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to plant breeding: although a more modern imagination 
of a gene as a coding sequence is strongly challenged by 
discoveries, such as split-genes, alternative splicing or the 
significant finding of non-coding RNA (Gayon 2016), sin-
gle nucleotides within a gene became the ultimate units of 
interest both for selection and genetic modification. Based 
on advances in molecular genetics, powerful tools are cur-
rently under development for editing individual nucleotides 
in a gene, for selection solely based on genomic informa-
tion, and for better understanding functional and regulatory 
genetic and epigenetic mechanisms. Apart from genomic 
selection, the dissection of quantitative characters through 
QTL analysis (Paterson et al. 1988) has particular appeal in 
the Mendelian context as it discloses the make-up of com-
plex traits, each controlled by a number of individual and 
selectable loci behaving as Mendelian factors.

Since the rediscovery and broad recognition of Men-
del at the dawn of the 20th century, different aspects on 
Mendel and early Mendelian genetics have been discussed 
across various disciplines. This includes the possible ori-
gins of Mendel’s novel approach of mathematically treating 
biological results (Dröscher 2015) or the ongoing debate 
on the precision of his experiments with segregation ratios 
being statistically too close to the expectations (Hartl and 
Fairbanks 2007; Radick 2015). Molecular genetics has pro-
vided an even deeper understanding of some of the seven 
traits which Mendel studied in pea: the round vs wrinkled 
seed shape trait is due to an 800-bp insertion into the gene 
coding for a starch branching enzyme causing the accumu-
lation of sugars in the wrinkled phenotype; the tall vs dwarf 
stem length trait is caused by a G to A nucleotide substitu-
tion in a gibberellic acid 3-oxidase 1 gene; and the yellow 
vs green cotyledon color originates from a 6-bp insertion 
to a stay-green gene prohibiting chlorophyll degradation at 
maturity (Reid and Ross 2011).

Introduction

In the year 1866, Gregor Mendel’s seminal publication 
“Versuche über Pflanzen-Hybriden” (“Experiments in Plant 
Hybridization”) was published in the periodical Verhand-
lungen des naturforschenden Vereines, Brünn, Vol 4, pp 
3–47 (Mendel 1866). This marked the starting point of the 
science of heredity which later turned into modern genetics 
with a variety of sub-disciplines developing throughout the 
life sciences, including scientific plant and animal breed-
ing. Dealing with discrete characters, Mendel was the first 
to explain phenotype ratios occurring in the progeny gener-
ations following a biparental hybridization. As genes were 
unknown to Mendel, he hypothesized “elements” present 
in pollen and egg cells as causing the heritable differences 
between phenotypes. In the 20th century, the concept of a 
gene was developed, and the gene became known as the 
unit of inheritance, function, recombination, and mutation 
(Gayon 2016).

This understanding of a gene proved to be useful for 
plant breeding throughout many decades and contributed to 
significant breeding progress in major crop species. Later, 
new insights from molecular genetics brought consider-
able changes to the concept of the gene and subsequently 
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This special issue of Theoretical and Applied Genet-
ics presents seven papers celebrating the 150-year anni-
versary of Mendel’s most prominent publication. The 
species that Mendel studied are revisited in two contri-
butions: most importantly, the garden pea was the start-
ing point for Smýkal et al. (2016) to analyze the develop-
ment of genetics and plant breeding down to the genomic 
era and to “Mendelizing” continuous variation. Mendel 
devoted much effort to verify his results obtained from 
pea crosses in other species: Bicknell et al. (2016) analyze 
Mendel’s hawkweed experiments, which failed almost 
completely, because Mendel could rarely obtain hybrids 
due to a mostly apomictic flowering biology of the spe-
cies. However, the genetics of apomixis and new progress 
in inducible apomictic flowering might become important 
in seed propagated crops. A review on Solanaceae genetics 
by Gebhardt (2016) illustrates the importance of tomato, 
tobacco, petunia, and a number of other species for the 
development of genetics, cell biology, and modern breed-
ing techniques throughout the 20th century; Solanaceae 
genetic research is continuously relevant both on a model 
plant level as well as on the level of human food crops. 
Three papers present cutting edge research in major crop 
species, i.e., wheat, rice, and soybean. Chen et al. (2016) 
describe three QTL for dwarf bunt resistance in wheat as 
an example of mendelizing a quantitative disease resist-
ance; the three loci were mapped on different linkage 
groups, they significantly contributed to phenotypic dis-
ease resistance in different environments without pleio-
tropic effects on other traits, and genetic markers can be 
used to select for the resistance alleles. In rice, manage-
ment of flowering time is important for both regional geo-
graphic adaptation and grain yield formation; Hori et al. 
(2016) demonstrate the integration of classical Mende-
lian flowering time genes and QTL analysis approaches, 
including the functional analysis of photoperiod genes 
and candidate gene cloning. In cyst nematode resistance 
of soybean, Kim et al. (2016) review the development 
of genetic, genomic, and bioinformatics tools, including 
genome-wide association studies for identifying, mapping, 
and utilizing pest resistances.

Mendel actively distributed reprints of his 1866 publica-
tion among some of his scientific peers. Moreover, although 
the journal of the Brno Natural History Society was not 
very widely known, it had a remarkable distribution among 
libraries and scientific institutions both in Europe and North 
America (Posner and Skutil 1968). Despite of all this, Men-
del’s paper was “rediscovered” and recognized with respect 
to its significance only after the year 1900. Among the many 
reasons for the time lag in recognition of Mendel’s discov-
eries, the scientific discussion among his contemporaries 
was undoubtedly overshadowed by Charles Darwin and his 
theory on the evolution of species published 7 years before 

Mendel’s (1866) paper (Darwin 1859). Thus, Darwin’s the-
ory was the bandwagon in the second half of the 19th cen-
tury for biological sciences, even though it critically lacked 
an acceptable explanation for the inheritance of characters 
which only Mendel could have provided. Bernardo (2016) 
reviews modern bandwagons of plant breeding research 
over the last 25 years: as new developments both in geno-
typing and phenotyping are attracting considerable attention 
and funding, thus generating scientific hypes, it is critically 
important for plant breeding to carefully monitor bandwag-
ons and to decide about their adoption both from breeding 
progress and economic feasibility perspectives.

The editors of this special issue thank all authors and 
reviewers for their timely contributions and the Editor-in-
Chief and members of the editorial board of Theoretical 
and Applied Genetics for their encouragement to pursue 
this endeavor. We also thank Rex Bernardo (University of 
Minnesota, USA) for improving this text. While the 150th 
anniversary of Gregor Mendel’s 1866 paper is a unique 
occasion for publishing this special issue, the broader 
views and rare insights offered in all of the papers included 
will hopefully contribute to future progress in plant genet-
ics and breeding research.

Author contribution statement JV and HB jointly 
designed, drafted and finalized this editorial.
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