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Whole genome expression in diploid and doubled diploid citrus seedlings in intra and interspecific contexts Dutra J 1,4,5 ,Rodrigues V 2 , Barigah T 3 , Ollitrault P 4 , Gesteira A 5 , Morillon R 4 •Large changes of gene expression were observed when comparing the 2x intergeneric hybrid Cleopatra mandarin × Trifoliate orange and its respective 4x suggesting that this doubled diploid of an intergeneric cross behaves as an allotetraploid regarding it genome expression.

• When comparing gene expression in 2x or in 4x, large changes of expression were also noted.

•Investigations of CERt and specific conductances (Ktotal/leaf, Ktotal/cross sectional are, Kroot/leaf) did not reveal much difference between 2x and 4x of Trifoliate orange except for CERt. Unfortunately we did not have 2x Cleopatra mandarin in experimental design, and comparisons between 2x and 4x was thus not possible. Regarding the comparison between the 2x intergeneric hybrid Cleopatra mandarin × Trifoliate orange and its respective 4x, only Kroot/leaf was significantly different. This suggest that tetraploidy do not induces large changes in hydraulic architecture in absence of stress. Since doubled diploid were showed to present greater traits of adaption to stress, it would be necessary to do such physiological measurement under stress conditions to decipher the impact of polyploidy.

•Hydraulic architecture was investigated (CERt, Specific conductances: Ktotal/leaf, Ktotal/cross sectional are, Kroot/leaf) and did not reveal large changes between 2x and 4x couples, except CERt between 2x and 4x Trifoliate orange and Kroot/leaf between 2x and 4x hybrid Cleopatra mandarin × Trifoliate orange (Fig. 2)

Conclusions

Tetraploids may be allopolyploids or autotetraploid and may result either from sexual reproduction via 2n gametes or by duplication of the entire nucellar chromosome set. Allopolyploids inherit different subgenomes after interspecific hybridization whereas subgenomes of autotetraploid arise from the same species. Currently, genome expression changes in allotetraploids are considered to be more strongly affected by genome hybridization than by genome ploidy changes. Thus, interactions among genomes are considered to play an important role in the development of new phenotypes in allopolyploids.

Studies aimed at identifying changes in genome expression patterns of autotetraploid are less numerous than for allotetraploids. Investigation in potato, using microarrays showed that gene expression changes were very limited (Stupar et al., 2007). These results suggest that doubled diploids, that derive all of their alleles from a single species, may undergo fewer alterations in their regulatory networks, resulting in very limited changes of gene expression between diploid and doubled diploid genotypes (Stupar et al., 2007). Genome doubling can produce autoteraploid (with intraspecific diploid) but also alloteraploid (from interspecific diploid). Gene expression changes observed in between diploid and doubled diploid genotypes could be attributed to nuclear dosage and ploidy-driven cellular modifications leading to physiological changes such as cell size, division rate, or organellar composition but also to modifications of instable regulation network or epigenetic marks in interspecific hybrids. In addition, the genome doubling confers better adaptability to various environmental stresses included a higher tolerance to salinity (Saleh et al, 2008, Mouhaya, 2010, Ruiz et al, 2016) and water deficit (Allario et al 2013; Oliveira et al 2016). In this work, using microarrays we investigated the genome expression in root of diploid of Trifoliate Orange and Cleopatra mandarin, their respective doubled diploid, the diploid intergeneric hybrid Cleopatra mandarin × Trifoliate orange and its respective doubled diploid. Also we investigated the hydraulic architecture of these plants. Our goal was to verify if the phenotypic differentiation due to polyploidy led to changes regarding the plant hydraulic and if it could be related to specific genome expression. 
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Plant material: diploid (2x) Trifoliate orange (Poncirus trifoliata) and Cleopatra mandarin (Citrus reshni), their respective doubled diploid (4x), the 2x intergeneric hybrid Cleopatra mandarin × Trifoliate orange (Citrus reshni × Poncirus trifoliata) and its respective 4x were investigated in absence of stress. Plants were 18 months old. Secondary root samples were harvested and RNA extracted. Gene expression in root of the different genotypes was investigated using 44K citrus Agilent microarrays. Using a HPFM (High Pressure Flow Meter ) Carbon efficiency of root (CERt,) Specific conductances (Ktotal /leaf, Ktotal/cross sectional are, Kroot/leaf) were measured in the different genotypes except 2x Cleopatra mandarin that was not included in the experimental design. Measurements were taken at ambient temperature according to Tyree et al. (1995). The stem was cut at 3 cm above the soil surface, the stump was connected to the HPFM with a water-tight seal. • Root gene expression was investigated by comparing 2x and 4x couples. Just a few genes presented a significant differential expression between 2x and 4x Trifoliate Orange (data not showed). In Cleopatra, mandarin very limited number of genes (< 0.1%) presented a gene expression change > 2 fold (Fig. 1).

• Large changes of expression were observed when comparing the 2x intergeneric hybrid Cleopatra mandarin × Trifoliate orange and its respective 4x, 2826 being over expressed and 2378 genes being down-regulated (expression change > 2 fold) . 

Root genome expression

Hydraulic architecture

Figure 1 :

 1 Figure 1: Comparison of gene expression in 2x versus 4x genotypes. Analysis was performed using Genespring software.
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Figure 2 :

 2 Figure 2: Specific conductances (Ktotal /leaf, Ktotal/cross sectional are, Kshoot/leaf, Kroot/leaf) and CERt were measured in the different genotypes. Different letters indicate a statistical difference between 2x and 4x belonging to the same genotype (t-test, P ≤ 0.05).