DOI: 10.22059/ijfcs.2016.57847

olx! )3 olS eole

ols olea slaplnil o idi g hdr £ds o3 Vb mtaw (v g
S e Slaig § 3 (S Ol b OT byl ¢ Artemisia diffusa

"0 3y SOl@ue § %7 598 Lo yhaxe ¢ puniio SO 315
gQ\S\:J Cywt; C,.ij 5‘5; )\:‘.ﬁ‘.}‘g ‘5_}_,3_,:S3” a}; st ué}j}yﬁﬁ .L:J| wt.:,ls :\b_,a]u;s‘.: .Y'} Yo
TS O oKl b s 5 (55,9LES s

OFRE/VS oy gl Gl - VFAN/A/E 123l 50 50 ,0)

o
o972 J> SL05 5 LOT o Aaly (g DLl (S5 53 (a5 DS 5 el Jeds 4
Galm OLLE Ols 5 el Slge cpl 5 5o g gla0s iS5 s ol el
C3L a3 idip hdr 5 fdS W05 (s p ool 53 201> ($3b) Cwedl LyedsT i on 5
glio 3 ealatal b pwyp opl A3 oL, Artemisia diffusa olS 51 e 5 8 S,
w5 ol b 5 GC-MS 51 ool (slassls b 03 gadly Bbej 53 PCR 51 Jsl slasals
(P GBIl 5o Loy 5l e a5 el & o3 OLE ey ol S el
5 germacrene-D 5 1,8- cineole (sl idi 05 4Sala 45,05 oduSs ghoes LS5 03 20l S0}
23 e OB 05 ol Sl 5 gl s a5 3ls OLES 1) eaSsguoe ST and
Wile Fomsimly sL03 Jhimlay (i 5 SlS 5 K 3550 55 il iy 5 () oS 5
beta- osle ud 5,3 4S5 5bas Kyls odge 4 W 3 (SuSs o daby cpl Ljliw op 5
653 Jole oIl OLE 1 oS s guome 25 fds 05 Az 5 S (S 3 S s farnescene

j|g.;’ck.szv.:£:5;‘,>”9 a,l.lfuc;|}£$wy sy s Mg a;ﬁ(als sldj S &S

OR=YY 2) 1TA0 s ) 5,Les Y 5,50

RLo 6-\:-;4:-‘;'|=ngi4{‘;w)ﬁ"ﬁ|)é4s¢rm~‘mﬁjs})

GC-MS « a3lg 0l 33 PCR lazp 5 b jmed 1 1 SlS” (S0 319

GS el oyl 1,8 Artemisia diffusa &35 i
il calizes bl o bwed,] slaasss Koo asilen
oS el Ll 00l ui‘;)l}f Oliads $ QL.:‘):}
Dgd o Slidlos I ol bawgy a5 5 55, s JS
J5i5 1y olS b Gl 5l (oot i Lo
30 Of aw cadlad Gl 5l ol aslsl jo aies e
9 (owyp B Sl e
(PTs) prenyl transferase solsil> 51 5 fds

Aodio
4o el Asteraceae solgls 5| Artemisia s
PV Joos Ol b sl g ile plalS iz ol
8 ySas 90 Jaine Gblie Sidacs § Sis bl
979 & iz (ol M 0aiSly (ogiz 5 Jled
el By e Lo guilal jo oy 5wl placoS 5
Sl 0ads glulids 455 waily 5l iw iz cpl o
Sagyse o el 5 bl dewl slao ) o a5
ool Gilies slaaisS ol o .(Abad et al., 2012)

E-mail: mnaghavi@ut.ac.ir
Farnesyl diphosphate synthase

SANVYVIY VP al


http://dx.doi.org/10.22059/ijfcs.2016.57847

YYAD Sl o) 8 Ll FY 5,90 oyl el)5 lalS agle Y.

Botella Pavi’a .(Munoz-Bertomea et al., 2006)
Ljeod,l olS ,o hdr Slo iw L (2004) et al.
S 50 ) et BB G5 ol 5 ol plas
S e Ll agdl o eadatle slasdsn 5
o hdr by mhaw as wisls lis 0,5 cpl uizmen
Subs dalS ol jew) deetiolation T s oL,
oieli8l asay Arabidopsis sleazals (exss ¢
iy 3dgi Gl Al cnl b ol e aST 2usls
Botella Pavi’a ) ol caslice 05955 ,15 ¢ (Judg,1S)
ol ol (et al.,, 2004; Botella et al., 2004
yo 1, hdr 4 Ly o (Expressed sequence tag) EST
iy 5l slas a5) gliss oLS (sla(trichome) 5
(Botellaetal., 2004) w5 ,5 caslice (Sl

a1, IDP sols piyeaiS,, Lo b, Jidi
5008 sesnl b Les 83l g3 o) DMADP
5 (MVA) &lgllge g MEP s 55 12 0 (0iied
.(Olofsson et al., 2011; Ma et al., 2012) o,ls ouge
idi o5 sh9el> b cimgh ,o (2004) Page et al.
abw S, Nicotiana benthamiana oLS o
e 4 izean 5 odpdmsl Sy il ¢ loasy
boawslio o 1) balbeS, mhaw als as,s A
3005 ol gl b ppizmen .ais S camlise wall
g AL Ol a5 Ol canlin oadol oLS
slag) (gl b a5 09 (a5 YL aSes IS
(Page et al., 2004) 54 o0 ol hds 5 hdr

28 (o090 Slan) ab lyie oS jsbilea
2 MSlg ge iyl 1 ey 5 gleosle i oy
o siedy (S ST slse cul adsi lree
A. diffusa ol3 ;o baop 5 ades o byl 30 ol
SledMbl wilgi co g Sl Slge (pl 5l 9> puie a5
wle op)l5 pgle LSl o ) anesse
Gegn rl e 13 (S3sleSSe) sl s
REW PR WNES

6. Isopentenyl diphosphate isomerase
7. Hydroxy-2-methyl-2-butenyl 4-diphosphate
synthase

Log oyl 18 Gliglse pue Cawopsl jo a5 cdl
oole 'DMADP sus S 4 'IDP sae g0 Jlail
aS WS » &g | (FDP) Farnesyl diphosphate
(Wen & Yu, 2011) ol by 5 SeSas bole i
Ol o8, 4w S9, iule;l 4o (2013) Zeng et al.
G S Girsise Camd &5 Wi, 4z onl 4
Aal; 08 oy 08, 2 g &5 IS (p 5 SeSeumn
a bjliow o isige Colld Ces b, e
Comnd Geizmed g Sl asliw 0 5 SeSn
5 e Ssise o ier 3355k pupl) Tgds el
oy S b 35 fds 4 (DMADP 4 IDI
Wia,S LBl Ul ol las Jleen sods
G B e 3 STy Sl il
21y S 5l Glas ) el (Sen fds 5 gds sl oo
Cooms 4 ol jobay &5 oole iy e
Jlosl 05550 bl (1 3 S55ums 5 5350 Sl 3]
@y slacn i o 5o obj Gl a4 Lol s
Caw)d (Sypo 30 (28 0 (nl el g 138 51
s5bd b S SeSas 5 sige Slayrns o5 ol
(Zeng etal., 2013) wuils Jaiws Jol5
Sl &> se o5 Gnl bamsi ooy 3l Shdr
;5 |, DMADP 4 IDP o a0l slooole i adss
355 53 1y ol 25 5 435 o 5615 MEP o
cole gy MEP e a4 anadly slojlo i
WS es 3k ety laadeigngnl ()
Munoz- .(Wang et al., 2007; Huang et al., 2009)
o599 b asles! o (2006) Bertomea et al.
Tl ey glaslh 4 Clgenlr e sl
hdr o5 ol zdaw a5 w38 S canliw (Picea abies)
Ol At e a5 oy vals s ply g0 4 Soop
aoly sladiges ;o &5 Wad ag olacn Feise
a-pinene ol Wog Sle &5 sily jeas

myrcene 5 limonene .camphene b-pinene

1. Isopentenyl diphosphate

2. Dimethylallyl pyrophosphate/diphosphate

3. Geranyl diphosphate synthase

4. Hydroxy-2-methyl-2-(E)-butenyl 4-
diphosphatereductase

5. 2-c-methyl-erythritol 4- phosphate



Y e yoidi g N S slacyg s o syt i) Sa 5 poie Dl

S Soe a4 Hul bl 5l e lediges aiad
Giled) VL olST 5 a5 15 5l sles o el
oo 4 35,5 lp digad cl> pl jo a5 wink
Munoz-Bertomea et al., ) xog ool GC-MS
Agilent  oKiws 5l wilel &350 j5late 40 (2006
o5 9 (0AYD) MSD S L Technologies 7890A
YO Sgy kb s yie Yoo Jsb 4 HP-5MS
A oolaiwl eg S /YD LY Cwlbrs 5 o e
leo L (split) s cdl> jo ofiws 4 5,5
alos Beby ol bl ugedes &3 YO+ (539,
gk B0 P el (slos g Sl 0l
b Loo (ol 33l s 4280 ds Do as Lo (] jo adgs
By ¥ gles Gl b egeds s N0
A8 ) Gae 4 Lo ol jo (RBgi adBy o uganda
e b e B2s TP B Lo Gl
Do d Lo ol )3 B85 g oy Al ye lases (LIS
» A Vol Co g b psede 5B 51 adSs oo
B lped sl )0 e ile ) S p Laugte 5 adSs
OO ope ade gl b eslaill Ll

B9 grdes A2 0 VT (Ggrnliin)

o 55161 o1
o & baryo ;5515 g ye (05 Olyieas 185 IRNA
&lp al Olxal (2008) Zeng et al. (IS bl 4
idi fds (Accessiom number: U36376.1) sl 5
L 551 hdr (GQ119345.1) (DQ666334.1)
soliiwl b o551 g 1,k Primer3 l58ls 5 51 oolail
55l Jlgs .o (9051 Primer BLAST l5éls 5 5

el 00l Y Jgaz ;0 (sobul dakad Jgbs ol yon 4

by 9y 9 3go

oS culs
) 9 Sy S e S 5e 5l A diffusa
B8 sus S bl i jo cislS slp g as oyl
SET 5o cunS jglate 4 oS (slaydy ol a3 5 )5 4
4 yo duw o551 g jles o0 Yo o co fS g b
Syl e b ooy giiad i ol L
Yoo 1o Oadyo 5, 00,le> Do 4 ol Jeacdd
003l 5 (Sob Cele Cip (5,55 8y90 5 LS9
‘;La els 651-" LSL‘”u:‘-:’.‘) &5)'-’ ) @L;.«i}j) el
a gojailex 5l e layds ol cols 8 Lgbsa
ol sy 5 Jie Szss Sy glaplls
SR Casb) Lis jslaie 4 Blad (S gy
10 39y S glmmn Sde 4 lalalS allsl o ol eols
WQeo )0 OO Cugb ) (g 4250 YO Slos Lyl )l
el Sudd (659 890 9 S Do v gy Dl
ady BB e olidy, cele eopls 4 (SSU
Sz olls a4 bazels e wb 6l
0o VO gles ylyl o pulS do>yo b g Jiiis
9 Yooo 6)5.: S ‘M)s) INA u.:s.lo) sw}.gu..l.u
U.CL&.AJ OO)JL.» 9 ‘Si:)l) MCLMJ i 6)y 3)50

b (6, oldy,

il & 325 g ! ol
2 aSnl By am (S 2l an )l bediges
A a8 S bdiges 0,5 S 5l w25 b
olyer 4 g 0,5 ilul gzl jslaie 4 ladiges
o 9 A laded gl 9,0 4 (6518 e ez
(5)9) bslds o b (1350 Sliee (0,5 a8La |

aidly iol33l glaankd Jsb ol joi 4y ) 3,90 slays reverse g forward sla ,55leT Jlgs N Jgo
Table 1. sequences of forward and reverse primers of evaluated genes and their corresponding amplified length

gene  Access no. Forward primer

Reverse primer Amplified length
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hdr  GQ119345.1 5-AATTCTCCATGGCGTCTTTG-3’
idi DQ666334.1  5’-GGGCGAACATGAACTTGATT-3’

5’-ATTCTCGGGACATGGTTACG-3’ 169
5’-ATTATGCCTGGACACCTTCG-3’ 170
5’-CAGCTTGAGACCCTCCTCAC-3’ 154
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Table 2. average ct of evaluated genes at Real Time PCR

Gene/tissue Leaf bloom Flower
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1. Terpene synthases
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Table 3. the probable restricting effect of genes in terpene synthesis in A.diffusa

A.diffusa Leaf Bloom Flower
Compounds fds hdr idi fds hdr idi fds hdr idi
beta-caryophyllene - - yes - yes yes - yes
beta-farnescene - - - no - no no - no
germacrene-D - - - yes - yes yes - yes
1,8-cineole - no no - no yes - yes (reverse)* no
a-pinene - no yes - yes (reverse) yes - no yes
beta-myrcene - - - yes no - yes no
borneol - yes(reverse) no - no no - no yes (reverse)
camphene - yes no - yes yes (reverse) - yes no
camphor - yes no - yes yes (reverse) - yes no
p-cymene - yes no - no no - no yes

3,15 3929 58 j50 00le 5 (5 e S alaly 45T el oyl e 4y Reverse
1. Rreverse means that there is an inverse relationship between the gen and the corresponding compound.
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ABSTRACT
In view of the importance of terpene in human’s life, analyzing the relationship between them and the
involved genes are of crucial necessity. The necessity is for exploring influential genes. Among different
plants containing terpene, Artemisia is included. In this study, several genes Farnesyl diphosphate
synthase (fds), Hydroxy-2-methyl-2-(E)-butenyl 4-diphosphate reductase (hdr) and Isopentenyl
diphosphate isomerase (idi) in pathways 2-c-methyl-erythritol 4- phosphate (MEP) and Mevalonate
(MVA) were analyzed in comparison to some monoterpene and sesquiterpene content in three tissues
namely leaf, bud and flower of Artemisia diffusa. This study was conducted to compare RT-PCR data of
genes with data from terpene GC-MS results. Results showed that it seemed for certain terpenes
production in certain tissues, the above genes had limiting function (as idi in bud for 1,8- cineole and
germacrene-D). These genes play important roles in terpene production and for some other terpenes,
probably, other downstream genes such as terpene synthase had this limiting role (about beta-farnescene,
for example, genes idi and fds had no limiting role in none of tissues mentioned above). Another point
which casts doubt on fds, hdr and idi functions in terpene production is post-transcriptional regulation of
these genes, the factor which was not evaluated in this study.
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