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Abstract

Plants have evolved diverse mechanisms in response to high temperature, including basal
thermotolerance, short- and long-term acquired thermotolerance. Long-term acquired
thermotolerance (LAT) plays an important role in response to heat stress and is thought to be as
learning in plants. Here, we investigated how to extend its heat-tolerant memory span in
Arabidopsis (Arabidopsis thaliana). Firstly, we found that the survival rate of Asp101, hsa32 mutant
was increased under shorter-illumination environment in which the metabolism was decreased. The
gene expression level of heat shock protein 101 (HSP101) correlated with the survival rate. Thus, it
is suggested a direct relation between extending the memory span of LAT and HSP101. In addition,
the results from decreasing metabolic rate by treatment with lower temperature were similar to that
of treatment of shorter illumination. These data indicated that lower temperature was able to slow
down the degradation of HSP101 by decreasing metabolic rate, which in turn to boost the survival
rate. Therefore, it was proposed that decreasing metabolism rate by lower temperature or
illumination enhanced heat-tolerant memory span of LAT. Based on our finding of
metabolism-mediated LAT, we extended our study on cauliflower (Brassica oleracea var. botrytis),
HV-427 and HV-178 in response to heat stress. It was found that the injury of the cauliflower
seedlings was inhibited under the shorter-illumination environment. As discussed above, the result
of extending heat-tolerant memory span was not only in Arabidopsis but also in cauliflower. We can
devote in discovering the approaches with higher economic value so as to extend the heat-tolerant

memory span of LAT. It is promising to apply these findings to agri-biotechnology in the future.
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(IU) ZIhiefiERfaHlE © Synergy H1 Hybrid Multi-Mode Reader (BioTek)
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1. Rabbit anti-Arabidopsis HSA32 [ Charng et al. (2006)%.{#§

2. Rabbit anti-Arabidopsis HSP101( Chi et al. (2009)%. {5

3. Mouse anti-a-Tubulin (Sigma, catalog number: T5168)
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REWIREHIIESS - Baeat DBE =R > nJRERIA Ry HSP101 FLNZE2EEY) LAT #Y5
EHER BHFEREBRMAESEER S hsa32 mutant FI{F A INECIRIF B AT
HIRMHIEEL eI RFIHY 4L/20D Rl i 2 n (E0naR ETA2I8 WT —£% - it el HEsm
JEEEIH DI R AGHER &8 LAT MY FAGCIRAVAESE - HFIEE#— PRy HSP101 Ed
HSA32 fifdiEE HE L LAT YGRS R ATLARE MACHET T7Y )7 S85RA  FRadtHRE &
HIVFIR B LAT i EhaC i Ens & -

=~ PHHEREA
(—) Bk
HIFY HSP101 FERAEMN B 7y AR & R A 6 > JAPIRE e 7 SR ERE T AL a7+
FEE(ERFEZZ HSP101 k2 HSA32 HYFRIR & - FRatfR iU B E s RAVEY ISR 25
ER LR A 2HNENBERAE -

HATHEIEEA 3 B C ~ H ~ R-AICE+= ) Hort R X3 Ry ¥ HR4H 16L/8D Rz B Bg4H 10L/14D
AL/20D - AR EER P fE 7 2 B A R B ZE SRR S DG > AR IE B I E B B
[ HEAERREZEZR -

44°C 50°
37°C 1h

24°C 3d 2d 10d
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(=) EEasER

BSAStd.  Average y =0.1606x + 0.1178
(pg/pL) 0.D. 040 R? = 0.9943
0 0.11 930
0.25 0.17 =
> S 0.20
0.5 0.20
0.10
1.0 0.28
1.5 0.37 0.00
2.0 0.43 0 0.5 1 15 2

BSA Std. (pug/uL)

A B[00~ DIEXE AR PR der (fall - EEERE - el - BotE)
PREEAZ HE(me) ~ (ERHVERIERRRREWL) - WS ZRELERE (ng/ul)

2 WT_H 44.5 89.0 4.8
3 WT _R_16L 43.4 86.8 6.9
4 WT_R_10L 43.6 87.2 7.2
5 WT_R_4L 435 87.0 5.6
6 hsp101_C 43.7 87.4 6.3
7 hsp101_H 453 90.6 8.1
8 hsp101_16L 42.7 85.4 7.4
9 hsp101_10L 42.1 84.2 5.9
10 hsp101_4L 44.7 89.4 7.4
11 hsa32_C 40.6 81.2 8.4
12 hsa32_H 423 84.6 7.8
13 hsa32_16L 44.2 88.4 5.7
14 hsa32_10L 45.8 91.6 4.1

15 hsa32_4L 43.7 87.4 3.9
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T RN E - EARAIER

Sample volume 4X SB Total
Sample (25 ug)
(ML) (ML) volume (uL)

Marker 5
WT_C 2.8 2.5 1 3.7 10
hsp101_C 5.2 25 1 1.3 10
hsa32_C 3.6 2.5 1 29 10
WT_H 3.5 2.5 1 3.0 10
n hsp101_H 4.4 2.5 1 2.1 10
hsa32_H 4.0 25 1 2.5 10
n WT_R_16L 3.1 2.5 1 3.4 10
n hsp101_16L 3.4 2.5 1 3.1 10
hsa32_16L 4.2 25 1 2.3 10
WT_R_10L 3.4 2.5 1 3.1 10
hsp101_10L 3.0 25 1 3.5 10
hsa32_10L 3.2 2.5 1 33 10
WT_R_4L 4.4 2.5 1 2.1 10
hsp101_4L 6.1 25 1 0.4 10
hsa32_4L 6.5 2.5 1 0 10
Marker 5

(R o BCESRERy 10 pL HAEFEEACHL 25 ng REH'E &8 » st EEERARER
ButE > DLWT C BH 0 %25 ng B 89 ng/ul  (F—) BHEAREFE 2.8 ul > A
JE A Sample Buffer (2%(2) K Reducing Agent (WIS ERRFE(HEH 23 E#IR) - Kk
KIS £ 48R Ky 10 L -
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Ponceau S staining

c H 16l 10L 4L
N A, N A, N A, N A, QY A,
SEFLELLEFLEFLES
(kDa)
100-
15- l
10-

AE+F - BEHEEEIZERE | > DL Ponceau SLff > 455

(E+&) & RECEUEHEER - FECESET » R2oTERE 2 TEERK
AYEH S BEREEe - NIEbE B2 MRF /O TEREVNZEHE -

Western Blot

aHSP101 .
—

oHSA32

ATUB W 0 s 0 e e o o o 0 0 8

A E+75 ~ 47 AH oHSP101 ~ aHSA32 A1 oTubulin =F&Ei#G 5 E >~ 455

(E+7N) > Tubulin EEANZEHRSESERNZE  SEEDENEELLG] - HILE
(R=) FHUFTE AR RHERE A E 0 BIEE - B LIS EE A Z Tubulin I EAMHFEE RS
- MEPREIKGERAESH M -

18



F=  EEA'E DL Image T UG E SIS
( H Tubulin £ & H s normalization £EAE(LHYEH )

Condition C

HSP101 0.1 1.0 |0.72 0.75 0.83 — — 1.06 |0.16 0.02 0.18
HSA32 — 10 156 1.10 215 — 0.87 — — — —

(=) &fam

I Image J = &% - 9 WT 2 HEEAH HSP101 ~ HSA32 RILEW B 1> 5Ll A
7 HSP101 ~ HSA32 (U I & -

1. e WT 2 S E O ERTGER
WT_C A HSP101 AT R MK - H BEALKEGE L% » HSP101 Ay SR A 1.0
PEELRET 161 ~ 10L ~ 4L (Y REEA » =352 HSP101 By BERF R MR NG /NS 1.0 > 43
AE0.72 ~ 0.75 ~ 0.83; 1 WT_CHEA > HSA32 25 (B (1 5 s 0 H A AR AS B 21% HSA32
Y& 1.0 » BEELEER 161 ~ 10L ~ 4L By REEA - =32 HSA32 SBE'E R E Bt H £%
K > 4rAlE 1.56 ~ 1.10 ~ 2,15 -
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