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Construction of transformation system and expression of the astaxanthin biosynthesis genes in
Freesia hybrid (Z)—S7ICHE T EGERROBRET AIX YO FUOEBABERFORR)

Freesia (Freesia x hybrida) is a member of the subfamily Ixioideae, the family Iridaceae, and is
originated in the Cape Province in South Africa. It is a popular cut flower, because of flower forms, floral
fragrance and wide petal color variations. Ishikawa prefecture (Department of Agriculture, Forestry and
Fisheries, and the Ishikawa Agriculture and Forestry Research Center) has bread new varieties of freesia,
'Ishikawa f1~f11' of the series named 'Airy-Flora', which are already distributed in market. Freesia is also
a promising edible flower. In order to confer new beneficial characters to 'Airy-Flora', we constructed the
Agrobacterium-mediated transformation system of freesia. And we tried to produce transgenic plants of
'Airy-Flora' by introducing biosynthesis genes for astaxanthin, which is the famous antioxidative red
carotenoid.

We utilized the plasmid pUTR-crtZWI(pZH2B) containing a binary vector pZH2B, in which three
enzyme genes was inserted for ,f-carotenoid 3,3’°-hydroxylase (CrtZ) and B,B-carotenoid 4,4’-ketolase
(4,4-oxygenase; CrtW) from a marine bacterium Brevundimonas sp. strain SD212, and isopentenyl
diphosphate isomerase (type 2 Idi) from a marine bacterium Paracoccus sp. strain N81106, under the
regulation of the CaMV 35S promoter and the transit peptide sequence of ribulose 1,5-bisphosphate
carboxylase/oxygenase (RuBisCO) small subunit from pea. And the 5’-untranslated region (UTR) of the
Nicotiana tabacum alcohol dehydrogenase gene (NtADH) was attached to the ATG of each gene, preceded
with the transit peptide sequence.

The transformation method with the plasmid was a modification of that described (Uwagaki et al, Plant
Biotechnol 32:165-168, 2015). The cormlets of freesia cultivar 'Ishikawa f6' were cut aseptically into ca. 5-
mm cubes. The cubes were infected to Agrobacterium tumefaciens EHA101 harboring pUTR-
crtZWI(pZH2B), and co-cultured in the dark at 23°C. After five days of co-cultivation, they were transferred
onto MS basal medium supplemented with 5,6-dichloro-1H-indole-3-acetic acid, thidiazuron (TDZ),
hygromycin, meropenem, 3% sucrose, and gellan gum (selection medium). The cultures were carried out
at 22°C in the dark. After around 9 weeks of cultivation, generated hygromycin-resistant calli were
transferred onto regeneration medium, which was selection medium without 5,6-dichloro-1H-indole-3-
acetic acid. The cultures were carried out at 22°C under a 16-h light/8-h dark photoperiod. After around 30
days of cultivation, these were subsequently cultured on PGR-free MS medium containing hygromycin.
Consequently, three hygromycin-resistant plantlets, which exhibited orange color systemically, were
regenerated from the totals of 584 cubes from the cormlets.

HPLC-PDA-MS/MS (HRMS) analysis was performed to determine carotenoid profiles of the wild-
type and transgenic freesia. The introduced genes were functionally expressed especially in the callus,
which produced large amounts of astaxanthin including its esterified forms [63% of total carotenoids (32.2
ng/g fresh weight)] and free form (4.3%) in addition to other ketocarotenoids that contained
fritschiellaxanthin (3%), 4-ketoantheraxanthin (1.6%), adonirubin (5.4%), adonixanthin (2%), and
canthaxanthin (4.2%). The regenerated freesia plant exhibited bronze (reddish green) color, and its stems
and (large) flower buds were found to accumulate astaxanthin esterified forms [50.3% and 35.3% of total
carotenoids (83.1 and 21.6 ng/g fresh weight)], respectively. Whereas, the petals contained trace amounts
of carotenoids, presumably because of rapid reduction and/or degeneracy of the chloroplasts (plastids).
Our study indicated that the carotenoid biosynthesis genes were efficiently functionally expressed in
freesia plants, except for white color-base petals.
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