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Expression analysis of stem prickle formation in 
blackberry using cDNA-AFLP C.H. Zhanga, W.L. Wu, S.Y. Hu, L.F. Lv and W.L. Li Institute of Botany, Jiangsu Province and Chinese Academy of Sciences, Nanjing, China. 
Abstract 

To understand the molecular mechanism of prickle formation in blackberry, 
differential expression profile of cDNA between ‘Boysenberry’ blackberry and its 
thin-thorn mutant were analysed by using cDNA-AFLP. In total, 256 primer pairs were 
used for the cDNA-AFLP amplification to produce 45 differentially expressed 
fragments. The putative function of the sequenced fragments was determined using 
BLAST analysis. Putative functions included metabolism, signal transduction, cell 
skeleton and composition, transcriptional regulation and adversity defence. A 109 bp 
fragment was found to have an 88% sequence homology with a strawberry TRY 
transcription factor, which inhibits trichome development in Arabidopsis. A 124 bp 
fragment had a 75% homology with alfalfa cell wall hydrolase gene. This fragment 
was named Ruh and had higher expression in shoot apical meristem (SAM), middle 
and upper section of stem of thin-thorn mutant. This implied that the prickle 
formation was an intricate system and the sense of expression pattern of cell 
wall-associated hydrolase homologous gene Ruh in the thin-thorn mutant needs 
further investigation. 
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INTRODUCTION ‘Blackberry’ belongs to the Rubus genus in the Rosaceae family and is native to Europe and American countries. It is renowned for its nutritive and health-promoting value (Beattie et al., 2005). Most blackberry plants have prickles on both stems and leaves, which are formed mainly by trichomes and subsequent deformation of a few cortical cells. The prickles cause inconvenience during fruit harvest and cultivation management. Thornlessness trait as well as disease resistance, fruit quality, excellent growth potential are the main objectives of Rubus cultivars breeding (Finn et al., 2007). ‘Boysenberry’ (Rubus ursinus×idaeus) had prominent performance in fruit yield and quality in Chinese introduced cultivars (Wu et al., 2012a). The only shortage is that it has dense thorns on stem and leaf surface. Bud mutation is an approach used for fruit breeding. Wu et al. (2012b) obtained a mutant from ‘Boysenberry’ that has thin and weak thorns and the same characters as wild-type ‘Boysenberry’. The cDNA-amplified fragment length polymorphism (AFLP) (cDNA-AFLP) technique was first proposed by Bachem et al. (1996), and has been used for plant gene isolation and expression in fruit trees (Hu et al., 2012), such as apple (Jensen et al., 2003), grape (Burger and Botha, 2004), jujube (Han et al., 2010) and blueberry (Inostroza-Blancheteau et al., 2011). We carried out a differential gene expression analysis related to prickle formation in boysenberry and its prickles mutant to explore the possible molecular mechanism of blackberry prickle occurrence. 
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MATERIALS AND METHODS 

Plant material ‘Boysenberry’ blackberry (abv. B) and its thin and weak thorn mutant (named as ‘Ningzhi 1’ (abv. N) were field-grown in the nursery garden of the Institute of botany, Jiangsu Province and Chinese Academy of Sciences, Lishui District, Nanjing. 
Total RNA isolation and double strand cDNA synthesis Total RNA was isolated from the apical meristem of a 0.5 cm stem tip from annual nutrition branches of B and N according to the guide of RNA extraction Kit of Bioteke co., LTD. (Beijing, China). Double-stranded cDNA (dscDNA) synthesis and purification was according to the reference manual of Double strand M-MLV RTase cDNA synthesis Kit (Takara). 
Enzymatic digestion and ligation Enzyme digestion of dscDNA was performed using restriction enzymes EcoRI and MseI from New England Biolabs (American). EcoRI and MseI were joined together in 40 µL reaction volume, including dscDNA 10 µL, 10×NEB buffer 4 µL, MseI (10 U µL-1) 1 µL, EcoRI (10 U µL-1) 1 µL, BSA 0.4 µL, ddH2O 23.6 µL, incubating at 37°C for 4 h, inactivating at 75°C for 15 min. Ligation reaction was performed in a 60 µL reaction system including MseI adaptor (50 pM) 2 µL, EcoRI adaptor (50 pM) 2 µL, 10×T4 DNA ligase bufer 6 µL, T4 DNA ligase (350 U µL-1) (Takara) 3 µL, ATP 1 µL, ddH2O 6 µL, incubating at 16°C for 16 h. EcoRI primer sequences were as follows: adapter-E-5’: 5’-CTC GTA GAC TGC GTA CC-3’; adapter-E-3’: 5’-AAT TGG TAC GCA GTC TAC-3’. MseI primer sequences were as follows: adapter-M-5’: 5’-GAC GAT GAG TCC TGA G-3’; adapter-M-3’: 5’- TAC TCA GGA CTC AT-3’. 
Pre-amplification The products from enzymatic digestion and ligation were directly used for pre-amplification. Pre-amplification primer sequences were as follows: E0: 5’-GAC TGC GTA CCA ATT C-3’; M0: 5’-GAT GAG TCC TGA GTA A-3’. Total 50 µL pre-amplification system contained ligation product 5 µL, E0 (10 pM) 1.5 µL, M0 (10 pM) 1.5 µL, Power pfu DNA polymerase (2.5 U µL-1) (Bioteke co., Ltd., Beijing, China) 1 µL, 10×buffer 5 µL, dNTP (2.5 mM) 4 µL, Mg2+ (2.5 mM) 3 µL, ddH2O 29 µL. PCR procedure was performed as follows: pre-denaturating at 94°C for 2 min, followed by 30 cycles of 30 s at 94°C, 30 s at 56°C, 1 min at 72°C, and a final 10 min at 72°C. 
Selective amplification and polyacrylamide gel electrophoresis The products from pre-amplification were diluted 20 times and added into 20 µL selective amplification volume including 2 µL of pre-amplification product, 1.2 µL of selective primers, 1×buffer, 2.5 mM Mg2+, 2.5 mM dNTP and 1U Power pfu DNA polymerase. The selective amplification PCR procedure was as follows: pre-denaturating at 94°C for 2 min, followed by 14 cycles of 30 s at 94°C, 30 s at 65°C (0.7°C E/cyc), 1 min at 72°C, and 23 cycles of 30 s at 94°C, 30 s at 56°C, 1 min at 72°C, and a final 5 min at 72°C. Selective amplification primer of EcoRI: 5’-GAC TGC GTA CCA ATT NNN-3’ (NNN: CCA, CCC, CCG, CCT, CGA, CGC, CGG, CGT, CAA, CAC, CAG, CAT, CTA, CTC, CTG, CTT, corresponding primers numbered E1-E16); primer of MseI: 5’-GAT GAG TCC TGA GTA NNN-3’ (NNN: AAA, AAC, AAG, AAT, ATA, ATC, ATG, ATT, ACA, ACC, ACG, ACT, AGA, AGC, AGG, AGT, corresponding primers numbered M1-M16). Amplification product separation was performed using 6.0% modified polyacrylamide gel electrophoresis at 80 W for 2 h in 0.5×TBE electrophoresis buffer followed by silver staining (Chalhoub et al., 1997). 
Transformation and homologous analysis Differential fragments were excised into 200 µL centrifuge tubes and soaked in 20 µL ddH2O for more than 24 h. The supernatant was used as a template for a secondary 
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amplification, similar to the selective amplification procedure. Amplification products were separated on 1% agarose gel. DNA fragments were recovered using the DNA purification and recovery kit from Bioteke co., Ltd. The successfully recovered fragments were transformed into DH5α competent cells and incubated at 37°C for 15 h. The positive transformants were identified by PCR amplification and sent to Invitrogen co., Ltd. (Shanghai, China) for sequencing. Sequence homology analysis was performed in GenBank by using BLAST tools. 
Semi-quantitative RT-PCR analysis Expression of candidates in different tissues including young leaves, stems and apical meristem and different sections of stem prickle of B and N was performed. Specific PCR primer pairs were designed on the basis of primer combination names for semi-quantitative RT-PCR analysis. E6M14F: 5’-CGA GTT GGA GAT AAG CG-3’, E6M14R: 5’-GAG TTA TTG TCT ATC G-3’, with expected size of 110 bp. E2M8F: 5’-TGA GTC CTG AGT AAT TGC-3’, E2M8R: 5’-CTG CGT ACC AAT TCC CA-3’, with expected size of 124 bp. Specific primer pair of actin gene from ‘Boysenberry’ (unpublished data) was designed as internal control, actF: 5’-GAC TGA ACG TGG TTA CTC TT-3’, actR: 5’-TCT TTG CTC ATC CTA TCA GC-3’, with expected size of 369 bp. 
RESULTS 

cDNA-AFLP analysis for detection of differentially expressed genes A total of 256 selective primer combinations were used for final cDNA analysis. The amplified fragment size was mainly focused on 100-500 bp. 
Bioinformatics analysis of sequenced fragments 45 typical differentially expressed fragments were selected from the cDNA-AFLP bands. Of these, 34 fragments were sequenced. Sequence homology for each fragment using BLAST is shown in Table 1. The putative functions of the sequenced fragments were mainly involved in metabolism, signal transduction, cell skeleton and synthesis, transcriptional regulation and stress resistance. Of these, two differentially expressed fragments were obtained from B with 124 bp (Figure 1A) and N with 109 bp (Figure 1B), respectively. The former named Ruh (Genbank accession No. KP322704) had 75% homology with cell wall hydrolase of alfalfa and the latter (Genbank accession No. KP322705) had 88% homology with strawberry TRY genes (negative regulatory factors for trichome formation). 

 Figure 1. Electrophoresis diagram of amplified products by selective primer combination E4M14 (A) and E2M8 (B). Arrows showed the polymorphic bands.  
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 Table 1. The sequencing and comparing results of differentially expressed gene fragments from ‘Boysenberry’ and ‘Ningzhi1’. 
TDF Length (bp) Function E-value Accession number 
Metabolism 

E2M9 336 60S ribosomal protein (H. brasiliensis) 8e-92 HM363466.1 
E3M15 106 LRR receptor-like serine/threonine-protein kinase (Fragaria vesca) 2e-13 XM_004309147.1 
E4M15 100 Phospho-2-dehydro-3-deoxyheptonate aldolase 2 (Fragaria vesca) 4e-34 XM_004288131.1 
E5M15 76 21 kDa protein-like (Fragaria vesca) 8e-15 XM_004290746.1 
E7M13 106 NRRL 1 mannose-1-phosphate guanylyltransferase (Aspergillus clavatus) 5e-24 XM_001272012.1 
E9M13 140 Calcium-transporting ATPase 13 (Fragaria vesca) 1e-35 XM_004296546.1 
E10M12 194 Non-SMC condensin II complex (Callithrix jacchus) 0.087 XM_002745701.1 
E11M9 88 Poly (ADP-ribose) polymerase member 12 (Ailuropoda melanoleuca) 0.11 XM_002914206.1 

Signal transduction 
E1M16 81 Tissue factor pathway inhibitor-like (Anolis carolinensis) 3.8 XM_003225282.1 
E3M2 81 G protein-coupled receptor 97 (Dasypus novemcinctus) 0.026 XM_004468514.1 

Cytoskeletal element and intercellular connection 
E4M7 113 inositol oxygenase 4-like (Fragaria vesca) 8e-22 XM_004287453.1 
E4M14 85 Clathrin heavy chain 1-like (Fragaria vesca) 3e-34 XM_004295725.1 
E13M10 133 Connectin-like (Bombyx mori) 0.66 XM_004928389.1 
E14M9 119 Myosin light chain kinase (MYLK) (Homo sapiens) 0.57 NG_029111.1 
E15M16 42 Actin-related protein complex subunit 1B-like (Otolemur garnettii) 3.7 XR_154733.1 

Transcriptional control 
E2M8 109 Transcription factor TRY-like (Fragaria vesca) 3e-24 XM_004307960.1 
E6M6 153 Splicing factor U2af large subunit B-like (Cucumis sativus) 0.019 XM_004160171.1 

Defense and stress 
E3M4 143 Thioredoxin M-type (Fragaria vesca) 3e-05 XM_004303101.1 
E6M14 124 Cell wall-associated hydrolase (Medicago truncatula) 6.4e-06 XP_003637074.1 
E7M15 100 Surfin 4.1 gene (Plasmodium reichenowi) 0.13 HM000444.1 
E11M11 153 Gorilla retinitis pigmentosa 9 (Gorilla gorilla) 0.79 XM_004045295.1   
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Expression patterns of candidate gene Two differentially expressed candidates Ruh and TRY in B and N above related to prickle formation were verified by semi-quantitative RT-PCR amplification. The detection in different tissues showed that only the homologous fragment of cell wall hydrolase gene Ruh was obtained, while the TRY homologous fragment was not found out for possible much lower expression level. Ruh had a slightly higher expression level in young leaves of B than N, while it had a similar expression profile in both young stems and apical meristems (Figure 2A). In stem prickles of different position, Ruh exhibited higher level in basal part of B than N, while had similar profile in both middle and top parts (Figure 2B). That is, Ruh had lower expression in young leaves and the prickles at the basal stem part of N, which indicated the nearly negative regulation function of Ruh on the prickle development or formation of N need further to be detected. 

 Figure 2. Expression patterns of Ruh in B and N. M: DL2000 Marker. A: lanes 1-6 showed the expression in B’s leaves, N’s leaves, B’s stems, N’s stems, B’s apical meristem, N’s apical meristem; B: lanes 1-6 showed the expression in the prickles at B’s basal part of stem, N’s basal part of stem, B’s middle part of stem, N’s middle part of stem, B’s top part of stem, N’s top part of stem. 
DISCUSSION The mechanism of Rubus prickle formation has not been determined yet. Kellogg et al. (2011) proposed that raspberry prickles were modified epidermis trichomes. By morphological observation, the blackberry prickles were composed both of epidermis and inner cortex cells and ‘Boysenberry’ had much more inner cortex cell numbers than its thin-weak bud mutant ‘Ningzhi1’ (Zhang et al., 2013). Thus, they suggested that more attention should be paid to the dynamic inner cortex cells when searching for the mechanism of blackberry prickle development. Genetic pathway study of prickle of Rosa 
roxbunghii showed that the thornless phenotype was the bud mutant of prickle phenotype and most of thornless bud mutants were chimera and were inherited only through asexual reproduction (Gao and Luo, 1994). The cDNA-AFLP technique is an effective approach to find differentially expressed genes (Bachem et al., 1996). In this study, cDNA-AFLP was used to screen the differentially expressed genes in B and N. In total, 34 differentially expressed fragments were sequenced and analyzed using BLAST, of which 21 were putatively involve in metabolism, signal transduction, cell skeleton and composition, transcriptional regulation and defense. A fragment involving in transcription regulation had 88% homology with a strawberry TRY transcription factor, whose function was not confirmed in strawberry but had been confirmed in Arabidopsis to inhibit trichome development (Schellmann et al., 2002). Szymanski et al. (2000) found that the main function of Arabidopsis thichome was to increase the thickness of epidermis layer to protect plants against insects and pathogens and some mechanical damage. Development of Arabidopsis trichome was regulated strictly by growing time and space, and need different transcription factors including TRY (TRIPTYCHON) which is a main negative regulator affecting trichome development initiation and mediated lateral inhibition of early surrounding trichome cells (Hülskamp et al., 1994; Schellmann et al., 2002). Another differentially expressed fragment involving in adversity 
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defense had a 75% homology with a cell wall hydrolases gene from alfalfa, whose function had no further report in alfalfa yet. Another existing study showed that cell wall hydrolase was involved in pathogenic bacteria growth and sporulation (Haiser et al., 2009). The blackberry fragment similar to cell wall hydrolase exhibited similar expression level in young stem and the apical meristem of B and N, and potentially higher level in prickles at the basal part of stem of B than N, which could imply that the gene had negative regulation to prickle development in N. 
CONCLUSIONS This study conducts a preliminary study on differentially expressed genes in stem tip of ‘Boysenberry’ blackberry and its bud mutation ‘Ningzhi 1’ with thin and weak prickles by cDNA-AFLP analysis and semi-quantitative RT-PCR validation. The separation and homology analysis of two candidate fragments and expression pattern detection of cell wall hydrolase gene Ruh provide basic clues for further study on the prickle formation mechanism of blackberry plants. 
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