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How do plants modify their phenotypes according to the environment?

Genotype × Environment Interaction

Introduction

Different responses in each species will depend on a variety of factors such as the intensity and

direction of environmental change, the type of life history traits and the genetic variability of

the populations of a species.

Open-pollinated progeny trials

Context of the study



Multi-year progeny testing

Context of the study

To determine whether environmental variation

among years, seed mass and maternal conditions,

had an effect, as potential sources of variation, on

early seedling performance reflecting different

responses to selection and heritability estimates.

Objective

Our approach

Introduction



Context of the study

Serotiny Lamont et al., 2020

Consists in the ability to retain seeds in

temporarily closed cones (serotinous cones) to

form an aerial seed bank that can be released

after an environmental trigger, normally fire.

Introduction



Tree ring widthBasal diameter

Tree Age

SPEI Vicente-Serrano et al., 2010. 
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Material & Methods

Retrospective analysis

Pinus pinaster Natural population

Tabuyo del Monte

Northwestern Spain.
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Material & Methods

Common garden experiment 
(semi-natural conditions)



Statistical analyses

✓ Variance estimation. BLUPs estimation.

✓ G×E interaction: LMM

✓ Ketata’s ranking.

✓ Heritability

h² =  VA / VP

VA = 4 × VF

Half-sibs family

General Model Model 1: 

Seed mass

Model 2: 

Seed mass

Maternal covariates

Material & Methods

✓ Response to selection



Table 5. Likelihood ratio test on random effects of linear mixed effects model analysis to determine 

Genotype x Environment interaction on seedling height and H4. ANOVA-like table for random-effects 

with variances, standard deviations, likelihood ratio test, degrees of freedom and p-values of the likelihood 

ratio test. 

Groups Variance Std. Dev. LRT Df Pr(>Chisq) 

Seedling Height 

Mother Tree 113.96 10.675 45.655 1 <0.001 

Cohort 12.28 3.505 1.875 1 0.1709 

Mother Tree*Cohort 87.95 9.378 77.892 1 <0.001 

Block 111.84 10.575 223.198 1 <0.001 

H4 

Mother Tree 141.4 11.89 44.464 1 <0.001 

Cohort 0.0 0.0 0.000 1 0.9999 

Mother Tree*Cohort 114.6 10.71 66.763 1 <0.001 

Block 188.8 13.74 238.335 1 <0.001 
 

R e s u l t s &  D i s c u s s i o n

G×E interaction
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h2: heritability

Mean and C.V: 

coefficient of 

variation.

CVA:  coefficient of 

evolvability.

R e s u l t s &  D i s c u s s i o n

Heritability

Suárez‐Vidal et al., 2021



Response to selection

R e s u l t s &  D i s c u s s i o n

Variability to face possible

future scenarios.

Pujol et al., 2018. Trends in ecology & evolution..

Different responses

between cohorts.



C o n c l u s i o n s

Take home messages

Transgenerational effects, by promoting phenotypic differentiation, could have a

role in stabilizing selection.

We found a strong and widespread interaction between mother trees and

cohorts for seedling size and ontogeny , which implies that the effects of the

maternal genotypes were different depending on the year when seeds were

formed.

When discounting maternal effects, h2 values were more stable.

The most informative part of these results is the variation present across cohorts.



¡Thank you!

Muito obrigada


