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Abstract

:

Auxin response factors (ARFs) are pivotal transcription factors involved in many aspects of auxin-dependent developmental processes. While functions of ARFs have been extensively studied in Arabidopsis, their distinct role in cucumber remains unclear. In this study, a cucumber auxin response factor homolog, CsARF10a, was cloned and overexpressed in tomato plants. RT-qPCR analysis indicated that the expression abundance of CsARF10a was significantly decreased in cucumber leaves and female flowers, and the expression level of CsARF10a was relatively low in pollinated fruits and hormone-treated fruits compared with that in unpollinated fruits. Moreover, the overexpression of CsARF10a in tomato resulted in multiple phenotypic changes, including a wider leaf blade, delayed fruit ripening, and parthenocarpic fruit set in CsARF10a-OE lines. Taken together, our research shed light on the regulatory importance of CsARF10a in regulating various phenotype alterations and laid a solid foundation for further functional studies.
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1. Introduction


Fruits are important sources of many nutrients for human health. Fruit development is an intricate process accompanied by a coordinated program of molecular, biochemical, and structural changes. Due to the fundamental importance of these processes, numerous studies have placed an emphasis on their regulation. One outcome of this research has been the discovery that phytohormones act as key regulators of the complicated processes involved [1]. Among various phytohormones, auxin, which has been demonstrated to have a significant impact on reproductive processes, is integral to the cell divisions that occur in response to fertilization and subsequent cell expansion [2,3,4]. Due to the complexity of auxin signaling during the fruit development process, the exact molecular mechanism via which auxin regulates fruit set remains to be further elucidated, although recent advances have shed light on its regulatory role [5,6,7].



The discovery of a series of auxin signaling components considerably improved the understanding of auxin responses in plants. In essence, Aux/IAAs inhibited auxin-dependent changes in gene expression through forming heterodimer complexes with ARF transcriptional regulators under conditions with low concentrations of auxin [8,9]. When auxin concentration increases, auxin binding to receptor TIR1/AFBs promotes the binding of Aux/IAAs to the SCFTIR1/AFB complex, leading to the ubiquitination and 26S proteasome-mediated degradation of Aux/IAA, thus activating the transcriptional response [10,11,12,13,14,15]. Given that auxin plays a crucial role in the regulation of the fruit initiation process, it can be expected that ARF transcriptional regulators may also regulate this process.



The ARF gene family was initially discovered in Arabidopsis and is extensively present in plant species as a kind of transcription factor [16]. A typical ARF protein is comprised of three modular domains: an N-terminal B3-derived DNA binding domain (DBD) that is unique to plants, an intermediate non-conserved domain named middle region (MR) that functions as a transcriptional activator or repressor, and a C-terminal Aux/IAA domain (CTD) that consists of two domains related to motifs III and IV of Aux/IAA proteins [17,18]. Nonetheless, not all ARF proteins had all the three domains. For example, 6 ARF protein members in Oryza sativa were found to have a lack of CTD domain [19].



To date, 23, 21, and 25 ARF gene members have been identified in Arabidopsis, tomato, and cucumber separately [20,21]. Loss-of-function studies revealed that ARF genes play a crucial function in many biological processes, including fruit set and development [22]. For instance, abnormal flower development was observed in an arf3/eff mutant of Arabidopsis [23]. Additionally, the phenomena of lager fruits and increased seed weight were discovered in an ARF8 mutant of Fragaria ananassa and an ARF18 mutant of Brassica napus, respectively [24,25]. Moreover, the silencing of slARF4 in tomato could significantly elevate the starch content during the initial stages of fruit development [26], while the overexpression of FaARF4 could promote flowering in woodland strawberry [27]. slARF5 was verified to modulate fruit set and development in tomato through the mediation of gibberellin and auxin [28]. Silencing ARF2-ARF4 and ARF5 via microRNAs in Arabidopsis could cause abnormal pollen grain formation and seed abortion, which indicates their essential roles in regulating male and female gametophyte development [29]. AtARF6 and AtARF8 were discovered to have significant functions in regulating the differentiation of stamens and pistils [30]. SlARF6A was confirmed to regulate photosynthesis, sugar accumulation, and fruit development in tomato [31]. In addition, SlARF7 and SlARF8 were verified to have an inhibitory effect on the development of tomato [32,33]. As ARF10 is a crucial member of the ARF gene family, its functions have also been widely studied. The loss of ARF10 and ARF16 resulted in an abnormal differentiation of root cap cells and root growth defects in Arabidopsis [34,35]. The overexpression of SlARF10 could indirectly inhibit cell elongation and seed formation, and induce parthenocarpic fruit formation in tomato [36]. Moreover, SlARF10 was also engaged in mediating leaf water retention [37] and regulating the accumulation of chlorophyll and sugar during the fruit development process in tomato [38]. An expression analysis of subfamily genes of CsARF10 between parthenocarpic and non-parthenocarpic cucumber fruits suggested that they may participate in the fruit development process [39]. However, the distinct mechanism of CsARF10 in regulating fruit set and development still remains elusive. Thus, a functional study of the CsARF10 gene would substantially enhance our comprehension of auxin signal pathway mechanisms in fruit development.



In a previous study, we characterized three auxin response factor genes in cucumber and designated them as Cucumis sativus ARF10a, ARF10b, and ARF10c (CsARF10a, CsARF10b, and CsARF10c) [39]. In this research, we present the isolation and functional investigation of CsARF10a. The phylogenetic relationship, gene structure, and RT-qPCR profiling in tissues and hormone induction, and a phenotypic analysis of transgenic plants, were investigated to understand the regulatory roles of CsARF10a. Overall, CsARF10a may function as an activator to stimulate the fruit set and development process.




2. Materials and Methods


2.1. Plant Materials and Treatment Methods


The cucumber inbred line ‘8419s-1’ (non-parthenocarpic line) was used in this study, and all cucumber plants were cultivated in a greenhouse during the natural growing seasons (14 h photoperiod, 28/16 °C average day/night temperature) at Nanjing Agricultural University. When seedlings of ‘8419s-1’ were in the three-leaf stage, leaves (n = 25 per group) were treated with 10 μM Gibberellic Acid (GA3, 10 μM), 10 μM 6-Benzylaminopurine (6-BA, 10 μM), and different concentrations of 1-naphthyl acetic acid (NAA, 5, 10, and 50 μM). Ovaries of ‘8419s-1’ at 0 days post anthesis (dpa) were treated with pollen (pollination), N-(2-chloro-4-pyridyl)-N′-phenylurea (CPPU, 400 μM), 1-naphthyl acetic acid (NAA, 500 μM), Gibberellic Acid (GA3, 3000 μM), and Brassinosteroids (BRs, 0.2 μM). All treated samples of leaves and ovaries were gathered 6 h after treatment. For a further analysis of cucumber fruit set and the development process, female flowers of ‘8419s-1’ were treated with bagging and pollination at 0 dpa, which represent the unpollinated fruit abortion process and pollinated fruit set process, respectively. Female flowers that had been treated were harvested at −1, 0, 2, 4, and 6 dpa. Samples of leaves and fruits without treatment were used as controls, and sampling was conducted on three independent instances. All samples were instantaneously frozen with liquid nitrogen and stored in an ultra-low temperature refrigerator (Thermo Fisher Scientific, Waltham, MA, USA) below −80 °C for RT-qPCR analysis.



The tomato cultivar ‘Micro-Tom’ was cultivated in an artificial climate incubator (16/8 h day/night cycle, 18/24 °C day/night temperature, and 75% relative humidity) at Nanjing Agricultural University. Leaf samples were harvested from the primary leaflets of the fifth leaf in each tomato plant, and all samples were immediately treated with liquid nitrogen and kept at −80 °C for RT-qPCR analysis.




2.2. Bioinformatics Analysis of CsARF10a


The homologs of auxin response factor genes were searched in the cucumber (Chinese Long) genome V2 database (http://www.cucurbitgenomics.org/, accessed on 28 June 2021) using the AtARF10 (AT2G28350.1) sequence. Three cucumber genes (Csa6G141390, Csa6G445210 and Csa6G405890) were revealed to have the highest similarity to AtARF10 via blast searches, and were designated CsARF10a, CsARF10b, and CsARF10c, respectively. The gene-specific primers (Forward: 5′-GGGTTTATTTTACATTTGGG-3′; Reverse: 5′-ACATTTCTTGGGTTCATTTT-3′) were designed to amplify the full-length cDNA of CsARF10a using primer premier 5.0 according to the CDS sequences of Csa6G141390, and the cDNA of cucumber ovaries was used as a template. The PCR amplification conditions were set as follows: pre-denaturation at 94 °C for 5 min; denaturation at 94 °C for 30 s; annealing at 58 °C for 30 s; extension at 72 °C for 150 s; 34 cycles; extension at 72 °C for 10 min; and storage at 10 °C. Then, the PCR products were directly sequenced by Invitrogen (Thermo Fisher Scientific, Waltham, MA, USA). The sequencing data of PCR products were submitted to GenBank (accession number NM_001288596.1). Alignments of the protein sequences of CsARF10a and AtARF10 were performed by DNAMAN7.0. And the sequence information of ARF proteins in cucumber, Arabidopsis, and tomato used in this study are listed in Table S1. A maximum likelihood (ML) phylogenetic tree was constructed with MEGA5.0 by aligning protein sequences of ARFs with 1000 bootstrap replicates.




2.3. RNA Extraction and RT-qPCR Analysis


All primers used for RT-qPCR are listed in Table 1. Based on the MIQE guidelines [40] and our previous studies [41], the extraction of total RNA was performed using TRIzol reagent (Invitrogen, Waltham, MA, USA). The DNase I (Fermentas, Waltham, MA, USA) was used to treat with RNA to eliminate any contaminating genomic DNA according to the manufacturer’s instructions. Then, the first-strand cDNA was synthesized using the PrimeScript™ RT-PCR Kit (TaKaRa, Tokyo, Japan) following the manufacturer’s instructions. Real-time quantitative PCR (RT-qPCR) was carried out using the SYBR® Premix Ex Taq™ Kit (TaKaRa, Tokyo, Japan) according to the manufacturers’ protocols, and assays were performed with a CFX96 multicolor real-time PCR detection system (Bio-Rad, Hercules, CA, USA). The Actin genes of cucumber and tomato (Cs-actin and Sl-actin) were used as internal reference genes.



The quantification cycles (Cq) are recorded and listed in Table S2. And the relative normalized expression of genes was calculated using the 2−ΔΔCq method [42]. Each sample was composed of three independent biological replicates, and data analysis was conducted based on data collected from three independent reactions.




2.4. Transgenic Tomato Construction


Seeds of wild type (WT) tomato were surface-sterilized in 75% ethanol for 1 min at first, rinsed three times in sterile distilled water, then in 50% bleach solution for 12 min, then three to five times in sterile distilled water, and then sown on 1/2 Murashige and Skoog (MS) culture medium with vitamin R3 (0.5 mg L−1 pyridoxine, 0.25 mg L−1 nicotinic acid, and 0.5 mg L−1 thiamine) and 0.8% (w/v) agar, pH 5.9. Cotyledons from 10-day-old plants were used as explants for transformation.



The gene-specific primers (Forward: 5′-CAAACCGAAATTAGGGCAACA-3′; Reverse: 5′-TCGATCCTCGGTTTGGTG-3′) were used for the full-length cDNA sequence amplification of CsARF10a. The DNA fragment was inserted into the plp100-35S vector, then the recombinant vector (plp100-35S-CsARF10a) was transformed into the competent cells of Escherichia coli DH5α. Cells of DH5α were screened on Luria–Bertani (LB) culture medium with kanamycin (100 mg L−1). Subsequently, positive clones were verified via PCR confirmation and sequencing in Invitrogen (Thermo Fisher Scientific, Waltham, MA, USA). Ultimately, the plp100-35S-CsARF10a vector derived from positive clones was transferred to the strain of Agrobacterium tumefaciens C58 to generate transgenic plants according to Ren’s methods [43]. Transformed tomato lines were selected on 1/2 MS culture medium containing 50 mg L−1 kanamycin. Additionally, the presence of T-DNA inserts in the transgenic tomato lines was further analyzed by RT-qPCR.



All strains used in this study were stored in the lab of cucurbit genetics and germplasm enhancement of Nanjing Agricultural University.




2.5. Phenotypical and Physiological Characterizations of Transgenic Tomato Plants


Seeds of T2 generation transgenic tomatoes and WT plants were germinated in 8 cm Petri dishes at 25 °C temperature and 80% humidity in dark conditions, and were then grown under standard greenhouse conditions. In order to avoid the self-pollination of transgenic tomatoes and WT plants, flower buds were emasculated before the dehiscence of anthers. For the insurance of equivalent growth conditions of all tomato fruits, only five flowers were kept per plant. In addition, flower buds of transgenic tomatoes and WT plants were chosen to self-pollinate, producing seeds, and seed number per fruit was counted. The phenotypes affecting leaf growth and fruit development were observed on T2 transgenic lines.





3. Results


3.1. CsARF10a Belongs to the Clade III Family of ARF


The CsARF10a gene contains a 2946-bp open reading frame encoding a putative amino acid. The sequence analysis of predicted amino acids showed that CsARF10a had B3-DNA and ARF domains, which indicate that CsARF10a has the typical conserved ARF domains (Figure 1). To investigate the evolutionary relationship among ARF proteins in different species, a phylogenic tree comprising 64 ARF sequences from cucumber, tomato, and Arabidopsis was generated using the maximum likelihood approach on the basis of amino acid sequences (Table S1). ARFs can be divided into four major clades: I, IIa, IIb, and III. A phylogenetic analysis indicated that CsARF10a belongs to the clade III family and has 58.34% sequence similarity to AtARF10 (Figure 1 and Figure 2).




3.2. Expression Analysis of CsARF10a Gene in Cucumber


The spatial–temporal transcriptional characteristics of the CsARF10a gene in cucumber were analyzed via RT-qPCR. Expression analysis of CsARF10a in different cucumber organs indicated that the CsARF10a gene displayed the highest abundance of mRNA in tissues as male flowers, while its mRNA abundance level was relatively low in leaves and female flower tissues (Figure 3a). The phytohormone responses of CsARF10a were investigated in exogenous hormone treatment experiments. Leaves of cucumber were treated with 10 μM GA3, 10 μM 6BA, 5 μM, 10 μM, and 50 μM NAA. A transcriptional analysis showed that 6BA, low, and medium concentrations of NAA could significantly induce the expression level of CsARF10a (Figure 3b).



To access the expression patterns of CsARF10a in cucumber ovaries under high concentrations of exogenous hormones treatment, ovaries (0 dpa) were treated with 500 μM NAA, 400 μM CPPU, 3000 μM GA3, and 0.2 μM BRs in this study. All these treatments could stimulate parthenocarpic fruit formation. Interestingly, the expression of CsARF10a was downregulated in pollinated fruit and hormone-induced parthenocarpic fruit (Figure 3c). Similar expression patterns were observed in ‘8419s-1’ pollinated and non-pollinated fruits, where the expression level of CsARF10a decreased before pollination, and then increased once the fruit initiation process began (Figure 3d). All this evidence indicated that the CsARF10a gene might be involved in cucumber leaf morphogenesis and in the process of cucumber fruit development.




3.3. Functional Analysis of CsARF10a Gene


To investigate the physiological importance of the cucumber auxin response factor, homozygous transgenic tomato cultivar ‘Micro-Tom’ lines expressing CsARF10a were generated (designated as CsARF10a-OE). Three CsARF10a-OE lines (L2, L3, and L4) were obtained, and two of them were found to have a deficiency in growth point (Figure 4a). As CsARF10a-OE L4 was selected for further characterization, an RT-qPCR experiment was performed to analyze the expression level of CsARF10a in transgenic lines. It turns out that CsARF10a were expressed abundantly in CsARF10a-OE lines (Figure 4b). Interestingly, no significant difference in SlARF10 expression was observed in the WT and CsARF10a-OE L4 lines, which indicated that all phenotypic differences between the WT and CsARF10a-OE L4 lines had no relevance to SlARF10 expression (Figure 4c).



Leaf form change was the most logical alteration in the transgenic plants. The CsARF10a-OE L4 exhibited wider leaf blades compared with WT (Figure 5a), which indicates that CsARF10a transcript accumulation is positively correlated with blade outgrowth. Interestingly, this is consistent with previous research results, which found that slARF10 protein acts as a positive regulator in leaf morphology [41]. Moreover, orange fruits and ripening fruits were observed in WT plants, while the fruits of CsARF10a-OE L4 still remained a mature green color at 86 days after sowing (Figure 5b). The outcome of this phenomena implied that overexpressing CsARF10a could delay the maturation process of fruit. Although the transcription analysis showed that expression levels of CsARF10a were downregulated during both the parthenocarpic and pollinated fruit set processes, emasculation experiments in transgenic plants suggested that the overexpression of CsARF10a could induce parthenocarpic fruit formation in tomato (Figure 5c). Meanwhile, the overexpression of CsARF10a could result in a reduced seed number, so the self-pollination experiment showed that the seed number of CsARF10a-OE L4 was significantly reduced compared with WT (Figure 5d).





4. Discussion


Auxin signaling is known to play a pivotal role in diverse aspects of plant growth and development. Generally, auxin regulates physiological processes of plants via a typical TIR1/AFB-Aux/IAA-ARF pathway. Thus, ARFs are critical transcription factors that respond to auxin signaling by regulating the expression of auxin response genes. As an ideal model plant for the Cucurbitaceae species, cucumber exhibits a variety of characteristics that may be regulated by various auxin-related genes. However, few components of auxin-mediated developmental signal transduction pathways have been studied in cucumber. Here, we characterized the cucumber homolog AtARF10, and constructed transgenic plants with increased CsARF10a expression to investigate the role of auxin response factors in plant development.



In this study, RT-qPCR experiments were conducted to detect the transcripts level of CsARF10a in cucumber. The expression levels of CsARF10a transcripts were significantly lower in pollination fruit and hormone-induced parthenocarpic fruit than in abortion fruit (Figure 3c). Furthermore, the expression patterns of CsARF10a were observed in ‘8419s-1’ fruits during the abortion and fruit set processes. The experimental results implied that the expression level of CsARF10a decreased before pollination, then increased once the fruit initiation process began, and that CsARF10a transcripts attained the minimum level at 0 days post anthesis (Figure 3d). Based on the results of transcription level analysis, it is speculated that CsARF10a may be involved in the process of cucumber fruit set and development as a repressor.



Previous evolution studies of the ARF gene family have indicated that the main ARFs are classified into three main groups in land plants, namely Clade A, Clade B, and Clade C. Clade C, which includes ARF10, ARF16, and ARF17, mainly consists of repressors [44]. In Arabidopsis, genetic and phenotypic analyses of loss-of-function mutants were conducted to reveal distinct functions of individual ARFs [22,45]. No phenotypic defects were found in arf10 or arf16 single mutants [46], while the absence of lateral root formation was observed in the arf10/arf16 double mutants [34,47,48]. The overexpression of ARF10 in Arabidopsis results in developmental defects such as twisted siliques, curled stems, serrated leaves, contorted flowers, and even seedling lethality [49]. In tomato, the upregulation of SlARF10A can severely inhibit leaflet blade outgrowth [36,50]. Conversely, the silencing of SlARF10A causes extra blade outgrowth and ectopic blade formation [51]. All this evidence seems to indicate that CsARF10a might also act as a negative regulator of the plant growth process. To explore the distinct function of CsARF10a, overexpressed CsARF10a was transformed into tomato plants. Interestingly, the observation of phenotypes demonstrated that CsARF10a can promote leaf growth and parthenocarpic fruit formation (Figure 5a,c), suggesting that CsARF10a is important for leaf architecture and fruit development as an activator, which means that ARF10 might have pleotropic functions in various species. As the number of genes in the subfamily of ARF10 varies among species, the functional redundancy and functional differentiation of CsARF10 could be one explanation for the inconsistence of ARF10 functions among cucumber and other species. In addition, there is a possibility that the neofunctionalization of CsARF10a might happen during the evolutionary process of cucumber, which could lead to the changes in gene function in CsARF10a.



Despite the paradoxical results following qRT-RCR and CsARF10a-overexpression experiments, CsARF10a might have a completely different role in the process of fruit set and process of fruit development, respectively. Given that there is a growing body of evidence on the post-transcriptional regulation of ARF10 transcript abundance via miR160 in various species [49,51,52,53,54,55], we propose a hypothesis that the cleavage regulation of CsARF10a via CsmiR160 exists in the early developmental stages of cucumber fruits (-1dpa-0dpa) and is essential in the cucumber fruit set process, which needs to be further verified in vivo.




5. Conclusions


In the present study, an auxin response factor gene, CsARF10a, was identified and cloned from the cucumber genome. An expression analysis via RT-qPCR suggested that CsARF10a participated in the regulation of the pollination-induced and hormone-treatment-induced fruit set of cucumber. The overexpression of CsARF10a in various tomato-induced phenotypic changes, including leaf shape alteration and parthenocarpic fruit formation, indicates that CsARF10a might positively regulate cucumber fruit set and development. These results can help us to better understand the role of auxin response factors in cucumber, while a further investigation of downstream genes and specific molecular partners that interact with CsARF10a is still needed to elucidate the exact mechanisms via which auxin signaling components regulate cucumber fruit set and development.
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Figure 1. Sequence comparison of ARF10 proteins in cucumber and Arabidopsis. The positions of the amino acid residues are indicated by numbers on the right. Identical amino acid sequences are represented by shaded navy blue regions. The putative B3-DNA motif and conserved ARF domain are indicated by thick lines. 
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Figure 2. Evolutionary relationships among ARF protein family. The phylogenetic tree contains 64 ARF protein sequences from Arabidopsis thaliana, Solanum lycopersicum, and Cucumis sativus. The tree was created using the maximum likelihood method via MEGA5.0 software. ARFs marked in yellow represent Clade I, ARFs marked in blue represent Clade IIa, ARFs marked in pale green represent Clade IIb, ARFs marked in orange represent Clade III. 






Figure 2. Evolutionary relationships among ARF protein family. The phylogenetic tree contains 64 ARF protein sequences from Arabidopsis thaliana, Solanum lycopersicum, and Cucumis sativus. The tree was created using the maximum likelihood method via MEGA5.0 software. ARFs marked in yellow represent Clade I, ARFs marked in blue represent Clade IIa, ARFs marked in pale green represent Clade IIb, ARFs marked in orange represent Clade III.



[image: Horticulturae 10 00079 g002]







[image: Horticulturae 10 00079 g003] 





Figure 3. RT-qPCR analysis of CsARF10a transcription levels in cucumber. (a) Expression of CsARF10a in different cucumber organs (root, stem, leaf, female flower, and male flower). (b) Expression of CsARF10a in leaves of cucumber seedlings treated with 10 μM GA3, 10 μM 6BA, 5, 10, and 50 μM NAA. (c) Expression of CsARF10a in cucumber ovaries under different treatments (pollination treatment, 400 μM CPPU, 500 μM NAA, 3000 μM GA3, and 0.2 μM BRs). (d) Expression of CsARF10a in cucumber ovaries during early developmental stages of cucumber fruit. CK represents “Control”. Expression data of CsARF10a gene in Root, CK, and -1d were normalized to 1. Three biological replicates were used for data analysis, and data are shown as mean ± SD. Difference among means of cucumber organs and treatments were evaluated by Student’s t-test at probability level of 0.05, and histograms marked with the same letters represent that there are no significant differences. 
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Figure 4. RT-qPCR detection of positive transgenic tomato lines and expression analysis of SlARF10a in transgenic tomato lines. (a) Generation of CsARF10a-OE tomato plants. Two lines exhibited developmental defects of growing point. (b) Expression analysis of CsARF10a in transgenic tomato plants. CsARF10a-OE L4 exhibited a relatively high amount of CsARF10a transcript accumulation. (c) Expression analysis of SlARF10a in CsARF10a-OE L4. The data of gene expression in WT were normalized to 1, respectively. Error bars represent SD. Significant differences are calculated with respect to expression in WT. Asterisks indicate that there are significant differences between WT and CsARF10a-OE L4 (t test, ** p < 0.01). 
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Figure 5. Altered phenotype of leaves, fruits, and seeds in CsARF10a-OE tomato plants. (a) Leaves of CsARF10a-OE plants exhibited wider leaf blades compared with the WT lines. (b) Fruit ripening was delayed in CsARF10a-OE lines compared with the WT lines. (c) Seeded fruits in WT lines and parthenocarpic fruits in transgenic lines. Scale bar = 1 cm. (d) Seed number in each fruit of WT plants and CsARF10a-OE plants. Error bars represent SD; differences among means of different genotypes were evaluated by Student’s t-test at a probability level of 0.05, and histograms marked with different letters above bars represent significant differences. 
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Table 1. Sequence information of primers used in this study.
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	Primer Name
	Forward
	Reverse





	CsARF10a-CDS
	5′-GGGTTTATTTTACATTTGGG-3′
	5′-ACATTTCTTGGGTTCATTTT-3′



	CsActin
	5′-TTCTGGTGATGGTGTGAGTC-3′
	5′-GGCAGTGGTGGTGAACATG-3′



	SlActin
	5′-TGTCCCTATTTACGAGGGTTATGC-3′
	5′-CAGTTAAATCACGACCAGCAAGAT-3′



	CsARF10a-RT-qPCR
	5′-CAATTCCCACTGTCGTCATC-3′
	5′-GTATGCCTGGCTCCCTGTAT-3′
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