TABLE OF CONTENTS
Page

TABLE OF CONTENTS ..ottt ettt i
LIST OF TABLES .. ..o iii
LISTOF FIGURES oot eeeaa v
LIST OF ABBREVIATIONS ... eneaenas Vi
INTRODUCTION | o oeeeeeeeeeeeeeeeeeeeeeeeee e e e e e e e e eaeanaes 1
OBJECTIVES ettt eee s emss e eeeeen 5
LITERATURE REVIEWS e 6
Phytic acid .. ..o 6
Occurrence of phytic acid ..............c.ceeeeeeeeereeeeeeseererccaesenn. 7
The role of phytic acid ...... ..ot 8
Phytic acid biosynthesis ............cvomermesmessemsessssnersssesnessesnenenns 11
Phytic acid degradation _...._..........cocooeoeeeeeeeeeeeeeeeeee e 14
Strategies for solving the phytic acid content,,........................ 20
MATERIALS AND METHODS ... seneaenas 30
MALETIALS ...t e 30
MEhOAS ...ttt e 31
Plant culture . .........coooiieeeeeeeeeecem et 31
Mutant iS01ation ..o 31

Analysis low phytic acid by High-performance
thin layer chromatography (HP-TLC) ...........cococoveoiennn... 33
Tetrazolium testing of viable rice ..................ccoooiiviececeenne. 35

uantitative analysIS ..........coooeeeeeeeeeeee e e eeee e 35
y



il

TABLE OF CONTENTS (Continued)

Page
RESULTS ...t s et es s men s s s s s s s e sanas 36
Concentration of inorganic P in variety of
Wild EYPE SEEA........eeeeeeeereerees et es e 36
Qualitative screening for low phyticacid ....................cooovonn0. 36
Seed VIAbILLY ... 37
High-performance thin layer chromatography
(HP-TLC) @nalySis ..........cocoveureemceenemreeecssenese e senesseesecens 38
Quantitative analysis of seed ..o 40
DISCUSSION .. ..cuiirieceeeeeeeeesssssss s s s s s s s ssssssssssssssasssssssssssssasas 67
CONCLUSION |ttt s sss s s s sess s s e en s s s 7T
LITERATURE CITED 79

APPENDIX 86



Table

LIST OF TABLES

Description of selected low phytic acid
Relative of soluble inorganic P content for screened
low phytic acid
Survival rate of M2 population of low phytic acid
Relative segregation of high or low inorganic P seeds
of M331 from M1 through M3 plant generation
Relative segregation of high or low inorganic P seeds
of M783 from M1 through M3 plant generation
Comparing of % viability between wild type and
mutagenic low phytic acid seed

Quantitative analysis of inositol phosphate by HPLC

Comparing of quantitative analysis of defective embryo

and normal embryo of mutagenic M783

iii

Page

27

43
46

50

51

59
65

66



Figure

10
11

12

13

14

LIST OF FIGURES

Structure of phytic acid
Biochemical pathway of phytic acid
Diagrammatic map of chromosomal regions containing
the Ipal and Ipa2 loci and MIPS
Estimate concentration of high inorganic P

Chart of % survival

Segregation of M331 mutagenized low phytic acid
phenotype
Segregation of M783 mutagenized low phytic acid
phenotype
Mutagenized seed characteristic

Plant seedling of low phytic acid
Testing seed viability of wild type
Controlled testing by bloked activity of
dehydrogenase enzyme
Seed viability testing of M783 mutagenic
low phytic acid
Seed viability testing of M331 mutagenic
low phytic acid
Analysis of inositol phosphate standard

by HP-TLC

v

13

29

42

47

48

49

53

54

55

56

57

58

60



LIST OF FIGURES (Continued)

Figure Page
15 Degradation of phytic acid by phytase ...............ccceeeeeueunnce 61
16 Analysis of phytic acid , other inositol phosphate

and Pi content of wild type by HP-TLC ... 62
17 Screened low phytic acid of M, 331 by HP-TLC . ............. 63
18 Screened low phytic acid of M, 783 by HP-TLC ................. 64
19 Model of phytic acid synthesis and its translocation

t0 MINETAl STOTAZE ... ...t ee e ee s 72
20 Phytic acid pathway ..ot 76



vi

LIST OF ABBREVIATIONS
ATP = Adenosine Triphosphate
bp = Base pair
BT = Jao Hom Nin
cDNA = Complementary Deoxyribonucleic acid
cM = Centi Morgan
DNA = Deoxyribonucleic Acid
g = gram
HIP = High Inorganic Phosphate
HPTLC = High Performance Thin-Layer Chromatogryphy
InsP, = inositol monophosphate
InsP, = inositol triphosphate
InsP, = inositol tetra phosphate
IsnP, = inositol pentaphosphate
InsP, = myo-inositol-(1,2,3,4,5,6)-hexakisphosphate
IPK = inositol phosphate kinase
KBNT = Kaybonnet rice
LIP = Low Inorganic Phosphate
Ipa = low phytic acid
MIP = myo-inositol phosphate synthase
min = Minute
M = Mutant generation
mRNA = Messenger Ribonucleic Acid

ng = nanogram



mM

mg

nm

Pi

P

PCR

Ptd InsP
pmol
ppm
rpm
RT-PCR
SDS-PAGE
TLC

w/v

vil

LIST OF ABBREVIATIONS (Continued)

millimolar

milligram

nanometer

Phosphate

Phosphorous

Polymerase Chain Reaction

Phosphatidyl inositol phosphate

picomole

part per million

Rotations per minute

Reverse-transcribed Polymerase Chain Reactioon
sodium dodecyl sulfate polyacrylamide gel electrophoresis
Thin Layer Chromatography

Weight by Volume

Microgram

Microliter

Degree Celsius



