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Expression analysis of some genes involved in Terpenoid Indole
Alkaloids pathway in periwinkle (Catharanthus roseus) following
foliar application of salicylic acid

Ee i 5 pme s Sbslua] T mls Lo e M eabTs g8 0Lt sl glale S

‘:L‘T(a? Ol o235 (655 5LES 0uaSiils (alS Sy 5 A5 wdige 03,5 bl (6553 055 Gammiils i -
ol !

Ol gl ‘Quﬁj)}j?,bctﬁjé”}\,iswlc o (5,58 edSLiils ( alS SoS 5 A5 wdige 038 Lkl =Y
ol

s 5 il wlidi Dol 338 (Db phe Slidod (Shmmge O3S g o5 n Sl e MSRass Glskul Y

Ol lsal (g5, 5LES
s (s oLsls )\{:l:.ﬂl){)l:,,&\ d sk g rjl.ojl.lb ($5osliS Oliass (Gamnge (L)l Game -t
oSl

Soltani N*, Nazarian-Firouzabadi F™*, Shafeinia A%, Sadr AS®, Shirali M*

1- PhD candidate and Professor respectively, Production Engineering and Plant Genetic
Department, Faculty of Agriculture, University of Lorestan, Khorramabad, Iran

2- Assistant professor, Production Engineering and Plant Genetic Department, Khuzestan
Agricultural Sciences and Natural Resources University, Iran

3- Assistant professor, Aquaculture Research Center-South of Iran, Iranian Fisheries Science
Research Institute, Agricultural Research Education and Extension Organization (AREEO),
Ahvaz, Iran

4- Senior Quantitative Geneticist and Project leader, Agri-Food and Biosciences Institute,
Hillsborough, UK and Assistant professor, School of Biological Sciences, Queen’s University
Belfast, Belfast, UK

nazarian.f@lu.ac.ir: o xSl oy (D3 J sten o i 55

(47 ANVA 15y )b = Q87701 il ) s

9 o9 peo SMWHIIT w5 90 Sdhauly 4 47 Sl juw dduod § ) oW Jilg g

Siwasls cro 30 gl Cand! 31 9 Sl aﬁ,b’ Oy Sl Oloyd o m;mg
Vo et A .

Olmo 4 (TIAS) " SudgIlOT Jausl ddgiy 5 sawd 33 Comiawd 357 (29 9 ComianBbip19 ol 13385

e e o e e R
oot 3 ASgllIT 93 el slkie 33 il 391 o (S Iy 6 s O 53 cywsl gF ol e SUE SIS

okl Al O3z Al ST pro (B9 47 Ao 4 AL IS8 p 2V SOl Sl b S

g O JI g0 ECdaudle Al @819 90 Nl Jho Ol ol Al 5 Wilgia O3 e ol

9 O, los g g0 BT b 3y95 ¢ 30 9 Gk Lulyl 33 T 357 9 34d 0 ol 2l il

Gl 33 S eddy gd0 ntes 009 9 oRdling SBASPIIT (IS Sl il TIAS
o

9 SMigF (J9Nl g dw B 0 TIAS juw GO (omd Ol Ol (i 4 (B3
ORT- 595 3l o8l b +/+) MM Cdalédy Spmdlo dusl (5 3 (Sl Jokmo (b 35 SighT
Ol a0 AL s oIl sl (20 Jglmo 457 818 LS dalliae ol gols .ab 418 3 PCR
oo b 9B 30 9 (UGS ye 30 05 9l 4T (CM) 3690 Dilows 1957 (SO Foww O3 (w3 9393
9 I cywmod 354 1D e Skl a1 AT Ol cnl (Jl cp! b b el TIAS
S8 F%0 sgb4 Sbdlo el (b Jakme F1 50 TIAS juus SBOS (smg3s) Ol ol
Sl (b Jakomo 3 s Sl £A 9 YE SOk so Dat O (w9395 Ol imo o i b s 381

A oo lio eSlule


https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.9.7
https://mg.genetics.ir/article-1-1647-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20084439.1400.16.1.9.7 ]

O 5 63bT 55,5 O i sls 3

e ASPIIT g GBS (B 2 (om0 §99) Ol (32

RAr 3G ol s VL gl pa ol enay il
ol Sl ol e 03 Glleh S Syt OIS
Carqueijeiro et al. 2013; Sun et al. 2016; ) ol olS 5
Ol a5 oS e plubs 5,000 51 (Wang et al. 2012
VU el s S5 5t cou ) Lus JIT )
ool S e cpl 31 SO Sl ad el s, o
L 25 b sy p 03 oS (2l s Clad Gl o &S
!, .(Idrees et al. 2011b, 2013; Kaur et al. 2017) 555 .
5 6 Blon 5> Skt dl (S Bk Sl
Lo s Shes s 5 Gopd 5 llsl SIS RalS s
P e Sens 5 oy s JSIT sl S
S ewon Oeomes J(Idrees et al. 2011b) sls 2058
3 G b il 5y Sl Al (S 3L sl
S glaaalS > wlis w4 e IS8 e B
Idrees et al. 2011a; Idrees et al. ) o Sl ol LS
O0mM) (o5 (Gay V) S slasles 5L (2013
el g 5 (0 TM) Slletd 3 s
Sli3 Ok osd 5 S sl e Sl
WIS e 53 35w 50 DA 5 Dat sl 5T (soduSaS
i s GRT- PCR is, 5l eslinel L sitdsn 5 Jsel
panay S (Spd Slaslag &S ol 0L addllas ol il
Ol o Sl el el oy (6550 5 Skl Al
53> .(Mokhaberi et al. 2015) . Dat 5 D4h slap) oL
Aol i sloen 36 aslie a3 o bl slaanlllas
el b ) L el e L glie 3 Sl
del 6 O A3 paste (gl Al (S
St 39 odpons 5 osbUS e s Sl
Panet) cl o35 op b 51 2l (st Sns 5 oaedlin s
5 Sgemlr dewl Hgmadl 53 Ol aslis pioean (al. 2010
e 4 el Sl Aol oS 5l 0L Sl A

(Pakniyat etal. 2012) c.olacils o 531, (5 mi

19 \Water stress
1 Desacetoxyvindolin 4-hydroxylase
12 Catharanthine

doddo
o3l 5l 4 lae Catharanthus roseus s bl il
i — sl LS o Seds alis 3l S, Apocynaceae
Nejat et al. 2015; Sain and Sharma ) .l (3lessls ols o
S ol 53 ol oS5 53 ai I 5 Sy e (2013
Caenl I 51y el JIT (Nejat et al. 2015) il
OF aluy 5 o laplil 5o 5t S5 5V sl
5 oo WIS g e ol s Wl sy
Sop$ Ao Ceolt by S s g e Sens
Jsbo S o ol 5o 5 ke o S5t B8 o S dzs
Alam et al. 2017; Nejat et al. 2015; Sandeep etal. ) L2 .o
okl IS e 53 Iy sleas JIT (2014
o 3l S e | g e an L (TIAS) S0 5
(Sun et al. 2016) ol a5 i 5 Il
SAs s Gl ga0) e 5 ol glaes sl
T Sl bl s Combin ) Jatl 5 (il 580
L) 0 5t o Lol JSIT s s 3,15 Sl e 555 2
.(et al. 2016; Shukla and Khanuja 2013; Sun et al. 2016
53Ol S0j Oy 4§ ias Sl I (6 poe TIAS s
et 2,8 o )3 AL Lo S e 5 )5 L 5 s
03 b Ol Olgs 3 suid o e OF SOS Ol L3 i
s Olgie 25 0 LOT olgs slaess1 3 50 5 awsimly
Uil S5l O alaesT e kiSaS Sl0) Ol i
Pan et al. ) 305,04 =)+ Jusl,5 (Sun et al. 2016)
Wang et al. )q)'\]L..,;JJ Sl -t odsdus feals 5 (2012
22 Feaiml G5 s Ol RIS e (2012
O3g oml 2sdie maols Kl il s ST W ol

o bl JST (gl alls oUSEs 3 5 s Ol

! Vinblastine

% Vincristine

® Secologanin

* Tryptamine

® Strictosidine synthase (STR)

® Overexpression

" Anthranilate synthase (AS)

8 Geraniol 10- hydroxylase (G10H)

9 Deacetyvindoline 4-O-acetyl transferase (DAT)



https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.9.7
https://mg.genetics.ir/article-1-1647-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20084439.1400.16.1.9.7 ]

e MSPTT pud GBS (B 2 (9995 Ol im0 ()2

Ol 5 (63LT 555 0L i sla 3

5> (Nejat et al. 2015) ily,s slaazalS adlS sad> s
Sols i gad 5 235 Sy pe b3kl Sl bl - b B
5> (Roepke et al. 2010) laaxalS el s e S,
aw 55 il 5l e cell BA 5 YE OA DY Gho slasl;
Sl GollS 55 S a Sl ol an) S5 LSS
s bl (Sl e s sl

Do olal  sles a S 5l IS GRNA sl
ebnil (T2010S o)lei 4 NEB =S,5 o) el 5,2
o gk st ol el RNA iS5 ConS ol S
238 Do Aoy ST U5 sushe sl s Slsst
CDNA ol &S 3 eslizad L eDNA gandy oyl ol
sl 2 RNA o++ ng ;I (E6300S o lei 4 NEB &S ,5)
o L3 Ot S ST Sl eslial 5 edisle oS 5 IS, s
ebmil Gl sdd asla CONA 5 i pll ToopL g
A 1585 =Y 0C 5 s ey sl b

Slm sl GokSuS o5 a4 bae b ST b
L Caxye 05 Olsea) ‘RSPY 5 DAT TDC SLS (G10H
=38 g0 Primer 3 plus 5 0ligo (slalle 5 51 eslizad
SCM eSS 0F Ol w2 Slp pwzes () Jsix)
A2 oslizal Sun etal. (2016) law 5 ot 1 b ST

4+ RSP9 40S ribosomal protein S9
> Reference gene

s 5 bl 5 ol Sl s a5 S50 TIAS s
3 et Sl plS a LBl b planl g0 1SS e 0L
Rl o3 Tl syl el 50T (55, anlae
SR Ll S T e el Oman 55 s
5 s sl S Ol 5 e (wdVl a0 Ol o
SRR 3 e ey 313 U 4 1) 5,5 e JISIT
5 GLON) (s o 4w 31 Sop slas 0L ol
35 05 sl e s (DAt s ST (Tde) sl o('Sls
oln oS lasslsn b s LSO e ge s
S Sl Al S ALl 26 o (CM)

Az S 13 aallas

09y 9 dlge
CiS (s ,ld > Pan American oS 5l (il oS e
eSS glsl Ve em 5 ks Ve em sl b bl s
53 Ay SSUL s il gbazalS gl slaolulS L ias
Sl cele A 5 olidy, celu V1 Y0 °C e Lyl s
Cusby Aoy Ve (Carqueijeiro et al. 2013) (umol m?s™)

53 Sl dad /) MM 5L o S (5,135

! Secologanin synthase
2 Tryptophan decarboxylase
3 Chorismate mutase

PCR J}M".&Bd}b a\)@quT‘PCR UMSU 6';; oslazul S0 ‘SLAJ?)LGTJLAJ\ LSL‘)JL;‘}: gtb—\ dj.).}

S36T b Skl g PR (C°) Izl sbes (bp) asks J b
cm F: GGGTGATGCCTTTAACCAAA FD419102.1 gy 104
R: GCGACATTGTATCGTGAAGC
Dat F: AGCACAAATGGAAGAGTTCG LN809930.1 - VoA
R: AGGGTTGAAACAAGCATACC
Sis F: CACGAGGACACAAAGTTAGG KF415117 1 gy e
R: TTGTTCTTGGTGGCATTGG
Tde F: CCTGTATATGTCCCGAGTTTAG X67662.1 ! vor
R: TCGTAGTGAGTGCCCTTAG
G1oh F: TTATTCGGATTCTGCCAAGG KF561461 1 ! 137
R: TCCCCAAAGTGAATCGTCAT
Rsp9 F: GAGGGCCAAAACAAACTTGA AJ749993.1 - )

R: CCCTTATGTGCCTTTGCCTA

Voo )LQJ./\ O)M/MO}SW 0)50/0-?.93 M}


https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.9.7
https://mg.genetics.ir/article-1-1647-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20084439.1400.16.1.9.7 ]

O 5 63bT 55,5 O i sls 3

e ASPIIT g GBS (B 2 (om0 §99) Ol (32

6
|mToc
. mcMm .
34 * ;
] ns ns ns
7?2
j <
ER)
-2 12 18 24 48 12 18 24 48
(celu)ole) (eslw) ool
C) 31 mom

3

2

} 2 *

E ns

34

E]

0
12 18 24 48
(caslw) O}

() (oSS (sladss Oly y Sehodle dnl 3L lome 36 ) IS
PSS (9) (TAC) S 5,85 Qbsin 5 5 (€M) S se oy S
—£ Sdstn s Juels () 5 (GI0N) M ysu8 =V J5ils5 5 GlS) sl

Oy b s (Dat) i 5 el

b 5o Slosely S L Gaso sledas ol Shedlo dd
N e I oS b ladul b 5l ol 3 &S
olS 255 pts 055 Jled G2 b 5l ez b 5 odis la i
e Olsply opl (Idrees et al. 2011b, 2013) sl - S5
O SUS 5 bl 5 5 bolawsT ST L Lad e g0} Ol
(Idrees et al. 2011b) 355 o Wds 5o 5 5 Lads JISIT o yib
2 oedle ool glacble s Sl el Jles 6,58
Do s et G ST e 5 Sl pae 58
Kaur et al. 2017; Pan ) oo Scpms 5 uiedlop s il U
O 2 i 5l 30 aae o3 2alS e (et al. 2010
oI5 (Idrees et al. 2011b; Mokhaberi et al. 2015) ¢, s
(Mokhaberi et al. 2015) > «(Idrees et al. 2013) .S
s 3 535 o 55 (Khandan-Mirkohi et al. 2017) L .
S Lyl el Lo 5l obs (TIAS ne) lads JSIT 5z
22 e s Ll U p gy Ol 53 edS
syi GRlen oS bas ST Olea L SLL gesssl
.(Khataee et al. 2019; Pan et al. 2012; Sun et al. 2016)
et 52 05 o Olge 4 CM) b Sl S el
il 51 L Sl S sosbe sty S eslinad gl sy

Sl da ST Ll sles Ll 3 e ibeane )y
ST e 5l S8 A sl W B 08°C yles i L TPCR
QRT- Sl (sluang 5l o 23 S plx! Sl & ot
ot 4 NEB o5,2) o S ol oS 5l eslisad L PCR
Sy SSS S a5 S5 am 1SS aw > (M3003S
Sl SxSese b ORT- PCR Glaesls 5IUT e 55 iy
Livak and ) 1y 55, 3l sl L 5 REST® isdle
Ol Olses .2 8 50 AACT Jse 5 5 (Schmittgen 2001

A sl el Dy g0 e B Ol a5 L

DL ‘;‘-:’lidjlz‘ )La.; DL Cm 66.&}5.*5 dj M}J}) Q‘ﬁ 4\5
Lf““ijjj) Q\ﬁﬂ Or Jy )‘Jw’u QL‘) djb BLl QL:; &AS
il 0l b s sles b cou Tde geasas 0
S dlesl 31 e el Y8 U Sl s ol (=Y JS8)
);MLZ«{MQL:{CEMQ{JSYLJJJ{MT)@%)JJ
Qj waif)) Q‘J.AA W A sdalie el EA )L«.ﬁ
(o =) K8 cal Gl jls Jlesl 51,5 G10h gouesas
SERPEEYY el Y84 cell VY ol ol Ly, Lo e
SIs 05 emsisy Olpe Oldd s,y Sl 4 cel A
JSE) sl 0Lis GI0h (geusus 0F ol s b S Sl
ol Ol sl 51 e cell VY &S gysb 4 (O )
Dat LSGJ\MSJS Qj L;-u-lfj) d‘j.‘."’ By S5 cdaline )‘J‘f&a
olis Sl ley bys Sl sl abd ks I s
sl slasles Gaea js Gl ol (C =)V K8 sl
Sl ol (o s Olie 03 Rl Bl Slie i 8 55 Dl o
D gme e 5 xS el VY Sl Sled 4 cod cell YA
cele EA Sl sl 53 OF cpl Ol el x5 o

A edaline

! Annealing
2 Polymerase Chain Reaction



https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.9.7
https://mg.genetics.ir/article-1-1647-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20084439.1400.16.1.9.7 ]

e MSPTT pud GBS (B 2 (9995 Ol im0 ()2

Ol 5 (63LT 555 0L i sla 3

Ayl O3 TIAS Jodol s 3 33 s Sl cll gl
oS GHla e sy H3 ke Sl 3T 05 Ol e
bl 5T 03 Ole G s oS sls Ol oWl 5hes G
330 Ogm 53 Gl O 55 Ol 53 SRl 5 Sl
Al o BB 50 sl sl 3 mws el 05 a5 TdC O
o Sl VY 3 TAC 05 s 555 Oles o i S (o
Dt 03 5 s Ol e 3 Sl kil 5T 0Ly )
Sunet) s ol L 5 oS sl alS Cod dim 8 238
S 5 Tde OF s ss) Oy swsp eoees @l 2016
Jobpals Je slols oo GHLn
Sl 5 gl Jire alilen 5o S S
5 kaes S5 05 oul Ol poedd sl el oS sl 0L
Goslital & ol 2SS 5 Slsanlr Je ol Bles
G 80 T GoiSAS 05 Oly » S e 53 o0l 51 L
Sl Jlesl oot 335 oo o 1 O o 5555 L2l 52 5 30
TIAS usss 5 o GLOS pmsis) (RIH e 5 S
Glaas ST 2l 55 5 Sls 5 GL0h (geduSIS glais)
o3l 5l (Almagro et al. 2014) ws -5BS 5 paes Yl
Jos JAS 53 e B oDl WRKY sy, 551
e oS 53 S B el s ek AT 4 elS
o Ol Sl ns sanllas (Lgls Rl 3 TIAS (5o s
Ol 03 Slganlr fite Sl 5,80 Sl 5o s pl 03
WRKY s 55, 5,586 (5520 EA oz 5l 51 a8 sy OLS
Sl o dlews des Jled b el C“L et 3 g2 VY
s e o3 b w1 TIAS e a0 oL
53 G10h 05 Ol &S sla S 4 .(Schluttenhofer et al. 2014)
Lo ol dlesl S G el £ d b s dald L el
Tde 05 oly 8 cnl J= 55 b ols QLA Sls pme 2alS
s 5 Al s pae sl Stro0F oly W, 5 el
Lol 358 Sl 55 T (godcSUS O s 559, Ol ol
Loy Oby boos SR el s sl Rl Sl

05 ) e Ol 3 A58l .(\ JK,L) sl Olis (a5

! Cell culture
2 methyl jasmonate
® Cyclodextrins

Voo )LQJ./\ O)M/MO}SW 0)50/0-?.93 M}

LS o yaseie oy cpl gamd 5 Ll culs, (AS) sl
e 33 L o5 TIAS 5 Jol e 55ly Sl )5 oS
Mustafa ) 1S b s 5bs s b 5 s s st sm
55 Slaww 5 55 4zl (and Verpoorte 2007; Sun et al. 2016
5 LA s s 3l 36 g0 Slens S w5l b
S JSIT a5 Gl o Sl s 58 kS 55 b
FINSTYRse | KU RCNP SrS PP W PV PR O
e sl L s gaisnl olS s culg
g 3 &S J= s (Mustafa and Verpoorte 2007) s 55 e
5ok Jb TIAS Jsuol s liew ksl 21 ﬁﬁ b
Fsoml Lol S ol Gl e b Ogmen
Gl aalr b el G JSIT el 5 st
Mustafa and Verpoorte 2007; Shukla and Khanuja 2013; )
o sbdls, s, » S glasdlae ;3 .(Sun et al. 2016
JEFYT JURCIE S5 E SO W [ S v W W PRCICR
05 s Olpe &5 Ad jasle (35 Spe oW
Sl Sl 5T Ol 5 Sges W semst 55 CM (oS uS
AV Sl slasles saan 5o Ll pl Ll bl o 5158
a5 s (Sunetal 2016) 55 51y pme e (Cole EA VE
CM (ediSUS 0F pmsis) plw 03 Sl 6 ol
23 Oromen g iy $alae S L s 5 b e 8
53 2l 05 S Tde (oS aS 03 Ol Ol ol ganlllas
53 5 ok dlesl S (Cnl CM (o diSUS 05 L By e
33 Sl S Ay e e ghenl BBl il Ol Jsb
ol Slam 555 (Gosbe iw 3l eslizul 4 2 TDC (,{J-;T R
S5 DS Al e a4 B edd G S
ol 13 DL O3 o a5 e S Sosle Ay
S dald b anylis 53 CM 03 Ol ¢S SUge Sla S

al
e 53 S T (GedeSUS 05 (TAC) 5SS 0L 320 5
ol Gl 54 Qs 5 gekiS s 5 TIAS Jol
SIS s 2515 STR sl b L Jool sl 5
Mokhaberi et al. 2015; Shukla and Khanuja ) >3 .« TIAs
5 S S by 5 As eylil &S 4 S0ka (2013


https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.9.7
https://mg.genetics.ir/article-1-1647-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20084439.1400.16.1.9.7 ]

O 5 63bT 55,5 O i sls 3

e ASPIIT g GBS (B 2 (om0 §99) Ol (32

5 il Sl ol a5l el mls b aS ol 0l
s SO5 Ol e GRS cl e ol gL S
e L OV peame 5 WO g Ol Sy S
Pan et al. 2012; Pandey et al. 2016; Sun et ) ..l i3 TIAs

.@al. 2016
TIAS (4555 5 e 53 Sl 5l (SLS) Sk o318 IS
ool edge L LB IS 4 Y s el
ol 5 Ospas SLS sl w5l Jol 8 S0
w3l Cdld b Jotel e 53 TDC o 3T cled 51 Jol>
SIS s 5 53 L g JSIT e s 515 STR
Almagro et al. 2014; de Bernonville et al. ) 5,5 . TIAs
05 w3 Olpe (20157 Shukla and Khanuja 2013
sloles G Rl Jsbe iS55 SIS eSS
RS 5 Slganl Jie alBlen 5 o 2S5 IS
Olpe S 5 ols 0L dald & Cund Iy me il 33l
st sdalie Lay oy ey 5 Jil slasas L3 O s
Jee 2lPler e o SIS ediSUS 05 Ol Olge 1
05 0ls Olyes Sl Jol L)y wlin o 2S5 80 5 DU saslr
Jie gllen sled (S84 pizes 05 G0N (gouisus
Gl JSIT Slude s 2l op xS IS 5 Db panls
Almagro et al. ) il JLs « 1, 5B 5 s Vx|
33 i o Pandey et al. (2016) caxdlzs 5 (2014
G5 sy Ol (Bl GlaazalS L B bl
Ll csl il Dat 5 D4h Str Tde G10h (euusas
353 J50 SIS GediSUS Of e sis) Ui p Jrol i
4ol Cou glaamalS 5 el glaazalS 55 05 0l by s
33 i 8 A TIAS gLl s 5 a5 Ol S
SAsu S 5 Fodal s 3 g GWOS cSss Ol
Els 03 8 e 53 pl Feniml 05 b LS e
0 SRIBl A e Bl e el LASISIT g e
Ol 03 SRl Bl BlF o e 53 (nl GAOS (e Olge
S JSIT Slde 53 R85 pwseml SOS msis)
Almagro et al. 2014; ) aab awals JLs 4 1y ol o

05 s=s9y Olye .(Pandey et al. 2016; Sun et al. 2016

eVl a5 o sis) Ol Sais 30 55 5 0oy b
S ST e 5 TIAS (LT e Sl o052
b sless e 5000 o 5 S jntie (5G 0T Ja 0 s
Almagro et al. 2014; Pandey et ) ol Calises sl gl 5
e SO Ol sy 0 5l e @l 2016; Sun et al. 2016
Sk 03 5 (GL0N) sy 5 e 53 2l OF Ol oI5
SV dsbS S s Gl b e n CIS) e
sebimSaotes Ve L sl (GL0h) SYuSssas
oy Slab g Al i (besle iy cpl S e s
Jos TS S 4 SLS 5T ekt ulg s
(STR) 3t o3 5585 el o 51 Codlad b aslsl 3 5353 0
Liu et al. 2016; Sun et ) 353 o bass JSIT Ctloe s 315
soes 2 GLON 05 iy, mhe s oi5 (@l 2016
bl e Gl ol sl T e 5 us IS
53 55SB) 'ORCA3 5 G10h 03 Oly iw S a5
35750 SOJ s Oy SRl e (05 (nl b ks e
55 5 Dah 4 Str As Tdc G10h abes 3l TIAS s s
(s s s Sl O i JSIT e s Rl Bl
L sl OBLS 53 s s e YT (LS
LS 5 5 aly, ;3 GI0h 03 Ol ., » .(Pan et al. 2012)
il Sl sl 5les Jlasl 3 s (25l slaamalS
Pakniyat et ) sls OLis ol 93 8 55 1, 05 ) sy Ol
ool swazalS 53 GIOh O3 w55y Ol (@l 2012
Ly oS slosS @ il Gl Slsanls e sled Coo
g ol Jlesl 5l el VY 5N s Clibs, Ll
(Wei 2010) sl Js3 ow e 9 dow)y 3955 Ol STo>
5 LS e b el Ol SIS s el b 4
Pandey et al. ) GI0h _sis, Olpe bl 5 lay el

! Geraniol

210- hydroxygeraniol

® Secologanin

* Octadecanoid-derivative Responsive Catharanthus AP2-
domain

® Strictosidine

® Ajmalicine



https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.9.7
https://mg.genetics.ir/article-1-1647-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20084439.1400.16.1.9.7 ]

e MSPTT pud GBS (B 2 (9995 Ol im0 ()2

Ol 5 (63LT 555 0L i sla 3

Pakniyat et ) cils (63500 Ly Oy dsb 55 2ul58l ol
Sl del L g s Eass L (al 2012
G e Elen Gosd s S glales Cou glaasalS
Mokhaberi et ) .s D4h y Dat lad5 w555 Olpe il 53l
Ol 53 Liall 485 &)y Sllas ulul , (al. 2015
Go kS s SLL o I S Olge 4 Dat O w5
o e SR cas (S s S
Khataee et al. 2019; ) 43 o sy 5 s Scops
Lol a1 play el 558 5 (Wang et al. 2012
Mokhaberi et ) 555 o 05 ol Ols (53] Cor g Sl
5 S e ab 1 ol rass Sl ol b &S Gl 2015
b TIAS Seoe [0 olS s ols 0w 05 Jleb Ol
5 ooy S ISIT 5o nipl O Jlis 4 e
Ol Lzes e cpl S Gloes,slp S i S
e 045 b 3 St S 58 e
hdshme ol hagn oo ol gl B LS s
G0N Tde (glads w55y Olsme L3 il 53l Sl Al
oy o B A Sl () K) csls JWs 4 |, Dat 5 Sls
ol Osmen mwsVU lals Oby 5 Jals L ilssl o«
Sadie Sl e2ssl b 53 ek e S5 ol (sla e
TIAS e $05 0Ly 53 Rl 257 50 S S bl
e ol o Dat dex Sl 5 s SLL OS5 o st e
5ol ST e e s bl a
S 2y e SLL lesssls Olgse et Sens
sl (a)'\l o5 ) Ol gl (b= pl b oasd e

g edomin 05 Ol S b Sealen Lo JSIT ) 0 e

&lw

Alam MM, Naeem M, Khan MMA, Uddin M (2017)
Vincristine and vinblastine anticancer catharanthus
alkaloids: Pharmacological applications and strategies for
yield improvement. In Catharanthus roseus. Springer
Cham 277-307.

Almagro L, Gutierrez J, Pedrefio MA, Sottomayor M
(2014) Synergistic and additive influence of cyclodextrins
and methyl jasmonate on the expression of the terpenoid
indole alkaloid pathway genes and metabolites in

Voo )LQJ/\ O)M/MO}SW 0)50/0-?.93 M}

i s Sl Jlesl Sl s Lol tags s SIS gedusaS
Oliee 3 ok sdalie [l 5l esls 0L il 5l Skl
ple s Almagro et al. (2014) gasllas ;5 05 ol ows 553,
Pandey et al. (2016) gaxllas ;5 O s, Olsme L3 uais
el o eslinal a5 slasles Jlesl wples 51 26 KI5 e

AL s il
53 Sl b 31 (D) Sliaws 5 ol =HE sy s
St & L s iels oS Sl TIAS a3 JSUT s
= «(Liuetal. 2016; Shukla and Khanuja 2013) &S » oS
oo 4 e 05 pl Ol 3 RIS s s la 1S ol
S 5 e Sors ol Sl ISIT 5 s
5 Ky .(Khataee et al. 2019; Wang et al. 2012) s ;%
Lo IUT cisls Sl 3 andllas 3,40 |, Dat 0f Sl iw O, Sen
Saen > 1y Dat 0 oby 158l sy -l qRT- PCR
2 ety mead boamd ol ol Ol el OlS
el oS i oS 315 0L Sl s G 3550 OLALS
Wang et ) s A5 2 05 ol smsiss Ol Ol L3S
Dat 05 w59y Ol 5 S mlie (ganlllas o iman (al. 2012
53 oIl Dat O3 b el Ols i (Sl e slaals) 5o
Magnotta et al. ) sls Ol |y dsdss Hlaie 50 5 05 cpl Ol
Dat 03 0l » cp s 5 Sbpenls o 36 ) (2007
S sls Ol el s s e Seps S JSIT Olee
5 DAt 0F sy Ole Sl Comge sdd S slajles
«(Khataee et al. 2019) 5,3 o AT 53 ol 25l
GlaazalS S Lo Sl sl 035531 imen

Lo Dat 0F ws sy Olpe SRl Bl oo il BL oS

! putrescine

Catharanthus roseus cell cultures. Plant Cell, Tissue and
Organ Culture 119: 543-551.

Carqueijeiro I, Noronha H, Duarte P, Gerés, H,
Sottomayor M (2013) Vacuolar transport of the medicinal
alkaloids from Catharanthus roseus is mediated by a
proton-driven antiport. Plant physiology 162: 1486-1496.
de Bernonville TD, Foureau E, Parage C, Lanoue A,
Clastre M, Londono MA, Oudin A, Houillé B, Papon N,
Besseau S (2015) Characterization of a second secologanin
synthase isoform producing both secologanin and


https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.9.7
https://mg.genetics.ir/article-1-1647-fa.html

[ Downloaded from mg.genetics.ir on 2025-07-02 ]

[ DOR: 20.1001.1.20084439.1400.16.1.9.7 ]

O 5 63bT 55,5 O i sls 3

e ASPIIT g GBS (B 2 (om0 §99) Ol (32

secoxyloganin allows enhanced de novo assembly of a
Catharanthus roseus transcriptome. BMC genomics 16:
619.

Idrees M, Khan MMA, Naeem M, Aftab T, Hashmi N,
Alam M (2011a) Modulation of defence responses by
improving ~ photosynthetic ~ activity,  antioxidative
metabolism, and vincristine and vinblastine accumulation
in Catharanthus roseus (L.) G. Don through salicylic acid
under water stress. Russian agricultural sciences 37: 474-
482.

Idrees M, Naeem M, Aftab T, Khan MMA (2011b)
Salicylic acid mitigates salinity stress by improving
antioxidant defence system and enhances vincristine and
vinblastine  alkaloids  production in  periwinkle
[Catharanthus roseus (L.) G. Don]. Acta Physiologiae
Plantarum 33: 987-999.

Idrees M, Naeem M, Aftab T, Khan MMA (2013)
Salicylic acid restrains nickel toxicity, improves
antioxidant defence system and enhances the production of
anticancer alkaloids in Catharanthus roseus (L.). Journal
of Hazardous Materials 252: 367-374.

Kaur J, Singh A, Pathak T, Kumar K (2017) Role of PGRs
in Anticancer Alkaloids (Vincristine and Vinblastine)
Production. In Catharanthus roseus. Springer, Cham 309-
319.

Khandan Mirkohi A, Khalili Halbi M, Salami SA, Lesani
H (2017) Improving Effects of Mild Cold Stress and
Salicylic acid on Growth and Physiology of Periwinkle
(Catharanthus roseus Don.). International Journal of
Horticultural Science and Technology 4: 67-78.

Khataee E, Karimi F, Razavi K (2019) Alkaloids
production and antioxidant properties in Catharanthus
roseus (L.) G. Don. shoots and study of alkaloid
biosynthesis-related gene expression levels in response to
methyl jasmonate and putrescine treatments as eco-
friendly elicitors. Biologia Futura 70: 38-46.

Liu J, Cai J, Wang R, Yang S (2016) Transcriptional
Regulation and Transport of Terpenoid Indole Alkaloid in
Catharanthus roseus: Exploration of New Research
Directions. International journal of molecular sciences 18:
53.

Livak KJ, Schmittgen TD (2001) Analysis of relative gene
expression data using real-time quantitative PCR and the
27 **T method. methods 25: 402-408.

Magnotta M, Murata J, Chen J, De Luca V (2007)
Expression of deacetylvindoline-4-O-acetyltransferase in
Catharanthus roseus hairy roots. Phytochemistry 68:
1922-1931.

Mokhaberi A, Ahmadi J, Mafakheri S (2015) The
expression profile of D4H and DAT genes in
Catharanthus roseus in response to drought, salinity and
salicylic acid. lranian Journal of Genetics and Plant
Breeding 2: 38-46.

Mustafa NR, Verpoorte R (2007) Phenolic compounds in
Catharanthus roseus. Phytochemistry Reviews 6: 243-258.
Nejat N, Valdiani A, Cahill D, Tan YH, Maziah M, Abiri
R (2015) Ornamental exterior versus therapeutic interior of
Madagascar Periwinkle (Catharanthus roseus): the two
faces of a versatile herb. The Scientific World Journal 20.

Pakniyat A, Talebi M, Yamchi A (2012) Measuring Gene
Expression Change for Producing of Medicinal Alkaloids
in Periwinkle (Catharanthus roseus) in Response to Phyto-
hormones by Real Time PCR. 12h Iranian Genetics
congress. Tehran. Iranian Genetics Society.

Pan Q, Chen Y, Wang Q, Yuan F, Xing S, Tian Y, Zhao J,
Sun X, Tang K (2010) Effect of plant growth regulators on
the  biosynthesis of vinblastine, vindoline and
catharanthine in Catharanthus roseus. Plant growth
regulation 60: 133-141.

Pan Q, Wang Q, Yuan F, Xing S, Zhao J, Choi YH,
Verpoorte R, Tian Y, Wang G, Tang K (2012)
Overexpression of ORCA3 and G10H in Catharanthus
roseus plants regulated alkaloid biosynthesis and
metabolism revealed by NMR-metabolomics. PloS one 7:
e43038.

Pandey SS, Singh S, Babu CV, Shanker K, Srivastava N,
Shukla AK, Kalra A (2016) Fungal endophytes of
Catharanthus roseus enhance vindoline content by
modulating structural and regulatory genes related to
terpenoid indole alkaloid biosynthesis. Scientific reports 6:
26583.

Roepke J, Salim V, Wu M, Thamm AM, Murata J, Ploss
K, Boland W, De Luca V (2010) Vinca drug components
accumulate exclusively in leaf exudates of Madagascar
periwinkle. Proceedings of the National Academy of
Sciences 107: 15287-15292.

Sain M, Sharma V (2013) Catharanthus roseus (An anti-
cancerous drug yielding plant). A Review of Potential
Therapeutic Properties. International journal of pure and
applied bioscience 1: 139-142.

Sandeep P, Jagjit K, Raman K, Kuldeep K (2014)
Catharanthus roseus: A medicinal plant with potent anti-
tumor properties. International Journal of Research in
Ayurveda and Pharmacy 5: 5.

Schluttenhofer C, Pattanaik S, Patra B, Yuan L (2014)
Analyses of Catharanthus roseus and Arabidopsis thaliana
WRKY transcription factors reveal involvement in
jasmonate signaling. BMC genomics 15: 502.

Shukla AK, Khanuja SP (2013) Catharanthus roseus: The
metabolome that represents a unique reservoir of
medicinally important alkaloids under precise genomic
regulation. In "OMICS Applications in Crop Science™ 345-
404. CRC Press.

Sun J, Manmathan H, Sun C, Peebles CA (2016)
Examining the transcriptional response of overexpressing
anthranilate synthase in the hairy roots of an important
medicinal plant Catharanthus roseus by RNA-seq. BMC
plant biology 16: 108.

Wang Q, Xing S, Pan Q, Yuan F, Zhao J, Tian Y, Chen Y,
Wang G, Tang K (2012) Development of efficient
Catharanthus roseus regeneration and transformation
system using Agrobacterium tumefaciens and hypocotyls
as explants. BMC biotechnology 12: 34.

Wei S. (2010). Methyl jasmonic acid induced expression
pattern of terpenoid indole alkaloid pathway genes in
Catharanthus roseus seedlings. Plant growth regulation
61: 243-251.

Voo e /Y ojlos [0 35l 090 /o 95 S -



https://dor.isc.ac/dor/20.1001.1.20084439.1400.16.1.9.7
https://mg.genetics.ir/article-1-1647-fa.html
http://www.tcpdf.org

