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Abstract: [Objective] This study explored the relationship between starch accumulation status, key
enzyme activity and gene expression during the mature period of flue-cured tobacco to understand the mo-
lecular regulation mechanism of starch metabolism and provide theoretical basis for the production of high
quality tobacco. [Method]) Starch accumulating tobacco varieties of Qinyan 96 and Yuyan 6 were used to

measure the starch content and ratio (amylose,amylopectin) and key enzyme activities of starch metabo-
lism in flue-cured tobacco at maturity. The key enzyme genes (NtAGPase, NtGBSS | , NtSSS.,NtSBE,
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N:DBE, Ntaramylase and Nif-amylase) were analyzed by real-time quantitative PCR. [Result] At the ma-
turity stage of flue-cured tobacco, contents of starch,amylose and amylopectin in tobacco leaves increased
first and then decreased with the highest values at the physiological maturity of tobacco leaves (85 d after
transplanting). With the maturing of tobacco leaves, the proportion of amylopectin in tobacco leaves gradu-
ally increased. The activities of AGPase, GBSS ] ,SSS,SBE and DBE in flue-cured tobacco increased first
and then decreased. The activity of amylase in tobacco leaves decreased firstly and increased significantly at
overripe stage. Different from the key enzyme activities of tobacco starch metabolism,the expression of re-
lated genes varied greatly. From the topping to proper maturity,the activities of AGPase and GBSS [ were
significantly correlated with amylose content, and contributed the most to the accumulation of amylose in
tobacco leaves. NtGBSS | played a major role in the regulation of amylose metabolism. The activities of
SSS, SBE and DBE enzymes played an important role in the accumulation of amylopectin in tobacco leaves.
NtSBE and NtDBE played a major role in the regulation of amylopectin metabolism in tobacco leaves. From
proper maturity to overripe stage,amylases (a-amylase,-amylase) mainly involved in the starch metabo-
lism of tobacco leaves. Under same ecological environment and cultivation conditions,Qinyan 96 accumula-
ted more starch and had higher amylopectin proportion. [Conclusion) Flue-cured tobacco accumulated car-
bohydrate predominantly as starch. AGPase and GBSS | were key enzymes affecting amylose accumula-
tion. SSS, SBE and DBE played an important role in amylopectin accumulation. The difference in enzyme ac-
tivities between SBE and DBE may be an important cause of the difference in ratio of amylose to amylopec-
tin in tobacco leaves.
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Table 1 Primers for qRT-PCR of starch metabolism related genes
B R 1D FIFEF (5" —>3"
Gene name Gene 1D Primer sequence (5'—3")
NtAGPase DQ399915 F.CGTGATAAGTTCCCTTGTGG R:TCACATTGTCCCCTATACGG
N:GBSS | DQ069270. 1 F:GGTAGGAAAATCAACTGGATG R:TATCCATGCCATTCACAATCC
NzSSS DQ021463 F.CGGGACAATATTCAATTCGTC R:GGTGGGAAACTGGAACACTAAA
NtSBE AB028067 F. TATTTCAGCGAGGCTACAGATG R:CATGAAATTGAGGTACCCCTC
NtDBE DQ021462 F:AGTTGGTCTCACTACAGGACATC R:GGCAAAGAACAATCTAAAGCAGC
Ntaamylase DQ021455 F:ATATTGCAGGCCTTCAACTGGG R:TGGAAGGTAACCTTCAGGAGACAA
Ntfpamylase DQO021457 F.: TGAGCTATTGGAAATGGCGAAGA R:AAGAGGGATCGTGCAGGAATCA
NtL25 LL18908 F.CCCCTCACCACAGAGTCTGC R:AAGGGTGTTGTTGTCCTCAATCTT
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Changes of contents and proportions of starch components in flue-cured tobacco leaves at mature stage

TR 6 5 S HE VE Ry O BE TR Y LR T2
96 (& 1-d) s B AR5 95 d. Z2 0 96 M mF SC ek 5 H
HEVE B 1 F A PR T R, B = TR 6 S i 3
BEUER 5 HEEVE R 0 LA I S FL LU (B B B R R
2.2 REEBPHRBAESREXBEEIENTL

Z& W 96 M rh AGPase 36 PE N FE R 5 65 d JF
WHE TR BB R)E 85 d kB &g, Z Sk
K T2 6 5 M at o AGPase 1 122 e #5522 1
96 FHARL . AH LIS M AL T 28 00 96 (&l 2-a) . IS i B
K50 GBSS 11 Pk 76 A~ 5 0 s A S e B
K5 M B B GBSS 11 1 52 e Tt i I B AR A8 Ak i
P, HLAE A 22 5 A8 3 (] 2-b)



T T S5 < O S0 TR A A I O B O M 5 IR SRR R 5 37

%9 W
201
a *
PN 16
-
ﬁe Z 12t *
,,DT' g
T sl
5. ¢
< g9
LAl
0—¢5 75 85 95 105 1i5
B AR5 i E)/d
Days after transplanting
30 -
— C
R
EE? 20
qaT 5
25 15F
E 10
5-

0=%5 75 85 95 105 115
B # 5 i iE/d

Days after transplanting

* min"')
DBE activity

DBE§# P/

(nmol * g

65 75 85 95 105 1i5
BB 5 I E/d
Days after transplanting
3.0r *®

~' e min")
DR
(=] N
—
*
*
| 3%

a -E A Al I 1/

a -amylase activity

(mg-g

65 75 85 95 105 115
Bk 5 i IRl/d

Days after transplanting

SBES 1/ GBSS I & M/

E ﬁ}gi’l&ﬁﬁ/
Amylase activity

B - ) B 4 i/
B -amylase activity
[o)}

25r1

* min~")
(]
(e}
:

GBSS I activity
O

=
(=}
T

(nmol * g
wn

1 L L 1 1 1

65 US 105 115

=]

85 95
B 5 i [El/d

Days after transplanting

* min~')

SBE activity

(nmol * g
S~

0=%5 75 85 95 105 115

B 5 i 1)/d

Days after transplanting

* min"")

(mg-g

0765 75 85 95 105 115
B 5 i El/d

Days after transplanting

* min"')

(mg-g

(8]
T

0% : 105 115

65 75 85 95
B # )5 i 1E)/d

Days after transplanting

—&— ZJH96 Qinyan 96; —8— ¥ /H6S Yuyan 6
B 2 0 R a0 E A AR 1 o6 B i I P 1 A Ak

Fig. 2 Changes of key enzyme activities in starch metabolism of flue-cured tobacco at mature stage

WA 2-c FT 7R 2 0 SO I SSS i R e
T v I WA ) 722 Ak # (B A o o - SSS i 1
TR 3 A 1 1 I 1) A AN [] L TR 6 5 SSS I MR I
I LT 96, 78 B S 5 0 S L 22 4 96 A
BAH 6 5 MH it SBE I M A8 b # Ak — B, 2
W sh7AE 4k B ZE A0 96 KM SBE 1 P 3 TR0 6
S ARE 95 d.F M 96 R 6 5 SBE i 5 F|
2B 14,23 F1 11,57 nmol/(g + min) (|& 2-
d). ZEHH 96 FMTRMA 6 5 4H M DBE 3 PE7ERL RS 95

d ZRTAR LR SAA L, DBE 6 4 Fifi 2 165 10 ) B 2AG% 7
The s BRARJG 95 d ZJ5 . Wi DBE 5 122 S 80K
ZEH 96 IR0 B 19 DBE 35 7 . 5 ik 3h 28 18 K
A 6 5 0 it DBE i 1 ) P 3 FE AR (] 2-e)
TEHEA G MR Y] 22 A 96 FIERAR 6 5 4 i 3iE
oy T % 1 B G AR T v RN 1) 20 S A2 Al
MG 95 d ZJa  FETE b Al kbR T B AR
Jai 105 d 35 2 AR« B I 3 o T 47 P s A R A () 2-
Do BIRTE RS R SR P o 5 A o D8 R TS



38 P JEAMB R 722 4R CB AR 4 O

BT

AL EHAANL B 5 ZE MW 96 A LE L B 6 5 M i o
TE A BTG T B SR s B RS 105 dL 8 96 R R
6 5 HH o UE B IS M S B A L 4 Dl 2. 42 A
2.73 mg/(g > min) (K 2-g), Z&JH 96 FIZ M 6 =
R BT Ay Tl 6 A A A 5 T by O M — B B
FJg 105 d, P9 -V By Bl G PGk B0 (R, 43 0 R
12.98 #1 14. 13 mg/(g * min) (¥ 2-h),
2.3 BIHERABEMRIFCBEERREIENTL
AP 3 B S ZE M 96 MR 6 5 Y

s
NtAGPase

HH =

AR Rk =
Relative expression
S =
—

HH:*

4t

3F

*
2F
L
65 S

NtSSS

3_
2.
1k
0 65 75

NtDBE

LR ST
Relative expression

%

i)

65 75 85 95 105 115

LERSESn
Relative expression

m
m

NtB-amylase

M FER
Relative expression

—
—
—
=
—

Bk J i [a/d

Days after transplanting

H I 3 R R 38 A 6 3 B (NLAGPase . NtGBSS 1
NtSSS.NtSBE ., NtDBE . Ntaamylase . Ntfamyl-
ase) 3235 & 1 43 T & B, A6 I AN A B B, Ne-
AGPase FER 323K 5 256 T 5 5 AR A2 bt 3
ZEHH 96 IR 6 S IERE AR T 85~95 d A EE Y
NtAGPase HE[H 35 i, Z 5 H 338 & R T R,
MFEH G 65 d FFah . NeGBSS | B F X ZH
W EZEBRG 95 d, HREEXRHN &S BMW6 5
NtGBSS [ BN K05 R T4 96,

ST NtGBSS 1
4 -

3k

il

65 75

VRO ST
Relative expression
(3]

5[ NtSBE

I
Ezmmm

Nt a-amylase

VRO STy
Relative expression

A Rk
Relative expression

|L]
IE
i mmm

%%&Fﬁlﬂ?/d

Days after transplanting

O Z/#96 Qinyan 96;
O # 465 Yuyan 6

P 3 S S ST U A A O B I R AT i 1) A A

Fig. 3
Z2JH 96 HHM NzSSS 3 [H 2 1k 578 1l 2 b 52 %L
W sh Atk B ARG 75 d HR A R R A — A4 1%
B M 6 5 NeSSS P E Ik FA BB SZ A

Changes of expression levels of key enzyme genes in starch metabolism in flue-cured tobacco at mature stage

[7] s NtSSS He [N e ik it 12 6 T 8 ) B IR A o0 22
s AR 85 d HAR Kk (B 3) . K54
R NeSBE 3 [H 4 ik B A8 i # 5 NeSSS Ik



%9

T T S5 < O S0 TR A A I O B O M 5 IR SRR R 5

39

PR 3 3k i — 20, (H G 3 ) 0 {0 A I () s AT AN )
B P M AT ZR W 96 MITR M 6 5 NeDBE $&[H
RikwmgTHE JE AR 5 105 d, NeDBE %
Tk IR PR .

T 65~95 d, &M 96 FIFR M 6 5 4 it Nia-
amylase BN LR B BHIG 95 d Z )5, K&
i B IR R 1 R AR KO (B 3) . M e
' Ntpamylase BLH LR B E S Nea-amyl-
ase KL F B EAML, HE RN R B FE THRKE 95 d
ZJE e B,

2.4 BIEBABERMRBXEEIERELERR
EESEMESENHEXE

I 2 AT 05 AR AT 0 A A B B Al AG-
Pase.GBSS T .SSS.SBE #1 DBE ¥t 5 4H ot 7€ #3
w2 ]Ik 2 e 3 OE A G K OF s AGPase.
GBSS | 51 H 5 v 0 & i 22 6] 35 A%tk 35 1 AH G
KF-3 SSS.SBE DBE 55 4l M- 37 4 J€ #3151 2Z 7] ik
3 B R IEAH G K - s SBE \DBE 5 41 i 36k vE

H 5 BE VE R 1Y LU IR 2 TR A SCOK P 5 T e
TE R T o VE M TR AT -3 oy IR TG 1 DU 5 A o o U A
O S BIAR SRR 5 o MR 3 A A e B B A
- AGPase.GBSS [ .SSS.SBE #il DBE 5% 4 5 4/
W 3 A B AR OGP D55 T A b 3 ) B o TE K
it BT 53 T D T35 P 5 A O A i B L ) A DG
E R EBONGE IR ST ST P o

3o X6 96 AR S A U A O L A 3k
5 VE R i S LG ) 2 Ta) AR DG 2R B R SC TR EE 3 A L 4
G 3) W ST T2 58 2 B B A TE A AR
SR Ak A % 35 5 M e R A R L B S R A
% H L AH S Pk 5 by I O B il 0 1 A L U B B
K HIRER 23 AH G PR Wl 55 . 0 b i 220 2 3 2 B e
Ntaamylase Fl NtB-amylase F&[H ik 7 5 40 0 3¢
3 B B LB RH G L 1 L Gk B O B R
MK K5 NtAGPase, NtGBSS | F1 NtSSS % [A
IR 5 SCEEVE R 5 L EEVE R 1Y LU (RIS 12 3 L
e 2 TEAH KA

R2 BERAHENRGEXEHBIESENSENEXYE

Table 2 Correlation between key enzyme activities of starch metabolism and starch

content in flue-cured tobacco at mature stage

RHEE

Ly ez = AN W AN 75
Developmental firtr AGPase GBSS | SSS SBE DBE VEB o TE B il BT 1) il
Norm Amylase a-amylase B-amylase
stage
WK Starch 0.936*  0.979**  0.906°  0.925*  0.968" —0. 387 —0. 006 —0.217
e B Amylose 0.971** 0.958**  0.734 0. 744 0.805 —0.411 —0.329 —0.279
Topping to THEVER Amylopectin 0. 823 0. 824 0.889" 0.965** 0.915 —0.202 0.066 —0. 355
proper maturity - oz oy o Yoz
SCREVERY/ HEERERY ) an 0.769 0.579 0.909*  0.865" —0. 365 0.537 —0.585
Amylopectin/ Amylose
WK Starch 0.697 0.838" 0.701 0.720 0. 061 —0.952%* —0.914" —0.878*
iE AT A ‘ E4EGEHR Amylose 0.530 0.725 0.603 0.592 —0.141 —0.971** —0.933" —0.958" *
f;‘j)%“e"rr‘i‘;it”my F4EER Amylopectin 0. 720 0.852" 0.712 0.737 0.095 —0.985%* —0.973"* —0.917"
stage SCHEVER)/ FHEVE B 886"  0.755 0.758 0. 754 0.434 —0.841% —0.916" —0. 811
Amylopectin/ Amylose
VE AT 208 2. BT 65~95 dsi@E A B B4k JF 95~115 d. = #l x x 3B R#E P<C0. 05 il P<C0.01 KF ER¥E. .

Note: Topping to proper maturity. 65—95 days after transplanting; Proper maturity to overripe stage. 95— 115 days after transplanting.

% and * x indicate significant difference at P<C0. 05 and P<C0. 01. The same below.
x3 BEAARBEMREXEREERANREIESENSENHEXHE

Table 3 Correlation between starch metabolism key enzyme activities and gene expression in flue-cured tobacco at maturity

RE B s b
Developmental N“ o NtAGPase NtGBSS 1 NtSSS NtSBE ~ NtDBE  Ntaamylase — Nitfamylase
stage orm
WEHS Starch 0.901* 0. 747 0.766 0.869" 0.907* 0.245 0.326
T 00 % 38 2 HHEVER Amylose 0.831* 0.901" 0. 801 0.758 0.791 0. 341 0.618
Topping to Y AETER Amylopectin 0.983" 0.792 0.736 0.980" * 0.955 0.573 0.314
proper maturity g Yoz N/ ot 3oz
SCREVER/ FHEVE B 0. 819 0.961* 0.382 0.803 0. 854~ 0. 462 0.482
Amylopectin/ Amylose
WEH Starch 0. 603 0. 695 0.836*  0.882" 0. 464 —0.903” —0.944" *
i A F AT ‘ H4EVEHR Amylose 0.409 0.492 0.697 0.778 0.531 —0.839* —0.831"
F;vaecrr::;umy Y EEVEHR Amylopectin 0.631 0.725 0. 654 0.871%  0.449 —0. 954 —0.897"
ot Y02 =
stage SCREVER) | HLBETE ) 0.858" 0.953" 0.947** 0.664 0. 254 —0.966" —0.907"

Amylopectin/ Amylose




40 P JEAMB R 722 4R CB AR 4 O

BT

AP A B R AT T T T GE B G B R
PR T B B A S B M 1R 5 A5 A S SR N R A
TR [R) AR DG 45 SR AR T AT T 0 A B
DR 73 M P TR o 83 5K R g A N o 28 4 5 4% A O Tl
IV S TE A 5K« B R Tl A B- B i 9 A 5 A% AR
DREE DR Gk 5 ORI G . 0 A o A B

.
1.0

AGPase
GBSS |
(=}
Amylase
a -amylase |
B -amylase —
o

»n @
nm @
©nnwn A

NtAGPase

NtGBSS 1

NtSSS

NtSBE

NtDBE

Nta -amylase
e | Nt B -amylase

EARUES R
Topping to proper maturity

it H1 AGPase .GBSS | .SSS.SBE il DBE 15 4 15 %
A DG e PR 3 3% 4 22 (1) K 5G4 583 T U8 A T o TR
TitE T - o it 0% 1 5 % R O ik R 3 08 i 22 ) A O
BEW G, i Ntaamylase 1 Ntp-amylase % [H
FRIKEG TE R B Co-TE B B L B-TE B0 ) 5 P05 B 3%
B B IR G .

.

1.0 0 —1.0
L O
s

9= 2=

Om%mmE“‘?

<OunwnmA<s2

NtAGPase
NtGBSS 1
NtSSS
NtSBE

NtDBE
Nta -amylase

Nt B -amylase

Proper maturity to overripe stage

Pl 4 e A RS T I O B 0 P 15 2 DR X 3 sk O A S

Fig. 4 Correlation between key enzyme activities of starch metabolism and gene expression in

flue-cured tobacco at mature stage
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