
Rehman et al.,  J. Anim. Plant Sci., 34 (3) 2024 

 756 

EXPRESSION ANALYSIS OF COLD-RESPONSIVE GENES AND MECHANISMS 

INVOLVED DURING COLD STRESS IN SUGARCANE CELLULAR ORGANELLES 

S. U. Rehman1,*, K. Muhammad2, K. Osmonaliev1 M. Abdullah1, A. Nazira3 and M. U. Nurlanbek1. 

1Faculty of Medicine Ala-Too International University, 720048, Bishkek, Kyrgyzstan 

2Department of Biotechnology and Genetic Engineering, Hazara University Mansehra, Khyber Pakhtunkhwa, Pakistan 
3Department of Engineering and Informatics Ala-Too International University, 720048, Bishkek, Kyrgyzstan 

*Corresponding Author,s email: shafeeur.rehman@alatoo.edu.kg 

ABSTRACT 

Sugarcane is a major cash crops cultivated in tropical and subtropical regions around the globe. This crop is mainly 

considered cold sensitive, although some cultivars showed resistance to cold stress. The crops respond to cold stress in 

diverse mechanisms and among these mechanisms, genes expression is one of the significant biological pathways. Our 

goal was to study the involvement of gene expression in cell organelles and cognate targets in the tolerance to low 

temperatures in sugarcane. The results reported here indicated that 2,324 genes were found upregulated in cultivar GT08-

1108 organelles in a total of 5,649 upregulated genes, while 1,252 genes were found downregulated in a total of 3,289 

downregulated genes. Furthermore, the cultivar ROC22 gene expression analysis showed that a total of 2,223 genes were 

found upregulated in 5,558 total upregulated genes, while 1,449 genes were found downregulated in a total of 3,252 

downregulated genes. The gene expression analysis in both cultivars showed that during cold stress, the gene expression 

in the vacuole was found significantly downregulated. Hence, from these findings, we concluded that during cold stress, 

the most affected organelle is the vacuole. Collectively, our findings suggested that cold stress seriously affected cellular 

organelles in sugarcane. Hence, more research is needed to identify more cold tolerant cultivars using transcriptomics 

approaches in sugarcane, which could be significant for better production and quality of sugarcane.  
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INTRODUCTION 

 Sugarcane is one of the important cash crop 

cultivated among the tropical and subtropical region of 

the globe. The quality and production of the crop is 

seriously affected by various biotic and abiotic factors, 

among these cold stress is one of the significant factor 

affect the quality and yield of sugarcane worldwide 

(Lopez-carbonell et al., 1994). The response of plant to 

cold stimuli showed diverse mechanisms and pathways, 

among these cold responsive gene expression is the key 

pathways. The effect of cold stress lead disturbance in 

cell function and activity. Inside the cell the most affected 

organelles during cold stress is chloroplast, mitochondria 

and other organelles (Lopez-carbonell et al., 1994; 

Kratsch and Wise, 2000; Li et al., 2023; Li et al., 2023). 

However, recent research showed that some polar and 

alpine plants resisted cold stress on organelles level (Li et 

al., 2023). 

 The cloroplast, which are bound by a double 

membrane and contain stroma and a thylakoid system, 

are present in the cytoplasm of plants (Giełwanowska, 

2003; Giełwanowska et al., 2005; Giełwanowska and 

Szczuka, 2005; Chen et al., 2023 ). In chloroplast, a vast 

area is free, filled with stroma and long protrusion 

stromules (Holzinger et al., 2007a, b; Shaw and Gray, 

2011). Antarctic lichen algae mitochondria cells with 

similar chloroplast were observed (Giełwanowska and 

Olech, 2012). 

 A flowering plant native to the Antarctic region 

has a dense stroma and a well-organized system of 

internal membranes, which are the significant 

characteristics of mitochondria of mesophyll cells in 

these plants (Giełwanowska et al., 2005). Mesophyll cells 

of polar and alpine vascular plants have a dense matrix in 

mitochondria, chloroplast, and large peroxisome (Lütz 

and Engel, 2007). Crystalline protein structures have 

been found in the peroxisome matrix of polar Poaceae 

crops. (Giełwanowska et al., 2005). Most peroxisomes 

are spherical, although elongated and other shapes are 

also reported (Muench and Mullen, 2003). In flowering 

plants, mesophyll cells usually possess spherical nuclei, 

although they can also have different shapes. It has 
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become possible to examine unusual properties of cell 

nuclei, such as their capacity to form grooves and 

invaginations, using a variety of visualization techniques 

(Singh et al., 1998; Collings et al., 2000). 

 The plant body responds to environmental 

stresses in different ways, among them gene expression, 

physiological changes, and stop of transpiration. Gene 

expression is a complex mechanism involving gene 

expression that encodes proteins to give strength to the 

plant (Rehman et al., 2022). The effect of cold on crops 

could reduce yield and affect quality. Sacchareum hybrid 

is an economically significant crop, providing sugar and a 

rich source of biofuel (Rehman et al., 2022). The crop 

sugarcane is affected by the cold, which reduces yield 

quality (Rehman et al., 2019; Rehman et al., 2020). 

However, the response of sugarcane crops to cold 

depends on the magnitude of stress, time, temperature 

and gap of sugarcane harvesting (Rehman et al., 2020). 

Studying physiological and molecular changes in cells 

and their organelles is very important. Hence, new 

technologies have made studying plant response at the 

molecular level easier. The Next generation sequencing, 

omics and computational biology make it easier to 

understand the mechanism (Dharshini et al., 2016; 

Shiyun et al., 2018). The expression analysis of genes 

responsive to cold and the mechanisms involved in cold 

stress in sugarcane cellular organelles has not been 

specifically studied. As a result, we described the 

processes of cold-sensitive gene expression in sugarcane 

cellular organelles under cold stress in this study. 

MATERIALS AND METHODS 

Study Samples: In the current research, two sugarcane 

cultivars, ROC22 and GT08-1108, were selected. The 

RNA sequence (57.41) data of two selected sugarcane 

cultivars, ROC22 and GT08-1108, were downloaded 

from the Sequence Read Archives (SRA) NCBI database. 

In the previous study, Shiyun et al. (2018) experimented 

and mapped reads with reference transcriptome assembly. 

In the current analysis, the reads were mapped with 

Saccharum spontaneum genome derived from sugarcane 

variety AP85-441 (Zhang et al., 2018) (Figure 1). 

Experimental design: In the current study, the 

downloaded data of RNA sequence were further analyzed 

using different bioinformatics pipelines. The Raw RNA 

sequence data were analyzed using FASTQC and 

Trimmomatic software to remove low quality reads and 

adapters from the Transcriptomics data (Bolger et al., 

2014). In this study, the reads were mapped with the 

reference genome and aligned using STAR and HTseq 

software (Zhang et al., 2018). The number of reads from 

each library aligned in each gene was used as the 

measurement of gene expression levels. 

Data normalization and analysis of differential 

expression: Furthermore, the examination of differential 

expression analysis of Transcriptomics data was carried 

out using software edge R (Robinson et al., 2010). Data 

was filtered for normalization, and genes were counted 1 

per million for at least two excluded samples. Trimmed 

mean (TMM) software was used for normalization, 

equalization and minimizing high gene expression 

(Robinson and Oshlack, 2010). For differential 

expression analysis of genes in both control and stress 

treated samples, Fisher extract software was used 

(Robinson and Smyth, 2008). At the same time, 

conditional maximum likelihood (CML) was used for 

sequence analysis. For the significance analysis of the 

differential expression of genes, the False Discovery Rate 

(FDR) and P value were calculated.  

Gene enrichment analysis: After normalization and 

differential expression analysis of cold responsive genes 

in cell organelles, the genes expression was further 

investigated using Agrigo gene enrichment analysis (Tian 

et al., 2017). Enrichment and gene ontology of expressed 

genes were categorized into three categories: 1) 

Biological processes, 2) Molecular function and 3) 

Cellular components. 

 

 
Figure 1: Schematic view of experimental design and data analysis of cold-responsive gene expression in cell 

organelles in sugarcane. 
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RESULTS 

Differentially expressed genes associated with cold 

stress in cellular organelles of GT08-1108 and ROC 

22: In cultivar GT08-1108, 5,649 genes were upregulated 

during cold stress (Figure 2 and Table 1). Among these 

647 genes were differentially upregulated in the cell wall, 

405 in mitochondria, 1096 in the chloroplast, 347 in 

ribosomes, 996 in the nucleus, 733 in the plastid, 10 in 

the vacuole, 115 in the Golgi apparatus and 2324 in the 

Cytoplasm (Figure 2 and Table 1). While 3289 genes 

were found downregulated during cold stress in cultivar 

GT08-1108 (Figure 2). Among these, 71 genes were 

differentially downregulated in the cell wall, 297 in 

mitochondria, 620 in chloroplast, 28 in ribosomes, 306 in 

the nucleus, 619 in plastid, 163 in vacuole, 91 in Golgi 

apparatus and 1252 in the cytoplasm.  

 In cultivar ROC22, 5649 genes were found 

upregulated during cold stress. Among these, 554 genes 

were differentially upregulated in the cell wall, 408 in 

mitochondria, 602 in the chloroplast, 288 in ribosomes, 

1063 in the nucleus, 1587 in the plastid, 133 in the 

vacuole, 175 in the Golgiapparatus and 2223 in 

Cytoplasm (Figure 3 and Table 2). In ROC22, 3289 

genes were found downregulated during cold stress. 

(Table 2). Among these, 179 genes were differentially 

downregulated in the cell wall, 297 in mitochondria, 637 

in chloroplast, 62 in ribosomes, 289 in the nucleus, 1239 

in plastic, 26 in vacuole, 69 in Golgi apparatus and 1270 

in the cytoplasm. 

Table 1: Differentially expressed cold-responsive genes associated with cold stress in cellular organelles of 

sugarcane cultivar GT08-1108. 

 

Serial 

no 

Cell organelle  Upregulated genes Total upregulated 

genes 

Downregulated 

genes 

Total downregulated 

genes 

1 Cell wall 647 5649 71 3289 

2 Mitochondria  405 5649 297 3289 

3 Chloroplast  1096 5649 620 3289 

4 Ribosome  347 5649 28 3289 

5 Nucleus  996 5649 306 3289 

6 Plastid  733 5649 619 3289 

7 Vacuole  10 5649 163 3289 

8 Golgi apparatus  115 5649 91 3289 

9 Cytoplasm  2324 5649 1252 3289 

 

Table 2: Cold-responsive differentially expressed genes during cold stress in cellular organelles sugarcane of 

cultivar ROC22. 

 

Serial 

no 

Cell organelle  Upregulated 

genes 

Total upregulated 

genes 

Downregulated 

genes 

Total downregulated 

genes 

1 Cell wall 554 5649 179 3289 

2 Mitochondria  408 5649 297 3289 

3 Chloroplast  602 5649 637 3289 

4 Ribosome  288 5649 62 3289 

5 Nucleus  1063 5649 289 3289 

6 Plastid  1587 5649 1239 3289 

7 Vacuole  133 5649 26 3289 

8 Golgi apparatus  175 5649 69 3289 

9 Cytoplasm  2223 5649 1270 3289 
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Figure 2: Differentially expressed cold-responsive genes associated with cold stress in cellular organelles of 

sugarcane cultivars GT08-1108. 

 

 
Figure 3: Differentially expressed cold-responsive genes associated with cold stress in cellular organelles of 

sugarcane cultivars ROC22 

 

Gene ontology and enrichment study of Upregulated 

and downregulated genes in cellular organelles of 

GT08-1108 and ROC 22:Agrigo gene enrichment 

analysis was employed for gene ontology and enrichment 

research. Gene ontology and enrichment analysis were 

divided into cellular components, biological processes, 

and molecular functions.  

i. Cell wall: In our study, the cold-responsive gene 

in the cell wall showed that in cultivar GT08-1108, 647 

upregulated genes out of 5,649 were found in the cell 

wall. At the same time, the expressed genes were 

enriched in cell wall modification by enhancing 

metabolic processes of macromolecules and other 

essential organic compounds. While, 71 genes were 
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found downregulated in cell wall in cultivars GT08-1108. 

These genes were enriched in cell wall organization 

(Figure 4 and Figure 5). 

 In cultivar ROC22, 554 genes were found to be 

upregulated. At the same time, the expressed genes were 

enriched in cell wall modification by enhancing 

metabolic processes of macromolecules and other 

important organic compounds. Out of the 3289 

downregulated genes, 179 genes were downregulated in 

the cell wall in cultivar ROC22. These genes were 

enriched in cell wall organization (Figure 6 and Figure 7).  

ii. Mitochondria: In mitochondria, 405 out of 5649 

upregulated genes were recorded in cultivar GT08-1108. 

The gene enrichment analysis showed that these genes 

were significantly enriched in mitochondrial respiratory 

complexes assembly, mRNA modification, transport, 

protein modification, ribosome modification and 

management of mitochondrial outer and inner 

membranes. In comparison, 297 genes were found 

downregulated in mitochondria respectively, in 3289, 

total downregulated genes in cultivar GT08-1108. These 

genes were enriched in mitochondrial metabolic 

pathways and membrane organization (Figure 4 and 

Figure 5).  

 In our study, the effect of cold stress on 

mitochondria revealed that 408 out of 5649 upregulated 

genes were elevated in cultivar ROC22. The gene 

enrichment analysis showed that these genes were 

significantly enriched in mitochondrial respiratory 

complexes assembly, mRNA modification, transport, 

protein modification, ribosome modification and 

management of mitochondrial outer membrane and inner 

membrane. Out of the 3289 downregulated genes in 

cultivar ROC22, 297 genes were found downregulated in 

mitochondria. These genes were enriched in 

mitochondrial metabolic pathways and membrane 

organization (Figure 6 and Figure 7). 

iii. Chloroplast: Chloroplasts are double-membrane 

organelles found in plant cells that are responsible for 

photosynthesis. In this study, the gene expression 

analysis of cold responsive genes in chloroplast showed 

that 1096 genes were significantly expressed upregulated 

in total of 5,649 upregulated genes in cultivar GT08-

1108. These genes were enriched in managing 

chloroplasts, mostly stroma, thylakoid, membrane, and 

RNA processing. In cultivar GT08-1108, out of 3,289 

downregulated genes, 620 genes were found 

downregulated in the chloroplast. These genes were 

enriched in chloroplast organization (Figure 4 and Figure 

5). In cultivar ROC 22, 642 genes were found 

upregulated in chloroplast in 5,649 total upregulated 

genes. Meanwhile, in cultivar ROC 22, 637 

downregulated genes were found in the chloroplast out of 

3,289 downregulated genes. These expressed genes were 

enriched in chloroplast organization (Figure 6 and Figure 

7).  

Nucleus and Ribosome: The nucleus is the heart of the 

cell, contains heredity materials and controls all cell 

activity. In our study, in cultivar GT08-1108, 1096 genes 

were differentially expressed upregulated in a total of 

5,649 upregulated genes in nucleus. while in cultivar 

GT08-1108, 347 genes were expressed upregulated in 

ribosome out of 5649 total upregulated genes. At the 

same time, 28 genes in the ribosome and 306 genes the 

nucleus in a total of 3289 downregulated genes in cultivar 

GT08-1108. These genes were enriched in the nucleus 

and ribosome organization (Figure 4 and Figure 5).  

 In cultivar, ROC22, 288 genes in the ribosome 

and 1063 genes in the nucleus were found significantly 

expressed upregulated in a total of 5649 upregulated 

genes. In comparison, there were, 62 downregulated 

genes in the ribosome, and 289 downregulated genes in 

the nucleus, were recorded in total 3289 total 

downregulated genes. These expressed genes were 

enriched in ribosome orgonisation and nucleus 

orgonisation (Figure 6 and Figure 7). 

iv. Plastid, Vacuole, Golgi apparatus and 

cytoplasm: The gene expression in plastids during cold 

stress showed that 733 genes were upregulated in a total 

of 5649 upregulated genes in cultivar GT08-1108. These 

expressed genes were enriched in the organization of the 

plastid and enhancement of transcription from the plastid 

promoter. Furthermore, 10 genes were upregulated in 

vacuole, 115 genes were significantly upregulated in the 

Golgi apparatus, 2,324 were shown to be highly increased 

in the cytoplasm among 5,649 total upregulated genes in 

cultivar GT08-1108. Moreover, in plastid 619 genes were 

found downregulated, while in 163 genes were 

downregulated in Golgi complex, 91 genes were 

downregulated in vacuole and 1252 genes were found 

downregulated in cytoplasm in total 3289 downregulated 

genes in cultivar GT08-1108. (Figure 4 and Figure 5).  

 In cultivar ROC22, among 5649 total 

upregulated genes, 133 were expressed upregulated in 

vacuoles, 175 genes were significantly increased in the 

Golgi apparatus, 2223 genes had a significant 

upregulation in the cytoplasm. For the cultivar ROC22, 

there were 1239 downregulated genes in the plastid, 26 in 

the Golgi complex, 69 in the vacuole, and 1270 

downregulated genes in the cytoplasm, for a total of 3289 

downregulated genes (Figure 6 and Figure 7).
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Figure 4: Stacked Chart showed the Gene ontology and enrichment study of Differentially expressed Upregulated 

cold responsive genes in cellular organelles of sugarcane cultivar GT08-1108. 
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Figure 5: Stacked Chart showed the Gene ontology and enrichment study of Differentially expressed 

downregulated cold responsive genes in cellular organelles of sugarcane cultivar GT08-1108 
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Figure 6: Stacked Chart showed the Gene ontology and enrichment study of Differentially expressed upregulated 

cold responsive genes in cellular organelles of sugarcane cultivar ROC22. 
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Figure 7: Stacked Chart showed the Gene ontology and enrichment study of Differentially expressed 

downregulated cold responsive genes in cellular organelles of sugarcane cultivar ROC22 

 

DISCUSSION 

 Sugarcane is one of the important and major 

crops cultivated around the globe and a good source of 

biofuel and sugar (Rehman et al., 2020; Rehman et al., 

2022; Afghan et al., 2023). Climate change and global 

warming have affected crop productivity and quality 

worldwide. Among these factors, cold stress is one of the 

major ones that reduces the production and quality of 

sugarcane worldwide (Rehman et al., 2022; Härter et al., 

2023). The plant's response to these stresses in a diverse 

way among these gene expressions is one of the 

important biological pathways. The expression of these 

genes provides different mechanisms for plants to survive 

in cold stress (Rehman et al., 2022; Huang et al., 2023). 

In plant cell, the chloroplast, Mitochondria, vacuole and 

other organelle are the significant structures responsible 

for photosynthesis, turgidity, energy production and 
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protein synthesis, and these organelles are seriously 

affected during cold stress (Lütz et al., 2012).  

 This study was conducted in sugarcane for the 

first time to understand the mechanism of gene 

expression in cellular organelles. We evaluated the gene 

expression analysis of cold-responsive genes in sugarcane 

(ROC22 and GT08-1108) cellular organelles during cold 

stress. In cultivar GT08-1108, 5649 genes were found to 

be differentially expressed and upregulated during cold 

stress, while 3,289 were found downregulated. During 

cold stress the most affected organelle is chloroplast 

(Holzinger et al., 2007a, b). Still, in our study, the 

expression of genes in chloroplast was found to be higher 

(Giełwanowska and Olech, 2012). In the chloroplast, 

1096 genes were found to be upregulated, while 620 

genes were found to be downregulated (Giełwanowska, 

2003; Giełwanowska et al., 2005; Giełwanowska and 

Szczuka, 2005; Holzinger et al., 2007a, b; Shaw and 

Gray, 2011). In plastid, 733 genes were upregulated, and 

619 were found to be downregulated. In ROC22, 5649 

genes were found differentially expressed and 

upregulated during cold stress, while 3,289 were found to 

be downregulated. In ROC22, the gene expression in 

chloroplast was downregulated, 602 genes were 

upregulated, while 637 genes were downregulated, while 

in the plastid, 1587 genes were upregulated, and 1239 

were downregulated. In GT08-1108, the gene expression 

in the vacuole was found downregulated, 10 genes were 

upregulated while 163 genes were found downregulated. 

In ROC22, 133 genes were upregulated, and 26 genes 

were downregulated (Kratsch and Wise, 2000; Zeng et 

al., 2023). 

 Furthermore, the gene expressions in other 

cellular organelles were upregulated; in mitochondria, 

405 genes were upregulated, 297 genes were 

downregulated in GT08-1108, 408 upregulated genes and 

297 downregulated genes were found in ROC22. In the 

cytoplasm, GT08-1108 had 2324 upregulated genes and 

1252 downregulated genes, whereas ROC22 contained 

2223 upregulated and 1270 downregulated genes 

(Giełwanowska and Szczuka, 2005).  

 In response to low temperatures, plants undergo 

various cellular, molecular, physiological, and 

biochemical changes to cope with stress, including gene 

expression (Zhu et al., 2007). In our study, the activity of 

cold-responsive genes in the cell wall, ribosome, golgi 

apparatus and nucleus were significantly upregulated. In 

response to low temperatures, plants undergo various 

cellular, molecular, physiological, and biochemical 

changes to cope with stress, including gene expression 

(Zhu et al., 2007). In our study, the activity of cold-

responsive genes in the cell wall, Ribosome, Golgi 

apparatus and nucleus were significantly upregulated. 

The expressed genes were enriched in cell wall 

orgonisation, mitochondrial orgonisation and 

enhancement of metabolic activities, nucleus orgonisation 

and expression of cold tolerance genes, synthesis of cold 

tolerant protein, and chloroplast organization. 

Summary of the experiment: In this study, we utilized 

the RNA sequence data of two sugarcane cultivars 

ROC22 and GT08-1108. The sequence data was retrieved 

from SRA NCBI database. Insilco analysis was carried 

out to investigate the differential expression analysis of 

cold-responsive genes in sugarcane cell organelles. This 

study was the first study conducted to investigate the 

cold-responsive gene expression in sugarcane cell 

organelles during cold stress. The results of this study 

showed that gene expression was found to be highly 

upregulated in cellular organelles like chloroplasts and 

mitochondria and within the cytoplasm. Still, we 

observed that the gene expression in the vacuole was 

found downregulated. Hence, it concluded that the most 

affected organelle in this study is the vacuole, and this 

effect can lead the cell to lose turgidity and could affect 

the growth and production of the sugarcane crop. The 

current study provided some significant insights for 

future sugarcane breeding programs. 

Data availability: All the data is available in the 

manuscript. 
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