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AbstractAbstractAbstractAbstract    
    
The soybean is a source of several dietary components, including milk, protein, and oil. Cold stress has 

significantly curtailed soybean growth and yield in large areas and caused a high risk to global food security.  
The main objective of soybean breeders is to improve soybean resistance to cold stress. Conventional breeding 
approaches have made significant progress in developing cold tolerance in soybean; however, the high cost and 
complex genetic mechanism of cold tolerance hindered the large scale of these techniques. Molecular tools like 
quantitative trait loci (QTL), genome-wide association studies (GWAS), transcription factors (TFs), genetic 
engineering, and transcriptome have been used to identify cold tolerant genes/QTL and to develop soybean 
cultivars tolerant to cold stress. Clustered, regularly interspaced short palindromic repeats (CRISPR/Cas9) is 
used to increase the abiotic stress tolerance in soybean; however, its use to edit the cold tolerance genes in 
soybean is limited. Mapping of QTL has accelerated the master-assisted selection (MAS) in soybean. This 
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review presents a detailed overview of molecular techniques and their use in developing cold-tolerant soybean 
cultivars. Using CRISPR/Cas9 would increase the speed of molecular breeding for cold tolerance in soybean. 
This information will assist soybean researchers in uncovering the basis of cold stress tolerance in soybean and 
adopting the most suitable way to breed the cold tolerant cultivars which can thrive under the extreme pressure 
of cold stress. 
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IntroductionIntroductionIntroductionIntroduction    
 
Expanding human population and increased threats of abiotic stresses have limited agricultural crop 

production, which is significant hindrance to food security. Today, safeguarding food security is one of the 
main challenges.  The world population is overgrowing, and it can reach ten billion by the end of the year 2050, 
demanding a 60 to 100% increase in food production (FAOSTAT, 2021). Change in climatic circumstances 
is significant reason of crop growth deterioration (Bhat et al., 2022). Soybean is one of the most valuable legume 
crops and an important source of oil and protein (Liu and Liu, 1997). Soybean has been cultivated worldwide 
in large areas, including high altitudes and latitudes (Jia et al., 2014). Global demand for soybean is creasing as 
it provides essential nutrition (Amoanimaa-Dede et al., 2022). These aspects led to the worldwide rise in 
soybean yield in the late 20th and early 21st centuries. In 2019 soybean acreage increased from 29.5 to 120.5 
million hectares, and yield enhanced four times from 81 to 334 million tons (FAOSTAT, 2020). The soybean 
is a rich source of mineral salts (Bellaloui et al., 2015). Soybean is used for consumption and fodder and has 
economic and ecological benefits (Bezdicek et al., 1978). Soybean has root nodules, fixes nitrogen, and improves 
soil fertility (Hungria et al., 2005). Under favorable circumstances, soybean can absorb from 50 to 100 kg N 
ha−1, allowing it to meet the nitrogen need by 30-60% (Bezdicek et al., 1978).    

Soybean cold production areas are mostly dispersed in Russia, Canada, and China  (Lu, 2011; 
Nedoluzhko and Dorokhov, 2007) (http://www.soybeancouncil.ca, accessed on 20-01-2022). Soybean is 
susceptible to stress, which halts growth and results in injuries during all stages of development (Nouri et al., 
2011; Ohnishi et al., 2010). Despite these effects, soybean continued its expansion in cold climatic regions of 
the world (Funatsuki and Ohnishi, 2009). Cold stress is defined as a temperature in a low enough range to 
inhibit growth without ceasing cell function and induces multiple abnormalities at various levels of plant 
growth  (Balestrasse et al., 2010). Cold stress includes, (chilling stress, which occurs at temperatures between 
(0 to 15 °C and freezing at <0 °C). Chilling causes the destabilization of proteins, and damages photosynthesis, 
while freezing causes cell death due to ice formation (Pearce, 2001; Ruelland et al., 2009). The severe cold stress 
negatively impacts soybean growth and geographical distribution (Tsegaw et al., 2023) because of the lack of 
cold tolerance response in soybean genotypes (Zhang et al., 2014). Cold stress is a central issue undermining 
soybean's geographical diversity and growth (Tsegaw et al., 2023). Cold stress retards plant growth and yield 
and affects the distribution of a large area (Zhang et al., 2012a). Cold stress leads to the production of reactive 
oxygen species (ROS) production (Figure 1) (Latef and Chaoxing, 2011). A  study, led by Staniak et al. (2021) 
revealed that cold stress reduced the plant emergence rate by 5 to 10% (Staniak et al., 2021).  

The plant response to cold stress is linked with several factors (Levitt, 1980), and genetic variation or 
varietal variation is critical to improving soybean response to cold stress. Several molecular breeding tools have 
been effectively used to identify and improve cold tolerance in soybean. Understanding the genetic mechanism 
of cold tolerance will have immense value in breeding cold-tolerant soybean cultivars (Tsegaw et al., 2023). 
QTL mapping and GWAS have been used to recognize the genomic areas for various traits in soybean, and 
these are reliable ways to clarify the complex genetic mechanism behind different characteristics (Chen et al., 
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2021; Funatsuki et al., 2005; Wu et al., 2020). TFs, transcriptomes, and genetic engineering are novel tools for 
molecular breeding of tolerance against abiotic stresses, which helped researchers to identify and transfer the 
novel gene into susceptible cultivars (Liu et al., 1998; S. Sanghera et al., 2011; Song et al., 2016). CRISPR/Cas9 
is developed as the most influential tool and can potentially develop crop tolerance to abiotic stresses (Ahmad 
et al., 2021). Genetic engineering and CRISPR/Cas9 use are not widely reported and demand further research. 
Many ways to enhance soybean cold tolerance include morphological and physiological tolerance indices. The 
second strategy is breeding for cold tolerance by introducing novel genes from tolerant genotypes. Many 
research studies deal with cold tolerance in soybean, but a comprehensive review on this aspect is rarely 
reported. In current review article, we have summarized the latest advancement in using molecular factors and 
molecular breeding tools to improve tolerance to cold stress in soybean. These above-mentioned studies would 
help soybean researchers to understand the genetic mechanism of cold tolerance to adopt a reliable breeding 
method.  

 

 
Figure 1Figure 1Figure 1Figure 1. Cold stress influences germination of seeds, seedling growth, antioxidant activities like, SOD, 
POD, CAT and uptake of nutrients 
Freezing stops the plant functions and causes death of plant cell.  This Figure is created with Biorender.com  

 
Genetic mechaGenetic mechaGenetic mechaGenetic mechanisms and screening of cold tolerance in soybeannisms and screening of cold tolerance in soybeannisms and screening of cold tolerance in soybeannisms and screening of cold tolerance in soybean    
    
Plants have evolved complex mechanisms and use several strategies to cope with changing environmental 

conditions (Figure 2). Plants tolerate cold stress after prolonged exposure to low temperatures, called cold 
acclimatization (Guy, 1990; Hughes and Dunn, 1996). Several physiological, biochemical, and molecular 
actions are involved in cold tolerance (Guo et al., 2018). Many soluble sugars, proline, and cold-tolerant 
proteins are activated during cold tolerance (Kaplan et al., 2007).  At the molecular level of cold tolerance, cold 
stress signals are perceived by the fluidity of the cell membrane, Ca2+ channels, and electrophysiology, which 
cause the rigidity of the plasma membrane and the role of the Ca2+ channel, leading to an influx of Ca2+ into 
the cell. For example, in Arabidopsis, cold activates a receptor-like cytoplasmic kinase insensitive responsive 
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protein kinase 1 (CRPK1), in which CPRK1 phosphorylates and promotes the accumulation of 14-3-3 
proteins in nucleus. 14–3-3 proteins promote the plant response to abiotic stress (Ormancey et al., 2017). 
Phosphorylated 14–3-3 proteins induce the degradation of CBFs via 26S proteasome (Liu et al., 2017). 
Evaluating soybean cultivars under different temperature regimes may help select cold-tolerant cultivars based 
on other morphological, physiological, and molecular traits. Alsajri et al. (2019) evaluated 64 soybean 
genotypes under cold stress during the seedling stage. The genotype GS47R216 was designated as highly 
tolerant to low temperature (Alsajri et al., 2019). This data would be beneficial for selecting cold-tolerant 
soybean genotypes (Alsajri et al., 2019). Hence, studies on extensive-scale screening of cultivated and wild-type 
soybeans must be conducted to choose the tolerant genotypes to accelerate cold-tolerant breeding.  

 

 
FigFigFigFigure 2ure 2ure 2ure 2. The plant uses several strategies to reduce the harmful consequences of cold stress. These 
strategies include antioxidant enzymes, hormones, metabolites, sugars, proline, genes and enzymes 
This Figure is created with Biorender.com. SA, salicylic acid; JA, jasmonic acid; ABA, abscisic acid; ROS, reactive 
oxygen species; SOD, superoxide dismutase; POD, peroxidase; CAT, catalase.   

 
QTL/genes linked with cold tolerance QTL/genes linked with cold tolerance QTL/genes linked with cold tolerance QTL/genes linked with cold tolerance     
    
QTL mapping and gene identification are reliable ways to enhance soybean tolerance to cold stress. 

Earlier and recent studies showed that different QTL and genes are directly involved in cold tolerance during 
different growth stages in soybean. If the temperature is low, it can affect seedling growth and germination and 
causes yield loss. Backcross introgression lines (BILs) were exposed to cold stress to map the cold tolerance QTL 
in soybean. Two methods detected two QTL, Satt237 and SOYPRP1, which should be the main effect QTL 
and more believable. These QTL were linked with cold tolerance. Hence, low-temperature tolerant regions at 
the germination stage can be further exploited to breed tolerant cultivars (Jiang et al., 2009). Zhang et al. 

(2012a) evaluated advanced backcross introgression lines (BILs) under low-temperature conditions. They have 
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identified 25 QTL at the germination stage and 13 at the seedling phase. 10 overlapped QTL showed greater 
soybean cold stress tolerance (Zhang et al., 2012a). A total of 23 low temperature tolerance QTL were detected 
in BC2F3 lines of soybean. The overlap QTL, Satt253, Satt513, and Satt255 were recognized by at least one 
drought and cold stress method. These QTL were significant for drought and cold tolerance and can play a role 
in MAS for the breeding drought or cold-tolerant soybean cultivars (Zhang et al., 2012b). A chromosome 
segment substitution lines (CSSL) soybean population was developed by wild soybean ZYD00006, and 
cultivated soybean SN14 and used to map three QTL for cold tolerance.  Five candidate genes were recognized 
by gene annotation, GO enrichment analysis and protein function prediction. Glyma.09G162700 may be a 
candidate gene to improve cold temperature tolerance at the germination stage (Zheng et al., 2023).  

Cold stress also curtails the reproduction stage in soybean. QTL mapping for cold tolerance at the 
reproductive phase can enhance the breeding of cold-tolerant soybean genotypes. Results showed that three 
QTL were mapped for cold tolerance in seed-yielding ability. QTL, qCTTSW1, and qCTTSW2 (Table 1)were 
identified near QTL for flowering time, and the latter had an epistatic interaction with a marker locus 
positioned near another QTL for flowering time, where there was no novel QTL for cold tolerance (Funatsuki 
et al., 2005). Another study by Githiri et al. (2007) identified five QTL under cold stress for flowering date, 
fd1, fd2, fd3, and fd4. fd2 and fd4 perhaps correspond to E1 and E3 based on relative position and markers 
(Githiri et al., 2007). Recently, Jähne et al. (2019) screened the 103 RILs and 35 early maturing cultivars of 
soybean for their cold tolerance assessment at the flowering phase. A cold tolerance QTL was mapped on 
chromosome 11. They concluded that genomic selection is an effective tool for cold tolerance (Jähne et al., 
2019). Low temperature also affected the seed development stage of soybean. If it is not managed, cold stress 
can cause severe loss in soybean yield. A tolerant QTL with a significant effect associated with seed-yielding 
ability was identified under cold stress. This genomic region was located near marker (Sat_162) on linkage 
group A2. Previously, no QTL was detected in this region.  This novel genomic locus influences seed 
development during cold stress (Ikeda et al., 2009). Cold stress also induces seed discoloration and affects seed 
quality. Two major QTL linked with seed discoloration were identified in soybean. The main QTL was 
positioned in the proximal area of the I locus, and the structural difference of this locus can be used as a useful 
DNA marker, called the Ic marker. Results suggested that MAS selection of the Ic allele helps enhance the seed 
discoloration tolerance in soybean (Yamaguchi et al., 2019). Cold stress results in cracked seeds (CSs) appearing 
in soybean cultivars. QTL, qCS8-1, and qCS11-1 were recognized by QTL mapping method using the cracked-
seed index (CSI), the arcsine transformed CS ratio. Near isogenic lines (NIL) were employed to verify the 
recognized QTL. Results exhibited that qCS8-1 and qCS11-1 could be used in MAS to breed the cold-tolerant 
soybean cultivars (Yamaguchi et al., 2015). These studies indicated that QTL mapping for germination stage 
and reproductive stage should be further analyzed for comprehensive understanding of genetic mechanism of 
cold tolerance in soybean. However, studies on QTL for physiological and biochemical traits are limited which 
emphasizes to conduct further studies in future. These identified potential genomic regions could be used for 
MAS to accelerate the cold tolerant breeding in soybean and to combat the rising threats of changing 
environment.  
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Table 1.Table 1.Table 1.Table 1. QTL for cold tolerance in soybean 

QTL, quantitative trait loci; PD, pod number; RIL, recombinant inbred lines; BIL, backcross inbred lines. 
 
Potential TFs for soybean cold tolerancePotential TFs for soybean cold tolerancePotential TFs for soybean cold tolerancePotential TFs for soybean cold tolerance    
    
The soybean is a cold-sensitive crop; however, it can adapt to cold climates, but its response to cold stress 

is low compared to other crop species (Robison et al., 2017). Previous studies have reported many TFs and their 
complex networks involved in cold tolerance  (Kidokoro et al., 2022). The cis-acting dehydration-responsive 
element (DRE) is imperative in inducing gene expression against abiotic stresses. Kidokoro et al. (2015) 
identified 14 DREB1-type TFs (GmDREB1s) in the soybean genomic database. A DREB TF, GmDREB1s, 
was recognized, and cold and other stresses triggered its expression. The TF, GmDREB1B;1, (Table 2) 
activates the expression of GmPYL21 and improves the ABRE-mediated gene expression in an ABA-
independent manner. These outcomes showed that GmDREB1 proteins increase the expression of various 
genes linked to responses against many abiotic stresses (Kidokoro et al., 2015). A DREB TF, GmDREB3, 
belongs to the A-5 subgroup of the DREB subfamily and was obtained from soybean using rapid amplification 
of cDNA ends (RACE). In addition, overexpression of GmDREB3 improved tolerance to cold in 
transgenic Arabidopsis (Chen et al., 2009). Usually, soybean plants respond to cold stress by activating stress-
responsive genes. Genome sequencing has led to the identification of novel TFs in many crops. A homologous 
gene of AtTCF1 in soybean (named GmTCF1a), which facilitates plant tolerance to low temperatures was 
identified by Dong et al. (2021). GmTCF1a comprises five RCC1 domains and located in the 
nucleus. GmTCF1a is specifically induced by cold stress. GmTCF1a positively controls cold tolerance in 
soybean and may offer novel understandings of the genetic development of freezing tolerance in crops (Dong 
et al., 2021). CBF/DREB1 transcript levels increase rapidly during cold stress; however, predictable 
downstream targets seem unresponsive. The ethylene signaling pathway, which is improved in the cold, can 
negatively control the soybean CBF/DREB1 cold-responsive pathway, thus, contributing to the comparatively 
poor cold tolerance. Inhibition of the ethylene signaling pathway caused a significant surge 
in GmDREB1A;1 and GmDREB1A;2 transcripts, while stimulation led to 
reduced GmDREB1A;1 and GmDREB1B;1 transcript (Robison et al., 2019).  

NAC is an essential family of TFs and linked with multiple developmental processes, including leaf 
senescence (Guo and Gan, 2006) and tolerance to abiotic and biotic stresses (Nuruzzaman et al., 2013). A NAC 
gene, GmNAC109, increased the cold tolerance in soybean, and its expression was induced by cold stress. The 
GmNAC109 overexpressing transgenic plants of Arabidopsis showed the upregulation of the COR15A gene 
(COLD REGULATED 15A) (Yang et al., 2019). Another family of TFs, WAX INDUCER1 (WIN1), plays 
a crucial role in the biosynthesis of cutin in plants. Six GmWIN1 genes were identified from soybean, 

Genotypes QTL Trait References 

104 RILs qCTTSW1 and qCTTSW2 Total seed weight 
(Funatsuki et al., 

2005) 
41 BILs Satt237 and SOYPRP1 Germination stage (Jiang et al., 2009) 
Kitakomachi and 
Koganejiro and their 58 
F2 plants 

E1 and E3 Flowering date 
(Githiri et al., 

2007) 

103 RILs and 35 early-
maturing soybean 
cultivars 

qPD11 Pod number (Jähne et al., 2019) 

BC2F3 lines 
Satt253, Satt513, Satt693, 

Satt240, Satt323, and Satt255 
Cold tolerance at the 

germination stage 
(Zhang et al., 

2012b) 
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with GmWIN1–5 having high expression under cold stress. GmWIN1–5 overexpression (GmWIN1–5-OE) 
increased oil content and phospholipids level in cell membrane formation under cold stress (Cai et al., 2022). A 
WUSCHEL-related homeobox (WOX) is an essential family of TFs unique to plants and is categorized by the 
existence of a homeodomain. WOX TFs are essential in plant growth, development, and response to abiotic 
stresses. Hao et al. (2019) identified a WOX family in soybean by bioinformatics analysis. Expression profile 
and quantitative real-time polymerase chain reaction (qRT-PCR) showed that most of the gmWOX genes 
were involved in response to cold and drought stress. Further analysis of WOX genes will enhance the 
understanding about the role of WOX genes in soybean growth and response to abiotic stress (Hao et al., 

2019). The C2H2-type zinc-finger proteins (ZFPs) were crucial in plant development and stress responses. A 
ZFP gene GsZFP1 was recognized and then cloned from Glycine soja. Overexpression of the GsZFP1 gene 
increased the cold tolerance in Arabidopsis. Hence, GsZFP1 is crucial in plant response to cold stress (Luo et 

al., 2012). Maruyama et al. (2012) performed a microarray analysis of the soybean genome and identified the 
cold-inducible genes. Diverse transcriptional regulatory pathways were identified in soybean and indicated the 
role of gene in cold tolerance in soybean (Maruyama et al., 2012). TFs and their role in cold tolerance should 
be further analysed to identify the new genes which can possibly contribute to cold tolerance in soybean. TFs 
families, WRKY, EF, and NF are not often described in soybean and therefore, further studies must be pursued 
to recognize and clone the novel TFs to breed the cold tolerant cultivars of soybean. 

 
Table 2. Table 2. Table 2. Table 2. TFs for cold tolerance in soybean 

 
Cold tolerant genesCold tolerant genesCold tolerant genesCold tolerant genes    
    
Cold-tolerant genes are potential genetic resources to breed the cold-tolerant varieties in soybean. In 

earlier study, 105 genes, including 22 pentatricopeptide repeat (PPR) genes and 4 growth-related genes, were 
expected to be the targeted genes of soybean miRNA miR1508a (gma-miR1508a). Cold stress induced the 
expression of gma-miR1508a gene. Soybean plants with overexpression of gma-miR1508a showed dwarfing 
and thick cell compared to their wild types. Transgenic plants exhibited cold tolerance at germination and 
seedling phases. Meanwhile, the soluble sugar contents were higher than the wild type after cold stress 
treatment (Sun et al., 2020). In another study, to identify the role of microRNAs (miRNAs) and their targeted 
genes in the cold tolerance of four soybean cultivars, Augusta, Fiskeby V, Toyomusume,, and Glycine soja with 
variable degrees of susceptibility to cold stress, 72 small RNA libraries and 24 degradome libraries for high-

TFs family Gene Role References 

DREB GmDREB1B;1 
Activates the expression of 

GmPYL21 
(Kidokoro et al., 

2015) 

DREB GmDREB3 Improved cold tolerance 
(Chen et al., 

2009) 

ABI3 GmABI3 Regulated the cold tolerance 
(Manan and 
Zhao, 2020) 

CBF GmTCF1a Upregulated COR15a levels 
(Dong et al., 

2021) 

CBF/DREB1 GmDREB1A;1 and GmDREB1A;2 Inhibited ethylene pathway 
(Robison et al., 

2019) 

NACs GmNAC109 
Increased cold tolerance in 

transgenic lines 
(Yang et al., 

2019) 

WIN1 GmWIN1–5-OE 
Enhanced oil contents under cold 

stress 
(Cai et al., 2022) 

ZFP GsZFP1 Increased cold tolerance 
(Luo et al., 

2012) 
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throughput sequencing were created. In this study, 321 miRNAs were recognized, and 348 new miRNAs were 
projected in three examined tissues. Furthermore, under stressful circumstances, the varied expression of 162 
miRNAs, including well-conserved, legume- and soybean-specific miRNAs and 18 novel miRNAs, was found 
in the four cultivars. They were related to abiotic stress response mechanisms like ROS scavenging, flavonoid 
biosynthesis, and osmotic potential regulation based on GO and KEGG annotations (Kuczyński et al., 2022). 

 Circular RNAs (circRNAs) are a newly known type of noncoding-RNA and have a crucial role in 
microRNA (miRNA) and transcriptional control function. They play a key role in soybean response to low-
temperature stress. A GWAS was conducted to identify the soybean circRNAs under cold stress conditions via 
deep sequencing. Gene ontology (GO) analysis showed that circRNAs participated in low-temperature 
responses. A new circRNA-miRNA-mRNA network was identified, which is crucial in low-temperature 
tolerance (Wang et al., 2020). Earlier studies showed that omega-3 desaturase genes were crucial in soybean 
response to cold stress.  Under cold stress conditions (5 °C), an increase in GmFAD3A transcripts was found 
in soybean cells and leaves, whereas no change in GmFAD3B or GmFAD3C expression levels was detected. The 
regulatory mechanism of omega-3 fatty acid desaturase in soybean affects the specific isoforms in plastid and 
endosperm to maintain the level of linoleic acid under low-temperature stress (Román et al., 2012). Kao et al. 

(2022) proposed an advanced systems biology framework of feature engineering to identify the genes from 
omics and non-omics soybean data. A total of 44, 143, and 45 cold tolerant genes (CT genes) were recognized 
in short-, mid-, and long-term cruel treatment, correspondingly, from the corresponding gene pool. These CT 
genes outperformed the remaining genes, the random genes, and the other candidate genes recognized by other 
methods in an independent RNA-seq database. This proposes that the CT genes recognized from our projected 
systematic framework can efficiently differentiate cold-resistant and cold-sensitive lines (Kao et al., 

2022). These studies indicated the role of potential genes in soybean response to cold stress; however, the data 
on this aspect is still insufficient to unfold the genetic mechanisms of cold tolerance and to accelerate the 
breeding programs. More studies are needed to identify the novel gene for soybean cold tolerance.  

 
Proteomics analysis for cold toleranceProteomics analysis for cold toleranceProteomics analysis for cold toleranceProteomics analysis for cold tolerance    
 
Apart from the gens and TFs, cold stress triggers the expression of several stress-responsive proteins in 

soybean. Comparative proteomics analysis of cold-tolerant and sensitive soybean genotypes has suggested the 
comprehensive mechanism of cold tolerance. Proteomic analyses have also discovered that cold-tolerant 
soybeans produce more protective substances (Tian et al., 2015). In an earlier study, 57 proteins were identified 
and significantly changed in abundance and identified by MALDI-TOF/TOF MS. These proteins were linked 
with 13 metabolic pathways, amino acid and nitrogen metabolism, photosynthesis, cell rescue and defense, 
protein degradation, lipid metabolism, and energy metabolism (Tian et al., 2015). Swigonska and Weidner 
(2013) employed a proteomics technique to analyze the effect of cold stress on germinating seeds of the 
soybean. Proteome maps were made for control samples and stress-treated samples. Identified proteins were 
related to carbohydrate metabolism, protein synthesis, signal transduction, and cellular transport. 

Analysis of differences in expression patterns of soybean gives insights into the soybean response to long-
term abiotic stress (Swigonska and Weidner, 2013). Many important molecular mechanisms and plant 
responses are yet to be discovered. In another study, 40 proteins were found in response to low-temperature 
stress in soybean. These proteins were part of plant metabolites like cell defense, energy protein, transcription, 
and transport. These results give valuable insights about soybean seed response to low temperature stress 
(Cheng et al., 2010).  Studies showed different soybean responses to cold stress and identified various proteins 
involved in stress-related pathways. Earlier, Kim et al. (2004) isolated the three ribosomal-related protein genes 
from soybean induced by cold stress. Expression of ribosomal protein genes started to increase 3 days after 
treatment, while cold stress protein src1 was significantly induced from the first day of treatment. The 
introduction of ribosomal protein genes might improve the translation process during low‐temperature 
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conditions (Kim et al., 2004). The proteomics technique plays a key role in mining the cold tolerant proteins 
in soybean, so the studies on this aspect should be enhanced. The published date is not sufficient to fully 
uncover the protein-based tolerance mechanism in soybean. More studies should be conducted to compare the 
proteomics profile of different soybean species under cold stress conditions.  

 
Genetic engineering and CRISPR/Cas9 for cold tolerance in soybeanGenetic engineering and CRISPR/Cas9 for cold tolerance in soybeanGenetic engineering and CRISPR/Cas9 for cold tolerance in soybeanGenetic engineering and CRISPR/Cas9 for cold tolerance in soybean    
    
While traditional breeding has been practiced for soybean improvement, with new biotechnological 

tools, breeders have engineered the soybean for various traits like resistance to insects, pathogens, and herbicides 
(Rahman et al., 2022). Genetic engineering (GE) methods such as transgenesis and gene silencing help to curtail 
the risks and enhance the resilience of soybean (Rahman et al., 2022). There is a dire need to improve genetic 
research to increase soybean production. One of the big reasons for genetic research on soybean is to increase 
its resistance to various stresses  (Naveed et al., 2022). Some bZIP genes in soybean were responsive to cold 
stress and improved the cold tolerance in transgenic Arabidopsis. The transgenic plants were more tolerant to 
freezing stress than normal plants (Liao et al., 2008). Likewise, transgenic Arabidopsis lines with overexpression 
of soybean genes, GmMYBJ1 showed tolerance to cold stress compared to wild-type plants (Su et al., 2014).  

 CRISPR/Cas9 has evolved as an influential tool that allows us to edit the desired gene in many crops, 
including soybeans (Figure 3). These advanced biotechnology tools are broadly utilized to increase crop 
production, quality, and yield, develop disease resistance, and are eco-friendly (Naveed et al., 2022). To increase 
the speed of molecular breeding, it is essential to exploit the gene pool of soybean genotypes. The first SoyBase 
was established in 1980 (United States Department of Agriculture (USDA) Soybean Genetics Database), 
which collected genetic resources for soybean, including genetic maps and information on Mendelian genetics 
(www.soybase.org (accessed on 22 January 2022). With efforts from numerous groups and investigators, the 
first soybean reference genome (Williams 82) was published in 2010, marking a new era in soybean research 
(Schmutz et al., 2010). 

 

 
Figure 3.Figure 3.Figure 3.Figure 3. The use of molecular breeding tools has successfully developed the cold tolerant cultivars in 
soybean. QTL mapping and GWAS have successfully identified the novel QTL/genes to develop 
susceptible cultivars. Identifying genes/TFs under cold stress conditions would be highly useful for 
improving molecular breeding programs. This Figure is created with Biorender.com. 
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 Genetic engineering has made significant progress in past years, and this tool is becoming more 
powerful, creating numerous benefits (Siddique, 2022). Through the novel capability to alter the genome of 
living organisms, genome manipulation tool has changed genetic and biological investigation. Genetic 
manipulation techniques first seemed in the 1990s, and different approaches for gene alterations were 
developed. CRISPR/Cas9 is a valuable gene editing technique based on the complementarity of the guide RNA 
(gRNA) to a precise sequence and the endonuclease action of the Cas9 (Siddique, 2022). This RNA-guided 
genome alteration technique has produced differences in plant biology fields. CRISPR technology is frequently 
improving, permitting more genetic alterations such as generating knockouts, specific changes, and targeted 
gene activation and repression (Siddique, 2022). The genome editings tools like transcription activator-like 
effector nucleases (TALENs) and zinc finger nucleases (ZFN) have many benefits but also have some 
disadvantages too (Hsu et al., 2014).   

Earlier studies reported the use of CRISPR/Cas9 for the development of soybean cultivars tolerant to 
drought (Zhong et al., 2022), pathogen (Fan et al., 2022), salinity stress (Wang et al., 2021) and heat stress 
(Huang et al., 2019), etc. Earlier, Zhong et al. (2022) used CRISPR/Cas9 to edit the soybean's drought 
tolerance gene, GmHdz4n. GmHdz4 expression was induced by drought stress. GmHdz4 gene in transgenic 
lines increased the growth in above-ground parts and root system architecture compared to non-transgenic 
lines (Zhong et al., 2022). Unfortunately, the use of CRISPR/Cas9 to enhance cold tolerance in soybean is 
rarely reported, and more studies are needed to make significant changes in the soybean genome. The large-
scale use of CRISPR/Cas9 is highly recommended to develop cold-tolerant soybean cultivars, which can thrive 
under low-temperature stress to sustain growth and yield. The above published studies are significant examples 
of CRISPR/Cas9 use in soybean.  

 
    
ConclusionsConclusionsConclusionsConclusions    
 
Cold stress is one of the most devastating abiotic stresses that curtail plant growth and development in 

large areas. The genetic mechanism of cold tolerance is complex and poses hindrances to expanding 
conventional breeding methods. Despite all of the efforts, cold stress is continuously deteriorating the soybean 
yield and quality because sufficient work has not been done to tackle the ongoing issue. Improving the genetic 
makeup of soybean is a powerful way to combat the rising threats of cold stress. We mentioned in this review 
that QTL mapping is one of the most robust ways to identify the potential genomic regions for cold tolerance 
in soybean. There are still many studies on this aspect. Future researchers should focus on developing novel 
mapping populations for QTL mapping and try to solve the challenges in QTL pyramiding. GWAS has been 
described as a powerful way to detect the traits marker association for abiotic stress tolerance in soybean. The 
genes mentioned above, QTL and SNP, should be used in the molecular breeding of soybean against cold stress. 
In the same way, genetic engineering helps to develop transgenic lines resistant to cold stress in soybean. TFs 
and transcriptome analyses have identified many genes and protein families involved in cold tolerance in 
soybean. Many of these genes are significantly associated with cold tolerance and must be used in a molecular 
breeding program.  

Genome editing technique like CRISPR/Cas9 has been used in many crops, but their applications to 
edit cold-tolerant genes are rarely reported.  In the same way, transgenic breeding has led to the development 
of cold-tolerant lines, and its use at a broad level would bring more success in molecular breeding. The use of 
new gene editing systems like, base editing (BE) and prime editing (PE) should be exploited to improve the 
efficiency of gene editing in soybean. The development of cold-tolerant soybean mutants will provide an in-
depth overview of the genetic improvement of the soybean genome; as this tool can edit the gene without any 
biological barrier. We can target the diverse genomes of species to bring any desired change in soybean. The 
exposure of soybean to different levels of cold stress and sequencing of the genome will be helpful in the 
characterization of cold-tolerant genomic regions and enhance their breeding applications. It will be more 
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beneficial to exploit the cold tolerance potential of wild soybean relatives as they thrive under harsh climatic 
conditions and contain novel stress-tolerant genes, which will serve as valuable genetic material for future 
breeding plans. Upcoming studies should also emphasize on improving soybean quality traits to maintain the 
existing nutritious values and increase its market significance. Soybean breeders can get significant clues and 
ideas from this review paper.  
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