VEO) O ol X A

(Ol ) gl G5 als) aLS (slpiin 53 als

s gs Al

DOR: 20.1001.1.23832592.1401.35.3.1.9

Cshe 53 o 9505 olS Slage S 5 C o slade! 4l
il A5 il

Yol e 57 e 8 Ay ol g e dilil MOlulig dgs gl come (5 Al

SLBL pske o 8 (b w5 (5550US 0aSBls (sl Games oI5 ¢ fua Sl

6}_,.‘%3_5,3 e‘,; L‘j'mi). GJ}u}f_’l.ﬁ RCEHN ‘MWam‘é gb‘,ﬁi gb‘ﬁ‘r

A S se G595 g 09 8 (S piige oo oy D1 01l

WWRA/V/AY iy

AN+ il s

oS>

@;ﬁ')ﬁ.“‘w\ijMbdn)lﬂjguﬁa}JoLS)) b L;:Jfl.’;n 6LQM4SQ-~\ Jﬁ\}“ w}r@)légi&ﬁ

RIC IR ST SN T L;)L”...T}Jpl”' bbb dsys Ve us s ol (o o b a5y S soLh k}JJ:.J

5 Sis s sl (23 8 15 sl ssse el a)ls oS lacn Sosdes 5 o sladend Ul (15

GC-MS s 31 oslinal b 5 ol sl oS g 55 &0 QLS L5k 51 o ss oslas e A plonil 2 llS al>
o3 Sl T 5 Sty s 5 35 15 Solay piilp 5T 550 0 plulid SLS 5 Culg 3 A3 o 5 4525
Llp Sosts 5 o gladand 5 Shas Jalil Sl mlesl ool s sdel oty @B A gleld b uSTy ol s

sS85 00 Ced el sl O gladenl dos s (A3 VYYVEY) O el 50 ol e S s

Syl oS Ll s (el 5Lib Lai glate 4 Lagy Ssoden 4 0T 435 s 4 Yl | a5 2l

Silybum marianum il S5t 28y, 0slas O35 Kb 5l 5 ST i adS gla o5l

mbehnamian@uma.ac.ir : g ;S oy « vAVFRNFOVY (Oloaligy (g 10020 (J shnn 0wy 55 38

oSl b slaasis (YO) 358 e eslinel alS
Col olades CS 5 Aoy /8 B VY S gl
ol Olays 53 01 5l ol 25,5 5 Jlaole (F0)
(F)) 05 b Js,ndS Ol J2als 5 (YY) suS la
bl 5 SlS| T ol glls 5 axils 5,08
Sl 3 Jlad SLS 5 e 5 F g il (T0)
13 San o Ll i 4 o3l Olpe 4 ALS
by Sl lajn Jae gla 25 (00 517)

calﬂt{}bb‘b )‘J,E J.:..”U S b 4.3);[3 LSLA&L.:‘)J\}ZA‘U

oAy

PRV

slye 5 SLS 5 5l (ol bl O3l 250l LS
55 Jalse pedle DS S pl S Ll 2
(F4 5 7)) W,S e o3 5 e bl 50 cou
ool gt 4 lae (Silybum marianum L.) (,_.,J»)l;'-
bl Jhnyb 5 iyl slel L as Asteraceae
sopdls b ) Lan 55 LS a8 ol e
FreS Qe i 53 5 el Wlpde (Al s
Ky B olS ol e (Fr 5 V) ol aBl

S Olge 4 Vsane 5 Conl 6 ,2uSL L By (Slosgd


https://dorl.net/dor/20.1001.1.23832592.1401.35.3.1.9

VEO) O ol X A

(Ol ) gl G5 als) aLS (slpiin 53 als

s gs Al

Sl 3 (Ao TEV) sl Sl 5 (A3 YA)
(Aoys Vo)) dl Sl ble O glaal
(Ao V/7) sl S 2d (Ao £/A) dasl SOl
(daos OV deel S 5 (Ao yn Y/A) sl Sl
oo LS s, oS das e Ol e Sl sy
Ll o520 5 Cosre 2 bkl Jold
bl ol S g el S el S 52
s bdspss e SLSS s Al Sl
S o Olsm Llg e S cl b J zal g

OV) 3,8 513 G me 540

(St 25 b alie (sl olS sla,lSs5le 51 s SO
Lyl i g B ol B3 b SL e (el RS
dlsl 5 baim 5wty Jasme 5 OF Olr bl (gl p3Y
OWLS skt cnl s () 25 o ol 3 s el
sl Fr S e eslinal Same 5 JI LS5
Sl Cwenl lalS S e bobas S
OV) wile b smess bolyy i Sl
39S AU oS e ol (S ook B s
3 AS Ose b S it b s 5 O
sl 5 Ly S ale T OLS 5 o LS
Sl HLES mlé;.?ﬁ s P e s 5 el
s e G g5l (VA) sl Ol
OBl O 5 ol S3lys Ol o S b el oS
G ol 3l O ol (YA 5 A) 350 e s Shas
5 o Gl Glgme ST 5 ey Ol
o e sl paols olS A 3 s g e slace S5 s

syl G il - e

ledgy 9 3l

S5l el als oS sk Dk CiS 4
V0r Sl b sl a0 5o 5 Al 4 Olgial LA 0BG
wﬁ}ii.&”lf@umwup‘cfﬂ

Sretle ¥ Gas 3 e S (oo w4 plaandy Olels

o4y

DOR: 20.1001.1.23832592.1401.35.3.1.9

daspe i 1) OS> ab SLS 5 mend 5 e
@)

S ol s LU e S S T
L Jmamme CakS 5 CanS 5 03,8 3o | QLS LS,
et b e lais PV 5 OF) das e sl
3 o sladed CudS 5 Ces Bl Sl Lis Ol
S Sosboa (YY) Wyl U elS s, sy
5590 S s oS Lol Olis (OV) Sibi 5 (OY) Rezagizad
s Ses i i s S8 Q\;ﬁbf&fﬁ &ls
Ll iy o0y Loy 5 4l 5> Slae Jals s jals
G s e S Sl Ll 5l s (S
OY) ol 5 OLiils (7)) All o g 855 2 Shas
S A8 GolS 5 (V) OLes 5 Sl e ule
dals kS 5l ol Kl I8 53 e, 5 Shes Sla>
bkl oS s i dlesl 5 A ol sts oL
Ad gy Shes o3 PO SV Jals Eel Cl
(Silels o 3 oo gladend S50 4 g L
el 5101 ol 5w Glalts, (mile 5 gl
ba s opl dha 5l Cmal Gl (32 5 2
Sl Olus cle 4 S Col LS Cgl.:.a 4 gl
b Ol SLS 5 5 pled Jlle 3,50 53 3 5 03Y
o oo sl ((00) Wl S 13 x5 sy S
LlediSTy oo S lse 5 b 03 les 218 b
Al G S G S et e

(V) el 85 5 el g 55
oS 5oy O) OLKen 5 A by &S iash o
Sl ) dol Oln o L3 asie A5 olonil Jliz
sl 51 s (Ao YWA) Sl 5 (Ao s 0V/Y)
OUSes 5 Jo e Koo sy 00 ol S0 o m
Lo de,b wls 2, o gladed Olhw ()
sladal o 55 S W S sdalie 5 0 S L;J;e)'lv\.ll

Syt by LOT ity wdd Seslbl O


https://dorl.net/dor/20.1001.1.23832592.1401.35.3.1.9

VEO) O ol X A

(Ol ) gl G5 als) aLS (slpiin 53 als

s gs Al

235 s o3 b B de s Ve S s 5,
Aoy ¥ Ve e il g ol slag,
ey Pl ol b

Jlesl ke 4 1505 pdiged o di o Jlesl o g2
doss Voo Sl 4 bgse alS Gladpe (il 2
Sl AIYO L 0be 3 55y S s & o5 b b
OLLS 5 Las bl (s o8 0as b ol Olje)
Aol 4 el ci b Ao Ve ks 4 by
Froles @ by slanised 5 ol R WO L S5, Jlex
AV b A e doboa el cd b us s
Solspized oy A C3IS Sl Gy Lk oLl O
L B e e R e o
Jsb 4 obe 4w wged il p U L0 cas 51 bl
B R S R R e
3 gy O slasdy 5 es Ol anty s g, ol
dm)”u&ig.ugjom%sjsﬁpw\;ﬁ
(Y 51) a3 S et Gl

ol Gl se 1 s e 51 (P eslas m Sl
3 oS b LT ol Sl eslind L st S
olSws 5l ol L olS 255 o)lae 2l sual 5 s S
Gges o 5ok p I kel gl Al el S e
D3 oas dbise 3 5 Ad edoms bl B o
ol 4l of 0K > 1) Lo Av e (23 S
Sde gy 3L Sl a3 Ve los 53 (5, Seslas fee
S g e ke pl 5l e A3 S el sl £
oolas 5258 b o)las ;3 34 e Q\J'i” U s a
53 K o slaaid 5 4 Ol B skl oy

S IS J
oo by w5 sy sbelas giluesbl
GC-MS ol&iws L by sleoylas 4> @ GC-MS
Osws 4 g=e (TRACE/DSQ, Thermo Finnigan, USA)

e £+ Jsb 4 (Agilent company, United States) DB1

0q¥

DOR: 20.1001.1.23832592.1401.35.3.1.9

Solel S b 4 LS 5, Y e s eks is St
VY (o WY Jola St sias |5 LS 5 INURY
don o 580le g (S CawseS WY 5 i
Sale ol o (sl sl o 5 o Susb s ( (SHL
s ollS Wi, 3l e O dsdr) ws oS bl
A et LOT a5 ol S5 AUS a0 4 O

ailae i g o8 480 (6 humad) bl -V Ut
454V la Jlo 53 Ul ek

sls = S s ReLSTL) Ls| eS|

S |

\fZ0¥ V&IV $4/0 RIgw
S

(mm)
YA/ YO/A Sl

\4/8 YV

u'-’.L"
(°C)
sk
(%)
e

(mps)

YA 4 ARl oy

o S O Ol ‘J.:J*LA).T ol sy S g] Ol gae yaens
ol dae ol gl (Y 5V) s 8 s S35 LB
Som s s S bl gl 5 JalS ke ey IS
S Ol @ 535 2 (#l) b b i 4 S O
SIS e 53 2 (Bl T B jhs Gas 5l SIS
Glads god e A3 05 5 4l 5 ey cilise LG
Y e an ol Kl a4 gles Lol s S
Laol St 035wl s 5 el (LIS cel
s e b mlaw 5 Stk Gl s 8 6 S el
b as S s do s Ve w53 O Of Olss 5
0 Ol O Ols &5 5loy B SISl (6513 5 40 ga5 ns
s (gl 25 S ool sy 215 S b Ao s Y
S-S o3l b 5 05 Ianl S 55 39 50 O Ol
0533 5 S o3l g S i U5y e A2
52k el 5y Ve Sde 4 es LS s s


https://dorl.net/dor/20.1001.1.23832592.1401.35.3.1.9

VEO) O ol X A

s gs Al

Saasl 5l sslial b sl 5 WS 5 dd ol

NI o Excel s Word

el o sl ek abed S5
Sloles o 3l 0l bl s mB skl
C b Ve el k) bl il sl

SAgd o
=St 5 (V Jadr) dend Soolal sl Snally

Lv\-:n&\ &;})SJLS‘—\Y‘—W c.)\.:.w‘

5 olssLs]) ‘Qlfsbf\a 4Ql5>lj“.3 OLST O s O sl
sl S 459 LS)"’L;.*" <ol xJ }J;—) dl:.rh J.:“.a—\‘
oL ng’:§°)"’\“ QL:SJS )‘ &'ﬂ G:A BLl LA;S}L w) Lﬁjj

i sdalie )\JL;.\M CJ}L&J

S S5 Glsee S sl UL GC-MS 4 2 @L:.'s
08 FRO/TY el b b kil s s eal ol
ol s s OF /0 Ol o ol b b Ve Lyl
&:.;c\a.ﬂﬂf/bl\ Ol & oy o b 7Ye Lyl 5y

.Jﬁ

DOR: 20.1001.1.23832592.1401.35.3.1.9

plowil o5 Sco +/YO Culbns 5 jtacks /YO s ks
SOl ke 4 e S 0305 OIS WS 5 Lol & e
jaJ.:: A.Z.Z‘JJ: &j))b)\f:}é:ﬁ&cbhw 6;
Q@;@QM@QL&J}N{F&M€}§&°(M4{
Culg 53 5 A8 ek le i3 53 5 Ve S
o S Gy s a4 s SB S 2 S S
6“:"@ .,\:..é..}': Q_u)l: QLAL:S em‘j} BE GC-MS GLZ;
el slade i b olS 5 5 ad Wou 5 40

W8S A e 2 s
LS 5 ks plubd OlS 5 Sl shilse 5JGT
03l °K€.L€. )\ ool L GC-MS )l J”’L" [ L;:lMLvs:-’
oS W5 sla Sl 5 A5 LT METACYC 5 KEGG
Jos sl 5 LSl ol e LSSl

e 3l ool b Laasls sobl 5ILT claesls sob! ﬂ.\bi
53 Uil Al el RStudio 11463 5 R 361 33l
Lol S5 a2 (ool JolS glas 5y ol b B
Lo Osasl 3l eslizal b olaesls Sl anslis s S

V00 ()13 sms = > agricolae c.(; L oSSls (glaals

ol als oS 55 el (6,8 o3Il sladead 51 ills w s dsdr Y

Stearic acid Palmitic acid cis-13-Octadecenoic acid Linoleic acid

&35l 4 s Ol s ct.c
f/9\0 O/ \™S F/AYDS AT Y S 5h
A/EAY*# AVER) AAVA S FY/VVEE Y o sl
N Y /e VA ¥ st
Y/ Y /Y V/YO VS IOV TN
Sols (pae pde NS AN cﬁw‘).! I3 e i ofee) Cl:..,w; Dls oo sk
o ps0l3 ol 53 0l (6,8 o3Il gl 1 Sssdes 51 S bl s Jsier Y s
3-methyl-Heptane Octadecane  Hexadecane  Tetradecane  Octane  Decane Dodecane @bl 4y St mibs
£V o/e\™ o/\ 8™ o/vems §/v 50 \fAra VAL Y
YV/q. AV A AQ/YEFE FAV/Y#* YVA/N®* Y g/q™* VYONFE Y o5 ke
Y oY ey /4 oYY /g Y4 ¥
V/AS /0¥ VY a/fY V/¥0 V/$ afv O dS g
Sl fxe pds NS ~/~~OCEM);)15L;M55% o/ clzwja)l;w»:iz--:se

040


https://dorl.net/dor/20.1001.1.23832592.1401.35.3.1.9

VFe) P ol YO W

s gs Al

fglin b3 g Aol Sl 4 bgs e O Ao s o 208
U‘b“j"‘ LS)L:.J clé.w L L g L;LAJ..:M‘ do

(YJ)J\?—) &:ASLi ULA\S kf;j) AJLA_O

C)‘E"‘)b(’iﬂJl’;u‘l})b al.:fg_));_-LsL&:J:w:\ Aoy =¥ d}-'\?'

bl il
< sladeal ds s < Al
Loy ¥ Lo ys Ve b b

b o b s

s sFs

\O/Y YA/A YV/f Linoleic acid

AO 7% q/Y cis-13- o

Octadecenoic acid
AN Y/ o/ Palmitic acid
Y Y/f A% Stearic acid

ol Lgﬁ_fe)‘.h‘ <~ LSLGJ.:..N‘ BE) &:)_ ck.ﬂ Q}g )L,\ZA
BL REIATAR cjbj Cﬁ;ﬁjb )La.; DL ‘;'\.é«)) c)La& DL
Cacﬁjlﬂ /\c. )LQ.; o> 9 \VV/Q\ ‘<_5°|J) Cﬁv.\'jjb /V~ )Lq.;

< LSL“J:‘:‘*" CM 6&\4 JLLE.A D4 \NAVARI 40&\))'
S 58S (YU oslie 3925 Jds 4 25 slales s

(\ Jg.\lv)bf °"\":'C‘J‘>°:"""U'°j))>”\?""

DOR: 20.1001.1.23832592.1401.35.3.1.9

S elas s edd lls L G sladd
(doss NOT-TV/E) ad Sdp) bld oels
Sadls (Ao 3 AO-4/Y) el S5 SSLS AT s
(Aoys YoYV) decd Sl 5 (Ao YIF=O/Y)
—VE) 0sss Jolid 55 0T LI slen Saodes 5 o3
CNBIY) OS] (dsys VYD) OIS ((dsys VYT
-f) QlS:ljin (A5 4/Y=3/0) Ol 5 (doys V41V
Sla ez ™ 5 (Aous WY=AY) OsLS| ((ds s TIA
JAL\; s ks Cja“ A 53 aS 3 g (Lo, v/V=VY/Y)
Ve a5 ol oels o b as s Froas s oL
e 5 L b a5 bl 5 el b b s

.Jﬁ

S Sl Gl p bl il # sl
OLE GC-MS I ol ol 1 o)l (231 NESPPRE
@33 Bl gl el 28 elae &Sl
SAgd Ol il a8 Wil o o slad
el Skl el Szl el S SISLST
Sladeal Aoy o 2l Gl aalllas 3 (Fdsu) 55

5 del S 4 bgse bl pla w2 > O x

S sl

b

40%F.C

Peak area

g T T e
TO%F . C T e T

mtn

----- omy
|

0 20 40 60 80 100 120 140 160 180 200
F.C 70%F.C 40%F.C
f Linoleic acid 100 100 93/46
™ cis-13-Octadecenoic acid 33/54 40/57 52/43
@ Palmitic acid 19/13 20/41 20/65
{1 Stearic acid 9/82 12/93 12/57

ol s b 53 el sl LS o sladenl Ol - S

045


https://dorl.net/dor/20.1001.1.23832592.1401.35.3.1.9

VFe) P ol YO W

(O] ol G 3 alme) ALS (slpdin 3y Al

s gs Al

OIS Osls QST OIS O8sss Wle ol 3
st w | e Olber fxeY 5 OlSsLS)
03 Sk LS 5 Aoy oy Ll olanst
©bye ol cs b il s elS b 2 e las
Aoy o 5o Ve byl d oy Js Al edalie OS54
Glate i 5 4 cp Sasdes ple op il ol o b
LS5 Ao (p S S s 0y OLST 5 06 &
el Gl Ol Jue ¥ 4 bajlad aas 5 0 S
03 lacpy Sood Aoy oS sl Ol @b' §aeme 3
ORIl ol R s Rl L elS ey eslas

sl

UHJS})MC)WJJ&«?‘&“U{M‘NM@|)J
Q_)i.);“SjLpr) k:»u:ﬁ‘)-}é Loy A\ )Lo.::)b (YIVQ/YV)LQ
JS2) s edalie sy b b ol 53 (A4 o

(Y

DOR: 20.1001.1.23832592.1401.35.3.1.9

23 RS a0 g soll e sk 3]
ol oS sos olas 4 Ip-uvl’" wals oS
L;}U.‘;a ﬁ:l.?u 6_5[7- LM.,}Q.: S sy olEs rif)b-

(0 Jsd) s (O op Sy

C_ﬂﬂ-« 23 ol el oL (glagp S asues do 3 =0 Jar

LS)L:J.T il
Loy S ooder Aoy S 9oden
Ao ¥ Lo, Ve o b
o b o b =)
S s
VN AN \ YV Dodecane
VoY VE/Y /Y Decane
\E/Y VY Vo Octane
4/0 4y q/Y Tetradecane
¥ ¥ Y/A Hexadecane
\/Y \/¥ % Octadecane
\/Y /4 Y 3-methyl-
Heptane

40%F.C
70%F.C
c c c c cc
F.C
0 50 100 150 200 250 300 350 400
F.C 70%F.C 40%F.C
Dodecane FY/AY 70/46 86/93
Decane 40/79 75/37 93/69
@ Octane 39/28 74/12 100
Tetradecane 33/5 49/16 58/75
Hexadecane 13/9 21/1 24/5
£ Octadecane 6/2 7/2 8/2
[13-methyl-Heptane 2/4 5 7/2

ol e gl 3 o st 0l LS (slacn S ssds Ol =Y IS

0V


https://dorl.net/dor/20.1001.1.23832592.1401.35.3.1.9

VEO) O ol X A

(Ol ) gl G5 als) aLS (slpiin 53 als

s gs Al

sl e 2l G st s
oled bli o gbdd Wy s 5 Jle
SIS el GUaSlsse Jlosss S lmS 5o
iS5yl Vsds ACP Ll ¥ss
San el (Vs ey b sladd
o3 b oo el SLals sl Y a0
wlold glacy Soods elad e dil o Vb
XLyl el ol e g s 3 uiitaﬂ b s el
“ it 83 Al e ol 53 Jlab 5T 0 Sege s
53 edal oy leMbl 4 ax 5 LI (8 i) il
sl > O gl Coenl e 5 RLT
g SGSS ) eslinad b Olg e e sl 5 2l
Ao miSTy opl s s slam T Ol Sl 5 K33
Sl Ll L bS5 ol eS gm0 ol
bl silesT 3 1y STy cnl Ol o (oman

S Mg e S ool olS S s S

DOR: 20.1001.1.23832592.1401.35.3.1.9

SLon Sk 5 o bl (Sl sl T
BBy “ AJUAA 6)}\..9%) BLl Y %4 ‘;ll.wu
S s S b SLS S IS Gl s
Gen 53 G0 abse ol e il S ola s,
ls 13 g a5 ALS olerdtd SUS 5w
L oandlas cpl 53 103l o LS 5 Sile 5l 5o 5JUT
woelS b g el pluls OlS 5 Caenl @ o g
S s (LS S O‘l| TAY .J..:J}S 6Laui;5l} &qu
la STy cpl 53 s L;Lar.j_}j Opomen 3 Sl
B et DL J‘?w‘ Q)SJL“S\—\Y" B L}J} tg;.wl st.’%
3 s (S Fesm 5 o sbdel e
Jssis pdsbio 5 Splie Gla s (o ladend
B L .b.b J%.w‘ &.:‘)Lf:.w\ 45 L}Jl} DL c.))‘.) g_,.:)w

Lw_,sjy,,a)gﬁdu%ml,\g,;ﬁ,ﬁ);duf_;u_,:;suwkuu;;sg_f Jsd>

Js s sl SNy s Sy oS 5
e WS ol . el S ke  Linoleate + Oxygen <=> (9Z,11E)-(13S)-13-
S ﬁj, i A5 Hydroperoxyoctadeca-9,11-dienoic acid
535S 5 I V0 Sl S ple Sla e
Sespl oW Aol S 52 o sl Linoleate <=> Rumenic acid
e VY ol e ] .  Linoleate + Oxygen <=>(97,127)-(11S)-11-
s # i 5 e Hydroperoxyoctadeca-9,12-dienoic acid
S Y _L*J_JN] Al St e ilie Linoleate + 2 Ferrocytochrome b5 + Oxygen + 2 H+ <=>
) o oo Crepenynate + 2 Ferricytochrome b5 + 2 H20
6 5eS1 5550 Jlo g3 S dol K84 wdple  Linoleate + Oxygen + NADPH + H+ <=> 9(10)-EpOME —i\
St Jesia S s ADPY + H20 4
oSl e o e S .  Linoleate + Oxygen + NADPH + H+ <=> 12(13)-EpOME '
35S 5 50 b5 50 " 5 e 2 £ NADP+ + 12O
b3S 5048 wld sl Al S ) e il Linoleate + Oxygen <=> 9(S)-HPODE
U5 5 AR Sl 52 Ll S ) o s1l2e Linoleate + Oxygen <=> 8(R)-HPODE
gt = 18 Jed ol S 5 o il Linoleate + Reduced acceptor + Oxygen <=>

(62,92,127)-Octadecatrienoic acid + Acceptor + 2 H20


https://dorl.net/dor/20.1001.1.23832592.1401.35.3.1.9

VEO) O ol X A

(Ol ) gl G5 als) aLS (slpiin 53 als

ey Al DOR: 20.1001.1.23832592.1401.35.3.1.9
A2 5L i ol S 5 o il Phosphatidylcholine + H20 <=> 1-Acyl-sn-glycero-3-
) cooh T phosphocholine + Linoleate
Nk 158 ol o e s Linoleoyl-CoA + H20 <=> CoA + Linoleate
gLl
5058 5ed VR S 52 Aol S 5 o il Linoleate + Oxygen <=> (8E,10R,12Z)-10-Hydroperoxy-
o ) ) I 8,12-octadecadienoate
s 14S Ul _ Linoleate + Oxygen <=> (8E,10S,12Z)-10-
oSt ’ Hydroperoxyoctadeca-8,12-dienoate
561 sl _ (R)-10-Hydroxystearate <=> (9Z)-Octadecenoic acid +
’ H20
Nasaa ACP L o bt s Oleoyl-[acyl-carrier proteir)] +H20 <=> Acyl-carrier
protein + (9Z)-Octadecenoic acid
Voo TS b smlly o> gt sz, Oleoyl-CoA + H20 <=> CoA + (92)-Octadecenoic acid

Gladansl 36508 53 g Kol
SYsb ol oz
olS L 5U5Ss 0

W PPN W

gLl
3SRy OSSP
oSl
3 GAr OSSP

oSl

(92)-Octadecenoic acid + [Reduced NADPH---
hemoprotein reductase] + Oxygen <=> 18-Hydroxyoleate
+ [Oxidized NADPH---hemoprotein reductase] + H20
(92)-Octadecenoic acid + Lipid hydroperoxide <=> cis-
9,10-Epoxystearic acid + Alcohol

Oleamide + H20 <=> (92)-Octadecenoic acid +
Ammonia

Aol K55S e

3L5nS 5 14 S Sl _ (9Z)-Octadecenoic acid + Oxygen <=> (8E,10S)-10-
o Hydroperoxyoctadeca-8-enoate
N T8 ol ladeul 0L L 5b Palmitoyl-CoA + H20 <=> CoA + Hexadecanoic acid

SYoodes S kel

St 158 ool

I Vi | K WL

o3 63,005 Aa ]
SYsb sla
SYaoes 55 el

el Sl 0t
3¥5,4e ACP J:w“T

<
< sladesl s sy
gl e
S slze (sla s
! d e
o Sladesl oy
o Skl oo
S ple (gl o
o Sl ed 5l

el o S

e s
S slze (sls s

O el d 5l
5y pd s

ATP + Hexadecanoic acid + CoA <=> AMP + Palmitoyl-
CoA + Diphosphate

Hexadecanoic acid + 2 Hydrogen peroxide <=>
Pentadecanal + CO2 + 3 H20

Hexadecanal + NAD+ + H20 <=> Hexadecanoic acid +
NADH + H+

Hexadecanoic acid + Protein <=> Palmitoyl-protein +
H20

Hexadecanoyl-[acp] + H20 <=> Acyl-carrier protein +
Hexadecanoic acid

Retinyl palmitate + H20 <=> Retinol + Hexadecanoic
acid

044

L

o]


https://dorl.net/dor/20.1001.1.23832592.1401.35.3.1.9

VEO) O ol X A

(Ol ) gl G5 als) aLS (slpiin 53 als

s gs Al

Sl s e =)

BYESRWS

SYaodes 55 J el

Gladal 35S 55 5o Kl

SYsb s Lo

ladenl 3lLansl 3/ 35s]
Sk oy Lo
ol 31l 5 /0l

SYsb o b

J}*-:;) p—w:‘j-.'t‘

3 DR DS e
Sl

DOR: 20.1001.1.23832592.1401.35.3.1.9

11-cis-Retinyl palmitate + H20 <=> 11-cis-Retinol +
Hexadecanoic acid

S-Palmitoylprotein + H20 <=> Hexadecanoic acid +
[Protein]-L-cysteine

Hexadecanoic acid + [Reduced NADPH---hemoprotein
reductase] + Oxygen <=> 16-Hydroxypalmitate +
[Oxidized NADPH---hemoprotein reductase] + H20

ATP + Hexadecanoic acid <=> Diphosphate +
(Palmitoyl)adenylate

ATP + Hexadecanoic acid + Holo-
[(hydroxy)phthioceranic acid synthase] <=> AMP +
Diphosphate + Palmitoyl-[(hydroxy)phthioceranic acid
synthase]

Nosaa ACP L o el 3o s Octadecanoyl-[acyl-carrier protein] + H20 <=> Acyl-
i i T - carrier protein + Octadecanoic acid
Nk 1S ksl o sladd s, Stearoyl-CoA + H20 <=> CoA + Octadecanoic acid _
CL““J:" :'\‘
ol 31l 5 /0l - ATP + Octadecanoic acid <=> Diphosphate + ‘;3
) i (Stearoyl)adenylate _;
SYsb e box
ladead 5Lansl 3 /50T _ ATP + Octadecanoic acid + Holo-[(hydroxy)phthioceranic
i ) acid synthase] <=> AMP + Diphosphate + Stearoyl-
Yok o= b [(hydroxy)phthioceranic acid synthase]
s S La OSIT s s a long-chain fatty aldehyde + 2 NADPH + oxygen + H+ _
—s an alkane + formate + 2 NADP+ + H20 L I
b 2
Ol S5 dadl OIT s s along-chain fatty aldehyde — an alkane + carbon 3 1, ‘]3
monoxide IRV o
e I G
O Aol S 4 S5 _ a long-chain fatty acid + hv + H+ — a long-chain alkane +
T T COo2
Pl S5 deadl OSIT 2 5 a long-chain fatty aldehyde + 2 NADPH + oxygen + H+ \\_2\ 9
— an alkane + formate + 2 NADP+ + H20 - v
e
g S3 Al OSIT s 5 a long-chain fatty aldehyde — an alkane + carbon

monoxide

Sl b g ies Joko Sl 5 Jol OlS 5
2l L ed e gl Slo s G55 5 Sk slis
L Fsbe ool Ll Al e roman Lol 5l g
ool o b dasly Jlgely, S e
cLSwloM:%,M;jé)dl,ﬁ,uéuﬁ
Jeol 63 ( Suslind dnl (O Al (A sa )
o Sl s ST oDl I 05500 g S
Jos Olsely ooz Olse @ Vsl N

(F+ 508 FV FO XD XFYT) LS s

S

G o g Eou

e LS Sme 5o pslle sb 4 OLLS
Bsoben Jolse ahom O ot dhor 51 o slasls
Cudsdows 5 A Sl e o8 (st e (KX
OlalS chal sl 3 Oale 0l (gl yls L3 Ll
Sl ity Co o a  lils | e la 55 L
Logme @l poman dias plnil ) (g3daze ol

ba g s S |y a5 5l b Johe ol


https://dorl.net/dor/20.1001.1.23832592.1401.35.3.1.9
https://metacyc.org/META/NEW-IMAGE?type=REACTION&object=RXN-13262
https://metacyc.org/META/NEW-IMAGE?type=REACTION&object=RXN-13262
https://metacyc.org/META/NEW-IMAGE?type=REACTION&object=RXN-13281
https://metacyc.org/META/NEW-IMAGE?type=REACTION&object=RXN-13281
https://metacyc.org/META/NEW-IMAGE?type=REACTION&object=RXN-19209
https://metacyc.org/META/NEW-IMAGE?type=REACTION&object=RXN-19209
https://metacyc.org/META/NEW-IMAGE?type=REACTION&object=RXN-13262
https://metacyc.org/META/NEW-IMAGE?type=REACTION&object=RXN-13262
https://metacyc.org/META/NEW-IMAGE?type=REACTION&object=RXN-13281
https://metacyc.org/META/NEW-IMAGE?type=REACTION&object=RXN-13281

VEO) O ol X A

(Ol ) gl G5 als) aLS (slpiin 53 als

s gs Al

O sl i ded S PSS e
35 ek CLW:\ o osladl sl e el CLWJ
S Sl 4 Sl G GOl S kil
SAV oanl 51 25 Ll s s WU sls sl gL
Ll pd s sl S s aadllas ol o itz Sls, 55 5
A Aol e Wl oSy alS i
G ol ) ol el 0 JSK8) Wl e S g il

2ls callas (FY) 0L, 5 6sly e zb L
LOSIT a5l) o sladel Sl ol (sls 2 S 550
Olsl s ol i 5 0llS Ssm lacil oo (L SIT
FIES Slapss edes i sl L ey
L ollS ol slacuans ples Ly ,i (M 5 Y7) duaes
O5S 5 e 3l edes psb o4 S L Sesde WY S
5L L el w el el el oA LSS
pon XS g SaS 5T 035 25e Gosb Sl Ol 258
Lols SLLS (S 4 Jomd 03 egs B OES
4 e CAELABA [l 5 (6o (S A 5 (0F)
Jome LS 55 o Seoda glaaN il sl
DL Y K3 3 oS Sshilen (8) 508 XA OY) 555
oolas 53 3550 Gl (S ooded ¢ paze Tl 0l o3l
ol aals oS s b s ks s e
S GL, aoaxs booplply cd o 3 g Al
3 Sae bl o e o 25 GaalesT cpl 53 el
o ol oS ol S 5 o e

LIz Glace S o5 ALS (slacy S5 da o5 0l
SiA M sl Rl U5 g S Sl
RS ook (YY) Wlas S 51 3 am 5 3598 palies Jaws
Cogby bam gl bl fig Olge 4 oomes s
by JsSse ol S plish et ialS Ll wlS
503,553 ol Gl eislssl 5 (YA) ol i s olu,

0556 oVl 5 Jab  colg 5o O Gle ol fpmans

DOR: 20.1001.1.23832592.1401.35.3.1.9

o33 OLas 25 5l 23U oo e S opl gy llas
S58s BLLL Ll g Sl anes 8 ws
Obusply sl 5 i Glaeile (ol
s misny a3 1y ol STy & dzea
(sleoply o Lol 28 esdle (Fr 508 FV) S
Jos G5 DAl skas S Ol 4 e by
Gl is hals gl (00 5 FA PP TN ) S e
Cod 0SS plie 3 &S b e gl (ol
o bl g Aol Al o e b Ay Ll 3
Al e SRIB S Ll 2

Cwl.' 03 o Gladl 4 Sl ol esls QLA ioman
ssk BT Cor gladad L(FY) Wl A AS @
it ela gade 53 (g pm Ohss s Jsene
(OA) s b 5 2l e 5 4l as
Sladenl g game  JSS 5s 0l D b 4 e g L
B T T
Sladwl cpl doys Js Sl V'U'Ul’; ool oS s
o s 4 Yl 8 (Ydsur) 55 1y a8 O
S o ladl Coale 3L e 15 ks s Ll
slos 4 Sy das e LS5 1) OlalS g slalis
Jolse ol ‘Jii; b7 55l g.josﬁ O 3
el (g3 Shas o S Bl o gl AR
slas sle s Wl o T ps (V) Wl o
Il Olen 4 LOF 5 TH) das o | st
s el s Sles Mgt il el
SIS o S il b el e
o sladal als 5 el CLM;\ e sladad 4
sl Sl s Sl skl el atis gl
gl bl & Je gblis S gosb 4 s s
o wle Jase gla i 55 dites sl gL
Sl 5 Sl Glac = Al OF) WS o oS

.\.:.,:\ p@jﬂj Lol .L.LL’& ol CLJ:\ e L;LAJ.:..A‘ B35


https://dorl.net/dor/20.1001.1.23832592.1401.35.3.1.9

VEO) O ol X A

(Ol ) gl G5 als) aLS (slpiin 53 als

s gs Al

23S eslinal il

i op e o Lol oz (gslam oS Lo le ¥

5 e sl Shy on YA Ol

Sl Sasn des sl Ll fs, o kel S5
FYX0 N (ol gl

\:JL:.&).,G;- AYAS - nul.:.l;].m . ‘;5“]@" "C 4_)).1.15 il AQJ§ -0
gle s psle daee Jlnle ab (o) plend 5 S
XYSXY (D (i

9 uﬁj}}ﬁ L;LA:}S J.:JU RGN Ccéﬂ 5 Al LJA)‘ L.)-C L‘;‘J‘LJ -
S sl Slio F o s s, b 3 Ses 5 oled
obl il ol 3, <=5 (Carthamus tinctorius L)

08500 :(FA (g5 5Lis ol £ 4

7- Abbasi Seyahjani, E., Khomari, S. and Sadeghi,
A. 2009. Comparison of performance potential of
sunflower cultivars for seed and oil yield in
water deficit stress conditions. Journal of Crop
Breeding, 2:1-11.

8- Belitz, A.R. and Sams, C.E. 2007. The effect of
water stress on the growth, yield, and
flavonolignan content in milk thistle (Silybum
marianum). In International Symposium on
Medicinal and Nutraceutical Plants 756: 259-
266.

9- Bohnert, H.J., Nelson, D.E., Jensen, R.G. 1995.
Adaptations to environmental stresses. Plant
Cell, 7(7): 1099-1111.

10-Bourdenx, B., Bernard, A., Domergue, F.
Pascal, S., Léger, A., Roby, D., Pervent, M.,
Vile, D., Haslam, RP., Napier, JA., Lessire, R.
and Joubés, j. 2011. Overexpression of
Arabidopsis ECERIFERUM1 promotes wax
very-long-chain  alkane  biosynthesis  and
influences plant response to biotic and abiotic
stresses. Plant Physiology, 156: 29-45.

11-Cameron, K.D., Teece, M.A. and Smart, L.B.
2006. Increased accumulation of cuticular wax
and expression of lipid transfer protein in
response to periodic drying events in leaves of
tree tobacco. Plant Physiology, 140:176-183.

12-Daneshian, J. and Jabari, H. 2009. Effect of
irrigation and plant density on morphological
characteristics and grain vyield in a dwarf

DOR: 20.1001.1.23832592.1401.35.3.1.9

Gy ol w5 (Ve 5 YA) 5,18 e 36 el 5o
oS ol o sl 51 OIS r Gl 3 eikel

}:;' L Q'),.:JS))J»;A )\ E) L?ij)b E) LS‘ 4..»'.4\:!3 slal BE
Lo
c

AL AT S K e sl e w8 )] e el =)

Ly o 53 i s Gl bl (B g S geS 35S

doee . Six 25 Coo (Lens culinaris Medik) s olS
AYP-ANE () YN (alS ls iass

2 GleS A YAV sl s (D e sy by Y
oA SSdns s Sdse sbShs S
MY=A S Y (Al cla sy dlows . S 3 5

)LA.:;M J.:.?U AYa0 Sl su,:«z-...sL@} 9 (j «Q}»J.; g.c uéJL_& -y
Jlzole o353 5k D3 aalS Ll gla el 5 L
(V4 AlS sl Jiass alze (Silybum marianum)

OFF-00Y

sunflower hybrid (CMS26 x R103) as second
crop. Iranian Journal of Crop Sciences, 10: 377-
388.

13-ElSayed, A.l., El-hamahmy, M.A., Rafudeen,
M.S., Mohamed, A.H. and Omar, A.A. 2019.
The impact of drought stress on antioxidant
responses and accumulation of flavonolignans in
Milk thistle (Silybum marianum (L.) Gaertn).
Plants, 8(12), 611.

14-El-Tohamy, W., Schnitzlerz, W. H., El-Behairy,
U. and Singer, S. M. 1999. Effect of long-term
drought stress on growth and yield of bean plants
(Phaseolus vulgaris L.). Angewandte Botanik/
Applied Botany), 73:173 — 177.

15-Ezeagu, IE., Petzke, KJ., Lange, E., Metges, C.C.
1998. Fat content and fatty acid composition of
oils extracted from selected wild-gathered
tropical plant seeds from Ngeria. JAOCS, 75:
1031-6.

16-Falk, KL., Tokuhisa, JG., Gershenzon, J. 2007.
The effect of sulfur nutrition on plant
glucosinolate content: physiology and molecular
mechanisms. Plant Biology, 9(5):573-581.

17-Fathi-Achachlouei, B. and Azadmard-Damirchi,
S. 2009. Milk thistle seed oil constituents from
different varieties grown in Iran. Journal of the
American Oil Chemists Society, 86: 643-649.

18-Flagella, Z., Pastore, D., Campanile R.G. and Di
Fonzo, N. 1995. The quantum vyield or


https://dorl.net/dor/20.1001.1.23832592.1401.35.3.1.9

VEO) O ol X A

(Ol ) gl G5 als) aLS (slpiin 53 als

s gs Al

photosynthetic electron transport evaluated by
cholophyll fluorescence as indicator of drought
tolerance in durum wheat. The Journal of
Agricultural Science, Cambridge Core, 125(3)
325-329.

19-Fraschini, F., Demartini, G., Esposti, D. 2002.
Pharmacology of silymarin. Clinical Drug
Investigation, 22(1): 51-65.

20-Gasulla, F., Vom Dorp, K., Dombrink, 1.,
Zahringer, U., Gisch, N., Dormann, P. and
Bartels, D. 2013. The role of lipid metabolism in
the acquisition of desiccation tolerance in
Craterostigma plantagineum: a comparative
approach. The Plant Journal, 75:726741.

21-Gaude, N., Nakamura, Y., Scheible, W.R., Ohta,
H. and Dormann, P. 2008. Phospholipase C5
(NPC5) is involved in galactolipid accumulation
during phosphate limitation in leaves of
Arabidopsis. The Plant Journal, 56:28-39.

22-Gazak, R., Walterova, D. and Kren, V. 2007.
Silybin and silymarin, new and emergining
applications in Medicine. Current Medicinal
Chemistry, 14: 315-338.

23-Good, A. and Zaplachiniski, S. 1994. The effects
of drought on free amino acid accumulation and
protein syntesis in Brassica napus. Physiologia
Plantarum, 90: 9-14.

24-Goode, GK., Miller, JP. and Heagerty, AM.
1995. Hyperlipidamia, Hypertention, and
Coronary Heart Disease. Lancet, 345: 362-364.

25-Haban, M., Otepka, P., Kobida, L’. Habanova,
M. 2009. Production and quality of milk thistle
(Silybum marianum [L.] Gaertn.) cultivated in

cultural conditions of warm agri-climatic
macroregion. Horticultural Science (Prague),
36(2): 25-30.

26-Hadley, NF. 1989. Lipid water barriers in
biological systems. Progress in Lipid Research,
28:1-33.

27-Hamrouni, 1., Salah, H. B. and Marzouk, B.
2001. Effects of water-deficit on lipids of
safflower aerial parts. Phytochemistry, 58:277-
280.

28-Howard, RW. and Blomquist, GJ. 2005.
Ecological, behavioral, and biochemical aspects
of insect hydrocarbons. Annual Review of
Entomology, 50: 371-393.

29-1brahim, H.M. and El-Khateeb, A.Y. 2019.
Growth, yield and active constituents of Milk
thistle (Silypbum marianum L. Gaertn) under
drought stress. Open Science Journal of
Bioscience and Bioengineering, 6(1): 1.

s

DOR: 20.1001.1.23832592.1401.35.3.1.9

30-Indrédk, P. and Chytilovd, D. 1992. K
problematice  stanoveni silybinu v droze
ostropestfece marianského. Zahradnictvi, 22:

309-313.

31-Kachroo, A. and Kachroo, P. 2009. Fatty Acid-
derived signals in plant defense. Annual Review
of Phytopathology, 47:153-176.

32-Kalita, D. 2008. Hydrocarbon plant-New source
of energy for future. Renewable and Sustainable
Energy Reviews, 12:455-471.

33-Kang, L., Wang, Y.S., Uppalapati, S.R., Wang,
K., Tang, Y., Vadapalli, V., Venables, B.J.,
Chapman, K.D., Blancaflor, E.B. and Mysore,
K.S. 2008. Overexpression of a fatty acid amide
hydrolase compromises innate immunity in
Arabidopsis. The Plant Journal, 56:336-349.

34-Keshavarz Afshar, R., Hashemi, M., DaCosta,
M., Spargo, J., and Sadeghpour, A. 2016.
Biochar application and drought stress effects on
physiological  characteristics of  Silybum
marianum. Communications in Soil Science and
Plant Analysis, 47(6): 743-752.

35-Kilaru, A., Herrfurth, C., Keereetaweep, J.,
Hornung, E., Venables, B.J., Feussner, I. and
Chapman, K.D. 2011. Lipoxygenase-mediated
oxidation of polyunsaturated
Nacylethanolamines in Arabidopsis. Journal of
Biological Chemistry, 286:15205-15214.

36-Kizis, D., Lumbreras, V. and Pages, M. 2001.
Role of AP2/EREBP transcription factors in gene
regulation during abiotic stress. FEBS Lett,
498:187-189.

37-Kolenc, Z., Vodnik, D., Mandelc, S., Javornik,
B., Kastelec, D. and Cerenak, A. 2016. Hop
(Humulus lupulus L.) response mechanisms in
drought stress: Proteomic analysis  with
physiology. Plant Physiology and Biochemistry.
105:67-78.

38-Kosma, D.K., Bourdenx, B., Bernard, A.,
Parsons, E.P., Lu, S., Joubes, J. and Jenks, M.A.
2009. The impact of water deficiency on leaf
cuticle lipids of Arabidopsis. Plant Physiology,
151:1918-1929.

39-Kunst, L., Samuels, AL., Jetter, R. 2005. The
plant cuticles: formation and structures of
epidermal surfaces. In DJ Murphy ed, Plant
Lipids: Biology, Utilisation and Manipulation.
Blackwell Publishing, Oxford, UK, 270-302.

40-Kurkin, V.A. 2003. Saint-Mary thistle: a source
of medicinals. Pharmaceutical ~Chemistry
Journal, 37(4): 189-202.


https://dorl.net/dor/20.1001.1.23832592.1401.35.3.1.9

VEO) O ol X A

(Ol ) gl G5 als) aLS (slpiin 53 als

s gs Al

41-Locher, R., Suter, P., Weyhenmeyer, R. and
Vetter, W. 1998. Inhibitory action of silibinin on
low density lipoprotein oxidation.
Arzneimittelforschung, Drug Research, 48: 236-
239.

42-Majidi heravan, E. 1994. Resistant physiological
mechanism to environmental limited. In:
Proceeding of the 3rd Crop Production Science.

43-Malekzadeh, M., Mirmazloum, S.l., Mortazavi,
S.N., Panahi, M., and Angorani, H.R. 2011. The
physicochemical properties and oil constituents
of milk thistle (Silybum marianum Gaertn. cv.
Budakal&szi) under drought stress. Journal of
Medicinal Plants Research, 5(8): 1485-1488.

44-Mandal, M.K., Chandra-Shekara, A.C., Jeong,
R.D., Yu, K., Zhu, S., Chanda, B., Navarre, D.,
Kachroo, A. and Kachroo, P. 2012. Oleic acid-
dependent modulation of NITRIC OXIDE
ASSOCIATEDL1 protein levels regulates nitric
oxide-mediated defense signaling in Arabidopsis.
Plant Cell, 24:1654-1674.

45-Markham, J.E., Lynch, D.V., Napier, J.A., Dunn,
T.M. and Cahoon, E.B. 2013. Plant
sphingolipids: function follows form. Current
Opinion in Plant Biology, 16:350-357.

46-Moellering, E.R., Muthan, B. and Benning, C.
2010. Freezing tolerance in plants requires lipid
remodeling at the outer chloroplast membrane.
Science, 330:226-228.

47-Munnik, T. and Testerink, C. 2009. Plant
phospholipid signaling: "in a nutshell". Journal
of Lipid Research, 50:260-265.

48-Nakamura, Y., Koizumi, R., Shui, G.,
Shimojima, M., Wenk, M.R., Ito, T. and Ohta, H.
2009. Arabidopsis lipins mediate eukaryotic
pathway of lipid metabolism and cope critically
with phosphate starvation. Proceedings of the
National Academy of Sciences of the United
States of America, 106:20978-20983.

49-Nostro, A., Germano, MP., Dangelo, V., Marino,
A., Cannatelli, A. 2000. Exaction methods and
bioautography for evaluation of medicinal plant
with antimicrobial activity. Letters in Applied
Microbiology, 30(5):379.

50-Okazaki, Y., Otsuki, H., Narisawa, T.,
Kobayashi, M., Sawali, S., Kamide, Y., Kusano,
M., Aoki, T., Hirai, M.Y. and Saito, K. 2013b. A
new class of plant lipid is essential for protection
against phosphorus depletion. Nature
Communications, 4:1510.

so¥

DOR: 20.1001.1.23832592.1401.35.3.1.9

51-Parakas, A., Nikolaou, N., Ziaoziou, E.,
Radoglou K. and Noitsakis, B. 2002. The role of
organic solute and ion accumulation in osmotic
adjustment in drought-stressed grapevines. Plant
Science, 163: 361-367.

52-Rezaeizad, A. 2007. Responses of some
sunflower genotypes to drought stress using
different stress tolerance indices. Seed and Plant
Improvement Journal, 23(1):43-58.

53-Riccardi, M., Pulvento, C., Patang, C., Albrizio,
R., Barbieri, G. 2016. Drought stress response in
long-storage  tomatoes:  physiological and
biochemical traits. Scientia Horticulturae. 200:
25-35.

54-Samuels, L., Kunst, L. and Jetter, R. 2008.
Sealing plant surfaces: cuticular wax formation
by epidermal cells. Annual Review of Plant
Biology, 59:683-707.

55-Selmar, D. and Kleinwachter, M. 2013. Stress
enhances the synthesis of secondary plant
products: the impact of stress-related over-
reduction on the accumulation of natural
products. Plant Cell physiology, 54(6): 817-826.

56-Seo, P.J., Lee, S.B., Suh, M.C., Park, M.J., Go,
Y.S. and Park, C.M. 2011. The MYB96
transcription factor regulates cuticular wax
biosynthesis under drought conditions in
Arabidopsis. Plant Cell, 23:1138-1152.

57-Sibi, M. 2011. Effect of water stress, zeolite and
foliar application of salicylic acid on some of
agronomical and physiological traits in spring
safflower. M.Sc. Thesis. Agronomy and crop
development department. College of agriculture.
Islamic Azad University, Branch, Arak. 213
pages.

58-Singh, S.C., Sinha, R.P. and Hader, D.P. 2002.
Role of Lipids and Fatty Acids in Stress
Tolerance in Cyanobacteria. Acta
Protozoologica. 41: 297 — 308.

59-Wang, X. 2004. Lipid signaling. Current Opinion
in Plant Biology, 7:329-336.

60-Wang, X., Devaiah, S.P., Zhang, W. and Welti,
R. 2006. Signaling functions of phosphatidic
acid. Progress in Lipid Research, 45:250-278.

61-Williams, M.H., Rosengvist, E. and Buchhave,
M. 1999. Response of potted miniature roses
(Rosa x hybrida) to reduced water availability
during production. Journal of Horticultural
Science & Biotechnology, 74:301-308.


https://dorl.net/dor/20.1001.1.23832592.1401.35.3.1.9

\‘f~\‘\"a)h,..:d"a.u;,- (u.ﬁ1‘;wb\;~v-!‘) M)ﬁﬁé%)ﬁ%
s s DOR: 20.1001.1.23832592.1401.35.3.1.9

Comparison of fatty acids and hydrocarbons of Milk thistle in
different levels of water stress and identification
of their reaction pathways

Ghanbary Moheb Seraj R.}, Behnamian M.!, ahmadikhah A.?, Shariati V.2 and
Dezhsetan S.!

Dept. of Horticultural Sciences, Faculty of Agricultural Sciences, University of Mohaghegh Ardabili,
Ardabil, I.R. of Iran.

Dept. of Biotechnology, Faculty of Life Sciences and Biotechnology, Shahid Beheshti University, Tehran,
I.R. of Iran.
Dept. of Plant Molecular Biotechnology, National Institute of Genetic Engineering and Biotechnology,
Tehran, I.R. of Iran.

Abstract

Water stress is one of the most important factors affecting the metabolic pathways in the
plant and thus alters the synthesis and accumulation of natural compounds such as fatty
acids and hydrocarbons in medicinal plants. This study aimed to investigate the effect of
different levels of water stress (Full irrigation at field capacity, irrigation at 70% of field
capacity and irrigation at 40% of field capacity) on fatty acid and hydrocarbon
quantities of Milk thistle. Drought stress was applied at flowering stage. Then the oil
extract was extracted from the seeds using Soxhlet method and analyzed by GC-MS.
Finally, the identified compounds were bioinformatically analyzed and the pathways of
reactions and enzymes involved in these reactions were identified. The results showed
that the yield of fatty acids and hydrocarbons increased with increasing drought stress
intensity. The predominant fatty acids identified in Milk thistle oil extract was linoleic
acid (15.2-27.4%) and its dominant hydrocarbon was dodecane (12.3-14.1%). The
percentage of fatty acids detected under stress was reduced, probably due to their
degradation into hydrocarbons to maintain osmotic pressure under dehydration.

Key words: Mass spectrometer, Bioinformatics analysis, Soxhlet, Field capacity, Gas
chromatography.
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