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Blueberries (Vaccinium spp.) are widely known for 
their � avor and human health bene� ts due to the pro-
duction of specialized metabolites with potential pos-
itive health aspects. Iridoids are a class of specialized 
metabolites in plants that have known human health 
bene� ts, including anti-in� ammatory and anti-cancer 
properties (Dinda et al., 2011). Recent work has found 
that blueberries make iridoid compounds, with a sub-
set of wild and cultivated blueberry species making the 
speci� c iridoid glycoside monotropein (Leisner et al., 
2017). While the biosynthetic pathway of iridoid com-
pounds is well studied in other plants, including the 
model medicinal plant Catharanthus roseus (Kellner 
et al., 2015), the genes involved in monotropein bio-
synthesis in blueberry are not known. Additionally, the 
human health bene� ts of monotropein in blueberry are 
not well studied. Elucidating genes in the monotrop-
ein biosynthetic pathway would not only increase our 
understanding of this important metabolic pathway but 
create avenues for future research on understanding the 
human health impacts of iridoid production in blue-
berry. For this work, the key enzyme geraniol synthase 
(GES) was analyzed. GES has been identi� ed as a key 
enzyme associated with iridoid biosynthesis (Mint Evo-
lutionary Genomics Consortium, 2018), catalyzing the 
conversion of geranyl pyrophosphate (GPP) to geraniol 
(Fig. 1) in the plastid during one of the earliest steps of 
the iridoid biosynthetic pathway. � e purpose of this 
study was to isolate and sequence this key gene in the 
iridoid biosynthetic pathway and to perform functional 
enzyme characterization to understand and validate its 
speci� c role in iridoid production in blueberry.

To isolate GES, RNA was extracted from various tis-
sues of the blueberry cultivar Ornablue which has been 
shown to produce the iridoid glycoside monotropein 
(Leisner et al., 2017). � e extracted RNA was treated 
with DNase and reverse transcribed into cDNA which 
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was used as a template for polymerase chain reaction1

using gene-speci� c detection primers. � e GES gene, 
which was ampli� ed in � oral tissues, was puri� ed and 
sent for sequencing. � e resulting sequence of the ampli-
� ed GES was aligned with the computationally derived 
sequence of GES used to design the detection primers. 
When aligned, the ampli� ed GES with high-quality 
sequencing peaks covered 33% of the computationally 
derived sequence but with 95% identity, indicating its 
similarity to the computationally derived gene. A GES 
gene construct was then designed, commercially syn-
thesized, and cloned into E. coli BL21 (DE3) competent 
cells for heterologous expression.

� is research is ongoing, and current work is focused on 
expressing the GES gene in E. coli cells and optimizing 
the protein puri� cation step to increase the yield of the 
isolated GES protein. Once puri� ed, the protein along 
with its substrate GPP will be used in enzyme assays 
and analyzed by gas chromatography-mass spectrom-
etry to functionally characterize the GES enzyme in 
blueberry. Overall, results from this study will provide 
new insights into the function of a key gene within the 
iridoid biosynthetic pathway, which will allow for fu-
ture work into the function of these iridoid compounds 
in blueberry, and lead to a better understanding of the 
human health bene� ts of blueberries.

Figure 1. Early iridoid biosynthetic pathway. GES, ge-
raniol synthase; G8H, geraniol 8-hydroxylase; GOR, 
8-hydroxygeraniol oxidoreductase; ISY, iridoid syn-
thase (Adapted from Lichman et al., 2020).
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� is project is part of a larger e� ort to identify all bio-
synthetic pathway genes for monotropein biosynthesis 
in blueberry. GES has been shown to be a key enzyme 
associated with plants that make iridoid compounds 
across a wide phylogeny of the plant kingdom. � ere-
fore, the work done in this project provides critical in-
formation as to why some cultivars of blueberry do and 
do not make iridoid compounds. � is paves the way to 
understand more about the genetic regulation of this 
pathway, which makes this type of natural product re-
search more amendable to future clinical evaluation. 
-Courtney P. Leisner, Biological Sciences
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