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Abstract
Objective

Medicinal plants have long been recognized as a rich source of essential oils and have been
cultivated for a variety of uses since ancient times. White savory (Satureja mutica Fisch & CA
mey) is one of the medicinal plants belonging to the mint family with high content of carvacrol
in its essential oil. A large body of literature has suggested that abiotic stresses, especially drought
stress, could considerably boost the production of essential oils in plants. This study aimed to
evaluate the effect of drought stress on the expression of genes affecting the biosynthesis of the
main component of white savory essential oil carvacrol.

Materials and methods

For this goal, 20 pot-planted seedlings of white savory at the 6-8 leaf stage were subjected in a
greenhouse to two conditions of control and drought stress (10 pots for each condition) with

irrigation regimes of 100% and 30% of field capacity, respectively. To ensure the implementation
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of stress on plants and to determine the appropriate time for sampling, leaf proline and relative
water content of plants were measured.

Results

The results of both proline and relative water content tests revealed a significant statistical
difference between the control and stress conditions in white savory at 30% of field capacity. The
KEGG (Kyoto Encyclopedia of Genes and Genomes) database was used to obtain information on
the carvacrol biosynthesis pathway. The three key genes geranyl diphosphate synthase (gpps),
terpene synthase (tps), and limonene hydroxylase (Ih) were chosen for gene expression analysis.
Due to the lack of genomic information on white savory, the sequence information of the genes
in the closest genera within the family mint was used to design primers. The result of melting
curve analysis from the real-time quantitative PCR (gPCR) assay confirmed the accuracy of the
primer design. The raw gPCR data normalized to the housekeeping gene Actin, then differential
expression analysis was performed using the delta-delta Ct method. gPCR result showed that
expression of the genes gpps, tps, and Ih were increased in stressed plants proximately 20, 18, and
50 times, compared to those in control, respectively.

Conclusions

The conclusion that must be drawn from the data available is that water stress leads to the process
of plant response to stress and changes the expression of genes involved in the biosynthesis

pathway of the active substance carvacrol.
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5 2l 5 5000 eaen 5 05 of 4 barpe g ioxie jl ooliil b 5y 4y bgyye Jgearme iS5

Coy g

oty 5 Lalyd 4y e (S5 35 Ll )3 oy ol (SBS A5 o b o 5 LS gy ol gl

Odan Ao 250l 5 gl laciod Jold (g sl sSge (¥ Jga2) (9<0.001) wl o (I3 ()l sine
AHan Sy ool A5 S sle sl 15 bt g 03> )13 3b o ], dilisee (lacySgn Sl Wl e Jglone
s sl JsSge e (il e 4y g 01 )85 52,50l g s 5 g o SESemy o Cl > ol 4
cos 3 1y w3l (g ogdedr 298 oo (Sl oyl Cannlo s jl a3 g a8l (I3l acnig p (6)luk a9l
Sl om0 39,5 JIed jglate a3 0ad D LV 4y ol s 398 oo byl Hl3 b gylub el im and o yl)3 80
ks s oS wob glas Rai et al. (2004) .(Baher et al. 2002) aas o (yiol381 1) 553 gy oyl (i 4 oo
e ol p  Sud w5 cov e il s 0 OCimum tenuiflorum L. j» Sy ooy (slgome ial3él el

Gle oimek ol (Abdalla & El-Khoshiban 2007; Baher et al. 2002) el ssi ()55 (ilgy 9 ol )3 cgod

2 5 (8) ol o 5 S Ol s (Slsizme e gy e (55 03101 1 09Me ol 5> i slol Sl bl

! Conserved sequences
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3 Ol s (Slgime 4S5 samlie o (Sadeghian et al. 2015) s ,5 1,3 ¢, Sojlul 5)90 de 30 cud )b o )d Ve o
8l b Ol 3guaS (Y Jgio) a0 i3 (0<0.001) zals o)l gime yobas Sy balyd a Canns (St 3 i byl s
Pirzad ) 55,5 oo (Sdglio g (So5elgrpud Slyuasd Sy g Ady b dgazme el oS (i balyd cod alS clacdl

(et al. 2011; Hassanpour et al. 2014

#5819 3l yols (8102 GBSy Sl o 3 b o3l o joul s (Sha9 ) Jo
Table 1. Characteristics of the used primers in Real time PCR reaction

(0-¥) cuis 55 (0¥ ) ca, 55K o5 eb
Reverse primer (5°-3") Forward primer (5°-3") Gene hame
TCTTCTCCCTGTTGGCCTTA GATCTGGCACCACACCTTCT A’;ln
TTCAGGTATCTCTCTATGTCGG ~ ATCTCAGCCGTTCTTCTTCC s 2aud 52 o3

Geranyl di phosphate synthase

AGGGTGGTGGTTGATGATGT AAGAGCAAGCTGTGGAGGAT . PlouSyyied 5o

Limonene 6-hydroxylase
TCCAGTAAGAGGGAGATCC GAGGGAAGGCGAAAACACAC e

Terpene synthase

Soals (glo i WiiSTy Jalpo pd o 83wl glod 8 Y Joan
Table 2. Thermal cycling conditions used for PCR

Time 4b; Temperature s Step s 4o
2 433> 95 51,5 il Aol i puolg
2 minutes 95°c Initial Denaturation
30 a5t 95 51,5 ke byl
30 seconds 95° Denaturation
30 4k 63 5,5 b Jiail
30 seconds 63°c Annealing
1.5 aids 72 31,5 ol b
1.5 minutes 72°c Extension
10 aaés 72 51,5 sle ol b
10 minutes 72°%¢ Final Extension

28STRINA =
I8STRNA s

Figure 2. RNA samples in 1 Percent agarose gel electrophoresis before DNase treatment
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Table 3. T test results for relative water content and proline under control and
drought stress

Relative water content o1 g (glgioe Proline content gy o350
4161 36.76 £ e
t Stat
2.40E-19 2.18E-18 ool gl
P-value

Yogd (goxia jl odlisel b liide o)) ol Sl (gwy j) S8 raddllae 3,90 S GG (89, (SWiS IS I
laylages (V7 JSB) 85 )18 (2biyl )90 (0 32 4 bgrpe Jparme g iS5 50 0ad 2Lk lajely cono i
Cuody I ol gols .m0 (L jlaise o Jlg5 2S5 cua ]y odd ( 2Lk sbayelyy (2l Iy (392 Lad o5 9 Conoliaid]
oyt MolS” ol sty gd gl sizmio j) 28Ty bl )3 a5 led ol b 8,5 sl NCBI oISyl 55 &S o yoylyy clod
2 o5e 55 ol 45 0 Gl S8 bl 4 Cod (SuiS A05 baylpd o Sl lind (0 S 0 ol dwelie il
b oo (F Jgis) 8.32 E-11 Jolee P<0.001 L ls sme iol33l polpy Yo/VY SIS L5 baslps
9 it ST & Fwly )3 g 09 o 4 dgi gl Fiawge 0 ol 0 Gl 4 sl Clind (63 Jilh] o
5 oWl g AF Jlow > 48,5 &y9 0 slaings (Bouvier et al. 2000) sgs o W S_is o5 dle ()
Gk (s 3tk Slind (63 S5 slags ol & 3903 ST sl Sl Jlogs s linlu olS g5, o Ken
Elyasi et al. ) sub o (i3] 6yls sxe yobas olS ol (oS y3 dasl Sl Yo il v sl o el b
@ S ) Mo S0 igad 07 ol (45550 Syl a0 2 ¥e) (K3 AT AT 08 pastiis po b s (2015
Ol a2 (Sid 15 b ladlbs > 0bion (F Jgiz) P<O.001 L o gine (ial33l ply /N8 JyiS buly 5
Frioge yrms 33 (48 )30 Cadyls 403 YD 9B 5 VO) (SiS (i5 ilises ol s 5> (LIMN) M 8g)0m iged
Lbe Rl 05 oal Ol e (Stid A5 (ljee (Rl L AS asuiie 5 €8)S S8 () 9)50 (Sl L olS )3 Jgd
olS 13 JoyS19yl8 (s 3mwgn s )3 1550 sl by oled slayles 1 K05 sas > (Rahimi et al. 2017a)
G (Bl gl oS 50 S g)am (iged 0 ol oy g Lo)S i v &S ol Lt gl S (g2 (£ pdasl
5, (Mohammadi et al. 2020) 54 Loy jlows 51 i doyS Lty 13 by il oliee 4o 310l o il g il
Il a5l 0590 odle (g 5im gu yuams (Juo| )5 i )5 &y MeNtha arvensis L. olS cq, 5 (5,505 uivs

Sy Jlesd v ST, ogtte 5 jline Glhgdgiie GLSh) (g Mg ben T (iged Gl (gedd i Clind (63

I Melt curve
A
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lawdd Jily; o5 4w a5 o las Real Time PCR a5 oS oo 5 4jos zols b8 513 gy JI g duw!
BB s it olS ol 13 0590 03le Mg gl Jolpe )3 (ol ()] dw &5 Sl (iged 5 jenS gy =T (pged 5 jlii
IS bulys 4 s (Siid (i s o ki py of ole awalis (Bose et al. 2013) cus | o3l &) (glalan Mo
st mgs 3 b o (F Jon) P<O.001 Ll sme (yiol38l plp VWAY (S (i balyd (5 j683e o5 olo a7 ol o)lis
2§ bliae Sl (658 (15 Bl ) ()f cnl & o i gypd B B Bl ot gl oS 53 Sl w05 ol B
2 S o5 plsisa ajliw o5 (Hosseini et al. 2016) cus | aus s 555 by 55 Sad Yoo (Lo V0« Ve e zolaw
2 bl (n)5 olie &5 A5 jasuie 485 Ojgo Giagh )3 bl (Solite Gl Sl & An by Fgige S g
Karunanithi et al. 2020; Zhou ) cusl &l (il58 gle cé 3 5 oy)lgye o) Wile SalS o (Sis (i bylys

(etal. 2020

OSTG (5 3l Clid (63 Juily5 (@ M g0 crigod (& jliw op o3 (T 0gd (doxio Y S5
Figure 3. The melt curve of a) terpene synthase, b) limonene hydroxylase, ¢) geranyl
diphosphate synthase, d) Beta actin

Sl Oliand (65 1,5 (& Y908 (rigod (0 Wk o335 (1 THESt (ygojl gl £ oo
Table 4. T test results for the studied genes terpene synthase (tps), limonene hydroxylase
(Ih), geranyl diphosphate synthase(gpps)

[N YS9 5002 g0n) tps sl cpy gpps b liwd 6> Jily; Gene ;
5.57115 13.58934 8.88018 e
t Stat
2.21E-06 3.61E-16 8.32E-11 Juod ol
P-value
Y Y
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®
s
g
g Torpane Synthase Gerary Diphoapate Syrithane \reoserw Hptronyiase
]
K]
<
z
4
£
e
) =
= !‘( ]
] -

[ 3YeanS gy (igond (@ jWhawr iyt 5 (o 3w rlbandd (63 Il y5(1 S5 sl (895 2 (Sl 35 1€ JSCud
(SE) slome (sl aaiad s s (sl ylgi il o losi 3 3 0y (ol )3 s (ol we 03BIUES Y j9%0
..

Figure 4. The effect of drought stress on the expression levels of geranyl diphosphate
synthase (a), terpene synthase (b), limonene hydroxylase (c). Y-axis shows fold change of
gene expression. Error bars represent standard error (SE)

& dhr 0jp0 olS ()3l o o @bl Il oS 5 Lulpd ) gy i Lol e o8 0l i G ol ol

b el ol i Lo )85k T oMol gy S A5 LS )3 Ui & oo ) Kal) y yiodes D9 s g ixe i Lyl
bulyd > ias (o s GBS ¢y o2 Joigi Vb laclale ) (g oS atan (e sl LS 5 o8 J39e 09
4y ol Jolo Bty ol cdb o) & b o (il oo (S5om | ue sy Jgloxe dlge o6 4 )3 g (oS 25
g b S o KaS ol &) dneSaliil g ans Myginns Slolad g pous] Ly yua3 b oS o KS el 5 el Lo
Olgn lyioee g cale Gl il plosl 4y olS Sl Jsb 1o 1) o sans | megen 5 9 Siias 588 b 0)9> Bl (550018
Ok 5L A 0550 oLS )3 (giow ] i ) diel ] opl Jleis] i oaimd L cow] See oS i lyd cos
e e e bl e L oy ol liwe cdmd o s (2STy (IS (85 4 o ol e 3 (LS e A5le s 05y
Ol sply s iz dliws g & Bisd 0 olS (53l Caloiyd g I 4 Cunnd o5 G 4 oo & eyl 3 S 0
Judps by ol Jb ol Wl o o e | (25 b Lo po (sl y] Ol el ojn o ol (08 Ju ol W39 (g0 (ol
oS CES don g g 9o Jlosl Lilisn JsSge (Sl dls gy ¢35 Gl waa 03 Bl jladl b s
s SIS ST Ol (Rl A 00 a8 40l ey 3y90 0] e e 5D lodes whes (pagis) o ) el
O 5 bl Cunl Bl oS ol il (il aiej 5 & Cunl Jelge Sl o Siis bulyd cod JgSTo) s g
csls (peltzer et al. 2007) wS' o cbsblbre b i 5 il Slodo ply y3 olS 5 ol ST 5 lgisas Jg,S1g,8

Wl dibo oy Sgulin o digo )3 45 () 5 Cul )58 0 ool Cumnl I Ol 39008 &y (25> LS glite sl 25T

A%
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2 sopde blud 0 lgn Wl 0,8 oy 0550 edle Ll il gl cuslio (5,805 a5 ol e il syl 5l e e 15 0
DS ookl 64350 odlo islial (gl oyl ol 5l olS Wiy 5l alads
4 5398 0 e M 050 0bS )3 J5)STo)lS (sitiman prue o] ol pdaw (il 4y (SIS e 38 g5 AT
S 5 e o3l lillas )3 el p3Y andl el mualsi |y Jolow 3 Jo 515,18 0850 ool len il Vheis! (] &5
Lol b 395 (oo s £5:5 90 ) 295 adlllas lagj ol i b ool bl 5 355 (5 pSell i a3 cul baw 58 g5
b olaS 5 5l VL lie sl &8 st 050 slaailg Ay polate 4y (S5) glog)lSw > Capnr S lo] (gdin

Wlagh oyleis) Jlo Coles 350 jloal o)l yex g 5 ol& b L 155 kg ol 18y 3w L

sl a5 )5 (SCU.AAD9.37199

&

S e I35 Gl ole 5N (o (ITAY) 3B (£)36 1500 ote el e oz (gm0 ¢l (ol
oS 2ol § Sz55 Slados ol g, ol > Sl sl Jlosi 3l cov by 5g )5 g by igige
AEFWE (VIVY ool pl Kis 5 2550

P loyw G5 oS S Swsn s SIS ST (s Ol 2 (VTAF) 258 (2518 sl (6538 adgSlS o
aolilad . 8ly oloj ;5 PCR ;I eslizl L (Thymus vulgaris cv. Varico 3°) (¥eso)ly o8y £ cpiugl olS
Be=0A (W)F ¢ o)y lals

ol (Seigdsied —g8ye Clav g (olendgnd Clynss (WAB) 1083y (508 wlsd (25 (3olo 33 (Sguwge s (s
STV (PN (o) kS aeldad . g )90 5 o (Thymus vulgaris cv. Varico 3°) e cuisgl o)
Yy

p5 > MYB sla 5 ol oSl () 2 (VWA )0 5« Sadgn o3lile (L )00me (585 csipe (22
pole . oS RT-PCR | Kal, jl oslitw | b Loy g (595 SdeolisS (a5 ¢ cs (Triticum aestivum L.)
FOERES (V)Y oyl sl olalS

Ikt o ol LS ) 45l lacdplie Sl 3 Jaxe (sl it 8t (WAY) o sion)] (Lo
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A=Y )WY alS aJgs slayiags (Keshkeni luvelou) (o) of oSS 13))

Foager yome S0 5 (S ol g glio  bod S1L(TAR) s olB JLoj lg> Lol plige Saie dl Jg (sdoe
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«$5y9iS (659995 gm alme REAI TiME PCR 1 oslizl b o]y S)S 32 » ESRL 55 olo (VAQ) L jaese (o3blsee
AVY=NAY (V)Y

S559SIan dloxe . > BMP15 5 el Laisee MRNA Sl Lgy (WA2) desee oMb (Lo ytamen (5Ll tonce
NOV=Y A (FPY (55 pobicS
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