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Research Progress of Formation Mechanism of Heat Tolerance

and Its Regulation in Chinese Cabbage
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Abstract Chinese cabbage (Brassica campestris L. syn. B. rapa L.) is an important vegetable and oilseed
crop in China, and its heat tolerance is crucial for ensuring high and stable yields under high-temperature conditions.
With global climate change intensifying, heat stress can inhibit growth, reduce photosynthetic efficiency, and exacer-
bate oxidative damage, severely affecting yield and quality. Thus, screening heat-tolerant germplasm, elucidating heat
tolerance mechanisms, and breeding heat-resistant varieties have become critical tasks. This review first systematically
summarizes the current evaluation methods, breeding strategies, key QTLs (quantitative trait locis), and candidate
genes associated with heat tolerance in Chinese cabbage. It also discusses their potential applications in molecular
breeding. Subsequently, the work provides a detailed analysis of the intrinsic mechanisms underlying heat tolerance.

This includes physiological processes such as antioxidant activity, osmotic regulation, photosynthesis, and the main-

ek H 393: 2025-07-19 B2 HIW: 2025-10-16

WL A8 AR (5530 Ak B 3R RHR & A 52 2021C02065) #IVL A BH T U TR E S 2022C02030, 2022C02032) T+ 117 A 25 28R
RICHEHE 5+ 20228 189)FIWHT A e 2 R AL SVRHIFI H (it 552 B231220.0005-26) 55 B (1914

EEMEE . Tel: 0571-88982354, E-mail: xlyu@zju.edu.cn

Received: July 19, 2025 Accepted: October 16, 2025

This work was supported by the Breeding Project of the Sci-Tech Foundation of Zhejiang Province (Grant No.2021C02065), the Project of Sci-Tech Foundation
of Zhejiang Province (Grant No.2022C02030, 2022C02032), the Ningbo Public Welfare Science and Technology Program (Grant No.2022S189), and the
Organized Research of the Horticulture Discipline of Zhejiang University (Grant No.B231220.0005-26)

*Corresponding author. Tel: +86-571-88982354, E-mail: xlyu@zju.edu.cn


https://cstr.cn/32200.14.cjcb.2025.12.0023

TRIEPESE: SR A EVEIRIE R L B L Pt et e

3263

tenance of cellular membrane stability, as well as the associated signal transduction and transcriptional regulation. Fi-

nally, future research directions are outlined to guide variety improvement and further in-depth studies in this field.
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Table 1 Summary of heat tolerance evaluation criteria for Chinese cabbage germplasms

eSid) E=EAN LR SCHR
Type Index Evaluation Reference
Agronomic trait Leaf length Exhibit significant individual variation and are easy to measure [20]
index Leaf width
Leaf area
Heat damage index Can be used to roughly assess the degree of heat damage in plants, [21]
but is subjective
Physiologicaland chemi- MAD Serve as an important indicator reflecting differences in plant heat [22]
cal index tolerance
H20: Indicate the extent of ROS (reactive oxygen species) accumulation [23]
under high-temperature stress
SOD, CAT, POD Their activity levels increase in response to heat stress [24]
SS, SP, Pro Key metrics for evaluating heat tolerance under high-temperature [25]

stress
Total Chl, Chla, Chlb,

Reflect the photosynthetic capacity and antioxidant ability of Chinese  [26]

carotenoids cabbage under high-temperature stress

Relative EC A vital indicator for assessing plant cell membrane permeability [27]

Pn, Tr, Gs, Ci Changes in these parameters can reflect the plant’s photosynthetic ca-  [28]
pacity and water use efficiency, and are important for assessing heat
tolerance

Fv/Fm Highly sensitive to heat stress [29]

MDA: P —f%; H.02: i AL A SOD: A EALER; CAT: i A& ET; POD: i S AL Wii; SS: Ay MM, SP: Al A5 A Pro: &L, Total
Chl: S M4EE &R Chla: HH4EKad & Chlb: M4 Kb & & relative EC: HIXT LS, Pn: 680K, Tr: BIEHEZR, Gs: [ALFE; Ci: 418

COKJE; Fv/Fm: 1 KA 22300 .

MDA: malondialdehyde; H202: hydrogen peroxide; SOD: superoxide dismutase; CAT: catalase; POD: peroxidase; SS: soluble sugar; SP: soluble pro-

tein; Pro: proline; Total Chl: total chlorophyll; Chla: chlorophyll a; Chlb: chlorophyll b; relative EC: relative electrical conductivity; Pn: photosynthetic

rate; Tr: transpiration rate; Gs: stomatal conductance; Ci: intercellular CO:z concentration; Fv/Fm: maximum photochemical efficiency.
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Table 2 QTL loci of heat tolerance trait in Chinese cabbage
RN SRAH PRic R QTLA PEEREN SCHR
Population Parental background Marker type Number of QTLs ~ Chromosome Reference
Natural popula- Heat-sensitive (Chiifu)xheat-tolerant ~ SNP 57 A03, A04, A05, A07, A09, [34]
tion landrace Al10
F, population Heat-tolerant inbred line (177)xheat- ~ AFLP and RAPD 5 Ht-1, ht-3 and ht-5 [31]
sensitive inbred line (276)
F, population Heat-tolerant inbred line (Par)xheat- ~ SNP 13 A05, A06, A07,A09,A10 [33]
sensitive inbred line (PC)
RIL (recombinant  Heat-tolerant inbred line (177)xheat-  Isozyme, RAPD 9 On five linkage groups [30]
inbred line) sensitive inbred line (276) and AFLP
F, population Heat-tolerant (OY-42)xheat-sensitive ~ SNP 5 A03 [19]
(GP-54)
F, population Heat-tolerant (Suzhouqing)*heat- SNP 57 A01,A07 [32]

sensitive (Aijiaohuang)

il N4 WAl 14 hif)e s 25 S RIEFE IR, e S 1k A
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LR IRANGEBR 35 (PC)H BrJMJ1 8K 225 7] LAY
BrFLC3WFRik , FAE mid TS e AR,
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(ZH 18 S16) ¥ H o B o, 2RI H BK& Bl
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%&% W%M :UXUX%(% Proline Heat stress ;

Ca2+
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D
A Soluble
. o -\ sugars

Soluble
proteins
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FER TR R % R, A 3EE % 2 R0 75 A E L T (R N R G . RS S S PR BB, AT B T IR, S BICDPK
FIMAPKAHE 5 IS, HEMHEHSF. WRKY . NACKMYBAGEHE S F3RIK, TE R BLR 4% W45 . HSFAE Qi o, 155 #0iiE
FI A DLERE B A R A WRKY A Ca> 5ROS(E 5, RIS HLEM S BRI B R R 1L NACEMYBIN 2 5 ABATE 554 5 K Fase PE4ERE. 1
AFR T, mR SRS R, IS HSOD. CAT. PODAIHUIR M B 73 Bk H AR S 240 B i ek R 48, DAERFEILIE SR Rads . RN, S
RBE R B, I TS G A R A T A PR AR B DA RE AR S5 K, ABAA KL% B A B TR K A3 R, R SRR AR TR L R S
NiEEST

In the regulation of heat tolerance in Chinese cabbage, the plant responds to high-temperature stress through coordinated multi-layered molecular and

physiological mechanisms. The high-temperature signal is first perceived by membrane-localized thermosensors, which activate calcium influx and
initiate signaling cascades involving CDPKs and MAPKSs. These kinases further regulate key transcription factors such as HSFs, WRKYs, NACs, and
MYBs, forming a comprehensive heat-responsive regulatory network. Among these, HSFs act as central regulators by inducing the expression of heat
shock proteins to maintain proteostasis. WRKY transcription factors integrate calcium and ROS (reactive oxygen species) signaling to modulate anti-
oxidant and thermoprotective genes. NAC and MYB transcription factors participate in ABA signal transduction and contribute to membrane stability.
At the physiological level, high temperature triggers the accumulation of ROS, activating an antioxidant system composed of SOD, CAT, POD, and the
AsA-GSH (ascorbate-glutathione) cycle to maintain redox homeostasis. Concurrently, photosynthetic efficiency declines, while osmoprotectants such
as proline and soluble sugars accumulate to stabilize cellular structures. ABA-mediated stomatal closure helps reduce water loss, collectively enhancing
the plant’s adaptive capacity under high-temperature stress.
Bl BRmATSIREIRESE SRk 92112250

Fig.1 Mechanisms of heat tolerance in Chinese cabbage (modified from the reference [92])
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Demethylase
YT, DRM2. MET1-5CMTHz /36 e FIEAL R SmC, $IHIFE 735 IR S R PR ROST. DME. DML2%E 2 H SR AL g i B

BERRSmC, TR B HRIE, ZE A R AR AR E .

In model plants, DRM2, MET1 and CMT sequentially methylate cytosine to SmC, anchoring transposons and silencing genes; ROS1, DME and DML2

demethylases promptly erase SmC to reactivate gene expression, their dynamic balance safeguarding genome stability.
E2 HREAIIRARTESE CR9911E20)
Fig.2 The methylation events (modified from the reference [99])
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