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APPENDIX A

Preparation of the chemical reagents

Al. Preparation of the chemical reagents for determination of GABA and amino
acids
1. 0.3% Hydroxynaphaldehyde (HN), 100 ml

0.3 g of HN was dissolved with methanol and make up to 100 ml.
2. Borax buffer pH8, 100 ml

a. 0.75 g boric acid

b. 4.75 g Sodium tetraborate decahydrate (borax)

c. Deionized water 250 ml
3. 1000 ppm Standard GABA

0.1 g of GABA was dissolved in water and made up to 100 ml.
4. 0.1% Formic acid (Mobile phase)

Pipet 1 ml of formic acid into 1000 ml of the milli-Q water

A2. Preparation of the chemical reagents for Protein extraction
1. Stock solution of 500 mM HEPES buffer pH 7.4, 50 mi
a. 5. 96 g HEPES
b. Add distillated to make 50 ml
2. Stock solution of 0.5M Magnesium Choride, 50 ml
a. 5. 0825 g Magnesium Choride
b. Add distillated to make 50 ml
3. Stock solution of 500 MM EDTA-Na, 50 ml
a. 9.306 g EDTA-Na
b. Add distillated to make 50 ml
4. Stock solution of 10 mM Leupeptin, 1 ml
a. 5 mg Leupeptin
b. Add distillated to make 1 ml
Stored at -30 °C
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5. Pre-extraction buffer, 100 ml

a. 500 mM HEPES buffer pH 7.4 10 ml
b. 0.5M Magnesium Choride 2 ml
c. 500 mM EDTA-Na 0.2 ml
d. 10% glycerol 10 ml
e. Insoluble PVP 5 g

d. Add distillated water to a total volume of 100 ml
PVP is insoluble reagent, Should be lastly added.
Keep at Room temperature.

6. Extraction buffer, 10 ml

a. Pre-extraction buffer 10 ml
b. 5mM DTT 50 ul
c. 10 mM Leupeptin 10 ul

Keep at 4 °C in the refrigerator

A 3. Preparation of the chemical reagents for SDS-Polycrylamide gel

1. 30% w/v) Acylamide, 0.8 %w/v) bis-acylramide , 100 ml

a. 30 g acylamide
b. 0.8 g bis-acylramide
Add distillated to make 100 ml and stir until thoroughly mixed.
Work under hood and keep acrylamide solution covered with parafilm until
completely dissolved.
c. Can be stored for months in the refrigerator
2. 4X Tris/SDS pH 8.8, 500 ml
a. Weight out Tris-hydroxy methyl aminomethane (This base)y 91 g

b. Add to 300 ml distillated water

c. Add concentrated HCI slowly to pH 8.8

d. Add distillated water to a total volume of 500 ml
3. 4X Tris/SDS pH 6.8, 200 ml

a. Weight out This base 12.1 g

b. Add to 100 ml distillated water

c. Add concentrated HCI slowly to pH 6.8
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d. Add distillated water to a total volume of 200 ml

Stable for months in the refrigerator.

2X SDS loading buffer 10 ml

a.4X Tris/SDS pH 6.8 2.5 ml

b. 100% glycerol 2 ml

c.0.4 g SDS

d. 031 gDTT

e. 0.1 mg bromophenol blue

Add distillated water 5 ml, shake until thoroughly mixed and made up the
volume to 10 ml Stored at -70 °C

10% Ammonium persulphate, 1 ml

a. 0.1 g ammonium persulphate

b. Add distillated water 1 ml, shake until thoroughly mixed.

Fresh preparation before used.

. 4X Tris running buffer 1 L

a. 12 g Tris base

b. 57.6 g glycine

c. Add distillated water 500 ml, shake until thoroughly mixed and made
up the volume to 1000 ml

1X SDS running buffer 400 ml

a. 4X Tris running buffer 100 ml

b. 20% SDS (20 g SDS was dissolved in 100 ml distillated water) 2 ml

c. Add distillated water to make 400 ml
1X SDS running buffer 400 mi

a. 4X Tris running buffer 100 ml
b. 20% SDS 2 ml
c. Add distillated water to make 400 ml

Staining solution, 1000 ml

a. Methanol 400 ml
b. Acetic acid 100 ml
c. 1 g Coomassie Blue R-250

d. Add distillated water to make 1000 ml
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9. Destaining solution, 1000 ml

a. Methanol 300 ml
b. Acetic acid 100 ml
c. Add distillated water to make 1000 ml

A 4. Preparation of the chemical reagents for Western blotting
1. Blotting solution, 1000 ml
a. 12.1 g Tris-base
b. 14.4 g glycine
c. 10% SDS 5 ml
d. Methanol 200 ml
e. Add distillated water to make 1000 ml, pH should be between 8.1-8.4
without adjustment.
2. 10X TBS pH 7.5, 1000 ml
a. 60.5 g Tris-base
b. 87.7 g Sodium chloride
c. Add distillated water to make 1000 ml
3. 1XTBS pH 7.5, 1000 ml

a. 10X TBS pH 7.5, 100 ml

b. Add distillated water to make 1000 ml
4. TBS-T, 1000 ml

a. 1IX TBS 1000 ml

b. Tween 20 1 ml

A 5. Preparation of the chemical reagents for Proteome analysis
1. Rehydration buffer, 395 pl
a.0.1712 g Urea
b. 0.062 g Thiourea
c. TritonX 100 20%) 132.34 ul

d. DTT 1 M 8.14 ul
e. Add distillated water to make 395 ul
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Polyacrylamide gel, 18 x 35 cm (or 2 gel)

a. 30% acrylamide 54.167 ml
b. 1.5 M Tris-Cl pH 8.8 32.5 ml
c. 10% SDS 1.3 ml
d. TEMED 433 ul
e. 10% Ammonium persulphate 650 pl
d. Distillated water 433 ml

DTT equilibrated solution (for 2 gel)

a. 0.5M Tris-Cl pH 6.8 4 ml
b. 10% SDS 8 ml
c. 100% glycerol 12 ml

d. 14.40 g Urea
e. 0.4 g DTT (add before used about 20 min)

f. Stirred until thoroughly mixed and add distillated water to make 40 ml

lodoacetamide equilibrated solution (for 2 gel)

a. 1.5M Tris-Cl pH 6.8 1332 ul
b. 10% SDS 8 ml
c. 100% glycerol 12 ml

d. 14.41 g Urea

e. 0.4 g lIodoacetamide add before used about 20 min )

f. Stirred until thoroughly mixed and add distillated water to make 40 ml
SDS Running buffer 18 x 35 cm or 2 gel), 4 L

a. 12.114 g Tris-base

b. 57. 6536 g glycine

c.4.0379 g SDS

d. Add distillated water to make 40 ml

e. Stirred until completely dissolved

. 0.5% Agarose, 30 ml

a. 0.15 g agarose

b. Bromophenol blue 0.5 ml
d. Add distillated water to make 30 ml
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e. Microwave for 2 min before used

7. Staining Solution 18 x 35 cm dor 2 gel), 1 L

a. Methanol 200 ml
b. Acetic acid 35 ml
c. 0.5 g Coomassie blue R 250

d. Add distillated water to make 1000 ml

8. Destaining Solution I 18 x 35 c¢cm for 2 gel), 700 ml

a. Methanol 280 ml
b. Acetic acid 49 ml
c. Add distillated water to make 700 ml

9. Destaining Solution Il 18 x 35 cm (or 2 gel), 1000 ml

a. Methanol 50 ml
b. Acetic acid 70 ml
c. Add distillated water to make 1000 ml

10. 1M NH4HCO3, 1 mi
a.0.0791 g NH4HCOs
b. Add distillated water to make 1 ml
11. 25mM NH4HCO;3; 100 pl
a. IM NH4HCO;3 2.5 ul
b. Add distillated water to make 100 pl
12. 50%ACN 25 mM NH4HCO; 100 pl

a. 100% acetonitrile (ACN) 50 ul
b. IM NH4HCOs3 2.5 ul
c. Add distillated water to make 100l

13. Trypsin buffer, 200 ul
a. 20 ug Trypsin
b. Add distillated water to make 200 pl

14.10% Trypsin-0.1M NH4sHCO3 100 pl
a. Trypsin buffer 125 pul
b. 0.1M NH4HCOs 25 pl
c. Add distillated water to make 100 pl
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50%ACN-0.5%TFA, 1 ml

a. 100% ACN (Acetronitrile) 500 ul
b. 100% TFA (Trifluoroacetic acid) 5 ul
c. Add distillated water to make 1000 pl

Matrix 0.05% TFA, 1 ml

a. 0.007 g cyano -4-hydroxy cinnamic acid (CHCA)

b. 100% Acetronitrile 500l
c. 100% Trifluoroacetic acid (TFA) 5 pl

d. D.W. (filled up to) 1000 pl
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APPENDIX B

Derivatization for the determination of GABA and amino acids
Crude extracted of rice containing GABA and amino acids was reacted with HN solution
prior to LC-MS chromatography analysis. The description of derivatization method shown
in section 2.2.4, page 55. The derivatization reaction shown in Figure B.1 and the

molecular weight of GABA and amino acids were shown in Table B.1

\/\)I\O &COH = ’*CHu—N—(Csza

GABA GABA-HN

(MW 103) (MW 172) (MW 257

Figure B.1 GABA derivatization reaction
Table B.1 Molecular weight of GABA and 12 amino acids containing in rice sample

before and after derivatization with HN

Type Molecular weight
Before derivertization After derivertization MS analysis
GABA 103.12 257 258
Arginine 174.20 328 329
Asparagine 132.12 286 287
Serine 105.9 259 260
Glycine 75.07 229 230
Threonine 119.2 273 274
Glutamic acid 147.13 301 302
Tyrosine 181.19 335 336
Alanine 89.10 243 244
Tryptophan 204.13 358 359
Isoleucine 131.18 285 286

Leucine 131.18 285 286
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APPENDIX C

Calculations

C 1. Measuring the content of GABA content

Ground sample 0.25 g in 4 ml 70% ethanol extract was used. Determination of the
content of GABA was carried out by comparing the peak area with the peak area of the
standard reference compounds obtained by LC-MS at the same condition.

The calculation was done as followed.

C.1.1 Example peak area of injected example

Table C.1 Example of peak area of injected sample of non-germinated SPT1 cultivar

(control)
Peak Area
Cultivation repeat 1 Cultivation repeat 2 Cultivation repeat 3
(1-30 January 2008 ) (1-30 Febuary 2008 ) (1-30 March 2008)
SPT

Inject]™ Inject 2™ Average Injectl™ Inject2™  Average Inject]™ Inject2™  Average

64.9039 109.081  64.9039 67.7820 60.29511  64.0385 = 65.4204  66.45436  65.9373

C.1.2 Calculation average area of sample compared to the standard curve

800 1 y = 6.0369x - 8.202
700 4 R? = 0.9996

600 -
500

400 -

Peak Area

300
200 1
100 q

0 T T T T T T 1
0 20 40 60 80 100 120 140

GABA concentration (ppm)

Figure C.1 Standard calibration curve of GABA standard
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Example; Non- germinated SPT1 Cultivation repeat 1 (1-30 January 2008 ) presented
average peak area ; 64.9039 (y)

While standard curve showed equation; y =6.0369x - 8.202

Therefore; x =y+8.202
6.036
Average peak area ; 64.9039 (y)
x = 64.9039 +8.202 = 12.1098428 ppm
6.036

Therefore in this step; non- germinated SPT1 contain GABA = 12.11 ppm

C.1.3 Back calculation

Sample preparation showed in the Figure C.1.3.

=% Pipett 1 ml 1 10 pl
| | » inject
0.25 g in total 4 ml derivatizing agent 1 ml =12.11 ppm
70% ethanol total 2 ml (obtained from step B.1.2)
v v v
12.11 x2=24.22 ppm 12.11 ppm 12.11 ppm

Therefore; the sample contained GABA 24.22 ppm in total volume 4 mi

Solution 1000 ml has GABA  24.22 mg
If; Solution 4 ml has GABA  24.22 mgx 4 ml =0.0969 mg
1000 ml

Weight rice sample 0.25 g for extraction in total volume 4 ml

Therefore; rice sample 0.25g has GABA  0.0969 mg

If; ricesample 1 g has GABA  0.0969 x1g  =0.387 mg/g
025¢g
In summay;
SPT Cultivation repeat 1 (1-30 January 2008 ) contain GABA =0.387 mg/g
SPT Cultivation repeat 2 (1-30 Febuary 2008 ) contain GABA =0.383 mg/g
SPT Cultivation repeat 3 (1-30 March 2008 ) contain GABA =0.392 mg/g
Average = 0.387 + 0.383 + 0.392 mg/g

=0.39mg/g +SD 0.01
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The data was plot in graph in Figure 3.4 of Chapter 3 represented SPT1 (control) data.

For the amino acids concentrations the data calculation same as the calculated GABA

contents as describe above.

C 2. Measuring the GAD activity

The GAD activity was calculated according to their reaction and subsequently
injected into LC-MS. Determination of the content of GABA as a product of reaction
was carried out by comparing the peak area with the peak area of the standard curve
The peak area of GABA in reaction was subtracted from the peak area of crude enzyme

which contains GABA as endogenous product (control).

The calculation was done as followed.
C.2.1 Example peak area of injected example

Chromatogram and peak area of GABA produced from crude GAD enzyme

VWD1 A, Wavelength=330 nm (GABA\30-31J~1\30070911.D)

Signal 1: VD1 A, Wavelength=330 nm
140+
Peak RetTime Type TWidth Area Height Area
120 #  [min] [min] maT *s  [mar ] %
e [===-1 | | | |
1  5.6R4 VE 0.2102 508.21606  34.84359 100.0000

100

80
60
40+

°4

20

i 5.864

0fr— e —— T

T
25 5 7.5 10 12.5 15 175 20 225 min|

Figure C.2 Chromatogram and peak area of GABA produced from crude GAD enzyme

within 10 min of KDML cultivars at 5 germination day.

VWD1 A, Wavelength=330 nm (GABA\30-31J~1\30070912.D)

mAU ]
140+
- Signal 1: VU0l &, Wavelength=330 nm
1004 Peak RetTime Type TWidth Area Height Area
80-] #  [min] [min] mar *s  [mar ] %
4 8 1 [====]=====-- YV % e B i Y 'S 8D |
60 1 5.8 VB 02622 £0.30354 306679 100.0000
40+
20
o4- —Y Ny e Sy e T T T T T T

10 12,5 15 175 20 225 min|

Figure C.3 Chromatogram and peak area of crude GAD enzyme containing endogenous
GABA .
Area of GABA from enzyme reaction = 508.21606 (Area 1) - 60.30354 (Area2)

= 447.91252
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C.2.2 GABA calculation from standard curve

1200 y =15.87x + 10.361
1000 R? =0.9989

800
600
400
200

0

0 10 20 30 40 50 60 70

GABA conncentration (ppm)

Peak aea

Figure C.4 Standard curve of GABA standard for GAD activity assay

Example;
Area of GABA from enzyme reaction = 508.21606 - 60.30354
= 447.91252 (obtained fromstep C.1.1 )

While, standard curve showed equation; y=15.87x + 10.361

Therefore; x=y-10.361
15.87
Average peak area ; 447.91252 (y)
x =447.91252 -10.361 = 25.571
15.87

Therefore in this step; Non- germinated SPT1 contain GABA = 25.571 ppm
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C.2.3 Back calculation

- 1Enzyme400 ul 5 }pipettO.S ml | 10 pl
\ > \ > \ > inject

0.5 g in total 2 ml Reaction derivatizing agent 0.5 ml
extraction buffer mixture total 1 ml

total 680 pl

v v v v
? 25.571x2 = 51.142 ppm 25.571 ppm 25.571 ppm

Therefore; the sample contained GABA 51.142 ppm in total volume 680 ul

Solution 1000 ml has GABA = 51.142 mg
Total Crude enzyme 2 ml can produce GABA = 0.092 mg
Therefore; 0.092 mg = 0.092x10° ug = 92.05ug = 0.89 pumol
10°° 103 (MW of GABA)
In this study, the reaction was carried out 10 min
Therefore, Crude enzyme 2 ml can produce GABA =0.89 pmol /10 min

One unit of GAD activity was defined as release of 1 pmol of GABA produced per 30 min
at 40°C.

Therefore; Crude enzyme 2 ml can produce GABA =0.89 pmol X 30 min

10 min
= 2.67* Unit
¢* Example value shown in Figure 3.12a of leave for SPT1 cultivars at 5 germination

day)
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C.3 Protein concentrations
Protein concentrations in rice extract samples were measured and prepared as
shown in Table C.3.1. Determination of protein was carried out by comparing the ODsys

value with ODsgs of the standard curve (Figure C.5)

Table C.2 The amount of solution for the Bradford assay for calculation

Solution Volume b

1 2 3 4 5 6 7 8
BSA 100 ug/ul 0 20 40 60 80 - - -
Water 800 780 760 740 720 798 798 798
Crude extracted - - - - - 2 2 2
Coomassie BioRad 200 200 200 200 200 200 200 200
ODsy5 0.582 0.714 0811 0910 0.1035 1.019 1.013 0.112

y=00551x +0.59
2 _

.l R?=0.9968
08 //
0.6 4

04 1

OD 595

02 1

N ' : |t AAE Ve S A
BSA concentration (ug)
Figure C.5 Standard curve of BSA standard
Example;

Average OD sgs of sample =1.019+ 1.013 + 1.112 = 1.048
3

Standard curve of BSA showed equation; y =0.0551x + 0.59

Therefore; x =y -0.59
0.0551
Average peak area ; 1.048 (y)
x =1.048 -0.59
0.0551

x=8.312ug/2 ul
Protein concentration in sample = 4.15 pg/ul

Calculate for proteomic analysis ;470 ng = pipett 113.25 pl
Calculate for subjected into SDS-PAGE well; 10 pg = pipett 240 pl
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APPENDIX D

Chromatogram of Liquid chromatography -Mass Spectrum

D1. Chromatogram of standard GABA

DADI A, S1g=330,4 Rel=450,80 (FASTANDARD\22080917 D)

e
0]
a0
209

—

Figure D1.1.1 Standard GABA 250 ppm

DADI A, S1g=330,4 Ref=450,80 (FASTANDARD\22080918 D)

2
g

15000
% 21417

Figure Dl.i5.2 Stan&ard GAMBA 125m ppm

DADI A, S1=330,4 Ref=450,80 (F\STANDARDI22080919 D)

&
a0 b3

|

T

Figure Dl.i5.3 Stan&ard GA75BA 5010 ppm

DADI A, 519330, Rei=450,80 (F\STANDARD\22080920 D)

= s
o

Figure Dl.i5.4 Stan&ard GAwBA 1010 ppm
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D 2. Chromatogram and mass spectrum of samples for GABA

DAD1 A, S1g=272.4 Rel=450,80 (FAKAWDOKMALN 1080813.5)

0117
0506

N

10 125

Figure D2. 1 1 Chromatogram of germinated rice grains containing GABA

DADI A, Sig=272.4 Ref=450,80 (FAKAWDOKMALN1 1080816.D)

2

Figure D 2. l 2 Chromatogram of young leaves contalmng GABA
¥ :
150 &
50 %
) L A
Figure D 2.1.3 Chromatogram of GABA standard
*MSD1 SPC, ime=5.501 of D:auatPITSANULOKI20080817.0 ~ API-ES, Pos, Scan, Frag: 70
100 o Max: 4437
80
| - ®)
60- ) O CH=N—(CH2)~—<
| P 3 NoH
] > OH
40+ D M MW 257
1 b g ; s 3 3 B
N < O v ©o
0] Hﬂhﬁhr‘ﬂ\ﬁh”\ M \WHHHHHM \}\I H \lH\H I \ } |l F L 1
r L AD ] S e A L
10 20 0 a0 500 600 700 800 900 miz

Figure D 2.1.4 Mass spectrum of samples containing GABA
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D 3. Chromatogram and mass spectrum of samples for amino acids
3.1 Arginine

DADI A, Sig=3304 Rel=450,80 (FAKDML LEAVE\18090825.D)

T T T
10 15 20

Figure D 3.1.1 Chromatograms of young leaves containing arginine

DADI A, Sig=330,4 Ref=450,80 (F\GORKOR\24080833 D)
mAU
140

1204

M

22753

T T T T T
25 5 75 10 125 15 175 2 25 mi

Figure D 3.1.2 Chromatograms of germinated rice grains containing arginine

DADI A, 5g=330,4 Ref=450,80 (FASTANDARD 1122090801.0)

768

160

140

120 K

100

40
20
T T T T
125 15 175 20

Fig;Jre D3.13 Cﬁromatdéram of standard arginine

10.185

> 14.308

*MSD1 SPC, time=2.441 of E:\KEK\CHAINAT 1\06070809.D API-ES, Pos, Scan, Frag: 70

=
It
100 | <
Max: 31720
80
60
@
8
40
20 ~ @
g : o ¢
© < I
~ N =T 5 o 3 ©
- < 2] Q ©
% d b \ 3 B 5 )
o4 l\u..ummlL Lw‘mm‘\'llhhM.uhuhi.w‘\\\mhih.‘I\Umhu\m\ w\ \u‘.‘w‘\“J\\.\mL.l‘m\.‘M‘mm mmh\.\h\‘..LL‘.”\HM Ao L PRI
T T T T T T T T T
100 200 300 400 500 600 700 800 900 m/Z

Figure D 3.1.4 Masspectrum sample containing arginine
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3.2 Asparagine

DADI A, Sig=330.4 Ref=450,80 (FAKDML LEAVE\18080625.D)

T T T
10 15 20

Figure D 3.2.1 Chromatograms of young leaves containing asparagine

DADI A Sig=3304 Ref=450,80 (F\GORKOR\24080833 D)

I

22,753

T T T T T
7.5 10 125 15 175

20 225 mi

Figure D 3.2.2 Chromatograms of germinated rice grains containing asparagine

DADI A, Sig=330.4 Ref=450,80 (F\STANDARD 1122080802.0)

140

o 8

T
F 5147

10296

T
1

Figoure D 3.23 Cilromatograms nof standard of jsasparagine

*MSD1 SPC, time=5.061 of E:\KEK\CHAINAT 1\06070809.D API-ES, Pos, Scan, Frag: 70

o
100 &
Max: 7123
80—
60 —
40 —
b
20| 2
o 0
N
o fd7 o & N 24y & .8 3
1 § 458 Q N } Q9 E F g o
o Him\‘\u\\\‘\ “H\\MH H‘\ 1] \M\H%uﬁu dal 1l ‘m T\ Lt ‘ [ [ I \
160 2[‘)0 360 460 5[‘)0 5[‘70 760 8[‘70 9[‘)0 m/Z

Figure D 3.2.4 Mass spectrum sample containing asparagine
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3.3 Serine

DADI A, Sig=330.4 Ref=450,80 (FAKDML LEAVE\18090625.D)

T T
1o 15

T
20

Fighre D331 Cliromatograms of young leaves containing serine

DADI A, Sig=3304 Ref=450,80 (F\GORKOR\24080833 D)

T T T
75 10 125 15 175 20 225

Figure D 3.3.2 Chromatograms of germinated rice grains containing serine

DADI A Sig=3304 Ref=450,80 (FSTANDARD 1122090804.5)

Figure D 31.3.3 Cﬁromatograms of standélrd of éerine

*MSD1 SPC, time=6.186 of EA\KEK\CHAINAT 1\06070809.D API-ES, Pos, Scan, Frag: 70

T T T
175 20 225

N
100 )
Max: 19920
80—
60
40
20 ;
X
§
R 13 ‘
o Do Luﬂh T Lu e T TR M‘MH‘H IR
T T T T T T T T
100 200 300 400 500 600 700 m/z

Figure D 3.3.4 Mass spectrum sample containing serine
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3.4 Glycine

DADI A, Sig=330.4 Ref=450,80 (FAKDML LEAVE\18080625.D)

T T T
10 15 20 mi

Figure D 3.4.1 Chromatograms of young leaves containing glycine

DADI A Sig=330.4 Ref=450,80 (F\GORKOR\24080841 D)

Figure D ’:’:.4.2 Cﬁromatograms of germinated rice grains containing glycine

DADI A, Sig=330.4 Ref=450,80 (F\STANDARD 1122080805.0)

T T T T T
125 15 175 20 225 mi

Fighre D é5.4.3 Cﬁromatéigrams :)f standard of glycine

*MSD1 SPC, time=7.011 of E:\KEK\CHAINAT 1\06070814.D API-ES, Pos, Scan, Frag: 70
N
100 3
| ) Max: 10013
80—
60—
40
1 <
& <
20+ @° o
& <
] Yoo o o Jx8 < o 5
] o833 § IS 58 Y 2 5 3
| F = o T ©B ‘ < < o
0 lmhu\m\ “I“H\NH“NH‘H IR ML i b MH\ \\| Il | ' [ |
—————1——
100 200 300 400 500 600 700 800 900 m/Z

Figure D 3.4.4 Mass spectrum sample containing glycine
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3.5 Glutamic acid

DADI A, Sig=330.4 Ref=450,80 (FAPITSANULOK LEAVE\17090821.0)

T T T T T T T
75 10 125 15 175 20 225 mi

Figure D 3.5.1 Chromatograms of young leaves containing glutamic acid

DADI A Sig=3304 Ref=450,80 (F\GORKOR\24080840 D)

T T T T T +
25 s 75 10 125 15 175 20 225

Figure D 3.5.2 Chromatograms of germinated rice grains containing glutamic
acid

DADI A, Sig=330.4 Ref=450,80 (F\STANDARD 1122080806.0)

mAU]

200

150

100
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7.800

14727

N _/

T T T
1 20 mi

Fighre D 3.5.3 Cﬂromatograms (;f standard of élutamic acid

*MSD1 SPC, time=7.752 of EAKEK\CHAINAT 1\06070802.D  API-ES, Pos, Scan, Frag: 70
-
o
100 =]
Max: 208192
80
60
40
b
20
pud
2
]
o y A
T T T T T T T T T T
100 200 300 400 500 600 700 800 900 1000 m/z

Figure D 3.5.4 Mass spectrum of sample containing glutamic acid
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3.6 Tyrosine

DADI A, Sig=330.4 Ref=450,80 (FAPITSANULOK LEAVE\17090821.0)

23105

T T T T T T
10 12 14 16 18 20

Figure D 3.6.1 Chromatograms of young leaves containing tyrosine

DADI A Sig=3304 Ref=450,80 (F\GORKOR\24080840 D)

T T T
10 12 14 16 18 20 22 24

Figure D 3.6.2 Chromatograms of germinated rice grains containing tyrosi

mi

ne

DADI A, Sig=272.4 Ref=450,80 (F\STANDARD 1\30080808.0)

11350

10

Figu reﬁ D 3.6.1.;; Chromatogra;ns of s;andard of tyrosine

*MSD1 SPC, time=11.379 of E:\\KEK\CHAINAT 1\06070809.D API-ES, Pos, Scan, Frag: 70
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40
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Figure D 3.6.4 Mass spectrum of sample containing tyrosine



143

3.7 Alanine

mAuT]
o]
o]
o]

Figu reﬁ D 3.7.2{ Chromatograms of young leaves containing alanine

DADI A, Sig=3304 Ref=450,80 (F\GORKOR\24080840.0)
mau]

2 14 16 18 20 2 24 mi

Figure D 3.7.2 Chromatograms of germinated rice grains containing alanine

DADI A, 51g=272.4 Rel=450,80 (F\STANDARD 1130080807.0)
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3.8 Valine
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3.9 Tryptophan
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3.10 Isoleucine
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3.11 Leucine
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APPENDIX E

Mass spectrum, PMF and amino acid sequencing

Selected protein spots (Spot C1, C2 and C3) were analyzed by MALDI-ToF MS
instrument to determine the name and functions of interested protein . Mass spectrum and

peptide mass finger print (PMF) were obtained from this instrument. PMF were used for

searching in NCBI and Swissport database to determine closely PMF in database to PMF
in experiment. Figure D.1-D.3 showed the mass spectrum, PMF and amino acid
sequencing of protein spot C 1, C 2 and C3, respectively.

(&) Mass spectrum of protein ; y axis = signal intensity of fragment ion and X axis

= m/z value

(by PMF which obtained from Mass spectrum
(©) Amino acid sequencing of protein database that showed the highest similarity

score when compare with analyzed protein; Red bold = Matched amino acids from

database.
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Figure E.1 Spot number C1; hypothetical protein OsI 13867 [Oryza sativa Indica

(b) Matched peptides shown in Bold Red

MAKKKTSSSM
GEGGRPYHFG
AAPRAFLQPS
GAIVYSANTH
DVLQAAFNTR
GSEWEIKPSS
GSMIAPNYNT
REEEQGEEEH
LAVVCFFVGA
AQPEQILLRG

ARSQLAALLI
EESFRHWTRT
HYDADEVFYV
SSKWFRVVML
REELEKVFER
LTGKSPYFSN
RATKLAVVLQ
GERGEKARRY
NHDEKVFLAG
PHGRGSVSDM

SLCFLSLASN
RHGRFSVLER
KEGEGVIVLL
LNPVSTPGHF
QREGGEITTA
NHGKLFELTG
GSGYFEMACP
HKVRAQVREG
RNSPLRQLDD

AVGWSRRGER
FPDEQVVGAA
REGRKESFCV
EEYFPVGGDR
PEEQIRELSK
DECRHLKKLD
HVSGGGSSER
SVIVIPASHP
PAKKLVFGGS

Group]Function:0045735 - nutrient reservoir activity.

EEEDERRRHG
VGGYRVAVLE
REGDAMVIPA
PESFFSAFSD
SCSRGGGGGS
LQIGLANITR
REREREHGRR
ATIVASEGES
AAREADRVLA
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MAKKKTSSSM
GEGGRPYHFG
AAPRAFLQPS
GAIVYSANTH
DVLQAAFNTR
GSEWEIKPSS
GSMIAPNYNT
REEEQGEEEH
LAVVCFFVGA
AQPEQILLRG

ARSQLAALLI
EESFRHWTRT
HYDADEVFYV
SSKWFRVVML
REELEKVFER
LTGKSPYFSN
RATKLAVVLQ
GERGEKARRY
NHDEKVFLAG
PHGRGSVSDM

Function: nutrient reservoir activity

SLCFLSLASN
RHGRFSVLER
KEGEGVIVLL
LNPVSTPGHF
QREGGEITTA
NHGKLFELTG
GSGYFEMACP
HKVRAQVREG
RNSPLRQLDD

AVGWSRRGER
FPDEQVVGAA
REGRKESFCV
EEYFPVGGDR
PEEQIRELSK
DECRHLKKLD
HVSGGGSSER
SVIVIPASHP
PAKKLVFGGS

EEEDERRRHG
VGGYRVAVLE
REGDAMVIPA
PESFFSAFSD
SCSRGGGGGS
LQIGLANITR
REREREHGRR
ATIVASEGES
AAREADRVLA
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SLCFLSLASN
RHGRFSVLER
KEGEGVIVLL
LNPVSTPGHF
QREGGEITTA
NHGKLFELTG
GSGYFEMACP
HKVRAQVREG
RNSPLRQLDD

globulin 2 Function: Storage protein in seed

3000
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HVSGGGSSER
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PAKKLVFGGS

3500

EEEDERRRHG
VGGYRVAVLE
REGDAMVIPA
PESFFSAFSD
SCSRGGGGGS
LQIGLANITR
REREREHGRR
ATIVASEGES
AAREADRVLA
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APPENDIX F

Comparison of GABA and amino acids content between rice cultivars



Table F.1 Rice cultivars categories group based on their GABA and amino acids contents in rice grains

Compounds Rice Cultivars
GABA Lowest value Low value Medium value Highest value
0 days Not different (p>0.05)
5 days PL2, SP1, RD6 RD6, CN1, PL2, KDML 105, PT1
10 days SP1, PL2, PT1 PL2, PT1, RD6 PT1, RD6, KDML105, CN1 RD6, KDML105,CN1,
SPT1
15 days Not different (>0.05)
20 days Not different (>0.05)
25 days Not differentp=>0.05)
30 days PT1, PL2, SPT1, RD6 PL2, SPT1, RD6, CN1, SP1 CN1, SP1, KDML105
Arginine
0 days KDMLI105, RD6, PL2, SPT1 RD6, PL2, SPT1, PT1, CN1 PT1, CN1, SP1
5 days Not different (p>0.05
10 days PL2, SP1, KDML105, CN1 SP1, KDMLI105, CN1, PT1 KDMLI105, CN1, PT1, SPTI PT1, SPT1, PL2
15 days Not different (p>0.05,
20 days SP1, CN1, PL2, KDML105, RD6
SPT1, PT1
25 days PL2, SP1, CN1, PT1,SPT1 SP1, CN1, PT1, SPT1 RD6
30 days PL2, CN1, SPT1, PT1, RD6, KDML105
SP1
Asparagine
0 days Not different (p>0.05)
5 days PL2 RD6, SP1, PT1, KDML105, CN1 SP1, PT1, KDML105, CN1, SPT1
10 days PL2 CNI1 SP1, PT1, KDML105 KDMLI105, RD6, SPT1
15 days PL2, CN1, CNI1, SP1, PT1 SP1, PT1, SPT1, RD6 SPT1, RD6, KDML105
20 days PL2 SP1, RD6, SPT1, PT1, CN1 RD6, SPT1, PT1, CN1, KDML105
25 days PL2, SP1, CN1 SP1, CN1, PT1,SPT1, RD6 SP1,SPT1, KDML105,PT1
30 days PL2, PT1 PTI1, CN1 CNI1, RD6, SPT1, SP1 SPT1,SP1, KDML105

€51



Table F.1 (continued) Rice cultivars categories group based on their GABA and amino acids contents in rice grains

Compounds Rice Cultivars group
Lowest value Low value Medium value Highest value
Serine
0 days SPT1,PL2,RD6 PL2,RD6,PT1 PT1,SP1, KDML105,CN1
5 days Not different (>0.05)
10 days Not different (p>0.05)
15 days Not different (p>0.05)
20 days SPT1, PL2,SP1 PL2,SP1,PT1 SP1,PT1,CN1,KDML105, RD6
25 days SPT1, PL2 PL2,PT1,SP1,CN1, KDML105 PTI1,SP1,CN1,KDMLI105, RD6
30 days SPT1,PT1,PL2 PL2,SP1,CN1, KDML105,RD6
Glycine
0 days PL2,SP1,RD6 PT1, SPT1, CN1, KDML105
5 days PL2 SP1, RD6 RD6,SPT1 SPT1,CNI1,PTI
10 days PL2 SP1,PT1,CN1 PT1,CN1, KDML105, RD6 CNI1, KDML105,RD6, SPT1
15 days PL2,CNI1 CNI1,PT1,SPT1,SP3 PT1,SPT1,SP3, RD6 RD6, KDML105
20 days Not different (p>0.05)
25 days PL2 CN1,SP1,PT1 PT1,SPT1 RD6
Threonine
0 days Not different (p>0.05
5 days Not different (p>0.05)
10 days CN1,RD6,PL2,PT1 RD6,PL2,PT1,SP1 PT1,SP1,SPT1, KDML105
15 days RD6,CN1,PL2 CN1,PL2,PT1,SP1 PT1,SP1,SPT1 SPT1, KDML105
20 days Not different (p>0.05,
25 days RD6,CN1,SP1,PL2,PT1 CNI1,SP1,PL2,PT1, KDML105 PL2,PT1, KDML105,SPT1
30 days Not different >0.05

129!



Table F.1 (continued) Rice cultivars categories group base on their GABA and amino acids contents in rice grains

Compounds Rice Cultivars group
Glutamic acid Lowest value Low value Medium value Highest value
0 days RD6,PL2 PL2,SP1,PT1,SPT1 KDML105 CNI1
5 days RD6,PT1,PL2,SP1,SPT1 PT1,PL2,SP1, KDML105 CN1
10 days RD6,PL2,SP3, KDML105, CNI1
SPTI, PT1
15 days PL2, RD6,SP1,PT1,SPT1 SP1,PT1,SPT1, KDML105 KDML105
20 days RD6, PL2,SP1,PT1, CN1
KDMLI105
25 days Not different p>0.05)
30 days RD6 PL2,SPTI,PTI, SP1 SPT1,PT1,SP1, KDML105 KDML105,CN1
Alanine
0 days Not different (p>0.05
5 days SP1,PL2,RD6,CN1,PT1 RD6,CN1,PT1,SPT1 CN1,PT1,SPT1, KDML105
10 days Not different (p>0.05)
15 days Not different (>0.05,
20 days Not different (p>0.05,
25 days Not different (p>0.05)
30 days Not different (p>0.05)
Tyrosine
0 days PL2,SP1 SP1,CN1,PT1 CN1,PT1,SPT1, KDML105 RD6
5 days Not different (p>0.05)
10 days PL2,RD6,SP1,CN1,PTI, SPTI
KDML105
15 days PL2,SP1, CN1,PT1 KDMLI105,RD6,SPT1
20 days Not different (p>0.05,
25 days PL2,CN1,SP1,SPT1,PT1 CN1,SP1,SPT1,PT1, KDML105 KDML105,RD6

30 days

SP1,PT1,PL2,SPT1,CN1

SPT1,CN1, KDML105

KDML105,RD6

SSl



Table F.1 (continued) Rice cultivars categories group base on their GABA and amino acids contents in rice grains

Compounds Rice Cultivars group

Valine Lowest value Low value Medium value Highest value
0 days PT1, SP1,RD6,SPT1 RD6,SPT1, KDML105 SPT1, KDML105,CN1 PL2
5 days SP1,RD6,PT1,CN1 RD6,PT1,CN1, KDML105 KDML105,SPT1 PL2
10 days SP1,CN1,PT1, KDML105,RD6,SPT1 PL2

15 days SP1,CN1,PT1, KDML105,RD6,SPT1 PL2

20 days SP1,PT1, KDML105,RD6,SPT1,PL2 CNI1

25 days SP1,CN1,PT1, KDML105,RD6,SPT1 PL2

30 days SP1,CN1,PT1, KDML105,RD6,SPT1 PL2

Tryptophan

0 days SP1 RD6 KDML105,PL2 SPTI1, CN1,PT1
5 days SP1,PL2 PL2, KDML105,CN1,SPT1,PT1 CN1,PT1,SPT1,RD6

10 days PT1,PL2,SP1, KDML105 KDMLI105,CN1 CN1,RD6,SPT1

15 days SP1,PT1, KDML105 PT1, KDML105,RD6,SPT1,CN1

20 days SP1,PL2,PT1 KDML105,CN1 PL2,PT1, KDML105, CN1,SPT1 RD6

25 days PT1,PL2 PL2,PT1,CN1,SPT1, KDML105 CNI1, SPT1,KDML105,RD6

30 days Not different (p>0.05,

Isoleucine

0 days Not different (p>0.05)

5 days Not different (p>0.05)

10 days PL2, SP1,CN1 SP1,CN1,PT1, KDML105,RD6 CN1,PT1,KDML105,RD6,SPT1

15 days SP1,CN1,KDML105,RD6 CN1,KDML105,RD6,SP1,PT1 KDML105,RD6,SP1,PT1,SPT1

20 days Not different (p>0.05)

25 days Not different (p>0.05

30 days PL2,CNI1 PT1,RD6,SP1, KDML105,PT1

Leucine

0 days RD6,SP1 PL2 SPT1 PT1,CN1,KDML105
10 days PL2,SP1,CN1,PT1 SP1,CN1,PT1, KDML105 RD6,SPT1

15 days PL2,SP1,CN1 SP1,PT1,RD6 KDML105,SPT1

20 days CN1,PL2,SP1,RD6 PL2,PT1,RD6, KDML105, PT1 SPT1

25 days Not different (p=>0.05)

30 days

CN1,PL2,RD6,PT1,SPT1

PT1,SPT1, KDML105,SP1

9¢1
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Table F.2 Rice cultivars categories group base on their GABA and amino acids contents in rice leaves

Compounds Rice Cultivars

GABA Lowest value Low value Medium value Highest value
5 days Not different (p>0.05,

10 days SPT1,SP1,CN1 RD6,PL2,PT1 KDML105, PT1

15 days Not different (p>0.05)

20 days Not different (>0.05)

25 days Not different (p=>0.05)

30 days SPT1,RD6, KDML105,PT1 SPT1,PL2,PTI SPT1,PL2,CN1,SP1
Arginine

5 days Not different (p>0.05)

10 days SP1,CN1 CNI1,PL2,PT1, KDMLI105 KDML105,SPT1

15 days Not different (p>0.05,

20 days Not different >0.05)

25 days Not different (p>0.05)

30 days RD6, KDML105,PT1,SPT1 PT1,SPT1,PL2,CNI PL2,CN1,SPI1
Asparagine

5 days Not different (p=>0.05)

10 days Not different (p>0.05)

15 days Not different (p>0.05,

20 days Not different (p>0.05,

25 days Not different (p>0.05)

30 days KDMLI105,RD6 RD6,PT1,PL2 SP1,SPT1,CN1
Serine

5 days Not different (p=>0.05)

10 days PL2,CN1 SP1,PT1,RD2, KDML105 SPT1

15 days PL2,CN1,SP1 CN1, SP1,PT1,SPT1 PT1,RD6,SPT1 RD6,SPT1, KDML105
20 days Not different (p>0.05)

25 days Not different (p>0.05,

30 days Not different (p>0.05,

LS1



Table F.2 (continued) Rice cultivars categories group base on their GABA and amino acids contents in rice leaves

Compounds Rice Cultivars
Glycine Lowest value Low value Medium value Highest value
5 days Not different (p>0.05)
10 days CNI1, SP1,RD6,PL2 SP1,RD6,PL2, KDML105 RD6,PL2, KDML105,SPT1 PT1, KDML105
15 days Not different (p=>0.05)
20 days Not different (p>0.05)
25 days Not different p>0.05)
30 days Not different (p=>0.05)
Threonine
5 days Not different (p>0.05)
10 days SP1,PL2 PL2,PT1, KDML105,CN1 PT1, KDML105,CN1,RD6,SPT1
15 days SP1,PT1,SPTI PT1,SPT1,RD6, KDML105,CN1 RD6, KDML105,CN1,PL2
20 days Not different (p=>0.05)
25 days Not different (>0.05)
30 days Not different (p=>0.05)
Glutamic acid
5 days Not different (p=>0.05)
10 days RD6,PL2,PT1,CNI1 PL2,PT1,CN1,SPI1 SP1, KDML105, SPTI
15 days RD6, CN1, PT1, PL1 SPT1
KDML105,PL2
20 days RD2,PL2,CN1,PT1,KDML105  SP1 SPT1
25 days Not different (p>0.05,
30 days PL2,RD6,PT1,CN1,SPT1 RD2, PT1,CN1,SPT1,SP1 SP1, KDML105
Alanine
5 days Not different (p>0.05)
10 days SP1,PL2 PL2, KDML105 KDML105,RD6,SPT1 PT1,CN1
15 days SP1,PL2,RD6,KDML105,SPT1 SPT1, CN1 CNI1,PT1
20 days Not different (p>0.05)
25 days Not different (p>0.05)
30 days Not different (p>0.05,

8S1



Table F.2 (continued) Rice cultivars categories group base on their GABA and amino acids contents in rice leaves

861

Compounds Rice Cultivars

Tyrosine Lowest value Low value Medium value Highest value
5 days Not different (p=>0.05)

10 days Not different p>0.05)

15 days Not different (p>0.05)

20 days Not different (p=>0.05)

25 days Not different (p>0.05)

30 days RD6,PL2,SPT1,CN1 PL2, SPT1,CN1, KDML105 SPT1,CN1, KDML105,PT1 SP1

Valine

5 days Not different p>0.05)

10 days Not different >0.05)

15 days Not different (p>0.05)

20 days Not different 0>0.05)

25 days Not different (p=>0.05)

30 days Not different (p=>0.05)

Tryptophan

5 days Not different (p=>0.05)

10 days SP1,PT1 PT1,CN1,PL2 CN1,PL2,SPT1, KDML105 SPT1, KDML105,RD6
15 days SP1,PL2 PL2,PT1,RD6 PT1,RD6, KDML105,SPT1,CN1

20 days No difference (p>0.05,

25 days SPT1 SP1,PL2 PL2,CN1,RD6 CN1,RD6,PT1,KDML105
30 days No difference (p>0.05,

leucine

5 days No difference

10 days No difference (p>0.05 PT1,CN1,PL2 PL2,CN1,SPT1,KDML105 SPT1, KDML105,RD6
15 days No difference (p>0.05 PL2,PT1,RD6 PT1,RD6, KDML105,SPT1,CN1

20 days No difference (p>0.05

25 days No difference (p>0.05 SP1,PL2 PL2,CN1,PT1 CN1,RD6,PT1,KDML105

30 days No difference (p>0.05




Table F.2 (continued) Rice cultivars categories group base on their GABA and amino acids contents in rice leaves

Compounds Rice Cultivars

5 days No difference (p>0.05

10 days KDML105,RD6,PT1 RD6,PT1,SP1 SP1,CN1 CNI1,PL2,SPT1
15 days No difference (p>0.05)

20 days No difference (p>0.05

25 days No difference (p>0.05)

30 days KDMLI105,PT1 PT1,PL2,RD6 PL2,RD6,SP1 CNI1,SPT1

6S1
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Appendix G

GABA and amino acids contents

Table G.1 GABA contents in germinated rice grain and young leave of rice cultivars

Cultivars/germination days GABA content (mg/g)

SPT1 Grain Young Leaves
control 0.38 £0.00 -
5 0.70 £0.13 -
10 1.03 +£0.03 0.42 +0.46
15 1.24 £0.20 0.63 +£0.23
20 1.60 +0.88 1.77 £0.29
25 1.54+0.36 2.28 +£0.27
30 1.38 1.39+1.09
RD 6
control 0.22+0.15 -
5 0.60+0.08 -
10 0.86+0.07 0.67+0.98
15 0.81+0.01 0.98+0.34
20 0.75+0.07 1.65+0.42
25 1.16+0.98 1.73 £0.09
30 1.474+0.15 2.21+0.73
SP1
control 0.34+0.05 -
5 0.36+0.17 -
10 0.49+0.19 0.56 +£0.47
15 0.65+0.52 0.75 £0.54
20 1.10+0.29 3.91+0.62
25 1.47+0.79 1.98 +£0.56
30 1.73+0.17 2.09 +0.64
PL 2
control 0.19+0.00 -
72 0.33+0.11 -
5 0.584+0.035 0.63+0.60
10 0.58+0.14 1.02+0.18
15 0.94+0.297 1.45+0.18
20 1.25+0.11 1.85 +£0.55
30 0.92+ 3.16 £0.33
KDML 105
control 0.50 £0.06
72 0.72+0.12
5 0.92+0.28 1.02 £+
10 1.28+0.28 1.19 £0.18
15 1.24+0.27 2.31 +0.11
20 1.42+0.24 2.17 £0.35
30 1.41+0.93 2.50+0.06
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Table G.1 (continued) GABA contents in germinated rice grain and young leave of seven
selected cultivars

Cultivars/germination days GABA content (mg/g)
Grain Young Leaves
PT1
control 0.39 £0.06 -
72 0.73 £0.15 -
5 0.71 £0.14 0.81£0.41
10 1.09 £0.20 1.07 £0.23
15 1.35+0.17 1.50 +£0.15
20 1.59 +£0.57 1.33 +£0.24
30 0.98 £ 2.12+£0.17
CN1
control 0.30 £0.25
72 0.67 £0.17
5 0.92 £0.14 0.61 +0.45
10 1.13 £0.36 0.71 £0.23
15 1.76 £1.06 1.47 £0.36
20 2.01 £0.37 1.57 £0.90
30 1.69 £0.34 2.85 +0.82




Table G.2 Amino acids content of germinated rice grain at different germination days of seven selected cultivars

Cultivars/
germination days

Amino acids content (mg/g)

SPT1 Arg Asp Ser Gly Glu Tyr Ala Val Thr Tryp Iso Leu
0 3.22 7.44 0.58 2.12 2.19 0.89 1.54 0.39 0.87 0.65 1.32 1.54
5 3.29 8.23 0.63 2.35 2.20 1.39 2.69 0.86 0.98 0.85 3.38 2.76
10 4.71 9.10 1.26 2.59 2.61 2.19 512 2.34 1.45 1.79 8.82 6.93
15 5.93 9.05 1.36 2.88 2.82 2.52 5.43 2.54 1.52 1.87 10.47 7.28
20 7.43 6.80 1.26 3.04 2.97 2.54 6.54 2.71 1.69 1.89 10.39 7.87
25 6.15 9.32 1.28 3.15 2.97 1.73 5.40 2.97 2.09 1.77 11.20 7.21
30 4.57 8.79 0.96 2.99 3.13 1.63 5.10 2.20 1.78 1.58 10.00 6.41

RD 6
0 3.03 3.33 1.08 2.56 0.60 0.73 0.32 0.34 0.34 0.31 0.77 0.96
5 3.20 4.55 1.69 0.80 0.95 0.85 1.53 0.39 0.31 0.53 2.45 2.02
10 4.90 8.53 2.77 2.49 1.32 2.18 3.45 1.43 0.67 1.09 6.58 6.23
15 6.23 9.62 3.21 1.89 1.35 1.92 5.86 1.15 0.52 1.49 6.23 4.49
20 10.25 6.65 3.16 4.39 0.28 3.39 7.13 1.87 0.93 1.50 5.13 4.99
25 9.76 10.52 4.11 2.32 0.41 3.24 13.24 2.95 0.69 2.90 8.63 8.46
30 5.08 8.05 4.00 5.55 0.36 4.53 12.97 1.19 0.96 2.55 8.57 4.57

SP1
0 3.88 6.83 1.97 0.89 1.64 0.56 0.74 0.19 0.80 0.34 1.89 0.98
5 3.21 5.27 1.87 1.46 1.68 0.71 1.09 0.28 0.82 0.45 2.17 1.40
10 3.77 6.68 2.26 1.76 1.91 0.88 1.97 0.53 1.17 0.69 4.16 2.30
15 4.56 6.49 2.33 2.80 2.08 1.15 3.24 0.96 1.11 0.91 6.48 3.27
20 4.36 5.59 233 2.55 2.00 0.97 2.26 0.92 1.18 1.54 7.43 4.01
25 4.29 7.27 2.89 2.34 242 1.13 2.83 1.30 1.01 2.52 9.49 5.88
30 6.03 9.04 3.29 2.66 3.75 1.59 3.53 1.72 1.25 1.39 9.45 8.34
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Table G.2 (continued) Amino acids content of germinated rice grain at different germination days of seven selected cultivars

Cultivars/ Amino acids content (mg/g)
germination
days
Arg Asp Ser Gly Glu Tyr Ala Val Thr Tryp Iso Leu
PL2
0 3.03 1.92 0.98 0.65 1.32 0.35 0.51 0.67 0.43 0.58 0.86 1.13
5 3.09 1.53 1.13 0.86 1.64 0.57 1.20 0.75 0.56 0.68 0.99 1.77
10 3.37 1.59 1.26 0.95 1.87 0.79 1.80 0.84 0.76 0.67 1.36 1.49
15 3.69 2.69 1.79 1.55 1.32 0.93 2.33 0.94 0.90 0.79 4.83 2.31
20 5.02 2.63 2.41 2.06 1.93 1.24 3.65 1.56 1.20 0.96 6.03 3.82
25 3.53 4.94 1.91 1.37 3.02 1.43 2.75 1.67 1.56 1.30 2.08 5.29
30 3.44 5.11 1.80 1.41 2.40 1.41 3.83 1.90 1.69 1.49 5.57 4.45
KDML105
0 2.75 3.51 1.97 2.12 1.85 0.96 0.68 0.58 1.24 0.56 1.56 2.34
5 2.94 5.88 2.07 2.69 2.25 1.10 3.12 0.66 1.18 0.77 2.93 2.92
10 3.82 7.06 2.81 2.89 3.34 1.47 3.48 1.42 1.58 0.95 6.37 3.96
15 5.41 10.20 3.08 2.70 2.99 2.16 4.99 1.99 1.62 1.45 5.85 6.80
20 6.24 8.07 3.10 3.66 3.09 2.54 4.72 1.71 1.80 1.29 7.56 5.41
25 9.41 11.74 3.50 3.58 5.03 2.69 4.82 2.39 1.81 1.79 8.07 6.97
30 7.83 10.08 3.97 3.41 5.34 2.80 5.70 2.57 1.89 1.82 9.65 7.80
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Table G.2 (continued) Amino acids content of germinated rice grain at different germination days of seven selected cultivars

Cultivars/ Amino acids content (mg/g
germination days
Arg Asp Ser Gly Thr Glu Ala Tyr Val Tryp Iso Leu
PT1
0 3.37 6.88 1.49 0.72 1.83 0.94 0.17 1.18 1.68
5 3.54 5.80 1.51 2.10 0.63 1.60 2.03 0.82 0.50 0.78 2.79 3.61
10 443 6.81 2.48 2.38 0.83 3.86 3.31 1.29 1.11 0.93 5.50 4.09
15 4.92 6.81 2.04 2.16 0.95 1.97 2.98 1.24 1.17 0.66 7.10 5.78
20 6.31 7.36 2.56 2.49 1.51 2.98 4.38 1.62 1.64 1.32 7.75 5.84
25 5.07 9.02 2.85 2.59 1.79 3.35 3.78 1.73 1.65 1.24 7.94 6.21
30 4.27 5.88 1.23 2.50 3.00 1.21 1.21 0.49 9.36 5.01
CN1
0 3.44 4.42 2.16 2.52 0.62 4.74 2.23 0.79 0.67 0.76 1.84 1.78
5 3.39 6.43 2.05 2.29 1.25 8.79 1.81 0.80 0.53 0.81 2.67 2.00
10 3.86 7.72 2.37 2.29 0.47 5.81 2.82 1.18 1.05 1.39 4.99 2.65
15 4.06 5.28 2.47 2.33 0.69 5.39 2.86 1.20 1.20 1.95 3.92 2.53
20 5.01 7.63 3.03 2.48 0.81 9.04 3.90 1.62 1.47 1.77 5.61 3.19
25 4.81 7.38 3.15 2.13 0.92 6.87 3.55 1.58 1.75 1.73 5.05 4.42
30 3.59 7.38 3.61 2.16 0.65 6.61 4.79 1.81 0.66 1.68 3.66 4.37
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Table G.3 Amino acids content of young leaves at different germination days of seven selected cultivar

Cultivars/
germination days

Amino acids content (mg/g

Arg Asp Ser Gly Thr Glu Ala Tyr Val Tryp Iso Leu
SPT1
5 5.42 7.41 1.85 1.08 0.86 1.34 2.45 0.71 0.65 0.98 4.54 3.21
10 7.41 9.67 2.86 2.49 1.24 4.56 4.41 1.07 1.25 1.57 7.52 4.40
15 9.37 16.42 3.38 7.35 1.40 7.76 691 2.87 2.08 2.12 11.35 8.19
20 14.50 24.34 4.83 6.32 1.80 7.89 6.83 2.03 3.74 3.11 13.93 12.88
25 10.84 10.95 3.94 3.97 1.80 6.71 5.21 1.91 2.95 6.34 13.14 2.57
30 8.78 9.94 4.17 3.64 2.73 3.69 8.86 1.90 3.05 5.76 22.88 10.50
RD6
5 3.56 12.56 1.13 0.98 0.76 0.98 2.34 0.87 0.97 1.12 2.67 2.34
10 5.76 14.35 1.89 1.53 1.12 1.18 4.12 1.23 1.85 1.67 3.56 5.67
15 7.87 29.96 2.67 1.67 1.65 2.06 5.33 1.71 1.84 1.95 7.72 7.18
20 11.58 44.89 3.72 1.12 1.52 2.41 5.56 1.96 2.30 1.94 10.44 8.95
25 9.32 41.36 5.30 2.38 2.45 4.34 9.27 2.62 2.99 4.08 15.27 12.51
30 4.82 18.62 1.60 2.15 1.42 2.79 3.43 0.98 1.01 1.32 11.22 5.06
SP1
5 3.34 3.57 0.88 0.35 0.26 2.19 0.87 0.79 0.35 0.54 1.81 0.96
10 4.47 6.45 1.57 1.86 0.35 3.45 1.13 0.99 0.46 0.93 4.76 1.18
15 6.55 7.58 1.74 1.72 0.43 4.68 2.60 1.12 0.74 1.87 5.33 2.75
20 16.52 23.91 3.10 3.55 1.33 5.71 5.63 3.42 2.99 2.69 8.19 8.13
25 12.58 36.89 3.00 3.26 1.63 3.71 3.89 422 3.41 3.47 10.73 7.38
30 15.41 56.67 3.35 2.54 1.68 4.66 9.52 5.32 3.41 3.19 12.23 10.67
PL2
5 3.27 10.49 0.48 1.40 0.94 1.98 1.90 0.97 0.87 0.90 6.09 1.48
10 587 11.26 0.67 2.09 1.12 2.07 2.29 1.07 1.14 1.24 6.99 3.79
15 8.85 13.05 0.95 2.44 2.34 3.03 3.11 1.14 1.54 1.44 7.03 4.92
20 15.94 24.24 1.74 5.64 1.90 2.49 3.80 2.79 2.41 1.85 7.97 6.48
25 19.16 51.38 2.50 4.26 2.36 3.08 5.65 1.38 3.89 3.03 12.07 9.39
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Table G.3 (continued) Amino acids content of young leaves at different germination days of seven selected cultivars

Cultivars/ Amino acids content (mg/g
germination days

991

Arg Asp Ser Gly Thr Glu Ala Tyr Val Tryp Iso Leu
PL2
30 13.12  36.10 1.94 4.45 2.37 2.61 4.65 1.61 2.89 5.50 10.74 6.55
KDML105
5 432 8.17 1.54 1.23 0.56 2.13 1.27 1.34 2.08 1.08 1.43 2.87
10 6.76 13.52 2.02 2.23 0.94 4.08 3.27 4.34 3.10 2.11 2.47 4.87
15 9.81 34.44 3.85 3.04 1.68 2.99 6.48 5.61 2.48 2.04 6.73 8.13
20 13.40 51.63 3.88 2.99 1.47 3.48 5.75 8.92 5.21 0.90 5.29 9.50
25 11.02 43.36 4.10 3.65 2.06 3.97 6.49 3.56 7.15 4.48 16.02 15.83
30 6.03 9.40 2.05 2.77 1.78 6.44 2.99 3.00 3.88 5.33 3.20 5.31
PT1
5 3.56 8.95 0.96 1.10 0.32 0.92 10.43 0.98 1.16 0.98 1.84 1.32
10 6.29 12.65 1.78 3.26 0.89 2.18 13.51 1.26 1.79 1.85 3.92 2.69
15 9.34 23.33 2.37 3.19 0.92 3.18 16.84 2.57 2.03 2.11 5.33 5.98
20 11.05 28.52 2.76 2.90 1.49 3.43 12.38 241 2.97 2.34 7.34 8.33
25 14.80 65.35 4.85 3.86 2.92 3.70 5.79 3.58 5.40 5.05 17.62 12.69
30 7.75 35.62 3.32 3.75 1.71 4.28 6.40 3.31 241 2.76 5.24 7.49
CN1
5 3.09 3.90 0.78 1.00 0.94 1.76 1.14 0.67 0.62 0.65 3.57 1.97
10 5.07 5.75 0.84 1.55 1.09 2.36 7.55 0.84 0.80 0.87 6.14 3.29
15 12.24 30.77 1.70 1.76 1.88 2.50 12.46 1.33 1.73 3.69 8.74 8.46
20 9.57 15.65 2.37 4.70 2.72 2.69 4.88 2.13 3.75 6.22 12.36 10.06
25 5.50 17.43 3.74 2.60 2.44 3.30 5.56 2.15 3.65 8.26 15.52 12.06

30 13.15 71.25 2.90 2.79 2.64 3.61 7.08 2.17 1.99 2.70 19.30 11.73
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