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Abstract NAC is one of the unique transcription factor families in plants, which plays an important regulatory role in response 
to abiotic stress. In this study, a NAC transcription factor gene StNAC2 was cloned in potato ‘Yunshu 505’ by RT-PCR. Sequence 
analysis showed that the ORF of StNAC2 gene was 876 bp, encoding 291 amino acids, including a conserved Nam domain with a 
molecular weight of 33.585 12 kD, a theoretical isoelectric point of 7.04, an instability coefficient of 50.33 and an average 
hydrophilic number of -0.660. Protein prediction results showed that StNAC2 protein is an unstable hydrophilic protein with no 
signal peptide and transmembrane domain, which can be expressed in both cytoplasm and mitochondria. Homology comparison 
and phylogenetic tree analysis showed that StNAC2 gene is closely related to Capsicum annuum and Nicotiana tabacum. 
Spatio-temporal expression results showed that the expression of StNAC2 gene was different in tissue, the expression of StNAC2 
gene was higher in leaves than in stems. The expression of StNAC2 gene was induced under cadmium stress, and reached the 
maximum value at 50 mg/kg, but decreased significantly after being treated with 100 mg/kg cadmium, indicating that the 
expression of StNAC2 gene was inhibited under high concentration stress and StNAC2 gene could involve in cadmium stress. The 
results lay the foundation for dissecting the molecular mechanism of StNAC2 gene involved in Cd stress response. 
Keywords Potato (Solanum tuberosum); StNAC2; Transcription factor; Gene cloning; Expression analysis 

Cadmium stress has significant effects on plant growth and development, yield, and quality (Ismael et al., 2019). 
When plants are subjected to stress, they will start the defense regulation of adverse environment by regulating the 
expression of related genes. Transcription factors can regulate the expression of downstream genes by binding to 
the cis-acting elements of specific genes, thus enhancing the tolerance of plants to stress (Chen et al., 2019). It has 
been found that NAC transcription factor (NAM, ATAF1/2, CUC2) is one of the plant-specific regulatory proteins 
(Zhu et al., 2014), which plays an important role in plant growth and development processes such as seed 
germination, lateral root formation, leaf senescence, cellulose synthesis, and secondary cell wall growth 
(Balazadeh et al., 2010; Yang et al., 2011a; Zhao et al., 2014). Overexpression of PopNAC122 gene in poplar 
(Populus L) reduced height growth and showed reductions in cell size and number (Grant et al., 2010). While the 
overexpression of MpSNAC67 gene in banana (Musa nana Lour) showed reductions in leaf area of transgenic 
banana lines (Tak et al., 2018). At the same time, some studies have shown that overexpression of TaNAC47 in 
Arabidopsis thaliana can improve the tolerance of transgenic plants to drought, salt and freezing stress (Zhang et 
al., 2015). Both SlNAC1 and SLNAM1 in tomato (Lycopersicon esculentum) were induced by salt stress (Yang et 
al., 2011b). Overexpression of CmNAC14 in melon (Cucumis melo L.) increased the sensitivity of melon seedlings 
to salt stress and inhibited the growth of melon seedlings under salt stress (Wei et al., 2016). By constructing 
HaNAC2 transgenic tobacco and studying its biological functions, it was found that the expression of HaNAC2 
increased the resistance of transgenic tobacco to drought, salt and cold stress (Ren, 2016). The expression analysis 
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of StNAC72 gene in potato after drought and rewatering showed that StNAC72 gene may be involved in the signal 
transduction process of drought and water stress (Gong et al., 2016). The analysis of NAC transcriptome data of 
potato by high-throughput sequencing showed that StNAC 072 and StNAC 101 were orthologs of stress response 
Arabidopsis thaliana to dehydration response 26 (RD26) (Singh et al., 2013). It has also been reported that the 
regulation of plants in osmotic stress was controlled by regulating the expression of StNAC262 gene in potato 
(Zhang et al., 2018). Although NAC transcription factor has been widely studied in different crops, the response of 
this gene to heavy metals is still unclear. 

In this study, a NAC transcription factor gene StNAC2 was excavated and cloned from the previous transcriptome 
sequencing data of our group using potato ‘Yunshu 505’ as the material. The coding sequence characteristics of 
StNAC2 were analyzed, and the gene expression patterns in different tissues and different concentrations under Cd 
stress were studied, so as to provide a theoretical basis for revealing the molecular mechanism of StNAC2 
response to stress in potato. 

1 Results and Analysis 
1.1 Cloning and sequence analysis of NAC2 gene of potato (Solanum tuberosum L) 
Potato leaf cDNA was used as template for PCR amplification. The amplified products were detected by 1% 
agarose gel electrophoresis, and the segment of about 800 bp was obtained (Figure 1), which was consistent with 
the expected. The target segment was recovered and purified, ligated with pMD19-T vector, and transformed into 
competent cells of E. coil DH5α. The positive clones of the transformed products were screened by colony PCR 
and sent to Sangon Biotech (Shanghai) for sequencing. Sequencing analysis showed that there was a complete 
ORF with a length of 876 bp encoding 291 amino acids (Figure 2). There was a highly conserved NAM domain 
between the 22nd and 390th amino acids at the N-terminal, indicating that StNAC2 belonged to the NAC family 
transcription factor. ProtParam predicted the physical and chemical properties of StNAC2 protein were as follows: 
the relative molecular weight of StNAC2 protein was 33.58 512 kD, the theoretical isoelectric point (pI) was 7.04, 
the molecular formula was C1513H2297N397O443S14, the fat coefficient was 63.68, and the instability coefficient was 
50.33. StNAC2 was an unstable hydrophilic protein with the average hydrophilicity (GRAVY) of -0.660. 
Subcellular localization predicted that StNAC2 was mainly located in the cytoplasm and mitochondria, and there 
was no signal peptide and transmembrane domain. It was speculated that the protein was a non-secretory protein.  

 
Figure 1 StNAC2 PCR amplification product 
Note: M: DL 2000 Marker; 1: PCR product 
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Figure 2 Nucleotide and amino acid sequence of StNAC2 

1.2 Analysis of StNAC78 protein structure and evolution 
It is predicted by SOPMA that the secondary structure of StNAC2 protein was mainly random coil structure 
(65.64%), followed by α-helix (16.84%) and extension strand (14.78%) (Figure 3A). SWISS-MODEL was used to 
construct the three-dimensional structural model, and the similarity with the database model was 74.53% (>50%), 
indicating that it can be used as a structural model for further analysis (Figure 3B). 

 
Figure 3 Prediction of secondary structure (A)and tertiary structure of StNAC2 protein(B) 
Note: Blue: α-helix; Red: Extension strand; Green: β-turn; Purple: Random coil 
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The amino acid sequences of StNAC2 were compared with other plants on NCBI (Figure 4), and the protein 
sequences with high homology among species were selected to construct the phylogenetic tree (Figure 5). The 
results showed that the amino acid sequences of potato StNAC2 protein were highly consistent with those of 
Capsicum annuum L, Nicotiana tabacum L, Ricinus communis L, Petunia hybrida, Diospyros kaki Thunb, 
Camellia sinensis, Pistacia chinensis Bunge, Gossypium spp, Gossypium hirsutum Linn, Populus euphratica, 
Jatropha curcas L, and Hevea brasiliensis published on GenBank, and the similarity was more than 70%, 
indicating that NAC2 protein is highly conservative in the process of species evolution. Phylogenetic tree showed 
that potato StNAC2 had the closest relationship with pepper protein, with a similarity of 85.67%. It was also 
clustered with Nicotiana tabacum and belonged to Solanaceae plants, indicating that the protein source homology 
between the same family and genus was higher, and it was speculated that the protein function was the most 
similar.  

 
Figure 4 Multiple alignment of StNAC2 amino acid sequence with other plants 
Note: Black shadow indicates the conservative NAC domain in the sequence. Other sequences are marked by red and blue shadow 
according to the degree of conservatism. The consistent sequences are listed below. The first line represents StNAC2 protein 
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Figure 5 Phylogenetic tree of StNAC2 protein homologous sequence 

1.3 Relative expression analysis of StNAC2 gene in response to Cd stress 
Under Cd stress, the expression of StNAC2 gene in leaves was up-regulated with the increase of stress 
concentration and reached the maximum with the treatment of 50 mg/kg, which was 9.56 times higher than that of 
the control. But it was significantly down-regulated at high concentration of 100 mg/kg. The expression of 
StNAC2 gene in stem was the same as that in leaves. It was significantly up-regulated under 50 mg/kg treatment, 
which was 1.76 times higher than that in the control, and significantly down-regulated under 100 mg/kg treatment, 
indicating that the expression of StNAC2 gene increased gradually with the increase of stress concentration, but 
the expression of NAC2 gene was inhibited under high concentration of 100 mg/kg stress (Figure 6). It was 
speculated that StNAC2 has a certain response and regulation to Cd stress. 

 
Figure 6 Expression of StNAC2 gene in different tissues and treatments 
Note: The relative expression of StNAC2 gene in stem and leaf is significantly different(p<0.05) 

2 Discussion 
In this study, StNAC2 gene was cloned from potato leaves by homologous cloning technology. Analysis results 
showed that the open reading frame (ORF) was 876 bp, encoding 291 amino acids, including a conserved NAM 
domain, belonging to the NAM subfamily of NAC family members. Prediction of subcellular localization is 
helpful to infer protein function (Yu et al., 2006). In this study, we predicted that StNAC2 protein was mainly 
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localized in cytoplasm and mitochondria through subcellular localization, and the protein did not contain signal 
peptide and no transmembrane domain. Through the comparison of similar amino acid sequences among species, 
it was found that the similarity of NAC2 protein with Capsicum annuum, Nicotiana tabacum, Petunia hybrida, 
Diospyros kaki Thun, Camellia sinensis, Pistacia chinensis Bunge, Gossypium spp, Gossypium hirsutum Linn, 
Populus euphratica, Ricinus communis, Jatropha curcas and Hevea brasiliensis was more than 70%, indicating 
that NAC2 protein was highly conserved. Phylogenetic tree analysis showed that StNAC2 had the highest 
similarity with pepper protein, with the similarity of 85.67%. StNAC2 was clustered with tobacco, which 
belonged to Solanaceae plants, indicating that the protein source homology was higher, and the protein function 
was the closest between the same family and genus. Tissue specificity analysis by fluorescence quantitative PCR 
showed that StNAC2 gene was expressed in stems and leaves under Cd stress, but there was significant different. 
The expressions of StNAC2 gene in stems and leaves were reached the maximum with the treatment of 50 mg/kg, 
which were 1.76 times and 9.56 times higher than those of the control, respectively. The expression of StNAC2 
gene decreased rapidly under 100 mg/kg treatment in stems and leaves, indicating that the StNAC2 gene was 
induced by Cd stress, and the expression increased with the increase of concentration. But the gene expression 
was inhibited under high concentration of 100 mg/kg stress. It was speculated that StNAC2 has a certain response 
and regulation to Cd stress. The results of this study were similar to those of Du et al. (2020). The expression 
pattern of Secale cereale AmeNACs in stem tissue induced by Cd was more than 5 times higher than that of the 
control, and the expression was significantly inhibited when the final concentration was 100 µmol/L. As one of 
the largest transcription factors in plant family, NAC family members are mostly inducible transcription factors 
(Zong et al., 2019). In recent years, it has made some progress in identifying potential stress-related genes that can 
improve the tolerance of plants to abiotic stress. Transgenic rice plants overexpressing OsNAC6 showed slow 
growth and low reproductive yield, and good tolerance to dehydration and high salt stress, strong resistance to rice 
blast as well (Nakashima et al., 2007). The overexpression of tobacco SlNAC35 promoted root growth and 
development under drought and salt stress, and improved resistance to bacterial pathogens (Wang et ai., 2016). 
The overexpression of TaNAC2 enhanced the tolerance of Arabidopsis to drought, salt and freezing stresses (Mao 
et al., 2012). The expression level of CSNAC019 gene in cucumber was significantly up-regulated under 300 
μmol/L Cd stress. Based on the current studies on NAC transcription factor response to abiotic stress, most studies 
focused on drought resistance and salt tolerance (Hong et al., 2016), cold resistance (Zhao et al., 2016; Yang et al., 
2015), heat resistance (Shahnejatbushehri et al., 2012), germination rate (Li et al., 2016), proliferation lateral root 
growth, leaf relative water content, cell membrane stability, total chlorophyll content, proline and soluble sugar 
content etc. (Pandurangaiah et al., 2014). Few studies were conducted on resistance to heavy metal stress. 
Therefore, the research on NAC transcription factor response to Cd stress was also particularly important. 

In this study, the potato StNAC2 gene was preliminarily analyzed, which provided basic theoretical knowledge for 
the follow-up development of gene function. The specific function and mechanism of action of StNAC2 gene are 
still unclear. It is necessary to further verify its function and clarify its mechanism through experiments. In the 
later stage, overexpression vector and gene silencing vector were constructed to further study the molecular 
mechanism of StNAC2 gene in response to Cd stress through genetic transformation, and further verify the 
regulatory mechanism and function of StNAC2 gene in response to Cd stress. 

3 Materials and Methods 
3.1 Experimental materials and treatments 
The seeds of potato ‘Yunshu 505’ were collected from the Experimental Base in Weining County, Guizhou 
Province (103°36'~104°45'E, 26°36'~27°26'N) and carried out pot experiment. The concentrations of Cd stress 
were set as 0, 10, 20, 50 and 100 mg/kg, respectively, and three pots were planted in each treatment. The pots 
were evenly mixed into the soil a week to be deposited, the potato was planted. The daily water and fertilizer 
management was carried out, and the plants grew until the functional leaves were fully expanded for sampling. 
Then it was quickly frozen with liquid nitrogen and stored in an ultra-low temperature refrigerator (−80°C) for 
further use. Plant total RNA extraction kit, purification recovery kit, PCR amplification enzyme, DNA Marker, 
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Loading Buffer, PCR amplification enzyme were purchased from TransGen Biotech. E.coli DH5α competent cells, 
cloning vector pMD19-T vector and Taq DNA polymerase were purchased from Takara Bio (Beijing). The 
primers were synthesized with the help of Sangon Biotech (Shanghai). 

3.2 Total RNA extraction and cDNA synthesis 
The total RNA, extracted by Trizol method, was used as a template for reverse transcription into cDNA. The 
following components were successively added to the DEPC water-treated tubules: Total RNA 5 μL, 5 x 
TransScript All in-one Super Mix for PCR 4 µL, RNase-free Water 11 µL, with a total volume of 20 μL. After 
gently mixing and incubating at 25℃ for 10 min, 42℃ for 30 min, and 85℃ for 5 s by PCR, respectively, and the 
first strand cDNA was synthesized. 

3.3 Cloning of StNAC2 gene 
The full-length gene and ORF sequence were found in NCBI using the NAC transcription factor coding gene ID 
number (LOC102585728) in transcriptome sequencing data. Primer 5.0 was used to design specific primers, 
fluorescent quantitative primers and Actin primers for amplifying the gene ORF (Table 1). Potato cDNA was used 
as template for PCR amplification with 25 μL PCR reaction system: cDNA 1 μL, each primer 1 μL, 2 x 
TransTaqPCR Super Mix Ⅱ 12.5 µL, ddH2O 9.5 μL. PCR reaction procedure was as follows: Pre-denaturation at 
94℃ for 3 min, denaturation at 94°C for 30 s, annealing at 50°C for 30 s, extension at 72℃ for 1.5 min, 35 
cycles, and finally preservation at 72℃ for 5 min, preservation at 4℃. After 1% agarose gel electrophoresis, the 
target band was recovered, and the PCR product was ligated to the cloning vector pMD19-T vector and 
transformed into E.coli DH5 α competent cells. After PCR identification, the positive clones were selected and 
sent to Sangon Biotech (Shanghai) for sequencing. 

Table 1 List of PCR primer sequence 

The name of the primer Primer sequence (5’→3’) 

StNAC2-F AGTAATGGTGGAATTGCAAT 
StNAC2-R CCCCACTTAAAACGGCTT 
qRT-PCR-StNAC2-F GAGCTGCGGGAAATGGATAT 
qRT-PCR-StNAC2-R TGCCTGCGTAAAACACCAAA 
Actin-F GCTTCCCGATGGTCAAGTCA 
Actin-R GGATTCCAGCTGCTTCCATTC 

3.4 Analysis of sequence biological information 
The open reading frame of the cloned sequence was analyzed with the help of the ORF Finder 
(https://www.ncbi.nlm.nih.gov/orffinder) provided by NCBI and the amino acid sequence of StNAC2 gene was 
deduced. The conserved domain of the gene was predicted with the help of the software 
(https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) in NCBI. ProtParam (http://web.expasy.org/protparam/) 
was used to analyze the number of amino acids, relative molecular weight, theoretical PI value, amino acid 
composition, the number of positively and negatively charged residues, atomic composition, molecular formula, 
total atomic number, extinction coefficient, half-life, fat coefficient, instability coefficient and total average 
hydrophilicity of the protein. Software (http://web.expasy.org/cgi-bin/protscale/protscale.pl) was used to analyze 
the hydrophilicity and hydrophobicity of the StNAC2 protein. Software 
(https://npsa-prabi.ibcp.fr/cgi-bin/secpred_sopma.pl) was used to perform the prediction of protein secondary 
structure. SWISS-MODEL (https://swissmodel.expasy.org/) was used to predict and draw protein tertiary structure 
model. DNAMAN7.0 was used for multi-sequence alignment, and MFGA7 (Neighbor-Joiningling proximity 
method) was used to construct the phylogenetic tree. 

3.5 Expression analysis of NAC2 gene in potato 
StNAC2 fluorescent primers were designed, and Actin was used as reference gene (Table 1) for semi-quantitative 
analysis by SYBR Green method. Using 25 μL reaction system: cDNA 2 μL, forward and reverse primers 1 μL, 
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respectively, qPCR MasterMix 12.5 μL, ddH2O 8.5 μL. The amplification procedure was as follows: 95°C for 3 
min, 95°C for 15 s, 40 cycles, 60°C for 40 s. Three biological replicates were designed, and the expression levels 
of the target gene under different treatments and tissues were calculated with the help of 2-(ΔΔct) (Bai et al., 2015). 
Fluorescence quantitative data were analyzed by Excel and SPSS software.  

Authors’ Contributions 
MLL is the experimental designer and executor of this study. HGD participated in data analysis and the writing of the first draft. TWJ, 
HY, and LDD participated in the experimental design and the analysis of experimental results. HTB is the designer and director of the 
project, guiding experimental design, data analysis, paper writing and revision. All authors read and approved the final manuscript. 

Acknowledgments 
This study was supported by the National Natural Science Foundation of China-Karst Science Research Center of the People’s 
Government of Guizhou Province (U1612442) and the Project of Top Disciplines Biology Construction in Guizhou Province (GNYL
［2017］009). 

References 
Bai R.Y., Lu J.X., Huang X.L., Yuan Z.H., Gao T.S., and Zhang T., 2015, Cloning and expression analysis of FAD3 from Perilla frutescens, Fenzi Zhiwu 

Yuzhong (Molecular Plant Breeding), 13(12): 2728-2735 
Balazadeh S., Siddiqui H., Allu A.D., Matallanaramirez L.P., Caldana C., Mehrnia M., Zanor M., Köhler B., Mueller-Roeber B., 2010, A gene regulatory 

network controlled by the NAC transcription factor ANAC092/AtNAC2/ORE1 during salt-promoted senescence, Plant J., 62(2): 250-264 
https://doi.org/10.1111/j.1365-313X.2010.04151.x 
PMid:20113437 

Chen W., Tang R.D., Dong F.X., and Yang Y.T., 2019, Toxic effects of heavy metals on plants and detoxification mechanismof plants, Jiangsu Nongye Kexue 
(Jiangsu Agricultural Sciences), 47(4): 34-38  

Du X.Y., He F., Zhu B., Ren M.J., and Tang H., 2020, NAC transcription factors from Aegilops markgrafii reduce cadmium concentration in transgenic wheat, 
Plant and Soil, 449(4): 1-12 
https://doi.org/10.1007/s11104-019-04419-w 

Grant E.H., Fujino T., Beers E.P., and Brunner A.M., 2010, Characterization of NAC domain transcription factors implicated in control of vascular cell 
differentiation in Arabidopsis and Populus, Planta, 232(2): 337-352 
https://doi.org/10.1007/s00425-010-1181-2 
PMid:20458494 

Gong L., Gan X.Y., Zhang L., Chen Y.C., Nie F.J., Shi L., Guo Z.Q., and Song Y., 2016 Cloning and function analysis of the StNAC72 gene from potato 
(Solanum tuberosum), Fenzi Zhiwu Yuzhong (Molecular Plant Breeding), 14(10): 2589-2595 

Hong Y.B., Zhang H.J., Huang L., Li D.Y., and Song F., 2016, Overexpression of a stress-responsive NAC transcription factor gene ONAC022 improves 
drought and salt tolerance in rice, Front. Plant Sci., 7: 4 
https://doi.org/10.3389/fpls.2016.00004 

Ismael M.A., Elyamine A.M., Moussa M.G., Cai M., Zhao X., and Hu C., 2019, Cadmium in plants: uptake, toxicity, and its interactions with selenium 
fertilizers, Metallomics, 11(2): 255-277 
https://doi.org/10.1039/C8MT00247A 
PMid:30632600 

Li X.D., Zhuang K.Y., Liu Z.M., Yang D.Y., Ma N.N., and Meng Q.W., 2016, Overexpression of a novel NAC-type tomato transcription factor, SlNAM1, 
enhances the chilling stress tolerance of transgenic tobacco. J. Plant Physiol., 204: 54-65 
https://doi.org/10.1016/j.jplph.2016.06.024 
PMid:27518221 

Mao X.G., Zhang H.Y., Qian X.Y., Li A., Zhao G.Y., and Jing R.L., 2012, TaNAC2, a NAC-type wheat transcription factor conferring enhanced multiple abiotic 
stress tolerances in Arabidopsis, J. Exp.Bot., 63(8): 2933-2946 
https://doi.org/10.1093/jxb/err462 
PMid:22330896 PMCid:PMC3350912 

Nakashima K., Tran L.P., Van Nguyen D., Fujita M., Maruyama K., Todaka D., Ito Y., Hayashi N., Shinozaki K., and Yamaguchi-shinozaki K., 2007, Functional 
analysis of a NAC-type transcription factor OsNAC6 involved in abiotic and biotic stress-responsive gene expression in rice, Plant J., 51(4): 617-630 
https://doi.org/10.1111/j.1365-313X.2007.03168.x 
PMid:17587305 

Pandurangaiah, M., Rao, G. L., Sudhakarbabu, O., Nareshkumar, A., Kiranmai, K., Lokesh, U., Thapa G., and Sudhakar C., 2014, Overexpression of horsegram 
(Macrotyloma uniflorum Lam.Verdc.) NAC transcriptional factor (MuNAC4) in groundnut confers enhanced drought tolerance, Mol. Biotechnol., 56(8): 
758-769 
https://doi.org/10.1007/s12033-014-9754-0 

https://doi.org/10.1111/j.1365-313X.2010.04151.x
https://doi.org/10.1007/s11104-019-04419-w
https://doi.org/10.1007/s00425-010-1181-2
https://doi.org/10.3389/fpls.2016.00004
https://doi.org/10.1039/C8MT00247A
https://doi.org/10.1016/j.jplph.2016.06.024
https://doi.org/10.1093/jxb/err462
https://doi.org/10.1111/j.1365-313X.2007.03168.x
https://doi.org/10.1007/s12033-014-9754-0


 
 

 

Molecular Plant Breeding 2022, Vol.13, No.13, 1-9 
http://genbreedpublisher.com/index.php/mpb 

 
 

9 

Ren C., 2016, Research on fruit development morphology, seedling drought stress transcriptome and function of HaHSFA1 and HaNAC2 genes of Haloxylon 
ammodendron, doctoral dissertation, Dissertation for Ph.D., Nanjing Agricultural University, tutor: Ma H., pp.84-85  

Singh A.K., Sharma V., Pal A.K., Acharya V., and Ahuja P.S., 2013, Genome-wide organization and expression profiling of the NAC transcription factor family 
in potato (Solanum tuberosum L.), DNA Research, 20(4): 403-423. 
https://doi.org/10.1093/dnares/dst019 
PMid:23649897 PMCid:PMC3738166 

Shahnejatbushehri S., Muellerroeber B., & Balazadeh, S.,2012, Arabidopsis NAC transcription factor JUNGBRUNNEN1 affects thermomemory-associated 
genes and enhances heat stress tolerance in primed and unprimed conditions, Plant Signal. Behav, 7(12): 1518-1521 
https://doi.org/10.4161/psb.22092 
PMid:23073024 PMCid:PMC3578882 

Tak H., Negi S., Gupta A., and Ganapathi T.R., 2018, A stress associated NAC transcription factor MpSNAC67 from banana (Musa×paradisiaca) is involved in 
regulation of chlorophyll catabolic pathway, Plant Physiology and Biochemistry, 132: 61-71 
https://doi.org/10.1016/j.plaphy.2018.08.020 
PMid:30172854 

Wang G.D., Zhang S., Ma X.C., Wang Y., Kong F.Y., and Meng Q.W., 2016, A stress‐associated NAC transcription factor (SlNAC35) from tomato plays a 
positive role in biotic and abiotic stresses, Physiologia Plant., 158(1): 45-64 
https://doi.org/10.1111/ppl.12444 
PMid:26991441 

Wei S., Gao L., Zhang Y., Zhang F., Yang X., and Huang D., 2016, Genome-wide investigation of the NAC transcription factor family in melon (Cucumis melo 
L.) and their expression analysis under salt stress, Plant Cell Reports, 35(9): 1827-1839 
https://doi.org/10.1007/s00299-016-1997-8 
PMid:27229006 

Yang R., Deng C., Ouyang B., and Ye Z., 2011a, Molecular analysis of two salt-responsive NAC-family genes and their expression analysis in tomato, Mol. 
Biol. Rep., 38(2): 857-863 
https://doi.org/10.1007/s11033-010-0177-0 
PMid:20443064 

Yang S., Seo P.J., Yoon H., and Park C., 2011b, The Arabidopsis NAC transcription factor VNI2 integrates abscisic acid signals into leaf senescence via the 
COR/RD Genes, The Plant Cell, 23(6): 2155-2168 
https://doi.org/10.1105/tpc.111.084913 
PMid:21673078 PMCid:PMC3160032 

Yang X.W., Wang X., Ji L., Yi Z.L., Fu C.X., Ran J.C., Hu R.B., Zhou G.K., 2015, Overexpression of a Miscanthus lutarioriparius NAC gene MlNAC5 confers 
enhanced drought and cold tolerance in Arabidopsis, Plant Cell Reports, 34(6): 943-958 
https://doi.org/10.1007/s00299-015-1756-2 
PMid:25666276 

Yu C., Chen Y., Lu C., and Hwang J., 2006, Prediction of protein subcellular localization. Proteins, 64(3): 643-651 
https://doi.org/10.1002/prot.21018 
PMid:16752418 

Zhang L., Yao L., Zhang N., Yang J.W., Zhu X., Tang X., Calderón-Urrea A., and Si H.J., 2018, Lateral root development in potato is mediated by stu-mi164 
regulation of NAC transcription factor, Front. Plant Sci., 9: 383 
https://doi.org/10.3389/fpls.2018.00383 
PMid:29651294 PMCid:PMC5884874 

Zhang L., Zhang L., Xia C., Zhao G., Jia J., and Kong X., 2015, The novel wheat transcription factor TaNAC47 enhances multiple abiotic stress tolerances in 
transgenic plants,  Front. Plant Sci., 6: 1174-1174 
https://doi.org/10.3389/fpls.2015.01174 

Zhao, X., Yang, X., Pei, S., He, G., Wang, X., Tang, Q., ... & Zhou, G., 2016, The Miscanthus NAC transcription factor MlNAC9 enhances abiotic stress 
tolerance in transgenic Arabidopsis.. Gene, 586(1), 158-169. 
https://doi.org/10.1016/j.gene.2016.04.028 
PMid:27085481. 

Zhao Y., Sun J., Xu P., Zhang R., and Li L., 2014, Intron-mediated alternative splicing of WOOD-ASSOCIATED NAC TRANSCRIPTION FACTOR1B 
regulates cell wall thickening during fiber development in populus species, Plant Physiol., 164(2): 765-776 
https://doi.org/10.1104/pp.113.231134 

Zhu M., Chen G., Zhou S., Tu Y., Wang Y., Dong T., and Hu Z., 2014, A new tomato NAC (NAM/ATAF1/2/CUC2) transcription factor, SlNAC4, functions as a 
positive regulator of fruit ripening and carotenoid accumulation, Plant and Cell Physiol., 55(1): 119-135 
https://doi.org/10.1093/pcp/pct162 

Zong X.F., Liu S., Liu H., Yao Z.P., Wang B., Ren Y.P., and Zhang H., 2019, Expression analysis and anti stress function identification of Haloxylon HaNAC2, 
Xibei Nongye Xuebao (Journal of Northwest Agriculture), 28 (8): 1317-1325  

https://doi.org/10.1093/dnares/dst019
https://doi.org/10.4161/psb.22092
https://doi.org/10.1016/j.plaphy.2018.08.020
https://doi.org/10.1111/ppl.12444
https://doi.org/10.1007/s00299-016-1997-8
https://doi.org/10.1007/s11033-010-0177-0
https://doi.org/10.1105/tpc.111.084913
https://doi.org/10.1007/s00299-015-1756-2
https://doi.org/10.1002/prot.21018
https://doi.org/10.3389/fpls.2018.00383
https://doi.org/10.3389/fpls.2015.01174
https://doi.org/10.1016/j.gene.2016.04.028
https://doi.org/10.1104/pp.113.231134
https://doi.org/10.1093/pcp/pct162

