RIKEN Accel. Prog. Rep. 52 (2019) II-4. Radiation Chemistry & Biology

Molecular analysis of the stay-green mutant dyel induced by carbon ion
beams in ricef

H. Yamatani,*! M. Nakano,*! Y. Hayashi,*? Y. Masuda,*! T. Abe,*? and M. Kusaba*!

Chlorophyll synthesis and degradation are carefully a0 &0 BD 100 (<M}
regulated in plants not only because chlorophyll is an es- Chr.& ! I I I
sential photosynthetic molecule, but also because in its MEE-1 MEB-E BKE-T

free form it can damage cells photo-oxidatively.") Mu-
tants that retain the green of leaves under senescence-

inducing conditions are known as stay-green mutants.

We isolated a stay-green mutant from a rice My popula- Candidate ragion ( ~43.1kb)

tion (Oryza sativa L.) irradiated with carbon ion beams SNP-3_AC dCAPS-5

(1.6 GeV, 23 keV/um, 20 Gy). It exhibited delayed yel- _*_h—*_ﬁ_*_H_
lowing during natural senescence in the paddy field. This

recessive mutant, named delayed yellowing1-1 (dyel-1), -/J L-_'_'_'—'—-—-—._.____

was greener than the wild-type cultivar, Nipponbare, rJ';-'EJ;! (G=»A, E14EK]

1;11;76 Wiiks after heading, when most leaves are senescent +—_-_ Lhead
ig. 1).

We performed map-based cloning of DYEI. An anal- Fig. 2. DYE! encodes Lhcad, a subunit of the PSI antenna
ysis of the Fo population and its progeny revealed that complex LHCI.
DYE] is located on chromosome 8. Fine mapping of ®
DYE1 delimited the candidate region within 43.1 kb, d{-&# ,,,‘-:'
which contained seven predicted genes (Fig. 2). A next- il
generation sequence analysis revealed that dyel-1 has a
G-to-A substitution at the second exon of Lhca4, caus-
ing amino acid substitution from glutamic acid to lysine
(E146K). Lhcad is a subunit of the light-harvesting com- Piil core. PLLLICT =
plex for photosystem I (PSI). This residue corresponds to -~
E154 in Arabidopsis Lhca4, which is a pigment-binding —
site conserved not only among Lhca subunits but also FEIl core, Cyl bef =
among Lhcb subunits (light-harvesting complex for pho-
tosystem II) of different species.?

A blue native-PAGE analysis revealed a significant

FSI-LHON Super |

. . LHCI trimer — —
change in the conformation of PSI-LHCI supercomplex
in dyel-1 (Fig. 3). Nevertheless, the biomass of dyel-1
was comparable to that of the wild-type. Interestingly, .
Mipponbare dyel-1 Fig. 3. Blue native-PAGE analysis of photosystems. Arrows

indicate newly merged bands in dyel-1.

Lhcbl, a subunit of the trimeric LHCII, was highly ac-
cumulated in dyel-1. The high accumulation of LHCII
in the LHCI mutant dyel-1 may compensate the re-
duced PSI activity caused by the impairment of LHCI
antenna (Lhcad), suggesting a novel functional interac-
tion between LHCI and LHCII.

Higher chlorophyll content in leaves is observed be-
fore and during senescence in dyel-1, indicating that
the impairment of Lhca4 influences chlorophyll synthesis
and/or degradation during the development and senes-
cence of leaves in rice. It will be of great interest to

J examine whether mutants of other LHCI subunits show
Fig. 1. dyel exhibits a stay-green phenotype during natural a high chlorophyll content/stay-green phenotype.
senescence (five weeks after heading).
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