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Effects of nitrogen on expression of key genes related to carbon/nitrogen metabolism and
terpenoid metabolism in matruing flue-cured tobacco leaves
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Abstract: Expression of key genes involved in sugar, nitrogen, starch and terpenoid metabolism pathways were tested by regulated deficit
nitrogen nutrition to study effects of different nitrogen applications on carbon and nitrogen metabolism in flue-cured tobacco. Results
indicated that in sugar metabolism pathway Inv and SuS genes’ expression increased when tobacco leaf became more mature while not
affected by early nitrogen level. Expression of SPS gene decreased with decline of nitrogen supply at early maturing stage. GBSSI gene
in starch metabolism pathway was not affected by either maturity or early nitrogen supply. GS gene expressed at lower level in maturing
stage and affected by early nitrogen supply while NR gene expression was not affected. HMGR gene expression in terpenoid metabolism
pathway decreased when leaf became more mature and decreased with decline of early nitrogen supply. The assimilation of nitrogen and
terpenoid metabolism were significantly affected when regulated deficit of nitrogen was applied at early growing stage. Sugar and starch
metabolism were affected mostly at leaf maturing stage.

Keywords: flue-cured tobacco; nitrogen; carbon and nitrogen metabolism; gene expression

BEETIR: WA WEAREHNHE (HYKIJ2012M06)

EEME N T (1989—) , FEEFEMIL, FENFHERRE AEFLH A  Email: 379714360@qq.com

BIHAES: £7EE (1963—) , L, #de, LA, FENFHEERRRE AP Email:shihongzhi88@163.com
RS EHHE: 2013-10-14



FLLNHAE BT BT R A R o A Bl A A 2k PR A ) 5 i 117

R E G S A R EEAE . R
AR ZR. BEIRSNEEARNY, RIEEYR
W AR R E R 1 2R S A A
FEA,  BREACH R S B AR fe B B A, LA o
JEE AT B0 R 2 2 R B P P A A T A ke s P 7 R i o
B RACEE BRIy BT A AT B B, LR ) %
FR B Y0 o 7 R 5 R 4R s e SHBHER MR
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FARM R B R EEE R VPR O R Wb
RERACT (5 v A — SR S A BRI T . REWE %
TEBE . Jek BEE TER R s (BRI, SNt R R
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el %1, ASCRAFEHE, 67 5L R
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RARETRFMT, BT ER T, BOEER
BERL, BIFTE T AN R A I S SRS HE B i R0 5
B A S B ik PR R /KPS, DU RS R 4 3
AN HE T AR AR AR

1 #RFn7E

L1 Xaw

AW AL R A B 2R B e & 2wk
BT O NC297 . Ak 56 P B R 2Bk 30
cm, FELAf 35 cm, JREEA 40 cm, FHIE 7 E 4
RN IR B TR PR AR KOS 77 4230 i Hoagland
B IR WAL, E 3R W41 N NH,NO,. KH,PO,.
K,SO,. MnSO,. H;BO,. CuSO,. ZnSO,. EDTA-
Fe. MgSO,. Ca(NO;),"4H,0. H,Mo0,. H,0. X H
A3 M1 46 FRI BE 1) Hoagland & 7290, & F8 0 F & Fhoc
# N. P. K. Mg. Zn. Cu. Mn. B. Mo. Fe ] Jii
B ESrH)0N 140. 40, 300, 40, 0.05. 0.02. 0.50.
0.50. 0.05. 5.60 mg/L.
1.2 58t

WFFER T T HTHAAS [F) 203 8 77 W m) e B U 2%
TR, L4, TSGR 8 W BT
2012 4E 5 10 S84k, HIERFTR: S A 1 IKEF+
W, ZJE5E3 dEm 1 EFR. #3528 d A
BRI, AR5 56 d 4TI, TG #HT A ER R 7,
BRI 2 % % 35 mg/L, Hoagland & 757K
HAITTRKRERFAL, BT N1, N2, N3, N4
AL BRARFIR 5y A I E FR AR R : 2.250 Ly 1.875 Ly
1.500 L 1.125 L, H:rr N2 AbFH AR FE A HHHE it
B I IR M, TN I0 S 3 4% 22 B A KR 2 3
2.5L; HIAE)E N1, N2, N3. N4 434 K4 5l
EIEAR N 2.725 Ly 2213 L. 1.700 L. 1.188
L, WG ¥ds 2 s RE KRN E 2] 3.0 Lo FTT05 %4k
PR IS IS FR AR R 1 L, %28 G
KEMEEI 2L,
13 mEAHEERMEEKHERER RT-PCR #7

SAFERE G 60 d, 70 d A1 80 d iEUAEKEH
RAFHIARFERRR I 3 A B, T R A 4 R AT
K Trizol ¥E42BUM @ RNAM, 3@ it BEHL 5] #0i
SRS i cDNAL R Py 2 551K 1251 K H 1L A
Inv. SuS. SPS. GBSS. NRI1. GS fl HMGR #it &
HEI 5 #n3% 1.PCR & %&: ¢cDNA1 uL, diH,0 N
11 wLl, EWESIATHSIME N 1S vL, &3k
[f) Tagmix & 15 vL, 4 PCRA&FIL 30 ul. x
MAEF: 94 CTHAEME 5 min; 94 CAEME 30 s; B KR
FEARE 519 Tm AL T A4 (47 T~ 60 C); 72°C
FEAH 1 min 35 NMEF 72 CIEM 10 min, T4 CHEAE.
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Tab. 1 Amplification primer sequence
s BRI 44 K NCBI %35 SIVEH (5T -37)

L25 L18908 F: GCTTTCTTCGTCCCATCA

R: CCCCAAGTACCCTCGTAT

HEAR G LA LA RERE AL Inv AB055500 F: CTIGCGAGGGATAGGGTG
R: TGGTTGGAAGGGATTGAG

REMES S SuS AB055497.1 F:CCATTTCTCAGCCCAGTTTA
R:CTCTGCCTGTTCTTCCAAGT

JEFE SRR & B SPS AF194022 F:GGAATTACAGCCCATACGAG
R:AAGTTCTGGGTGAGCAAA
TER AR L] WOk & BYVE R A I GBSSIT DQ069270.1 F:GGTAGGAAAATCAACTGGATG
R:TATCCATGCCATTCACAATCC

AR EEA fiH L R NR 1 X14058.1 F:ATCCAGTTATCAGCGGTA
R: GGCAGTTCAGTCACATAGA

B o B R GS X95933.1 F:CAGCAATCTCCGCAATCC
R:CGAGCCTATCCCGACAAA

i AR 3- % -3 AL HAbE A T AF004232.1 F:AAATCTTACTGGCTCTGCG

HMGR

R:CTGTTGGCACCTTTCACTC

M F R BWESIY, RFOR TSI,

14 HiRIES

X i LaunchVisionWorksLS % {4 %} RT-PCR G ]
Frfgtw & B AT 84k, RIS AN IR SRR 5 R
FEXTE BEAT X LG, BN SRR DLRE #R 5 60 K N2 &b
O HEHE

2 ER59W

21 FREFHERAEREZIESAEITEREX
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Ji A1 5 B 5% AL (extracellular invertase, Inv), 7E
A PR A SR ER, S 5EMAE
K. SSEEM W, )R E S AT EE 2
W K il S oK, FL T AR g T B A iR S
I EAEbR: W 13K 2 s, Inv ZEDR 19 R AA 58 A2
bE A= B S HERE T WG 5, B RS 60 RELEL
BAR, FEALEEAIFRILA NI<N2<N3<N4. MER G

70 K 80 RFEIEEWIRIGIN, 70 KIF abHF] 5 A ]
W FESE, 80 RIN Iy Jk PR ik B o i S0 vl S
A G 0. JEE KE A BB ( sucrose synthase, SuS) F
LR R s N I RN R SRS R 2
B FC R A B A4 ZRAEAE ARG S AP O e S R
EFE AL TR HE R (AT 55 . SuS FERTEAF 1A F B
BB, BEAEE IR kB BTG N 1
F, EAM Inv FERFRE BN INYIR . REPERERR & hL
fi ( sucrosephosphate synthase, SPS ), & ff {4 Jif bi#i 4=
I D R, AR 1 B 2% 23 TR I ) DRl 1
SPS H: A FERL 4 Ji 60 R &K TA R FE 55 T HAR W AN 5,
SPS JE: R R IX EAEF T 60 KIS PYAN b BE [H] A 22 5,
N3 b H 5 B ARXHE A 59.3 B RAK T H AR %408, 15
70 K5 80 KIN FRIE ALK H I )5 A 8] 44 5 B ik
25 (E1, £2) .



FLLNHAE BT BT R A R o A Bl A A 2k PR A ) 5 i 119
iR Ee0 R BRETOR HISR0F gé 3 ﬁ%%%fﬂﬁﬁi?ﬂ%ﬁﬁ%iﬁ%%ﬂﬁ GBSSI E;Eij_:
NI N2 N3 N4 NI N2 N3 N4 NI N2 N3 N4 B 220

L5 Ty —y—p——
o T
o e ——
QR A vt Wi | i ]

B | AEXGHEAEE Inv,SuS F1 SPS B E RS NILER
Fig.1 Results of Inv,SuS,SPS genes on different growing stages
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Tab. 2  Effects of regulated deficit of nitrogen nutrition during
mature stage on expression of key genes in carbohydrate

metabolism
B BRE AR/ NI N2 N3 N4
Inv 60 81.4 100.0 1178 1038
70 2067 2715 1987 2751
80 3415 3217 2715 2232
SuS 60 91.1 100.0 21.3 89.7
70 4029 4052 4095 4350
80 2007 4213 4223 3272
SPS 60 101.2  100.0 59.3 72.6
70 89.0 99.0 1004 107.9
80 1078 1032 89.4 79.2

E: RAPEEE NS AE, DEARSE 60 K N2 4bEE A 100.
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Fig. 2 Results of GBSSI gene on different growing stages

Tab. 3 Effects of regulated deficit of nitrogen nutrition during
mature stage on expression of GBSSI gene

B R /d e
N2 N3 N4
60 84.7 100.0 106.4 100.2
70 117.9 104.4 109.7 126.9
80 98.5 123.8 104.0 84.0

VR RPEERNSEAE, ARG 60 K N2 ALFESH 100,
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ERERIEHIZ M
THIRIC Il (NRD , 2 BARHI 28 — AN B il

FIPR ISR, £ 2 NO, B FiEJFE M NO, B5F.
W 3 3 4 Fran, NR I EE R R e A & 0 ik
SeFt i P A, AE R — I AN [R) A 2 8] J0 B R 22 e
B = W A B (glutamine synetase, GS, XFEA N
KRR A ERABN, GS ¥ SRAR G

(glutamate synmase, GOGAT) #rE{EH, ZEk GS/
GOGAT &, X2 M5 Y NH, [Ffr) 3 2kt
GS HEH M FRIE BB SG 70 Kim T HRPABH,
FERE A 60 FAN 70 KN % 4b #E [8] 38 B A W]
ZE5E, 1E 80 RIF N3, N4 &b F ) 52 FE A X8 43 1)
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Fig. 3 Results of NR and GS genes on different growing stages
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Tab. 4 Effects of regulated deficit of nitrogen nutrition during
mature stage on expression of key genes in nitrogen metabolism

R BHEERE/d NI N2 N3 N4
NR 60 89.9 1000 993 1055
70 1144  117.8 1229 1243

80 1129 1114 1047 978
GS 60 91.6 100 1023 113.3
70 1165 1225 1273 1143

80 101.8 935 701 541

VE: RIPEER A EAHE, DABARSE 60 K N2 4hHE 100.
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Fig. 4 Results of HMGR gene on different growing stages
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Tab. 5 Effects of regulated deficit of nitrogen nutrition during
mature stage on expression of HMGR gene

ks RE /d N1 N2 N3 N4
60 103.5 100.0 204.5 183.0
70 387.9 584.5 518.0 546.4
80 504.5 339.4 228.9 202.2
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