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Extra-genetic inheritance includes several 
possible mechanisms, for instance mater-
nal resource allocation or epigenetic 
markers1. Some of those mechanisms 
may enable persistence of phenotypic 
variation over several generations. While 
we can derive the expected parent-

offspring similarity arising from genetic 
similarity from Mendel’s laws (e.g. 0.5 for 
sexually reproducing organisms), we do 
not have any theoretical expectations for 
the transmissibility of extra-genetic in-
heritance. Therefore, extra-genetic trans-
missibility needs to be estimated from 

data2. In this study, we use pedigrees 
of multiple founders per genotype in 
Daphnia magna (fig 1) to quantify 
extra-genetic transmission of pheno-
typic variation in reproductive fitness 
and its associated heritability. 

We estimated the amount of variance in 
reproductive fitness3 attributed to addi-
tive genetic, additive extra-genetic and 
environmental effects and the extra-
genetic transmissibility coefficient (fig 2). 
We built quantitative genetic models 
(equations 1-4)2 in stan, a general pur-
pose C++ inference library4. Inheritance 

• Variation in reproductive output 
 among individuals of the same 
 genotype can be inherited to 
 offspring with high fidelity.

• It takes up to 4 generations to 
 recover from stressful environments.

• Extra-genetic inheritance may be   
 sufficiently important to have 
 ecological and evolutionary 
 consequences. Figure 2: Quantitative model used to estimate extra-genetic inheritance. Genetic  (in 

blue) and extra-genetic variation (in gold) in reproductive fitness is inherited from one 

genetation to the next. In each generation environmental variation (in green) is ac-

quiered as well. Extra-genetic variation is only partially transmitted (modelled by multi-

plying it by the transmissibility coefficient ρ, which can take a value between 0 and 1). 

Figure 1: Clonally reproducing female Daphnia magna. 
Photo: Hajime Watanabe
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Studies of plants and animals have 
shown that variation in methylation 
can be transmitted across 
generations5. Here we test whether 
DNA-methylation can act as an inherit-
ance mechanism in Daphia magna. We 
induce developmental stress using four 
different treatments to test:
  
 • If different stressors induce 
 consistent changes in DNA 
 methylation across the genome
 
 • If induced DNA methylation 
 variants are transmitted to
 following generations

All stressors reduced fitness in the first 
generation, which took up to four gen-
erations to recover (fig 5). This can either 
be the result of maternal effects (such as 
egg size) or transgenerational effects. 
The effects were particularly strong for 
5-azacitidine, which acts as an inhibitor 
of DNA methylation. We use whole 
genome bisulphite sequencing6 from ge-
netically identical lineages exposed to 
the different stressors and controls across 
four generations. These data will help to 
understand if transgenerational effects in 
Daphnia can be mediated by inheritance 
of DNA methylation.  

of phenotypic variation within genotypes 
was estimated to be high;
 • Genetic heritability
 was 11.6% (CI: 0.06-41.9%, fig 4). 
• Non-genetic heritability 
 was 48% (CI: 11.6-80%, fig 4).
• Transmissibility coefficient
 was 0.95 (CI: 0.72-0.99, fig 3a).

A model with extra-genetic inheritance 
explained the data much better than a 
model without extra-genetic inherit-
ance (∆WAIC = 39.5; SE = 5.6). The ad-
ditive genetic component showed a 
consistent estimate in both models (fig 
3c), suggesting that genetic and extra-
genetic contributions were accurately 
estimated. 
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Figure 3: Density plots of the posterior estimates of (a) the transmissibility coefficient, (b) additive 

extra-genetic variance, (c) additive genetic variance and (d) the environmental variance. 95% cred-

ible intervals are shaded and the mean is indicated by a vertical bar. Dashed lines are the density 

plots for a model without an extra-genetic component. Based on 163 individuals from 7 different 

genotypes and with 15 founders. 

Figure 4: Density plots of the posterior estimates of 

extra-genetic heritability (in gold) and genetic herit-

ability (in blue). 95% credible intervals are shaded 

and the mean is indicated by a vertical bar.  
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Figure 5: Fitness estimates for individuals exposed 

to different stressors (generation 1) and the sub-

sequent generations (1-4). Error bars are standard 

errors.  
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Equations:
 (1)
 (2)
 (3)
 (4)

: phenotype of individual i and the i-th element of vector z.

: intercept.

: additive genetic component for individual i and the i-th element of vector a.

: additive extra-genetic component for individual i and the i-th element of vector x.

: environmental / residual component for individual i and the i-th element of vector e.

: genetic relatedness matrix (0: different genotype; 1: same genotype).

: square root of the additive genetic variance.

: extra-genetic relatedness matrix (0: different founder; ρ :same founder, ρ is the extra-

  genetic transmissibility coefficient and D is the number of degrees of separation).

: square root of the additive extra-genetic variance.

: square root of the environmental variance.
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