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Dynamic Analysis of Carbon Metabolism in Tobacco Leaves after Harvest
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Abstract: To explore the molecular mechanism of carbon metabolism in tobacco leaves after harvest, the flue-cured tobacco
varieties “Yuyan 12” and “Qinyan 96” were taken as the sample materials to determine the changes of starch, total sugar, and
reducing sugar contents, and the expression levels of starch and sucrose metabolism related genes in tobacco leaves after harvest
were analyzed by real-time fluorescence quantitative PCR. The results indicated that the starch content of “Qinyan 96” was
significantly higher than that of “Yuyan 12”. Starch content decreased gradually after harvested for 0-30 h, while total sugar and
reducing sugar gradually increased, and sugar content increased rapidly after 12 h. The expression of NtAGPS3, NtGBSS1, NtSS1,
NtSS2, NtSBE1, NtSBE2, NtISO2, NtISO3, NtSP, NtSPSA, NtSPSB, NtSPSC, NtSPP1, NtSPP2, NtSuS and NtVIN1 in fresh tobacco
leaves of “Qinyan 96” was significantly higher than that of “Yuyan 12", while the expression of Nta-amylase and NtS-amylase was
significantly lower than that of “Yuyan 12”. The expression levels of NtAGPS1, NtAGPS3 and NtGBSS1 decreased rapidly after
harvested for 0-30 h; the expression levels of amylopectin synthesis related genes showed disordered increasing and decreasing; the
expression of NtSR1, Nta-amylase, NiS-amylase, NtSP, NtSPSA, NtSPSB, NtSPSC, NtSPP1, NtSPP2, NtSuS and NtVIN1 showed the
trend of ascending first then descending, or increasing gradually. The expression levels of NtAGPS1 and NtGBSS1 were significantly
correlated to the changes of starch and sugar contents. These results suggested that there are some differences in starch and sugar
metabolism between “Yuyan 12” and “Qinyan 96”, and NtAGPS1 and NtGBSS1 might be the key genes regulating the carbon
metabolism in tobacco leaves after harvest.
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cDNAI GenBank Invitrogen RealMasterMix (SYBR Green)
PCR 1 PCR RT-PCR 3
NtL25 grasce 04
1 PCR
Table 1 Primers for qPCR of sugar and starch metabolism related genes in tobacco
Metabolic . . G-3)
pathway Gene name Serial number Primer sequence

NtL25 L18908 F GCTTTCTTCGTCCCATCA R CCCCAAGTACCCTCGTA

Reference gene
NtAGPL3 XM016630651 F CGTGCTAAGCCTGCTGTTCC R TGGTGTTTGAGTTGCTGCTAAGA

Starch NtAGPS1 DQ399915 F CGTGATAAGTTCCCTTGTGG R TCACATTGTCCCCTATACGG

ZT;?:(;’EZ;“CS NtAGPS2 NM001325659.  F  TCCCTCAACCGTCACCTCTC R TTATGCTCCTCAAACAACCACAA
NtAGPS3 AY186620 F AGCAAAGACGTGATGTTAAACC R TCTTCACATTGTCCCCTATACG
NtGBSS|1 DQ069271 F GGTAGGAAAATCAACTGGATG R TATCCATGCCATTCACAATCC
NiSS1 DQ021463 F CGGGACAATATTCAATTCGTC R GGTGGGAAACTGGAACACTAAA
NiSS2 DQ021466 F GATGAAAGGGCTACCCCACTG R TGCCTGTCTCTTGACTGAACTTTG
NtSBEI AB028067 F TATTTCAGCGAGGCTACAGATG R CATGAAATTGAGGTACCCCTC
NISBE2 DQ021459 F CACCTCCCCTGCTTTCACTTCC R GTTCTCAGCTTTAATCTGGCTAG
NHSOI DQ021471 F TTGGATCCTTATGCCAAGGTCA R TAGGTCTCCTTCCCAGTCAAACTGAT
NtSO2 DQ021461 F AGTTGGTCTCAGTTCAGGGCAT R GGCAAAGAACAATCTAAAGCAGC
NHSO3 DQ021462 F AACGAGATTACCTGGCTTGAGGA R TGTTTTGCTTCCAGAAGAATAGCAG
NiSRI DQ021469 F AGAAATATATGTCGAGGTGGTCAGGG R TTGGGTAACCTAACACTTGAGGAGAGT
NtSP DQ021468 F AATCATGATGTGCAAGCGAAGA R TGTAATCTGGCACAAATATTACCTTCAA
Nta-amylase  DQ021455 F ATATTGCAGGCCTTCAACTGGG R TGGAAGGTAACCTTCAGGAGACAA
Nif-amylase  DQ021457 F TGAGCTATTGGAAATGGCGAAGA R AAGAGGGATCGTGCAGGAATCA
NitSPSA AF194022 F GGAATTACAGCCCATACGAG R AAGTTCTGGGTGAGCAAA

Sugar NtSPSB DQ213015 F AGGGAGTCTTCATAAATCCAG R GGACCACCATTCTTAGTAGC

metabolism NtSPSC DQ213014 F GGGACTTTGGATTAGATGAAG R GCATGTGTGTAAATAACAC

related genes NiSPPI AAW32903 F TTGTTCCCGCCTATGAAG R CAGATGGTCTACACACTGC
NtSPP2 AAW32903 F GTGGTGACTCTGGGAATGATG R CATTCAGCCATGTCTGATGTAC
NitSuS AB055497 F CCATTTCTCAGCCCAGTTTA R CTCTGCCTGTTCTTCCAAGT
NtVINI AF376773 F TAAAGGAATCACAGCGTCG R TGCATAAAGATCAGCCCAACTA

F R

Note: F represents the upstream primer, R represents the downstream primer.
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2
Table 2 Changes of relative expression levels of starch metabolism related genes in tobacco leaves after harvest
12 Yuyan 12 96 Qinyan 96
Gene Oh 6h 12h 18h 24h 30h Oh 6h 12h 18h 24h 30h
NtAGPL3 — — — — — — — — — — — —
NtAGPS1  11.00+0.10 8.37£0.40 5.14+0.37 3.55£0.10 2.44+0.11 1.00+0.15 12.37+0.758.91+0.81 7.11+0.49 2.78+0.22 2.15+0.15 1.75%0.14
NtAGPS2 — — — — — — — — — — — —
NtAGPS3  10.04+0.59 4.28+0.14 2.14+0.49 1.40+0.11 1.39+0.19 1.76+0.03 17.93+0.66 2.75+0.19 2.74+0.28 2.14+0.16 1.52+0.27 1.00+0.17
NtGBSS1 ~ 23.18+0.11 12.04+0.48 9.12+1.05 10.48+1.17 5.24+0.35 1.00+0.28 31.63+1.17 9.15+0.24 9.80+0.11 9.51+0.46 4.08+0.46 1.32+0.10
NtSS1 11.21+0.93 1.00£0.24 1.86+0.37 3.35£0.27 2.06+0.27 2.37+0.35 16.43+1.57 2.11+0.06 1.88+0.33 3.21+0.33 3.99+0.25 5.01+0.22
NtSS2 10.13+0.69 8.88+0.53 9.04+0.66 8.38+0.44 3.94+0.15 1.00£0.05 16.2+1.31 1.84+0.58 4.05+0.87 3.69+0.50 4.32+0.58 4.62+0.52
NtSBE1 2.59+0.52 1.00+0.15 1.70+0.75 11.78+1.31 7.37+1.06 1.08+0.20 34.67+3.08 5.29+1.99 14.92+3.98 27.35+4.71 26.94+2.36 38.84+3.31
NtSBE2 6.79+0.23 6.12+0.53 6.73+0.46 5.97+0.55 3.38x0.45 1.00+0.18 30.28+1.41 2.30+0.03 4.20+0.33 5.20+0.25 6.95+0.38 7.61+0.44
NtISO1 10.09+0.04 7.57+0.22 8.89£0.59 10.03+0.73 4.62+0.52 1.23+0.10 1.00+0.24 2.46+0.44 7.75+0.34 4.87+0.52 5.35+0.60 4.25+0.52
NtISO2 4.92+0.50 1.00+0.05 1.45+0.24 2.28+0.24 2.77+0.72 1.43+0.29 8.91+0.45 1.61+0.22 1.49+0.48 1.03+0.19 2.76+0.39 3.73+0.21
NtISO3 1.54+0.15 1.00£0.32 1.13+0.28 2.64+0.53 1.75+0.32 1.84+0.51 11.36+0.97 3.39£0.28 1.58+0.27 1.58+0.05 4.03+0.37 7.62+0.18
NtSR1 3.93+0.32 1.12+0.07 1.34+0.09 1.00+0.31 2.18+0.23 2.12+0.35 4.69+0.87 2.27+0.30 1.00+0.21 1.10+0.10 4.85+0.71 11.90+1.14

Nta-amylase 6.35£1.98 7.66+2.39
Ntp-amylase 10.85+0.52 6.53+0.53
NtSP 3.61+0.31 1.37+0.31

23.43+1.83 31.51+2.23 19.57+2.30 14.37+0.70
33.38+0.87 21.49+0.53 12.08+0.45 8.19+0.03
1.58+0.05 1.99+0.35 1.13+0.26 1.00+0.24

1.00+0.29 16.33+1.51 10.63+1.66 9.97+1.18

17.35+0.88 19.79+0.90

1.00+0.48 10.47+0.95 38.74+0.82 38.51+1.71 39.36+1.90 58.45+4.42

13.97+0.77 1.34+0.15 1.39+0.23 1.39+0.29

3.61+0.79 2.97+0.38
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NtAGPL3  NtAGPS2 NtAGPS1 12 NtISO2 NtISO3  NtSRI 96
NtAGPS3 96 0h 12
12 NtAGPSI 30h 96  NtISO2 NtISO3  NtSRI
NtAGPS3 6 h ““u’’ 12
NtAGPS1
Nta-amylase  Ntf-amylase
96 0h 12
NtGBSS1 12 30h 96
NtGBSS1 Nta-amylase  Ntf-amylase
30 h 96
12
NtSS1 6h NtSP
30 h 96 96  NtSP 12
12 NtSS2 96 6 h NtSP
NtSS1 NtSS2 12 30h 96  NiSP
12
2.3
96 Oh  NtSBEI  NtSBE2 3
12 9%  NiSBEI NiSPSA  NiSPSB  NiSPSC
6 h
12 NiSBEL 30 h 96  NiSPS
12h 12 12 NiSPSA NiSPSB  NiSPSC
18 h 6 h 9
NtSBE?2 96 NtSS1 6 h
NISS2 12 30 h NiSPSA
30h
96 NiSPPI  NiSPP2 12
30h 9  NSOI 96 Oh  NiSPPI  NiSPP2
3
Table 3 Changes of relative expression levels of sucrose metabolism related genes in tobacco leaves after harvest
G 12 Yuyan 12 96 Qinyan 96
T on 6h 12h 18h 24h 30h 0h 6h 12h 18h 24h 30h
NiSPSA~ 1.80+0.19 1.57+0.18 6.66=0.29 3.94=0.12 1412024 1.00£0.08 25.60+2.73 2353034 8.66£0.97 5.41£0.74 7.50+0.70 13.01£1.40
NiSPSB  3.29+0.46 8.26+2.75 24.420.71 16.17+2.05 15.45:0.01 1.00+0.16 45.68+3.87 1.99+0.12 17.17+0.32 19.95+1.48 22.78+1.22 10.24+0.88
NiSPSC  8.7140.66 2.1120.11 3.84£0.54 5.61£0.57 21.33x1.12 1.00:0.14 18.93+1.23 7.11£0.37 9.35£0.56 24.43£1.16 23.41£0.59 3.69:+0.74
NiSPPI 1.16£0.21 1.12£0.28 1.3120.25 1.88£0.40 1.80£0.04 1.00:0.06 8.02+0.93 1.74x037 1.76£0.19 2.32+0.25 2.73+0.26 3.85:0.34
NiSPP2  1.00+0.34 4.22+0.62 5.40£0.73 5.29:0.81 10.88+0.93 6.87+0.26 21.71+2.43 3.22+0.82 9.20£0.63 6.26+0.52 13.21£1.23 17.82+0.74
NiSuS  3.28+0.78 2.57+0.08 4.7740.25 7.41£0.82 6.96£027 2.56£0.65 5.75:0.60 1.00£0.03 1.48+0.15 3.44£035 5.13£0.54 5.51+0.57
NeVINI - 1.25£0.19 2.20£0.26 3.95£0.40 1.750.18 1.88£0.13 1.00£0.19 9.95£0.53 2.73£0.12 435£0.72 4.85£033 5.95£0.10 9.40+0.78
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6 h 12
=0.987 p 0.01 NtGBSSI
30 h 96 12
NtSuS NtVINI r=0.876 p 0.05
12 12 NtSuS  NtVINI r=-0.776 -0.785 0.709 -0.671
96 NtSuS -0.696 NtAGPS3  NtSS2 NtSBE2  NtSRI
NtVINI 6h NtS-amylase 12 96
2.4
4
NtAGPS1
4
Table 4 Correlation between starch, sugar contents and metabolic related gene expression
12 Yuyan 12 96 Qinyan 96
Gene Starch Total sugar Reducing sugar Starch Total sugar Reducing sugar
NtAGPSI 0.987** -0.903* -0.915% 0.864* -0.816* -0.863*
Starch metabolism  NAGPS3 0.892* -0.663 -0.681 0.557 -0.506 -0.545
related genes NtGBSS1 0.876* -0.776 -0.785 0.709 -0.671 -0.696
NtSS1 0.591 -0.349 -0.362 0.273 -0.219 -0.263
NtSS2 0.731 -0.878* -0.872* 0.336 -0.278 -0.314
NiSBE1 -0.456 0.433 0.439 -0.580 0.606 0.599
NtSBE?2 0.673 -0.853* -0.847* 0.307 -0.251 -0.290
NtISO1 0.568 -0.721 -0.712 -0.280 0.264 0.327
NtSO2 0.427 -0.159 -0.182 0.183 -0.115 -0.172
NtSO3 -0.573 0.640 0.656 -0.037 0.106 0.035
NtSR1 0.445 -0.114 -0.142 -0.775 0.821* 0.765
Nto-amylase ~ -0.719 0.435 0.461 -0.704 0.683 0.676
Ntp-amylase ~ -0.234 -0.166 -0.141 -0.859* 0.842%* 0.878%*
NtSP 0.700 -0.561 -0.567 0.322 -0.264 -0.308
NtSPSA -0.098 -0.324 -0.296 0.118 -0.046 -0.090
Sugar metabolism NtSPSB -0.292 -0.088 -0.077 0.305 -0.269 -0.268
related genes NISPSC -0.179 0343 0.305 0.153 -0.201 -0.140
NtSPP1 -0.468 0.386 0.384 0.157 -0.099 -0.146
NtSPP2 -0.807 0.785 0.772 -0.271 0.344 0.300
NtSuS -0.535 0.416 0.416 -0.516 0.546 0.527
NtVIN 0.019 -0.425 -0.413 -0.366 0.426 0.383
* *k Note:* and** respectively indicates significant correlation of 0.05 and 0.01 level.
3 30h
96 12
12 96
96
12
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12 96

12

96
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