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K KA it SR 2 SEER A Ak B G HE KBS R IR

WEME, FAE, IF R

Herp AL RS BHIR S PR S e R T R T R L, 430070

W A A5 AR Fond B R A 32 XA K B 09 %ok, AR 5 R 2 FPCRIEAA M T A ) sb48 4L 3 T b5 K8 A48 Bl Fm 5 SRAXGAT

kB E G RIAE,

2R AR EANTAERT H, FHELIT R B (NR) Fo ks 45 6B IR A0 & m B (GBSSI) A B vA sk 48 2k 38 £ K

530%; BARBREL A R BA(SPS)Fo AR B BR AV B (SPP) A B 245 48,50 dJE vAMOo04L 32 & A 45 7%, ##.604270 dJ& vAMolFaMo24t
32 R AER; RIAEALEE(VIN) A B A5 K60, 704280 dJE vhsesa s JE R A45R, AL B &Gk 7% B Mse40 7R E 0998 & fm iR it
¥o3%; KA 4 L EE(SBE) I B Ak B 42 4L 32 1) A AT B B 64 AL, A B 50460 d/S vAMol A % 5%, A5 #K.80 d/5 1A
MoO& A 5 3% BB Bl o B8 GS1-3FaGS1-5 3 B fEAABRAE B 2134 £ I A Mol A=Mo2 4L 32 Bf) B 3% FMo04L 32,

KEIR): M, 4R AR BRI AR KA

R DL FRWEITTERZ —, EWIERNK
P 3= Sl H R E B T B A AR e TRe . B
Vit 3 T 52 et 4D v A 3 T R A R P A A R 2
R (Wang452013). BB BB EK KT IS
FEH B LA o AW, I B AT AR Ss . Pl
TR E Je Bl 7 28 A 422 ) 42 52 W ik K AL & 0 A0 5
BACEWEY I H G G R R, K% 7 B
J5T I IE Jil A B S S (B 25 75 452009 4 FH BH 5%
2011; XIJHIEEE2015). ARk, T8 Mk U R
M2 R B SRR R 3 S S
PEFUAE A =4 b, A ot FH 250 R0 g R ] DL 42
= i ER A JE i (nitrate reductase, NR)AIVE ;i 175
PE, D6 5R I 58 23 Ik B K AL B 0 1) 5 B (40 55
2007; FH415£2007; X1 E J%5£2009; 2 FE22010), ifi
IR A 3 it B X e O B TR ik A T A O il 2
(R IA R P R 9038 AR WLARTE
¥i(Nicotiana tabacum) & —Fp & 1 FH &
GEAEDD, Hoan B AU S A2 52 40 FEA B R 3R 5 e A1
K, NR. B ER {0 B (sucrose-6-phosphate phos-
phatase, SPP). Jif ¥l iR & K/ (sucrose-phos-
phate synthase, SPS). WiE 51 E§(vacuolar inver-
tase, VIN). A& BEN% & RliE#(glutamine synthase,
GS) %5 Mg 75 5 JH i e B AR i FE rp i 3 22 o0 EE B
FI1E FH (VF B BEEE2007; £ 42452012). HAT, —
A 43 A AR A B AR 0.15~0.20 mg-kg E R L
BRAH AR R IR I B (TR 42 R 552009) o 45 R G EH 2
T B - P 2% A 4 B Tl 25 R i AR U, I SRR
TR, SGAE R 19855 (I 552014), 3
5] 92 00 ) B B AR I AR . AR BL B 6
T R Rl A RL, B AT O LE T AR AR T 4

il AN B AT G g2k D R T 22 5, B AE RS
77 X B it FH A SR a8 MR - it o S (A SR 225
Wl o

MRS 7%

1 LIt

SIS T 201545 H AE 46 A Ol oK 2 2 #e b ik
1To MK MH (Nicotiana tabacum L) Fh A 15006
57 R I B DT RN X SR R 3
s, HAEAREAGE R O FHLF19.24 gkg' s Bl
fi#%126.48 mg-kg'. AH158.62 mg-kg'\ WAL
f#6.88 mg-kg'. A #H10.077 mg-kg ", pH 4.98.

IR B ORI, BEfdR 10 kg, B
Mo0 [0 mg (Mo)-kg']. Mol [0.2 mg (Mo)-kg'].
Mo2 [0.4 mg (Mo) kg 13 /MHIK AL HE, BANAE
P16 . EMH B 2 AT 12 N P,O5:K,0=1:1.5:3
(m/m/m, " [&])5t H R, 0 5L 2 A
(N:P,0,:K,0=10:12:18) 2.5g-kg™" (1), jiti it i 2
(5 P05 12%) 0.75g kg™ (1), T FIBERHH (5 K,0
50%) 3.0g-kg" (F)E AN, FEAEELS +35E 78708
E3157. BT EEE BERRAS . BRERE S AH IR B Y
N HTAE(AR), fERHEL A B I N DL 25 B 1K BEE,
DAIBE Gt R TG 3 TT Yo AR I B B L A
W7 1B R K ke, ReIstAA . BRI i A 24, Hoth
R 5 K AR P AR5

FEMH 201545 H 12H #0450, 60,

ks 2016-04-08  fEE  2016-06-16
BE b R W) R AR 4 W) B SRR ORI H (HY KT -
201405).
*  JEAEH (E-mail: huex@mail hzau.edu.cn).
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TOFI80 dJ 73 ) HRAK 34 35 ) — S50 3 8 A [] —
BRI (CE 11 R ) EAT SR, JF il B T A
RIEARAF & o SR S % 6 8 B PCRE A M
O FH Bl S B AR O B g R DR 1) R A S L, BLHS
NR. SPS. SPP. VIN. kL4l & uEH & i
(granule-bound starch synthase, GBSS). VEK; 733
W (starch branching enzyme, SBE)F1GSHEH
2 KWHE
2.1 RNAIREL

B PREUA H ARNA, 2RI A5 % T 48
#2£(2007). A FNanoDrop 2000436 11 5E
RNAJKE K OD,go ODygoft, HIER I HE BRI LK%
FEMRNA R 5E 8-

2.2 HiEER

FI| H PrimerScript RT reagent Kit (TaKaRa, Ja-
pan) A5 M RN A 4% 5% e DNA o i i) 10 % 5% ).
MNAKZ: 0.5 ng M RNA. 0.5 pL 50 pumol-L™" oli-
go(dT). 0.5 uL 100 pmol-L" random 6mers. 2 pL
5xPrimerScript Buffer. 0.5 pL PrimerScript RT En-
zyme Mix I, NG EREEH,0%10 pL. {HABI
97004 PCRAXAE37°C R I 15 min, #£85°C 5 s)m
1B 10 5% 58 B JE I N90 nLJG#% FR B H,O %
FEZ 100 pL, i AAAE-20°COKFERAF % H
2.3 514mgit

51 91% FHRoche LCPDS2#AF 511 I H it
IR TRRARA R SR, IV H &L, H
L2522 B AL BEAR B A, ZEARRH T E NN SRR

&1 515

Table 1 Primer sequences

SIIFHI(S—3)

SR AR GenBank it 5
1E] 1A

SPS DQ213015.1 AGGGAGTCTTCATAAATCCAG GGACCACCATTCTTAGTAGC
SPP AAW32903 TTGTTCCCGCCTATGAAG CAGATGGTCTACACACTGC
VIN AF376773.1 TAAAGGAATCACAGCGTCG TGCATAAAGATCAGCCCAACTA
GBSSI DQ069270.1 AACAGCTCGAAGTGTTGTA ATCTGCTTGGAACCAACATAA
SBE AB028067.1 CCGAAGATGTTTCGGGTAT TATCCACTTATCTGGGACTGC
NR X14058.1 CTTAGCTTCTAGTCTCTGGTGA CGTCTGCATAATGATATTCGT
GSI-3 X95933.1 GTGATGAAGTGTGGGTAGC GTTCCAATCGCCCGGAATA
GSI-5 X95932.1 GCTGACATCAACACATTCAAA GCCTCCTATCCTCGAAGTA
L25 L18908 AGTTACATTCCACCGACC TCCTCAATCTTCTTCATTGCAG

2.4 RKAEZEPCR

| H LightCycler” 480 SYBR Green I Masteriz
7l (Roche, Switzerland)7ELightCycler® 480 11747%%
Y€ EPCRAY (Roche, Switzerland) F i34 [ M .
PCRAA& %: 5 puL 2xLightCycler” 480 SYBR Green I
Master. 0.2 pL 10 umol-L'IE [ 54, 0.2 uL 10
mol-L" [ 5]#. 1 uL cDNA. 3.6 pLJGH% iy
H,0. PCRFZ/F: 95°C 10 min; 95°C 10's, 60°C 30 s,
4ONMIEIR o A1 FA 45 TR R FE A o 2 A6 00 7= 40 s
S M60°CZEIE TR F297°C, & TF1°CREES IR
K55

3 HIREALIE
SO0 K R A2 R EAT T, AR R IA
%‘:2*AAC|:27(AC'-‘~L‘%"H41‘&;‘\7AC|.A»1‘E<&1\67w‘.;‘w)’ ;H\: EP ACt: Ct, i

Copmsn> S5 YR AR AN I 73 Hr K FISPSS 19.0

FlExcel 200745 i+ #4458 ik
SLRIGER

1 FEfEX R & SER R E RIA R =2

NRAZ il 2 6 340 S P o (1 PR AR 7, 2
— M E R, B YR T INOSIE JE N O,
(P B552012) . W1 ATR, 76 [F —BURE RS 3, it
FHACPENREE R RIS B B2 T A H A3 . 7205
JHALFS0F60 dJ, Mol /K F-NRE [K ik & 5,
Sk R ZR 1K B4y ] LEMoO# = 17 78.76%41169.24%
ERFRTORIBO dJiF, Mo27K - NRE: [H 4 ik & o,
4379 EEMoO# 155 151.26%F139.40%
2 GESEXT KA AR R AR S B R E FRIA RS20

SPSZ W WS & B 2 1 O EE I, & LAJRTY
T T %] % H (uridine diphosphate glucose, UDPG)
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2.0 . BMo0 2,01 0 Mo0
1.8 T a 8 Mol 1.8} oMol
i 1.6 = a , 2@ BMo2 16 Mo
N 1.4 = — ﬁlA' a
glz = = z 127 b I
B 10 — el = =
0.8 — @ 081 L —
# 0.6 — Q 065 [ =
g 04 = & 04 [ —
0.2 = 0.2 | = =
0 = ’ ™ %
70
BRI 1A/d BRI 1A/d
BT JtaAE A i NRE R 33 B i B P3 it o R PSP PJ: R 3 ) )
Fig.1 Effect of Mo application on NR gene expression Fig.3 Effect of Mo application on SPP gene expression
e — RS RN (] () 0B L AN RNG R RR SRR 2 57
(P<0.05), NEFE. 2.0 B Mo0 a a
wog| oM
. . R o .\ : OMo2
DN BEAAR, R P2 I rh A 7 ) 1) S 44 N g s L4} ° H
(FSUH%52009). WERFTR, HIRHHKS0 AR, SPS B 1o Aekma L5
SEPH LAMo0FR34 By FH60MIT0 dJ, LiMo2% & O8] [ =
R . Vo =z .
Ko, k80 dJF, LAMol kb FE i g, Mo2ikz, S 04t
= 021 =
MoO0 A 55 oLl R=
50 60
R [Fl/d

0 Mo0
B Mol
B8 Mo2

=

SPSH: R A X R IL &
(=]

70
Bk [a)/d

P12 it 0 O I SPS RS R 335 B 1 S )
Fig.2 Effect of Mo application on SPS gene expression

YN SPPLLE SR ITE AFTE, 255
TR G s B J 0 R ) O B Il (S WA 2R 552013) . 1l
EI3FTR, K IHAE 50 dfS, SPPHE N #IE LAiMo0#y;
5, fEREAR60M170 d)fF,LAMol RIA i i, Mo2ik 2,
MoO §5; ##80 dJF, SPPHE: R L ik &N KA
Mol1>Mo0>Mo2,

VINGEWE (AT 10 6 46 B, D s 8
BB B R AR 3 AP (Woodson Hl Wang
1987). 457w, RS0 diE, &AbFE 2 (8]
VINJE R R I8 %A B 200, [EFF60. 70180
dJg =N EURERT I, VINSE K3 PAMo2 3% ik 5,
MolikZ., Mo0FK L 555 .

P14 it EE S R - VINZES PR 9028 8 1) 5
Fig.4 Effect of Mo application on VIN gene expression

GBSStu#5GBSSIFIGBSSII, & 744k N B %
VER A R SR ([ = P AN e 1E2012) . 40 &5
FioR, 16 F—BURER 8, GBSSIZE K %1k & DLt 41
AP IR R . EREHT0 dJF, GBSSIEK LMol
FiEFm, fEREFS50. 60180 d)5, GBSSIEIKN FEik
£ 2 HMo2>Mo1>MoOf# & 7t .

o

T

I

GBSSIEEF MM RILE

B [/d
5 i EH S MR GBSSIHE PR 323k & 1 5 1)
Fig.5 Effect of Mo application on GBSSI gene expression

SBEREWS M b o- 1,605 H H L B BETE ¥, =2
HARS 5 SO 2R A R 5% B g () R A%
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2010). WIE6HT R, fEHS0FI60 d)F, SBEFHE K %
JA B LMol ik 5t 5, Mo2iK 2., MoOft35; fER#.
70 dJi, PAMo1 5, Mo0k 2, Mo2#x §5; 7E£ 3480
dj5, SBERN R 1A & 2 I HMo0>Mol1>Mo2.

1.8 0 Mo0
1.6 B8 Mol
141
1.2+
1.0f =
0.8} |
0.6 [
04} [
02} |
0

o

3]
<
)
NI
o

o

SBEF:R AN £EE

AANIINRNNNY

ANARNANAANAAN

= (T
I =2

60

Bk [a)/d

FE16 it EH % AR I SBE 3 PR 20 5 1) S I
Fig.6 Effect of Mo application on SBE gene expression

3 AT EM SR E RIZA R

GSHEE 14 FEL 4 T U 1 R0 M T 25 38 S5 45 381 1
¥ 22 HGS/GOGATE ¥4 [A] b Ry 2 2 R (1 = 5%
2012). 7R, HEHEE RS0, 608170 dJF,
GSI1-3F: K 3R iA 7 PUMol Fik e i, F& R £k & 5
A EEMo0 il 1 25.39%. 50.23%F163.37%; F5#%
80 dJF, GSI-3F:H KA & IMo2R 1A £¢ i, tEMo0
0T 49.69%.

1.87 0 Mo0
1.6 B Mol
1.4 B Mo2
1.2}
1.0} =
081 [
0.6f |
04} [
02} |

e
o
o

o

U]

i

e

2 (=

e

e (T e

GSI-33:HAX Rk &

0 6

W
(=]

Bk [a)/d

7 HEA I GS1-33E K 1k = (1) R i
Fig.7 Effect of Mo application on GSI-3 gene expression

GS1-SFENFZIE B W EBI7R, 164 U 3]
FE AL B LMo L 35 i, Mo2iK 2, Mo0#&
BB g5 EANHURERT Y], Mo 1 Ab L P A B 7
BIEEMoOXE N T 31.45% . 55.21%. 58.70%#l
69.57%; Mo2tMo04r 53 i 724.39%.
37.65%. 45.34%K149.68%.

201
1.81
1.6
1.41
121
1.0

GSI-5H:HAX RiX &

D)
Bk [a)/d

60

B8 it FE 0T M I GS1- 545 DR 2 3K 1 52
Fig.8 Effect of Mo application on GSI-5 gene expression

5] i

T 78 A 5 50~80 oA I HE ph HE K U i) e 2 A
AR G RR I, R R S IR AR K B AR B AR
Kk P B BHAE D 2 P ) A R Ay, i
S5 M) 8 (1% 5 3 T 52 o L AP e S A 4 2 L i
(Nautiyal MChatterjee2004), NRj&—Ff ¢4,
T PR /N AR S S WA AT AR (1 7K P (RE BE 4
2012). XIMEAIRG E 52 (2000) I 5546 H, K ELE
IREH A T~ 2 3 EINRIEEREAS, ANHEER &,
it AR R R R, R R S B 1 7 A Y A
SR . PUAS 3N AR 3 AE A (A HUORE I A NR S (R
B AT LA 1, Mol MlIMo24b H NRFE K] 3 i B i 53
TMoOAbEE, i B Tt e i T NREERI [ 3R IA, 45 I
A P IR SR B B R 5, R T A A
B AR R, XA RS H %S SNREVAEY A K,
Ferm TNRIEF SR %

SR P (B A R 2 LS TE ML 1) [ 2 DA B ik
KB i, MBS AR, Xk
A B AR T 22 PA S I I W [ R 4 (R R R
1999), HINZE(2015) IR 7T 45 H, % JR7E B e 4%
PR RE3%30 dJE, SPP. VINZEBEE 10 5 R P&, 1M
Tt BH 25 A T B R I R AE DG BVE YA i . T
AN [V EH IR BE KT 25 BURE I HHSPS . SPPANVINTY
R LIS BT S, VINFER R IL DUAH b P2 %
IR, R A B, R R R IR R SPSHI
SPPEEH 1) Z B U A B AS 6], 7505 10 AR & P13
(F&#%50 dJi), MoOAb B R IR #5582 T 1A H 5
WI(# 360, 70H180 dJF), Mol FIMo2 kb B 25 ik 45
SR, YR AR T VIN, SPSHISPPREE ) 2215,
FE T 0 MG R 1 [ 5 6 70, 1% AT g S5 0 A K
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Je AR AU A B S 5 A O, 1 it A R DA A O
ity )y VBRI G AR o VE R A2 B M TE
K H A R AR 2R E RO AL A, S R
TER B I JE MR AL 2 By PR AL T
A =B (E K 2452009). GBSSHISBE &
VERY G RO R 1 ke, A GBSS EE I E
BEVE R G 1, AT LA YGBSSIMIGBSSIT (I 45 ¥4
FIH 2 42003) . ASHF 45 KM, HHLE T
GBSSIEE R F21A 5 B W3 58, DAIMo2/K~ 3 T R4 R
TR SBERER 1A B AE & A FE 2 [R] I R R I
HE B P A R A, 10 B it BE A 0 (i 3 GBSSFEE A
M2k, AR T HEER A SR, AT
T Sy, XS R S (2012) B 7L it
BEDRE AR 2 SR TR 52 T 2 SR — 3

FARCHHR AR KR B R i EE A AR,
S o5 A B P 11 22 20 6 R 1R & 5 S
FRBEEMAIEH. GSHT Lo AR ALGS (GS1)
FIHSEAA TGS (GS2), RS K HE RS AT RS R
R85 15 3 1 42 2 HGS/GOGATYE 4 [F14k, g 5 5t
R (3240 M3 552010) . LIRS A BEGSI-3R1GS1-53%
R Rk w0 UF Y, il EH AL 3T B 2 R R I8 i,
PAMo 17K~ T+ 280 S B8 g BH S5, 1X AT B8 565 S 4T T
DA BR 0 5 2 A 0 ) R e R A O . i AT
DA SR GS X BRI A A4k, fEit & A A A
A R, AT A R T 908 S0t ol PR T o

AT TE NG T HE WD A BE S AT LU T AN [ i
FHIRBE TR, 5 0055 4 I A0 A A QA o Bl 2 TR 1)
FIE 7 S, T R A4 0 2 B R A A
KRR RIL R SR, AR T Bk & PR &
WIIR G RS AR R, (AR Ol A VR DL S
o Rt AR U A G g 25 R 1 55 4 FH 1) P9 FE LR AT
T .
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Effect of molybdenum application on the gene expression of molybdenum enzymes

and related enzymes in carbon/nitrogen metabolism of Nicotiana tabacum L.

XU Jia-Yang, HU Cheng-Xiao", SUN Xue-Cheng
College of Resources and Environment / Microelement Research Center, Huazhong Agricultural University, Wuhan 430070, China

Abstract: In order to study the effect of molybdenum nutrition on the related enzymes in physiological metab-
olism of Nicotiana tabacum L., the real-time quantitative PCR was used to detect gene expression of molybde-
num enzymes and related enzymes in carbon/nitrogen metabolism among different molybdenum applications.
The results indicate that, during the four sampling periods, nitrate reductase (NR) and granule bound starch
synthase (GBSSI) genes were expressed more strongly in the treatment of molybdenum. Sucrose phosphate syn-
thase (SPS) and sucrose phosphorylase (SPP) genes were expressed more strongly in the treatment of MoO at
the fiftieth days after transplanting, and the treatment of Mol and Mo2 were expressed more strongly at the six-
tieth and seventieth days after transplanting. The vacuole invertase (VIN) gene was expressed strongly at the
sixtieth, seventieth and eightieth days after transplanting; the higher were the application of molybdenum, the
more strongly VIN gene expressed. Starch branching enzyme (SBE) gene expression did not show a significant
change in the study, SBE gene was expressed most strongly at the fiftieth and sixtieth days after transplanting in
Mol treatment, and was expressed most strongly at the eightieth days after transplanting in MoO treatment.
During the four sampling periods, GSI-3 and GSI-5 genes were expressed more strongly in Mol and Mo2
treatments than in the treatment of Mo0.
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