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Modeling the growth of tomato fruits based on enzyme activity profiles

FRIM data analysis interfaced by ODAM

To assess the influence of the environment on fruit metabolism, tomato (Solanum lycopersicum 'Moneymaker') plants were grown under contrasting conditions (optimal for commercial, water limited, or shaded production) and locations. Samples were harvested at nine stages of development, and 36 enzyme activities of central metabolism were measured as well as protein, starch, and major metabolites, such as hexoses, sucrose, organic acids, and amino acids.

Initialisation [2]

Init ODAM object : retrieve the dataset structure along with their metadata [3] levelName 

Modelisation of the plant growth

Analysing and modelling plant growth is an important interdisciplinary field of plant science. The use of relative growth rates, involving the analysis of plant growth relative to plant size, has more or less independently emerged in different research groups and at different times and has provided powerful tools for assessing the growth performance and growth efficiency of plants and plant populations.

To measure the bioproductivity of a plant, the component of immediate interest is the net primary production or total yield. The plant weight -usually the dry weight -is a needed measurements for growth analysis. First we have to model the plant growth. The optimization parameters are based on a Levenberg-Marquardt algorithm.

NLS problems with the Levenberg-Marquardt algorithm

The purpose nlsLM is to minimize the sum square of the vector returned by the function fn, by a modification of the Levenberg-Marquardt algorithm https://www.rdocumentation.org/packages/minpack.lm/versions/ 

Explanation of the Relative Growth Rate (RGR)

Relative growth rate is a standardised measure of growth with the benefit of avoiding, as far as possible, the inherent differences in scale between contrasting organisms so that their performances can be compared on an equitable basis

The Relative Growth Rate (RGR) of a plant at an instant in time (t) is defined as the increase of plant material per unit of material present per unit of time.

The equation is written as: RGR = -W stands for Weight

To calculate the RGR curve, we will leverage on the previous modelisation of the Weight curves (i.e. fitObj object obtained by the fitSigmoid function) 

  

  

  

  

List of 'samples' quantitative variables

  

		¦ Lipids AG Subset	¦--lipids_AG 57 Attribute	11 AliquotID aliquot Description Type CV_Term_ID
		9	<chr>	¦	°--AminoAcid <chr>	<chr>	12 AliquotID aliquot <chr> <chr>
		Amino Acids	69	
		10		°--pools			Fruit	7	PoolID	pool
		Pools of remaining pools samples FruitDiameter	195 diameter	numeric	http://aims.fao.org/aos/ag
		11			¦--qMS_metabo	(mm)	8	PoolID	pool	MS
		Compounds quantification	25
		12 Compounds quantification °--qNMR_metabo samples FruitHeight	64 Fruit height (mm)	9	PoolID numeric	pool http://aims.fao.org/aos/ag NMR
			samples	FruitFW		Fruit Fresh Weight(g)	numeric	http://aims.fao.org/aos/ag
			List of 'samples' factors samples FruitDW	Fruit Dry Weight(g)	numeric	http://aims.fao.org/aos/ag
	[4]	Percentage of dh$getWS('(samples)/factor') dry matter (%
			samples	DW			DW), measured	A data.frame: 3 × 6 numeric
		Subset source("Functions.R") Attribute	Description a er lyophilisation	Type	CV_Term_ID
			<chr>		<chr>		<chr>	<chr>	<chr>
								Treatment
			plants		Treatment	applied on	string	http://www.ebi.ac.uk/efo/EFO_0
								plants
								fruit
		# FRIM1 dataset managed by ODAM samples DevStage development	string	http://purl.obolibrary.org/obo/P
		dh <-new('odamws', 'https://pmb-bordeaux.fr/getdata/', 'frim1') stage
		# Show dataset structure options(width=128) samples FruitAge fruit age (dpa)	string	http://purl.obolibrary.org/obo/P
		show(dh)			
								SetID Identifier WSEntry
		Description Count	
		1 plants				1	PlantID	plant
		Plant features	552	
		2	°--samples			2	SampleID sample
		Sample features 1288
		3		¦--aliquots		3 AliquotID aliquot
	[5]	Aliquots features dh$getWS('(samples)/quantitative') 530
		4		¦	¦--cellwall_metabo	4 AliquotID aliquot	Cell wall
		Compound quantifications	75	A data.frame: 5 × 6
		5 Compound quantifications (FW) ¦ ¦--cellwall_metaboFW Subset Attribute Description 5 AliquotID aliquot Cell Wall 75 Type CV_Term_ID
		6 Activome Features ¦ ¦--activome 266 <chr> <chr>	<chr>	6 AliquotID aliquot <chr> <chr>
		7		¦	¦--plato_hexosesP	10 AliquotID aliquot
		Hexoses Phosphate	266

determine which variable(s) could explain the fruit growth. References Arne

  Then we will apply linear modeling using the 'cv.glmnet' in order to Pommerening & Anders Muszta (2015) Methods of modelling relative growth rate, Forest Ecosystems -doi:org/10.1186/s40663-015-0029-4 Beauvoit et al (2014) Model-Assisted Analysis of Sugar Metabolism throughout Tomato Fruit Development Reveals Enzyme and Carrier Properties in Relation to Vacuole Expansion, Plant Cell, American Society of Plant Biologists, epub ahead of print. 10.1105/tpc.114.127761 hal-01058814

					1
		(Intercept)	5.730e-01
		PGM			-1.040e-01
		cFBPase		2.321e-03
		PyrK			.
		CitS			.
		PFP			.
		Aconitase		.
		PFK options(repr.plot.width=12, repr.plot.height=8) -6.313e-03 FruK . par(mfrow=c(1,2)) Linear Modeling with cv.glmnet pFBPase . plot_fittedCurve(fitObj) GluK 1.687e-01 plot_RGRCurve(fitObj) run_cvglmnet :Application of linear modeling using the 'cv.glmnet' function of the R NAD_ISODH .
		glmnet package Enolase	2.971e-01
		NADP_ISODH		-9.027e-05
		PEPC	for the Relative Growth Rate (RGR) .
		using the models previously fitted by the fitSigmoid function (fitObj) Aldolase -3.589e-02
		by selecting some one or more data subsets (setNameList -the data subsets will be Succ_CoA_ligase 2.045e-01
		merged if severals) NAD_MalDH 1.836e-01
		alpha=1 => lasso penalty, alpha=0 => ridge penalty, 0 < alpha < 1 => elastic-net AlaAT 1.827e-03
		penalty Fumarase		.
		AspAT GLMNET NADP_GluDH		. .
		NAD_GAPDH https://cran.r-project.org/web/packages/glmnet/glmnet.pdf . NADP_GAPDH -5.692e-03 https://cran.r-project.org/web/packages/glmnet/vignettes/glmnet.pdf NAD_GluDH -1.480e-01
		TPI			.
		PGK			.
	[9]	Neutral_Inv # List of data subset names for explaining the RGR -1.623e-02 Acid_Inv 3.795e-02 setNameList <-c('activome') # qNMR_metabo G6PDH -2.069e-01
		UGPase system.time( fitRGR <-run_cvglmnet(fitObj, dh, Tname, . SuSy . setNameList, alpha=1, info=TRUE) ) NAD_ME 1.495e-02
		ShiDH Getting & Merging ... NADP_ME Fitting ... R2 = 0.9994468 OK . . PGI -9.186e-02
		user system elapsed StarchS 6.404e-03
		0.39 AGPase	0.01	2.13	.
		SPS			-8.475e-02
			CV Glmnet : RGR = F('activome') 'RGR' fitted curve -activome
					1	dW
	[10] [11]	W print.table( as.matrix(fitRGR$cvfitList), digits=4, dt
		zero.print=".", na.print='-' )

options(repr.plot.width=12, repr.plot.height=8) plot_fittedRGRCurve(fitRGR$cvfitOut)

Plot variables [12] options(repr.plot.width=16, repr.plot.height=18) plot_vars(dh, Tname, setNameList [1], smoothtype='lowess', Gmax=20, ncol=4, cex.axis=2, cex.lab=2, cex.main=3)

Session Information