
Development of Tissue Culture System for Transformation System in Hops 
(Humulus lupulus)� In progress…)

Background
Hops (Humulus lupulus) are perennial, dioecious, climbing plants cultivated
mainly in Europe, North America, South Africa, Australia, and New
Zealand. The resins (alpha and beta acids) and essential oils produced by the
lupulin glands of female flowers are responsible for the characteristic aroma
and flavor of beer. Downy Mildew, which is caused by the fungus
Pseudoperonospora humuli, is one major disease found in hops plants.
Genetic transformation of hops (Humulus lupulus) mediated by
Agrobacterium and subsequent cultivation of transgenic plants may
decrease this disease. We are establishing and optimizing conditions for a
regeneration system of Hops, which is the prerequisite for further genetic
transformation.

Abstract
Hop (Humulus lupulus) is widely used in the brewing industry because the female
flower improves the aroma and flavor of beer. It is challenging to cultivate hops in
New York state since the hop is very sensitive to fungi and bacteria. A gene which
could confer fungus resistance to hops would be useful. The goal of our project is
to develop a tissue culture protocol which can be used to grow single cell hops
capable of Agrobacterium-mediated transformation. We have established a tissue
culture system for regeneration by using MS-B5 medium supplemented with
1.43µM IAA and 9.08µM TDZ, resulting in successful shoot induction. Small
(0.5cm) shoots and green calli induced from shoot internodes in vitro have resulted
in transplantable Hop.
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Results

Figure 1. Internodes from in vitro culture cultivated on medium #2
Left: 1week Middle: 2 weeks Right: 8 weeks

Figure 2. Internodes from HOP plants in soil cultivated on medium #2
Left: 1week Middle: 2 weeks Right: 8 weeks

Table 2. Growth of organogenic clusters from 2 different internodes on 
Medium #2.

Our former experimental results indicated that shoot internodes induce callus
better than other explants (leaf disks and petioles) and the most suitable shoot
induction medium is medium #2 in table 1. The medium is Murashige and
Skoog (MS) salts with B5 vitamin supplemented with 1.43µM IAA and
9.08µM TDZ. Internodes from in vitro culture and plants in soil were tested on
the second medium (on table 1) in this experiment. Though the shoot
internodes harvested from plants grown in soil grew very well, they did not
regenerate shoots. In contrast, the shoot internodes harvested from in vitro
culture induced green calli and regenerated into small shoots. Our experiments
indicate that it is essential to do in vitro culture before shoot induction.

Methods
Two different shoot internodes are collected from HOP plants in soil and
sterile plantlets in culture media. The materials were cut into suitable
intermodal segments, rinsed with tap water, surface-sterilized in 70%
Ethanol for 5 min and in 10% bleach and 2 drops of Tween 20 for 20
min. They are finally rinsed 3 times with distilled water. The intermodal
segments are transferred to the media in Table 1. Cultures were
incubated at 26� ± 1�.

Table 1. Media information. Medium #1 is used for in vitro culture.
Medium #2 supplemented with hormones (IAA and TDZ) are applied to
induce callus. Medium #3 supplemented with IBA(hormone) is used for
promoting shoot rooting.
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Growth Media: MS-B5; Growth factors 
(hormones) TDZ, IAA, IBA which are auxins.
Environmental Factors: Light (16 h 
photoperiod), Temperature (26� ± 1�).
Explant Type: Internodes.


