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Extended Data Fig. 1| Details of the experimental design. a, The geographic origins
of the 14 accessions of A. thaliana. b, The growth room setup and numbers indicating
different layers. ¢, The design and randomization of the experiment. d, The timeline of

this study and the contributions of student authors.
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Extended Data Fig. 2| Phenotypes of the ancestral generation and offspring

generations (Test I). a, Phenotypes of the ancestral generation. Filled bars indicate that

the treatment significantly changed the phenotype compared to the control environment.

b, The phenotypes of offspring generations (F1-F4). All phenotypes were measured in

the control environment in Test I. ¢, A comparison between offspring generations of

plants derived from the ancestral environment of the control. Details of the statistical

results of panels a/b and ¢ are shown in Supplementary Tables 2 and 3. E, A.E, G, and

F represent fixed effects of the environment, ancestral environment, genotype and

generation. Significance levels: *, P <0.05; **, P <0.01; ***, P <0.001.
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Extended Data Fig. 3 | Predictability of environment-induced phenotypic changes.
a, After excluding the three genotypes with the highest occurrence frequencies, the
variation between ancestral environmental treatments became insignificant. Error bars
indicate the standard error. b, The arcsine regressions transformed occurrence
frequency among various genotypes against factors that significantly explained this

variance (Fig. 3b). ¢, The partitioning of variance in the linear mixed-effect models.
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Extended Data Fig. 4 | Reproducibility of effect sizes between generations and tests

a, The correlation coefficients between ancestral responses and effect sizes of

environment-induced changes in offspring generations, between offspring generations,

and between tests. b, Comparison of correlation coefficients. ¢, The correlation

coefficients of effect sizes between offspring generations when we scaled down the

experiment to include only one genotype (but multiple treatments) or one treatment (but

multiple genotypes). Significance levels: *, P <0.05; **, P <0.01; *** P <0.001.
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Extended Data Fig. 5| The phenotypes of the offspring generation in Test II. a, The
phenotypes of offspring generations (F1-F4) measured in the control environment. b, A
comparison between generations of plants derived from the ancestral control
environment. Details of the statistical results of panels a and b are shown in
Supplementary Tables 5 and 6. E, A.E, G, and F represent fixed effects of the
environment, ancestral environment, genotype and generation. The estimates for F1
may be biased due to missing samples. Significance levels: *, P < 0.05; **, P < 0.01;

kP <0.001.



Effect sizes Occurences

Flowering  Plant Aboveground Rosette Fruit Flowering Plant Aboveground Rosette Fruit Occurence
time (day) height (cm)biomass (mg)diameter (mm) number time height biomass diameter number counts

; Q . # : po i - o - i - - - - F1
. 25 IO O N 1 T (ST (R P
by o: R B S o o o F3

Abd-0

F2

Ang-0
®
[ ]
o
(¢]
o
[ ]

F1

Col-0

F3
F4

Dja-1
[ ]
[ ]

Fei-0

F3
F4

F1

Genotypes

Ler-0

F4

Sapporo—0

(o)
[ J

o
o

I
o

]
[ J

I
o

]
o

I

]
.
o
N

F2
F3
Fa4
F1
F2
F3
Fa4
F1
F2
F3
Fa4

Tol-0
hd o

® O

[

.

.

TRE-1
[ ]
(]
LJ
L J
[ ]

] @ ‘o © oe ° o e o e o e .

Tri-0
o0 0 |
o0 0 |
PN PP
°
o  |000

@ : ® ®; ) o e ®

)‘Q,‘LQ S 'LQ V«Q,VQ,‘LQ © 'LQ (qu © (pr /(g?ﬁf%gqubg »@Q S \QQ(LQQ P values @ Significant © Marginally significant ~ Non-significant Type of Changes
‘ ’ -e-e- Heritable

41
42

43

44

45

46

47

Drought @ Low cadmium @ High cadmium « Low salinity ® High salinity Occurences ¢ 1 @2 @3 @4 @5 -Nodata

® e oo Persistent
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assessed by Test Il for different genotypes, environmental treatments and

offspring generations. a, The effect sizes of phenotypic changes measured in Test II.

b, The occurrence of significant and marginally significant effect sizes and the sum of

occurrence over phenotypes.
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Extended Data Fig. 7 | Predictability and reproducibility analysis of environment-
induced changes assessed in Test II. a, The occurrence frequency of significant
environment-induced changes for different genotypes, environmental treatments,
offspring generations and phenotypes. Error bars indicate the standard error. b, The
correlation coefficients of regressions of occurrence frequency for various genotypes
(arcsine transformed) against factors that potentially explain this variance. ¢, The
arcsine regressions transformed occurrence frequency of various genotypes against
factors that significantly explained this variance. d, The correlation coefficients
(=reproducibility) of effect sizes between offspring generations and comparisons of

reproducibility between Test I and Test II. Significance levels: *, P <0.05; **, P <0.01;
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Extended Data Fig. 8 | Principal component analysis (PCA) of genome-wide gene

expression patterns of different samples. a, PCA of all samples, including four

genotypes, four environmental treatments, and four offspring generations. b, PCA for

each genotype and generation.
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Extended Data Fig. 9:

Summary of findings showing the relationships and

functions of heritable DEGs. a, The significant positive correlations between

occurrence frequencies and numbers of heritable DEGs. b, Regressions of the number

of heritable DEGs against the number of transposons per superfamily. ¢, The results of

KEGG enrichment analysis of heritable DEGs. d, Venn plot showing the number of

significantly enriched pathways shared between genotypes/treatments. e, Venn plot of

the number of heritable DEGs within the shared pathways.
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Extended Data Fig. 10 | Shared heritable DEGs and DEGs related to flowering
time. a, Venn plot of all heritable DEGs. The number (2669) in the middle circle
indicate the number of heritable DEGs that were shared by at least two environments
or genotypes. b, The null distribution of transposon abundance upstream of genes for
different superfamilies. The horizontal lines indicate the observed transposon
abundance upstream of the 2669 heritable DEGs shared by at least two environments
or genotypes. Significant P values indicate significant enrichment of transposons
upstream of heritable DEGs compared with the null expectation. c¢. Heatmap of

flowering time-related genes that were DEGs for at least one generation.
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