5 Lyls &5 i
s (00, £9) 1S WS Jle o L gl
Jess 5 Isbsnsnl Ju ol Ik
(EY) ol 0 03liz] (DMSO) LS 5l yor
iNVitro Jayl & 53 Y geamee JUS-V

2 el gbodabe S e DByl a8
g OB s 4 el Ken sk glacazs
JYs 4l S oSk B S sla T
O VP RPTSES BC G W TS Fy1
Slge 035 513 L CiS Jame 53 SV pame e 5]
Sszy OGSl b (gnslse o 53 AL edd W) g
CS 5 & Fan DS 05 S Lol s s
Sld sl IS 53 S W3l s XAD-T ol o 5,
(6) 53,8 o slisal e pty LS
sledpbe Ag gl Al slelil cuis=A
40

sl ps iy w0 glacdple W5 O
oy 3k G opd e plnil aslnles
Gk L e Sl pls LS 5 Ol b as S
i i8] s a4y olS Wl 5 aly; kS
(0V) Atk 5L s Mg i 51 el
Siemal i) bgee Jlo QLS (glaty) ot
Jo ol s b e s il sl s il
313 3 olS adyy 53 S glacd sl Wy ol

05 g e eslatul usedlsy CES 51 Vsane

Y

Ll a8 s obie 3 4 PE gl sl
00 Olsme a4 OS] Ol iul3dl oS sdd 50158
Lo ;5 YOQ/IL G 1, .,LQJJLQT & S lds s s
5SS 53 Ay Sl ey S T e 4 S
old jasiie sylse Al 53 L(BA) das e )5l
My P e Sosae 5 Jme wsg S
238 o Jsle slaeiiS s bae ) pla

u:g,fsl—o

LJ'QLS 4€.}’U L;Lég:,.:jyt.» D)‘jﬂ ?ﬁ))%b)b
L«S&&&ngﬁov\&&wi)ﬂwv\?‘f
=Sl Lsdie snss S5G W b SLS S
LK S el a5 uiS 0 5 dibsdt{fﬂ
(EY) ssad edladd Lacdple i Mg ol
Cdnle 55 el g 4 ey Kl Loy sl
Sl by Ll C\jsaw\ LAMK)‘ B YV
.J)A..' salaa! )M‘ Q\j&du &L:Q.;.J: J\}.A ff
cojsi CJ\I?.;J QJ}I‘)‘ S ol U‘W Jle LS‘J"
Olgeas oV b 5 bsbly Sl (IS LIS
Shoeslaad amen 5 olend gl sl
Rhizopus b Al sl gl
O sk Osemilwsw iS5 stelonifera
Sgijl}bwo.)\.&: J:jj: J_ijb Q|ﬁ<)‘.k>-}w
LJ':“'J-‘J'?\J"\J" u'lJ"": g oS “JLA‘ 6)M|Gr:¢h
(oY) sl

sk 03,5 i i

C,.:.S)J ol .L:j): UY}M 4.})\_5» )‘ 6)[.:.“.* ))
A e GBSy s (I Uil s


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

LAR ¥ 4 juhg\"OJLuic\~ OJ‘QJMJ&\M.AA"

crar

Sk W5 ¢l AL Gladshe o -1
45

LB e A lade S5l s
Oy o 53 1 (Gus3db Bl 5D Jled 5
sl 56w Of sps 3l s S jsame Sl
Joe )8 S asle s ol S e (6,8 S
3,05 b G Sl (Wesle i) (52505 3150 &S 03 S
A s e fse el s b Sl el O
SV Lo el S s o
Slosle (p Szl pemdS Sl b e of 5 Sles
b5l 5 gl 035 5 guames | glite 4 oS
o g dlge W5 6l K5 ol 51L(EY) 55,0 S
S Bl n s Kl SIS Jle o s
el 5 s (i Wil S
RGPS WS Voo

S S domss

Yo polids 5o a sl sl w5 o5l L5
O b IS ol e i, Sl eslid L
W ose Gln o gl aal AL
Sl S dar )] el a5l b i
Slp Ol 5 cbie ool ) S5 ki 5 AL
i AL e a6 slacd e 05l 5 OLT )5
Sliely 53 LSS o feee 5 S Al i
J o a ol w5l e gl e U5
o3linal b bacd plie A 55 oy 53 (OIS 558
ol e S 0l s Sl sbcis
(ke sy Ll sl Wl sle sl
RIBl s LS A 4 by e DSl 3 Shes
Sao 2l Sl G Spbe edige .l

S lodia] Gion Ly 5 Sl 03305 5L et

Yy

il oS iuli dex 31 assls LS I sl
@auapm@,suﬁ,amlﬁ‘ﬂs
SR adlee syse a8l s dpbe WS sk
(Y) ol as S

slcdple W5 Gy pmsegladdy, 25 -4
gy

Agrobactrium rhizogenes s ;SU U5 4 a5 L
SOl 3l aldas 3 e sbaaly, Wl ¢l
Sl e Olpe o ladsy ol 51 Olg e aLS
(0Y) 5503 eslixul o g)ls slse LS5

Transfer ) T_DNA Jlsl sy 4 oo soslaals
« Agrobactrium rhizogenes ... ;I (DNA
Sns et 3 oS apde W Obye gl
drosay S 205 bug S Oy o
LS o ol Ol 4 25 0 IS oL SL DNA
23 comse aadyy osdl W5 (o) adlas sk 4
CoiS Wiles S oS Lay gSTy e 3 1y OT 65,040
a3l 2,03 OLLS 51 (gl 55 o pe slaaia
(K S (S b )56 (kS
Sr Olapat 5 @bl b (ol
@55 sl s wt sbodpbe g
s 4 mseslaaiy, Coeal Llud (1Y) cod
o sS4 5L osk Lol D)
Glaaia,) W55 a3 Culbge op 5 S i S
CLS 550 3 L“))ST)}:% 23 S e 53 s
(Panax ginseng) S o)ls olS o seals
C b bad dbises s oS ol slel s @

(E7) ol 45 gl 5 Y


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

") i okl bl plie U 5 oS

ol 05 JEl ey a4 ke Dlio 5k LUl Sl el b slse 5 el A5 6l i)
Sye Sl s b M5 S 4 IS ot Slaae) o e Cd Ll LS el Al
D330 b 230l Ormer 5wl sbadple Ay e olas

References &b S i

1-Van Etten H, Temporini E, Wasmann C, 2001. Phytoalexin (and phytoanticipin) tolerance as a virulence
trait: why is it not required by all pathogens? Physiological and Molecular Plant Pathology, 59: 83-93.

2-Ramawat KG Merillon JM.1999. Biotechnology; Secondary Metabolites. Scien Publisher, NH, USA Page
21-25.

3- Gershenzon J, Croteau R, 1991. Terpenoids. In Herbivores their interaction with secondary plant
metabolites, Vol I: The chemical participants, 2nd ed. G.A. Rosenthal and M.R. Berenbaum, eds,
Academic press, San Diego, pp: 165-219.

4- Ogbemudia, F. O. and Thompson, E. O.2014. Variation in Plants Secondary Metabolites and Potential
Ecological Roles — A Review. International Journal of Modern Biology and Medicine5(3): 111-130.

5- Picman AK, 1986. Biological activities of sesquiterpene lactones. Biochemical systematics and Ecology,
14: 255-281.

6- Mordue AJ, Blackwell A, 1993. Azadirachtin: an update. Journal of Insect Physiology, 39: 903-924.

7- Eisner T, Meinwald J.1995. Chemical ecology: The chemistry of biotic interaction. Eds, National
Academy Press, Washington, DC.

8- Savirnata NM, Jukunen-Titto R, Oksanen E, karjalainen RO, 2010. Leaf phenolic compounds in red
clover (Trfolium Pratense L.) induced by exposure to moderately elevated ozone. Environmental
Pollution, 158(2): 440-446.

9- Brooker N, Windorski J, Blumi E, 2008. Halogenated coumarins derivatives as novel seed protectants.
Communication in Agriculture and Applied Biological Sciences, 73(2): 81-89.

10- Ali ST, Mahmooduzzafar-Abdin MZ, Igbal M, 2008. Ontogenetic changes in foliar features and
psoralen content of Psoralea corylifolia Linn. exposed to SO2 stress. Journal of Environmental Biology,
29(5): 661-668.

11- Gould JM, 1983. Probing the structure and dynamics of lignin in situ. What’s New in Plant Physiology,
14: 25-91.

12- Kondo T, Yoshida K, Nakagawa A, Kawai T, Tamura H, Goto T, 1992. Structural basis of blue-color
development in flower petals from commelina communis. Nature, 358: 515-518.

13- Lake JA, Field KJ, Davey MP, Beerling DJ and Lomax BH. 2009. Metabolic and physiological
responses reveal multi-phasic acclimation of Arabiodopsis thaliana to Chronic UV Radiation. Plant, Cell
and Environment, 32(10): 1377-1389.

14- Sreevidya VS, Srinivasa RC, Rao C, Sullia SB, Ladha JK, Reddy PM, 2006. Metabolic engineering of
rice with soyabean isoflavone synthase for promoting nodulation gene expression in rhizobia. Journal of
Experimental Botany, 57(9): 1957-1969.

15- Mayer AM, 1987. Polyphenols oxidase in plants-recent progress. Phytochemistry, 26: 11-20.
16- Grubb C, Abel S, 2006. Glucosinolate metabolism and its control. Trends in Plant Science, 11: 89-100.

vy


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

LAR ¥ 4 jubg\"OJLuic\~ OJ‘QJMJ&\M.AA"

crar

17- Kang SY, Kim YC, 2007. Decursinol and decursin protect primary cultured rat cortical cells from
glutamate-induced neurotoxicity. Journal of Pharmacy and Pharmacology, 59(6): 863-870.

18- Choi YE, Harada E, Wada M, Tsuboi H, Morita Y, Kusano T, Sano H, 2001. Detoxification of
cadmium in tobacco plants: formation and active excretion of crystals containing cadmium and calcium
through trichomes. Planta, 213: 45-50.

19- DeVos M, Jander G, 2009. Myzus persicae (Green peach aphid) salivary components induce defence
responses in Arabidopsis thaliana. Plant Cell & Environment, 32(11): 1548-1560.

20- Van Etten HD, Mansfield JW, Bailey JA, Farmer EE, 1994. Two classes of plant antibiotics:
Phytoalexins versus “phytoanticipins”. Plant Cell, 6: 1191-1192.

21- Van Loon LC, Pierpoint WS, Boller T, Conejero V, 1994. Recommendations for naming plant
pathogenesis-related proteins. Plant Molecular Biology Reporter, 12: 245-264.

22- Thomma BPHJ, Cammue BPA, Thevissen K, 2002. Plant defenses. Planta, 216(2): 193-202.

23- Parashina EV, Serdobinskii LA, Kalle EG, Lavorova NA, Avetisov VA, Lunin VG, Naroditskii BS,
2000. Genetic engineering of oilseed rape and tomato plants expressing a radish defensin gene. Russian
Journal of Plant Physiology, 47: 417-423.

24- Pearce G, Strydom D, Johnson S, Ryan CA, 1991. A polypeptide from tomato leaves induces wound
inducible protienase inhibitor proteins. Science, 253: 895-898.

25- Seigler DS, 1981. Secondery metabolites and plant systematic. Conn EE (ed), The biochemistry of plants,
Vol 7. Secondery plant products. Plenum, New York and London, pp: 139-176.

26- Taiz L, Zeiger E, 1995. Plant Physiology Edition. Panima Publishing Corporation, New Delhi, Bangalore
Page 368-385.

27- Verpoorte R, van der Heijden R, Memelink J. 2000. Engineering the plante cell factory for secondary
metabolite production. Transgenic Res, 9:323-343.

28- Dixon RA, Steele CL.1999. Flavonoids and isoflavonoids — a goldminee for metabolic engineering.
Trends Plant Sci, 4:394-400.

29- Forkmann G, Martens S.2001. Metabolic engineering and applications of flavonoids. Curr Opin
Biotechnol, 12:155-160.

30- Facchini PJ.2001. Alkaloid biosynthesis in plants: biochemistry, cellbiology, molecular regulation, and
metabolic engineering applications. Annu Rev Plant Physiol Plant Mol Biol, 52:29-66.

31- Dixon RA. 2001. Natural products and plant disease resistance. Nature, 411:843-847.
32- DellaPenna D. 2001. Plant metabolic engineering. Plant Physiol 125:160-163.

33- Mol JN, van der Krol AR, van Tunen AJ, van Blokland R, de Lange P, Stuitje AR. 1990. Regulation
of plant gene expression by antisense RNA.FEBS Lett, 268:427-430.

34- Verpoorte R, van der Heijden R, Memelink J. 2001. Plant biotechnology and the production of
alkaloids. Prospects of metabolic engineering. In The Alkaloids, Vol 50. Edited by Cordell GA. San
Diego: Academic Press, p 453-508.

35- Davies KM. 2000. Plant colour and fragrance. In Metabolic Engineering of Plant Secondary Metabolism.
Edited by Verpoorte R, Alfermann AW. Dordrecht: Kluwer Academic Publishers;127-164.

36- Muir SR, Collins GJ, Robinson S, Hughes S, Bovy A, De Vos CHR, Van Tunen AJ, Verhoeyen ME.
2001. Overexpression of petunia chalcone isomerase in tomato results in fruits containing increased levels
of flavonols. Nat Biotechnol, 19:470-474.

37- Yu O, Jung W, Shi J, Croes RA, Fader GM, McGonigle B, Odell JT. 2000. Production of the
isoflavones genistein and daidzein in non-legume dicot and monocot tissues. Plant Physiol, 124:781-793.

Yy


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

") i okl bl plie U 5 oS

38- Jung W, Yu O, Lau S, O’Keefe DP, Odell J, Fader G, McGonigle B.2000.Identification and expression
of isoflavone synthase, the keyenzyme for biosynthesis of isoflavones in legumes. Nat Biotechnol,
18:208-212.

39- Verpoorte R and Memelink J.2002. Engineering secondary metabolite production in plants. Current
Opinion in Biotechnology 13:181-187.

40- Grotewold E, Chamberlin M, Snook M, Siame B, Butler L, Swenson J, Maddock S, St Clair G,
Bowen B.1998. Engineering secondary metabolism in maize cells ectopic expression of transcription
factors. Plant Cell, 10:721-740.

41- Van der Fits L, Memelink J. 2000.0RCAZ3, a jasmonate-responsive transcriptional regulator of plant
primary and secondary metabolism. Science, 289:295-297.

42- Ramachandra Rao S, Ravishankar GA. 2002. Plant cell cultures: Chemical factories of secondary
metabolites. cultures: Chemical factories of secondary metabolites. Biotechnology Advances 20: 101-153.

43- Misava M. 1985. Production of useful plant metabolites. In: Flechter A, editors. Adv. Biochem. Eng.
Biotechnol. Berlin: springer-Verlag 59-88.

44- Bohn H, Rink E. 1988. Betalaines. In: Constabel F, Vasil I, editors. Cell culture and somatic cell genetics
of plants. New York: Academic Press 5: 449-463.

45- Seitz HU, Hinderer W. 1988. Anthocyanins. In: constabeb F, Vasil I, editors. Cell culture and somatic
cell genetics of plants. San Diego: Academic Press 5: 49-76.

46- Ibrahim RK. 1987. Regulation of synthesis of phenolics. In: Constabel F, Vasil I, editors. Cell culture and
somatic cell genetics of plants. San Diego: Academic Press 4: 77-95.

47- Cusido R M, Palazon J, Bonfill M, Naviaosorio A, Morales C, Pinol M T. 2002. Improved paclitaxel
and baccatin I production in suspension cultures of Taxus media. Biotechnol Prog 18: 418-423.

48- Kreis W, Reinhard E.1989. The production of secondary metabolites by plant cells cultivated in
bioreactors. Planta Med 55: 409-416.

49- Parr AJ, Robins RJ, Rhodes MJC. 1987. Release of secondary metabolites by plant cell cultures. In:
webb C, Mavituna F, editors. Plant and animal cells: process possibilities. Chichester: Ellos Horwood:
229-237.

50- Brodelius P, Nilsson K.1983. Permeabilization of immobilized plant cells resulting in release of
intracellularly stored products with preserved cell viability. Eur. J. Appl. Microbial. Biotechnol 17: 275-
280.

51- Roja G. 1994. Biotechnology of indigenous medicinal plants. PhD Thesis. Bombay University. Bombay.

52- Ravishankar GA, Ramachandra Rao S. 2000. Biotechnological production of phytopharmaceuticals. J.
Biochem. Mol. Biol. Biophys 4: 73-102.

53- Flores He, Vivanco JM, Loyola-Vorgas M.1999. Radicle biochemistry: the biology of root-specific
metabolism. Trends. Plant. Sci 4: 220-226.

54- Bourgaud, F. Gravot, A. Milesi, S. Gontier E.2001. Production of plant secondary metabolites: a
historical perspective. Plant Science 161: 839-851.

Yo


https://dor.isc.ac/dor/20.1001.1.27170632.1396.10.3.4.7
https://journalofbiosafety.ir/article-1-186-en.html

[ Downloaded from journal ofbiosafety.ir on 2026-07-12 ]

[ DOR: 20.1001.1.27170632.1396.10.3.4.7 ]

LAR ¥ 4 jubg\"OJLuic\~ OJ‘QJMJ&\M.AA"

crar

production of secondary metabolites through genetic engineering and plant tissue culture

Ali Akbar Gholami

Graduated from MSc in Agricultural Biotechnology, Shahid Madani University of Azerbaijan, Tabriz, Iran

Gholami.2359@gmail.com

Abstract

Chemical reactions that occur in plants known as metabolism and metabolites of important biochemical
compounds, including carbohydrates, proteins and fats are. Other biochemical compounds that these three
groups are known as secondary metabolites in a wide range of materials such as medicinal compounds,
spices, pesticides and natural colors are included. One of the most important techniques of plant tissue
culture in line with the industrial production of secondary metabolites because the production potential of
these substances in normal conditions is very limited. The technique used in this area mainly include: cell
culture, organ culture and hairy root cultures. Plant tissue culture is one of the most important techniques
in line with the industrial production of secondary metabolites, but the use of cell culture plant for the
production of compounds important drug for industrial use only becomes possible when the product
greatly be produced, or more than one product from culture to be achieved. This selection of cell lines
with conventional methods and other parameters related to growth or production is not possible.
Therefore, we should be able to evaluate the metabolic pathways and the genes they regulate the process
limiting production to overexpress (high expression) said. In general, it can be said that the use of these
techniques in the production of certain drug can naturally bring great economic benefits.
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