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ABSTRACT
Diosgenin is one of the most important medicinal compounds in the world; however, little information is
available on the biosynthetic pathway of this valuable metabolite in fenugreek. Given the importance of
increasing the production of diosgenin, the application of various stimulants to enhance its production
might be an interesting research topic. The aim of this study was to increase the expression of some genes
involved in the biosynthesis pathway of diosgenin in fenugreek plants treated with salinity stress and
different levels of melatonin. Treatments in this experiment included different salinity levels (0, 150 and
300 mM), different levels of melatonin (0, 30, 60 and 90 ppm) and a combination of different levels of

salinity and melatonin. The expression of Cycloartenol synthase 26-0-Beta glucosidase ,C4-demethylase

in 150 mM and 60 ppm melatonin salinity treatments increased 7, 5 and 4 times compared to the control
treatment (no melatonin application and salinity stress), respectively. The expression of C22-hydroxylase
and A7-reductase genes was less affected by all experimental treatments. Overall, the results of the
present study showed that the application of melatonin in fenugreek under salinity stress substantially
increases the expression of genes involved in the biosynthesis pathway of diosgenin as a suitable
functional stimulus. The results of this research could be used in the pathway engineering of this valuable
medicinal metabolite.
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Figure 1. Schematic image of the diosgen biosynthesis pathway and some genes involved in this pathway
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Table 1. The primers used in this study and their characteristics

Primer Sequence ) 3’ - 5( . Anneling
Name Forward Reverse Product size (bp) (C°) temperature
ATGGAACACAAGGGTT  ACTGCCTACAATGCTTCTG
C4-demethylase TTCGGT CTCA 210 61
CTATGGGGTGACGATG  TGCTATTGCCATCTTTGCTT
C22-hydroxylase CTAAGATG CCA 230 61
A7 reduct TTGACCGAGCGAAAAG GCACCAAGTGAAGGATTC 290 60
recuctase GGATGA CAGAC
. TGGCATTGATGAGTTCA CACTGTATAACCTGCTGCC
26-0-Beta glucosidase ACGATCC CA 230 60
Cvcloartenol svnthase AAGAGAGATCCAACAC TACATGACGACGGTATTCT 180 60
y Y CACTGC cce
TATGTTTGTTGTTGGTGTC
ATGTTAAATGATGCAG
GAPDH (Refrence) CCCTTCCACCTCTC AACGAGCAAéCGAATACAA 230 61
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Table 2. The compounds used in real-time PCR reaction

Materials Volumes (pl) Concentration
Nuclease Free Water 3 -
cDNA 1 50ngul*
Forward Primer 0.5 10 pmolul*
Reverse Primer 0.5 10 pmolul*
SYBR®Green PCR Master Mix 5 2X
Total 10 -
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Table 3 .Variance analysis of the effects of different levels of salinity and melatonin on the expression of
the genes investigaed in this study

Sources of variance Df MS
CAS C22-hydroxylase A7- reductase BGL C4-demethylase
Salinity 2 8.54 ** 0.05 ** 0.29 ** 2.53** 5.13 **
Melatonin 3 8.98 ** 0.49 ** 0.12 *=* 10.61** 8.58 **
Salinity*Melatonin 6 7.18 ** 0.19 ** 0.13 ** 2.76** 0.83 **
Error 24 0.03 0.0007 0.002 0.026 0.02
CV (%) 8.37 4.21 5.83 6 6.32

G Cnl 3 oad gy sl s Sl 2 igdle 5 (550 Alie poban Lol ST 0l annlie -F 5o
Table 4. Mean comparison of the main effects of different levels of salinity and melatonin on the
expression of the genes investigated in this study

Treatments CAS C22-hydroxylase A7- reductase BGL C4-demethylase
Salinity
0mM 1.67c 0.65b 096 a 2.26a 1.85¢c
150 mM 3.23a 0.67 a 0.73b 2.96b 2.58b
300 mM 1.88b 054c 0.66 ¢ 3.13¢c 315a
Melatonin

0 ppm 1.3d 0.69b 0.82h 215¢ 1.74c
30 ppm 2.25b 0.31d 0.65d 28b 2.13b
60 ppm 3.64a 0.87a 0.73¢ 430a 395a
90 pmm 184c 0.61c 0.93a 1.9d 2.28b
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*Means with the same letters in the same columns are not significantly different.

997 Ol D20l 4 Gegdle YopPM b S 5
Sl o 1) el o yiin (3 crl S I 50 e
O YopPM L oS 5 5 Vgaidlea V0- (559
ol plaisl ses a

AT7- reductase @yj yalas

cos C22-hydroxylase 5 alice 58 o5 ol ol
oled iz 0 09 o el slajles b
05 ol el mals a4 e cdalel layles
ol was sels Lyl

C22-hydroxylase (yj yalas
Sbyles den ;o 03 Gpl el (e ggezme o
Gl ol 0 )5 Cide o 09 el bs)
byl (oled jo g b S g 5)e
G S 05 ol e el 4 e ioles]
Las C22-hydroxylase 5 ,elas o sels les
Feppm b oS5 5 Yge ko VO (5505 Lo 5o
J58) il Gl wels Jles 4y Ced gl
9 Ysaiskeo Voo (6500 slad jo ()5 (nl ,ellas (VB



Y$ VEe e ol oF 8,Lad DY 890 o)lnl el,; LS psle

S8l mlBl ple O g koo sald Jles
O 50 05 ol el gl 5L (VC S
Foppm Ggidle b o) Yoo b Yoo (55
Yoo V0. 5l gyed s Gud mlidl s e
Sygeds (FrPPM Gugdle L olew) Yeo le
3 S oy ool el Gl 4 e (6)lo e
U e wall 4 cos o ol el cids
ol s )lsgime g0t ciulesl sla e (alos
el

Jeo slagy sl (S p ol by (egs cnl 5o
o bl Cod peizagls S e o
Glize zohw booad Jlag GbLS 0 690
0 Pl ol G )0 D ) n gl
5 Yook 100 598 A5 Llyh cos CAS
i wall jled 4 Cad £oPPM yigidle b e
Sgps a5 o 51 OA JSE) col bl il
Sl (9% 4 g e (2l 53 (05l Slled
lie @51 4y o o] oaldl gl sl oa
Se @bl tusg ot 5 69t A
sy GRlBl Glp el o8 S e
ol Slelgl @ azgi b el alldid o gl
Gl e 51203 5 O Rloled o (S55sm e
Sulplie So plgieds Geizmugls (owdign )3 e
on S S e i Sl saedy )l jles
@loled Geimmanls Fws e slog) 5l
gy nl 2l Glime G alal) 5 wad 3lalaz
Some b bl 0395 & )3 (rimwnls gt g
s 31 (5 glod g b (o) Dslie Gizmagls
o all o allad s el s
.(Mohammadi et al., 2019)

oyled e S Coxdse ;0 GgwlinST al> o an
sbiieds Jg,iedS lsls jo C26 4 C16 (C22
G980 Soiml OleS S @ Jopls o
C26- 4 C22-hydroxylase (slacys .ail oo
O e alise ol Db oo iay hydroxylase
JsydS (OH 05,5 oyads adlol)  smalipnsT
S ly %8 Sole 4 (Eich, 2008) wgd oo

90 ) (5,ed S il e (C22-hydroxylase
Sald Lulpd a4y Cund Guigde 98 (350 5 (aw
Sl 5o 05 crl S (e oYL 8L Rals
Olyee 42 2+PPM - igidle o Voo oo Yoo (590
“omb (YA ) ol aud wals [leg ol VY
V0 6)ed Jles 5o 5550 o el (e (5

5 oaalive Ve ppM  (rigidle b oS 5 9 Y ga s
26-0-Beta glucosidase (BGL) y5 yolas

09N 9 Syt 5 St ceu (BOL) (o els
Oygody dold Ll a4 Ced Guigdle 08
30 05 o) el pumen a8l iuli8l gyl sse
Sl b By 5 (6558 G5 39 aels Ll
gl 53) pln FIO Gliee a2 (igidle alidee olan

Ol Rl o iy 28l il (edgidle £+ ppM
bS5 5 ) ¥seishe 100 o0 A5 Sled 5o 0
4 o 2l g Oliee 4 Gl 70 PPM o
Oede iz Folaw 0, 5 0l ol wals Lyl h
Sygod b Ygedee Yoo 6o 25 L oolen
4 Samd 0 ol el Gl a4 e (g ls S
as ol plas s (YB o) ab vl Layls
Wi zshaw boolen g)eh 25 bline ol 3
05 ol AU clie S e S lyeds (gl
Sh)ss Gad Sad Gl boaes e il
Oliwe «(Foppm cdale )8) Voo Lo Yoo 4y VO
O il clde ol els of ool pells
cdile ol g (Ygaheo Yoo 4100 5D (5550
el 4 e (AeppM 4 £oppm 5h Sede
Hoadhee VO (5500 (i & Cumad 0 )l ol

C4-demethylase o5 yaUas

OB 5 ()90 5 il pslaw Jlite S
05l A Gl 50 ologae Gl 4 e
bolyd jo o5 ol ol 5 ol vals jles a4 Cod
(egdle g zshw b oo (5558 (25 (e
Oliee Geigmen 8l Rl s s & g0
G5 sk Yoo 5 V00 zshaw o 5 al el
4 S (dgidle 512 PPM mha b oS 5 5 (559



o gl g e 50 Lo lacys sl e el ioliEl ) Kes 5 (conal )l Y§Y

S o (YA JS5) 05 Sl Geigle 5 (5,95 G5
cos 1y of ol yellas (2017) Ciura et al. g.axs
Methyl ) Sl Jito 5 (15Kl oJsids 3t
lg] zls 20,5 ow,p ablos o (jasmonate
JoymedS ot @y cod o5 cnl ol oS ols lis
Yzl a5 ols plaizl ogz a1, gulidl i
JoyedS Fimgn jome )3 03 (rl G esims Lt
ol ) Jel mls bl ol bt .abl
~a Ylas! Billas pae opl aS oo Sleson §aiod
Slalass & o oy oogaly 58 Salis
Do s Slsen pae nl el il (S )
o @blis Baa b 1) iy Sligdes el
Sl a1y ol 5l g b Sl (o Fnslin g sl
Y R

S48 Bi> L (BGL) 26-0-Beta glucosidase
Jios GLb e 0 VP S Casdee o
Oeonld i Eel (uizenls 4 Jgnds
26-0-beta 5 ell (gdon Gy e ge
oSl (JgyiwdS Jlos 4w ;36 < glucosidase
2l Ghagh ol 500l (o) Slgeml> Jeie
Jlewd 4 &wl ,o 26-0-beta glucosidase ;
Gl Sygonr bjles ple & Cud Jo s
Ciura et al,, 2017; Ciura et al,, ) cél !5l
ol el a8 ol ol yol> e mls (2018
4 S Gdgidle alize golaw 00,5 L Bro
Feooppm mlaw j0) plp FIO s 4 cals Lyl s
it zohw 025 5 2l GmlBl (Gl
& g Yse ke Vo e (6590 25 L ol e (gDl
05 ool el Gl 4 e (gl pre Ojse
(VB JS8) 0 aals Ll & S

51 Jete 09,5 Bd> 4y ,>ie C4 demethylase o 31
Olidod 2gd oo Jyyul ail> )0 )l o)led ()8
oad bl GlalS 5o w3l (ol g9y 2 (Sl sl
- J>,o «(Lepesheva and Waterman, 2007) .|
g e phe Lol 5l S 03 ol &S
Ol gl (nl @l 2sd o Cgmne Guimanls
s Yoo 5 V00 zohau jo o5 cpl yallas aS ols

lanl ddawly o> oole lascds Jg mdS pizmasgsls
a\l#mfﬁ)%“ CYPT72A ob|3.§l."> QSL“QB Ja....;g_v
ool el (dss pl o S e Sl gl
Poppm 5 Yoo o VO (5558 Lo yo LS )
ISy dl mlil wals b 4 s igdle
Oid hgels aS ol lis egh SO mbs (VB
ool 4 e o Sawjomw 4o C22-hydroxylase
&S 9 Swdiml SlS 5 oliee 50 ey JB
C26- (0,5 Logels a5 I o ol valgs g s
395 Jeo  JyymlS  aezxs o hydroxylase
slayyy (eey SO o (Umemoto et al., 2016)
4, C26-hydroxylase 4 C22-hydroxylase
OB izt g (olulid (ejnm g (S5 9468
a5 0l asuie g (o, T o C16-hydroxylase
Las ISl Joymsl s )0 0F 4w
McAdam et al., ) scews (5,5, (Glycoalkaloid)
Fget e 33 oo slagy plE ow) p (2017
Jee 5 sl JainlS b co il
C22- sy ela as ol las Slgewl>
slowd & Cwwd C26-hydroxylase 5 hydroxylase
S wbee GRIBL G)losae ygotr (g yudS
Gxmser oo 5o 05 cnl G Sk Yoo

Ciuraetal., ) ol oo JgymdS 5,k 5l cpizwsals
(2017; Ciura et al., 2018

L A7-reductase 4 C4-demethylase glo;,; (i
o 50 RNA-seq 51 ol sleosls 5 oolaiul
Oemeld g by > a5 JoldS stsss
L A7-reductase o 31 .ol oo, ST 4wl
Q& e D7 Coxdae ;o allgn Wign K pinss
, (Ciura et al., 2017) 545 oo Jg S JoSCis
Soxdge ;0 alSge Wom HSS b ) cpl cdidis
Jo el jitwges 3l Al yo (31 i o5l ()8
S ol las ol s mbs S e UL
@alize Foaw 56 co A7-reductase 5 ,ells

I Cytochrome P450 monooxygenase 72



Y§y Ve Gl oF 8l DY 5,90 o)l pt el)y LS pole

selusl Lulpl ply o olS 51 els slaaw e Geigido 51 7 PPM mhans 5 (5595 25 )Y ge
clablre 698 GlonS] Bl SO lgreas (Jae b mali8l ol O1Y g lez o pa aall Jles a
5 J29)lS some Lai> o B3l 5l 5 WS (o & yee il el )3 @l l e GRS 4 4z L
(Dole and Wilkins, 1999) 58 o laadss,ls O 05 ol cmlin mul g Grimeegls adg oo
ol Fay 35 Gl Goyk 5l ol o A (Gaio (nl )0 esliiul 9550 S8 S e
51 (Sperming) (yue yol o (Spermiding) -y due yool 0055 (st 8l el WA (5 pl &S o,
oyl oSy slapy e S b (YC JS2) 93l rimosstl 5isges st
Owes 9l 9 (Arginine Decarboxylase) ;MwS'ss ,S's OS5 g Gegdhe &S ol plis ol gadsd il
&5 g (Ornitine Decarboxylase) M..Sg,Ss ol (g0 Sl looasS SO o lgicas (5,90
alauly 4 (y-butyric acid) aawl SO ,Se Y i mo oIl ) gl sy JBo sl
Ollbigl  soSyun sy ey Sysu g ael Glaasl clS S 5 e s
- sk 5 (Gelotamate Decarboxylase) ;M..Ss,Ss - ol gyed llis o (LS sleolaes S
&5 Liali8l g (Polyamine oxidase) jlocst yuel ol oo Lol BB aid Jlade ili8l L g o 8
slagy s il Gk 5l oy e G5 plp 50 oS Caaglie g gl SluS S
Proline ) sl &S 93,50 - gy 00uiS 3w Tavarini et al., 2008; Thomas, ) s¢i oo (5,50
5l Sgiel i 9l 9 (- 5-carboxylate synthase 206 b oisdle dox 31 Joal bS5 (2013
o5 ol mals  (Ornithine aminotransferase) T VRRRUIR GRS SN CETRPLE BN PR PR
Proline) — sUjgpaees  opdon  oauiSie Ol 5 Bogay00 5 el colled i (500358
A S Canglie iolidl 4 =i (Dehydrogenase Zheng et al., ) s o )3 b ocos 1) ws,
(Cao et al, 2016) ogi 0 (Gypd S ol 31 S8 oleeds igde (ia> o (2013
1.4 8 - N
1.2 i
b
1 41 61
8 E 54
2 0.8 Fry d @
5 i A | F ¢
5 06 pm e 9%
£ h :§I< B 3 4 <
% 041 2 2 2 ;
w7 . < B -
55 -
o4 -~ 2222 0 Ij -~ .
OpM 150uM 300uM OuM 150uM 300uM
Oppm| 30 | 60 | 90 Oppm 30 60 | 90 (Oppm 30 60 | 90 Oppm| 30 | 60 | 90 Oppm| 30 | 60 | 90 Oppm 30 | 60 | 90

(B 5 CAS (A lagys s (uigdle iz glacdalé 5 5550 (i alS 9 Ol (oSloe anglie =) S0
0S5 b a0 S Jloisl mhaw 4 g 5SSl g, b (g ls e OIS cilie g, Iy slaygnw C22-hydroxylase
Aloas Jloy aalis Jlass a4 o 272807 g ) a5 L Loy les  oled jallis o5l
Figure 1. Mean comparison of the reciprocal effectsof salinity and melatonin concentration on A) CAS
and B) C22-hydroxylase expression. Columns with the same letters are not significantly different based

on Duncan test at 1% of probability level. Expression of all treatments was normalized compared to
control based on 2-24¢T formula.
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