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Expression analysis of genes involed in steviol glycosides
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(Mohamed et al. 2011) LS o 3w s pons

® Kaurenoic acid hydroxylase
® Steviolmonoside

" Steviolbioside

8 Stevioside

° Rebaudiosides

doddo

OlalS 5l S Stevia rebaudiana Bertoni ole U L L sl
05 o3s 0l aS exs Asteraceae ol gl 4 Glae & ks
33 g SES (G s S da 5 (S et S (Sla) 2S5 (ol
s bgal WS, (Gupta Sharma and Saxena 2015)
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ol = s Kgls Gl s s 8 Sl 5 gl mbe
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ol il ot w0l eld i S s (Mo
Jolo 8 ol s 6 SIS Sl e oS
Cacciola et al. 2011; Savita et al. ) Lxws olS pl o ol 030
Sl Olgea bl oS 53 T gt (slady 5SS (2004
S aKiy 5 0 5LES uls (Bl Ol 6l 5oL sl
Goyal and Goyal ) Wi e eslizel Jls sl Siwy
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53 3 ele e e (ST 8 Sla i 035 (e
Al Wl ez cpmor o8 rls 5o e DY s
oslizal 3550 LT 5 adl 3 e aslosl glay 525 51 (ol

.(Tadhani et al. 2007) 5 .5 . )| 3
e e Gk 51 OLLS s sl a3 SST
& Jssse 53 5 38T bzl 5o (MEP) "olis U5 %)
G0 3 Ses 5 S5y Oliizs 5l o3l 2ls d e plasl
Llos S 0sls 5 plebs | oled Jgm nsl kee e
Olind Jsu sl Jse e > (Brandle and Telmer 2007)
10 (b sl G5 sSS a5 s o 4 pseisn
o o 4 Sl (g3 Lzmusnl OF 55 S Wsd o Wy a1
S S b el 5> Slids s W e 3
L F el S, 515 O gl sl 5 eloml 5 ST (sla 28T
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! Diterpene glycosides

2 Steviol Glycoside

® Methyl erythritol-4-phosphate
* Kaurenoic acid
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TNy T IR VSR P I SNV K QNI
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e oslas 5 Sen o B il bos O3S 5 oS
Vasconsuelo and Boland ) il ses 5 ©LS 5 51 slas sazes
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Accession Length of PCR
number produc

b S56T Jis o5

Primer sequence Gene

F: 5 CAGAGAAGATTACAGAAGAACA 3’

AY364317 A

(22 mer)
KO

R: 5" TGGAATTATAGGAACTGGACTA 3'

(22 mer)

F: 5 CAATGGCTACAACTGAGAAG 3’

AY345978 AAL

(20 mer)
UGT85C2

R: 5" ACGAAGGTTATCTGGAGTC 3'

(19 mer)

F:5 CTTGGTCTCAGATGTTGTT 3’

AY345982 AR

(19 mer)

UGT74G1

R:5"CCACTCTATTACCTCTTCCT 3’

(20 mer)

F: 5 GTTATGGTGGATGAAGAAG 3’

(19 mer)

AY345974 Ny

UGT76G1

R: 5> GAGACTCTAATGATTCGTAAG 3’

(21 mer)

F: 5" CTGCTGTAACAAGATGGAT 3’

AY157315.1 an

(19 mer)

EL

R: 5" CCGACCTTCTTCAAGTATG 3’

(19 mer)

F: 5" GAAGCGTTATCATCATCTACTC 3’

(22 mer) LS

AF548026 VA

R: 5" GACCATTCCAGTTCCATTG 3’

B-actin
(19 mer)
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s olizul gite J,mS ol Ol |, asie 05 Ol oS
L mlin sl ss il & 3,50 35 1, S gt
SS9 25 OLeSe 53 (g L ped &S Gl (s 2
sl S5 5SIS i s e G805 (g 55 655010
05 5l sal ezt SLCT & 4z 55 L ilses sl szl o
b gaslr Lo 55 slite WOl asloes 5 Gda O =
geen Slrodias 35 Olged jese ojlae 5 O3S 5 S
ol b (Zeneli et al. 2006) Llodds atlis Lads g 5 oo 5
Oz » Oseu58 558 Ol e @ sl cpl Sl plS 8 28 S s
Sl Wl e J g sl Glad 5558 s 53 858 gle0)

sk
Y 5l olaS chle (a5l L aS U sdalie Guds ol 5o
S SIS W5 e S0S Ol 2 2 2 e S ke A
Ly D58 A6t f ot Al Ll oS s s ol
Oly ol sl &S5 1) e S Jefr Y0 Glachle o
VE 5N g el Ll 4 Coed & 45 UGT85C2
Ol o Subssme S (V ISK25) cils il Ao s
A3 e 0L U el (slads 3558 oLl Ol 5 UGTB5C2
e Jpsiel 41 C-13 75,08 S o5 UGTS5C2 5l &5
OLd sgdoee ol LS e Bl Llasise Jg sl LS
S 35S s s s b 52 DS o SIS s s
Yo OlysS owores (Mohamed et al. 2011) 55 o J gy 52!
0) UGT76GL 15 Oly Llssne Siulidl sl 1) 5 o S s
ars bog SeS UGTBOCZ 05 Oly Cod 4 45 A (oo
s 4al3l OAE AS el UGT85C2 05 ole il 331 &S ol &
sLds Ol el osde Jpgel bS8 Ay
Ll g UGTB5C2 Ol o 4 UGTT6GL 5 UGT74G1
SalS Esl Ol clale il sk 5l sl ax g LB

SAeS S A Sl G 5o aslllas 555 A0S aea O

2 C-13-glucose

- WAV (Ll Y 0o /o0 s 093 (3t 95 <SS

» UGT74G1 UGT85C2 KO  ola=! sla ool n 1k
House-) o 03 Olsew EL' &5 o 5 UGT76G1
s AllelelD 7 sbalsle s 51 eslaal L (keeping gene
b 5 o p emer 23S &5 PrimerPriemier 5
T gl S eslizal L b el
RIS ¢lxs! OligoAnalyzer 3.1

L s 05 Ol Sl skien w5 e SlalS ST
X oS el ISy, bl Real time PCR st
HOT FIREPoI® EvaGreen® gPCR Mix Plus (no ROX)
S esd .23 S 5o (52l Solis BioDyne &s )
i il S S o310l alew 545 Real time PCR 5 s
Sheslizwl L (Eva Green) S5, Jluasl a3y b
A3 ¢l (RG-6000 Corbett Research) N

el b e 5 GBla sla0) 55 6l Sl wely
435 10 Dl 4 ax > 40 ls 5 LS, Real time PCR
@ a3 80 o S £0 dbij sl ledls Cg
Yo Ode a4 a0 OF (Ol S uly Hskae 4 4l Y Ol
Yo ode @ ey VY lg s s b S5l Jlall g 43l
e 05 A sl solaml Sy ap 04 sk g &L
g PCR o (gl STy OLL L5 >3 44 B 0v 5l oogd
¥ G a gl el sy (ST O3 ol Lasis
bgas &S s oy (Sidem IS Y 5 SIS
s 2SS STy el ) ey 3 00 S5 zeS ol ooyl
5 (Threshold cycle) Ct ) s50a e laesls qRT-PCR
Al e 05 L Gas gbaly Sl s sl oK
oLt DL J S Gladsed & o 5 d s3ledle s 6 5el

Livak and Schmittgen ) .3 oo y-AAcT

o0 ol
5l eslizal L QRT-PCR =5 5l Jol= (slassls 3JUT (2001

Aol Couses GENEX 5 ) 3lp
A plol LSS YL sl JalS Sk - b o pen il
5 SAS (bl Sl Y w5l eslizal b Sl v lis

A bl Ao 53 0 Jlal e s (glaals Lo O3l

! Elongation Factor
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(2012) s

Kumar et al. 5L S il bgal olS sy

sl Caslas

Sl el S sy A e S e A clalE 4 by e Ol
Loys YV/0 dals Jlas 4 o 45 A3 KO 03 Ol ls_sna
UGT74G1 UGTB5C2 sladj Ol corpes 315 0L j2alS
Gl pme S 1) e S Jw Av cllE o5 UGTT6GL
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3 oS Kl (B ga S S ol Sl oilms ol
4l ObS 5 Ol SRl Sob al glackle 55 Ol S
Cel Oy S &S WS 55058 Naderi et al. (2014) 55
S5 o) S (Sosba AL Ol oS s PAL 03 Oy il
Fage Rl el W el K Olgea Xlg e

Negative control
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SRIBl imea s Gl oS el 53 ey S
S &S s Ol s ladle s sl 55 el su 5 Ol
Zeneli et al. ) coslods 55155 Lag Slgenls o LU
slebkle 5 W5 5 ol Peynevandi et al. (2014) .(2006
LSS e O e Col Slgenls b 0l
SEFE 05 O SRl el S osbe A g s
saia piomen i KO 03 Sl iy Olge 4 3aS 55
5 MmOl Rl Zel Slpenls e &S L3S
G SIS e ol S5 53 Ol A e
Soge Dldod 4 a5 LSl sl gl oS s J
e & Slganls fe ol slackhle « A asie b 8
Ol Rl ameS 55 5 KO 05 Sl iy Ol e KAH O 04
S Olgsa KO syl 4 a5 b wizmen .S o SaS 0
s b Ol e il S e S fes sl
oo i o s 53 bl J sl sl 5SS
el Sas 0T Ol 1531 (Humphrey et al. 2006) s % o
Sb s ek sl Glad 5SS Al L sl sl
S (Kumar et al. 2012) das ,ux 50 1) baod e Ol 505
235 Ol ol .l wlie Lucho et al. (2018) liviss L
lizal 5,50 Ol 5 Chle il Slsesls e S
Glady 3 5SS e glals by 2alS b bl Cel Wil g
s eals OLES 5 S a3 4 353 Ll ol s g sl
L2 KO 0 oly Sl el ol chle s jpndl il &
5 UGTT4GL WUGT85C2 ladi ol < Sose 3
Ole 53 Sl el opl s o awils ials UGT76GL
Hajihameshi et (2013) .5 S Olge oo oo s s8OS
Col ol @ dul K &8 s S Olge Jlags o al
Gbais ol ol S I s s KO 03 Ol il
© a5 L &S o3l UGT76G1 5 UGT74G1 UGT85C2
SIS e 05 Oyt 6T il S &S
Cel KO 05 & 55 suiim Ol o Sl il Jg g2l

Mﬁdﬁi;\i}cﬂlamu&ﬁ” o Jbo

! Ccatharanthus roseus
2 KAH-13

- WAV (Ll Y 0o /o0 s 093 (3t 95 <SS

Gt s 03,5 b L 013528 45 5 &) 5o Slilllas il
5> Ll (Howlett 2006) 55 o 05 Ol [2al 58l Gl (6 52 5
5550 sles 5 O Clale (5181t o 5w sl Gudo
Oy hals Col 5 wily WSl 0Ll 5y 2 LLS
Chle (bl cdedd J g sl Gl 5SS e slal]
oo s sl S Ol WS ) e Sk T
55 UGT76G1 5 UGTB5C2 slads ol il 3l sl 5 03,5
058 4 81 As el G SIS Gt e
Sl okibe SLabil s, (g5, O3S Jos S50l
I S 01358 Ylz=| Jl= .l L (Cheng et al. 2006)
5y 5 S o Wl e Sle LS Sla0sas 58 5o S
Foe g & b e SIS sl s pany 5 1 olS e
Aoz SRl Obgn S 4 bl e Gk S eS]
s 0 O ialS cplpls (Cheng et al. 2006)
Llg o WS Vb glachle cou Jy gl glad 3 ,SUS
dngpd g g ol pes oo per e 05 0Ly I L
53 Al anils g gl Glady 558U e o 1y eilssl 2R
W5 s DA 3 Sl OsS Chl SR S
G035 Ol Jlsome SRl am 53 5 Il sladySS
05 ol ials Cy,@yudﬁsxﬁ‘«s@uu,;,;
el chle b sl e e 0L OlyeS chle A1l L
L oS o3 S oo L) oiS oo 05058 Sy Kile 4 O35S
LUl sl L SIS U5 e a0y Ol W

25 5 elS 45l slacd sl I sl
U S ol 2 e S Vo Slpelr e Slas
el Ao W dals s Cas 4 & us KO 05 Ol
ek Yoo chle co UGTB5C2 0 Oly cpirps . udls
Sogbar ols 0L (ls gne (31 58 DUsanlr Je 1) 2
(F US8) sls 0l il doys 0 dals ey & o oS
Oy Slsels e b b oadaly 5o il glatassy
Sl sl oS el w55 ol MEP e 5 iS55 (sba0)
»> Goklany et al. (2009) .culedd 05 Ol Jials L
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oooS Kumar et al. (2012) il J g sl slads 5 SIS
33 0 yspn b S Ol Al S Sl S W5 S
dald led 4 Cod &S (gy5ba il KO 05 Ok )5
i S WS Ol ppmes ol 0L s e il
Fese 03 S0 O Ol sl cel Slsenls
Jhsl ol @ ar s b o Calodtd I sl (slay 3 SIS
4 Sl Dosen HSA GRS 5 Slsenlr fe led
w3l Ol il s 6,8l Yol el o el Y ook
KO 05 0l S b ilsl ai S oy s Slidos b ol
UGT85C2 (slais Oy ials b Jilssl 3 esites SU
S 35 miim Ulge s 3y UGT76GL 5 UGT74G1
Clsle tn 53 Slan Gl KO 05 Ol 3 ool
sshe BOT Ol amd 53 5 Jpsiel slad; S
Ols 2als 50 Gaass cpl > ol ols .(Humphrey et al. 2006)
oo md e S ke A5t glackle s KO 03
ot Cel 5o 1y Ko ol Ol il (b senl>
Sl el A Soke £ chle s e olas
oo 4 45 A3 UGT76GL 5 UGTB5C2 (slad Ol s s
OF Hals 0L Oly ulsdl A s 0 9 VY Cud S dals Hles
Gl gmn U jass ojlas chle ¥ s o 5 UGT74G1
(2011) (v JSKa) ol Ol s 3 aals jlag a4 S
Olgsas UGTB5C2 05 S L5 S 5,055 Mohamed et al.
UGT76GL 5 UGT74GL slajl,inils b3sS58 sl i
LS Lol J g gl Sbady 555008 sz 53 |y ST A8 Wl
soj Ok UGTB5C2 Ol [l & s S Oly e
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