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The Relationship between Steviol Glycosides Accumulation and
Biosynthesis Genes Expression
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Abstract:In order to explore the relationship between the accumulation of steviol glycosides(SGs) and expres-
sion of SGs biosynthesis pathway genes, SGs content and composition in stevia leaves of different canopies of one
variety ( Xinfeng 3 ) and three varieties ( Shoutian 3 , Jiangtian3 , Puxing 1) were analyzed and the related genes expres-
sion were tested by real-time PCR. The results showed that the accumulation of total SGs was highest in the top leav-
es and lowest in the bottom leaves of Xinfeng 3. Among the eight tested genes, six of them had the highest expression
in the top leaves and had the lowest in the bottom leaves. The stevioside accumulation was highest in top leaves and
the expression of its catalytic enzyme encoding gene SrUGT74GI1 was also highest in top leaves. And rebaudioside A
(RA) content was the highest in bottom leaves and the expression of its catalytic enzyme encoding gene SrUGT76G1
was highest in the bottom leaves. Among three varieties ,the accumulation of total SGs and rebaudioside A( RA)was
highest in Jiangtian 3 and lowest in Puxing 1, while the stevioside accumulation was highest in Shoutian 3 and lowest
in Jiangtian 3. However expression of related genes did not show the same trend to SGs accumulation in three stevia
varieties. So it was deduced that expression level of SGs biosynthesis pathway genes affected the SGs accumulation
significantly ,and in the same variety, the expression level of catalytic enzyme encoding gene could reflect the
accumulation of corresponding steviol glycoside.
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EH 24 ( Stevia rebaudiana ( Bertoni ) Bertoni ) J&
— R T AL M X 2 AR R
gr Sl LG RO AR R 2 A i iR A e i
VRl ——Fif 4GB . A 2008 4F 3% [ FDA A
2011 AR A il 82 5 A1 RN v B 48 0 R4 S
NG e Al S B AW Tz N HITE S 24
ai BRI R 1 5 2% FE R i 4 0 i SR et
TR FRE AR 4R T 19 4 70
AEAR, B AR BN B ARG LA B i RS
5 DR R SR, 4 L Y 80% T
AT 3 JEERA RH Y O B ) 1A S b AR i 1 R -4
AR 1) 22 2 SR | [ I A0 1 1) 5 1 BR 3R R AR
SR DR T R AR~ AR W) 2 R ST O B
EHAG B S — 2R U R i 2y R IR &9, 1
WG O R S R R A A R I 2
PRSI A B ae R AR A 1 2 (1 e ] A
IR W-VL 3¢ 12 96 IR, B 56 v U A B IR (1PP,
isopentenyl pyrophosphate ) 5 H J& 7R &% # 2 i 12
(MEP, the methylerythritol 4-phosphate ) & i 89 — H
Wi TN FLFE B R ( DMAPP , dimethylallyl pyrophosphate )
TEFEA JLFEAE JLAEWE R 5 18 ( GGPPS, geranylgeranyl
disphosphatase ) fE ™ #AT3ESE 3 WK 4H A S A B
GGPP,GGPP #1281l I fE R 5 i ( CDPS, ent-copalyl
disphosphate ) AL AE il ER AL R B 1R , PR Ak £8 W 1R 7
N FER2 6 (KS, kaurene synthase ) f# 16 T A2 B
HR-U 524, i A 4 D] 3¢ B R 6 T ( KO, kaurene
oxidase ) AL A B AR- DL FE A2 R L LSS A2 o
P Je 1) T 200 it A I D) i 2 0 1 A= - LT
A OGSO SN B AN (] 1 AR - DL SEAZ I
PR 5 B ( KAH, kaurene acid hydroxylase ) % 1l , 7
13 AERfAo7 It S D) A TS [ Tt 8 W ) B A i 2
B AAE T AR B A A R R e
Wzl — AR RSB UGT85C21 [ UGT91D!
FUGT7AGL " 1 (i A i A= SRR 35 1, B 2 1 3 1of
UGTT6G1 F AR I — AR A e B 1 AT
it 34 BEAE 22 R R AL R WHEAL T 316 7T LS L2 FIR
TAFTE RIS Q2 R RO 4 . H AT
CHRIER A A 30 220, by ep B E A X
B PR R T AG 1 RSB 1 A 32 3 5 2 B
FEH G . TR T 2AE R 3 i 2 (a1 21
TR M R v B0 iy T 25 IR T A AE I
AURIAERETY . TS AL R A SRy 241
R, Z 2RISR R S LA AR R R B YO
N TREE AR AR AE O BT R TE Y B 4

Tl R PRI ZR T 4 0 7 B A AN (ARl 4 5 (3R
ALY AR[R)AE A B  OA [R) et 2 i e i A A
FR 2R H ETAFST © W R A A T AR R
gt R iy R R AE AR 2 IR R IF AR T Ik B A
0 AR G AR [R5 2 e R o B R AR A
Z2 5 200 S [ it b A A i R v L R 2 A
25 5 W 3 HL 23 Bl 2 R PR AR K A I AR K SR ek
AR AR P

H AT 2805 1 B R0 9% 2R AR B2 TR
FE QAT LA 9 S5 N AR SR 22 () I A 0, (EAR
RSN THEM R E A RE, CARED
KT HE LR 6 BB SRR 1 43 L 32 2
L5 50 RN BRI SN, H ET ) TR
WU I RE M RN A S AR R IR EDN
SrGGPPS .SrCDPS . SrKS H1 SrKO™ ) Tt 35 B 41 &
WA L SrKAISH , SrtUGTSSC2 . SrtUGT74G1 Fll
SrUGT76G1 5 o Zm bt {4k i1 44 1 A S i 1F A A=
Y& W B SrUGT74G1 F1 SrUGT76G1 T 5% 4%
L2220l RO A RIS AR TE A R A T Rl
Lo R B TE 22 55 (R TE IR RGE1 SE 50 5K
P IF R P2 ik, HOB R 25 S5 1% 5 IR A 4 o £ DL 4R
W AR S W EE 3 SRR R
WA 3 ARl R4 i Fl (SF 3 S TR 3
TR 15 M e RS AR K AR
FERIN X L i rR R A BE T A A s AR AR DG I
DR A 3R KT PR 5 4 2 W B A R 5 A e 3
PRI TR ML, | Ay i 2 T 46 0 AR 22 0 0 - R4 AL
MRS Bt — e 22 Ry it 4 00 R 5T 5% U5
TP e S g e 5L A

1 MRERFE

1.1 ##

FZF 3 ST TR KA A m W S
35 VLE3 S AR 1| SE 24 AR LI E
B AFAEARFT AR B4
1.2 FHi&

1.2.1 FHMEHNEFE AREZMH T R SRR
MEF 3 St 35+, Je H 30% WG IR A1 75
30 min, FHEKTE 4 ~5 W), 3R T 121 CKEM
EASEP (11 ENRGI5)) RGBS FR
W JGIREE SR A R 2 SR O IR/ 2B 16 h/8 h, i
JER 28 C)H1 A PRSI Ak . PRAR K A
BRIL 12 XFF F i, e BN 2R 4 4 Xk 2R
T P A (B 1) 20 sl AT e R ek A ) 7
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BEFIAE A [ RH 5 o U SR PR R e 249
6 ~8 cm 4 ~6 XM A K E—H <y 3 5 VLH 3
SR AR 1 S AT R TR AR B S 46
o FERRAEIIR A AR R Al R B RNA ARG
PR, i Fr T IR AT R A D SE

i (1~4)

1~ 12 SR 3G SE 2RI 12 X0 A T (1 ~4) 1R
55 1 XFEERE 4 Xt R iR-G R SRR A T i (5~ 8) AR 5 X
R SIS 8 X IR AR g R R R (9 ~ 12) U 9 Xt
W 5 12 X IR AR R A
1-12 respectively represent twelve pairs of fully spread leaves,the
top leave(1-4)represent the mixture sample from the first to fourth
pairs of leaves from the plant top,the middle leaves(5-8 ) represent
the mixture sample from the fifth to eighth leaves from the plant
top, the down leave(9-12) represent the mixture
sample from the ninth to twelfth leaves
1 H#RRETEE
Fig.1 Sketch of sample collection

1.2.2 FHEEEFRREMNE KAtz
- A EEALR B 2 7 , B 25 HLET A5 2R 4 0

®1 EERNEEREERSIWFT

Ko FRELO. 5S¢ Fit4 AR B T 50 mL B.08 A
25 mL 80% Z 441G 80 °C /KA R A 4B 30 min,
SRIG AN E 25 mL U8 2 B O IR, RS
FIR RN 25 mL 80% LR R FikilE e
POHARBURE S B A2 50 mL, B2 mL §H 25054
RWRCE T 50 CHEIRAAN , RRA R 22 TR mA
1 mL 47K, 50 CEHIAME ., 5720 E A
1 mL 505, bR BRSNS 5 R E A B 31 4000 ©/min
B0 JE W b, i 0.22 wm A HLAHER A H ., DU
FE AR L HEAS 1200 = S0BAH (A A3, 3% A BE
FLEERAN A 1A EAE (250 mm x 4.6 mm, B fE
5 wm) i sAH R CHE-OK (LB 75:25) , i
1 mL/min, #EFER R 20 pL, HEE A 30 °C |, 28 7
a5, Kk K A 210 nm,

1.2.3 MM H RNA B9 EUE cDNA B3k
B CBREMH TSGR A T R
Jei PR TR A BF 8 OB , F OMEEGA 28 Rl £ X £
W5 22 T 19 FE 0 A RNA 32 B0 1) & 2 B RNA
mRNA 55 5535453 ¢DNA %45 #% I TAKARA 2 ]
JE 1 PCR S 50 G e AP 3R AT

1.2.4 ET=EZPCRIPWGIHTRIEREERRER
M ffH ABI A H] E & PCR X ZR L E R E =519
BETHEK A ABI Primer Express A i 46851 4= 90 & A%,
WAL FHRA I SrKAIZH SrUGTSS5C2  SrUGT74G1 Fe
SrUGT76G1 4 NIEHIBAEETT 2 X519, 43t PCR 3k
193 R 1 o 1 e B, T 3] v B 3R K pMD-19-T , 3t
AL A KBTI Z S, /05 3 4~ BT R 4%
DAY, DNAMAN LU X5 26458 50 42 1E 5 14 5 | 49 RT3
STEARIE I (£ 1) T R L B
K00 FEDR AR e RGN SR A ABI7500 %6kt
FE 1 PCR AR

Table 1 Primer sequences for transcription analysis by real-time PCR in the present work

HH 255 i i ElL2) E 3

Gene Encoded enzyme Primer sequences References

26 S rRNA e F:TCGAAGGATCAAAAAGCAACGT [26]
R:ACCACAGGGATAACTGGCTTGT

SrGGPPS W2 LI 2R LI RR A F:CGGAAAAACACCAATCAAACCCA [26]
R:AGGCGTCCAGAGCTTCATTC

SrCDPS SRR F:TTGTGTCCAAATGGTCCTTCAC [26]
R:CGGAAAAACACCAATCAAACCCA

SIKS N EIE AT F:ACCAAAGAACGGATCCAAAAACT [26]

R:ACTCAGGGAAACAAGGCGAT
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Gene Encoded enzyme Primer sequences References

SrKO 24 W S A F:AGCTATGAGACAAGCATTGGGA [26]
R:CACCCATCATCGGGTCAACA

SrKAI3H AR - DL SEAZ IR R L F:ACCCATCGCGGTTTGAAG AR =TS
R:CCCCTCCAAATGGAACATATGT

SrUGTS5C2 WEILHE R -85 C2 F:GACTCCAGATAACCTTCGTCAACA AL RIS Y
R:GGCCCGATGATTCAAGAAAC

SrUGT74G1 WEFEE R B-74G1 F: AGTCTTGGAGTCCCCGTTGTT AR BT
R:TAGAAGCTTGGCATTTGTAGTTTGA

SrUGT76G1 WL R-76G1 F:CCTCGACAACGACCCACAA AT RIS

R:GCGGACCATGAGTCGGTAGA

2 FHR5HMH

2.1 HEHEHEEHHFIHHEPHRER
2.1.1 HEHEEESFISFEAEEHMTFHM
FHERE R AE w24 FER b
JECS 8 it R SR AT I 2 A T I 2 SR e I R
TR AR TOLRE ) B L AR T 0 i R B R
TEE(7.73% ), PR R R B S RN
5.16% 453 ISR it Fr b SObE S B LA R
4.99% ; B AG T FISE6fIH A 19 & ALl H Y
BREE S E - (ER2), AFEEZH S
AT A S TR R A T 0 i R
S A FURT 48 0 B O T (TR RA/SS
h1.01) M SEA T A 5 EH AT R S A
FeAB fre s 29 0 1. 25 HAlOs 7 1 7 2 IR
0 it v R R TR e RS e A
W 9 & 520 9k 26.26% .36. 05% F1 40. 08%
(£2),
2.1.2 HEREEABRMBHEFHAPRORE
T 45 R 2SR Al i R R 2 A R
At R I DG BRI, ARG e TR T H AR SEH 3
5 VLN E MR 3 SR IE R E ARG A 1
SO A RL, W5 T EH A AR AS [ S R o
kR R R R, SRR 3 5 R
FISEMI T A S5 T A 2 A SRR, 550k
10. 17% F15. 47% ;~F H 3 5 fa o, BB & ik
9. 82% ,HIEMUM AT A R, (VA 2.80% ;
TR S R A A A A B R AR,
G N8, 44% F12.68% , BIRTER 1 S

SOBEF RSB A B R 3 AR R A,
A im A 5 BT LR (31.75% ) B & T
SFH 3 5 (28.51% ), VLA 3 SR el A &
SOBETF LRI S A H 53, 79% |, 6 25 it 3 1 R 3K 6
A A e Y 2 R A AL, H A A R
)& EVLEE 3 5 IR AIRAUN 5. 80% , ¥ H 3 5 F
R S E s, 0 11.51% 1 10. 55%
(%3),

*2 EFISTEAEERHHFHRFHEIETIE
Table 2 Steviol glycosides content and composition in Xin-

feng 3 stevia leaves of different canopies

Bt R i o Jignt
SGs content Top leaves  Middle leaves Down leaves
ST (% ) SGs 7.73 ¢ 5.16 = 4.99 =
0.316a 0.112b 0.038¢
#if2H (% ) Ss 2.83 ¢ 1.59 + 1.33 ¢
0.053a 0. 048b 0.018¢
SEBMITT A(% )RA 2.87 = 171 1.66 =
0.197a 0. 039b 0.011c
FAHEH (%) 26.26 + 36.05 = 40.08 +
Other SGs 1.0llc 1. 376b 1.928a
RA/SS 1.01 + 1.08 + 1.25 +
0.010c 0. 009b 0.012a

Rl —FT A R)/INE AR R EAE 0. 05 K 2R B3, T IH

SGs : Steviol glycosides, SS : Steviosides, RA : Rebaudioside A, Values
followed by different letters in a row are significant among canopies at the

0. 05 level ,the same as below
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x3 TEASMMHEHEDHFEENSE
Table 3 Steviol glycosides content and composition in stevia

leaves of different varieties

WA= SFH3S T3S EE1Y
SGs content Shoutian 3 Jiangtian 3 Puxing 1
JEBETF (% ) SGs 9.82 + 10.17 + 8. 44 +
0.236a 0.451a 0.438¢
A (% ) SS 5.89 + 4.11 = 4.87 =
0.017a 0. 040¢ 0.102b
SEHHTE A(%)RA - 2.80 + 5.47 = 2.68 +
0. 009h 0.067a 0. 060b
HAWBEAT (% ) 11.51 + 5.80 = 10. 55 =
Other SGs 1.934a 1.218b 1.067a
RA/SGs 28.51 + 53.79 + 31.75 =
1.769h 2.298a 2.079b

22 MHEHRASDHEBESHREELEREN
FKix
22.1 EFISAEBEMHMFHHFh#HFHEE
BREEEERMNRIE Wk R — AR &
B I 7 e 8 A W T A 4 B R DG R R
ik ERER SRR G NEEILER 4 AN R,
SrGGPPS .SrKS il SrKO FEAN[R] & & B 7 h g 3%
ISR —E BT > Jiik > R SrCDPS 78
I ) e 3k B R TR rp Y SRGA K TH = TR
(B 2), SR A BGR R R A 1 4 438 IR K
MZER R BT M R SrKAI3H 78 it v
Ik feomr, T ) 3R IR & K SrUGTSSC2
SrUGT74G1 F1 SrtUGT76G1 ¥4 — 8, ¥ AE T -
) Zeik i, IR P Rk R H 22 R W3 (K 3) .

SrGGPPS SrCDPS
5 Lo _Eﬁ 5 2.0
% = i % 1.5}
I =t
® 5 080 #® 510
= o 0.05} =
= 2Y = 2
Z£3E ZEE05¢
£ i £ 2
SrKS SrKO
= 0.06 " =30 "
R
b
Qoo
® 5
= 2002
<E
o
o~

0
B2 HMEEESHFEREVEREE LML
EFEEZF 3 SARBEM A HHRE
Fig.2 Transcriptions of SGs and gibberellin biosynthetic

genes in different canopies leaves of Xinfeng 3

SrKAI13H SrUGT85C2
= 1.5 == [jiIH- = 1.8
S A i S 16t
K3 b K5
& 205!t z2
o s Jen gt
= = =35
O Qo
& 7

0

SrUGT74G1

0.8
0.61
0.4
0.2

LiEROE ey
Relative expression
RO ST
Relative expression

0
B3 HEETEVAREEHEHABERE
£F 3 STEBEMFHHFRIE
Fig.3 Transcriptions of SGs biosynthetic genes in

different canopies leaves of Xinfeng 3

2.2.2 AESMIMHEHFPHEBEEERER L
BEREMFIE S HNE SR R A ER -
AFELI At 0 3 5 DR P 8 ARG 30 4 IR DRI AN )
4 R b 23k S5 R FER[R] S R i 4 v
GRGERE LSRR R G s 4 SRR
SrGGPPS SrCDPS F1 SrKO ¥J{Ei% 2 1 S i Hh ik
A, AL SrKS Feikeik & 1 5P Rk ; SrGGPPS |
SrCDPS F1 SrKS 7E5F H 3 5 ML 3 5 h £k T
F2ES AL SrKO FESFH 3 5 i 3k 3 T LA 3
S(E 4, TSR A ST R 1 4 AR SRR A
IR, EHENY IR SrKAIZH (IFERAETT R 3 5
Fikfem , iR 1 5 RB R S'UCT74G1 TR
Bl 5P REES, E5FH3 5P REREMR,
SrtUGT76G1 FE AR Hit it s i A b g R A a5
SrUGT74G1 MBL; SrtUGTSSC2 Wik AESTH 3 S Hhk
IKER e AR A 2 AR RIS T B E 2 (KS) .

SrGGPPS SrCDPS
2 0.0025 —ppize 2016
2 00020/ a =iTHf3E 2
Mg aie o 08 20.12¢ 4
%] 80.0015¢ K 8
444%:5000107 # 50.08
£ §0.0005 EF0.041
o (o]
& 0 g
£ 010 SrKS 5 s
u_]lgﬂ g 0.08} 111@1 @ 4
gﬂé Z 006 H:%! g 3
B2 o004t T2 2
Z£3E 5
< 002} = 1
& &
0 0

B4 HFEBESAERLEVEHERLEHHE
ERERERMEMHEHHBHRE
Fig. 4 Transcriptions of SGs and gibberellin biosynthetic

genes in stevia leaves of different varieties
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Fig. 5 Transcriptions of SGs biosynthetic genes in

stevia leaves of different varieties
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HAE 19 tE28 70 ARACHEA OC TRt 4G W 1T 2 AN T
5L J22 AN ) S R 2 v () B R ) A, AR5
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P BEE MR R A K R A AR S IR
B A 35 S, A B AR T S R AR AN [ e 2 0
HP BT A B B T IO ) LA e e A R T 1
b B SR R T RS 0 R R R
7 X — S5 AR S 8 3 5 S Rl bt i a7
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FEREAEARR SRR —3, AR kI
AT G ) i b SR itk 0 A R Al OB 7E
BEAF T 5 b, sk wl B 7R i A K B
BCE AT, 5 AR D S 5 3% B A R T e Ak R S il
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URACIH BT I R TR A WK 8 O v, AR i S B A 7= p
PEECH BT (0 B A i e 2 SR A S 44
Wl F AT LA R R AR T A SR IBORUAR
AR ET 4G R A AR R R E R R E A
AERIEY  SPH 3 S RIVEEE 3 SR AG b
WIS AL 2RI U AR A6 30 22 SR B 3 5 1 2
15 76 T 26 J5 W5 1 7 & 2 3 R AR B IS T VLA 3
S X SR A I AR LI IE (£ 2) . AR
ARWFFEIE K ILVLEL 3 5 BT SRR S SFH 3 5
A H I RA & Gl i ST 50% , i ~F I 3 45
RA & AV 4 B9 28. 51% , X Ui VTR 3 52
R HIM T A BT AN, PR, AR H Y

BEAT AP e PR 15 B R B RO T A FRE S 45
W e J2 WS AR 2 v AR A5 B — T 44 0 T 1 A K
Fidio
3.2 HEWERENERFE

TCE AN [ 5 2 1A 2 AN [ it A i 3 v - v
SR R B 25 S S R S A A A
WA 1 A Ak T 1 A 3 R 1 3R 3k UK O 2 D0 AH
PO A R — 3 R R 2 A R [ 2 i A
Kl 8 A FERH A 6 ANFEK 5 BT 2E A W] )2
MR —3, AR IRGETEE T FSRHLEH T A
B 153 3152 SrtUGT746G1 F SrUGT76 G H %, 78
SRR ZR 2R IX 2 AN FE DR AT AR R A5 H 2 A it
LA AR AN JZ i R i 2 36 R
HES7Y S S SRS POV HELY RN IOR = O i1/ E<
PRI, AT LA 2o G IO it 4 v i 2 A ik PR A ik UK
S-SR W EH 2 e B A RS B A R B
B, TR S FRE IS R AN Y 8 AN EEH Y 6
AFERTEE A 1 5P RINERAL, 571 3 5 HVLHET 3
SIS MEAR BN 3 M ERELA LR EES,
JR SRR IR KT A B 5 (R
1435 AN BORE > 5 3k B2 SF H 3 S5 FNEER 3 55
P AR IC I E LR ISR | 5 A SRR
JRE . SrUGT74G1 F SrUGT76G1 1) 363k K 5 H
XoF IF ()RS T Ui 7 ) e AR Ak R S AE AN TR i e ]
IR A, X B S AN [R] 3 PR 7R 2 w4 ] 2
REJL M R R P 31 22 S RN B H 20 ir S8
PRI AT R AG W A2 0 6 a4 b QB L R i 3R
TROKSF AT L S 25 5 i RO B R R B — A
q e S E I SO VE a s R A=Y G AN (PN (=
FHASCBR R 7] 35 PR U 2, 7 AS [R] 35 4% 15 S5t 4 it
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