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Fig S11. Heatmap of r% values alongside a dendrogram of the 254 agriculturally 
associated SNPs identified through CMH tests across paired contemporary natural-
agricultural samples, illustrating independence among the 154 LD-clumped CMH 
outliers.  
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Fig S12. PCA of herbarium samples, coloured by state/province.  

 

 
Fig S13. PCA of 457 A. tuberculatus specimens, including 108 herbarium samples along 
with contemporary paired populations (11) (n=187) and 21 populations from 5 
geographic regions (31) (n=162).  
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Figure Captions 

 
 
Fig 1. Sequenced waterhemp collections through space and time. A) Map of 14 
contemporary paired natural-agricultural populations (n=187, collected and sequenced in Kreiner 
et al., 2021), along with 108 novel sequenced herbarium specimens dating back to 1828 collected 
across three environment types (Ag=Agricultural, Nat=Natural, Dist=Disturbed). B) Distribution 
of sequenced herbarium samples through time.  

 
Fig 2. Signals of contemporary agricultural adaptation, gene flow, and antagonistic 
selection across the genome in A. tuberculatus. A) Results from Cochran–Mantel–Haenszel 
(CMH) tests for SNPs with consistent differentiation among environments across contemporary 
natural-agricultural population pairs. A 10% FDR threshold is indicated by the lower dashed 
horizontal black line, while the Bonferroni q-value < 0.1 cutoff is shown by the upper dashed 
horizontal gray line. Red points indicate focal adaptive SNPs after aggregating linked variation 
(r2 > 0.25 within 1 Mb). Candidate agriculturally adaptive genes for peaks that are significant at a 
10% FDR threshold shown. B) CHM results from the scaffold containing the most signficant 
CMH p-value, corresponding to variants linked to the PPO210 deletion conferring herbicide 
resistance and to the nearby herbicide-targeted gene ALS. C) Distribution of FST values between 
all agricultural and natural samples for ~3 million genome-wide SNPs (minor allele frequency > 
0.05). Vertical lines indicate FST values for the 10 candidate genes named in A. D) Pairwise 
frequency of six common herbicide resistance alleles across agricultural and natural habitats 
sampled in 2018; the first four are nonsynonymous variants in ALS and EPSPS, the EPSPSamp is 
a 10 Mb-scale amplification that includes EPSPS, and the last one is an in-frame single-codon 
deletion in PPO (each dot represents on average ~5 individuals). Per migrant natural cost: 
agricultural benefit ratio relative to migration (C:B) is shown in the top right corner of each 
locus-specific comparison of frequencies across population pairs. 
 
Fig 3. Genomic signatures of agricultural adaptation through time. A) Agricultural allele 
frequency trajectories for each locus, in agricultural and disturbed habitats (left), and natural 
habitats (right). Trajectories coloured by the quantile of frequency change in agricultural and 
disturbed habitats. Transparent lines indicate those with non-significant evidence of selection at 
𝛼=0.05 after FDR=10% correction. B) The strength of selection on agricultural alleles for each 
locus in natural (dark gray) and agricultural and disturbed (light gray) habitats between 1870 and 
2018. C) Agricultural allele frequency trajectories in each environment type, before and after the 
start of agricultural intensification in 1960. Vertical dashed line represents an inferred breakpoint 
in the data in a segmented regression. Environmental regression lines represent logistic fits to 
data that either predate or are subsequent to 1960. Large circles represent moving averages (over 
both loci and individuals) of allele frequencies, whereas dots represent raw genotype data for 
each locus and sample from which the allele frequency trajectory is estimated. Cropland use per 
capita in North America data from (1), rescaled by use in 1600. D) The trajectory of alleles at 
known herbicide resistance loci through time, fit by logistic regression for each of the seven 
alleles present in our contemporary data. Dots represent genotypes for each historical and 
contemporary sample at each herbicide resistance locus. 95% credible interval of the maximum 
likelihood estimate of selection between 1960-2018 provided in the legend for each resistance 
allele. 
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Fig 4. Temporal shifts in the distribution of var. rudis ancestry have facilitated polygenic 
agricultural adaptation. A) Longitudinal clines in individual-level var. rudis ancestry over 
three timespans, illustrating the expansion of var. rudis ancestry eastwards over the last two 
centuries. B) The distribution of individual-level var. rudis ancestry by state and through time, 
illustrating state-specific changes in ancestry. Vertical lines represent first, second, and third 
quantiles of ancestry within each timespan and state. Timespans indicated in A)  C) Increasing 
sorting of individual-level var. rudis ancestry into agricultural environments on contemporary 
timescales. D) Environment-specific metrics of selection (CMH p-value and cross-population 
extended haplotype homozygosity (XPEHH)) across the genome in 100 kb windows positively 
correlate with var. rudis ancestry in agricultural, but not natural habitats.  
 
 

.CC-BY-NC-ND 4.0 International licenseavailable under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprintthis version posted March 1, 2022. ; https://doi.org/10.1101/2022.02.25.482047doi: bioRxiv preprint 

https://doi.org/10.1101/2022.02.25.482047
http://creativecommons.org/licenses/by-nc-nd/4.0/

