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Without a means of photosynthesis, achlorophyllous plants obtain nutrients either from fungi or by direct 
parasitism of autotrophic plants (Leake 1994). Plants that are fully reliant on mycorrhizal or saprophytic fungi 
for carbon-based nutrition are referred to as mycoheterotrophic (Leake 1994). In addition to being devoid of 
chlorophyll, mycoheterotrophic plants have scale-like or greatly reduced leaves, produce minute, dust-like 
seeds, often lack stomata, have reduced vascular systems, and their roots generally form in tight balls or are 
greatly reduced in form (Furman and Trappe 1971; Leake 1994). Historically, mycoheterotrophic plants were 
believed to be saprophytes of leaf litter. However, studies that investigated the association of fungi and 
Monotropa hypopitys (Dutchman’s pipe, Ericaceae) found that the roots were colonized consistently by 
mycorrhizal Tricholoma spp. (Bidartondo and Bruns 2001; Leake et al. 2004). Using 14C and 32P, 
mycoheterotrophic plants were demonstrated to obtain nutrients from neighboring autotrophic plants through 
mutual mycorrhizal associations (Björkman 1960). Trudell et al. (2003) corroborated this by demonstrating 
that M. hypopitys and other mycoheterotrophic plants were enriched for stable isotopes of 13C and 15N relative 
to that of neighboring autotrophic plants. It is unclear how the specific relationship between M. hypopitys and 
Tricholoma spp. evolved. However, it has been hypothesized that dependency of the plant on a fungal partner 
represents transition from partial reliance on a fugal partner (mixotrophy) to full reliance, as a result of 
selection pressure in shaded, understory forests (Tedersoo et al. 2007). The chloroplast genome of M. 
hypopitys is greatly reduced and lacks all genes that encode photosynthetic functions, which may reflect the 
transition from mixotrophy to mycoheterotrophy (Gruzdev et al. 2016). The interactions between 
mycoheterotrophic plants, such as Dutchman’s pipe, and their associated fungal partners remain poorly 
understood, including the genetic mechanisms facilitating mycoheterotroph-partner specificity, the transfer of 
nutrients between partners, and whether there is any benefit to the fungal partner and/or autotrophic partner 
engaged in this relationship. 
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