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Abstract1

slPHB3 was cloned from Salix linearistipularis and mainly2

expressed in root. The transgenic tobacco was treated with different3

concentrations of NaCl, NaHCO3 and H2O2, seed germination rate, root4

length and fresh weigh of transformic tobacco were measured, the results5

showed that transgenic tobacco was more tolerant to salt, alkali and6

oxidation than wild-type tobacco. In order to further investigate the7
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molecular mechanism of this gene in Salix linearistipularis, we identified8

24 proteins interacting with slPHB3 by yeast two-hybrid technique. The9

study of slPHB3 under abiotic stress can improve our understanding of10

PHB3 gene function.11
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Introduction13

Salix linearistipularis (syn. S. mongolica) habitats Inner-Mongolia,14

Heilongjiang, Jilin, Liaoning, Mongolia and (Far-East) Russia. Salix15

linearistipularis is a woody plant that is found in Songnen plain,16

Heilongjiang, China (Ishida et al., 2009) . Salix linearistipularis is a17

dominant species resistant to saline and plays an important role in18

maintaining ecological balance and in improving saline soil (Nan et al.,19

2016).20

PHB was first discovered as a tumor suppressor gene in mammalian21

cells(Jk et. al., 1989).PHB genes are conserved during evolution (Di et al.,22

2010; Thuaud et al., 2013). and regulate membrane protein degradation,23

control cell proliferation and apoptosis (C. Merkwirth et al., 2008;24

Carsten Merkwirth & Langer, 2009). PHB3 induced by auxin and shows25

elevated expression in pericycle cells that give rise to lateral roots(Wang26

et al.2010). PHB3 knockout mutants show severe growth defects and27

have decreased cell division and expansion in the root apex(Wang et al.,28
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2010). PHB3 impacts SA accumulation and is found in29

chloroplasts(Seguel et al., 2018). PHB3 is also present in mitochondria30

and nuclei, PHB3 regulates stem cell niche maintenance and cell31

proliferation during root development in Arabidopsis (Huang et al., 2019).32

PHB3 is essential to maintain root quiescent center (Kong et al., 2018).33

The atPHB3 KO plants had obvious developmental phenotypes with34

severe growth retardation throughout their development. Germination of35

atPHB3 KO seeds was delayed by 1-2 days compared with wild-type36

(Van Aken et al., 2007). It can be seen that the study of PHB3 protein is37

very valuable and significant.38

In this study, slPHB3 was cloned from Salix linearistipularis and39

transferred into tobacco genome. Physiological index analysis of40

transgenic tobacco and wild-type tobacco showed that transgenic tobacco41

plants had stronger salt tolerance, alkaline tolerance, and oxidation42

resistance than wild-type tobacco.Yeast two-hybrid assay was carried out43

to further explore the interaction protein with slPHB, there were 2444

positive clones, among which 17 genes were successfully compared, the45

rest were unnamed genes and duplicated genes. slPHB3 enhanced the46

stress resistance of tobacco plants and provided a basis for the study of47

PHB3 introduction in other valuable plants.48

Result49
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Bioinformatics analysis50

The amino acid sequence of the gene cloned from Salix51

linearistipularis and PHB3 protein of other plants was compared by52

DNAMan software. The amino acid sequence of slPHB3 has a high53

degree similarity with the amino acid sequence of PHB3 of other54

plants(Fig. 1). Therefore, the cDNA cloned from Salix linearistipularis is55

named as slPHB3.56

In order to explore the amino acid sequence homology between57

slPHB3 and other plant PHB3, we constructed a phylogenetic tree(Fig. 2),58

which showed that slPHB3 is closely related to PHB3 from Populus59

trichocarpa, Populus euphratica, and Populus alba.60

Expression of slPHB3 in Salix linearistipularis under abiotic stresses61

The slPHB3 expression level increased until the highest level at 24 h62

and then decreased gradually under 3 mM H2O2 and 5mM NaHCO3 stress63

(Fig. 3A).The slPHB3 expression level showed its highest value at 12 h64

under 125 mM NaCl stress (Fig. 3B and C). That means that the65

stresses influenced the slPHB3 gene expression level in Salix66

linearistipularis leaves.67

Expression of slPHB3 gene in transgenic yeast in response to stresses68

Transgenic yeast cells growth different under various abiotic stresses69

were studied (Fig. 4). The slPHB3-transgenic lines grew better in the70
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presence of 1 mM NaCl, 24 mM NaHCO3 or 3.2 mM H2O2 than the71

control.72

Stress tolerance of the transgenic tabacco73

The plants grew well in the medium without stress. the transgenic74

plants severely lost water and wilted than wild-type after stress treatment75

(Fig. 5).76

Screening of slPHB3 interacting protein by Yeast two‐hybrid77

The total of 24 positive gene were obtained from colonies grown on78

SD/-Trp-Leu-His-Ade+X-α-gal+AbA solid medium turned blue. BLAST79

these colonies in NCBI , 17 genes were successfully compared (table 1)80

The function of P-loop containing nucleoside triphosphate81

hydrolases is related to temperature changes(Zhao L et al, 2019). The82

function of glycosyl hydrolase family is related to glycosylation (Kotik,83

M et al., 2020). The glycosyl hydrolase 18 (GH18) and GH19 families84

are also related to low temperature stress and osmotic stres (Chen J et al.,85

2018), ATP-dependent protease La is involved in the degradation of86

abnormally folded proteins and specific regulatory proteins, and regulates87

protein stability (NAMK A et al.,2020;Tsitsekian D et al., 2019). Lack of88

Lon hydrolyzed protein causes plant growth retardation and impaired89

seedling production (Rigas S et al., 2012).The ATP Synthase subunit90

Beta family is involved in REDOX reactions, mediates protein91
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interactions, and is associated with cold stress (Yang Jh et al.,2020;Zhang92

Z et al.,2017). Proteome analysis of Date Palm showed that the α and β93

subunits of ATP synthase changed significantly under salt stress and94

drought stress (EI Rha et al.,2015). Alpha/beta-hydrolases superfamily95

functions to catalyze the hydrolysis of ester bonds between fatty acids96

and glycerol (Xinyi, Zan et al.,2019) .It was involved in delaying the97

senescence of strawberry fruit at low temperature (B XXa et al.,2015).98

HSP family functions are related to temperature changes (Li G et99

al.,2020 ). However, under NaCl stress, the root-cap length of OSHSP40100

transgenic seedlings was significantly shorter than that of wild-type101

seedlings. The results showed that HSP40 was related to salt stress (Wang102

X et al.,2018). The TIFY family may play crucial and divergent roles in103

phytohormone crosstalk and plant defense (Liu, X et al.,2020). The104

TIFY gene responds to abiotic stresses such as jasmonic acid (JA) and105

salt and drought (Yang, YX et al.,2019) .Glycine decarboxyla plays a106

major role in photorespiration. Glycine decarboxylase and other proteins107

increase CO2 assimilation, vegetative biomass, and seed yield in108

Arabidopsis thaliana.AtGLDP1 is involved in the transition of C-3109

through C-2 to C4 photosynthesis (Adwy W et al.,2015). Non-intrinsic110

ABC protein family functions are related to accumulation of metal ions111

and stability of chloroplast structure (Einav et al.,2010). ATNAP7 is an112
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essential ATP binding site for Arabidopsis embryo development (Xu XM113

et al.,2004). PAO family functions play a major role in PA catabolism.114

ScPAO5 is highly responsive to drought stress, while ScPAO1 and115

CspAO2 are sensitive to changes in nitrogen nutrition (Li M et116

al.,2020).The transcription level of PaO4 in tomato leaves increased in117

response to heat stress and cold stress (Upadhyay R K et al.,2020).118

ABCB4 is a substrate activation regulator of auxin level (Pan Y et119

al.,2020). Some NAC genes have been identified as candidates for120

breeding programmes to improve drought resistance in crops (Sepideh et121

al.,2020). In maize, 13 SNAC transcripts in the SNAC subfamily were122

responsive to drought stress, and almost all of them in roots and 11 in123

leaves were upregulated under drought stress (Li L et al.,2015). Salt,124

osmotic stress and hormone treatment strongly induced the expression of125

Atsot12 gene (Baek D et al.,2010). Tom3 is thought to have a specific126

role in the transport of plant iron carriers(Nozoye, T et127

al.,2015).Proline-rich nuclear receptor coactivator128

participatescoregulatory protein that modulates transcriptional activation129

of multiple nuclear receptors(Zhou, D et al.,2000).130

Materials and Methods131

Cloning and bioinformatics analysis of slPHB3 gene132
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cDNA was extracted from Salix linearistipularis. The forward133

slPHB3F and reverse primer slPHB3R (Supplementary table S1) were134

designed according to the Salix linearistipularis transcriptome data. The135

PCR products were ligated to pMD18-T vector (Takara, Tokyo, Japan)136

and sequenced. The homologous amino acid sequence of slPHB3 protein137

were compared by DNAMAN software, and the phylogenetic tree was138

constructed by MEGA7.139

Real-time quantitative PCR (RT-qPCR) analysis for slPHB3140

expression141

Salix linearistipularis seeds were sown onto 1/2 MS medium. The142

seedlings of one-month age were exposed to 3 mM H2O2, 150 mM NaCl143

and 5 mM NaHCO3 treatments for 0, 6, 12, 24, 36 or 72 h, respectively.144

The slPHB3 expression in leaves under treatments was examined by145

RT-qPCR analysis, forward and reverse primers in Supplementary table 1.146

All tests were repeated in triplicate.147

Construction of expression vectors and yeast transformation148

The coding region of the slPHB3 gene was PCR amplifified with149

BamHI sense primer 5’-GGATCCATG-3’ and XhoI antisense primer150

5’-CTCGAGTTA-3’. The PCR amplifified fragments were digested with151

BamHI and XhoII and then subcloned to the same site of the pYES2152
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expression vector (Clontech, Tokyo, Japan) resulting in pYES2-slPHB3.153

Then transformed into the competent yeast strain INVSc1 (S. cerevisiae)154

(Clontech) for protein expression in Yeast.Transgenic yeast cells155

( OD600 = 0.5).containing pYES2-slPHB3 and pYES2 (control) with serial156

dilutions (10, 10-1, 10-2, 10-3 and 10-4) were spotted onto YPD agar plates157

supplemented with 1 M NaCl, 24 mM NaHCO3 or 3.2 mM H2O2,158

respectively159

Acquisition of slPHB3 overexpressed tobacco transgenic lines160

The slPHB3 gene PCR amplified fragment with added with BamHⅠ161

and XhoⅠ restriction enzymes was obtained by slPHB3BamHⅠ-F and162

reverse primer slPHB3XhoⅠ-R (Supplement table1) and ligased into163

pBI121 vector plasmid,The plasmid DNAs of pBI121-slPHB3 was164

transformed into the Agrobacterium tumefaciens strain EHA105 (Takara,165

Tokyo, Japan), and the tabacco was infected . The independent transgenic166

lines were obtained and verified the expression of slPHB3 by RT-qPCR,167

all temples were tested in triplicate, then used for further analyses.168

Wild type and transgenic seed were planted to pots containing169

nutrient-rich soil. After grow up for two months, the pots were irrigated170

with 50 mL solution of 300 mm NaCl, 300 mm NaHCO3 or 1.5 M H2O2 3171

times every 4 days. The pots were covered with a breathable plastic cover172

to minimize evaporation and keep the concentration of the solution from173
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changing too much. Images of the plants were taken after 12 days of174

treatment.175

Screening of slPHB3 interacting protein by Yeast two‐hybrid176

slPHB3 was cloned into pGADT7 vector, and pGADT7-slPHB3 was177

co-transformed into Y2HGold. After the recombinant plasmids178

pGADT7-slPHB3 were identified by double enzyme digestion, they were179

transformed into Y2HGold strain, and then the proteins interacting with180

pGADT7-slPHB3 were screened from cDNA library. Yeast DNA was181

extracted and sequenced to obtain the interaction gene and protein182

sequences.183

Discussion184

Plants have developed specific mechanisms that allow them to detect185

precise environmental changes and respond to complex stress186

conditions(Atkinson and P E., 2012). Methylobacterium has better187

survival ability under osmotic stress, which is related to the accumulation188

of PHB in the strain(Woo et al.,2012). In Arabidopsis thaliana, PHB3189

coordinates cell division and differentiation in root tip meristems by190

restricting the ethylene reactive factor (ERF) transcription factor (Kong et191

al.,2018). An important number of different ROS, including the192

superoxide anion (O2−) and hydrogen peroxide (H2O2) are produced under193

the stresses (Jubany-Marí et al., 2010). Upon PHB3 loss-of-function, the194
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ROS contents will be out of homeostasis(Huang et al., 2019). Compared195

to WT, both peroxide (H2O2) and superoxide (O2−) were overaccumulated196

in the PHB3 mutant root meristem(Kong et al.,2018). A slPHB3 gene was197

cloned from Salix linearistipularis, the slPHB3 expression level increased198

under 3 mM H2O2, 125 mM NaCl and 5mM NaHCO3 stress (Fig. 3). This199

means the stresses influenced the slPHB3 gene expression level in Salix200

linearistipularis leaves. slPHB3 may relate to the stresses.201

In the yeast resistance analysis, the growth of the transgenic strain202

was better than that of the wild type under 1 mM NaCl, 24 mM NaHCO3203

or 3.2 mM H2O2 medium treatment, indicating that PHB3 gene204

expression added resistant to stress.205

Transgenic to PHB3 plants showed higher fresh weight under206

5mmnahco3 stress. After 2 d of 50 and 100 mM NaCl, the growth of207

wildtype roots was reduced by 45 and 69%, respectively, whereas root208

growth was reduced by only 33 and 46% in the mutant (Wang et al.,209

2010). the function of PHB3 in root growth under H2O2 treatment may210

be different from that under NaCl treatment(Wang et al., 2010).211

The wild-type and lpPHB3 transgenic lines grew well in medium212

without stress. Under stress induced by 300 mM NaCl, 300 mM NaHCO3213

or 2 M H2O2, the wild-type plants died, while the transgenic plants214

survived; lpPHB3 transgenic tobacco plants grew well in the medium215
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without stress (Fig. 2D). The results showed that slPHB3 transgenic216

tobacco had stronger resistance to stresses than wild-type tobacco.217

PHB3 also interacts with a variety of other proteins. In mitochondria,218

PHB3 forms complexes with other PHB proteins(Van Aken et al.,2016),219

The formation of the atPHB3-ICS1 complex stabilizes ICS1 to promote220

SA production(Seguel et al.,2018). In this reseach, 24 positive clones221

were obtained (Table 3), Among them, 17 sequences were successfully222

matched.P-loop containing nucleoside triphosphate hydrolases,HSP, and223

PAO4 are related to temperature stress. ATP synthase subunit beta is224

related to cold stress and oxidative stress. ATP synthase epsilon chain,225

TIF7, SOT12 are related to salt stress, and NAC13 is related to drought226

stress.227

Expression analysis and phenotype analysis showed that slPHB3228

enhanced tobacco resistance to abiotic stress. The results of yeast229

resistance analysis and yeast heterozygosity showed that Slphb3 was230

related to abiotic stress but co-chip assay is needed To determine whether231

PHB3 interacts with these proteins in cells In order to determine the232

location of protein interactions, subcellular localization experiments233

should be performed.234

Conclusion235
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The comparison of physiological indexes between slPHB3236

transgenic tobacco and wild-type tobacco showed that the transgenic237

plants had higher salt tolerance, alkaline tolerance and oxidation238

resistance than the wild-type plants. Through the screening of slPHB3239

interaction proteins, 10 of the 17 genes were related to abiotic stress,240

indicating that PHB3 gene plays a role in plant stress resistance.241

Table1. Results of slPHB3 yeast two-hybrid242

Gene family

1 P-loop containing nucleoside triphosphate
2 hydrolases glycosyl hydrolase

3 ATP-dependent protease La

4 ATP synthase subunit beta
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5 ATP synthase epsilon chain

6 alpha/beta-Hydrolases superfamily

7 DNAJ heat shock family protein

8 TIFY domain/Divergent

9 glycine decarboxyla

10 non-intrinsic ABC protein

11 polyamine oxidase

12 ARABIDOPSIS P-GLYCOPROTEIN

13 Acyl-CoA N-acyltransferases (NAT) superfamily protein

15 NAC domain protein

16 SOT

17 TOM

18 Proline-rich nuclear receptor coactivator

Figure Legends243

Fig1. Alignment of the slPHB3 deduced amino acid sequence with PHB3244

proteins from other plant species.The amino acid sequence of the245

transcript is similar to that of CsPHB3 Protein, PtPHB3 Protein246

(XP_002323792.1), PePHB3 Protein (XP_011045196.1), PaPHB3247

protein (TKR74705.1), HbPHB3 Protein (XP_021677719.1), RcPHB3248

Protein(XP_002509571.1 )249
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Fig.2 slPHB3 evolutionary tree analysis. The MEGA7 program was used250

for the construction of phylogenetic trees. Bar represents 0.1 amino acid251

substitutions per site.252
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Fig3. Real-time quantitative PCR analysis for slPHB3 expression in Salix253

linearistipularis under different stresses. (A): Relative expression of254

slPHB3 at different time under 3mM H2O2 stress; (B): Relative255

expression of slPHB3 at different time under 125mM NaCl stress；(C):256

Relative expression of slPHB3 at different time under 5mM NaHCO3257

stress.258

Fig4. Growth of slPHB3 transgenic yeast cells under salt stress. Ten-fold259

dilutions of yeast cells containing pYES2 (upper line) and260

pYES2-slPHB3 vector (lower line) were spotted onto solid YPG media261

supplemented with the indicated stresses. No treatment is a control (CK).262
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Fig5 The relative stress tolerance of wild-type and transgenic plants (2,263

# 3, # 4) in reproduction stage was studied. The plants grown on the264

soil with 1.5 M H2O2, 300 mM NaCl or 300mM NaHCO3 or without265

(CK).266
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