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Research Status on Cold Tolerance in Rice and Biotechnological
Breeding Strategies for Cold-tolerant Early Geng/japonica in
Heilongjiang Province

ZHANG Wenyu'-*, LEI Yuanbao®, ZHANG Yunjiang’, GUO Zhenhua’, LIU Naisheng’, MA Wendong’,
QIU Xianjin',ZHENG Tianqing”, XU Jianlong’
("College of Agriculture, Yangtze University, Jingzhou 434025, Hubei; Institute of Crop Sciences, Chinese Academy of
Agricultural Sciences/State Key Laboratory of Crop Gene Resources and Breeding/National Key Facility for Crop Gene
Resources and Genetic Improvement, Beijing 100081 ;°Rice Research Institute,

Heilongjiang Academy of Agricultural Sciences, Jiamusi 154026)

Abstract: With the global climate change, the probability of extreme weather events has significantly
increased. As an important base for commercial rice production in China, Heilongjiang province is an area prone
to low-temperature stresses. Geng/Japonica rice in Heilongjiang is susceptible to low-temperature stresses during
both the seedling stage and the reproductive stage (including booting, flowering, and maturing stages). Low
temperature stress is a key limiting factor for rice production in Heilongjiang, and improving cold tolerances of
Heilongjiang Gengl/japonica rice cultivars is of great strategic importance for ensuring the food production
security in China. When reviewing the identification methods and genetic researches of rice cold tolerance, the
authors analyzed the cold tolerance characteristics of Heilongjiang rice cultivars released in the past about 20
years (2006-2023) , and found that with the "blowout" of approved cultivars in recent 5 years, the cold

tolerances are going down. Secondly, through the comparative mapping based on reference genome, it was
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found that the cold tolerances at the seedling stage and the reproductive stage are mostly controlled by

independent loci or chromosomal regions, and the proportion of genetic overlap (including both pleiotropic loci

and linked regions) accounted for about 21%. Among the identified gene responsible for cold tolerances, the

negative regulatory genes accounted for about 20%. For current breeding application, the above-mentioned

genetic overlap loci/regions and negative regulatory genes are useful in improving the breeding efficiency. On

this basis, the authors put forward specific suggestions on the simultancous improvement of cold tolerance

during the seedling stage and reproductive stage as well as strategies for the biotechnological breeding on

improving the cold tolerances of early Geng/japonica rice for Heilongjiang province.

Key words: early Gengljaponica rice (Oryza sativa L.) at Heilongjiang province; cold resistance; genetic

overlap ; biotechnological breeding
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Fig.1 The cold tolerances at reproductive stage and numbers of cultivars approved to be released across different

accumulated temperature zones in Heilongjiang province during 2006-2023
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Table 1 The identified genes/main QTLs and genetic overlap regions related to cold tolerance in rice
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Previously identified genes/QTLs against cold stresses at the seedling stage and reproductive stage of rice were shown in black, while the QTLs

identified by authors’ working group were shown in blue. The loci were nominated according to the traits under cold stresses including,
WD : Wilting degree; SR:Survival rate ; SSR: Seed setting rate
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Fig.2 Genomic distribution and genetic overlaps of cold tolerance-related genes/QTLs at seedling stage and reproductive stage
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