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Abstract: Low temperature is a major factor affecting rice geographical distribution growth, development, and produc-

tivity. Cold stress mediates a series of physiological and metabolite changes, such as alterations in chlorophyll fluorescence,
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electrolyte leakage, reactive oxygen species (ROS), malondialdehyde (MAD), sucrose, lipid peroxides, proline, and other

metabolites, plant endogenous hormones abscisic acid (ABA) and gibberellin (GA) also changes. In this review, we sum-

marize the recent research progress on physiological and metabolic changes under low temperature, cold stress related loci

and QTL reported by map-based cloning and genome-wide association analysis (GWAS), and some molecular mechanisms

in response to low temperature in rice. We also discuss the future prospects on breeding cold tolerance varieties of rice.

Keywords: rice; cold stress; cold tolerance related genes; quantitative trait locus (QTL); signal transduction
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Table 1 Altered cold stress-related gene expression levels lead to metabolic and physiological changes in rice
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Table 2 Cold tolerance genes based on map-based cloning technique
LOC
gLTG3-1 LOC_0s03g01320 [81]
COLD1 LOC_0s04g51180 [82]
qCTS-9 LOC_0s09g24440 [83]
GSTZ2 LOC_0s12g10730 [84]
LTG1 LOC_0s02g40860 [85]
Ctbl LOC_0s04g52830 [86]
CTB4a LOC_0s04g04330 [3]
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Table 3 Fine mapped cold tolerance QTL
QTL LoC
gLTB3 LOC_0s03g57680 [73]
LOC_0s03g59200
qCTB7 RI02905-RM21862 [11]
qCTBS RM5647-PLAG1 [12]
qCT-3-2 Chr.3:1770855-2199078 [15]
qCTB10-2 LOC_0s10g11820 [74]
LOC_0s10g11730
LOC_0s10g11770
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qCTS4 CT245-CT236 [75]
gCtss11 LOC_0s11g40130 [76]
LOC_0s11g40160
qSCT1 LOC_0s01g69910 [771
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qLOP2/ LOC_0s02g45450 [78]
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LOC_0s10g34840
qLTG-9 L9-25D-1D-1 [80]
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Table 4 Cold tolerance candidate genes predicted by GWAS
QTL LOC
qCTS1-6 OsDREB1F LOC_0s01g73770 [7,93]
qCTS3-1 qLTG3-1 LOC_0s03g01320 [7,81]
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L locus( ) qCTS QTL for cold tolerance at seedling stage( QTL)
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Table 5 Cold tolerance QTL co-localized by at least two independent GWAS

QTL (Mb) SNP (Mb)

L13/qLTG1 1 28.260~28.458 28.359 [8, 92]
qCTS1-5/gCTGERM1-8 1 41.518~41.786 41.676 [6, 71
L21/qCTGERM2-2 2 6.557~6.624 6.557 [6, 71
L27/qCTS3-6 3 2.851~3.173 2.680 [7,92]
L31/qCTS3-10 3 8.060~8.248 8.192 [7,92]
L48/qCTGERM4-5 4 31.247~31.428 31.436 [6, 92]
L52/qCTS5-1 5 1.865~2.058 1.970 [7,92]
qCTS6-1/qgSWTPNCT6-1 6 5.927~6.229 6.194 [6, 71
L63/qFERCT6-4 6 16.588~16.770 16.659 [6, 92]
L66/qSWTCT6 6 24.708~24.901 24.812 [6, 92]
L79/qCTGERM7-5 7 27.651~27.844 27.749 [6, 92]
L72/qCTGERM7-1 7 10.448~10.627 10.525 [6, 92]
L74/qFERCT7 7 13.981~14.471 14.316 [6, 92]
qCTS8-3/qCTGERMS-1 8 10.438~10.903 10.506 [6, 71
qCTS9-7/gPGCGY-1 9 6.303~6.503 6.403 [7, 8]
L100/gLTS9 9 22.701~22.887 22.701 [8, 92]
L92/qCTS9-5 9 4.304~4.488 4.350 [7,92]
L102/qgCTGERM10-3 10 10.165~10.335 10.257 [6, 92]
L107/qCTGERM10-4 10 22.258~22.298 22.298 [6, 92]
qCTGERM11-2/qLTSS11-1 11 5.500~5.710 5.590 [6, 8]
L112/qCTS11-6 11 19.811~20.004 19.898 [7,92]
L125/qFERCT12 12 7.118~7.312 7.243 [6, 92]
L131/gLTSS12-1 12 23.082~23.272 23.173 [8, 92]

)

) PGCG plumule growth rate after cold

low temperature seedling surviv-

ABA
ABA

PP2C

ABA
[104]

PP2C

ABA

[105]

ABA
(NO)

L locus ( ) qCTS QTL for cold tolerance at seedling stage ( QTL) LTG low temperature tolerance at germination stage
( ) CTGERM cold tolerance at germination stage ( ) FERCT cold tolerance associated with spikelet fertility(
) SWTPNCT cold tolerance associated with seed weight per panicle(
SWTCT cold tolerance associated with seed weight per plant(
germination( ) LTS low temperature survival ( ) LTSS
ability( )
L, PYL/RCARq PP2Cq SnRK2 -ABF/AREB
3.1 ABA k¥R E ﬂ%a+n )
ABA PYR/PYL/RCAR ABA
PP2C  SnRK2 SnRK2
ABA AREB ABF
91 ABA
ABA PYR/PYL/RCAR (pyrabactin ABA
resistance/pyrabactin resistance-like/regulatory com- SnRK2 SnRK2
ponent of abscisic acid receptor) 2C ABA ( 1)bted
(type 2C protein phosphatase, PP2C) OsPYL3  OsPYL9 ABA
SNF1 2(SNFI related pro- OsPYL3 OsPYL9
tein kinase 2 SnRK2) AREB/ABF 4 PYL-PP2C-SnRK2-ABF
(PYR/ Ca** ROS



179

Wik . ABAfKBIIRTR .j@;‘fﬁ' AMRBIABAKER
) _
3 ABA . / C Aol
| PP2C p
PR2C . 4 ™ e _,[(”0sbm.l{002f ?
| . SmK2 J y OsDREBIF oaCEl
. SmRK2 p— -~
- - S p . -~ l
% ‘/ A
® DRE/CRT
s # AREB/ABF% e ) WP OsTPPI1
Ak l l
Y
- iﬁgﬁ ABARINEER Rd294, CORI5a S
Al Jy
Ak

B2 KiETREMENESESRE

Fig. 2 Rice cold signal transduction pathway
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