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Abstract: The branching system of higher plants plays a very important role in plant morphogenesis, and the number of branches can directly affect crop yield and the ornamental value of plants. It is a complicated development process involving complex molecular mechanisms. The ‘Cailinghong’ variety of Salvia splendens is characterized by its great branching ability with the ability to grow into a spherical form naturally, without pinching. To gain insight into the molecular events during the branching development of S. splendens, suppressive subtractive hybridization (SSH) technology was used to screen differentially expressed genes between the erect plant type (strain 35) and the spherical plant type (‘Cailinghong’). In total, 96 and 116 unigenes were annotated. Four and eight unigenes up-regulated in ‘Cailinghong’ and strain 35, respectively, were associated with plant hormone anabolism and signal transduction, suggesting that they participate in the branching process. One of these genes, phytoene synthase (PSY), is a precursor of the new plant hormone group strigolactones. Using the PSY fragment (192 bp) as a template, the cDNA sequence of PSY in S. splendens was cloned and named SsPSY. A relative expression analysis and transgenic test results indicated that SsPSY plays an important role in lateral branch development in ‘Cailinghong’. These results provide new insight into the molecular mechanisms underlying branching in S. splendens.
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1  Introduction

Resulting from the development and expansion of the terminal bud and axillary bud, branching is a complicated developmental trait in plants. Branching is a ubiquitous process in plant growth. The branching system of higher plants plays a very important role in plant morphogenesis. The number of branching events and tillering of food crops affect the seed setting rate and thus grain yield. In the process of maize cultivation, yield can be increased by reducing the number of branches. The tiller number of rice affects the yield. Branches of ornamental plants can be used as an important index to evaluate their ornamental value. In general, more branches are associated with more flowers, and a relatively compact plant form. However, in chrysanthemum, peonies and other ornamental plants, reduced branching can increase the flower size, and improve the ornamental value of flowers. Therefore, comprehensive experimental studies of the mechanism underly plant branching for controlling plant branching fundamentally, increase the yield of food crops and improve the value of ornamental plants.

Often, growing shoot tips influence shoot branching by inhibiting axillary bud formation, a phenomenon known as apical dominance, while the plant itself promotes axillary bud growth and new branches via complex signals involving hormones (auxin, strigolactones, and cytokinins), nutrients, and environmental factors [1]. Extensive research on plant physiology and molecular biology has improved our understanding of the mechanisms underlying plant branching based on in-depth studies of model wild-type and mutant plants.

In molecular biology, scientists have discovered a series of genes related to the growth and development of plant branching. These genes can be divided into five categories, CCD (carotenoid cleavage dioxygenase) family genes, GRAS (GAI (Gibberellin-insensitive), RGA (repressor of ga1–3), SCR (scarecrow)) family genes, bHLH (basic helix-loop-helix) transcription factor genes, cytochrome P450 family genes, and other genes that influence branching. Branched1 (BRC1), a member of the TCP (TB1 (TEOSINTE BRANCHED1), CYC (CYCLOIDEA), PCFs (PROLIFERATING CELL FACTORS)) transcription factor family, is a key factor in the regulation of axillary bud activity in the model plant Arabidopsis thaliana [2]. BRC1/TB1 regulates branching not only in A. thaliana, but also in many other important crops, such as tomato, pea, potato, and maize [3–6]. BRC1/TB1 is regulated at the transcriptional level by a variety of internal and external factors that affect branchings, such as phytochrome and cytokinins, and thus plays a central role in branching regulation. Despite research progress related to branching mutants, studies of additional plant mutants are needed owing to the complexity of the underlying molecular mechanism.

With respect to plant physiology, researchers initially thought that the synergistic effects of plant hormones co-regulate the development of plant branches, in which auxin and cytokinin play critical roles. Recently, a new class of hormones that inhibits plant branching, strigolactones (SLs), was discovered in 2008 [7,8]. Recent research suggests that plant branching is cooperatively controlled by auxin, cytokinin, and the newly discovered SLs. Subsequent research has clarified the biosynthesis, detection, and signal transduction pathways of SLs [9–11]. SLs are synthesized from β-carotene, which is converted into carlactone (CL) and transformed into a series of SLs [12,13].

Carotenoids are precursors of both SLs and abscisic acid by oxidase cleavage [14–16]. The main genes involved in the biosynthesis of carotenoids include DXS (1-deoxy-D-xylulose 5-phosphate synthase), DXR (1-deoxy-D-xylulose 5-phosphate reductoisomerase), and PSY (Phytoene synthase). PSY plays a key role in the first step in carotenoid biosynthesis and can control the flux of carotenoids [17,18]; it has become the primary gene target for improving the carotenoid content in plants. As a precursor for SL synthesis, PSY also plays a decisive role in the regulation of SL levels in plants [19].

In addition to hormones, nutrients and environmental factors are important determinants of the formation and development of plant branching. The growth relationship between shoot tips and axillary buds may be related to their competition for sugar and energy, and sucrose can induce branching by promoting cytokinin accumulation and vacuolar invertase activity [20,21]. Under dense planting conditions, the phototransduction transcription factors FHY3 and FAR1 synergically regulate branching formation by integrating the external light signaling pathway and the internal strigolactone signaling pathway [22].

Salvia splendens, also known as western red and scarlet sage, belongs to the family Lamiaceae and is characterized by bright color and a long bloom period. It is regarded as an essential plant material in flower decoration and parterre, with a very important role in Chinese landscaping. During its cultivation process, manual pinching is required to suppress the apical dominance and promote branching. Compared with the normal erect plant type, the ‘Cailinghong’ variety is a multi-branching type, with a natural spherical structure without pinching, early branching, and increased branch series.

In this study, candidate branching-related genes were identified by comparing the transcriptomes of the lateral buds between strain 35 (erect plant type) and ‘Cailinghong’ (spherical plant type, multi-branching), which further cloning and functional analyses of the PSY gene. These results provide a new perspective for studies of the molecular mechanism underlying the regulation of plant branching.

2  Materials and Methods

2.1 Plant Materials

The ‘Cailinghong’ variety and strain 35 breeds by our research group were used as test materials. Seeds of the tested varieties were planted in a greenhouse. After about 80 days of sowing, elongation of the primary lateral branch of the seedling began, and the top bud of the primary lateral branch at the second or third nodes of the tested varieties was obtained as test materials for SSH library construction and the cloning of SsPSY. Stem nodes, root tips, and lateral buds before the formation of lateral branches (70 days of sowing, the lateral bud did not germinate) and after the formation of lateral branches (90 days of sowing, the lateral buds elongate to 5 cm) were used as experimental materials for qRT-PCR.

2.2 Morphological Characteristics of Strain 35 and ‘Cailinghong’

The tested varieties were grown in a greenhouse under a temperature of 25°C and 14 h of light a day. The morphology, plant height, and length of each branch were observed and measured regularly after sowing for 3 months. Measurements continued until 5 months after sowing.

2.3 SSH Library Construction

Total RNA was extracted using the TRIzol Reagent Kit (Invitrogen, Carlsbad, USA). mRNA was separated from total RNA using a PolyA Tract mRNA Isolation System III (Promega, Madison, USA).

The purified mRNA was reverse transcribed into cDNA. Then cDNA of the tester and driver was purified and digested with RsaI. The digested tester cDNA was ligated with Adaptor 1 and Adaptor 2, which were provided in the kit. Subsequently, two rounds of hybridization were performed on the tester cDNA and excessive driver cDNA. After the hybridization product was diluted, two rounds of specific PCR were performed for the enrichment of differentially expressed sequences. All operations were performed according to the operation manual of the Clontech PCR-Select cDNA Subtraction Kit (Mountain View, CA, USA). The purified and concentrated SSH products were directly inserted into the PMD18-T Vector (TaKaRa, Dalian, China) and transformed into TOP10 competent cells. The competent cells were cultured in LB culture medium containing Amp/X2gal/IPTG, blue/white color screening was performed, and SSH libraries were constructed. The inserted element in each clone was confirmed by PCR. The positive clones were picked for sequencing. The sequencing was completed by Sangon Biotech Co., Ltd., Shanghai and M13 was used as the sequencing primer.

2.4 Clone Sequencing and Analysis

Briefly, the cDNA sequence was used for a search against the GenBank database using BLAST 2.2.26+ for a nucleotide sequence comparison (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The matching degree between the submitted sequence and target sequence was obtained by matrix scoring. The identity value was used to evaluate the degree of matching and similarity between the input sequence and its homolog in the database.

2.5 Cloning SsPSY

Based on the 192-bp sequence fragment of PSY obtained by SSH, two specific primers for 3′ RACE Outer and Inner were designed using Premier 5.0. The 3′ end of the cDNA sequence of SsPSY was obtained using a SMARTer® RACE 5′/3′ Kit (TaKaRa). According to the 3′ cDNA sequence, the specific primers for 5′ RACE Outer and Inner were designed, and the 5′ end of the cDNA sequence was obtained using the SMARTer® RACE 5′/3′ Kit (TaKaRa).

The 3′-end and 5′-end sequences were combined using DNAMAN 6.0 to obtain the full cDNA sequence of SsPSY. ORF Finder was used to search the largest open reading frame (ORF) online and to find the positions of the initiation codon and termination codon. Primers for full-length sequence amplification were designed with the initiation codon and the termination codon as the outer ends. Primers are shown in Table 1.
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2.6 Bioinformatics Analysis of SsPSY

The full-length cDNA sequence obtained by cloning was used to infer the amino acid sequence, and a homology analysis was conducted using the BLAST tool (http://www.ncbi.nlm.nih.gov/BLAST/). An ORF analysis was conducted using ORF Finder. DNAMAN 6.0 was used to generate a multiple sequence alignment and to perform a phylogenetic analysis.

2.7 Relative Expression Analysis of SsPSY

Total RNA was extracted from different tissues in the tested varieties at different periods using the SV Total RNA Isolation System Kit (Promega) according to the manufacturer’s instructions. Subsequently, 1 μg of RNA was transcribed into cDNA using the Reverse Transcription System Kit (Promega), and the quality of cDNA was verified using 18S rRNA-specific primers. Amplification was performed using the SYBR Premix Ex Taq II (Perfect Real Time) Kit (Takara), as per the manufacturer’s instructions. The qPCR data were obtained from three biological replicates. Three repetitions were prepared for each sample, and each experiment was conducted 4–6 times.

The expression of SsPSY in strain 35 was used as the test group, the expression of SsPSY in ‘Cailinghong’ was used as a control group, and 18S was used as an internal reference gene. The relative expression levels of target genes were determined using by the 2-ΔΔCT method. The primers pairs for qPCR are shown in Table 1.

2.8 Construction of SsPSY Plant Expression Vector and Plant Transformation

Primers containing the enzyme cleavage site sequence were redesigned to amplify the ORF of SsPSY. The primer pairs are listed in Table 1. The SsPSY ORF was introduced into the binary vector PMON721 using XbaI and EcoRI restriction sites. Next, the PMON-PSY recombinant vector was transformed into Agrobacterium strain EHA105 via the freeze-thaw method, and Agrobacterium-mediated transformation of Arabidopsis was performed by the floral dip method. Seeds harvested by the transformed Arabidopsis were disinfected with a 2% sodium hypochlorite solution and sown to 1/2MS medium supplemented with 120 mg/L kanamycin for positive plant screening. Positive seeds can germinate normally and grow into plants on medium. After the positive plants grew true leaves, total DNA was extracted from the leaves of the primary positive plants. PCR amplification was performed with specific full-length primers, and all transgenic plants were subjected to amplification. Positive plants were transferred into nutrient soil under normal conditions. One month after transplantation, branch phenotypes of T1 generation plants were observed.

3  Results

3.1 Branch Growth in ‘Cailinghong’ and Strain 35

By observing the growth of the tested varieties (Figs. 1–3), we found that ‘Cailinghong’ was much shorter (mean ± S.D.: 15.944 ± 2.010 cm) than strain 35 (40.900 ± 9.795 cm), and the stem stretched to about 7–9 nodes in ‘Cailinghong,’ compared with 13–15 nodes in strain 35 after sowing for 5 months. During the growth process of the ‘Cailinghong’ variety, after the stem stretched to 2–3 nodes, lateral bud growth and elongation began from lower to upper nodes. The lateral buds at the upper nodes of the lateral branch exhibited continual growth and extension. In contrast, during the growth process of strain 35, the lower nodes started budding partly without elongation after the stem stretched to about 8–9 nodes.
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Figure 1: Plant height of ‘Cailinghong’ and strain 35
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Figure 2: Branching characteristics of ‘Cailinghong’ (breeding number 35–1) and strain 35 (A–B: 3 months after sowing; C–D: 4 months after sowing; E–F: 5 months after sowing)
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Figure 3: Lateral branch growth of ‘Cailinghong’ and strain 35 (A: 3 months after sowing; B: 4 months after sowing; C: 5 months after sowing)

After sowing for 3 months, the ‘Cailinghong’ variety formed a spherical multi-branch structure. The longest lateral branch was at the first node, with a length of 3.480 ± 0.831 cm. With an increase in nodes, the length of the lateral branch successively decreased, allowing the plant to take a spherical form. However, the longest lateral branch of strain 35 was from the fourth node, at only 0.200 ± 0.082 cm, and the length of the lateral branch decreased gradually with an increase or decrease in the number of nodes from the fourth node (Figs. 2A, 2B and 3A).

After blooming (5 months after sowing, Figs. 2E, 2F and 3C), the growth of the lateral branches of ‘Cailinghong’ was similar to that observed at 3 months after sowing. Lateral branches at the first or second nodes grew the longest, i.e., up to 12.105 ± 1.455 cm, and the length of the lateral branches decreased as the number of nodes increased. The pattern of lateral growth of strain 35 was quite different; the lateral buds at nodes 3–6 under the flower showed elongation to form the lateral branch, with a length of 5.744 ± 3.918 to 8.328 ± 4.421 cm. However, the lateral buds at other nodes of the stem only stretched to 2–3 nodes and never showed elongation growth to form the lateral branch.

3.2 EST Sequence Analysis of the SSH Library

We compared the lateral bud transcriptomes of the erect plant type 35 (optional strain) and the ‘Cailinghong’ variety (spherical plant type, multi-branching) by SSH analyses and screened branching-related genes that were up-regulated in ‘Cailinghong’ (forward library) and strain 35 (reverse library).

Using blue-white colony screening technology, we selected 570 clones and 645 clones from the forward and reverse libraries for sequencing. We obtained sequence data for 523 clones and 602 clones, accounting for 91.75% and 93.33% of all submitted clones. By Blast searches, 96 and 116 unigenes in the forward library (up-regulated in ‘Cailinghong’) and the reverse library (up-regulated in strain 35), respectively, matched to homologous sequences in the NCBI nr database. Among the up-regulated unigenes, four (forward library) and eight (reverse library) unigenes were closely related to plant hormone synthesis or signal transduction. Unigenes associated with hormone synthesis and signal transduction that were up-regulated in ‘Cailinghong’ were mainly related to abscisic acid and SL anabolism (ABA2 and crtQ, also named zds), ethylene anabolism (metK), and plant hormone signal transduction (SNRK2) (Table 2). Unigenes associated with hormone synthesis and signal transduction that were up-regulated in strain 35 were mainly associated with abscisic acid and SL anabolism (crtB , also named PSY) and plant hormone signal transduction (IAA, AUX1, SAUR, MPK6, TIR1, TGA, and PP2C) (Table 3).
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3.3 Full-sequence Cloning and Bioinformatics Analysis of SsPSY

Among the 71 up-regulated unigenes obtained from the reverse library (up-regulated in strain 35) related to branching in the ‘Cailinghong’ variety, we obtained one gene sequence fragment encoding phytoene synthase (PSY), which contributes to the synthesis of carotenoids. The SL contents in the roots of dicotyledonous plants are determined by the PSY gene family, and extremely low levels of PSY result in a substantial reduction in SLs in plants [19]. It can be inferred that the PSY gene also plays an important role in the branching of plants. To determine if and how SsPSY regulates the development of the branching in ‘Cailinghong’, the full-length cDNA sequence was cloned by RACE and a bioinformatics analysis was performed.

The SsPSY (GenBank accession number MN548835) cDNA sequence was 1523 bp. It included an 86-bp 5′ untranslated region (UTR) and a 214-bp 3’ UTR. The ORF was 1245 bp. The deduced protein sequence was 414 amino acids. It had the highest homology with PSY from Pogostemon cablin (AHJ90431.1) based on a BLAST search, with an identity greater than 78.59%. SsPSY also had a high degree of homology with homologues in other common plant species, such as Sesamum indicum (77.68%), Osmanthus fragrans (75.8%), and Nicotiana tabacum (72.34%) (Fig. 4).
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Figure 4: Comparison of deduced amino acid sequences of SsPSY with other phytoene synthases (deep blue, red, light blue, and yellow shading, respectively, represent homologies of 100%, ≤ 75%, ≥ 50%, and ≥ 30%)

SsPSY: Salvia splendens phytoene synthase; PcPSY: Pogostemon cablin phytoene synthase; SiPSY: Sesamum indicum phytoene synthase; OfPSY: Osmanthus fragrans phytoene synthase;

NtPSY: Nicotiana tabacum phytoene synthase; AtPSY: Arabidopsis thaliana phytoene synthase; ZmPSY: Zea mays phytoene synthase.

To determine the relationship between S. splendens PSY protein sequences and PSY protein sequences of other plants, we performed a phylogenetic analysis (Fig. 5). PSY isolated from S. splendens and Pogostemon cablin formed a group, indicating that the two proteins are highly homologous. PSY from Sesamum indicum also had high homology with SsPSY but formed a separate cluster. PSY from Osmanthus fragrans clustered separately from S. splendens, Pogostemon cablin, and Sesamum indicum.
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Figure 5: Phylogenetic tree based on the amino acid sequences of SsPSY and phytoene synthases from other species (scale bar represents 0.05 substitutions per site)

3.4 Relative Expression Analysis of SsPSY

Relative gene expression levels were examined in nodes of the stem, root tip, and lateral buds of the tested varieties to determine tissue-specific patterns of SsPSY expression before and after lateral branch formation (Fig. 6). The expression of SsPSY in ‘Cailinghong’ was used as the control group, and relationships between the expression of SsPSY in strain 35 and ‘Cailinghong’ were determined. Compared with the expression of SsPSY in ‘Cailinghong’, the relative expression level of SsPSY in nodes of the stem and root tip of strain 35 was significantly higher before and after the formation of lateral branches, with fold change values of 1.374 ± 0.096 and 1.845 ± 0.061. SsPSY gene expression levels in the lateral branches were the same as those in the nodes and root tip (Fig. 6B). The expression levels of SsPSY in strain 35 were significantly higher than those in ‘Cailinghong’ by 1.733 ± 0.145-fold.
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Figure 6: Relative expression analysis of SsPSY of different organs and growth stages. A: Relative expression of SsPSY in different organs of the tested varieties before the formation of lateral branches; B: Relative expression of SsPSY in different organs of the tested varieties after the formation of lateral branches

3.5 Phenotypic Analysis of PSY Transgenic Arabidopsis

To investigate the function of SsPSY in the regulation of branching, it was transferred into Arabidopsis, and the change of branching phenotype of transgenic plants was observed.

To screening the positive transgenic Arabidopsis plants, seeds harvested by the transformed Arabidopsis were sown to 1/2 MS medium supplemented with 120 mg/L kanamycin and seedling growth on medium was observed. Positive plants had a green leaf color and grew true leaves. Untransformed plants did not grow true leaves and roots and gradually withered and died (Fig. 7A). After the plants grew true leaves, the total leaf DNA of the primary positive plants was extracted and amplified by PCR using specific full-length primers (Table 1). The target bands were amplified in all the successful transgenic plants (Fig. 7B), and the PCR results for the transgenic plasmid were used as the control (CK). The positive plants were screened for a second time by this method.

[image: images]

Figure 7: Screening of transgenic positive plants (A: T1 seeds of transgenic Arabidopsis on 1/2 MS; B: PCR verification of T1 seeds of transgenic Arabidopsis (M: Marker))

The positive plants screened by culture medium and detected by PCR were transplanted from the flat plate into soil for growth under natural conditions and observations of morphological changes in positive plants. SsPSY transgenic Arabidopsis (T1) was significantly different from wild-type plants (Col) in morphology. At the beginning of transplantation, transgenic plants had larger leaves with normal growth and no adverse reactions (Fig. 8A). Morphologically, the branching phenotype of transgenic plants differed significantly from that of wild-type plants and the branching of transgenic plants was significantly greater than that of wild-type plants after 1 month (Fig. 8B). The transgenic plants had 5–7 branches, while the wild-type plants had 2–4 branches.
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Figure 8: Morphological characteristics of transgenic Arabidopsis (A: Growth of transgenic Arabidopsis after transplanting for 10 d; B: Branching characteristics of transgenic Arabidopsis after transplanting for 35 d)

Based on the results of the relative expression analysis of SsPSY, the SsPSY transgenic Arabidopsis was predicted to exhibit less branching than that in the wild-type plants. However, the experimental results were contrary to this expectation, and transgenic plants showed a multi-branching phenotype.

4  Discussion

Branching is one of the basic features of plant growth and plays an important role in plant morphogenesis. The number of plant branches is directly related to the yield of food crops and the ornamental effect of ornamental plants; accordingly, the mechanism underlying plant branching is an important research topic. Researchers have identified a series of genes that regulate branching.

In this study, SSH technology was used to compare the ‘Cailinghong’ variety and the erect strain 35 and to screen up-regulated genes in each strain. A total of 212 up-regulated unigenes were obtained by SSH technology, including 96 unigenes in ‘Cailinghong’ and 116 unigenes in strain 35. In particular, these unigenes included genes related to plant hormone anabolism and signal transduction, including functions in abscisic acid and SL anabolism (ABA2, crtQ, and PSY), ethylene anabolism (metK), auxin signal transduction (IAA, AUX1, SAUR, and TIR1), and other hormone signal transduction (SNRK2, MPK6, TGA, and PP2C). Plant branching is controlled by the coordination of plant hormones; accordingly, the unigenes related to hormone synthesis and signal transduction that were up-regulated in ‘Cailinghong’ or strain 35 may contribute to the unique branching pattern found in ‘Cailinghong’.

SLs, involved in plant branching, are closely related to abscisic acid because they share a common synthetic substrate—carotenoids [23,24]. Carotenoid synthesis is carried out in plant plastids by several enzymes by a highly coordinated mechanism. Among these enzymes, phytoene synthase (PSY) is involved in the first step and is the most important rate-limiting enzyme [25–27]. Research on the PSY gene has mainly focused on color variation resulting from changes in the carotenoid content [28–30]. It is likely involved in the horizontal regulation of SL in plants and resistance to abscisic acid [19,31,32]. The regulatory effects of PSY on plant branching have not been evaluated.

Based on the important rate-limiting role of PSY in the biosynthesis of carotenoids, the role of PSY as a precursor of the synthesis of SLs and abscisic acid, and the identification of the PSY gene fragment by SSH and its role in the regulation of branching in the ‘Cailinghong’ variety in this study, PSY likely has a regulatory function in the development of branching of the ‘Cailinghong’ variety.

In this study, we cloned a PSY gene from S. splendens using RACE technology. The expression levels of this gene in different organs of the tested varieties before and after the occurrence of lateral branches were compared. In analyses of the nodes of the stem, root tip, and lateral branches before and after lateral branch formation, relative SsPSY expression levels in the erect plant type 35 were consistently significantly higher than those in ‘Cailinghong’ in the different plant parts. Zhang et al. [33] found that the overexpression of PSY can increase the carotenoid content in Hongkong kumquat. Lindgren et al. [34] also found that the overexpression of PSY in seeds results in higher carotenoid content in seeds produced by plants, and the abscisic acid content increased as the carotenoid content increased. Therefore, it is speculated that the high expression of SsPSY in strain 35 leads to a higher carotenoid content, and the increase of synthetic substrates indirectly leads to an increase in the synthesis of SLs, which inhibits the formation of branches in strain 35 and leads to a less branched phenotype. It has previously been shown that the down-regulation of PSY can reduce the levels of SLs in dicotyledonous plants [19], consistent with our results. Thus, we speculated that the low expression of SsPSY in S. splendens contributes to the increase in lateral branches.

To assess the function of the SsPSY gene, it was transformed into Arabidopsis to observe the phenotypic changes of positive strains. The branches of transgenic plants increased, contrary to our prediction. The expression of SsPSY was higher in strain 35 than in ‘Cailinghong’. Based on the results of Stauder et al. [19], we can infer that the strigolactone content in ‘Cailinghong’ is lower than that in strain 35. The over-expression of SsPSY gene in transgenic Arabidopsis is predicted to reduce plant branching. However, the transgenic assay showed that the branching phenotype of transgenic Arabidopsis increased, rather than decreased.

It is possible that this increase in branching can be explained by gene silencing, in which transgenic and endogenous genes are co-suppressed. This phenomenon was discovered by Napoli et al. in studies of transgenic petunia, in which the transgenes chs and dfr suppressed corresponding endogenous genes and their own expression simultaneously [35,36]. In many organisms, introducing a transgene can cause the co-suppression of the transgene and homologous endogenous genes [37–42].

Further studies are needed to determine whether the introduction of exogenous SsPSY triggered the gene silencing mechanism in transgenic plants in this study, explaining the multi-branching phenotype in transgenic plants. Although the experimental results for transgenic Arabidopsis were contrary to our predictions, the introduction of exogenous SsPSY altered the branching morphology of transgenic plants, suggesting that SsPSY plays an important role in plant branching.

5  Conclusion

In summary, genes related to the branching phenotype of ‘Cailinghong’ were screened by SSH technology. SsPSY, related to the synthesis of SLs, was cloned and analyzed. The results of a relative expression analysis suggested that the expression level of SsPSY was down-regulated in the ‘Cailinghong’ variety. However, the branching phenotype of transgenic Arabidopsis was contrary to the predictions, showing a multi-branching phenotype. This result may be explained by transgenic silencing. However, it can still be inferred that SsPSY plays an important role in the regulation of plant branching, as evidenced by changes in the branching phenotype in transgenic plants. Our future research will focus on the silencing of transgenic SsPSY, further plant transgenic experiments, verifying the function of SsPSY, and analyses of other candidates differentially expressed genes between varieties. These results provide a reference for understanding the molecular mechanism underlying plant branch development.
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Table 1: Primer sequences used in this study

Primer name

Sequence (5'-3')

Usage

3’ RACE-O
3’ RACE-I
5" RACE-O
5" RACE-I
PSY-F
PSY-R
qPSY-F
gPSY-R
PF2

PR2

GAGTTTGGAGAATGGGGTAG
TGGGGTAGACTCTCTCTCACATCG
GAGGCAGATAGATTCTTCCACG
CCAGCCTCGCTTCCCACCTATC
GGCTTCTTTGTTTTITGCGGAACAG
TTGGAGGAACAAGGGACTTAGCAT
TTCACTCAACAAGCCAAGAG
ATCTGAGGTATGCCTTCCTG

GCTCTAGAATTCTACAAATTTGT
CATCAAAAGCT

CGGAATTCTGGAGGAACAAGGG
ACTTAGCAT

Amplification of the 3" end cDNA
sequences of SsPSY

Amplification of the 5" end cDNA
sequences of SsPSY

Cloning the full-length sequence of
SsPSY

qRT-PCR

Cloning SsPSY 1 pMDI19-T vector
and RT-PCR for verification of
transgenic plants
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Table 3: Upregulated unigenes in strain 35 associated with hormone anabolism and signal transduction

Gene name Definition Pathway

[AA auxin-responsive protein [AA Plant hormone signal transduction;
crtB phytoene synthase Carotenoid biosynthesis;

AUXI1, LAX auxin influx carrier (AUX1 LAX family) Plant hormone signal transduction;
SAUR SAUR family protein Plant hormone signal transduction;
MPK6 mitogen-activated protein kinase 6 Plant hormone signal transduction;
TIR1 transport inhibitor response 1 Plant hormone signal transduction;
TGA transcription factor TGA Plant hormone signal transduction;

PP2C protein phosphatase 2C Plant hormone signal transduction.
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Table 2: Summary of upregulated unigenes 1n ‘Cailinghong’ associated with hormone anabolism and signal

transduction
Gene name Definition Pathway
ABA2 xanthoxin dehydrogenase Carotenoid biosynthesis;
crtQ, zds zeta-carotene desaturase Carotenoid biosynthesis;
metK S-adenosylmethionine synthetase Cysteine and methionine metabolism;
SNRK?2 serine/threonine-protein kinase SRK2 Plant hormone signal transduction;
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