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Abstract. With the rapid development of molecular biology theory and technical means, rice gene
mapping technology is becoming more and more mature. In this paper, the research progress of
QTL mapping method, rice cold tolerance correlation analysis, rice cold tolerance gene fine
mapping and map cloning were reviewed in order to provide reference for future research on cold
tolerance of rice.

Introduction

Rice chilling injury refers to the impact of low temperature caused by rice cannot be healthy
growth and development of the phenomenon, which seriously affected China and the world rice
quality and yield, food safety and stability of a certain threat. The resistance of rice to chilling
injury is called cold tolerance, and the effective measures to help cultivate cold tolerant cultivars by
molecular biology are rice cold tolerance genes.

Identification and Evaluation of Rice Cold Tolerance

The results showed that the rice varieties with different cold tolerance and the cold tolerance
were selected for the purpose of chilling injury identification. In 2003, Andaya V C et al. [1]
summarized the method of identification of cold tolerance of rice, and then Han Longzhi [2] also
summarized the cold tolerance identification method, cold tolerance index and grading standard of
rice used at home and abroad. Zhang Jingyong [3] the rice cold method is divided into direct
identification and indirect identification method. In the rice cold tolerance identification facilities,
Li Dalin [4] concluded that in the commonly used cold tolerance identification facilities, artificial
climate chamber and artificial climate chamber is more suitable for the need for accurate data
experiments, rough identification and large sample Screening is more suitable for cold water
irrigation.

Identification of Cold Tolerance at Different Growth Stages. The cold tolerance identification
method and the cold tolerance identification index of rice were different in different growth and
development periods. For example, Fu Tailu et al. [5] identified seedling cold tolerance
identification of 21 rice plants with seedling survival rate as identification index. The results
showed that at low temperature there was no significant correlation between seedling height and
root survival rate, but it was unreasonable to use the survival rate as the identification index of rice
seedling.

In the early stage of rice fertility, the tolerance characters were mainly divided into cold tolerance
and cold tolerance at bud stage. Chen et al. [6] called generalized cold tolerance, including bud
stage and germination stage. According to Ogawa M et al. [8], the cold tolerance of 10 cold tolerant
rice cultivars was identified. The results showed that different temperatures had significant
correlation to germination rate. Through this experiment, The optimum temperature for the
identification is 14-20 ° C. Identification of cold tolerance of rice germination period can refer to
the method of Li Taigui et al. [9]. The method of identification of cold tolerance in bud stage is
usually based on the literature of Han Longzhi [10], Cunying Mountain [11] and Qiao Yongli [12].

The early identification index of rice bud stage is its low seedling rate. XIA Xiu-zhong et al. [13]
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identified 419 rice cultivars in Guangxi with budding rate and cold tolerance at seedling stage. The
results showed that the cold tolerance of bud stage was weak, and the bud stage And seedling stage
showed strong cold resistance.

Appropriate improvement in the identification method can reduce the error on the budding rate,
such as Xiao Yulong et al. [14] refine the criteria for the cold tolerance of rice bud stage used by Liu
[15], calculate the cold tolerance of 23 test materials, the results show that this improved evaluation
method reduces the experimental error.

Leaf redness is often used as an indicator of cold tolerance in rice seedling. Wang Shangming et
al. [16] identified Ganzairea indica 49 and Dongye 1 and Japonica 0298 / Dong Ye 1, and then
carried out the identification of cold tolerance at seedling stage of hybrid progeny. The results
showed that the cold tolerance No. 1 of the cold resistance stronger. Song Jiaoyun et al. [17]
identified and evaluated the cold tolerance of 150 core rice germplasm populations at seedling stage.
The results showed that the cold tolerance at seedling stage showed a normal distribution trend. He
Ping [18] identified and evaluated the cold tolerance of 3-4 leaf stage seedlings, the results showed
that the cytoplasm and nuclear genes have affected the cold tolerance of rice sterile lines. Zhou
Yong et al [19] to low temperature treatment of rice seedling survival rate as an identification index,
the use of chromosome fragment substitution system identified a seedling cold resistance
QTLgCTS3-1. Zou De-tang et al. [20] identified the cold tolerance of Dongnong 422 and Wuzhan
131 at the tillering stage. The results showed that the cold tolerance of Zengyu 131 was stronger
than that of Dongnong 422. Hu Xiaochen [21] and other 95 kinds of rice germplasm resources were
identified at the seedling stage cold tolerance, 10 seedling cold and 9 cold sensitive materials were
screened out. PENG Qiang et al. [22] identified the cold resistance of 213 RILs with seedling rate
as the identification index, and the results showed that the parent Asominori was a strong cold
resistant variety.

Rice booting at the flowering period is often used as a cold tolerance identification index. The
method of identification of cold tolerance is mainly for 7 days, natural low temperature sowing
method, circulating cold water irrigation method and so on. Zhang Sanyuan et al. [23] had identified
the cold tolerance of brittle rice varieties in Jilin rice varieties, and found that 397, Kyrgyzstan
94-B2 and Changbai 7 were characterized by strong cold tolerance. Wang Jinming [24] identified
230 rice germplasm resources at the booting stage, and screened 43 tobacco resistant germplasm
resources. Cui Di [25] evaluated the cold tolerance of 347 rice materials in 11 provinces and 9 other
countries, and proved that the cold tolerance of rice at booting stage in Heilongjiang area had a
good genetic basis.

QTL Positioning for Rice Cold Tolerance

Quantitative trait (QTL) mapping is a mapping method. The development of DNA marker
technology has made great contributions to the genetic research of quantitative traits and its labeling
method has also gone through a development stage.

Molecular Markers Which Gene Mapping Often Used. Due to the complexity of the
traditional genetic research methods and the errors caused by external factors, the molecular marker
technology has become the most effective molecular marker method, which has been obtained in
genetic map construction, gene mapping and molecular marker assisted breeding..

The genetic map of the crop is based on RFLP (restriction fragment length), SSR (simple
sequence repeat, simple sequence repeat, also known as microsatellite DNA), SPAR (single primer
amplification reaction, single primer Amplification reaction) and other markers. RFLP markers are
the earliest applied DNA molecular marker technology. SSR markers can detect a single multi-allele
locus compared to other markers, commonly used in rice gene mapping. Chen et al. [26] found SSR
markers RM280 and RM377 linked to cold tolerance by locating cold tolerance genes on
chromosomes. Qiao Yongli [27] QTL analysis of cold tolerance at bud stage was carried out using
SSR markers. Three QTLs for cold tolerance were detected. The use of traditional genetic markers
for QTL mapping has a large workload, long cycle and other issues, and the third generation of
molecular marker SNP (single nucleotide polymorphism) marker development to solve these
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problems, and other repeat sequences the genetic stability of SNP markers is higher than that of
morphological markers. The results showed that the SNPs detected by the SLAF marker were
evenly distributed on the chromosome. The results showed that the SLAF-seq library was used to
construct the SLAF-seq library. Huxiao Chen [29] successfully identified 10 SNP loci between the
cold resistant varieties Lijiang New Group Black Valley (LTH) and the cold resistant material 1R29,
and designed OsSADMC functional marker SADMC-CAPSL1 according to one of the SNP loci, the
marker could accurately identify the genotype and cold tolerance of OsSADMC with different cold
tolerance rice germplasm resources. Charles A. Jos et al. Used the 717 stable high-generation lines
from the same indica-japonica combination and 265 uniformly distributed SNP markers to detect
the genetic overlap QTLs affecting the stable expression of biological and abiotic resistance. As a
result, 18 were detected resistant strains [30].

Mapping of QTLs at Different Growth Stages. Rice cold tolerance is a complex trait
controlled by multiple genes. Rice cold tolerance at the same developmental stage is controlled by
multiple cold tolerance QTLs, and the environment also affects the expression of cold tolerance. A
number of QTLs related to cold tolerance have been identified. Lin et al. [31] used Nipponbare as
the donor parent, 9311 as the recipient parent, and constructed 1500 BC4F1 populations. Four QTLs
for cold tolerance were detected. Through comparison and analysis, eight cold-resistant QTLs were
detected. Yang YFeng [33] The 192 cold tolerance QTLs were integrated on the same map, and the
chromosomal location relationships of cold tolerance QTLs at different developmental stages and
during the same developmental period were compared. The results showed that the cold tolerance of
rice was controlled by different QTLs at different times; Qqin et al. [34] used four QTLs related to
cold tolerance at seedling stage on four chromosomes of indica-japonica crossbred DH population.
Yang Luomiao et al. [35] constructed 190 juvenile inbred lines with Donggan 422 and Longging
131, and set up control and cold water stress for three consecutive years. The effects of different
environments on the traits were evaluated by GGEbipiolt and the correlation between traits. Andyal
[36] has mapped the QTLs for cold tolerance at the booting stage of rice. The cold tolerance QTLs
are almost distributed in the whole genome, indicating that the cold tolerance at booting stage is a
very complex quantitative trait. (NGS-BSA), which solves the problem that the traditional QTL
method is often time-consuming and the result is not accurate and so on. In addition, the
two-generation sequencing technology (NGS) combined with the separation and separation method
(NGS-BSA) Locate the QTL. Liu Tao et al [38] collected 11 mapping groups, summed up a total of
96 rice seedling cold tolerance QTL, and Biomercator2.1 and common marker mapping QTL
integrated into the reference map cornel12001, through the meta-analysis method the QTLs of
QTLs were established, and 18 "real QTLs" were identified and their linkage markers were
established.

Correlation Analysis of Rice Cold Tolerance

The association analysis, also known as linkage disequilibrium mapping, can be directly
identified by molecular markers and target trait polymorphisms, which directly identify genes that
are significantly related to the ideal trait. (Q) and MLM (Q + K) were used to analyze the cold
tolerance of 150 rice plants. The results showed that 84 marker sites were detected by the method of
GLM (Q) and MLM (Q + K) in TASSELZ2.1R software. The results showed that there were five
correlations with the cold tolerance of the bud stage, and the relationship between the cold tolerance
and the cold tolerance at the seedling stage was analyzed by the same method. Cold resistance
associated with the site. Yang et al [41] using TASSEL2.1 software GLM method to mark and
seedling cold tolerance correlation analysis, obtained 10 and bud stage and seedling cold tolerance
genes are associated with markers. Zhang Yanmei et al. [42] identified 140 cold-tolerant differences
in cold tolerance by using 84 SSR markers for 140 samples of northeast japonica rice cultivars as a
material. The SSR markers were associated with a total of 25 significant correlations the largest rate
IS 29.24%, the results show that RM214 a total of 8 kinds of markers can be used as a resource
selection.
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Fine Mapping and Map Cloning of Rice Cold Tolerance Gene

Rice cold tolerance is the quantitative trait of polygene control. Because of the difference of
environment and the number of gene population, the accuracy of localization is not very high. It is
not easy to determine whether a major QTL is a major gene or the effect of a micro-gene interaction.
Therefore, it is necessary to carry out the fine mapping of genes, and on the basis of fine positioning
on the cold tolerance of rice for map cloning. Li et al. [43] constructed a set of indica and japonica
recombinant inbred lines USSR5 and N22 mapping groups. Under the low temperature condition,
the germination ability of rice was identified, and three low-temperature germination QTLs were
obtained. Xiao Ning et al. [44] constructed the BC2F1 locus using Dongxiang wild rice as parent
and Nanjing 11, and located seven QTLs related to cold tolerance on four different chromosomes.
The QPSR2-1, qLOP2 and gRC10-2 loci were fine mapped and the Os02g0677300 could be the
best candidate for qPSR2-1 and gqLOP2. The results showed that the QPSR2-1, qLOP2 and
gRC10-2 loci were well located in the QTLs with the contribution rate of more than 10% gene.
Mapping cloning is the most effective way to clone quantitative trait genes. Saito et al. [45] mapped
a cold-resistant QTL Ctb1 to a physical distance of 17 kb and cloned it. The results showed that the
ubiquitin-proteasome pathway may be involved in the cold-resistant process at booting stage. Wang
Lan [46] using the cold-resistant varieties of Japanese sunny and a cold-resistant variety V216 as a
test group, through the map cloning technology to obtain the gene, and named CORI. Li Guangxian
et al. [47] performed chromosomal fine loci on QTLgHD3 at heading stage of rice, and finally
found 7 expressible gene clones in about 62.4kb chromosome interval between RM14314 and
RM14320. Chen Junyu et al [48] developed a new QTL fine positioning strategy, which is based on
SeqRHs (ladder residual hybrids) positioning method, has been through the rice resistance to cold
tolerance gene complementary test proved.

Conclusion

Through the research on the progress of assisted breeding by molecular biology techniques, it
has been found that the researchers have been exploring the cold tolerance problem of rice, and the
gene localization technology has been widely used in the breeding of plant resistance. There are
many studies on QTLs for cold tolerance in rice at home and abroad, but there are still few studies
on fine loci and map cloning. Due to the complexity of cold tolerance genes, the fine positioning of
cold tolerance genes is difficult, and it is necessary to explore more and more efficient rice cold
tolerance gene mapping strategy, in order to achieve the purpose of actual breeding.
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