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High temperature during a grain filling of rice produces chalky grains which

diminish grain quality as well as productivity. In this study, we analyzed the novel chalky rice
mutant 13-45, the possible causal gene of which is plastid heat shock protein 70-2 (cpHsp70-2). In
RNAseq analysis under high temperature, upregulation and downregulation of genes were detected for
some heat stress proteins and seed storage proteins, respectively. The intrinsic ATPase activity of
recombinant cpHsp70-2 was lower by 23% in the mutant type than the wild type. Besides, the growth of
DnaK (Hsp70 homologue)-defective Escherichia coli (E. coli) cells complemented with DnaK with 13-45
type mutation was significantly reduced at 37 oC. The growth of DnaK-defective E. coli cells
complemented with wild type DnaK was not reduced at 37 oC. Taken together, these results suggest
that the lowered function of the cpHsp70-2 is involved with the chalkiness of the mutant 13-45.
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AWFFETIE, L FDO3ODfNT 2415 Z L2 HIE Lz, T7bb, (1) FIARKIZIEA IR
13-45 L BpAERI A [ HARKE | (28T, AR A U 7o BB R RV 112 38 1F D RNA-seq i i %
179 Z L1280 13-45Z BUR O R R BB 1- LA O3B 2 MR TR~, ARVMEE O
BEME 2R D, — 7. (2) 13-45Z8 BT & B AR D cpHspT0-20 RABFE R R A L, BB Y
VRTEOERERIT 21T O, bbb, #H 2 cpHspT0-228F 3 HATPasefEIE D ZE R AR5,
X512, (3) cpHsp70-2 L MBI 724013 o X2 > Dnak % K48 L 7= KIBE O « SR T T4l
RERIZ LD, 13-458 D epHspT0-2D v ¥ X0 VHEREZ T T D Z L 2 B & LT-,

3. Wik
(1) RNA-seqlZ & % Ml#EH 72 851 DR BB AT

Bp AT SRR [ A ) & 299K 28 BLAHE13-45% | N:P:K=0. 36g: 0. 36g: 0. 36g % fiifif’ L 721/5000a
T 7 FVRy MZT, 774 b b N THEE L2, BRE#%SH B L0 LA EELE (B
IRFEEME29°C) & LR L iR (B PHSREYE25C) CF Cofa 57, IREAHE%E O %
AR ZE SR TN HUE S B 7%, BRNAZHIH L7, & D%, DNase JLER & 7 7 AEHRLA LTz,
RNAD 2 & S [ ENanodrop & Agilent 2100 Bioanalyser T34 L7z, RNA-seqf##TH D F A 7
Z U —{%. Illumina Truseq Stranded mRNA LT Sample Prep Kit Ci#l L, I1lumina HiSeq (Paired
End, 100 base/read, 4 Giga base/sample) CHNTZ{T o7z A X7/ A
(0s—-Nipponbare—Reference—IRGSP-1. 0) |(Z% L T DNA Data Bank of Japan
(https://p. ddbj. nig. ac. jp/pipeline/Login. do) D/XA 7 Z A /12 & HTopHat2 (2.0.9) T v
YL BT o, T O TIRENTIL SeqMonk software
(http://www. bioinformatics. bbsrc. ac. uk/projects/seqmonk/) Z AV NT{T72>7-, GO (gene
ontology) term f#HTIZ Gene Ontology Consortium (www. geneontology. org/) 2 C{T72 27,

(2) KRIGHEFEBLRIZ X 2K 2 B cpHspT0-2 DEEREFEHT

JEIRAEHLAR13-45TlX, cplspT0-2DATP /RIS R A A N1 7 X/ BEWBAE L TWD, £
T TcpHspT0-2D KIGEFEILREME L, BELY T HOWEMIT 21T-o7, £7. LLFIIR
IV cpHspT0-2% F N E FH =S TF AT =T —8 (GST) LOFGZ o/ 7EE LTKE
BN THEBL S, GSTA 7 L2 W TEMEICKR L., 20k, MMERCEE 25 R 0EME
I CATPasel&F1E 27~ 7=,

cpHsp70-2 @ =1 — K8k (nucleotide binding domain (NBD) and substrate binding domain
(SBD)) % PCR 7 A ~— (FW: pGEX-cpHsp70-N, TTTGAATTCGCGATGCGGGTGGCGTG and RV:
pGEX—-cpHsp70-CL-rc, TTTGCGGCCGCTTCAGTTGCTTCTCAGTC) & RT-PCR EE# ( the wild type and
the mutant 13-45 cDNAs) CHilE L7-, EEEMIL, EcoRT & Notl TiH{L L. HH~T ¥ —
pGEX-6P-1 (GE Healthcare) @ EcoRI/Notl H A MIFEAL7TZ, BRI A I % KiGE BL21
[ZEHAL, 37° C IZTC LB EFHL T s L7=#%. 600 nm DWIEEEAY 0.6 (272 > 72F 2 1mM D
isopropyl-1-thio—B-D-galactoside (IPTG) Z ANz T 12 BFf[E 25° C I CHRBAFE L7-, F



WAL OKIGHEZ I U, B aaett.  20% 40%, 60% SOFIAREE T o &= AT THHE L
7= Mi¥E1%. GST Trap FF column (GE Healthcare) & PreScission Protease Z T, #H#E
Z 7 cpHsp70-2 ZA5HL L 7=,

¥ % A cpHsp70-2 D ATPase JEM:i%. Chang et al (2010) D J7¥EIZHEVY, co—chaperones &
substrate protein MIEIFELE F CHIE L7=, ATPase Sinld. 1.1 ug DOFAHL 2 cpHsp70-2 &
50-1600 p M ATP, 50 mM Tris-HC1 (pH 7.5), 100 mM KC1, 1 mM MgCl, < 37 ° C {ZC 18 B
I &7 (Luo et al (2010) ) . KIS, 2.5% (w/v) SDS & 1% (w/v) KC1 DU CHE
L7, BIHFICERE L -2 Y 2% malachite green reagent (1 mM malachite green,
Tween20 (0.17% w/v), and ammonium heptamolybdate tetrahydrate (3% w/v) in 4.7 N HyS0,)
L 20 ° C T 90 SIS &, 620 nm OW G %A Multiskan FC Microplate Photometer
(Thermo Fisher Scientific) TillliE L7=,

(3) JRIKMEA R T & FH R 70 n 72 KR L7 KGR O F R - &R T C Ol

KIGE THspT0DARER 7 Th D Dnak #H L TEY, @il FTOHICHLIELE X H T
BDo ZO Dnakz KIBL7= KIGHEZEBMENTHR I TS (Baba T. et al. (2006) Mol Systems
Biol, doi:10.1038/msb4100050, a Keio collection (Systematic single—gene knock—out mutant
of E coli K-12, JWID 0013)) . % Z C. DnaK expression plasmid (ASKA clone (-): JWOO13-AM,
National BioResource Project-E.coli, National Institute of Genetics, Mishima, Japan)
&L EOERAT T A I REDnaK RKIBZRKITEA L, Mt Z T~ 7, A RERIK13-450
cpHsp70-212 4 U TV D AR RITHY § 5D201IVA R Z A9 % Dnak(D201V) FEHT'T7 A I P, A
v /N—ZPCR  (FW: DnaK_D201V_F, TTCTATTATCGAAATCGACGAAGTTGACGGCG and RV: DnaK_D201V_R,
ATAaCGAAAGTACCACCACCCAGGTCATAAACC) TR L7z, Dnak/RIEFEIL DnakKRHL 77 X I RE721E
DnaK (D201V) ¥6B1 77 2 X R CREEE# L, 0.1 mM IPTG % & TeLBHEIARE 1 % 72 1ZLBZE KBl
T, 30 ° C, 37 ° CITT 20 WyfijE CHE LT=,
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(G0:0046685), hydrogen peroxide (G0:0042542), heat (GO:0009408) (Z43¥E & 5 ifsF D3
BAEIR FCESA L7 (Fold Enrichment > 100) . L2xL7Z223 6, ZRE(R13-45IC R 72 B (R
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Table 1. RNA-seq data analyzed with SeqMonk (intensity difference p<0.01).

Upregulated genes related with heat shock proteins under high temperature
1D Description
0s01g0136000  Similar to Cytosolic class I small heat-shock protein HSP17.5

0s01g0136050 Similar to 16.9 kDa heat shock protein

0s01g0136200 16.9 kDa class I heat shock protein 1

0s01g0184100 Similar to 17.5 kDa class II heat shock protein
0s01g0606900 Heat shock protein Dnal, N-terminal domain containing protein
0s02g0782500  Similar to Small heat stress protein class CIII
0s03g0245800 Similar to Heat shock protein 26

05030266300 Class I low-molecular-weight heat shock protein 17.9
05030266900 Low molecular mass heat shock protein Oshsp17.3
050320267000 Low molecular mass heat shock protein Oshsp18.0
0s03g0267200 Low molecular mass heat shock protein Oshsp17.7
0s04g0107900 Similar to Heat shock protein 82

0s04g0445100 Similar to 22.7 kDa class IV heat shock protein precursor
0s05g0428600 Similar to HSP70 precursor

05060253100 Heat shock protein Hsp20 domain containing protein
0s09g0526600 Similar to Isoform 2 of Heat stress transcription factor B-2c

Downregulated genes related with seed storage proteins under high temperature
ID Description

0s05g0328333 Similar to Prolamin

0s05g0328800  Prolamin 7

05050329200 Similar to Prolamin

0s05g0329350 Prolamin

05050329400 Similar to Prolamin

0s05g0329700 Similar to Prolamin

0s05g0330150 Similar to Prolamin

0s05g0331532 Similar to Prolamin

0s05g0331800 Similar to Prolamin

0s05g0332000 Similar to Prolamin precursor
0s02g0248800  Similar to Glutelin type-B 2 precursor
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(3) cpHsp70-2 & AHAI 2240y 73 v X1 > DnakZ K L 72 KIGE O FIR « iR F COMMmMRERIZ X
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