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Background:  We have previously combined loss- and gain-of-function approaches to investigate the

function of Arabidopsis minichromosome maintenance (MCM) protein subunit 2 (MCM2). However MCM2

loss of function leads to the death of embryos, thus precluding the analysis of homozygous MCM2

mutants.

Methods: To further understand the function of MCM2, we generated transgenic tomato plants via RNA

interference silencing. And microarray slide hybridization was used to compare gene expression level

between  LeMCM2  -silenced lines and wild-type plants.

Results:  We obtained 4  LeMCM2  -silenced lines. The expression level in  LeMCM2  -silenced lines was

20-80% of that of wild-type. And  LeMCM2  -silenced lines display loss of apical dominance, enhanced

chlorophyll accumulation and reduced leaf cell endoduplication. In addition, the expression levels of

genes involved in DNA replication was altered in  LeMCM2  -silenced lines significantly.

Conclusion: In general, the data described here provided additional evidence for the relationship

between genes involved in DNA replication and apical dominance and chlorophyll pigmentation.
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13 Abstract

14 Background：We have previously combined loss- and gain-of-function approaches to 

15 investigate the function of Arabidopsis minichromosome maintenance (MCM) protein subunit 2 

16 (MCM2). However MCM2 loss of function leads to the death of embryos, thus precluding the 

17 analysis of homozygous MCM2 mutants. Methods：To further understand the function of 

18 MCM2, we generated transgenic tomato plants via RNA interference silencing. And microarray 

19 slide hybridization was used to compare gene expression level between LeMCM2-silenced lines 

20 and wild-type plants. Results: We obtained 4 LeMCM2-silenced lines. The expression level in 

21 LeMCM2-silenced lines was 20-80% of that of wild-type. And LeMCM2-silenced lines display 

22 loss of apical dominance, enhanced chlorophyll accumulation and reduced leaf cell 

23 endoduplication. In addition, the expression levels of genes involved in DNA replication was 

24 altered in LeMCM2-silenced lines significantly. Conclusion: In general, the data described here 

25 provided additional evidence for the relationship between genes involved in DNA replication and 

26 apical dominance and chlorophyll pigmentation.

27

28 Introduction

29 The genetic information contained in parental cells is transmitted to daughter cells during cell 

30 division. Accurate and complete DNA replication was achieved by regulating various proteins. 

31 At the onset of the S-phase of the cell cycle during which DNA replication occurs, the pre-

32 replication complex assembles on replication origins. Control of the pre-RC activity is crucial for 

33 each origin to be licensed for replication only once per cell cycle. Minichromosome maintenance 

34 proteins (MCM) are important members of this system. The MCM protein family is highly 

35 conserved and comprises eight subunits, namely, MCM2, MCM3, MCM4/Cdc21, MCM5/Cdc46, 

36 MCM6/Mis5, MCM7/Cdc47, MCM8 and MCM9. In particular, MCM2-7 six-hexamer is 
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37 necessary for DNA replication. It exists in all eukaryotes, forming many types of heteromers and 

38 playing diverse roles. The expression of MCM genes is controlled by E2f1-4 transcription factors 

39 (Vandepoele et al. 2005). In addition, the ERK/MAPK signal transduction pathway plays a key 

40 role in this regulation (Bruemmer et al. 2003). The biological functions of MCM2-7 can be 

41 regulated and influenced by Cdt1, cyclin E, p27Kip1, Rb, ATM and ATR proteins. MCM8 and 

42 MCM9 are found only in higher organisms. No homologues of MCM8 are found in 

43 yeast(Maiorano et al. 2005). MCM9 exists in vertebrates only (Lutzmann et al. 2005). Although 

44 these two proteins belong to the MCM protein family, they do not form polymers with the 

45 aforementioned six MCM proteins. And he MCM8-9 complex is required for DNA synthesis 

46 without MCM2 (Natsume et al. 2017). MCM8 might be also involved with RAD51 in meiotic 

47 double strand break repairs in Arabidopsis(Crismani et al. 2013).

48 MCM proteins leave the replication origin and participate in the extension of DNA replication. 

49 For example, inactivation of MCM proteins by adding mixed antibody(Shechter et al. 2004) or 

50 Rb protein(Pacek & Walter 2004) inhibits DNA synthesis in Xenopus laevis egg extracts. 

51 Although MCM1 and MCM10 do not belong to this protein family, they are functionally related 

52 and play an important role in replication. The MCM2-7 complex is the replicative helicase 

53 opening replication forks. Although the MCM hexamer of eukaryotes does not have a helicase 

54 activity, the protein complex (extracted from Xenopus eggs), which binds with chromatin, 

55 contains six MCM proteins and Cdc45, and possesses helicase activity(Masuda et al. 2003). 

56 Furthermore, Cdc45 and the MCM2-7 complex migrate along with the replication fork, and the 

57 helicase activity of the MCM complex is characteristic of S-phase. MCM8 also functions as a 

58 helicase in the elongation step of DNA replication (Maiorano et al. 2005).

59 In the past years, the relationships between MCM proteins and plant development have gained 

60 the interest of researchers. Similar to the genomes of other eukaryotes, those of higher plants 

61 contain multiple chromosomes, and their DNA replication is initiated at multiple origins to 

62 ensure that the entire genome is fully replicated(Tuteja et al. 2011). Consistent with the role of 

63 MCM proteins in replication, studies on MCM proteins from different plants (Arabidopsis, rice, 

64 maize and others) revealed that these proteins are expressed in young tissue or dividing cells 

65 (Bastida et al. 2006; Cho et al. 2008; Ni et al. 2009; Sabelli et al. 1996; Springer et al. 1995) and 

66 localised in the nucleus(Dresselhaus et al. 2006; Springer et al. 2000). Using Arabidopsis T-

67 DNA insertion mutants for each subunit of MCM2-7, Herridge et al. found that homozygous 
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68 mutants are not viable, indicating that all MCM 2-7 proteins are required for Arabidopsis seed 

69 development(Herridge et al. 2014).

70 In addition to plant cell division and seed development, plant MCM proteins also play a role in 

71 abiotic stress response. MCM6 is involved in salinity tolerance(Dang et al. 2011). Arabidopsis 

72 MCM2 is related to geminiviral DNA replication(Suyal et al. 2013), indicating a relationship 

73 between host proteins and virus DNA replication. In addition, reduction in MCM2 expression is 

74 responsible for the reduction in cell division induced by the loss of function of the GTP-binding 

75 protein α subunit (gpa1) (Chen et al. 2015).

76 In the present study, we used RNA interference to silence MCM2 gene expression in tomato 

77 plants and analyse its contribution to the development of apical meristems and leaves of tomato. 

78 In addition, we analysed endoduplication level in MCM2-silenced tomato lines and examined 

79 changes in gene expression induced by MCM2 silencing. 

80

81 Materials & Methods

82 Plant materials

83 Tomato (Solanum lycopersicum) (variety: Huang-Ding-Hong) seeds were germinated in March 

84 every year and grown in pots in the solar greenhouse. For plants grown in vitro, seeds were 

85 surface disinfected and germinated on medium with half MS salt under 16 h of light at 25 °C in 

86 the tissue culture room. 

87 Cloning and sequencing of tomato LeMCM2 

88 Total RNA was isolated from tomato young leaves by using a plant RNA extraction kit 

89 (MiniBEST, TaKaRa), and the isolated RNA was reverse-transcribed into cDNA by using a 

90 reverse-transcription kit (PrimeScriptTMII, TaKaRa). In specific, the LeMCM2 cDNA was 

91 cloned by PCR amplification with primers containing XbaI/BamH1 and SacI/SmalI (Table S3). 

92 The obtained PCR products were fully sequenced and cloned into pUCm-T Vector (Sango 

93 Biotech).

94 Gene constructs and plant transformation

95 To construct the 35S:LeMCM2 RNAi vector, we inserted the invert-repeat LeMCM2-specific 

96 cDNA sequences into a pCambia1300 vector containing AtWRKY33 intron sequences by 

97 combining restrictive DNA endonucleases XbaI/BanmHI and SacI/SmalI following previously 

98 described methods (Jin et al. 2009). 
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99 The aforementioned silencing constructs were introduced into tomato plants via agrobacterium-

100 mediated transformation as previously described with some modifications(Jin et al. 2009; Liu et 

101 al. 2015). In brief, tomato seeds were germinated on germination medium with half-strength MS 

102 salts. Cotyledons of 7-day-old seedlings were excised and cultured on organogenesis medium 

103 with MS salts and zeatin and indole-acetic acid for 2 days, followed by infection with an 

104 agrobacterium culture containing the RNAi silencing construct for another 2 days. The infected 

105 cotyledon explants were then transferred to the aforementioned medium supplemented with 

106 hygromycin and timetin, which were used to inhibit the growth of non-transformed tomato cells 

107 and agrobacteria, respectively. The regenerated shoots were then screened for their ability to 

108 form roots on medium supplemented with half-strength MS salts, timetin and hygromycin. The 

109 genomic DNAs were isolated from hygromycin-resistant shoots for PCR analyses to monitor the 

110 transgene. 

111 Quantitative RT-PCR analysis

112 The expression level of tomato genes was performed via quantitative RT-PCR analysis as 

113 previously described by Chen et al. with some modifications (Chen et al. 2016). Total tomato 

114 RNA extraction and cDNA synthesis were performed by the aforementioned methods. The 

115 cDNA was mixed with primers and SYBR_ Premix Ex Taq (TliRNaseH Plus; TaKaRa), and 

116 specific gene products were amplified by the LightCycler_II480 (Roche) detection system. The 

117 relative quantisation method (CT) was used to evaluate the quantitative variation between the 

118 replicates examined. The primers used for quantitative RT-PCR analysis are listed in Table S3.

119 Chlorophyll content measurement

120 Chlorophyll content was spectrophotometrically determined (sp-752, 

121 Shanghai Spectrum Instrument Co., Ltd.) at 663 and 645 nm as previously described by Shen et 

122 al. with some modifications  (Shen et al. 2014). Tomato leaf samples were washed with distilled 

123 water and dried with filter paper. The leaf blade without the main vein was divided into small 

124 pieces. These leaf blade samples were homogenised with 3 mL and then 10 mL of 95% ethanol. 

125 The chlorophyll extracts were filtered into a 25 mL brown volumetric flask and then fixed with 

126 95% ethanol. Chlorophyll content was calculated using the Amon formula. All experiments were 

127 repeated thrice. Standard deviations were computed to compare the chlorophyll contents in the 

128 different treatments. 

129 Content of chlorophyll a = (12.7 × D663 − 2.69 × D645) × V/W
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130 Content of chlorophyll b = (22.9 × D645 − 4.68 × D663) × V/W

131 Total chlorophyll content = chlorophyll a content + chlorophyll b content

132 D663: Light density at 663 nm at wavelength, D645: Light density at 645 nm at wavelength, V: 

133 the final volume of chlorophyll extraction (L), W: Fresh weight (g)

134 Flow cytometry analysis

135 Tomato leaf ploidy level was determined by flow cytometry as previously described by Costich 

136 et al. with some modifications(Costich et al. 1993). Fresh leaves were trimmed and placed in 

137 Petri dishes. The leaves were added with 2 mL of lysate (Table S4) and then cut with sharp 

138 blades to destroy the cell wall. The abovementioned suspension solution was filtered twice with 

139 a 40 µm membrane and then centrifuged for 5 min. The supernatant was discarded, and the 

140 sediment was resuspended with 400 μL of iodide propidium (PI, 5 g/mL), treated for 30 min at 4 

141 °C and then stored in the dark. Then, the sediment was filtered by a 200-mesh nylon net. The 

142 nuclei were analysed with Coulter Epics XL (Beckman).

143 Microarray slide hybridisation, scanning and data analysis

144 Biolabelled amplified RNA was fragmented and hybridised to Affymetrix 3’ IVT GeneChip at 

145 CaptialBio (www.capitalbio.com). The arrays were washed and stained, followed by scanning 

146 with GeneChip® Scanner 3000. The software (Affymetrix® GeneChip® Command Console® 

147 Software) was used to save the fluorescence signals of GeneChip into .DAT files for analysis. 

148 The raw data has been deposited in annotare (https://www.ebi.ac.uk/fg/annotare/). The 

149 accession/id number is E-MTAB-7677.

150 Results

151 Cloning of tomato MCM2 gene and generation of silencing lines

152 Disruption of AtMCM2 compromises embryogenesis at an extremely early stage, and 

153 Arabidopsis MCM2 is expressed mainly in the leaf primordia and root apical meristem. 

154 Considering that null mutants could not be acquired for further investigating the role of MCM2, 

155 we applied a RNA interference strategy for generating tomato silence lines. Transgenic adult 

156 plants by RNA interference can be gained because silencing should not be complete. 

157 Additionally, plant tissue culture was applied during tomato transformation, which may allow 

158 mature plant recovery by bypassing embryogenesis. 

159 The Arabidopsis MCM2 protein sequence was used to search for tomato MCM2 protein via Sol 

160 Genome Network (https://solgenomics.net/tools/blast/), which revealed the highest homology 
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161 (77.22%) of amino acid sequence between a tomato protein (Solyc11g040120.2) and 

162 Arabidopsis MCM2 protein (Fig. S1). And it was confirmed by searching it in a plant genome 

163 database (http://pgsb.helmholtz-muenchen.de/plant/search.jsp).  Thus, it was defined as tomato 

164 MCM2 (hereafter referred to as LeMCM2). After comparing different tomato MCM cDNA 

165 sequences, a 242 bp fragment specific for LeMCM2 cDNA was amplified and used to construct 

166 the LeMCM2 RNAi binary vector (Fig. S2).

167 After agrobacterium-mediated tomato transformation, 15 hygromycin-resistant plantlets were 

168 recovered. PCR analyses revealed that four of these plants were transformed with the transgene. 

169 The expression of LeMCM2 in the transgenic plants was monitored by real-time reverse 

170 transcription PCR, revealing that all lines displayed reduced LeMCM2 expression (Fig. 1).

171 LeMCM2 silencing induced altered expression of DNA replication genes

172 Loss of function of Arabidopsis MCM2 inhibits cell division and causes embryonic lethality (Ni 

173 et al. 2009). Therefore, three T1 LeMCM2-silenced tomato plants were chosen to perform 

174 transcript profiling by using the Affymetrix 3’ IVT GeneChip. The results indicated that the 

175 expression levels of genes involved in DNA replication, metabolism of vitamin, amino acid and 

176 plant hormones were altered (Fig. 2). In detail, 336, 362 and 479 genes were up-regulated while 

177 348, 402 and 474 genes were down-regulated in lines 10, 11 and 13, respectively (Figs. 3a and 

178 3b). Among them, 241 genes were up-regulated (Table S1), including MCM2 and MCM5, and 

179 242 genes were down-regulated in all three lines (Table S2). The MCM2 up-regulation in 

180 LeMCM2-silenced tomato plants might be due to that the probe on the GeneChip matches the 

181 RNAi construct used herein.

182 LeMCM2 silencing induced loss of apical dominance

183 Thereafter, we characterised the growth and reproductive phenotype of the MCM2-silenced 

184 lines. Compared with the wild-type plants, the transgenic plants (T1) displayed considerably less 

185 seeds per fruit (Fig. 4a) and smaller seeds (Fig. 4b). However, seeds with different sizes were 

186 observed in the LeMCM2-silenced lines (Fig. S3). Furthermore, genotyping of plants from the T2 

187 generation revealed that only few descendants from line 13 inherited the MCM2-RNAi construct 

188 and other lines did not produce any PCR-positive plants. And the RNAi construct could not be 

189 transmitted to the T3 generation of line 13. 
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190 Intriguingly, the shoot apical meristem of transgenic seedlings of T2 plants stopped functioning 

191 after the first two leaves developed (Fig. 5). However, lateral leaf primordia formed and 

192 continued to develop in some of the seedlings. 

193 LeMCM2 silencing induced inhibition of tomato leaf endoduplication

194 Endoduplication correlated with the expression of E2F target genes, such as MCM genes 

195 (Vlieghe et al. 2005). Therefore, we used T2 plants from line 13 as materials to analyse 

196 endoduplication levels in young and mature leaves. In young leaves of the wild-type plants, we 

197 observed only 2C and 4C nuclei corresponding to G1 and G2 cells (where C is the DNA quantity 

198 corresponding to an unreplicated haploid genome). The proportion of G2 cells clearly reduced in 

199 the transgenic plants compared with that in the wild-type plants (Figs. S2, 6b,c). The wild-type 

200 nuclei extracted from mature leaves had a 2C, 4C or 8C DNA content, whereas the transgenic 

201 plants contained only 2C and 4C cells (Fig. S4, Fig. 6a,b). As observed in young leaves, the 

202 proportion of 4C cells reduced in the transgenic plants compared with that in the wild-type 

203 plants. 

204 LeMCM2 silencing promoted chlorophyll accumulation

205 The T1 plants displayed darker leaves than the wild-type tomato plants. Hence, the chlorophyll 

206 content of the LeMCM2-silenced T2 plants (line 13) was measured by spectrophotometry 

207 because only line 13 could be available for T2 plants. As shown in Fig. 7, the LeMCM2-silenced 

208 T2 plants had significantly greater chlorophyll a, b and total chlorophyll contents than the wild-

209 type plants (P<0.05). However, the transgenic tomato plants had slightly greater chlorophyll a/b 

210 ratio than the wild-type plants.

211

212 Discussion

213 In the present study, we used RNAi-silenced tomato plants to understand the role of MCM2 

214 protein in plant development. The expression level of MCM2 might be insufficiently low to 

215 inhibit embryonic development; thus, the RNAi method was used. At variance with Arabidopsis, 

216 tomato transformation was achieved through tissue culture. Therefore, the embryonic 

217 development problem can possibly be bypassed, illustrating that tomato or tobacco might be 

218 more effective than Arabidopsis in some cases (Dai et al. 1999). Through this approach, apical 

219 dominance was found to be lost in the MCM2-silenced tomato plant lines, and lateral shoots 

220 immediately developed thereafter (Fig. 5). Arabidopsis is difficult to be used to analyse shoot 
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221 apical dominance because of the rosette leaves during the vegetative growth phase. Thus, this 

222 phenomenon was not observed when Arabidopsis amiRNA lines of MCM genes were 

223 investigated to analyse phenotype and regulated genes(Herridge et al. 2014). Loss of shoot apical 

224 dominance could be explained by reduced DNA replication and cell division in the apical 

225 meristem cells and leaf primordium. Indeed, mechanically destroying the shoot tip results in 

226 lateral branch development. Consistent with previous analyses in Arabidopsis, down-regulation 

227 of MCM2 resulted in the production of small and few seeds. Seed size could be determined by 

228 endosperm development because seeds contained aborted embryos. Therefore, we hypothesised 

229 that nuclear division in the endosperm is reduced in LeMCM2-silenced tomato lines like 

230 amiRNA lines targeting in MCM proteins (Herridge et al. 2014). The fewer seeds in the RNAi-

231 silenced tomato plants could be due to seed aborting because MCM proteins are necessary for 

232 embryonic and endosperm cell division or growth. 

233  Furthermore, the expression levels of genes involved in DNA replication were up-regulated in 

234 the LeMCM2-silenced tomato plants because MCM proteins acted as helicase during DNA 

235 replication or cell division. This result suggested that cells were blocked in early S phase because 

236 replication elongation cannot proceed normally. 

237 The expression level of NYC1 (Solyc07g024000), which encodes chlorophyll b reductase, 

238 reduced remarkably in the three independent LeMCM2-silenced tomato plants compared with 

239 that in the wild-type plants.  It was suggested that NYC1 plays a role in degrading chlorophyll b 

240 and regulating chlorophyll b level under high light condition (Horie et al. 2009; Sato et al. 2015). 

241 In the present study, the LeMCM2-silenced tomato plants consistently possessed greater 

242 chlorophyll content compared with the wild-type plants. This chlorophyll pigmentation might be 

243 attributed to the expression level of NYC1 down-regulated by LeMCM2-silencing. In addition, 

244 MCM2 and MCM5 were up-regulated in the LeMCM2-silenced tomato plants. DNA array data 

245 detected a high signal of MCM2 probably because the sequence used for silencing LeMCM2 has 

246 strong homology to the probe used in microarray slide hybridisation. Furthermore, the expressed 

247 double strand could be hybridised with the probe when it is denatured. With the high signal of 

248 MCM5 detected in DNA array data, the coding regions of MCM5 showed no similarity with the 

249 sequence used in the construct for MCM2 RNAi transformation after careful alignment. This 

250 event was possibly due to the MCM5 overexpression, which could be compensated for MCM2 

251 silencing in tomato.
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252

253 Conclusions

254 The roles of MCM proteins in plant cell division and seed and root development have been 

255 studied for decades. However, its function in leaf and stem development slowly progressed. 

256 Herein, we showed tomato apical dominance loss due to MCM2 partial silencing. Furthermore, 

257 this work provided additional evidence for the relationship between core cell cycle regulators 

258 and chlorophyll pigmentation.

259

260 Supplementary data

261 Fig.S1. Tomato MCM2 homologue. The Arabidopsis MCM2 protein sequence was used to 

262 search for tomato MCM2 protein via Sol Genome Network (https://solgenomics.net/tools/blast/).

263 Fig.S2.The specific cDNA sequence for generating MCM2-RNAi vector.

264 Fig.S3. Seed size from the LeMCM2-silenced plants decreased at maturity. Seeds from 

265 transgenic plants (a) and wild-type plants (b)

266 Fig.S4. Fraction of ploidy level of Ln-MCM2-silenced tomato plants (line 13) and wild-type 

267 control plants. Samples were fully expanded leaves (a) and young leaves (b).

268 Table S1. Up-regulated genes in LeMCM2 silenced lines.

269 Table S2. Down-regulated genes in LeMCM2 silenced lines.

270 Table S3 Primer sequences used here.

271 Table S4 Composition of lysate for ploidy level detection

272

273 Figure legends

274 Fig.1. Expression level of LeMCM2 reduced in LeMCM2-silenced tomato lines.

275 Fig.2. Pathway enriched by LeMCM2 silencing. Lines 10 (a), 11(b) and 13 (c).

276 Fig.3. Gene expression levels were altered in different silencing approaches of LeMCM2 in 

277 transgenic tomato lines. Genes were up-regulated (a) and down-regulated (b) in transgenic lines 

278 (L10, 11 and L13), compared with those in wild-type tomato plants.

279 Fig. 4. Seed number per fruit (a) and size (b) of LeMCM2-silenced tomato lines were less 

280 than those of wild-type plants. Lines 10, 11, 13 and 14 were transgenic plants, and wild type 

281 was the untransformed control. ± SD values are presented as error bars. Statistically evaluated 

282 differences between samples are indicated by asterisk (Student’s t-test, * P<0.05).

283 Fig.5. Apical dominance was inhibited in LeMCM2-silenced tomato line (T2, line 13). It was 

284 enlargement of apical meristem of seedling of line 13 on the top left corner. Bar =1cm.
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285 Fig.6. Ploidy level of LeMCM2 silencing was inhibited in mature leaves. Ploidy distribution 

286 of mature levels of wild-type plants (a) and transgenic plants (b) and young leaves of wild-type 

287 plants (c) and transgenic plants (d). 

288 Fig.7. Chlorophyll content of LeMCM2-silenced tomato lines increased compared with that 

289 of wild-type tomato plants. The chlorophyll content of tomato plants from LeMCM2-silenced 

290 tomato lines (T2, line 13) and wild-type (Control) was measured spectrophotometrically. ± SD 

291 values are presented as error bars. Statistically evaluated differences between samples are 

292 indicated by asterisk (Student’s t-test, *P<0.05).
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Figure 1

Expression level of LeMCM2

Expression level of LeMCM2 reduced in LeMCM2-silenced tomato lines .

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.27513v1 | CC BY 4.0 Open Access | rec: 1 Feb 2019, publ: 1 Feb 2019



Figure 2

Pathway enriched by LeMCM2 silencing.

Pathway enriched by LeMCM2 silencing. Lines 10 (a), 11(b) and 13 (c).
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Figure 3

Geneexpression levels were  altered  in different silencing approaches of

LeMCM2 in   transgenic tomato lines.

Gene expression levels were  altered  in different silencing approaches of LeMCM2 in  

transgenic tomato lines.   Genes were up-regulated (a) and down-regulated (b) in transgenic lines (L10,

11 and L13), compared with those in wild-type tomato plants.
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Figure 4

Seed number per fruit (a) and size (b) of LeMCM2-silenced tomato lines

Seed number per fruit (a) and size (b) of LeMCM2-silenced tomato lines were less

than those of wild-type plants.  Lines 10, 11, 13 and 14 were transgenic plants, and wild

type was the untransformed control. ± SD values are presented as error bars. Statistically

evaluated differences between samples are indicated by asterisk (Student’s t-test, * P<0.05).
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Figure 5

Apical dominance was inhibited in LeMCM2 -silenced tomato line

Apical dominance was inhibited in LeMCM2-silenced tomato line (T2, line 13). It was

enlargement of apical meristem of seedling of line 13 on the top left corner. Bar =1cm.
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Figure 6

Ploidy level of LeMCM2 silencing was inhibited in mature leaves.

Ploidy level of LeMCM2 silencing was inhibited in mature leaves.  Ploidy distribution

of mature levels of wild-type plants (a) and transgenic plants (b) and young leaves of wild-

type plants (c) and transgenic plants (d).
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Figure 7

Chlorophyll content of LeMCM2-silenced tomato lines increased compared with that of

wild-type tomato plants.

Chlorophyll content of LeMCM2-silenced tomato lines increased compared with

that of wild-type tomato plants.  The chlorophyll content of tomato plants from LeMCM2-

silenced tomato lines (T2, line 13) and wild-type (Control) was measured

spectrophotometrically. ± SD values are presented as error bars. Statistically evaluated

differences between samples are indicated by asterisk (Student’s t-test, *P<0.05).
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