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Heat tolerance mechanisms in rice spikelet fertility using real-time single
pollen omics approaches
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In this project, we examined heat tolerance mechanisms in rice spikelet
fertility by using real-time single pollen metabolomics and gene expression analysis. Using
picolitre pressure-probe-electrospray-ionization mass spectrometry (picoPPESI-MS) to directly
determine the metabolites and microarray analysis in the single mature pollen grains of two
cultivars that exhibited different heat tolerance. The metabolome analysis detected varietal
differences in phosphatidylinositol (Pl) in mature pollen, together with other 106 metabolites
including cysteine. Greater Pl content was detected in heat-tolerant cultivar pollen regardless of
the treatment, but not for heat-susceptible cultivar pollen. Microarray analysis has also suggested
the importance of expression of lipolytic enzyme-encoded genes at high temperature. Therefore, we
conclude that the observed active synthesis of Pl prior to germination may be an important factor
for maintaining spikelet fertility under heat conditions.



(Satake and Yoshida 1978 " Pollen fluid

Meniscus

2009) .l'

Weerakoon et al. 2008
Cuartz
capillary

Satake and 1 1
Yoshida 1978

Wada et al. 2020
35 um Wang et

al. 2015
27
1 1
34 /28
1
@
26 /22 () N22
34 /28 () 26 /22 3
@
2
LC-MS/MS (Q-Exactive, Thermo)
3
(¢)) N22
1 30 Nucleospin RNA XS(Macherey-Nagel) RNA
RNA Cy3 CRNA950ng 44K Oligo-DNA

Agilent Technologies



*

(Ribosomal protein S4) CDNA
(RNAD)
@
107 N22
[Proline+Hex2-H]") AMP 3
,P1(C34:3) ,PE(C34:3)
2
PA(C34
PI(C34:3) PE(C34:3) N22
PI(C34:3) PE(C34:3)
P1(C36:6) PE(C36:6) C34:3
3 MS/MS P1(C34:
C16:0 C18:3
97667 |isor T
A: Koshi Control
[Proline+ Hex;-H}
[Ascomic acid-H} 45617
17502 [Prokne+ Hex-H}
[Oxalic { 29412
aongI] ; [He:t 2 [Phosphoric acid+Hex,}
14501/ : o
Hota | ey | 0%
t Fi Hex;)
Pl Aexsct. s
H 7 21503 : [PX16:1(92)18:2(9Z,122)) H}
[HexP+Hex, H} 83151
IIJH’ I e, o ’
0 1 | 4 | i (] PR | 11
2088; o1 Hex.+CY
377.09 .
{Ascorbic acid-H} B: Koshi Heat
17502 [Proine+ Hex,-H}
45617
[Hex+Cq
21503 [Proines HexH} Ehosphodcacdeeag
204i12 439.09 :
HessP. | HexsH} g 4
= H | arn [HexPeHex,H] : [PI(16:1(9Z)18.2(92,12Z))-H}
2 I 259021 L 60114 i 831.51
.‘dé’ 0 | ll | l 1l 11 | I Ly
= Prokine+ Hex,-
g 5.4E6 [ﬁ‘i'lo:i:" sory i et Ny e
C a
(7] 13301 o C: N22 Control
[Ascorbic acid-H] : (Guathione-H}
W 30608 [Phosphoric acid+Hex;}
" [HexsCt : [Hex+Cl} e
21.;‘03 ey | 3779 43909
iMHexP T | 34999 3
§ ';51902 E
: : [(Hex).-H}
é [HexP+Hex;-H} e [PY(16:1(92y18 2(92,122))-H}
; 60114 i 83151
0 1 JJIJ A1 1. l L A - 1 i L Iy L
(Maic [HexsCl
1.1E67 acdH} 21503 .
"o | 22 Heat
[Oxakic | . D:N eal
acdH} ‘;;""’,'g HexHl o sphoric acideHex)
14501 43909
" (Cinc 37709 : [Proines HexH}
"159’?"’)2 (Guathione i 45617
.Hl
306,08
i HexyHt [(Hex;)-H}
Mo | | 34111 68323
-H} HE xPoHex, ;
l L 2902/ | | 1 H l { l lHewH‘e::Hr [PK16|(9Z§';18;(924121)W]
0 A Ay N | [l L A " | L - i
100 200 300 400 500 600 700 800 900 1000
m/z
2.
B. C.N22 D.N22 Wada et

(0X)

([Proline+Hex—H]~

,PA(C34:3)

:3)

PE(C36:6)

3)

al. 2020



Phospholipids

Q
©
o

—_

C

Koshi
N22

o

Rice mature pollen

T (PP [D
Free fatty acids e 7 i £ i
C14:0 \L e
160 33
c16:1 =
c180 / \
g::; Amino aclds and sugars
c18:3
C20:0 R :': Cp{: GABA
§3 Lys Leullle GSH
Asp Met Hex
Glu Phe Hex2
?:: :’y‘: Pentose /
Asn Val §
Ratio of Heat Gin a2
to Control | zy é:
S >20 g
H "
0
n.d. D
3. Wada et al. 2020
@
1
(Lipolytic
enzyme) 116% (Cysteine synthase)
159% FKBP12 136% Haloacid dehalogenase-like
117% 1 (Granule-bound starch synthase 1) 116%
Non-protein coding 89% Non-protein coding
1.
FKBP12 176 ***
Cysteine synthase 154 **
Haloacid dehalogenase-like protein 0.04 **
Non-protein coding 0.10 **
Lipolytic enzyme 0.14 ***
Lipolytic enzyme 0.34 **
Granule-bound starch synthase | 0.34 **

** < 0.01; **: p< 0.001
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