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Extended Data Fig. 2 | Alternative measures of the double perturbation 
prediction performance. (a) The Pearson delta measure calculates the 
correlation of the prediction and observations after subtracting the expression 
in the control condition. The correlation for the no change predictions could not 
be calculated because they were all zero. The horizontal red lines show the mean 
per model, and the dashed line indicates the correlation of the best-performing 

model. (b) Prediction error as a function of n, the number of read-out genes. 
Left: genes ranked by expression in the control condition, right: by differential 
expression between observed value and expression in the control condition. 
Note that sorting by differential expression is only possible if access to the 
ground truth is available and can thus not be applied in real-world use cases. The 
dashed line at n = 1000 is the choice in Panel a and elsewhere in this work.
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Extended Data Fig. 3 | Distribution of the observed difference from the 
additive model. (a) Quantile-quantile plot comparing the distribution of the 
differences between observed expression values and the additive expectation 
against a standard normal distribution. The slope of the line is the standard 
deviation of the null model. (b) Histogram of the differences with a red curve 
overlayed that shows the null distribution fitted using locfdr. Values under the 

curve are grey, and the black bars show the observations that exceed what we 
would expect under the null model. The vertical bar shows the upper and lower 
thresholds for which the observations have a false discovery rate of less than 5% 
(that is, the grey fraction of the bars outside the vertical lines is 5%). The numbers 
at the top count the observations per group.
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Extended Data Fig. 4 | Alternative measures how well each model detects 
genetic interactions. (a) Precision-recall and (b) receiver operator curve for all 
models distinguishing interactions from additive combinations. The numbers in 

parenthesis are the area under the curve (AUC) with the standard error across  
five test-training splits. TP: true positive, FP: false positive, FN: false negative,  
TN: true negative.
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Extended Data Fig. 5 | Reoccurrence of genes and perturbations for top 
predictions. (a) Reoccurrence of genes and (b) perturbations among the 
100 predictions that differed most from the additive expectation. The data is 

facetted by the test-training split. The ground truth column shows the genes and 
perturbations sorted by observed difference from the additive expectation. The 
highlighted genes and perturbations are the four most reoccurring ones.
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Extended Data Fig. 6 | Comparison of predicted and observed expression for 
HBG2 and HBZ. Comparison of the predicted expression (black squares), the 
observed expression values (points colored by interaction type), and the range 

of values that are considered additive (grey boxes) for all test perturbations 
with seed = 1. The grey horizontal line shows the expression of HBG2 and HBZ 
without perturbation.
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Extended Data Fig. 7 | Variation of the predicted and observed expression 
values. Histogram of the standard deviation per gene for the predicted and 
observed expression values across perturbations facetted by the model. The red 
vertical bar indicates the mean of the standard deviations for the ground truth 

for (a) the Norman dataset and (b) the Replogle K562 dataset. The data reflects 
the variation for the 1 000 most highly expressed genes and is aggregated across 
five test-training splits. LM: linear model.
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Extended Data Fig. 8 | See next page for caption.
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Extended Data Fig. 8 | Alternative measures of the single perturbation 
prediction performance. (a) The Pearson delta measure calculates the 
correlation of the prediction and observations after subtracting the expression 
in the control condition. The horizontal red lines show the mean per model and 
the dashed line indicates the correlation of the best-performing model.  
(b) Prediction error as a function of n, the number of read-out genes.  

Top: genes ranked by expression in the control condition. Bottom: by 
differential expression between observed value and expression in the control 
condition. Note that sorting by differential expression is only possible if access 
to the ground truth is available and can thus not be applied in real-world use 
cases. The dashed line at n = 1000 is the choice in Panel a and elsewhere in this 
work. LM: linear model, DL: deep learning.
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Extended Data Fig. 9 | Analysis how differential expression between K562 
and RPE1 effects prediction accuracy of transfer learning. (a) Scatter plot of 
the mean gene expression for shared genes between RPE1 and K562 without 
perturbation. The dashed line indicates the diagonal. (b) Scatter plot of the 
absolute prediction error per read-out gene against the differential expression 
of that gene between RPE1 and K562. Each point is one read-out gene from one 

of the 122 double perturbations from five test-training splits. The blue line 
shows the linear fit with a slope indicated in the subtitle. (c) Scatter plot of the 
Pearson delta score per perturbation for the RPE1 dataset against the differential 
expression of the perturbation target gene between RPE1 and K562. The blue 
line shows the linear fit with a slope indicated in the subtitle, and the shaded area 
indicates the standard error of the fit.
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Extended Data Fig. 10 | Computational resource requirements. The resource 
usage was measured for the Norman dataset, which had 19 624 genes and 81 143 
cells grouped into 225 conditions. Each point is one of the five test-training splits. 

(a) Elapsed time on a log scale to fine-tune and predict the double perturbations. 
(b) Peak memory usage for each model was measured using GNU time. The points 
are colored by the respective GPU model that was used.
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