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Introduction
The cultivated tomato, Solanum lycopersicum L., was likely 
domesticated in Andean South America (Peru, Ecuador) and 
Mexico in a multi-step process [1–4]. One hypothesis suggests 
that the wild ancestor S. pimpinellifolium L. (SP) was 
domesticated to intermediate, cherry-sized tomatoes, S. 
lycopersicum L. var. cerasiforme (SLC), in Peru, and then further 
improved to large-fruited cultivated tomatoes, S. lycopersicum L. 
var. lycopersicum (SLL), in Mexico [2, 3]. A more recent study 
proposed that SLC evolved as a natural taxon from SP. Then, an 
initial domestication in Peru from wild to larger-fruited SLC was 
followed by independent (re)domestication in Mexico from small-
fruited, undomesticated SLC of Peruvian origin [4].

In the 16th century, the cultivated tomato was introduced to 
Europe [5]. However, historical records disagree about whether 
from Peru or Mexico [2, 4, 5]. Here, we aim at unravelling the 
ancestry of European tomato specimens collected between 
around 1600 and 1915 both in terms of geographic and 
taxonomic origin.

Materials & Methods
• 21 herbarium specimens dated between ~1600 and 1915 

(Fig. 1), denoted as SL HIST

• DNA extraction and library preparation in clean laboratory 
dedicated to historical DNA processing

• Whole-genome sequencing: Illumina NovaSeq 6000

• DNA resequencing data from 166 modern tomato accessions 
from South America, Central America, and Mexico [4] for 
comparison with historical specimens

• Bioinformatics and data filtering for quality and missingness

• Principal Component analysis (PCA): smartPCA [6]

• Inference of genetic ancestry components under a model of 
admixture: ADMIXTURE [7]

• Gene-tree topology weighting along the genome: RAxML + 
Twisst [8, 9]

• Statistical test for gene flow versus incomplete lineage 
sorting: Admixtools2 [10]

Fig. 1: History of tomato breeding in Europe. A) Timeline with key 
events on top, and ages of sampled herbarium specimens and the 
contemporary dataset at the bottom. B) Digital scans of herbarium 
specimens from the Herbaria Basel (BAS, left-most) and the United 
Herbaria of the University and ETH Zurich (Z+ZT, remaining ones). 
Photographs courtesy of BAS and Z+ZT. 
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Results
Alignment of reads from the 21 herbarium specimens to the 
SL4.0 tomato reference genome [11] resulted in alignment 
depths ranging from 8.7 to 21.4-fold at filtered single-nucleotide 
polymorphisms (SNPs). Phylogenomic and population genomic 
analyses at 103,010 synonymous SNPs revealed:

• All historical specimens draw their genomic ancestry from 
two ancestral components (Fig. 2; pink and light blue).

• Additional analyses beyond synonymous SNPs show that 
historical specimens derive from two taxonomic groups (data 
not shown): large-fruited (SLL) cultivars (14 specimens, 3 
dated around 1600) and cherry (SLC) accessions (7 
specimens, 1 dated around 1600).

• Gene-tree topologies vary strongly along the genome. The 
most abundant gene-tree topology places the three ancient-
most SLL (SL BAS) specimens from around 1600 as sister to 
the large-fruited Mexican landraces (SLL MEX) (Fig. 3). This 
finding implies that early European tomatoes originate from 
Mexico.

• The second-most abundant gene-tree topology suggests 
gene flow between semi-domesticated Peruvian cherries 
(SLC SM) and SLL MEX (Fig. 3), as confirmed by Patterson’s 
D-statistic (D = 0.00285, |z| = 11.723, p = <0.001).
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Conclusions
1. The genomic ancestry of European tomato specimens from around 1600 to 1915 traces back to a geographic 

origin in Mexico, but a Peruvian component is evident in large parts of the genome (Fig. 2 & 3).
2. Plant material from two different taxonomic groups was available to early European tomato breeders: large-

fruited (SLL) cultivars and small-fruited cherry (SLC) cultivars.
3. The evolution of large fruit size in Mexico might not have been independent, but fuelled by adaptive gene flow 

from semi-domesticated Peruvian cherry tomatoes (Fig. 3).

Fig. 2: Genomic and geographic ancestry of tomato cultivars at 
synonymous SNPs. A) First two principal components (PC) from a 
PCA. Historical specimens projected onto PCs inferred from 
accessions in reference [4]. PC1 and PC2 reflect the extent of 
domestication and sub-structure in SP, respectively. B) Ancestry 
proportions assuming K = 7 ancestral components (chosen by 
cross-validation). Bars and labels at the bottom show taxon and 
geographic origin according to passport data. Asterisks indicate 
accessions for which passport and genetic data disagree. 
Photographs of fruits modified from reference [3].
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Fig. 3: Weighting of gene-tree topologies across 50-kilobase pair 
windows at synonymous SNPs. A) Average weight of topologies, 
with topo1 (blue) representing the likely species-tree. Topologies 
topo3 (yellow) and topo2 (red) represent ‘incompatible’ topologies 
arising from incomplete lineage sorting and/or historical gene flow. 
B) Topology weights along two of the twelve chromosomes. 
Chromosome 4 and 10 predominantly feature topo1 and topo3, 
respectively. Only windows with more than two SNPs are shown.

Objectives

1. Establishing the genomic and geographic 
ancestry of European tomato cultivars

2. Identifying the taxonomic groups represented 
among early European tomatoes

3. Exploring the extent of variation in gene-tree 
topologies along the genome

16001500

1570–1624
Basel I
(n = 6)

First introduction
to Europe

(~1521–1544)

Onset of intense
breeding

(early 1800)

Exchange with wild germplasm;
monogenic mutants;
germplasm collections
(~1930 to present)

Transition from
ornamental to food plant
(late 1600 / early 1700)

Introduction to North
America via England

(mid-1800)

Isogenic mutation
libraries

(1965 to present)

1877–1915
Zurich I
(n = 12)

~1938–2016
Razifard et al. (2020)

(n = 166)

~1730–1750
Basel II
(n = 1)

1818–1836
Basel III
(n = 2)

1700 1800 1900 2000

A

B

−0.2

−0.1

0.0

0.1

0.2

0.0 0.1 0.2
PC1 (10.28 %)

PC
2
(5
.2
5
%
)

id_population
SP SECU

SP PER

SP NECU

SLC ECU

SLC PER

SLC SM

SLC TR

SLC MEX

SLL

SL HIST

SLC ADM

Population

SL HIST

0.00

0.25

0.50

0.75

1.00

0 20000000 40000000 60000000
Position

To
po

lo
gy

 w
ei

gh
tin

g

0.00

0.25

0.50

0.75

1.00

0 20000000 40000000 60000000
Position

To
po

lo
gy

 w
ei

gh
tin

g

Chromosome 4

Chromosome 10

0.00

0.25

0.50

0.75

1.00

An
ce
st
ry
pr
op
or
tio
n

SP
PE
R

S. pimpinellifolium S. l. var. cerasiforme HistoricalS. l. var. lycopersicum

SP
EC
U

SL
C
PE
R

SL
C
EC
U

SL
C
ME
X

SL
C
CA
NS
A

SL
L M
EX

SL
HI
ST

* * * * * * * * * *


