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Analysis of differentially expressed genes in rice varieties with
different heat tolerance under high temperature stress

ZHOU Jia'?, PENG Yan?, CHEN Xinbo"?"

(1.College of Bioscience and Biotechnology, Hunan Agricultural University, Changsha, Hunan 410128, China; 2.Crop
Gene Engineering Key Laboratory of Hunan Province, Changsha, Hunan 410128, China)

Abstract: In this study, using heat tolerance line 996 and heat sensitive line 4628 as materials, we performed microarray
analysis on the RNA extracted from the 5-6 stage young panicles of the two rice varieties treated with 40 ‘C for 0 min, 10
min, 20 min, 60 min and 2 h. The results showed that the differentially expressed genes of the two varieties were
significantly enriched in phenylpropane biosynthesis, heat shock protein, tetratricopeptide repeat, and processes related to
abiotic stress. In addition, heat tolerance line 996 differentially expressed genes were also significantly enriched in
cytochrome P450. The heat sensitive rice 4628 differentially expressed genes were significantly enriched to
pentatricopeptide repeat. With the results from this study, we could conclude that heat tolerance rice 996 may improve its
own heat tolerance due to the differential expression of cytochrome P450 family genes, and heat sensitive rice 4628 may
be due to the existence of PPR gene to affect its own stress resistance. The differentially expressed genes in the heat
tolerance line 996 and heat sensitive line 4628 provided information for further heat resistant gene identification and

clarification of the heat resistant mechanism.

Keywords: rice; high temperature stress; heat tolerance; heat sensitive; differentially expressed genes
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Fig.2 Enrichment GO terms within heat-resistant and heat-sensitive rice DEGs under high temperature stress
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Fig.3 Enrichment analysis result of the INTERPRO protein domain of heat-resistant and heat-sensitive rice DEGs under high temperature stress

23 EEMET 2 MKiBRHhERRE—HE
EMIhEEE E N
TEHL 2 > SRR e e AR AL B 9% S 3k — B L A
(B14 MIHFATEEIMM . GO HEMNMEER(E HF
B, 2 Ainfh 2R RA— SRR T E R 5 4
FARAE YRR, R B R RN T
itig. 76 KEGG BEa kA, miRaT 2 4~

BTy -3
X A 5 3
ZLBE 3
) 3
FAIR 17
Hsp90 ATP BTG H], N 3 3
EAT VUK A S h s 8
DUk A 8
PURTEF F(HSF)%!, DNA 454 5
PIRTTEE 70, RSTH05 5
WIRTTE A 70 Kk 6
o - PR 1 /Hsp20 2563 16
2% HSP20 (KEHR 19

BP

INTERPRO

0 5 10 15 20
He PR Bt

4 SERMET 2 MRkERMERRIE—BEEN
IhEEEE TR

Fig.4 The functional enrichment analysis result of differentially

expressed consistent genes in heat-resistant and heat-sensitive

rice under high temperature stress

At 28 S A — B IR DY E R AR 1 Ak, 1D
PR ) R 4 ER ST T INTERPRO 25 FIZ5 R85
AR 4R, 2 A Rh 225 Rk — B 2
PR AR 8 MRS, T2 RO
VU ik S AH DG Y £ I 25 R R

24 ERMET 2 NKERMHPERFIEER

BRI EENT

BEHUT 2 A SR v TR A P 25 5 R A s 1) 3
K (6 b 4628 Feak LRI AE fhFl 996 Fik FEAY
429 /|~ TR PP 996 FRik L IHIMTE LR 4628 Tk
P 149 MFTEEST. GO BT (A
5)FEH, TR A 4628 Fik LM P 996 ik T
PR FEEEE] 6 4 GO terms, fUff 1 ~EY)
L 1S K 4 DT IhBE; FESFAR 996
Foik FRIMAE RN 4628 Foik FIRIAFE A E
BRIV i KT YIRE. FEA GO
RSN, eI E RS AR
F TR IR G R PG S s Ay e e — 3K,
¥4 GLps A .

1E KEGG H = (B Sy AL, TeaFh
4628 Fih LIRS D 996 35 F M AL T E &



540 TR A R 2224 (A AR B2 i)

http://xb.hunau.edu.cn 2022 4E 10 H

LE1F 4 5 KEGG il , & 3L I 2 1R RilHe 1R,
53 A4~ XFFERLFR 4628 Fik T IEIMFE ML Fh 996
K EHEEAITEEE, EBRA 1 %
KEGG il %, B 5 o b 9 8 B T
INTERPRO ZE A Z5 IR AT 45 SR (B 5)FHH,

FEfFR 4628 ik FIHIMAE Rl 996 Fik T K3k
HEEEER 6 NMEARSE, A2 (8% 4%
F1%) B 1 45 40 38 A W 7 AP Tt 110 8 0 I AR K fi
il P A2 R, X 2 AR S Pk i A 1) i R B
WL, 43900 20 F1 17, TESFR 996 ik EiEI
FEShFh 4628 ik R R AY L R A D AR E
INTERPRO & [145#4%8,, 7E4< INTERPRO & [11%5
S E R, WA RIWERES A0, . IR R L
N Cupin #EZGE H s 093K —2, #°8 GLps
A,

B - R DR R 1 o ©

- I ) -8
> R T
PRI -8
3 FSME 14
& SRR (R 8
8 QS B Sm R T T 7
- At 13
S5 waRuTHNED AR 29
oS AR -7
= it 53
Jhik% m4
. Cupin B jmm3
2 Wik % -8
E B 2 B RS 5 (8
= WA AR 1 e Pk 17
K 5 20

0 10 20 30 40 50 60
SR
B ) 1 P N R Y B R e s e R LS
5 EERMET 2 MkEmMERRIEERERED
MEEERTIER
Fig.5 The functional enrichment analysis result of differentially
expressed opposite genes in heat-resistant and heat-sensitive

rice under high temperature stress

25 ERMETEERMFRFMHRENER

X} 2 A~ DEGs BIHIREHT T8 2o R IR,
it #EIK A 996 DEGs 2 45l s L 24 (e R
P450., {6 P4S0 I E 25 140, (a2 P450
PRSFAOL R RIEA —F, fu4E LOC_0s09g28390

(OsABA80x3) .LOC_0s02g36150(CYP7126).LOC_Os
02g36190(CYP7127), LOC_0s02g36070(CYP76M8)
LOC_0s04g48170(CYP87A3). LOC_0s05g40384
(CYP714D1)%:, H:r OsABA8OX3 1E & il fikin 3¢
ik |, CYP71Z6, CYP71Z7. CYP76M8. CYP87A3,
CYP714D1 #£ il Blhien 2R3k T 18 UK A5 4628
DEGs & & 47E kTSR, ffE LOC_0s09g24680
(PPR1), LOC 0s12g17080(0GR1)4, Hh PPR1 7
A 25k FiH, OGR1 7EmiRMbNa FHRIAT
P S 4628 W E AR TR R . R
REREE . HE A A R R WAL SR
JiiiE TR LR, X SR A4S LOC_0s08g08980
(GER1). LOC_0s08g08960 (GER3), LOC_0s01g18170
(GER4),LOC_0s08g3576 0(GER5). LOC_0s08g09000
(GER6), LOC_0s03g589 80(GER7)%% .,

3 whpSitie

ABFgE, S E R ENE T 2 ASKAE SR
FE SRV BARIEA T3 HT, I HUKAE P 996 S
UK AR LD 4628 1Y DEGs 31 3 5 fE7E— S0t
AW 5 B VIR C I A Y Ed R L AhERR
VIR S, RNGRa 24503, wleE
FEARTRR . KE . ARIRER . BARNMRER . Fk
PR IR I B A AR P AR, i
YIs EER B R R AU R, AHE YRR
A, SR I, AR B R A B TR
A FPAELE W A (R 0 5 R R s B AR A
fGHER ROS BLEE MBI, PUkTiE
I (HSPYl # 2 TR B, MRS AR X 4T
J5 s R/INFIUF 1 R R AT 438 Hspl100 . Hsp90
Hsp70. Hsp60 FI/NAAKTE T sHsp(4ll Hsp40 .
Hsp20). Hsp90 nJ REXTAEA:Ye BA Hin iy
BEJ1, IEfEfE S S rh RN Y, Hsp70 B H
A SRR PRI A AR A P 3 i A7 S
SO, kifk Hsp70 Ali@ L JE# ROS & # ok
PR R A A B 2 I AR SR T AR
R 2 I — BRSNS A F (sHsp)
ERERT IERVAE IR BUREE, By kS A AR L
FATER TR, fEsbsvEE f e RS,
PR 5 B 12638 I 15 02 % B AR W il 1) B R
Ji 2z U200 Uk AR Sk RS P, BS R



5548 B 5 M)

JAESE Rl AN [V AR KRR A b ) 22 53 2R D A 541

1B A FRE AR AR . AP 4RaE, OsGLP
FEH Ay EEZ M OsGLP 3 K Y )5 3 F [X. TFBs
(transcription factor binding sites)A%J5 2248 5 1] g &
OSGLP 3[R J His 37 %7K A 2k oy FnAl A i aa
Tiif 52 PR T D BE AL ) 225

Tt K F 996 1) DEGs 3 & 4 7E 4 it {4 %%
P450, OsABAB0xX3 Kk PRI 742 il K A it #5 R /K P FhlE
Ay PR E B, ABFSEH, OsABASOX3
FE iR ek B, BRI B R R K R i
ER PRI R L CYPSTAS A M g A K& X
A R B SRR, W AR R AT PG
CYPS7A3 [k, A3, CYPSTA3 7Em ik
B8 Tk T, LI AT REAS R T KR AL o
CYP7126 fiifk ent—5 Ve C2-32 54k,
CYP71Z7 fi#fk ent— R % —MsHy Co- 3L,
CYP76M8 J&—FhZ e AR LmE, AL ent—
REE-12, 15— 10 C11 RSB0 CYP714D1(H
PR EUNZmAS A0t (5,25 PAS0 BAhN4mE, ZREE Nk
BRI, AR 135531k GA 19 160, 17-3F
S AP, ABFgE, CYP71Z6, CYP71Z7, CYP76MS8
F1 CYP714D1 7& =i iia N FRIE T, Ui EATA]
RETE M A R PR SR EH . OsCYPs 1)a sl 1
DX sl & 2R AE F O, Her R A e i iy
JofHudE ABRE(BE7E RN Tei4) . TGACG-motif
(MeJA W R o) . ERE(Z MR o) . LTR(RHR
Wi ) JC ) . TATC/GARE( 7R %5 2 Wi I o 1) .
TCA-Element(K#FRIA N TCHF) . MBS(T 215 510
N TG . TGA-Element(2E K 2L M 1 7/4) il AuxRR—
Core(/F 1 Z MR C)SERY . HEMTHAKAG 996 AT
e MR P450 FIGIEH £ R Rk
T HRHARE

PAUBOK RS 4628 1) DEGs W55 ET HKE
& (PPR). PPR & FITEMY) & B i RE LU SARA Y)Y
RN H AR AR, H PPR P AT ELE KRG X
FRBE a0 B R KA Y, PPRL 4477 RNA 5%
SEV SN BRI A0 AW, PPRL 7E
e N A L, AR REZE KRR AL P
R RIEFR B KRS OGRL 4w —Fh &4 DYW
FEFE I TR S R A PY, XA ) RNA gkl
Z X EEE N AT RE R PPR P 7E K R | &
FETREEVER, W00 2 A AR R R b 2 pr A

[Fi) Bk PR 1 22 57 0k U

EEP S

(1] #B%, 5z, WiEte, % KEERAENITTEE
RGHER[I]. WA, 2020, 31(8): 2817-2830.

[2] PENG S B,HUANGJL,SHEEHY JE, et al. Rice yields
decline with higher night temperature from global
warming[J]. Proceedings of the National Academy of
Sciences of the United States of America, 2004, 101(27):
9971-9975.

[3] #&He, BRI, XUAR, % mid TR KSR
UL IR [T]. RS AR R 2 (A 2R
M), 2022, 48(1): 13-21.

[4] YAODP, WUJ, LUO QH, etal. Influence of high
natural field temperature during grain filling stage on the
morphological structure and physicochemical properties
of rice (Oryza sativa L.)starch[J]. Food Chemistry, 2020,
310: 125817.

[5] ZHANG CQ,ZHOU L H, ZHU Z B, et al. Characteriza-
tion of grain quality and starch fine structure of two
Japonica rice(Oryza sativa) cultivars with good sensory
properties at different temperatures during the filling
stage[J]. Journal of Agricultural and Food Chemistry,
2016, 64(20): 4048-4057.

[6] GRAY J,CAPARROS-RUIZ D, GROTEWOLD E. Grass
phenylpropanoids :
Science, 2012, 184: 112-120.

[71 ZHAO Q. Lignification: flexibility, biosynthesis and
regulation[J]. Trends in Plant Science, 2016, 21(8):
713-721.

[8] MOURAJC M S, BONINE C AV, DE OLIVEIRA
FERNANDES VIANA J, et al. Abiotic and biotic stresses

and changes in the lignin content and composition in

regulate before using![J]. Plant

plants[J]. Journal of Integrative Plant Biology, 2010,
52(4): 360-376.

[9] CESARINOI. Structural features and regulation of lignin
deposited upon biotic and abiotic stresses[J]. Current
Opinion in Biotechnology, 2019, 56: 209-214.

[10] NAKABAYASHIR, SAITO K. Integrated metabolomics
for abiotic stress responses in plants[J]. Current Opinion
in Plant Biology, 2015, 24: 10-16.

[11] YAMADAK, FUKAO Y, HAYASHI M, et al. Cytosolic
HSP90 regulates the heat shock response that is
responsible for heat acclimation in Arabidopsis thaliana[J].
Journal of Biological Chemistry , 2007, 282(52):
37794-37804.

[12] SONG H M, ZHAO R M, FAN P X, et al
Overexpression of AtHsp90.2, AtHsp90.5 and AtHsp90.7
in Arabidopsis thaliana enhances plant sensitivity to salt
and drought stresses[J]. Planta, 2009, 229(4): 955-964.



542 IR Al R 2223 (B SR BH2E ) http://xb.hunau.edu.cn 2022 4F 10 A
[13] NISHIZAWA-YOKOI A, TAINAKA H, YOSHIDAE, [23] CAI S L, JIANG G B, YE N H, etal. Akey ABA
et al. The 26S proteasome function and Hsp90 activity catabolic gene, OsABAS80x3,is involved in drought stress
involved in the regulation of HsfA2 expression in resistance in rice[J]. PLoS One, 2015, 10(2): e0116646.
response to oxidative stress[J]. Plant and Cell Physiology, [24] CHABAN C, WALLER F, FURUYAM, etal. Auxin
2010, 51(3): 486-496. responsiveness of a novel cytochrome P450 in rice

[14] XUJY, XUE CC, XUED, etal. Overexpression of coleoptiles[J]. Plant Physiology, 2003, 133(4): 2000-
GmHsp90s, a heat shock protein 90 (Hsp90) gene family 2009.
cloning from soybean, decrease damage of abiotic [25] WU Y S, HILLWIGM L, WANG Q, etal. Parsinga
stresses in Arabidopsis thaliana[J]. PLoS One, 2013, multifunctional biosynthetic gene cluster from rice :
8(7): e69810. biochemical characterization of CYP71Z6 & 7[J]. FEBS

[15] MONTERO-BARRIENTOS M , HERMOSA R , Letters, 2011, 585(21): 3446-3451.

CARDOZA R E, et al. Transgenic expression of the [26] YEZF, YAMAZAKIK, MINODAH, etal. Inplanta
Trichoderma harzianum hsp70 gene increases Arabidopsis functions of cytochrome P450 monooxygenase genes in
resistance to heat and other abiotic stresses[J]. Journal of the phytocassane biosynthetic gene cluster on rice
Plant Physiology, 2010, 167(8): 659-665. chromosome 2[J]. Bioscience, Biotechnology, and

[16] QIYC, WANGHIJ, ZOUY, etal. Over-expression of Biochemistry, 2018, 82(6): 1021-1030.
mitochondrial heat shock protein 70 suppresses [27] ZHUYY, NOMURAT, XUY H, etal. ELONGATED
programmed cell death in rice[J]. FEBS Letters, 2011, UPPERMOST INTERNODE encodes a cytochrome P450
585(1): 231-239. monooxygenase that epoxidizes gibberellins in a novel

[17] JEm, fardE, WAker, % PRTEAEMYPLIR deactivation reaction in rice[J]. The Plant Cell, 2006,
MEHFERIT]. #aF AP, 2011, 2(4): 297-301. 18(2): 442-456.

[18] JIANGLY, HUWJ, QIANY X, etal. Genome-wide [28] WASEEM M, HUANG F Y, WANG Q Y, et al
identification, classification and expression analysis of Identification , methylation profiling, and expression
the Hsf and Hsp70 gene families in maize[J]. Gene, analysis of stress-responsive cytochrome P450 genes in
2021, 770: 145348. rice under abiotic and phytohormones stresses[J]. GM

[19] SUN X B,ZHU JF,LI X, et al. AsHSP26. 8a, a creeping Crops & Food, 2021, 12(1): 551-563.
bentgrass small heat shock protein integrates different [29] CHEN G L, ZzOU Y, HU J H, et al. Genome-wide
signaling pathways to modulate plant abiotic stress analysis of the rice PPR gene family and their expression
response[J]. BMC Plant Biology, 2020, 20(1): 184. profiles under different stress treatments[J]. BMC

[20] UL HAQ S, KHAN A, ALI M, et al. Heat shock Genomics, 2018, 19(1): 720.
proteins: dynamic biomolecules to counter plant biotic [30] HICKSJL, LASSADII, CARPENTER EF, etal. An
and abiotic stresses[J]. International Journal of Molecular essential pentatricopeptide repeat protein in the api
Sciences, 2019, 20(21): 5321. complexan remnant chloroplast[J]. Cellular Microbiology,

[21] YANGC, YUY Q, HUANG JK, etal. Binding of the 2019, 21(12): el3108.

Magnaporthe oryzae chitinase MoChial by a rice [31] KIM S R, YANG J I, MOON S, et al. Rice OGR1
tetratricopeptide repeat protein allows free chitin to encodes a pentatricopeptide repeat-DYW protein and is
trigger immune responses[J]. The Plant Cell, 2019, essential for RNA editing in mitochondria[J]. The Plant
31(1): 172-188. Journal: for Cell and Molecular Biology, 2009, 59(5):

[22] DAS A, PRAMANIK K, SHARMAR, etal. In-silico 738-749.

study of biotic and abiotic stress-related transcription
factor binding sites in the promoter regions of rice
germin-like protein genes[J]. PLoS One, 2019, 14(2):
¢0211887.

WAL AR
FEL i Ay E



