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Do roots rule anti-malarial artemisinin production in
Artemisia annua leaves?

Artemisinin is an anti-malarial molecule that is produced and stored in the leaves of the
plant Artemisia annua in microscopic glandular surface structures called trichomes (Fig. 1).
Evidence from various studies suggests that the roots, which produce neither significant artemisinin
nor precursor compounds, regulate artemisinin production in the leaves. Here we grafted lines
of Artemisia annua with differing artemisinin levels and trichome characteristics to each other, and
then monitored physical attributes such as trichome density along with artemisinin levels and total
flavonoid content to determine how roots of one line affected leaves in another. The metabolic
pathway to terpenoids such as artemisinin is different than that for flavonoid production, but
flavonoids are well-known for their important antioxidant effects and also play a role in this plant’s
ability to treat malaria. Learning more about the role of roots in phytochemical production is key to
understanding how to harness the therapeutic potential of Artemisia annua and other medicinal
plants.

Fig. 1. Artemisia annua leaf surface showing glandular trichomes that readily fluorescence under
UV light.
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Results are illustrated schematically in Figure 2. When shoots of high artemisinin-producing plants
(S) were cross-grafted to the rootstock of either lower artemisinin-producing plants (15) or non-
producing plants (G), artemisinin levels decreased relative to control plants that were self-grafted.
The opposite was also true; lower or non-producing plants (15 or G) had higher artemisinin levels
when grafted to the rootstock of high-producing plants (S). Trichome density also correlated with
these trends. In general, if artemisinin content increased, trichome density increased, and vice
versa. The notable exception here was that grafting G shoots that lack trichomes to S rootstock did
not induce trichome formation on its leaves. The effect of grafting on total flavonoid content was
less clear. Although S and 15 have similar levels, grafting S shoots to 15 rootstock decreased total
flavonoids, while grafting 15 shoots to S rootstock caused an increase. G has much lower total
flavonoids than S, but grafting G shoots to S rootstock caused a further decrease.

Fig. 2. Schematic representation of the lines of Artemisia annua plants used in this study. The
effects of cross-grafting on artemisinin, trichome density, and flavonoids is shown by the green
(increase) and red (decrease) arrows.

Oral consumption of the dried leaves of Artemisia annua is proving to be very therapeutically cost
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effective against malaria and probably other diseases. Many flavonoids in the plant have weak
antimalarial activity and also seem to help artemisinin’s therapeutic activity. Understanding how
both artemisinin and flavonoid production are controlled in the plant is therefore very important for
enhancing yields of these compounds in Artemisia annua.
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