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Abstract. Phosphorus (P) is an essential macro-element for higher plant growth and develop-
ment. Phytate is the storage form of P in seeds, and plays vitally important roles in P sensing
and homeostasis during seed development. Phytate is hydrolyzed by phytases and releases
P, mineral nutrients, and myo-inositol for seedling growth during seed germination. This paper
reviewed advances in studies, including the biosynthesis pathway of phytic acid, heredity of
phytate in seeds, and the breeding of low phytic acid crops. Firstly, glucose 6-phosphate and
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inositol (Ins) serve as the initial substrates for two pathways to synthesize phytic acid: the
lipid-dependent and lipid-independent pathways. Several key genes and enzymes involved in
the biosynthesis and transport of phytic acid have been identified, including genes encoding
myo-inositol-3-P, synthase (MIPS) , MIK, IPK, and a multi-drug resistance-associated protein
(MRP) ATP-binding cassette transporter. Secondly, some genetic loci for seed phytate
content have been detected in rice, Brassica rapa, common bean, mung bean and chickpea,
using the genetic mapping population and/or genome-wide association panel, respectively.
Thirdly, identification of valuable low phytic acid mutants is important for the breeding of low-
phytate crops. Once breeding low-phytate crops is a target, scientists can focus on how to
reduce the negative effects accompanied by low phytic acid in crops.
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Table 1 Significant QTLs for seed phytate and total phosphorus concentration ( content) in crops
BRI s et Lopf  EER
. L TR i [ A ] -
sfﬁe S rﬁgi fidi Linkage Flanking/ LOD 7;? s f; j;ﬁt
QTL Group Interval scores (%) Add.
Marker
KRG SPAP conc. B 5 RM305-RM178 5.6 24.3 +  Stangoulis
Oryza 12 RM247-RM179 3.5 15.4 + et al,
sativa L. STP conc. - 5  RM305-RM178 5.6 24.3 + 2007
SPAP conc. — RO1 E36M15M197.9Y 2.51 13.2 -
— R0O3 E38M62-2CC 2.55 11.0 -
e - RO6  P23M47254.2 4.03 223 N Zhao
Brassica et al,
rapa L. SPHO conc. — RO1 E36M15M197.9Y 2.65 15.3 + 2008.26)
— R0O3 E38M62-2CC 3.20 13.0 -
— R0O6 P23M47254.2 3.47 17.5 +
SPAP content. (HP) Pac7 A 7 BM209-BMd40 — 33.3 +
SPAP content. (MP) Pac5.1 5 F0810-BMd053 — 16.6 +
HEL Npc6. 1 6  BMOO03-BMd37 - 1.7 - Blair
Phaseolus STP content (HP) et al,
vulgaris L. Npc7 1 7 E070.9-BM46 — 27.2 - 20120271
Npc7 .1 7 E070.9-BM46 — 43.5 -
STP content (MP)
Npc10.1 10 BM157-GATs11 — 11.6 -
445 Vigna ~ SPAP content SDPAPA 1 4A  CEDG139-MB4-SSR179 3.78 1.2 +  Sompong
radiata (L.) SDPAP11.1 11A BM141-VR222 4.00 6.1 + et al,
Wilczek STP content SDTP4 1 4A  Bmd25-MB-SSR179 2.64 10.6 + 201203

SPAP: Fh-FfHfRWE; SPHO. Fh T JCHLBE; STP: 7 MWk, conc.. ¥, HP(E MP) : Az K7E 1 Rk &t m sl S8 1
SPAP. Phytic acid in the seed; SPHO. Phosphate in the seed; STP. Total phosphorus in the seed; conc.: Concentration; HP (or

MP) . Soils with high phosphorus/moderate phosphorus.
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MR 28 78 PR A IE % Bk R, $EAT 4 3k 41 7% sk 4l
(RNA-seq) 73, T3k 4235 25 RIKHE M,
W E 18 AW AR, I Kk BRUARA R 28 A8 1A 4y
S 22 7 S0 R 300 X 0 5 A S 7 A 1 3
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BPERKREAR, T 5 3 ot e R Z 5
BEAh, R B R R FIAEL R £ L) s Wy 25 48 Uk
JRiE K RGERATLIESIN , & T KRR E IR

SERRBEIEL, ik, SRR IR O H TR OF
FERHL

5 e AR AT A U (L P AL i 28 A8 (A2 155 7 IR PR
YEYIRY 2R AR, AIRAE R 2 A8 (R0 4845 T LA it e
Fhr k. —RAHMEY . YA AROR, SRR
Ay TR IE I B IR B BOE 1R ) SR, SR
RNAI T3 AR H bR TR e ik, i vk 3
THICHER 2SR, MR A=W & I 55— 25 02 MIPS
Z 5L RN, I PR T LB IR R B
Xu 2545 i AR ek I B R T RS SRR
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FARMEIKFE MIPS FE R 2235 KT 4.59 15, [
ISR S T, AQFR R R R 75 2 3% PR AR, C LB
SR, IPK LK R A R A 9 A Lt —
-, FIH Oleosin 18 JahFi#47 RNAI T#5, {fiFh
T IPKT SERTTER, AR T AU E Ak 5 AR 7%
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MR BB EES, BT IPKT R %
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AR, REWERIF TR EZES, HHRT
Ole18 431 OsMIK 1y 3& R L ERA & HE 78 & & Al
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R, IXESRIFFE 2SR A a5 AR IR = 7 1 7K
Rt R AR A 1R L

H TR A9 (5 1 R 28 78 R Y8 T ek 2878
434l B MR AT A8 AR 25 R A Bl g g B AE 0
W, P AR A BB 2R 8 0 S U R T
R fb2EIE R, AN AR AR BR 3G i JEAL#E, (A%
FhF BB AR I /N H TR B A R
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I¥ ( Arabidopsis thaliana (L.) Heynh.) JULEE 7 #5 14
5t ABC %438 F MRP5( Multidrug Resistance-
associated Protein, 2 Z5Tif 253 1) RA K,
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U BG4 I R 45% 1 25% 4142 Li 45057 1
IKFEFRFHER IR 817 Ole18 {fi OsMRP5 T i #35,
S5 L IR R PP AR & i S AR AV LR T
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B 7 & B E R (17.8%), firifkss
LRI IR DR R AR IOHL
WS R TE e 7.5 %, B0 R TREK o R B Y
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R 25 BRI R T R AR IR R B, Shi %1 AL
BN sa e 4 B v ke T K 2K low phytic acid 1
(lpal)JEH, EHITHMG MRP B H ATP 4545 &
(ABC, ATP-binding cassette) #%iz 7, %% H¥)

WITEMR IR, R A A SR R B R
ik R MR AR R EAER R, [AFFi A
RMAELFRE S A T PR . ZmMRP4 J& K f
OsMRP5 [ IR HE I, 78 E KRR FRE R YRS 3+
Ole il GIb #8 ¥ F, i id RNAI H AR ffi £ K ik
ZmMRP4 ¥ PE N IR R 5, e JE DR PR P A2 12
T ERRAL, (B2 T AR A+ T8
5k ZERGW AR IR 225,

T I R R 5 R ARG A 4 L At A B A B
NG BLRE R, — SR NG5 5 iR i AT IR
W9t . Lee 2%V R I GLFG Lethal( Gle1) & ¥
TR R DI R 0 ORI+, X T = P IRAE FR I VE
WITZECHEE, Glel B I 48 S5 2] DLoR #MIK
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4 RE

4.1 EYMHFHEREAEEEEXERNSEM
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AT, PR C B % T4 THIR S BT
T Rl S gm i B, 4R MIPS . MIK, il
B Z BERER O, DL S SHERR iz ki i MRP & 1
ATP 254 G lig 1112202008980 ki G T
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BE A IRAEY) C O S AT B s, 24
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CRISPR ( Clustered Regularly Interspersed Short
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