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NOVEL SYSTEM FOR RAPID, ROBUST, AND EFFICIENT IN VITRO MASS
PROPAGATION OF MISCANTHUS %X GIGANTEUS
CROSS~-REFERENCE TO RELATED APPLICATION

This application claims priority to United States Provisionatl Application No.
627/534,935 filed July 20, 2017, the entire disclosure of which is incorporated herein by
reference in &8 entirety for alf purposses.

REFERENCE TO U.5. GOVERNMENT SUPPORT

This invention was made with government support under Grant Nogs, 2011-
38821-30874 and 2014-33821-22417 by the National Institute of Food and Agriculture
{NIFA). The United States has certain rights in the invention.

FIELD OF THE INVENTION

The invention relates generally to in wiro mass propagation of Miscanthus x

giganteus.
BACKGROUND OF THE INVENTION

The Miscanthus genotype with the greatest biomass potential {o date is
Miscanthus x giganteus (Giant miscanthus), a sterile hybrid of M. saccharifiorus and M.
sinensis parentage. Giant miscanthus has heen proposed for use in the United States in
combined heat and power generation. It is also a leading candidate feedstock for
cefluiosic ethanol. Although | is widely touted for celiulosic ethanoel, Giant miscanthus
has traits that likely make Giant miscanthus better suited for thermochemical
conversion processes gver biclogical fermentation under existing technology. The main
feature distinguishing Giant miscanthus from other blomass crops is its high
Honocellulose vields, U.S. Research has shown dry matter vields from 10 to 15 tons per
acre, and same cases 20 tons per acre, In the U.5., Giant miscanthus can yield more
annual biomass than any gther major biomass crop and has a much broader growing
range. Based on average vields seen in many trials in the 1.5, Glant miscanthius has
the potential to supply 8l the advanced bicfuel required under the Energy
Independence and Security Act (2007} using only the same land area currently devoted
o producing corn grain ethangl. This means that Glant miscanthus could meet hiofusl
goals without bringing new fand into production or displacing foad supply. Glant
miscanthus is adapted to many soil conditions, including marginal land, but s most
productive on solls well suited for corn production. Planting technology such as limited
planting material and limited planting equipment is one of the major imitations {o large
scale economic expansion of Giant miscanthus production in the U.S, for biopower and
feedstock for biofuels and green chemicals production. Because Giant miscanthus has
three sets of chromosomes and an uneven chromosome number, the chromosomes do
not divide evenly during meiosis, leading to non-viable gametes, and henge to sterile
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seaed. This is advantagsous because it limits the capacity of Giant miscanthus to spread
unintentionally from seed, but it significantly complicates planting of new fields. In
miscanthus spreads very slowly, thus minimizing vegetative spread. Since Giant
miscanthus produces no seeds, it must be reproduced and established vegetatively by
planting divided rhizome pieces or live plants. This process results in high up-front
establishment costs relative to crops established from seed, but comparatively reduced
costs over the lifetime of the stand. This costs of Giant miscanthus production are front
loaded with planting material alone costing between $1,000 and $10,000 per acre. One
alternative to address this prohibitive cost of planting materials could be the
importation of massive number of cheap rhizomes from Eurcpe. Unfortunately, Giant
miscanthus cannot be imported from Europe in any meaningful quantities due to
current quarantine restrictions imposed by the LISDA. Because Giant miscanthus is a
relative of sugarcane, it could conceivably harbor diseases that would threaten the U.S,
sugarcane industry. Imported rhizomes must be monitorad in guarantine greenhouses
for three vears before release, a3 costly process that effectively eliminates importation.

Therefore, development of an alternative, and cost-effective approach for
asexually propagating this major energy crop as a strategy to address these production
challenges js among many prerequisites 1o accelerate commaercial developmeant of
cellulosic biofusls, biopower, bivhased, and green chemicals production from this
important and high yvislding feedstock.

SUMMARY OF THE INVENTION

The present invention provides a longitudinally spiit immature tiller separated
segments containing shoot primordia {(CSSSP), an in vitro tiller of Miscanthus x
giganteus (Glant miscanthus), and the uses or preparation thereof for prapagating
Glant miscanthus.,

A method of ganerating a cluster of multiple in vitro shoots (CMIT) of
Miscanthus x giganteus (Giant miscanthus) is provided, The methad comprises
incubating & longitudinally split Immature tiller separated from a thizome {LSITR) of
Giant miscanthus in a direct shoot induction medium {DSIM} 350 that the LSITR
develops one or more induced individual shoots {115), excising each of the 1IS from its
base on the LSITR, and incubating each of the excised 115 in the RSIM. A CMIT
generated according to this method is provided.

A method of generating a cluster of stem segments containing shoot primordia
{CSSSP) of Miscanthus x giganteus {Glant miscanthus) is provided. The method
comprises incubating the CMIT in a direct shoot induction medium {DSIM) so that the
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CMIT develops multiple in vitre Sllers-and removing the mulliple /v vitro tillers from the
CMIT so that the CS55P is generated. Nodes located near the base of each removed in
vitro titler remain within the CR58P. The multiple in vitro tillers may ¢omprise at least
30 in vitro tillers. A CSSSP generated according to this method is provided,

Another method of generating a cluster of stem segments containing shoot
primordia (CS85P) of Miscanthus x giganteus {Glant miscanthus) is provided. The
method comprises incubating a longitudinally split immature tiller separated from a
rhizome (LSITR) of Giant miscanthus in a direct shoot induction medium {DSIM) so that
the LSITR develops one or more induced individual shoots {1I8), excising each of the
HS from its base on the LSITR, incubating each of the excised 1S in the DSIM so that a
cluster of multiple in witro shoots {CMIT) is generated, incubating the CMIT in the DSIM
so that the CMIT develops multiple in vitro tillers, and removing the multiple in vitro
tillers from the CMIT to generate the CSSSP. Nodes located near the base of gach
removed in vitro tiller remain within the CSSSP. The multiple in vitro tillers may
comprise at least 30 in vitro tillers. A CSSSP generated according to this method is
provided,

Another method of generating a cluster of muiltiple /in vitro shoots (CMIT) of
Miscanthus x gigantaus {Giant miscanthus) s provided. The method comprises
incubating acluster of stem ssgments containing shoot primordia (CS55F) of Glant
riscanthus ina direct shoot induction medium {DSIM} so that the CMIT is generated. A
CMIT generated according to this method is provided.

A method of producing multiple /n vitro tillers of Miscanthus x giganteus {(Giant
miscanthus) is provided. The method comprises incubating a cluster of multiple /n vifro
shoots (CMIT) in a direct shoot induction medium {DSIM]} so that the CMIT develops
multiple in vitro titlers. The method may further comprise isolating a single /n vitro tiller
from the miltiple in vitro tillers and incubating the single in vitro tiller in the D5SIM so
that the single in vitro tiller develops multiple & vitro tligrs. An in vitro tiiler of
Miscanthus x giganteus (Glant miscanthus) produced according to this method is
provided,

A method of producing multiple in vitro tillers of Miscanthus x giganteus {(Giant
miscanthus} is provigded. The method comprises fragmenting a cluster of stem
segments containing shoot primardia (CSSSP) into small clusters of stem segments and
incubating each of the small clusters in a direct shoot induction medium {DSIM) so that
gach of the small clusters of stem segments develops migtipte in vitro tillers, Bach of
the small clusters may comprise at least § stem segments. An in vitro tiller of
Miscanthus x giganteus (Glant miscanthus) produced according to this metheod is
provided,
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The DSIM may comprise mattose, &-benzylaminopureine (BAP) and g~
naphthalenesacetic Acid (NAA).

A fongitudinally split immature tiller separated from a rhizome (LSITR) of
Miscanthus x giganteus {Glant miscanthus) is provided.

A method of propagating Miscanthus x giganteus {Glant miscanthus) is
provided. The method comprises incubating the in vitro tiller of Giant miscanthus of the
present invention in a rooting medium so that an in vitro rooted Glant miscanthus
plantist is generated and planting the in vitro rooted plantiet into soil. The rooting
meadium may comprise maltose, a-naphthaleneacetic Acid (NAA), phytagel, and
vancomyein, The rogting medium may have a pHof 5.7,

A method of propagating Miscanthus x giganteus (Giant miscanthus) is
provided. The method comprises incubating the cluster of multiple in vitro shoots
{CMITY of Giant miscanthus of the present invention in a rooting medium so that an in
vitre rooted Glant miscanthus plantiet is generated and planting the in vitre rooted
plantiet into soil. The rooting medium may comprise maltose, g-naphthaleneacetic Acid
{NAA), phytagel, and vancomycin. The rooting medium may have a pH of 5,7,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows experimental workflows followed for in vitro propagation of
Miscanthus x giganteus (Giant miscanthus). 1a. Seadiings of Giant miscanthus with
rhizomes purchased from a nursery; ib. Rhizomes with immature tillers separated from
soil; 1c, Immature tillers separated from Rhizomes and sterflized; 1d. longitudinally
split immature tillers separated from rhizomes (LSITR}; le. Shoot induction from
LSITR; 1f. Multiple in vitro tillers induction; 1g. Isclated individual in vitro tillers; 1h,
iterative cycle of in vitro multiple tillers induction; 1i. CS5SP; 1. iterative cycle of in
vitro multiple tillers induction; 1k. rogting of individual in vwitro shoots {11S)/and small
clusters {(sCMIT}; and 1m.dn vitro regenerated and micro propagated Glant Miscanthus
plants well established and growing profusely in the greenhouse.

FIG. 2 shows field establishment to test adaptability and evaluate vield potential
of in vitro regenerated and propagated Miscanthus x giganteus {Glant miscanthus) 2a.
Gregnhouse established Giant miscanthus seedlings prior to transplantation in
the field showing developed multiple Immature tillers (ITY which will grow 1o matre
tillers and boost the overall biomass yield of in vitro regenerated, 2b. In vitro
regenarated and micro propagated Giant Miscanthus plants well acdimatized in the
gresnhouse prior to fleld establishment; 2¢. In vitro regenerated and micro propagated
Giant miscanthus plants successfully established in the field two months after planting;
2d. In vitro regenerated and micro propagated Glant miscanthus plants successfully
established in the field six months after planting; 2e. In vitro regenerated and micro
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propagated Giant miscanthus plants successfully established in the field ot Howering
stage six months after planting; and 2f Infertile spikelst, typical of Giant miscanthus
isolated from matured infloresdences of field established i vitro reqenerated plarnts
eight months after planting.

FIG. 3 shows firld establishment to test adaptability and evaluate vield potential
in vitre regenerated and propagated Miscanthus x giganteus {(Giant miscanthus)
according to vet ancther embodiment of the present invention. 3a. Two-year-old field
grown in vitro regenerated, and micro propagated Glant Miscanthus plants showing
healthy enderground lillers, profuse root system and rhizomes; 3b. Clean and normal
tillers harvested from rhizomes of two-year-old fisld grown in vitro regensrated, and
micro propagated Giant Miscanthus plants; 3¢, Flowering of twa-year-cld field grown of
in vitro regenerated, and micro propagated Glant miscanthus plants; 3d. Dried biomass
from two-vear-old field grown of in vitro regenerated, and micro propagated Giant
miscanthus plants; 3e. Third vear fleld grown of in vitro regenerated, and micre
propagated Giant miscanthus plants; and 3. Comparison of third-vear field grown of in
vitro regenerated, and micro propagated Giant miscanthus plants and miother plants
showing no variability in theilr growth vigor.

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides a novel in vitro system for rapid, effigient,
robust, and cost-effective mass propagation of Miscanthus x giganteus (Giant
miscanthus) using /n vitro tilters or clusters of multiple in vwitro shools (CMIT) and
preparation of the /o vitro tillers and the CMIT. This invention is based on a surprising
discovery of a cluster of stem segments containing shoot primordia (CSSSP) and its in
vitro tillering power.

While few literatures described systems of direct in witro tillering from nodatl
segrment of Giant miscanthus, the tsed of longitudinally spiit Immature tiller separated
from 2 rhizome (LSITR) {o induce shoots and archestrate an Rerative cycle of iy vwitro
muttiple tillers production from CMIT is novel. The clear potential of robustness from
other systems described in the literature is not well articulated. Most of these other
systems Tar in vitro propagation of Glant miscanthus have an inflorescence-based high
guality embryogenic callus stage which is & costly; less afficient, less reproducible and
cumbersome regeneration step. The iterative oydle of multiple in vitrp tillering can be
incredibly supported and maintained. The ierative cycle of multiple in vitro tillering
represents a novel and very robust alternative approach for asexuslily propagating
Giant miscanthus, Furthermaore, these iterative ¢ycles have the potential to achieve an
ynprecedentead production of a massive number of high guality, regenerable Miscanthus
x giganteus plantiets in a more efficient and cost-effective manner, Therefore, this
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production system is more effective than the conventional ex vitrp rhizome-basad
approach,

A fongitudinally split immature tiller separated from a rhizome (LSITR) of
Miscanthus x giganteus {Glant miscanthus) is provided. The term Tlongitudinally split
immature tiller separated from a rhizome (LSITR)" used herein refers to healthy and
normal young tillers selected and harvested from rhizomes of Giant miscanthus.

A cluster of multiple in witro shoots (CMIT) of Miscanthus x giganteus {Giant
miscanthus) is provided. The term “cluster of multiple in vitro shoots {(CMITY” used
herein refers to mudtiple in vitro shoots arranged in a form of a single morphological
structure of Giant miscanthus.

A cluster of stem segments containing shoot primordia (CS5SP) of Miscanthus x
giganteus {(Giant miscanthus) is provided. The term “duster of stem segments
containing shoot primordia {(CSSSPY used herein refers to a cluster of multiple in vitro
shaots of Giant Miscanthus where about three guarter of sach shoot within the cluster
has been removed to presarve the basal portion rich in minuscules shoot primordia.

An induced individual shoots (1IS) of Miscanthus x giganteus {Glant miscanthus)
is provigded. The term “induced individual shoots {118} used herein refers to a new
grgan genic or shoot structure formed as a result of culturing a longitudinally split
immature tiller separated from a rhizome of Glant Miscanthus (LSITR) in & direct shoot
induction medium (DSIM} and incubating under controlied environmental growing
conditions,- for example, temperature set at about 26-30%C {e.g., 28%C), humidity at
about 70-90% {e.g., B0%), and about 15-17 hours {e.g., 16 hours) of light and about
9-10 hours {&.g. 8 hours) of dark photoperiod regime must remain constant in the
gnvironmentally controlied plant growth chamber throughout the one maonth incubating
period for induction of 1IS.

Multiple in vitro tillers of Miscanthus x giganteus (Glant miscanthus) are
provided. The term “multiple in vifro tillers” used hereln refers to muitiple I vitro
organogenic shoot structures of Giant miscanthus.

The term “illering power” used herein refers o the regeneration capability of 3
cluster of stem segments containing shoot primordia (CSSEF) to fully recover into a
cluster of miultiple in wire shoots (CMIT) under culturing and incubating conditions, for
example, temperature set at about 26~30°C {e.g., 28°C}, humidity at about 70-80%
{&.g., 80%), and about 15-17 hours (e.q., 16 hours) of light and about 9-10 hours
{e.g., 8 hours} of dark phatoperiod regime must remain constant in the
environmentally controlied plant growth chamber throughout the one month incubating
periad for favoring tllering induction and maintenance.
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The term “direct shoot induction medium {(DSIM)” used herein refers {o a culture
medium prepared from grade chemicals with strong capacity to favor shoot induction
from culturad fongitudinally split immature tifler separated fromya rhivome of Glant
naphthaleneacetic Acid {(NAA). The DSIM may comprise about 10-30 uM BAP and about
§.8-1.2 uM NAA. In one embodiment, the DSIM may comprise about 10-15 b BAP and
about 0.8-1.2 uM NAA. In angther embodiment, the DSIM may comprise about 23-27
M BAP and about 0.8-1.2 uyM NAA, The DSIM may further comprise maltose. For
example, the DSIM may comprise about 20-40 g/L, about 10-30 ¢M BAP and about
0.8-1.2 pM N&A, In one embodiment, the DSIM may comprise about 26-40 g/l about
10-15 M BAP and about 0.8-1.2 uM NAA, In ancther embodiment, the DSIM may
comprise about 20-40 g/L, about 23-27 M BAP and about 8.8-1.2 pM NAA.
miscanthus, The CMIT preparation method comprises incubating a LSITR of Glant
miscanthus in a DSIM such that the LSITR develops IS, excising each of the IS from
its base on the LSITR, and incubating each of the excised 1IS in the DSIM. As a result,
a CMIT is generated.

The present invention also provides a method of generating a CS55P of Giant
miscanthus. The CSSSP preparation method comprises incubating the CMIT in.a DSIM
so that the CMIT develops muiltiple in vitre tillers and removing the multiple in vitro
tillers from the CMIT so that the CS58P is generated. Nodes located near the base of
each removed in vitro tiller remain within the CSS5P. The multiple /n vitro tillers may
comprise at least 30 in vitro tillers. As a result, a CSS5P is generated.

The presant invention further provides another CESSP preparation method. This
method comprises incubating a LSITR of Giant miscanthus in 3 DSIM so that the LSITR
develops ong or more 115, excising each of the IIS from its base on the LSITR,
incubating sach of the excised 1IS in the D5IM so that a CMIT is generated, incubating
the CMIT in the DSIM so that the CMIT develops multiple in vitro tillers, and removing
the multiple in vitro tillers from the CMIT to generate the CS5SP. Nodes located near
the base of each removed in vitro tiller remain within the CSS5P. The muitiple in vitro
{illers may comprise at least 38 in vitro tillers, As a result, a USSSP s generated,

The present invention further provides another CMIT preparation meathod. The
method comprises incubating a CSS5P of Giant miscanthus in & DSIM so that the CMIT
is generated. As a result, a CMIT is generated.

The present invention further provides a method of producing multiple in vitro
tillers of Giant miscanthus, The method comprises incubating 2 CMIT in a DSIM so that
the CMIT develops multipie in vitro tillers, The method may further comprise isolating a
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single invitre tller from the multiple in witrg tillers and incubating the single in vitro
titler in the DSIM so that the single in vitro tiller develops multiple /i vitro tillers. As a
result, multiple i vitro tillers of Giant miscanthus are produced,

The present invention further provides ancther method of producing multiple in
vitro tillers of Glant miscanthus, The method comprises fragmenting a CSSSP into small
clusters of stem segments and incubating each of the small clusters in a DSIM so that
gach of the small clusters of stem segments develops multiple in witro Gillers. Each of
the small clusters may comprise at least 5 stem segments. As a result, multiple in vitro
tillers of Giant miscanthus are produced.

The present invention further provides a method of propagating Glant
miscanthus. The method comprises incubating the in vitro tiler of Giant miscanthus of
the present invention in a rooting medium so that an in vitro rooted Glant miscanthus
plantiet is generated and planting the /n vitro rooted plantiet into soil.

The present invention further provides ancther method of propagating Giant
miscanthus. The method comprises incubating the CMIT of the present invention in a
rooting medium so that an in vitro rooted Giant miscanthus plantlet is generated and
planting the in vitro rooted plantiet into soil.

The rooting medium {(RM) may comprise maltose, NAA, phyvtagel, and
vancomycin, For exampig, the RM may comprise mattose at about 20-90.g4L, NAA at
about 1.9-2.3 yM, phytage! at about 2.0-2.5% g/l and vancomycin at about 50-60 uM.
The RM may further comprise a medium such as MS basal medium. The M5 basal
medium may comprise 1850 mg/l ammonium nitrate, 6.2 mg/L boric acid, 332.2 mg/L
calcium chioride (anhydrous}, 8.025 mg/L cobalt chioride8H20, 0.025 mg/L cupric
sulfates5H20, 37.26 mg/L NaZEDTA2H20, 27.8 mg/L ferrous sulfate«7H20; 180.7
mg/l magnesium sulfate (anhydrous), 16.2 mg/L manganase sulfate«H20, .25 mg/L
mclybdic acid {(sodium sait)s 2H2Q0, 0.83 mg/L potassium iodide, 1500 mg/l potassium
nitrate, 170 mg/fl potassium phosphate (monobasic), 8.6 mg/l zine sulfate« 7H20, 2.0
ma/L givcine (free base), 100 mg/L myo-inosital, 8.5 mg/L nicotinic acid {free acid},
8.5 mofl pyridoxinesHC and 0.1 mg/L thiamine«HCL The rooting medium may have a
pH of B-6, for example, about 5.7,

Example 1. Discovery of CSS5P and its in vitro tillering power

The in vitro morphological structure named CS55SP (FIG. 1L} originates from in
vitro tillers of in vitro plantlets elongated from direct shoot induction (FIG. ie.) from
LSITR of Miscanthus = giganteus {Giant miscanthus) that was commercially acquired
and subsequently established in the greenhouse for about four months {FIG. 1a.),

CSS55P was discovered by a surprising observation which deviated from the
original research hypotheasis. The initlal research hypothesis was a motivation based on
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a previpus work in switchgrass, a related speciss to Giant miscanthus, on the
successful induction of axenic flowers from top nodal segments of tillers of greenhouse
established plants. At a starting point, we basically designed an experiment to
orchestrate transferability of the in vitro system for the induction of axenic flowers from
switchgrass. To that effect, top nodal segments from commercially acquired and
greenhouse establishad Giant miscanthus were split and cultured on inflorescence
induction medium supplemented with a ¢ytokinin and an auxin modified from
Alexandrova et al. {1986). The inflorescence induction medium contained a Murashige
& Skoog (MS) basal medium with vitamins (Murashige and Skoog 1962) purchased
fromy PhytoTechnoplogy Laboratories), 30 g/l maltose, 12.5 or 25 uM 6-
Benzyliaminopureine (BAP) and 1.08 mM g-Naphthaleneacetic Acid {NAA). The
composition of the MS basal medium is in {mg/L): 1850, ammonium nitrate: 6.2, boric
acidy 332.2, calcium chioride anhydrous; 0.025, cobalt chipride«&H20; 0.025, cupric
sulfates5H20; 37.26, NaZEDTA2HZ0; 27.8, ferrous sulfates7H20; 188.7, magnesium
sulfate, anhydrous; 16.9, manganese SulfateeH20; 0.25, molybdic acid {sodium salt)e
2H2G; 0.83, potassium iodide; 1900, potassium nitrate; 170, potassium phosphate,
monebasic; 8.6, zing sulfatee7HZ20; 2.0, glycine {free base); 100, myo-inositol; 0.5,
nicotinic acid {free acid); 0.5, pyridoxines=HCl; Q.1, thiaminesHC! Phytage! {2.2 g/L)
was used as g gelling agent. The pH of the media was adjusted 1o 5.7, and the media
was steritized by autoclaving and poured into sterile petri dishes, Forall in vitre
manipulations described here, plant growth chamber optimum incubation conditions for
all cultured were: temperature: 28°C, relative humidity: 80%, photoperiod: 16 hr.
tight/8hr dark regime except otherwise stated. Surprisingly, incubated explants of the
nodal segments of Giant miscanthus resulted in direct shoot induction (FIG. 1g.) rather
than axenic flower as originally expected. But this {ater process did not result in
rrigitiple shoots formation, and further regeneration trials using this system were
giscontinued. We then attempted to extend this in vitro inflorescence induction system
to sterilized and longitudinally split immature tillers developing from rhizomes (LSITTR)
{FIG. 1d.}). This resuited in shoot induction and subseqguent slongation. Induced
individual shoots {(II8) (FIG. le.) were carefully excised at the base and subcultured
back into this inflorescence induction madium (IIM), later namaed, direct shoot induction
medium (D5IM), which is MS Dasal medium supplemented with 30 g/L maltese, 12.5or
25 pM &-Benzylaminopureine {BAP) and 1.08 mM o-Naphthaleneacetic Acid (NAA), to
induce in vitro shoot organpgenesis. This later process generated clusters of multiple in
vitro shoots (CMIT) (FIG. 1F) from each induced individual shoot (11S). Bach CMIT
developed approximately 30 new in vifro tillers, CSSSP was derived from CMIT from
which all /n vitro tillers were strategically removed (FIG. 1) so that "miniscules” nodes
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located near the base of each in vitro tiller remain within the CS58P which will serve as
shoot primordia for next in vitre tillering upon successive culturing of the CSSSPR into
DSIM. In order to improve the freguancy and the quality of IS from LSITR, we tested
various levels of cylokinin BAP levels (0, 12.5 or 25 uM BAP) in combination with three
different ages of immature tillers comporting 1, 2 or 3 batches of leaf sheath, and
various types and levels of antibiotics vancomycin hydrochioride {0, 13.5, 27, 41.5, and
54 uM) and tetracycling hydrochioride {20.8 uM or 52 uM)} were included in the media
to sliminate the effect of endophytes in in vitro shoot performance. However, since 54
uM vancomycin was more effective in controlliing the growth of endophytic fungt in the
culture media, it was then used for subsequent experiments. These fater {DSIM)
optimizations led to the develapment of an enhanced DSIM (eDSIM) {e.g., MS basal
medium supplemented with 30 g/L maltose, 12.5 yM 6-Benzviaminopureine {BAP} and
1.08 uM g-Naphthaleneacetic Acd {NAA}Y), which proved to be very effective medium to
support subsequent multiple in wtre tillering and tillering maintenance from CSSSP,
Fragmentation of CSSSP into a small cluster of 5 stems segments and transferring of
thess fragments into {eDSIM) generated new i vitro tillers corresponding to the initial
number of stem cuttings within each small CSSSP cluster. Conversely, transferring of a
single in vitro tiller isclated from a CMIT to eDSIM triggered new multiple in vitre
filtering to generate bhigh guality CMIT with morphological features similar to the
mother CMIT. From this peint on, and sfficient iterative cycles of multiple in vikro
tillering from single /n vitro tiller, tillers isolated from a CMIT and those originated from
subsequent generation CSS5P is successfully sustained over an extended period of time
{FIGs. 1h and 13). Prior to establishing regenerated single i vitro shoot and small CMIT
clusters in the greanhouse and fleld to evaluate performance, a Rooting Medium (RM)
need to be formulated in a manner that supports high guality (healthy) root formation
and profiferation and healthy growth of shoots and small CMIT clusters. Theough trials
angd testing the levels of various nutrients, auxing, energy seurces, a very effective RM
was formulated. The composition of the final RM (MS basal medium supplemented 30
g/l maltose, 2,15 uM NAA and 2.2g/L phytagel, and the pH was adjusted to 5.7, and
54 uM vancomvein} was added prior to poring the media into miagenta jars. This RM
has been used with a good success iy inducing high quality and proliferating roat
system to support vigorous growth of single /n vitro shoots and small CMIT clusters
{FIG. 1k.). Interestingly, we also observed CMIT in RM with high freguency. Once the
efficiency of this RM was demonstrated, we designed a post-flask management system
o acclimatize these rooted single fn vitro shoots and small CMIT dusters in the
greenhouse prior to field establishment. The hardening process was as follow: Several
types of potling mixes were tested for the hardening process of the rooted in vitro
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shoots, and we finally identified a soll mix that best supports the establishment. The
“More Suitable Soft Mix” (MS5M) contains: one part sandy-loam, two-part sand, three-
part peat moss, and thres-part-vermiculite, Four-inchsquare pobs were filled with 350
g of this soil mix containing 0.4 g of Scotts 15-8-12 Osmocote Plus. The soit was
moistened with tap water, and the in vitro rooted plantiets were transferred to the soil.
Then, the plantiets were left under a dome for five to seven days unti they survived in
the soil. The plants were then transferred o the greenhouse and establish for about
two months (FIG. 1m.). Two weeks prior to transplanting in the field, plants were
placed in an open air outside the greenhouse for acclimatization and monitored (FIG.
2b.y. Our data showed a 100% establishment rate for all the rooted single in vitro
tillers and small CMIT clusters in the green house and the field. Under both conditions,
all in vitro regenerated Giant miscanthus plants showead high tillering capacity under
greenhouse conditions.

This iterative cycle of multiple in vitro tillering wes supported-and maintained by
the well and carefully formulated (eDSIMmY which was a modification of eDSIM with a
reduced auxin level, The iterative cycle of multiple i vitro tillering describing in this
disclosure represent a novel and robust alternative approach for asexually propagating
this important energy crop. Furthermore, this cycie has the potential to achieve an
unprecadentad production of 3 massive number of high quality, regengrabis
Miscanthusxgiganteus plantlets in a more efficient and cost-effective manner. Fiald-
astablished plants were weeded only once {one-month) after planting, and subsequent
weeding were not needad due to profuse growth of the established plants which
developed many voung tillers,

Therefore, this production system is more effective than the conventional ex
vitro rhizomes-based approach. In our laboratory, observations over three years
brought us to propose a formula that depicts the C555Fs in vitrg tillering power.

RT: Power of in witro tillering forCSSEP=m30°

Where 30! is the approximate number of individual tillers or shoots generated
from.a single custer of multiple in vitro titters (CMITY and n: the number of the
iterative cyclie of invilro propagation. mu number of the Induced individual shoots
{115). PT formula has been validated in our laboratory and this variable {(m} is
extremely critical to atlain the desired stage of CSSSP which is triggered by the vigar,
health, age and texture of the 118, The quality of IIS which are competent to induce
{CMIT) depend on the morpholagical stage of the immature tillers at the time it is
separated from the rhizomes on the mother plants prior to longitudinal split and
cultured on the eDBSIM for CMIT iInduction. Under optimai conditions for 1IS and CMIT
induction, CSS5SP with potential to perpetrate the Rerative cydles of multiple in vitro
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tillering is generated. On the assumption that m=1, and n=1, PT will be egual to 30,
which is equivalent to the number-of in vitro tllers in a CMIT. I m=2, and n=32,
PT=2%30%, PT=2x30x30= 1800 in vitro tillers at the second iterstive multiple invitro
tillering. As the number of IS and iteration increase, a significant number of in vitro
tillers are produced, such in vitro tillers have shown to root efficiently in our formulated
RM and exhibited a 100% greenhouse acclimatization and field establishment rate.

All documents, books, manuals, papers, patents, published patent applications,
guides, abstracts, and/or other references cited hergin are incorporated by reference in
their entirety, Other embodimants of the invention will be apparent to those skillad in
the art from consideration of the specification and practice of the invention disclosed
herein. It is intended that the specification and examples be considerad as examplary
only, with the true scope and spirit of the invention being indicated by the following
claims.
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Ciaim

1. A method of generating a cluster of multiple in vitre shoots {CMIT) of

Miscanthus x giganteus {Giant miscanthus), comprising

{a) incubating a longitudinally split immature tiller separated from a
rhizome {LSITR) of Giant miscanthus in a direct shoot induction medium {(DSIM),
whereby the LSITR develops one or more induced individual shoots {IIS),

{b} excising each of the IIS from its base on the LSITR, and

{<) incubating each of the excised IIS in the DSIM, whereby the CMIT
is generated,

.8 A method of generating a cluster of stem ssgmants containing shoot
primordia (CS55SP) of Miscanthus x giganteus {Glant miscanthus), comprising

{a) incubating a cluster of mulliple /n vitro shoots {(CMITY in a direct
shoot induction medium (DSIM), wherein the CMIT is generated according to the
method of claim 1, whereby the CMIT develops multiple in witro tillers, and

{b) removing the multiple /n vitro tillers from the CMIT, wheraby the
CSSSP is generated, wherein nodes located near the base of each removed in witro
tiller remain within the C555P.

3. A method of generating a cluster of stem segments containing shoot
primordia (CSSEP) of Miscanthus x giganteus {(Glant miscanthus), comprising

{a) incubating a longitudinally split immature tiller separated from a
rhizome {(LSITR) of Giant miscanthus in a direct shoot induction medium {DSIM),
whereby the LSITR develops one or more induced individual shoots (115),

{b) excising each of the IIS from its base on the LSITR,

{c} incuhating each of the excised IIS in the DSIM, whereby a cluster
of multiple in vitro shoots (CMIT) is generated,

{d} incubiating the CMIT in the DSIM, whereby the CMET develops
migdtipis in vitro titlers, and

(e} removing the mutltiple in vitro tillers from the CMIT, whereby the
CSS5F is gengrated, wherein nodes located near the base of sach removed i vitno
tiller remain within the CSSSP.

4. The method of claim 2 or 3, wherein the muitiple in vitro tillers comprise
at ieast 30 in vitro tillers,

5. A method of generating a cluster of multiple in vitro shoots (CMIT) of
Miscanthus x giganteus {Glant miscanthus), comprising incubating a cluster of stem
segments containing shoot primordia (CS55SP) of Glant miscanthus in a direct shoot
induction medium {(DSIM), wherein the CS55P is generated according to the method of
clabmy 2 or 3, whereby the CMIT is generated,
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8. A method of producing multiple iy vitre tillers of Miscanthus x giganteus
(Glant miscanthus), comprising incubating a cluster of multiple in vitro shoots (CMITY in
a divect shoot induction medium (DSIM), whearein the CMIT & generated according to
the method of claim 1 or 5, whareby the CMIT develops multiple in vitro tillers.

2 The method of ¢laim 6, further comprising

{a) isolating a single in vitro tiller from the multiple in vitro tillers, and
{b} incubating the single /n vitro tiller in the DSIM, whereby the single
in vitro tiller develops multiple in vitro tillers.

8. A method of producing multiple i vitro tillers of Miscanthus x giganteus
{Giant miscanthus), comprising

{8a) fragmenting a cluster of stem segments containing shoot
primordia {(CSSSP) into small clusters of steny segments, wherein the CS58F is
generated according to the method of claim 2 or 3, and

{b) incubating each of the small dusters in a direct shoot induction
medium (DSIM}, whereby each of the small clusters of stem segments develops
multiple in vitro tillers,

9. The method of claim 8, wherein each of the small clusters comprises at
least 5 stem segments.

10, The method of any one of claims 1-3 and 5-8, wherein the DSIM
comprises mattose, &-benzylaminopureine (BAPRY and g-naphthaleneacetic Acid {NAA}.

11, Alongitudinally spiit immature tiller separated from a rhizome (LSITR) of
Miscanthus x giganteus {Giant miscanthus).

12, A cluster of multiple in vitro shoots {CMIT) of Miscanthus x giganteus
{Giant miscanthus) generated according to the method of dlaim 1 or 5.

13, A cluster of stem segments containing shoot primordia (CSSSP) of
Miscanthus x giganteus {Glant miscanthus) generated accarding o the method of claim
2 or 3.

14.  Anin vitro tiller of Miscanthus x giganteus {(Giant miscanthus) produced
according to the method of any one of claims 6-8.

15, A method of propagating Miscanthus x giganteus {(Giant miscanthus),
comprising

{3} incubating the in vitro tiler of Giant miscanthus of clalm 14 in s
raoting medium, whereby an in vitro rooted Giant miscanthus plantiet is generated,
and

{b} planting the i vitro rooted plantiet into soll, whereby a Giand
miscanthus plant is genearated.
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18. A method of propagating Miscanthus x giganteus {(Glant miscanthus),
comprising
{a) incubating the cluster of multiple in vitro shoots (CMIT) of Giant
rmiscanthus of claim 12 in a rooting medium, whereby an in vitro rooted Giant
miscanthus plantlet is generated, and
{h) planting the in vitro rooted plantlet into sofl, whereby a Giant
miscanthus plant is generatad.
17. The method of claim 15 or 16, wherein the rogting medium comprises
maitose, g-naphthalengacetic Acid (NAA), phytagel, and vancomydin,
18. The method of claim 15 or 16, wherein the rooting medium has a pH of
5-8.
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