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NMPWAD DOWNYN NON DXIND .DXDY0NN DI1DIDN 1137712 DPNNP DMWY NOND | DINDD

X902 1279Y1N 31957 P2 NPT NNMP .OXNNANNN NPAND YN NN IPOP¥A AN JPANN DY NPOIANRLHN
NPAND Y2 MIPOYN DIONN 10N XINY 111210 1577 1AV NI9N NNYN 79D DYDY 3 21DV NPIARND
P12 925 VP HIPINID PN VYN JPINA PIONN JPAND YNNI HNINDN I NNAWNI DXOWIAN
TONN TONNA DD DN YHANI DOWNYN DIMNIDIDN NNIWN 2PN DY NPAND YNNIV NINID 1NN
NNYNA 295 D)7 2-3) TN DTPIN ADYWA NAVNNY IPMIYN PIVAN NXIID T INON NPHRYI .NYWINN
LRADIY 11120 DIVINOYI ,WTNN NNPDI N0 HY P11 DINIT DXNNINND NPARD 71X (NN

DY MPIANN NIV MYN NMIRIN .DOIYIAN DN 111D NMNIVIND) NN NN PPIN INNPD
DYNINM (3171010 DY NHN1OY LRIVDID MNP DY PO NN NWYN) 2 IRPPIVPING DIINNVY T
D30 NP ONNY NNNY DMYY PVDINAN IRVIIPN

195 1290y Y MNI2) NN NMININ DMMVINT 12N DIV HY DXNNINKN NPAND ), N. sylvestris -2
NMMNMVLINNIVLY NOVINND NDWNY M MM NMNVINNLY NIXP NDWN 1) DIN-NPYD AN N2 MY
DOIND MIXVIN DY NPANRD NYYIAN TONN 12MIY TN NPRY VIVIND IRNYNA (NYON> MNNHD MM
MMVLINIVA VIVINN PINNM TN NV ) D) 12N VIPV YV NPANND >N .phosphoglucomutase
,DXNNANNT NPIANT YN I2MIY DY MM NN NMNINY NNIND IR DPINND NON DINNNN MY .MM
.NV23N PIT2 I ONINNONN TONNI 1N ,0IN NPY SXIN DY TTHNNND NYIDN NN DDVIAN DD NIPN
IN DYVINDIN YV PADI NPANI DI19IDN DIDIIVN DY MIWIND TPINN NN )INAY 1NN DY

YT D¥DOWIAN NPAN 7D)2 DXVINIAVN NN DY NPIIND NMNIVN NPVIN NYNIA osmoprotectants
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DT NP 92N 112 0) .DIN VIVIND DY NPARN MDMNI DTN NN 20N NDID 1B N (15 TPN)
N ,NPARND MON DY NPNYWI DIVN PPN NPND NYY 1IIDDN MDIPIIND .ANY DNVP DITHN TN 13D
.NVY2)D YIVTN NN NPODNI )M NPYY NOOWNN AT NYO 791D NNINMI DMIAYN DY NN
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NN DXWAYN DX1DIDN NN MTRN/OMPYNY NITMDNN NN .2 .0IN-NPY ONIN NPIAND MIN
.1IP2ONNY NMT .3 .IPIAND MK HY NYION

JSINDINDY 02020 9Py

NNNN NNNONNN NPARNY XY DMIDIDN NNOWNND DN 3 DY JPAND NINPI DIDDN DHILVN TH)
.DPAND Y NYVAN ToNNA H1II0 DY MMI) NN MIIVNN NONY XN .YOan

DY NPHNY PIAD NPANA 120Y NVIN NDID P PY WP NNAY TN DY ,1920Y->70N DI0IVIND YINIY NYY)
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D7) 28N (10T NVD»S ,NPPID DY) YA (DPIVIN YN NN ,3042-) 3017 DOIF ) PIY PNNY

INY) NPARD NN DY MO 1y My oy Nicotiana silvestris v vV NN (1726 - PPOOP
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5w NYWA NPIANY (A-2 - N9 NNYNS %99 DHRY MNNSNN MHTT) NNNONN NPIANI DXVIAVN HY PMNI PPN .1 1AV

NYXI2 NVIND .DNIMLVNIN DININ ITTHIV ,IRDIMPITNODIS DN Y19N VIVI (WT) 72 17, Nicotiana sylvestris >snnxs

VXTI 92N 139 1PON VIVINN HY NPANI TN NN DNNIY DOVINIVN DNIX MNDN TN Ya¥a NWXTH .GC-MS naya

.0IVINA NOM DNHNIY DIVIDNAVN NMNDN DI1ON YaNa

WT Mutant
Group Compound A A-2 A A-2
amino acid alanine 1,158.47 775.61 1,393.72 966.65
amino acid arginine 463.31 540.12 1,100.25 1,594.01
amino acid asparagine 481.01 154.88] 1,689.51 162.91
amino acid beta-alanine 31.72 12.13 73.88 57.22
amino acid glutamine 59.01 95.01 84.53 63.94
amino acid glycine 102.81|. 164.44 7.83
amino acid histidine 137.93 96.73 151.29 100.01
amino acid homoserine 26.83 25.74 33.28 27.69
amino acid isoleucine 146.07 112.98 193.39 165.71
amino acid leucine 78.93 26.42 92.12 32.03
amino acid lysine 65.72 31.08 134.63 43.98
amino acid methionine 53.50 38.96 79.80 59.47
amino acid ornithine 141 3.25 3.81 3.83
amino acid phenylalanine 75.66 50.59 149.51 85.42
amino acid proline 6,070.00| 6,698.12] 6,687.66| 8,780.30
amino acid serine 158.79 98.84 223.18 152.98
amino acid threonine 59.30 46.39 124.42 82.11
amino acid tryptophan 48.21 46.66 87.98 48.72
amino acid tyrosine 64.12 43.13 160.87 75.06
amino acid valine 123.47 41.67 156.77 75.15
organic acid alpha-aminobutyric acid 2.46 0.78 1.99 2.66
organic acid alpha-ketoglutaric acid 33.23|. . 34.62
organic acid aspartic acid 40.25 27.71 79.79 44.63
organic acid citric acid 150.01 19.50 489.99 62.36
organic acid isocitric acid 6.98|. 23.86|.
organic acid fumaric acid 31.17 7.90 42.16 24.75
organic acid gamma-aminobutyric acid 48.57 18.10 91.50 119.19
organic acid gluconic acid 36.65 18.95 65.53 27.10
organic acid glutamic acid 365.78 479.75 631.57  1,059.10
organic acid glyceric acid 23.98 11.77 43.57 23.96
organic acid lactic acid 7.28 4.27 12.20 7.21
organic acid malic acid 234.34 112.40 351.27 207.44
organic acid pyruvic acid 45.14 21.88 31.70 51.92
organic acid salicylic acid 0.94 0.40 1.55 0.88
organic acid shikimic acid 0.65|. 1.49 0.80
organic acid succinic acid 110.44 84.51 84.34 180.63
sugar fructose 52.97 19.13 48.91| 27.55
sugar galactose 697.20 356.80 938.18 599.50
sugar glucose 523.78 266.33 706.05 449.89
sugar maltose 37.15|. | 20.84
sugar mannose 482.72 254.63 800.56 511.28
sugar psicose 60.79 9.33].
sugar raffinose . . .
sugar ribose 14.76 13.67 15.59 14.88
sugar sedoheptulose 31.82 14.27 27.00 15.38
sugar sucrose 44,100.16| 25,591.50] 37,797.53 36,808.49
sugar trehalose 11.41). 10.32
sugar xylose 4.99 4.20 9.81|.
sugar alcohol arabinose 8.20 5.14 9.94 6.29
sugar alcohol arabitol 11.34 10.38 39.85 5.57
sugar alcohol galactitol 45.59 33.88 54.63 39.63
sugar alcohol inositol 59.32 51.87 107.97 77.59
sugar alcohol mannitol 243 5.52 2.29| 5.75
sugar alcohol sorbitol 1.90 2.71 3.34] 2.45
sugar phosphate |fructose 6-phosphate 9.24 3.97 24.16 14.61
sugar phosphate |glucose 6-phosphate 12.97 2.87 47.34 25.79
sugar phosphate |mannose 6-phosphate 21 16.33 5.47 81.07 49.35
sugar phosphate [sucrose 6-phosphate - 15.76| 11.61




Nicotiana >nny Sw NSwa NPaNI (A-2 MNNANN NXIT) DNNSNN NPAN DIVINIVN YV HMNI NHIIN L2 0N DYV
NI NYXI2 NPIND .(45°C-1 D»RYVW) DIN-NPYY 1IDUMIY IRVIMPITNGDIS DTN YN VIV (WT) 12 33 ,sylvestris
.921 119 ON VIVIND HY NPIANRI INY NN DNNIY DXVXNAVN DNIX TMHNDN TN Yaxa NWHT .GC-MS

WT Mutant

Group Compound A A-2 A A-2
amino acid alanine 1,086.57 346.08 799.89 563.62
amino acid arginine 513.10 669.74 500.25  1,419.58
amino acid asparagine 545.30 236.05 739.44 227.44
amino acid beta-alanine 40.07 4.80 41.75 22.23
amino acid glutamine 61.02 64.05 56.34 60.55
amino acid glycine 70.04)|. 83.73 6.87
amino acid histidine 123.73 90.95 154.31 94.93
amino acid homoserine 27.58 24.80 28.57 26.63
amino acid isoleucine 123.41 65.41 125.19 159.55
amino acid leucine 81.49 23.96 95.17 32.66
amino acid lysine 89.34 45.50 140.67 52.30
amino acid methionine 56.19 47.31 68.77 45.58
amino acid ornithine 1.37 3.49 3.92|.

amino acid phenylalanine 94.31 45.06 120.69 74.34
amino acid proline 4,217.45| 4,181.45| 3,791.20 7,898.14
amino acid serine 177.37 64.68 149.11 118.58
amino acid threonine 62.24 43.72 81.15 111.94
amino acid tryptophan 58.77 59.75 69.44 56.58
amino acid tyrosine 103.32 81.08 140.22 140.25
amino acid valine 91.59 34.17 150.35 79.04
organic acid alpha-aminobutyric acid 1.17 0.30 2.51 1.69
organic acid alpha-ketoglutaric acid 37.88 27.79 32.55 42.26
organic acid aspartic acid 56.32 31.45 59.59 50.64
organic acid citric acid 305.12 37.75 361.13 107.28
organic acid isocitric acid 21.20 1.17 24.40 3.54
organic acid fumaric acid 35.82 7.48 28.74 21.92
organic acid gamma-aminobutyric acid 72.32 47.00 70.13 135.65
organic acid gluconic acid 44.64 17.60 61.11 20.40
organic acid glutamic acid 445.09 444.30 316.12 777.36
organic acid glyceric acid 37.57 9.52 62.60 27.57
organic acid lactic acid 7.01 14.33 5.06 37.23
organic acid malic acid 301.74 128.22 246.81 352.35
organic acid pyruvic acid 37.66 14.71 21.45 31.64
organic acid salicylic acid 1.20 0.49|. 1.59
organic acid shikimic acid 0.83]. 1.44 0.72
organic acid succinic acid 97.71 32.00 55.88 117.11
sugar fructose 51.60 5.66 59.91 14.15
sugar galactose 782.36 191.13 1,044.77 299.20
sugar glucose 588.20 141.02 786.66 222.76
sugar maltose 17.61]. 9.84
sugar mannose 618.45 142.03 913.10 255.35
sugar psicose . 38.55
sugar raffinose 6.99|. 37.07 .

sugar ribose 15.92 13.98 15.51 15.20
sugar sedoheptulose 23.64 6.79 24.93 8.86
sugar sucrose 38,243.83| 29,213.80| 29,776.17| 39,609.81
sugar trehalose 5.98|. 5.62
sugar xylose 8.91 1.56 4.16 5.76
sugar alcohol arabinose 8.75 1.86 11.20 3.33
sugar alcohol arabitol 23.64 42.36 43.85 26.04
sugar alcohol galactitol 59.84 29.10 78.63 41.44
sugar alcohol inositol 87.05 94.87 130.65 118.13
sugar alcohol mannitol 2.23 4.81 2.94 1.38
sugar alcohol sorbitol 4.82 1.93 6.29 3.27
sugar phosphate |fructose 6-phosphate 20.24)|. 25.46 15.58
sugar phosphate |glucose 6-phosphate 33.06 0.41 28.49 22.69
sugar phosphate |mannose 6-phosphate 38.64|. 40.10|.

sugar phosphate |sucrose 6-phosphate A 17.79].




5w (A) NYwa NPANI (A-2 MNNSNN NXIT) DNNSNN NP DV912VN Y (45°C-1 D»PNYY) DIN-NPY NYawn .3 .91 N9aL

955235 .GC-MS m11y2 NYNA NHDIND . INDIDIPITNIDIS DIDINA Y190 VIVIY (WT) 72 17, Nicotiana sylvestris >nns
DNNIY DXVIINIVN NMNDM DIDN YN NYIT NPYN MIAPYI NNDY DNNIY DXV DNMIN THNDN TN YN NYITH 90N

DTy
WT Mutant
Control Heat stress Control Heat stress

Group Compound A A-2 A | A-2 A A-2 A A-2
amino acid alanine 1,158.47 775.61| 1,086.57 346.08 1,393.72 966.65 799.89 563.62
amino acid arginine 463.31 540.12 513.10 669.74 1,100.25| 1,594.01 500.25 1,419.58
amino acid asparagine 481.01 154.88 545.30 236.05 1,689.51 162.91 739.44 227.44
amino acid beta-alanine 31.72 12.13 40.07 4.80 73.88 57.22 41.75 22.23
amino acid glutamine 59.01 95.01 61.02 64.05 84.53 63.94 56.34 60.55
amino acid glycine 102.81|. 70.04]. 164.44 7.83 83.73 6.87
amino acid histidine 137.93 96.73 123.73 90.95 151.29 100.01 154.31 94.93
amino acid homoserine 26.83 25.74 27.58 24.80 33.28 27.69 28.57 26.63
amino acid isoleucine 146.07 112.98 123.41 65.41 193.39 165.71 125.19 159.55
amino acid leucine 78.93 26.42 81.49 23.96 92.12 32.03 95.17 32.66
amino acid lysine 65.72 31.08 89.34 45.50 134.63 43.98 140.67 52.30
amino acid methionine 53.50 38.96 56.19 47.31 79.80 59.47 68.77 45.58
amino acid ornithine 1.41 3.25 1.37 3.49 3.81 3.83 3.92|.

amino acid phenylalanine 75.66 50.59 94.31 45.06 149.51 85.42 120.69 74.34
amino acid proline 6,070.00/ 6,698.12 4,217.45  4,181.45 6,687.66| 8,780.30 3,791.20 7,898.14
amino acid serine 158.79 98.84 177.37 64.68 223.18 152.98 149.11 118.58
amino acid threonine 59.30 46.39 62.24 43.72 124.42 82.11 81.15 111.94
amino acid tryptophan 48.21 46.66 58.77 59.75 87.98 48.72 69.44 56.58
amino acid tyrosine 64.12 43.13 103.32 81.08 160.87 75.06 140.22 140.25
amino acid valine 123.47 41.67 91.59 34.17 156.77 75.15 150.35 79.04
organic acid alpha-aminobutyric acid 2.46 0.78 1.17 0.30 1.99 2.66 2.51 1.69
organic acid alpha-ketoglutaric acid 33.23|. 37.88 27.79 34.62 32.55 42.26
organic acid aspartic acid 40.25 27.71 56.32 31.45 79.79 44.63 59.59 50.64
organic acid citric acid 150.01 19.50 305.12 37.75 489.99 62.36 361.13 107.28
organic acid isocitric acid 6.98]. 21.20 1.17 23.86|. 24.40 3.54
organic acid fumaric acid 31.17 7.90 35.82 7.48 42.16 24.75 28.74 21.92
organic acid gamma-aminobutyric acid 48.57 18.10 72.32 47.00 91.50 119.19 70.13 135.65
organic acid gluconic acid 36.65 18.95 44.64 17.60 65.53 27.10 61.11 20.40
organic acid glutamic acid 365.78 479.75 445.09 444.30 631.57| 1,059.10 316.12 777.36
organic acid glyceric acid 23.98 11.77 37.57 9.52 43.57 23.96 62.60 27.57
organic acid lactic acid 7.28 4.27 7.01 14.33 12.20 7.21 5.06 37.23
organic acid malic acid 234.34 112.40 301.74 128.22 351.27 207.44 246.81 352.35
organic acid pyruvic acid 45.14 21.88 37.66 14.71 31.70 51.92 21.45 31.64
organic acid salicylic acid 0.94 0.40 1.20 0.49 1.55 0.88]. 1.59
organic acid shikimic acid 0.65]. 0.83|. 1.49 0.80 1.44 0.72
organic acid succinic acid 110.44 84.51 97.71 32.00 84.34 180.63 55.88 117.11
sugar fructose 52.97 19.13 51.60 5.66 48.91 27.55 59.91 14.15
sugar galactose 697.20 356.80 782.36 191.13 938.18 599.50| 1,044.77 299.20
sugar glucose 523.78 266.33 588.20 141.02 706.05 449.89 786.66 222.76
sugar maltose 37.15|. | 17.61 20.84]. | 9.84
sugar mannose 482.72 254.63 618.45 142.03 800.56 511.28 913.10 255.35
sugar psicose 60.79 9.33]. . 38.55
sugar raffinose . 6.99|. . 37.07|.

sugar ribose 14.76 13.67 15.92 13.98 15.59 14.88 15.51 15.20
sugar sedoheptulose 31.82 14.27 23.64 6.79 27.00 15.38 24.93 8.86
sugar sucrose 44,100.16| 25,591.50| 38,243.83| 29,213.80 37,797.53| 36,808.49| 29,776.17| 39,609.81
sugar trehalose 11.41]. 5.98 10.32|. 5.62
sugar xylose 4.99 4.20 8.91 1.56 9.81]. 4.16 5.76
sugar alcohol arabinose 8.20 5.14 8.75 1.86 9.94 6.29 11.20 3.33
sugar alcohol arabitol 11.34 10.38 23.64 42.36 39.85 5.57 43.85 26.04
sugar alcohol galactitol 45.59 33.88 59.84 29.10 54.63 39.63 78.63 41.44
sugar alcohol inositol 59.32 51.87 87.05 94.87 107.97 77.59 130.65 118.13
sugar alcohol mannitol 2.43 5.52 2.23 4.81 2.29 5.75 2.94 1.38
sugar alcohol sorbitol 1.90 271 4.82 1.93 3.34 2.45 6.29 3.27
sugar phosphate |fructose 6-phosphate 9.24 3.97 20.24|. 24.16 14.61 25.46 15.58
sugar phosphate |glucose 6-phosphate 12.97 2.87 33.06 0.41 47.34 25.79 28.49 22.69
sugar phosphate |mannose 6-phosphate 16.33 5.47 38.64|. 81.07 49.35 40.10|.

sugar phosphate |sucrose 6-phosphate 15.76 11.61 17.79]|.
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