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Tomato TILLING mutants in Expansin1 gene Tomato TILLING mutants in Expansin1 gene show alteration in softening and cell wall show alteration in softening and cell wall metabolism during ripening metabolism during ripening

Plant material: Tomato M3 plants, including wild types (M82 and Red Setter) and genotypes homozygous for both the presence (+/+) and the absence (-/-) of the discovered mutations, were grown in greenhouse conditions according to standard tomato agronomic practice. TILLING molecular screening: PCR amplification was carried out using labelled primers (IRDye 700 and IRDye 800 dye). Mutation detection was performed with the mismatch specific endonuclease ENDO1 (8) and the LiCor 4300 DNA analyzer. After discovery, mutations were validated by sequence analysis. Fruit firmness: Penetrometric firmness was measured on whole tomato without peel by using a pressure tester (Forge Gauge, Lutron FG-5000-A) fitted with a cylindrical plunger of 6 mm in diameter. Tomato samples were collected at the breaker stage and analyzed in post-harvest conditions at fixed ripening stages. Pericarp tissue histology: Cell size distribution in pericarp sections of the different genotypes was established according to (9). Compression analysis: Compression was measured on pericarp tissue cylinders of 0.96 cm diameter taken at the equator. Compression test was realized at 20 mm/min using an Adamel Lhomargi DY34B (MTS) mechanical testing machine equipped with a 1 kN sensor. Cell wall polysaccharides chemical composition: Cell walls from pericarp tissue of 5 to 6 fruits per genotype were prepared as alcohol insoluble material. Neutral sugars were quantified by gas-liquid chromatography and uronic acid by colorimetry after sulfuric acid degradation (10). Neutral sugar composition was corrected for residual starch determined by amylolysis and HPLC. The degree of pectin-esterification by methanol (DM) and weight % of acetic acid ester (AA) was measured by HPLC after alkaline hydrolysis (11). Glucanase degradation of cell wall preparations was done as described (10). Oligosaccharides were identified by MALDI-TOF MS on M@ldi LR (Waters) spectrometer using DHB/6ATT matrix. Data treatment and statistic (ANOVA, pairwise t-test) were performed using R software or MATLAB (histology).
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RESULTS and DISCUSSION

RESULTS and DISCUSSION

Tomato fruit ripening involves the expression of several types of enzymes and proteins targeted at the cell wall disassembly. Expansin1 gene (SlExp1) codes for the major expansin protein involved in fruit softening (1). This protein controls noncovalent interactions at the hemicellulosecellulose interface and regulates cell wall polysaccharides metabolism (2). To date, no non-GMO tomato genotypes modulated on expansin are available to realize controlled texture hybrids.

INTRODUCTION INTRODUCTION Figure 2. Figure 2. Firmness analysis on two TILLING

Firmness analysis on two TILLING mutants. mutants. Firmness was calculated from homozygous +/+ (striped bars), homozygous -/-(white bars) and from respective wild type (M82 or Red Setter) (black bars). Tomato samples were collected at the breaker (B0) stage and analyzed in post-harvest conditions at fixed ripening stages: breaker and zero (B0), five (B+5), ten (B+10), fifteen (B+15) and twenty-five (B+25) days after breaker. Bars represents standard errors, and asterisks indicate that homozygous +/+ are significantly different (P<0.05) from homozygous and wild type. 

Table 2. Table 2. Cell wall polysaccharide composition.

Cell wall polysaccharide composition. Uronic acids (UA), total neutral sugars (NS) and total sugars (Total), acetic acid content (AA) (± standard deviation) on the weight basis of dry alcohol insoluble material and degree of methyl esterification of pectin (DM) in cell walls recovered from pericarp tissue of M82 (M) and Red Setter (R) wild type (W), control (0, -/-) and mutant (1, +/+) at the green (G), breaker (B), pink (P), red (R) and overripe (S) stages. P. value: results from a pairwise-t-test between data from sild type (M) or control (0) and mutant (1); in bold significantly different results (p<0.05); n=numbers of fruits. 3). Compression analysis on M82 and Q213* mutant. Modulus of deformation (E) at 20% strain ± standard deviation, analysis of variance between wild type and mutant (p value) and number of measures (n). In bold, statistically significant differences.

Genotype Ripening stage E (kPa) p value n

Table 3. Table 3. MALDI-TOF analysis.

MALDI-TOF analysis. Analysis of variance (p.values) and interaction (SxM) between ripening stages (S) and genotype (wild-type and mutants for M; 0 and mutant for Red Setter) for M82 and Red Setter genetic background. Oligosaccharide nomenclature: Hex: hexose based oligosaccharides (glucomannan) of degree of polymerization 4 (Hex4) to 9 (Hex9) bearing 1 to 3 acetic acid ester group (A1-A3); the nomenclature of xyloglucan type oligomers follows that of (7) and was extended by A1 or A2 following the number of acetyl esterification. Data in bold emphasize significant effects. 
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 11 Figure 2. Figure 2. Firmness analysis on two TILLING Firmness analysis on two TILLING mutants. mutants. Firmness was calculated from homozygous +/+ (striped bars), homozygous -/-(white bars) and from respective wild type (M82 or Red Setter) (black bars). Tomato samples were collected at the breaker (B0) stage and analyzed in post-harvest conditions at fixed ripening stages: breaker and zero (B0), five (B+5), ten (B+10), fifteen (B+15) and twenty-five (B+25) days after breaker. Bars represents standard errors, and asterisks indicate that homozygous +/+ are significantly different (P<0.05) from homozygous and wild type. (A) Q213*; (B) W211S.

  composition on the dry weight of cell wall preparations is given in Table 2. M82 and Red Setter mutants at the green stage are poorer in uronic acids than the wild type content. On M82 mutant at the breaker stage neutral sugars and total sugar content of cell wall preparations are affected. Expansin being targeted to hemicellulose/cellulose interactions, the fine structure of hemicelluloses was followed during fruit ripening by β-glucanase degradation and MALDI-TOF MS analysis of the oligosaccharides produced. Two series of oligosaccharides ion were observed and corresponded to the two major xyloglucan and glucomannan hemicelluloses in tomato. The relative intensity of oligosaccharides attributed to glucomannan oligosaccharides (Hex) markedly decreased with the ripening stage. The fine structure of xyloglucan is also affected during ripening (6). Down-regulation of expansin affects significantly the proportion of xyloglucan fine structures particularly at the breaker stage (Figure 3, Table

  Figure 3. Figure 3. Evolution in the proportion of representative Evolution in the proportion of representative glucomannan glucomannan (Hex) (Hex) and xyloglucan fine structure (XXGA1, XXGGA1) in M82 and mutant and xyloglucan fine structure (XXGA1, XXGGA1) in M82 and mutant (Q213*) during ripening. (Q213*) during ripening. See legend ofTable 2 for sample nomenclature.

Table 1 . Table 1. Compression analysis on M82 and Q213* mutant.

 1 

	Mutant green	1.9 ±0.6 0.6794 2 4
	Wild type green	2.0 ±0.8	3 6
	Mutant breaker	1.8 ±0.5 0.0048 2 3
	Wild type breaker	2.5 ±0.9	3 6
	Mutant pin k	0.6 ±0.5 0.0348 3 6
	Wild type pin k	0.8 ±0.3	3 4
	Mutant r e d	0.3 ±0.3 0.0005 2 6
	Wild type r e d	0.5 ±0.2	2 6
	Mutant overrip e	0.3 ±0.2 0.0002 2 8
	Wild type overrip e	0.5 ±0.2	3 1
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