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[Abstract] 
Even today, it is difficult to show clear evidence of whether a flower-specialized metabolite is involved in plant fitness through plant-arthropod interactions on flowers. Many previous studies have contributed data from intensive ecological observations and biochemical manipulations; for example, flower color contributes to the attraction of flower-visiting pollinators, whereas less evidence has been gathered on how much flower color contributes to plant fitness among the other flower traits, which co-exist in nature. Here, we propose to use natural variation within a species whose resources are provided by a bioresource center. In the case of a wild species of tomato, Solanum pimpinellifolium, there is variation in the anther color: yellow anther cones and orange anther cones exist with almost the same genetic background. Using these two lines or the progenies of the hybrid of the two lines provided clear evidence of how anther color contributes to pollinator attraction in nature. 

1. RESEARCH QUESTION
The objective of this idea paper was to verify the classical hypothesis “if the plant-specialized metabolites alter the behavior of plant-visiting arthropods” with high-quality observational data using genetically developed plants. It is widely accepted that plant-specialized metabolites play roles in the interaction between plants and animals, and have been continuously diversifying, thereby creating complex interaction networks in the context of co-evolution between plants and animals. However, the evidence that small differences in plant specialized metabolites within species contribute to ecological functions in nature is less clear.
In this paper, we would like to share an idea addressing the question of how the anther color, for example, of a wild tomato species, Solanum pimpinellifolium, functions in nature.

2. VALUE
Flower color is one of the factors that attract flower-visiting arthropods, which contribute to pollination, suggesting that flower color variations presumably affect the pollinator species that are attracted, as well as the visiting frequency of attracted pollinators. Knowledge of pollinator attraction by plant specialized metabolites may help ecologists to understand how pollinators behave, how plants reproduce in nature, and how to increase pollination efficiency in agroecosystems. Attraction of pollinators is known to be affected by flower color, shape, smell, nectar, and so on from manipulation experiments or through observations of cross-species variation; however, it is still unclear how slight variations within a species affect the pollinators’ attraction and the subsequent reproductive success of the plant in nature. The value of our idea is to be able to evaluate the ecological function of anther color, a central feature of the flower, by using natural variations within species.

3. RELEVANT HYPOTHESIS
We assume that the divergence of the flower-visiting arthropod community depends on anther color. In other words, arthropods that prefer deep color flowers might visit the flowers with darker anther color, and conversely, arthropods that prefer light-colored flowers might visit the flower with lighter anther color. In addition to the differences in community composition, it is also expected that the number of visiting arthropods per unit time should be different according to the arthropod fauna of the research field, and therefore, the success of pollination efficiency should be different.

4. NEW RESEARCH IDEA
The main idea of this study was the utilization of publicly available seed resources to tackle basic ecological questions. In the National BioResource Project (NBRP) Tomato, there are seed stocks of various wild species of tomato, and the two accessions of a wild species, S. pimpinellifolium, harbors natural variation in anther color; for example, one is a yellow anther cone and the other is an orange one (Figure 1). The two accessions within a species share a close genetic background compared to the variations among species, which allowed us to test the ecological functions of our focused flower trait by observations in field experiments. Moreover, our system is able to evaluate the ecological function of anther color but not petal color, which is a neglected flower trait despite its central position on the flower.  

5. HOW TO TACKLE THE QUESTION THROUGH THE PROPOSED NEW IDEA
A former approach to evaluating arthropod attraction to various flower colors applied a paper flower model with different colors (Ômura and Honda, 2005). In this experimental design, although the effect of flower color and some limited combinations of flower traits could be evaluated, the unexpected interactions between flower traits may be lost in these artificial model experiments. Natural variation among species is also useful for testing the function of flower traits (Malerba and Nattero, 2011, Moré et al., 2020); however, the interspecies variations definitely harbor many invisible differences among species in addition to flower colors, such as fragrances, nectars, wax constituents, and so on. The transgenic technique is a powerful tool for evaluating the effect of the targeted trait (Laimbeer et al., 2020), but there are political and ethical difficulties in growing transgenic plants in open field experiments. 
	The use of stocked seeds distributed by bioresource centers, such as NBRP Tomato for the tomato cultivars and/or the related wild species, is beneficial for researchers to investigate the ecological functions of plant traits. Seed stocks are developed and stored with an almost uniform genetic background by self-pollination over generations. In addition to the clear genetic background, another benefit of using the variations within species is the ability to produce hybrids between two accessions. By using the progenies of the hybrid, the correlation between anther color and arthropod attraction was evaluated using Mendelian inheritance rules. Genomic sequencing of the progenies can provide clear evidence of the gene for the traits, compared to inter-species interaction genomics (Clare et al. 2013).

6. MOTIVATION
According to the objectives of the NBRP Tomato, one of the authors has a mission to facilitate usage of the resources, as the administrator of NBRP Tomato. Therefore, we are happy to share our knowledge found through the daily growth of hundreds of mutants and wild species of tomatoes with potential users. In addition to the effect of anther color on the behavior of flower-visiting arthropods introduced in this paper, we have other phenotypic variations, such as the presence/absence of stem hairs that potentially affect herbivory on plants (Kariyat et al., 2017). Readers can find more information in our database called TOMATOMA (Saito et al., 2011, Shikata et al., 2016, https://tomatoma.nbrp.jp/) or ask by email to the representative address (requestomato@t-pirc.tsukuba.ac.jp).
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FIGURE LEGENDS
Figure 1. Variation of the flower color trait between two accessions of S. pimpinellifolium. One of the accessions possessed yellow anther cone (Left panel, TOMJPF00012-3), whereas another one had orange anther cone (Right panel, TOMJPF00012-4). Scale bars indicates 1 cm. 
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