BAEVBEREBNVEERDINS 2V RICEB U R Oifakn & S RitEiE D 28R

METHESSESFIER AEYZTLATER YE-£9% J07Y EF

J-14

FUIC

BRI VWINBI IV I—-ARUR—CHIEHED 7= O0—AEDFEEZ D D7 ORI F VU THEHIND (K1), 7=O0—RE
FZORTFVOEEPTZORITFUDHFEDBELFEDESDEVDKOYMECREZELET D, 70— A FBRiEEE
A9 —F I —PIHGCBSS) ICL>TDHEMINDN, PZORTF VIERDIFEFADERIMEUIGN TV ATEHKIETERT
Nd(E1)e RAI—F I —1(SS)IFADP-F IV I—RZEBEELTal HEEDEHET LAV ZBRT 5. SSHMEBRUzal 4iEE
ZERUEUEESR (BE) M. a1 68 E DD EZEFEM I 5. ZU T BENBRICER U165 DD Z ZBERTH V7=
S—T(ISA1) B'YIBR T 2. ZNZNDERICF . KIZT 23E - FIFSH - RIRERL T T IO EBRSPEYES. MEEHNE
IRDERDT A VA LDTFELEEE - WIEBNICHEERLCF ORI F VEEM T 5. AR TIEBET A VA LAEISA17Z
B UL IFBHRKRUTcA RERGBZBRITL. 7 A VA AEBOMBECBMIERICIA C. BREDNS VY ANEETH DI E
ZBREIC LTz,

HECER

1. BRMDOEGHEEE

BAEVBERVPERLIVBRORRIKEBERICSADHE

AXDY/ LI3TBREFAET BBEX A VT A LDSE BEINRE T DEMAD ORI F U TIETILI—AEGE 15U TD5
EARIBLIZZENS. BEIF ORI F Y ORWRZEEM T 2EEA 51D BEIlah REL THRILDO7 ORI F UHEERIFE
AEZEB T B PEH TR 7IOXTF VRENED L. 7ZORTF VRENMENLIEN D BEIaARED7ZORTFUE
BICBVTCEFERBETZETDEEXD" % —A.BEIbARET DL MA TIF7ZORTF 2V OEEMEA L REAEIILIC TD
fERAORED ER U BB MR S ENKIBICIBILIZ  ° 12 BEIDARA T 2EAKN BB L. B FEENEFERDOE
[CIETI2RE BREREICOHETBHTENHSNICE oz LD UL BEIIDARAELTH. EGPERDO 7 ORI F U#EERFIFE
AEZEE LBV ENS, BEIDIIEAD 7 ZORIFVERICHVTCEEREETZEILEX 2.

BEIEBEIaZ KT D& RELDBIIEISIFBEIRAEFELL TV ENS BEIbDHFETNUSHEILD 7 =ORTF VIFER
TEBHEEA D% BEIEBEIDARAT DL I CIE7 ORI TV OEEIRRL. REABIELZS ZNUTHV B EREDKIE
[CERU EBEMERMSEL 70— XS ENBINITENUN  EBFEEEF5BTE UL LLENS BEllaDH TH7=0T
FUREH TCEDN OB LMD BUIE T I 2ZENES MBIz, —75. . BEIlaEBEIDARAT & EDARIFIERICES
T BHIRERIRD TRLIE ST EN'S BEIRIF TIFHEA D7 ZORTF VA EM TEBRWVES A D% L HHBET A VT A
LRI FERE SAMERZN2(CRU,

ISATAREE T 27 ORI F VDN KIBICIEII U, NBEDRE TIIRL KBEDT AN U IS ZSBET BIcd. R
FREF(CIR FEFEENABNETUIZ s —75. BEIIbEISATZEBFCRAT B HE BEIDEISA T BT RAUVCERFLI BT



SORIFUBSHEFERGE DT FH RN SENME L BEFEEDE FHEILI. COTENS.BEIDEISATONS Y

AISK ST UBMEE LM Z S CE2TENHES TR0,

SEORE

[7=ORTF Y DRDIEMEVRNED KRN TVRITIZD EKDBELEPIRENZEDD DD ZDEBFRRIFETN?] [ZD
KORBEBTET BICHITIFEDBET A VT A LAEISAERKS BIBE BN UEN? I FRBTHZ. SH.BEFAVTA LS
KUISA1 DHEEEPERF/BHIRR DA RERAEDNT T DTET RIENERTIIDNS Y ADKRD Y - JHb - INBIC5R 2

2. BEDHE#RIFIRE SABMHEIR

HBRMRICIRD ERIF SN,

& B¥

AAREUEHEUIXZBFOMBTESESPIZR TITON . IRDOZFTICH ) BRHE FHIR RHEBIIRF) SR
O\ ZHEBFB T GTRRHEERS)  NHEIKEYE RN REDERICERIGDITE - CHHZEBIEUIC DRI

HEBLU EIFFET,
1. Satoh, H. et al. Plant Physiol. 133, 1111-21 (2003)
2. Miura S. et al. Plant Mol. Biol. 15, 51 (2025)
‘ 3. Nishi A. et al. Plant Physiol. 127, 459-72 (2001)
5|k 4. Tsuiki K. et al. J. Cereal Sci. 68, 88-92 (2016)

5. Nagamatsu S. et al. Plant Mol. Biol. 108, 497-512 (2022)
6. Miura, S. et al. Rice. 14, 3 (2021)

) 7.Kubo A. et al. Plant Physiol. 121, 399-410 (1999)

bE 2

20014 9H
2001% 5H
2009% 8H
2011 48
2013% 48
20155 48
2018% 6H
20214 7H
2022% 48

LWORT AP REFHBREEHFN 25

DI VRVINIIAZ EMEERZF tHERE

DYV YMIIAFAZ R —BfliEL3RE 2 FEVYHZSR ET (Fii)
MHRIIAT EPEFHZE REAEES

MBRII AT EMEFREZER F5EEE

MEBRIIAY BARZHRES FRIZTERPD

MERIIAY BRZHRES FRIZTERPD

MERIIKE EMERMZE BLHRS

MERIIAE EMERBZER FHEE

2023%F 4A~ MHEIZRSFEMIFR AEYRT LTEH HHIR (REICED)

J-15



Mechanism of starch biosynthesis in rice focusing on the balance between
branching and debranching enzymes.

Naoko Crofts, Department of Chemical and Biological Engineering, School of Creative System Engineering,
National Institute of Technology, Akita college

E-14

Introduction

Starch is composed of glucose polymers of essentially linear amylose and highly branched amylopectin (Fig. 1). The
ratio of amylose to amylopectin, as well as the frequency of branch and the length of the branches, determine the
physical properties and uses of rice. Amylose is solely synthesized by granule-bound starch synthase | (GBSSI), whereas
amylopectin is synthesized by the coordinated actions of following three enzymes (Fig. 1). Starch synthases (SSs) use
ADP-glucose as a substrate to elongate linear a1.4-linked glucan chains. Those chains elongated by SSs are cleaved by
branching enzymes (BE) to form a1,6-linked branches. Subsequently, excess a1,6-linked branches formed by BEs are
removed by the debranching enzyme, isoamylase (ISA1). Each enzyme possesses multiple isozymes with different
tempo-spatial expression pattern, expression levels, preferred substrate and product structures, and heat resistance.
Those isozymes interact functionally and physically to synthesize amylopectin. In this study, rice mutants lacking one or
more of BE isozymes were used to reveal isozyme-specific and compensatory functions of BE isozymes, as well as the
balance between BE isozymes and ISAT.
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Fig. 1. Starch structure and its synthesis

The Effects of the Absence of BEs and ISA1 on Rice Starch

There are three BE isozymes present in rice genome, loss of BEI led a slight increase in amylopectin branches with a degree
of polymerization of 15 or less in endosperm, and that BEI contributes to the formation of long branches in amylopectin’. In
the absence of BElla, the endosperm amylopectin structure was essentially the same as the wild type, however, the
proportion of short amylopectin chains decreased and that of long amylopectin chains increased in its leaf blades and leaf
sheaths. Therefore, BElla plays a major role in amylopectin synthesis in leaves™? In contrast, when BEllb was absent, the
proportion of short amylopectin chain was decreased and that of long amylopectin chain was increased in the endosperm. As
a result, the gelatinization temperature and the resistant starch content of starch were significantly increased***. Furthermore,
loss of BEIllb resulted in opague seeds and reduced seed weight to 60% of that of the wild-type, affecting agronomic traits.
However, starch in leaf blades and leaf sheaths was not affected by the absence of BElIb. Thus, BEllb plays a major role in
amylopectin synthesis in the endosperm.

The phenotype of double mutant lacking BEI and BElla closely resembled that of BEI single mutant indicating that
amylopectin in the endosperm can be synthesized by BEllb alone. When both BEI and BEIlb were absent, the short
amylopectin chain was drastically decreased and long amylopectin chain increased in the endosperm®. Consequently, the
gelatinization temperature and resistant starch content were significantly increased. Furthermore, the amylose content was
greatly increased, and seed weight decreased to 50% of the wild-type®. Based on these findings, it became clear that although
amylopectin can be synthesized with BElla alone, the digestibility of the starch is significantly reduced. When both BElla and
BEllb are absent, the plant grew normally, but the fertility rate was extremely low; therefore, BEI alone is insufficient for
amylopectin synthesis in endosperm?. Schematic representation of expression levels and compensatory functions are shown
in Fig. 2.

When ISAT was absent, short amylopectin chains were significantly increased, and water-soluble phytoglycogen was
accumulated instead of insoluble starch; consequently, flat wrinkled mature grains were produced and seed weight was



decreased to 40% of the wild type’. On the other hand, when both BEIIb and ISA1 were absent, its amylopectin structure
became closer to that of the wild type than their single mutants of BEIIb or ISA1. Its resistant starch content was starch
decreased, while the reduction of seed weight was mitigated®. This indicates that the balance between BElIb and ISAT is
important for controlling starch structure and digestibility.
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Fig. 2. Expression pattern of BE isozymes
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Perspective

It remains unclear “How does the balance between the formation and removal of amylopectin branches affect rice
digestibility and yield?” and “Which combination of BE isozymes and ISA1 deletions is required to accumulate such
starch?”. Analysis of rice mutants with different combinations of expression levels of BE isozymes and ISA1 will clarify
the effects of the balance between branch formation and branch pruning on the physical properties, digestibility, and
yield of rice.
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