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Molecular survey of the phosphoserine phosphatase
involved in L-serine synthesis by silkworms
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K. Yamamoto

Department of Bioscience and Biolechnology, Graduate
Schodl of Bioresource and Biocenvironmental Sciences,
Kyushu University Graduate Schodl, Fukuoka, Japan

Abstract

Phosphoserine phosphatase (PSP) catalyses the synthe-
sis of L-serine via the phosphorylated pathway by faciitat-
ing the dephosphorylation of phosphoserine. A cDNA
encoding PSP from the silkworm Bombyx mori (bmPSP)
was isolated using reverse transcription-PCR and then
sequenced. The resulting clone encoded 236 amino acids
with a molecular weight of 26 150, exhibiting 14-60%
sequence identity with other PSPs. The recombinant PSP
wasoverexpressed inEscherichia cali and purified. Kinetic
studies showed that bmPSP possessed activity toward .-
phosphoserine, and Asp20, AspR2 and Asp204 in bmPSP
were found 1o be critical for modulating bmPSP activity.
Reaktime PCRanalysis provided evidencethatthe amount
of bmpsp transcript was reduced in middie sik glands of a
sericindeficient sikwom strain These findings revealed
that bmPSP may play important roles in synthesizing
one-carbon donors of L-serine, which is abundant in silk,
as well as other cell metabolites in B. mor.

Keywords: phosphoserine phosphatase, serine, siik-
worm, phosphorylated pathway.

Introduction

There are two pathways for the biosynthesis of L-serine
(Wang et a., 2002 El-Hattab, 2016). The first pathway is
the conversion from glycine, in which serine is produced

First published orfine 11 Juy 2019.
Corespondence:Kohj Yamamoto, Department of Bioscience and Biotech-
ndogy, Graduste Schod of Bo and Bioer o Soi
Kyushu University Graduate School 744 Motooka, Nishidu, Fuuoka
8190395, Japan Tel: + 81 92 802 4819; fax: + 81 R R 4822 emal:
yananck@ag kyushouacjp

48

from glycine and 5,10-methylenetetrahydrofolate via the
achvity of serine hydroxymethyltransferase (SHMT). The
second patway is the de-novo phosphorylated patway,
in which serine is produced from o-3-phosphoglycerate via
the activity of three enzymes: o-3-phosphoglycerate dehy-
drogenase, phosphoserine aminotransferase (PSAT) and
phosphoserine phosphatase (PSP). PSP [EC: 3.1.33]
catalyses the dephosphorylaton of w-phosphoserine to
wserne in this phosphorylaled patway (Neuhaus and
Byme, 1958). To date, two types of PSPs have been
identified, ie the Mg?*-dependent PSP belonging to the
haloacid dehalogenase (HAD) superfamily (Borkenhagen
and Kennedy, 1959; Koonin and Tatusov, 1994) and he
metalindependent PSP present in aubtrophic bactera
(Chiba et al., 2012, 2013; Kim ot al., 2017). L-serine acts
as a hub of one-carbon metabolism because of its role as
a main 1C donor (Ducker and Rabinowitz, 2017). Thus, -
serine plays criical roles in the synthesis of essential cell
metabalites, including glycine, cysteine, methionine, purines
and thymidine, in living cells (Ducker and Rabinowitz, 2017).
This non-essential amino acid is also necessary for the pro-
duction of sphingolipids, porphyrins and neuromodulators in
living organisms (Snell, 1984; Snyder and Kim, 2000).

Silkworm (Bombyx mari) is a lepidopteran model organ-
ism and economically crucial insect that has been used as
amolecular genetic resource to elucidate various biological
processes. Silk is a major economic component that is syn-
thesized in the sik glands of silkworms. Sik fibres are com-
posed of two types of protein, ie fibroin and sericin, which
contain high serine, glycine and alanine content (Takasu
ot al., 2002). Serne synthesis by specific enzymes is
related to the high serine content of silkk. Therefore, identifi-
caon and biochemical characlerization of PSPs are
essential for elucidating the mechanisms of serine produc-
tion and biosynthesis of silk fibres and various cellmetabo-
lites in silkworms. Although several sudies have evaluated
the roles of PSPs with regard to their metabolic signifi-
cance, no reports have described the functions of PSPs
in sikworms.

© 2019 The Royal Entomological Society
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1 | INTRODUCTION

Abstract

Serine hydroxymethyltransferase (SHMT) catalyzes the
interconversion of serine and tetrahydrofolate (THF) to glydne
and methylenetetrahydrofolate. dDNA encoding Bombyx mari
SHMT (bmSHMT) was doned and sequenced The deduced
amino add sequence consisted of 465 amino acids and was
found to share homology with other SHMTs. Recombinant
bmSHMT was overexpressed in Exherichio coli and purified to
homogeneity. The enzyme showed optimum activity at pH 30
and 30°C and was stable under addic conditions. The K, and
k.o/K,, vdues for THF in the presence of Nicotinamide adenine
dinucleotide phosphate (NADP') were 0055mM and
0081mMs™, respectively, whereas those toward NADP*
were 016 mM and 0.018 mM ™ s™* and toward w-serine were
18 mM and Q0022 mM ™5™, respectively. Mutagenesis experi-
ments revealed that His119, His132, and His135 are important
for enzymatic activity. Our results provide insight into the roles
and regulation mechanism of one<arbon metabolism in the
silkworm B. mori

KEYWORDS
blosynthesis, cobalamin, one carbon metabolism, site directed
mutagenesks, tetrahydrofolate

One-carbon metabolism contributes to the synthess of purines, the metabolism of amino acids, and the production
of gutathione. adenosine triphosphate, and nicotinamide adenine dinucleotide phosphate (NADP®) (Locasale, 2013;

Axh kusect Bicchen. Physol. 20191022158, wileyoniine ibrarycomyjourmal/ar ch
https Jdoiorg'10 1002/ach 21594

© 2019 Wiley Periodicals, Inc. | 1of 12

_14_



HRBIn T BT E

Received: 7 April 2019 | Revised: 3 June 2019 | Acepted 16 June 2019
DOE 10.1002/arch 21599

RESEARCH ARTICLE _ WILEY

An omega-class glutathione S-transferase in the
brown planthopper Nilaparvata lugens exhibits
glutathione transferase and dehydroascorbate
reductase activities
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Japan A complementary DNA that encodes an omega-class glu-
Correspondence tathione S-transferase (GST) of the brown planthopper,
::'e::;::y 0‘2::“"’:;&”’“ Nilaparvata lugens (nlGSTO), was isolated by reverse tran-
Graduate School, 744 Motoaka, Nishids, scriptase polymerase chain reaction A recombinant protein
:ﬂ’:"v’:ﬂ '13';.?“.’1’;1‘... s (nIGSTO) was obtained via overexpression in the Escherichia

coli cells and purified nIGSTO catalyzes the biotransforma-
tion of glutathione with 1chloro-24-dinitrobenzene, a gen-
eral substrate for GST, as well as with dehydroascorbate to
synthesize ascorbate. Mutation experiments revealed that
putative substrate-binding sites, including Phe28, Cys29,
Phe30, Arg176, and Lue225, were important for glutathione
transferase and dehydroascorbate reductase activities. As
ascorbate is a reducing agent, nlGSTO may participate in
antioxidant resistance.

KEYWORDS
gutathione, glutathione transferase. Niloparvata lugens, oxidative
stress

1 | INTRODUCTION

Glutathione S-transferases (GSTs [EC 25.118]) are involved in conjugation reaction of giutathione {GSH) to
exogenous compounds, as well as to endogenous materiaks (Armstrong 1997; Hayes, Flanagan, & Jowsey, 2005;
Listowsky, Abramovitz, Homma, & Niitsu, 1988) GST Is recognized to be responsible for the metabolism of
exogenous compounds and the regulation of endogenous materiaks. GSTs exist widely in both prokaryotic and
eukaryotic species. Mammalian GSTs containing several classes have been reported: alpha, mu, pl, omega, sigma,
theta and zeta (Ferguson & Bridge, 2019; Mannervik, Board, Hayes, Listowsky, & Pearson, 2005), whereas six

Ach ksect Bochem Physol. 2019102621599, wileyonline itrar ycomjounal/arch © 2019 Wiley Periodicals, Inc l 10f9
https//doiorg/10. 1002/ar ch 21599
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Abstract

Glutathione conjugation is a crucial step in xenobiotic detoxification. In the current study, we have functionally
characterized an epsilon-class glutathione S-transferase (GST) from a brown planthopper Nilaparvata lugens (nIGSTE).
The amino acid sequence of nIGSTE revealed approximately 36-44% identity with epsilon-class GSTs of other species.
The recombinant nlIGSTE was prepared in soluble form by bacterial expression and was purified to homogeneity.
Mutation experiments revealed that the putative substrate-binding sites, including Phe107 Arg112, Phe118, and Phe119,
were important for glutathione transferase activity. Furthermore, inhibition study displayed that nIGSTE activity was

affected by insecticides, proposing that, in brown planthopper, nIGSTE could recognize insecticides as substrates.

Key words: Nilaparvata lugens, glutathione, glutathione transferase, insecticide, site-directed mutagenesis

Glutathione S-transferases (GSTs, EC 2.5.1.18) are widely present
in both prokaryotic and eukaryotic cells. They are involved in
glutathione (GSH) conjugation, which contributes in xenobiotic(s)
detoxification and regulates endogenous compounds (Listowsky
ct al. 1988; Armstrong 1997). Previously, two GSTs (delta and
sigma classes of GST) from Nilaparvata lugens have been identified
(Yamamoto et al. 2015, 2017). Dipteran insects such as Anopheles
gambiae (Diptera: Culicidae) (Ranson and Hemingway 2005) and
Drosophila melanogaster (Diptera: Drosophilidae) (Sawicki et al.
2003; Tu and Akgul 2005) have been reported to possess six GST
classes (delta, epsilon, omega, sigma, theta, and zeta). In silkworm
(Bombyx mori [Lepidoptera: Bombycidae]), we have characterized
delta, epsilon, omega, sigma, theta, zeta, and an unclassified GST
isoform (Yamamoto et al. 2005, 2006, 2009a,b, 2011, 2013). Apart
from this, we have also identified a sigma-class GST from the fall
webworm Hyphantria cunea (Lepidoptera: Erebidae); a serious lepi-
dopteran pest of the broad-leaved trees (Yamamoto et al. 2007).
Among the GST classes, delta and epsilon are insect specific. The
involvement of delta-class GSTs of A. gambiae and D. melanogaster
has been observed in dichlorodiphenyltrichloroethane (DDT) detoxifi-
cation (Ranson et al. 1997a, b; Low et al., 2010). Expression of delta-
class GST in Liposcelis entomophila (Psocoptera: Liposcelididae),
Leptinotarsa decemlineata (Coleoptera: Chrysomelidae), and Pieris
rapae was noted as upregulated by insecticide application (Han et al.
2016; Jing et al. 2017; Liu et al. 2017), whereas the activity of epsilon-
class GST of Spodoptera exgua (Lepidoptera: Noctuidae) was in-
hibited by insecticides (Wan et al. 2016). In Musca domestica (Diptera:

Muscidae), the epsilon-class GST exhibited activity toward insecticide
(Wei et al. 2001) and, in A. gambiae, it displayed DDT detoxification
(Wang et al. 2008). So far, we have identified and characterized unclas-
sified GST2 of B. mori (bmGSTu2) that catalyzes GSH conjugation to
organophosphorus insecticide and is closely related to epsilon-class
GST (Yamamoto and Yamada 2016). N. lugens is a major agricultural
pest of the rice crop and, in this study, we focus on the uncharacterized
epsilon-class GST (nlGSTE) of the brown planthopper (N. lugens).
An understanding of this pest's detoxification capacity, particularly
with respect to GSTs function, could provide leads for pest control.
In this study, we have identified and characterized #n/GSTE comple-
mentary DNA (¢cDNA), which was overexpressed in Escherichia coli
(Enterobacteriales: Enterobacteriaceae) cells and the properties of the
synthesized recombinant proteins were investigated.

Materials and Methods

Insects

Adult brown planthoppers N. lugens (Izumo) obtained from the
National Agriculture and Food Research Organization, Tsukuba,
Japan, were used for total RNA isolation with RNeasy Plus Mini Kit
(Qiagen, Hilden, Germany).

Sequencing of nIGSTE cDNA
First-strand cDNA was synthesized from the total RNA, derived
by reverse transcription-polymerase chain reaction (RT-PCR)

@© The Author(s) 2019. Published by Oxford University Press on behalf of Entomological Society of America.
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ly reported a p
catalyzes the isomerization of PGH; to PGE, The present study aimed to provide a genome-editing
characterization of bmPGES in B. mori. Results showed bmPGES gene disruption to result in a reduced
content of PGE2. The change affected the expression of chorion genes and egg formation in silkworms.
Collectively, the results indicated that bmPGES could be involved in reproduction of B. mori. Therefore,
this study provides insights into the physiological role of bmPGES and PGE; in silkworms,

aglandin E synthase (bmPGES) in the silkworm Bombyx mori that

© 2019 Elsevier Inc. All rights reserved.

1. Introduction

Glutathione (GSH) conjugation is essential for detoxification of
xenobiotics and endogenous compounds such as unsaturated al-
dehydes and prostaglandins(PGs) [1,2]. Isomers of PG such as PGH,
PGD,, PGE; and PGF,, are also known [34). We had previously
reported the identification and structural characterization of
Bombyx mori prostaglandin E synthase (bmPGES), which catalyzes
the isomerization of PGH, to PGE; in silkworm. In bmPGES struc-
ture, we had determined the amino add residues related to
glutathione-binding site and electron-sharing network [5]. PGES
enzymes in mammals are homologs of sigma-class glutathione
transferases (GSTs), same as bmPGES [6-8]. PGs are known to be
involved in a variety of physiological and pathological processes in
mammals.

Reports on PGE; in insects are gradually increasing. PGE; affects
oviposition behavior in the cricket Teleogryllus commodus [9] and

Abbrevi : bmPGES, taglhindin E hase: GSH, Glutathione: PGs,
Prostaglandins; TALEN, tunscnpmn amvan-lte effector nuclease.
* G ding author. 744 M Nishi-ku, Fukuoka 819-0395, apan.
E-mmlmﬂrﬁs yamamok@agr kyushu-u.acjp (K. Yamamoto).

https: //doi.org/10.10 %6 /j.bbrc 2019.10.121
0006-291X/© 2019 Elsevier Inc. All rights reserved.

cellular immune reaction in the greater wax moth Galleria mella-
nella [10]. In Spodoptera extingua, PGE; influences the defense re-
action via the release of prophenoloxidase, which is a crucial
protein for the insect immune response [11]. In B. mori, inhibitors of
cyclooxygenase involved in PG signaling have been shown to in-
fluence oogenesis [12]. However, knowledge about PGE; signaling
and the role of PGE2 in B. mori remain undear. To elucidate theroles
of prostaglandin synthase and its product PGE; in B mori, here, we
have provided genome-editing characterization of a PGEz-metab-
olizing glutathione S-transferase in B. mori Analysis of bmPGES
gene disruption helped to darify how PGE; affects insect physi-
ology and contributes to a more detailed understanding of PGE;
signaling system.

2. Materials and methods
2.1. Immunohistochemistry

Anti-bmPGES antibody was raised against internal amino add
sequences: 2*FEDNRISSENWPEF® and 'SSQKPDLEQKYPAFRK'®,
Ovariols were placed on a slide, dried for 2 min, and incubated in
0.2 ml PBS (137 mM NadCl, 2.7 mM KCl, 10 mM NayHPO4, and 2 mM
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Long-term exposure of human sperm cells to reactive oxygen species (ROS) can cause decreased motility
and viability, as well as DNA fragmentation. An antioxidant defense system, called a preventive antioxidant sys-
tem, is therefore needed to maintain low ROS concentrations in sperm and seminal plasma. Superoxide dis-
mutase (SOD, EC 1.15.1.1), one of the most important antioxidant enzymes, catalyzes the conversion of
superoxide radical (O;") to hydrogen peroxide (H,O;) and molecular oxygen (O.). In this report, we documented
a high SOD activity level in the reproductive organs of the male silkmoth (Bombyx mon, L.), particularly in the
glandula lacteola, and found that about 90% of the SOD activity was transferred to females by ejaculation and
maintained. We characterized three cDNAs from the adult male reproductive system: a soluble cytoplasmic cop-
per/zinc SOD (Cu/Zn SOD, SOD1) and two extracellular forms of copper/zinc SOD (EC-SOD, SOD3). The levels
of transcription and protein accumulation of Bombyx SOD1 indicated that it is abundantly present in the extracel-
lular fluid of the male glandula lacteola, which transfers to the female during ejaculation. Furthermore, it was ob-
served that some of the transferred SOD1 exists in the sperm fraction stored in the mating female’s bursa
copulatrix. Our present results demonstrate the origins of seminal SOD activities and suggest that SOD might be
a potential source and function of antioxidants in semen and also may control the amount of extracellular ROS
involved in sperm quality maintenance.

Key words: antioxidant activity, superoxide dismutase (SOD), seminal fluid proteins, spermatozoa, Bombyx

mori

INTRODUCTION

Reactive oxygen species (ROS) including superoxide
anions (O, ), hydroxyl radical (HO'), hydrogen peroxide
(H,0,), and singlet oxygen (‘[0,]). are by-products of ei-
ther cellular metabolism during aerobic respiration or oxi-
doreductase activity (Sies, 1985). Common features of
different ROS are the high level of transience due to their
high levels of chemical reactivity and the capacity to dam-
age or destroy proteins, DNA, and lipids (L1 ef al., 1997;
Halliwell and Guttenidge, 2007). However, in some cases,
elevated ROS plays a part in the physiological regulation
of intracellular signaling pathways (D’Autréaux and
Toledano, 2007; Schieber and Chandel, 2014). Mammalian
spermatozoa are also susceptible to ROS (Jones et al.,
1979; Alvarez et al., 1987). In vitro, low concentrations of
ROS promote hyperactivation (de Lamirande and Gagnon,
1993a; 1993b), capacitation (Griveau ef al., 1994; Zin et
al., 1996; Leclerc et al., 1997; Baumber et al., 2003; Rivlin
et al., 2004), the acrosome reaction (Aitken ef al., 1995;
Griveau ef al., 1995; de Lamirande et al., 1998), and
sperm-oocyte fusion (Aitken er al., 1995: 1998). while
high levels of ROS induce an irreversible arrest of motili-

*To whom ¢ pondence should be add: d
Fax & Tel: +81-75-724-7769.
Email: nagaoka@kit.ac.jp

ty, damage to membranes due to lipid peroxide formation,
and fragmentation of DNA (Aitken et al.. 1994; Baker et
al., 2004; Penis et al., 2007). In at least 25% of infertile
male patients, ROS formation is detected at elevated lev-
els i both semen and spermatozoa (Gagnon et al., 1991;
de Lamirande et al.. 1995; Agrwal et al., 2006; Aitken
and Baker, 2006). Considening that low levels of ROS are
required for the physiological sperm functions described
above, the balance between ROS generation and neutral-
ization is crucial. Therefore, the role of antioxidants in
sperm longevity has been substantiated in several verte-
brates, but there 1s little information on this role in insects
(Chaimanee ef al.. 2016).

Superoxide dismutase (EC 1.15.1.1, SOD) detoxifies
highly reactive and toxic superoxide (O, ) by converting
it to less-toxic hydrogen peroxide (H,0,), and in this way,
is thought to function as an important protective enzyme
that reduces oxidative risk. SOD activities observed in hu-
man seminal plasma are significantly lower in infertile pa-
tients than in healthy sperm donors and correlate positively
with semen quality parameters (e.g., viable sperm concen-
tration and total motility) (Murawsk: et al., 2007). The
SOD enzyme is a ubiquitous metalloenzyme in aerobic
organisms, and occurs in three forms in humans: SOD1 1s
localized to the cytosol and nucleus, SOD2 is a mitochon-
drial matrix enzyme, and SOD3 is the extracellular form
found 1n plasma, lymph and synovial fluids, and tissues
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In plants, reversible histone acetylation and deacetylation play
a crucial role in various biological activities, including develop-
ment and the response to environmental stress. Histone deace-
tylation, which is generally associated with gene silencing, is
catalyzed by multiple histone deacetylases (HDACs). Our
understanding of HDAC function in plant development has
accumulated from molecular genetic studies in Arabidopsis
thaliana. By contrast, how HDACs contribute to the develop-
ment of rice (Oryza sativa) is poorly understood and no rice
mutants of HDAC have been reported. Here we have charac-
terized a new rice mutant showing semi-dwarfism, which we
named dwarf with slender leaf! (dsl1). The mutant showed
pleiotropic defects in both vegetative and reproductive devel-
opments; e.g. dsl1 produced short and narrow leaves, accom-
panied by a reduction in the number and size of vascular
bundles. The semi-dwarf phenotype was due to suppression
of the elongation of some culm (stem) internodes.
Interestingly, despite this suppression of the upper internodes,
the elongation and generation of lower internodes were slight-
ly enhanced. Inflorescence and spikelet development were also
affected by the dslT mutation. Some of the observed morpho-
logical defects were related to a reduction in cell numbers, in
addition to reduced cell division in leaf primordia revealed by
in situ hybridization analysis, suggesting the possibility that
DSLT is involved in cell division control. Gene cloning revealed
that DSLT encodes an HDAC belonging to the reduced
potassium  dependence3/histone  deacetylase1l family.
Collectively, our study shows that the HDAC DSL1 plays diverse
and important roles in development in rice.

Keywords: Dwarf » Histone deacetylase » Inflorescence de-
velopment « Leaf development « Rice (Oryza sativa).

Accession numbers: The nucleotide sequence reported in this
paper has been submitted to GenBank/EMBL/DDBJ databases
with the following accession numbers: DSLT (LC494512).
Microarray data were deposited in the Gene Expression
Omnibus (https://www.ncbi.nlm.nih.gov/geo/} under acces-
sion number GSE138876.

o

Plant development is governed by the activity of the shoot apical
meristem (SAM), where stem cells are maintained (Ha et al. 2010,
Aichinger et al. 2012, Somssich et al. 2016). Lateral organs such as
the leaf and flower differentiate from cells supplied from stem
cells at the peripheral region of the meristem. During organ de-
velopment, three developmental axes (apical-basal, adaxial-ab-
axial and centrolateral axis) are established and specific types of
cells differentiate along these axes.

Plant architecture depends on the shape and size of the
lateral organs and the arrangement of the secondary shoots.
Rice (Oryza sativa} reiteratively generates leaves and secondary
shoots in the vegetative phase (Hoshikawa 1989, Itoh et al.
2005). As the stem does not elongate in either the primary or
secondary shoots during this phase, the apparent architecture
of rice is influenced by the shape and size of the leaves. After
flower induction, the vegetative SAM changes its properties and
becomes the inflorescence meristem, which generates inflores-
cences comprising branches and spikelets (Tanaka et al. 2013).
The shape and size of these inflorescences affect plant architec-
ture in the reproductive phase.

Rice leaves comprise the leaf blade and leaf sheath, which are
connected by a boundary region (lamina joint} harboring the
ligule and auricle (Hoshikawa 1989). In the leaf blade, two types
of longitudinal vascular bundles, termed large and small, differ-
entiate to transport water and nutrients. Relative to the small
vascular bundle, the large bundle contains many cells and dif-
ferent types of cells. Viewed from the outside, the two types of
vascular bundles are visible as large and small veins, with 5-6
small veins between the large veins in wild type (WT).

Leaf morphogenesis and regulation of leaf size have been
studied by using narrow-leaf mutants such as narrow leaf2
(nal2), nal3, nal7fconstitutively wilted1 (cow1), leaf lateral sym-
metry1 (Isy1) and slender leafl (sle?)/narrow leaf and dwarf1
(nd7} (Woo et al. 2007, Fujino et al. 2008, Li et al. 2009, Cho
etal. 2013, Ishiwata et al. 2013, Yoshikawa et al. 2013, Kubo et al.
2017, Honda et al. 2018). The narrow width of the leaf blade is
associated with a decrease in the number of either large or small

Introduction

1aded aenSay I

Plant Cell Physiol. 61(3): 457469 (2020) doi10,1093/pep/pez210, Advance Access publication on 7 November 2019,

available online at hteps:/facademic.oup.com/pep
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Abstract

The Oryza officinalis complex is the largest speces group in Oryza, with more than nine species from four continents, and is a tertiary
gene pool that can be exploited in breeding programs for the improvement of cultivated rice. Most diploid and tetraploid members of
this group have a C genome. Using a new reference C genome for the diploid species O. officinalis, and draft genomes for two other
C genome diploid species Oryza eichingeri and Oryza rhizomatis, we examine the influence of transposable elements on genome
structure and provide a detailed phylogeny and evolutionary history of the Oryza C genomes. The O. officinalis genome is 1.6 times
larger than the A genome of cultivated Onza sativa, mostly due to proliferation of Gypsy type long-terminal repeat transposable
elements, but overall syntenic relationships are maintained with other Oryza genomes (A, B, and F). Draft genome assembilies of the
two other C genome diploid species, Oryza eichingen and Oryza rhizomatis, and short-read resequencing of a series of other
C genome species and accessions reveal that after the divergence of the C genome progenitor, there was still a substantial degree
of variation within the C genome species through proliferation and loss of both DNA and long-terminal repeat transposable
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Localization of mRNAs at the subcellular level is an essential mechanism for specific protein targeting and local control of
protein synthesis in both eukaryotes and bacteria. While mRNA localization is well documented in metazoans, somatic cells, and
microorganisms, only a handful of well-defined mRNA localization examples have been reported in vascular plants and algae.
This review sumimarizes the function and mechanism of mRNA localization and highlights recent studies of mRNA localization
in vascular plants. While the emphasis focuses on storage protein mRNA localization in rice endosperm cells, information on

targeting of RNAs to organelles (chloroplasts and mitochondria) and plasmodesmata is also discussed.

WHAT IS MRNA LOCALIZATION?

Localization of mRNAs was initially discovered in
the 1980s, when g-actin mRNA was found to be
asymumetrically distributed in ascidian eggs and em-
bryos (Jeffery et al., 1983). This nonuniform spatial
distribution pattern was later observed for maternal
mRNAs in Xenopus (Rebagliati et al., 1985) and Dro-
sophila cocytes (Frigerio et al, 1986; Berleth et al.,
1988) and supported the proposal of prelocalized
RNA during early development (Davidson, 1971;
Kandler-Singer and Kalthoff, 1976). Subsequently,
mRNA localization was observed in a variety of so-
matic cells such as fibroblasts (Lawrence and Singer,
1986), oligodendrocytes (Trapp et al., 1997), and neu-
rons (Garner et al., 1988). Today, mRNA localization is
prevalent in bacteria, yeast, algae, vascular plants, and
metazoans and, therefore, is an ancient, universal,
evolutionarily conserved mechanism.

Our understanding of mRNA localization stems
mainly from research in Xenopus, Drosophila, budding
yeast, fungi, and structurally polarized animal cells
(Holt and Bullock, 2009; Martin and Ephrussi, 2009;
Medioni et al., 2012; Shahbabian and Chartrand, 2012;
Weatheritt et al., 2014; Weil, 2014; Chin and Lécuyer,

“This work was supported by grants from the National Science
Foundation (MCB-1444610 and 105-1701061), from the Japan Society
for the Promotion of Science {(to M.F. and T.K.), and the U.S. Depart-
ment of Agriculture National Institute of Food and Agriculture
(Hatch Umbrella Project 1015621 and Multistate Research Project
NC1200).

2 Author for contact: li tian@wsu.edu,

*Senior author.

LT. and T.W.O. developed the ideas and the initial framework;
L.T. prepared the figures; the article was written by LT, H-L.C,
ME, TK., and T.W.0.

IFENIA ticles can be viewed without a subscription.

www .plantphysiol.org/cgi/doi/10.1104/ pp.19.00972

2017; Lazzaretti and Bono, 2017; Teimouri et al., 2017).
By contrast, only a handful of examples for mRNA lo-
calization have been observed in plants. Nevertheless,
substantial progress has been made over the years.
Here, we discuss the importance and mechanism of
mRNA localization, summarize mRNA localization
studies in land plants, and provide suggestions for fu-
ture research in plants.

ADVANCES

+ Proteomic analyses have identified more than
200 cytoskeleton-associated RNA-binding
proteins (RBPs) or associated factors from rice
endosperm, many of them involved in
transporting RNAs to specific intracellular
locations.

+ Analysis of TILLING mutants and T-DNA
insertion lines in genes for the RNA-binding
proteins Tudor-SN, RBP-P, and RBP-L indicate
that these zipcode-binding proteins are
required for storage protein mRNA
localization in rice endosperm cells.

e Mitochondrial targeting requires the N-
terminal leader and 3'UTR sequences.

s Recent advances of fluorescence-based
mRNA labeling systems combined with high-
resolution confocal microscopy provide
promising approaches to visualize the real-
time trafficking of mRNAs in plant cells.

Plant Physiology®, Jaruary 2020, Vol. 182, pp. 97-109, www.planiphysicl.org ® 2020 American Society of Plant Biologists. All Rights Reserved. 97
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Tudor-SN is involved in a myriad of transcriptional and
post-transcriptional processes due to its modular structure
consisting of 4 tandem SN domains (45N module) and C-
terminal Tsn module consisting of Tudor-partial SN do-
mains. We had previously demonstrated that OsTudor-SN
is a key player for transporting storage protein mRNAs to
specific ER subdomains in developing rice endosperm. Here,
we provide genetic evidence that this multifunctional RBP is
required for storage protein expression, seed development
and protein body formatien. The rice EM1084 line, possess-
ing a nonsynonymous mutation in the 45N module (SN3
domain), exhibited a strong reduction in grain weight and
storage protein accumulation, while a mutation in the
Tudor domain (47M) or the loss of the Tsn module (43M)
had much smaller effects. Inmunoelectron microscopic ana-
lysis showed the presence of a new protein body type con-
taining glutelin and prolamine inclusions in EM1084, while
43M and 47M exhibited structurally modified prolamine
and glutelin protein bodies. Transcriptome analysis indicates
that OsTudor-SN also functions in regulating gene expres-
sion of transcriptional factors and genes involved in devel-
opmental processes and stress responses as well as for
storage proteins. Normal protein body formation, grain
weight and expression of many genes were partially restored
in EM1084 transgenic line complemented with wild-type
OsTudor-SN  gene. Overall, our study showed that
OsTudor-SN possesses multiple functional properties in
rice storage protein expression and seed development and
that the 4SN and Tsn modules have unique roles in these
processes.

Keywords: Mutant analysis « Protein body « Rice « Rice
transformation « RNA-binding protein » Storage proteins

* Transcriptomics » Tudor-SN,

Introduction

e

Rice is unique among flowering plants in that its seeds synthe-
size and accumulate substantial quantities of two major types
of storage proteins: the acid- and alkali-soluble glutelins and the
alcoholic-soluble prolamines as well as minor amounts of the

saline-soluble o-globulins (Muench et al. 1997). Prolamines ac-
cumulate as ER-lumenal intracisternal granules (PB-1), whereas
glutelins and globulins are deposited in the protein storage
vacuole (PSV; PB-Il) (Krishnan et al. 1986, Yamagata and
Tanaka 1986). The mRNAs that encode for prolamines, glute-
lins and a-globulins are targeted to morphologically distinct ER
membranes in developing endosperm cells. Prolamines and
globulin mRNAs are asymmetrically distributed to the rough
ER membranes (PB-ER) delimiting the prolamine intracisternal
granules while glutelin mRNAs are located on adjacent cister-
nal-ER (Li et al. 1993, Choi et al. 2000, Hamada et al. 2003a,
Washida et al. 2012). The distribution of prolamine and glutelin
mRNAs to distinct subdomains of the cortical-ER contribute to
the distribution of their protein products to different locations
within the endomembrane system (Washida et al. 2004,
Washida et al. 2012).

RNA transport is a multistep processes that requires cis-
{Singer 1993) and trans-elements for modulating its localization
{Martin and Ephrussi 2009; Medioni et al. 2012; Hermesh and
Jansen 2013; Eliscovich and Singer 2017}, Results from previous
studies from this laboratory (Hamada et al. 2003b, Washida
et al. 2009, Yang et al. 2014) have shown that specific cis-se-
quences (zipcodes), located in the coding sequence and 3'UTR
of the prolamine and glutelin mRNAs, are required for targeting
of these mRNAs to their respective ER subdomains. Several
RBPs that recognize and bind to these zipcode sequences
have been identified as potential trans-factors (Doroshenk
et al. 2009, Crofts et al. 2010, Doroshenk et al. 2014, Yang
et al. 2014, Tian et al. 2018). These RBPs bind to the zipcode
sequences and form a ribonucleoprotein (RNP) complex soon
after transcription in the nucleus.

In addition to RBPs that recognize zipcode mRNA se-
quences, additional RBPs are required for basal processes of
mRNA transport and localization. One such RBP is OsTudor-
SN, which was initially identified as a major cytoskeletal RBP in
developing rice seeds that binds specifically to the 3'UTR se-
quences of prolamine and glutelin mRNAs (Sami-Subbu et al.
2000, Sami-Subbu et al. 2001). The role of this RBP in mRNA
localization has been suggested via in vivo analysis of RNA-IP
and immunofluorescence studies of GFP-tagged prolamine
mRNA (Wang et al. 2008). Direct evidence for a role for

1adeq senSay .
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ARTICLE INFO ABSTRACT

Keywords:
RNA localization

The transport and targeting of mRNAs to specific intracellular locations is a ubiquitous process in prokaryotic
and eukaryotic organisms. Despite the prevalent nature of RNA localization in guiding development, differ-
Oryza entiation, cellular movement and intracellular organization of biochemical activities, only a few examples exist
Storage proteins in higher plants. Here, we summarize past studies on mRNA-based protein targeting to specific subdomains of
ﬁlrg:):i(’:ding proriily the cortical endoplasmic reticulum (ER) using the rice storage protein mRNAs as a model. Such studies have
Membrane trafficking demonstrated that there are multiple pathways of RNA localization to the cortical ER that are controlled by cis-

determinants (zipcodes) on the mRNA. These zipcode sequences are recognized by specific RNA binding proteins
organized into multi-protein complexes. The available evidence suggests mRNAs are transported to their des-
tination sites by co-opting membrane trafficking factors. Lastly, we discuss the major gaps in our knowledge on
RNA localization and how information on the targeting of storage protein mRNAs can be used to further our
understanding on how plant mRNAs are organized into regulons to facilitate protein localization and formation
of multi-protein complexes.

1. Introduction

RNA localization is an efficient process in concentrating proteins
within specific locales in the cell. Since the first discovery of RNA lo-
calization in structurally polarized animal cells [1], it has been found to
be prevalent in bacteria, micro-organisms, and plants for localized
translation and efficient intracellular stratification of the gene product
[2-7).

In eukaryotes, RNA localization is initiated in the nucleus where cis-
localization elements or zipcode sequences [8] within the RNA tran-
script are recognized by specific trans-factors, RNA binding proteins
(RBPs), to form a ribonucleoprotein (RNP) complex [5,9]. Once ex-
ported from the nucleus to the cytoplasm, the RNP complex is re-
modeled where one or more protein factors are removed and others
added [6,7,10]. One set of proteins that must be added to the exported
RNP are adaptor and motor proteins enabling long distance transport of
the remodeled RNP along microtubules or microfilaments to targeted
regions of the cell. At the destination site, further remodeling of the

* Corresponding author.
E-mail address: okita@wsu.edu (T.W. Okita).
! Co-first authors.

RNP may occur enabling anchoring of the RNP complex, followed by
translation, processing in processing bodies (P-bodies), or storage in
stress granules.

Despite the ubiquitous nature of this process in prokaryotic and
eukaryotic cells, there are relatively few examples in plant cells [11]. In
addition to the localization of rice storage protein mRNAs in developing
endosperm, which is the main focus of this review, other examples
include the differential localization of Expansin mRNAs, ZeExpl and
ZeEXP2, to the apical end, and ZeExp3 to the basal end of cells located
below the apical meristem in Zinnia elegans [12]; the concentration of
profilin mRNAs on the tips of growing root hairs [13]; and the biased
spatial distribution of carbonic anhydrase [14] and knox-1 [15] mRNAs
in the unicellular green macroalgae Acetabularia acetabulum. Nuclear-
encoded mRNAs are also observed on the surface or in close proximity
to chloroplasts [16-18] and mitochondria [19-21] suggesting a co-
translational import of the coded protein product. Other than the case
for mitochondria [20,22] and rice storage protein mRNAs [11,23-27],
there has been little effort to elucidate the molecular basis for RNA
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SUMMARY

Inflorescence architecture is diverse in angiosperms, and is mainly determined by the arrangement of the
branches and flowers, known as phyllotaxy. In rice (Oryza sativa), the main inflorescence axis, called the
rachis, generates primary branches in a spiral phyllotaxy, and flowers (spikelets) are formed on these
branches. Here, we have studied a classical mutant, named verticillate rachis (ri), which produces branches in
a partially whorled phyllotaxy. Gene isolation revealed that Rl encodes a BELL1-type homeodomain transcrip-
tion factor, similar to Arabidopsis PENNYWISE/BELLRINGER/REPLUMLESS, and is expressed in the specific
regions within the inflorescence and branch meristems where their descendant meristems would soon initi-
ate. Genetic combination of an ri homozygote and a mutant allele of RI-LIKET (RIL1) (designated ri ril1/+
plant), a close paralog of Rl, enhanced the ri inflorescence phenotype, including the abnormalities in branch
phyllotaxy and rachis internode patterning. During early inflorescence development, the timing and arrange-
ment of primary branch meristem (pBM) initiation were disturbed in both riand ri ril1/+ plants. These findings
suggest that Rl and RILT were involved in regulating the phyllotactic pattern of the pBMs to form normal
inflorescences. In addition, both Rfand RIL7 seem to be involved in meristem maintenance, because the ri ril1
double-mutant failed to establish or maintain the shoot apical meristem during embryogenesis.

Keywords: BELL1-type transcription factor, homeobox gene, inflorescence architecture, meristem, rice
(Oryza sativa), meristem maintenance, branch phyllotaxy, internode, micro-computer tomography scanning.

INTRODUCTION
genetic mechanism underlying the fine-tuning of inflores-

Inflorescence architecture is a major determinant of plant
form, and shows enormous diversity in angiosperms. The
phyllotactic patterns of flowers and branches are major
factors that characterize inflorescence morphology. Lateral
organ phyllotaxy is regulated by a local accumulation of
auxin, whose action is well understood in leaf initiation in
Arabidopsis thaliana (Reinhardt et al.,, 2003; for review, see
Kuhlemeier, 2007). Auxin also plays a crucial role in inflo-
rescence development, because a mutation in the gene
encoding PINFORMED1, which is required for polar trans-
port of auxin, results in a pin-formed inflorescence stem
without any flowers (Okada et al., 1991). By contrast, the

© 2019 The Authors
The Plant Journal ® 2019 John Wiley & Sons Ltd

cence development, such as the regulation of phyllotactic
pattern or internode length, is not fully understood.
Grasses such as rice (Oryza satival and maize (Zea mays)
generate unique inflorescences including a spikelet, in
which the flowers (florets) are formed (for review, see Bell,
2008; Thompson and Hake, 2009; Tanaka et al., 2013). Spi-
kelets are attached directly to the main axis of the inflores-
cence (rachis) in barley (Hordeum vulgare) and maize
female inflorescences, but are formed on branches diverg-
ing from the rachis in rice and maize male inflorescences.
The branches are arranged in a spiral phyllotaxy in rice
inflorescences, whereas the spikelets are arranged in a

1
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ARTICLE INFO ABSTRACT

Keywords: Reduction in crop yield and quality due to global warming is a major concern. In this study, we investigated the
Amylopectin effects of high temperature during endosperm development on the level of starch biosynthetic enzymes, in-
-‘“_ﬂr'mc cluding granule-bound starch synthase [ (GBSSI), branching enzyme (BE)IIb, and SSI, and structure of starch in
High femperature the endosperm using japonica rice cultivar, ‘Akitakomachi’, We also performed palatability sensory evaluation of
Falatability rice grown under diff peratures after cooking. At high ripening temp the number of seeds

showing opaque regions was significantly increased, and seed weight was significantly decreased. The apparent
amylose content and ratio of short to long chains of amylopectin in seeds developed at high temperature was
significantly lower and higher, respectively, than that in seeds developed at lower temperature; this was because
of low levels of GBSSI and BEIIb, respectively. In general, the amylose content correlates negatively with the
stickiness and taste of cooked rice. Rice grains developed at high perature were less palatable after cooking
than those developed under normal conditions, although their amylose content was lower, indicating that the
structure of amylopectin has a major impact on the palatability of cooked rice.

1. Introduction

Rice (Oryza sativa L.) is the leading food crop in the world, after
maize (Zea mays L.) and wheat (Triticum aestivum L.), and is grown
throughout the world including in Asia, North and South America, the
European Union, the Middle East, and Africa. However, in recent years,
rice has been exposed to elevated temperature, especially at ripening
stages, which has a negative impact on the yield and quality of rice
grains and taste of cooked rice (Tashiro and Wardlaw, 1991). The
Intergovernmental Panel on Climate Change (IPCC) 2013 warned that
climate change may further increase the global temperature.

High temperature during grain filling results in low seed weight,
and the quality of brown rice declines because of an increase in the
number of white immature grains (Yamakawa et al, 2007). White
immature grains reduce the commercial value of rice, as these grains
are brittle and crack during milling, resulting in higher numbers of

* Corresponding author.

crushed rice grains (Fitzgerald et al., 2009). The chalky appearance of
rice grains is reported to be associated with the development of nu-
merous air spaces between loosely packed starch granules and a change
in light refraction (Zakaria et al., 2002). The growth rate of grains in-
creases under high temperature during endosperm development; how-
ever, reduction in the duration of grain filling results in low grain
weight (Yamakawa et al., 2007). High temperature induces the ex-
pression of genes encoding a-amylase in developing seeds and sup-
presses the a-amylase repressing plant hormone abscisic acid, sug-
gesting that starch is degraded by a-amylase in developing endosperm
under high temperature. Therefore, a-amylase inhibits starch accumu-
lation, resulting in white immature grains (Hakata et al, 2012). An
increase in the number of white immature grains negatively impacts the
taste of cooked rice (Yamakawa et al., 2007).

Starch is composed of amylose and amylopectin. Amylose is pri-
marily a linear molecule composed of glucose units linked by «-1,4-

E-mail addresses: Katou-Kazunao@pref.akita.lg.jp (K. Kato), yuta.suzu0221 @gmail.com (Y. Suzuki), kouyu@akita-pu.ac.jp (Y. Hosaka),
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Regulation of intracellular transport of the glutelin in the rice endosperm cell
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Summary: Rice contains the storage proteins consisting of 7-8 % of rice seed. Rice storage proteins are classified three types,
such as glutelin, prolamine and globulin, and they are deposited in two kinds of protein bodies (PBI and PBII) in the starchy
endosperm, Glutelin and globulin are accumulated within the vacuolar PBIL On the other hand, prolaming is accumulated within
PBI within ER lumen. The content and property of rice storage proteins affect highly the qualities of sake and rice-bred, therefore
the elucidation of genes participating to biosvnthesis, intracellular transport and deposition of rice storage proteins contributes
to improvement of rice grain qualities. We have identified several genes concerning to biosynthesis, transport and deposition of
glutelin and analvzed them. We introduce the knowledge about intracellular transport mechanism of glutelin based on the results
of histological analvsis.

Key words: glutelin, mutant, rice, storage proteins, transportt
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ARTICLEINFO ABSTRACT

Keywords: Spontaneous phage-resistant mutants were isolated from Lactobacillus paracasei LPC by agar plate (AP) and
Lactic acid bacteria secondary-culture (SC) methods. They were characterized by cell and colony morphologies, carbohydrate fer-
Lacrobacillus paracasel mentation patterns, phage resistance stability, efficiency of plaquing (EOP), acidifying and milk acidification
;:E?oﬁ;:im kinetics. Only 98 out of 175 isolates (56%) proved to be true phage-resistant mutants and the SC method was

more efficient than the AP method. Although the phage resistance stability varied among the mutants isolated,
the EOP values were mostly very high (< 10~""). Thiee phage-resistant strains were selected based on their
extreme resistance capacity to the phage ®T25 (EOP = 107'%) and their nonlysogenic property. Acidifying
activity did not differ between phage-sensitive strains and their three respective phage-resistant derivatives.
Most of the mutants were completely or partially unable to adsorb phage particles. Restriction-modification type
systems were not detected in all phage-resistant derivatives. All three selected mutants were identical to the
corresponding parent strain of L. paracasei LPC in the cell and colony morphologies. The comparison of random
amplified polymorphic DNA profiles obtained with four arbitrary primers also revealed the highest similarity
coefficient (87%) among the parent strain and the three mutants, indicating that each mutant has been derived
from this parent strain. A good performance during milk fermentation and the subsequent refrigerated storage
were obtained when these mutants were employed. These phage-resistant derivatives could be used as improved
strains or for strain rotation programs when commercial strains become sensitive to the phages present in in-
dustrial environments.

Spontaneous phage-resistant mutants

1. Introduction In the dairy industry, the development of bacteriophage-insensitive

mutants of important fermentation strains is a crucial short-term mea-

Advanced research on lactic acid bacteria phages has progressed
significantly over the past decades, but phage contamination is still
nowadays recognized as one of the persistent problems of dairy in-
dustry. Several strategies have been invested to control phage infection
of starter cultures, such as uses of phage inhibitory media or phage-
resistant cultures, and optimization of sanitation. Traditionally, the
phage-resistant cultures have been obtained by recombinant DNA
technology (Casjens & Gilcrease, 2009) or conjugal transfer of plasmids
conferring phage resistance (Samson & Moineau, 2013). However,
isolation of spontaneous phage-resistant mutants can be advantageous
because it is simple, rapid and involves no genetic manipulation
(Binetti, Sua'rez, Tailliezb, & Reinheimer, 2007; Ferndndez et al., 2017).

* Corresponding author.
E-mail address: onanong@g.swu.ac.th (O. Pringsulaka).

https://doi.org/10.1016/j.foodcont.2018.12.037

sure used to counter the phage problems (Coffey & Ross, 2002; Mills
et al., 2007). Unfortunately, less efficient phage-resistant derivatives
were normally recovered with unsatisfied characteristics such as slow
growth, low or diminished acidifying power, low proteolytic activity,
and reversion to a phage-sensitive phenotype (Coffey, Coakley, Mc
Garry, Fitzgerald, & Ross, 1998; Klaenhammer, 1984; Moineau, 1999;
Sturino & Klaenhammer, 2004).

Lactobacillus paracasei is a species of lactic acid bacteria which in-
volves in manufacturing of fermented dairy products. It is present
naturally in fermented vegetables, milk and meat, and has been isolated
from cheeses made from both pasteurized and non-pasteurized milk
(Christiansen, Nielsen, Vogensen, Brogren, & Ardd, 2006). Specific
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ZTER K,
3 H
BEEICH I XY FEHRAEA, AEEREZEEE (a2

_38_



2019.78 3 I (BLkiZ ) 2019.125 4 IR (@4 — bimd)
1/ EE FmEX (EHiEaE)

202028 A2RMERSE 202038 ARLETZREH



[fit 4 An 7B 6 0 #F ]
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7FE 11K

VIL. BEHUA LR R UK K

(A) BHRUA LA 5FESE

(B) MoK A VA 6 FEEH

FERUSN O AAEMEIRIZ OWTIE, BIfE, BEEFEE LR OMAEY TP HEIZBWTEN
TR - BELE N TV 5,

_43_



V. B 7 —HiE

JUIN R e Fe B b B B (s - B IRBA T 9t & o 7 —Hike
(HR'E)
& ZOHRIL JTUNKRFREFHMNBEERFERMIZEE 2 — (LT [&
VE—] WD) OFEREL ONEEIZE LR FIEAE ED D,
(B & —oAM)
ok by 2—id BaFOREFE. BAELCHIMICETOMEELITO 2%

HiY &35,
(77 5%)
Bk kUA—IZ, ROSBEEEL,
—  FE&BEERRS Y
= EsTBRR B
= EMER TR
(B ¥ —0DE)
BUE LU —ICREEES, BFETOEELOITOERZD 5 b b HE RS
Dia ik CGRET D,
2 B HF—OEF, B —OEEKONER ZRIET 5,
3 B —OROEMIX, LT 5,
4 BUHA—RIT, FESNDLILENTE S,
(EELZER)
FHE A —0FBEEICETIEERFEEELERT H0, BETER

PRt —#EEEZRES (LT EEEZAR) £Vv),) ZES,
HEEEZERIT, ZARKUVROFZFIBITL5EZEE L - TlET 5.
— B H—OREOHED D b LEINTEHE A
= EERL BEEER HWER A ORISR TR OEEOHER
FOBERD 5> b bRIENTZEHESE— A
= ISR 2 B UNDRER OREO AR, B & OGER
DD B HIETNTE — N
0 REEERIE R M O E RO BAL D 2% M OBh R D 5 H )
HEIINTESE—A
T R ERE T ER T HROFEOER K TR D
HLih@EINnTeE—A
2 ZEOMMNZ, LT D, EL, ZRECXREVNAELESEO®%RT
HOEINL, AL OFRAEBIH & 95,
3 ZAIF, FESNDIENTED,
4 ZRIT, RFMENERET D,

o

N
VA

i

_44_



ElX, B X—DOEEL > THRTH,
1R, EE %é%%%%b TOmELRD,
EK%& boHrEXF. HONPLDOEEROBEATAIZRENE

I

@gémAi %a@ B O HREN X, EEERE . kA
THIENTERN,

EELZBROEFIT, HFELEZEOBEYEE > TR L, AIE&FEEK
DEXFL, BROWRTDHEZAIZLD,

COHBIZEDARLODIEN, B X — OB FRER CR LA EIE
X, BEEESOHELART, B X—DENED D,

ZOHRIE, ERIUVEN A — B2 64T L, FRIVENA S H NS
w5,

UM R R I B B - B IR e & o 7 — Rk (RS 430
“HILRRET) X BEIET D,

_45_



VI. EXHE
INSTITUTE OF GENETIC RESOURCES

The institute of Genetic Resources had been established in May, 1987, and was then
reorganized in April, 1997, within the Faculty of Agriculture, Kyushu University. The
Institute is devoted to basic and applied studies on genetics with special interest in the
stock maintenance of agriculturally important organisms. Silkworm, rice and fermentative
microorganisms are chosen as the main materials from the viewpoint that their scientific
researches have been carried out and developed chiefly in Japan. Emphasis has also been
placed on studies at molecular level to contribute to the development of biotechnology and

to establish gene libraries of these biological resources.
Silkworm Genetics Laboratory

BANNO, Yutaka Ph. D. Professor
YAMAMOTO, Koji Ph. D. Assistant Professor

a) Linkage analysis of silkworm

b) Mutagenesis and teratogenesis in silkworm

c) Analysis of gene expression

d) Maintenance of the mutant stocks

e) Construction of a genetic linkage map of silkworm genome

f) Cytological studies of the deficient and translocated chromosomes
Plant Genetic Laboratory

KUMAMARU, Toshihiro Ph. D. Professor
KUBO, Takahiko Ph. D. Associate Professor

a) Resolution of the mechanism controlling the transport and the accumulation of the seed
storage proteins in rice.

b) Identification and functional analysis of genes involved in reproductive development
and evolution of rice.

c¢) Construction of the rice mutation pool.

d) Conservation and evaluation of rice genetic resources.
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Microbial Genetics Laboratory

DOI, Katsumi Ph. D. Professor
FUJINO, Yasuhiro Ph. D. Assistant Professor

a) Survey, development and preservation of microbial genetic resources
b) Genetics and breeding of industrial bacteria: Streptomyces, Lactobacillus,
Bacillus, Thermus, etc.
c¢) Functional analysis and application of novel and useful genes found in industrial
bacteria

d) Isolation and characterization of bacterial and archaeal viruses
e) Investigation of biomineralization in geothermal environment
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