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Figure 1. (A) Representative flower of
H. divaricatus. (B) Representative
tubers of H. divaricatus. Overwintering
tubers provide the mode of perennial
reproduction for the species. (C)
Perennial sunflower project team
members. From left to right: Yaniv
Brandvain, Robert Stupar, Adam
Herman. (Not pictured: Don Wyse,
Michael Kantar, Kevin Betts, Jill Ekar,
Cecily Wang.)

Abstract
By keeping living cover on the landscape year round, perennial crops act as a carbon
sink, in addition to ameliorating runoff and soil erosion. As such, a perennial sunflower
has the potential to affect positive change in Minnesota agriculture, which currently
boasts the second-largest sunflower production in the United States. Currently,
domesticated sunflower (Helianthus annuus) is cultivated as a summer annual crop.
However, there are numerous perennial sunflowers that might be used as sources for
introgression of perenniality, the most promising of which in many ways is H.
divaricatus. The species is drought and disease tolerant and has a relatively large flower
head for wild Helianthus species, importantly it has the same number of chromosomes as
H. annuus. This then represents an example of using crop wild relatives for introgression
of agronomically important traits that are not present in the domesticated species.
Hybrids derived from this ‘wide’ cross, a cross spanning deep evolutionary divergence,
could then be used to genetically map the perenniality trait, and a backcrossing scheme
employed to introgress perenniality into H. annuus. We attempted to generate
interspecific hybrids between and by using the self-compatible H. annuus as pollen
parent with the self-incompatible H. divaricatus mother. We also generated a reference
set of expressed genes in H. divaricatus and sequenced those genes in numerous
accessions of the species available from the USDA. We were unable to generate the
appropriate hybrids for trait mapping and introgression, even after thousands of crossing
attempts. We now know, however, that foreign pollen is a somewhat effective means of
circumventing self-incompatibility in H. divaricatus to generate selfed progeny. We now
have a sense of the genetic structure of H. divaricatus material from GRIN, which is
characterized by high genetic diversity and some level of admixture with the closely
related H. microcephalus, which possesses traits undesirable in a commercial sunflower.
Our results suggest the use of alternative approaches for the production of perennial
sunflower, namely through direct domestication of H. divaricatus material and/or
continued enhancement of previously developed polyploidy interspecific material.
Importantly, our ability to generate selfed progeny in H. divaricatus by applying H.
annuus pollen may prove especially useful if H. divaricatus is used for domestication.
Despite our lack of success with wide crosses between H. divaricatus and H. annuus,
there is still promise in the use of wild relatives for crop improvement in sunflower. We
have provided the important first step in assessing the feasibility, while also generating
genetic resources that have utility beyond the aims of this work.
Background
The mission of the Forever Green Initiative is the incorporation of perennial and winter
annual crops into conventional summer annual agricultural systems to achieve maximum
efficiency. The work conducted under this proposal was focused on the first steps toward
generating a novel crop that fits this goal: the perennial sunflower. In particular, we
aimed to use the wild diploid (n=17) perennial Helianthus divaricatus to introgress
perenniality into H. annuus (n=17). This project was undertaken to simplify trait mapping
and breeding that had been started using the hexaploid H. tuberosus. The aims of the
proposal were 1) creation of hybrid and backcross progeny, 2) mapping perenniality in
those progeny, with the ultimate goal of generating material for release. To that end, we

also proposed RNA sequencing as a method for identifying markers and understanding
the genetic structure of H. divaricatus.
Progress toward original goals
We generated a reference transcriptome and successfully genotyped 46 transcriptomes,
which are useful resources for the active sunflower research community. We have
confirmed high genetic diversity in H. divaricatus that may be useful in future projects
(see below).
Generating appropriate hybrid plant material proved extremely difficult. Apparent
early success was tempered by the realization that the interspecific hybrids were triploid,
a result of unknowingly crossing to an autotetraploid H. divaricatus that is phenotypically
indistinguishable from diploid H. divaricatus. This resulted in a lost year of crossing as
attempts to generate backcross material had used these triploid individuals as the
maternal parent. It is also now evident that using H. annuus as pollen donor creates a
‘mentor pollen’ effect on the self-incompatible H. divaricatus stigma, resulting in selfpollinated H. divaricatus progeny. Our attempts at crossing in the year 2016 involved
thousands of pollinations, out of which we recovered 138 seed, three of which
germinated. The three plants are phenotypically consistent with pure H. divaricatus,
indicating they resulted from self-pollinations.
Long-term sustainability and impact of the project
As an avenue for generating perennial sunflower material for use as an oilseed crop,
interspecific crosses using H. divaricatus are not viable. Further selection in previously
generated polyploid hybrid material (based on previously-performed crosses with H.
tuberosus) and/or direct selection on domestication traits in H. divaricatus appear to be
the primary direction in which future efforts should be focused. The project has
illustrated the difficulty in generating breeding material from ‘wide’ crosses in
Helianthus. Furthermore, if a project to domesticate H. divaricatus is initiated, we have
successfully established that it is possible to generate self-pollinated progeny in the
species. Discussions with industry have indicated that future uses might be focused more
toward the bird seed and/or trap crop market, in addition to the long-term development of
perennial commodity sunflower.
Additional funds secured to continue the project
A proposal to Forever Green in 2016-2017 was not funded. Adam Herman wrote a 2016
NSF NPGI post-doc grant that proposed using these interspecific crosses to map wateruse efficiency, which was also not funded. We are preparing a proposal for the 20172018 Forever Green call which will be focused on continued development of polyploid
material, and surveying H. divaricatus populations for de novo domestication.
Post-doc education and opportunities provided by the grant
Despite our inability to produce appropriate genetic material, the project has provided
extremely valuable training for post-doc Adam Herman with respect to genomics.
Affiliation with the Forever Green Initiative has allowed collaboration on other Forever
Green projects. We have also established collaborations with the larger sunflower
research community.

