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ABSTRACT

Global warming has increased the earth's average temperature, and the tensions resulting from extreme heat have increased in different regions.
Heat stress occurs in the form of an increase in temperature beyond the critical threshold for a certain period of time in different stages of the
growth of crop plants. Therefore, the quantitative and qualitative changes in crop plants, including rice, as a result of heat stress caused by the
global increase in temperature is one of the most critical concerns in many rice-growing regions of the world, including our country. Plants were
adapted to heat stress by changing physiological, biochemical, and molecular metabolism. A stable photosynthetic system can reduce heat
damage and increase grain yield under heat-stress conditions. The damage caused by high temperatures can be different in different rice growth
stages, from germination to seedling stage, flowering, and seed ripening. The flowering and seed-filling stages are heat-sensitive stages in rice
plants. Thermal damage in these stages can cause significant economic losses to rice production. In this article, an attempt has been made to
review the physiological changes of rice under the influence of heat stress. The studied changes include the biochemical reaction of the plant
during heat stress (electrolyte leakage, lipid peroxidation level and antioxidant enzyme activity), photosynthesis, membrane changes, plant
changes to tolerate or escape from heat stress, changes in metabolism at the physiological, biochemical and molecular levels, adaptation to heat,
regulating the activity of transcription factors related to heat stress response and changes in the expression pattern of genes under the influence of
heat stress. Also, the relationship between heat stress and the biochemical characteristics that determine the quality of rice and the factors
affecting the efficiency of rice grain quality, including the metabolic activities of sugar and starch and the gene expression of quality traits of rice
under the influence of heat stress, were studied. Finally, the ability of rice breeding to deal with heat stress was reviewed. In the discussion of
breeding for heat tolerance in rice, heritability and genetic diversity of traits related to heat stress tolerance, the results of studies conducted in the
field of identifying QTLs for heat tolerance, the use of classical crossing to introduce varieties resistant to heat stress, induced mutation in
breeding rice was evaluated for increased heat stress tolerance. The results have shown that rice can tolerate non-lethal heat stress by avoiding,
escaping, or physical changes at the cellular level, such as changing the physical state of the membrane, synthesis of specialized heat shock
proteins, and enhancing anti-oxidative defense. Changes in the physical state of the membrane and its compounds, the production of heat shock
proteins, transcription factors, osmolytes, and increasing the level of antioxidant defense are the key processes to maintain the cellular oxidation-
reduction balance in heat stress. Investigating the quality changes of rice under heat stress showed that the decrease in the level of enzymes in the
synthesis of sucrose and starch causes significant damage to the yield and quality of the grain in hot weather. Also, the identification of several
QTLs for heat tolerance, induction mutation, classical breeding using the crossing of a high-quality variety and a heat stress-resistant variety had
favorable results in the identification and introduction of heat stress-resistant cultivars. Based on the reviewed results, it can be concluded that
heat stress is an inevitable condition in rice cultivation; therefore, identifying and reviewing its physiological changes can be very important and
provide appropriate breeding goals.
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Table 1- Studies related to plant heat shock proteins and Abiotic environmental stresses in rice
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Figure 2. Schematic diagram of the activation of the HSFs and their interaction with the other pathways to counter
stress situations. HSFs are activated directly or indirectly through the event of alternative splicing. Arrows denote
the positive while red bars stand for negative interaction. ROS (Reactive oxygen species), ABA (Abscisic acid),

MAP (Mitogen-activated Protein Kinase), DREB (Dehydration responsive element binding protein), POD
(Peroxidase), CAT (Catalase), GST (Glutathione S transferase), GR (Glutathione reductase), SOD (Superoxide
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Figure 2. Heat stress-mediated disturbances of sucrose and starch metabolism-related genes and processes in rice.
The pink-framed box shows changes in rice floral organs, with details of differential expressed genes related to the
process. The light blue-framed box shows changes in rice leaves. Green arrows stand for up-regulation of gene(s) or

promotion of a procedure. Red “T” signs stand for down-regulation of gene(s) or inhibition of a procedure. Green

arrows stand promotion of procedure. Red “T” signs stand for inhibition of procedure (Qin-Di et al., 2021).

b godge cnl be (2alS Wi e L5 YU (glabes
Chen et al., ) o,ls bL3,l ool 5L sl S o5 s,
als b o Shee @ ol Sew s o a5 (2020
Jebos g s b (V10) hlSes 5 () 09d e
WSlhay 50 o) (cmgy) Slllas 5 Sogdglie Ol s
50 Sldles 5 5l am Sole ¢ glasdles,s 51 L3 Sols
5 Sedslio pgo s3> INVA) 56 o0] 6 &y 08 pud lie

(5‘5&’ Ew Jf ‘_gLa:'nL\S‘ Sl b J.Q:u as ol 99

L o5beSs zo Wu et al, 2015) . Kea 4 4
b @p OS5 sleplail 51T, Y (SaSeelas
el amo o i a5 wis S Slelid &> b ons
B B @we Al 6555k )0 Wl oo LSy alauly L
» @2l peba s e wd Sl

P > ObLS &5 Gy @ (Baed) Vsl s

oS 50 @dly , a5 olFugd b SuSab «Siadl L (Lodicule) JoSuog
et 53 Ol 0asls o g T (o e & (@S5 plr asgame) (3515
5 o b el g oad py5te T i L aS Wyl 13 (WG s W 5 0z
el 655k Joe 5w 59,5 5k ln bs 99,5 0 5590k Jes ol



YA

SilwJld ol 5 oedle (LI et al, 2020) o5l o
&9 Mol ()l B> gy 5,5l (sla J3L
Giboh b oS e SS YL sles Lulys o laails o
Genkitsukushi L,5 4 polie gy @b, 48,5 &0
«5’5 slaails 9 oold QL...; oS Q.ﬂ 4 S J.m
Tsukushiroman &l > & wlas 03, 4 Cans (555
B it ple o5 ol Gl 2y lagiolesl 0,8 oy
polae o8,  leasls o alulis b mesw
Miyazaki et al., ) o4 YL sl ,o Genkitsukushi

(2013

el Vb slod w550,k Jos 5l my @ip slaails 0, (b
1Bl Al g Vs, e 5 (e 295
.0s06¢0229800 .0s09g0553200 alos
0s0290661100 0s01g0952600 0s0290141300
SalS gaose ol 45 ssb e 050290528300
ol ami g 3yl o o 1y bl b g W slacclles
sdsdam! sladils o arwlis ¢ 5,0l Shgme ials
aS Cowl ooly ylas wlidss (Zhao et al., 2017) <ol
axld s (SUS3) Stble T oy 5l ¥ sk 5,0
SUS3 (Lo 0gi oo ol gy slaals jo anulas JSas

o HabataKi Lo 5 4 sglie o3, 10 YU slos Lyl jo

=3 BB Heba Nipponbare L5 4 wlu> o3, «

Tr o kS S olerbsn 9 (Side s sloadz (59

5 k> (Li et al, 2015) oS o plae 1) o5
o5, a5 il s 1,51 Jiang et al., 2020) |, Ko
4 S YU slos Lyl 15 (TLY83) L5 ) polie i
5 ATP (NADH) (LLY72) L5 & _il> o,
5 dim WS o ol |y it GlaST sl b b
Sl Sllad 095w 185 45 wad oo liS fiiey Jelod
el 4 = TLY83 48, o (INV) ;b,s0l
L agzlge pllo 00,5 slaails jo 55lk 5,80 (Ssbe
ALS IS Gla); ded (mgig) ok dgdse YU glos
CINVL alox 5l addlas ol 5o oad iales] 56,sn)
slos Loy gzs B ,sba INV3 5 INV2 CINV2

Jiang et al., 2020) wos WITLY83 3, ,o YL

M5y 35 e ey9sk 3l 4z 5 L a4z i o) el
5 G ()5 a5 @l )S A Ll it 50 g el ol
2325l (LS ) e 51 5,00 g oo sloml (S S
LS5l (6 555l g 25 @lie wad 35aS 0S5 o0
sals § guiz slaplasl cainlis ¢ 5,5l pudgilin jo
5 WS oo iyl Jame YU sled plp o ) &
)05 0929 (aalyd Lol 1S oo s | @iy Wy nlplo
s Sy sl San iy oLS smse lis &S
53 adgi a4 Lo)S 5l b ol 2alS 6l (6,5 Luags
ABA 5ny5m abals b 550 Jnl il s
Srae halS g @i als> 55 Ik Ll L ol

ity @iy ok )l Je 2gugy Lilie 5 ATP



e ATV-Y 0 QY NPT D andinn 5 65550 9m /oS o Lip,S

97y @iy 50 leyS AT Jed gl g0l g5 (1981
5 a8 Wloads o)1 slecaigs o ooy (el )l 15 05l
s bawgie b Jotte (ol (alo S A5 4 auly
Sei slontign ol sl (Ye et al, 2015)
Sy Sl g (315 bS5 e LS )l
(0332 sl e oy Jows 10035 S 5lo5) Lo
Sly e &5 oS 5 Jb ol b cal oal aslis
b el e plieds witin Sl o, 3850 o
able g gl )l 2alS loy sl I, A sl Pl s
Ssd slaiisn o) 45 el axie 5 wdl
Ad fhe i (Seiiy gyliSle o ve 4z b gl
o Vil L5 4y olS Joos o3l S Slalllas gl
& Jors il gzl paiS s ol Shair Cdo
Sy isbie JS o dlihe slasssars Laug
wilizee gl o b o) ke Jole jo Lo)S Jo
ol Kea 4 ol (Barakat et al., 2011) e Sl>
Soun! g glyl a5 s ,S oSt (Shah et al., 2011)
ol Fpglie Lo S 4y gy @y Elgil 0 Comnd (IS ) 5boe
P YL gles o axdlS 55,k 0 (eS8 55 bl b
Rl g Jod (S5 (Glee S50 000 S92y aisT 50y
dalol Glizmen gy )0 LyS @ Jae o8] (>Mol s
@ e (Je¥se Sl (g pgled anwsi @y yo o)l
Xue ) cuwl oas LS Jozs gl QTL pas Sluls

o3, 4 Habataki o8, SUS3 5 Jlasl b oo Lials!
oyl we Sl Jexs sl eel Nipponbare
(Takehara et al., 2018) ou als oew, Jgb o
wr A ke 5 50l s 593 LLS)| (e
Sl 00l Zol el ogdle 8,5 a1 1, YU slales &
abauly 4 atuladl;) Bl odgs b s pe oy Cusles o5
AGPS2b 4 BEIIb GBSSI cyPPDK alox 5l o5
slebes Job 0 mip 25 sleasls adgs o owlal i
Liao et al., 2014, Wang et al., ) o5 o ! s YL
olas oldllas ol (2015; Yamakawa et al., 2007
wolis g 5,50 sie o bpeyl maw 2alS 4 ol
65 Glon o als coaS g o Sles 4 gz e BB o
5 Srae slp besl i ol poedle WS e 35
@-AMY) Plool WT slags 5T i asle atwlis 4
slop szl 5 AMY3E 5 Amy3D Amy1A alex )
SSSlIc SSSIb)  (SSSB)  Jslme  arwlis  jliiw
SgaeS WS Cuw 45 amo o ¢, (SSSIVa 4 SSSIIIb
B S sl oy cel asle cpl 0gd se atulis
Liao et al., 2014; Liao et al., 2015; ) sgi

(Nakata et al., 2017
Ty 5o byS Joxi sl Mol

5 ol YL Ls 6 duilye 1S g5 ,o LoyS oo

Yoshida, ) codl il g5 5l S g9 i

8 Soluble starch synthase



\Ye

@ Caglie lagys Jlsl ogas jo (S slacd iy

Ll odls ST Jgao o mip o LS i

Tr o kS S olerbsn 9 (Side s sloadz (59

Zhao ) el 900 QTL bl (6l cousgnd s
Wang and ) .| Sen g T30 SGg5 axa5 4 (et al., 2016
gl Gkl e slelbs e (Jia, 2014
Joou 0,5 osliinl () @aS lp al e Sl Olgies
S QTL (paiz by (2al8 aloye 0 gin 0 LS
oS oo lp e SLQTL (05 (00 09500
wr o LS Jeod Gl sl ot el Wl o
Sl 35 yeto axlS 6555k 2 45 WSk (Al al>pe o
wslie GLQTL 3924 a5 ous wul (Ye et al., 2015)
axlS (559,b Uil 0,0 VO @ e B opgi909,5 (59,
Sgdse 0,50 QTL W86 lals b awslic ;o @,
sle (Zhao et al., 2016) ) Sen g 415 ccpl 2 ogdle
oS &y Sl ol g5l al 5l oolinul a5 ws S
SLQTL I (g ks 4z 51 sl (559,5 (MAS?) Silas
Wilad gluls gladles S o LS Jood slp o209
St e kel ks B GLQTL (gl 5 51
OlF LSS g @i p3s JIF et 0390 JeeSS )l
o)) Sl (58 5 (i LSl (o) 2 YL
Slao b bas e slag) @lulid Cqx plgioe &5 s
Wang and Jia, ) sy, ,50 LS 4 Jeos asle Bos
Jezs Sy gl ,lisle o pis bad i ol (2014
ol o conl (Saw a5 WS oo S ) @ip o LS

P r oS L8 ekl sy LS 4 plie iy

9Marker Assisted Selection



Y ATV-Y 0 QDY VFY 0D andinn 5 65550 0m /0,5 o Lip,S

LoyS i as Fwly yo ass 5 @ (5 -Y Jouar

Table 2- Transgenic rice genes in response to heat stress
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Continuation of Table 2- Transgenic rice genes in response to heat stress
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