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(57) ABSTRACT

Ad1 1s a selection of the ancestral banana line Zelig, which
belongs to Musa acuminata cv. Cavendish. When compared
to 1ts ancestral line, ‘Adi’ shows the following characteristics:

1. Dwart-like stature,
2. Wider girth size,
3. Higher fruit yield,

4. Longer fruit size (“fingers™),
5. Higher levels of sucrose and starch 1n the pulp,
6

. Tolerance to windy conditions.

4 Drawing Sheets

1
Musa acuminata (AAA) variety Cavendish ‘Adr’.

‘Ad1’ 1s a triploid banana plant belonging to Musa acumi-
nata (AAA) variety Cavendish (not patented). ‘Adi’ 1s a
mutant of the earlier selection ‘Zelig’ (not patented) originat-
ing 1n the Western Galilee, Israel. ‘Zelig’ 1s a sub-variety of
the variety Cavendish that was found in the Western Galilee in
the beginning of the 1980°s. The ‘Zelig’ selection 1s known as
a very unstable selection especially when propagated by tis-
sue culture. The height of the ‘Zelig® clone averages 3.5
meters. This mutant was created by an extensive process of
tissue culture. The retro-transposing element expression was
used as a marker 1n the selection process (11). The Adi line was
primarily selected on the basis of 1ts short plant stature, and
secondarily for its fruit having a higher fruit yield per stem, a
longer finger size, as well for the fruits having a higher
sucrose content in the pulp.

‘Adr’ was created using the tissue culture technology as 1s
specified below.

1. A meristem was harvested from a ‘Zelig’ shoot that
reached the height of 45 cm from the ground. The mer-
istem was disinfected by immersion in 0.3% commer-
cial sodium hypochlorite solution for 30 minutes, fol-
lowed by several rinses with sterile distilled water. The
disinfection process was repeated 3x as above and sub-
sequently the meristems (0.5x0.5 cm) were placed on a
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solid medium containing MS salts, 0.03% w/v sucrose,
10 mg.L~! benzyladenine, and MS vitamins (multipli-
cation medium).

11. The meristems were incubated for 4 weeks at 22° Cel-
stus under florescent lighting at a regime of 16/8 dark/
light hours. The meristems were each subdivided longi-
tudinally mto 3 sub-meristems that were each cultured
separately. Each of the 9 sub-meristems was incubated
for an additional 4 weeks in conditions as described
above.

111. Following 24 subcultures as indicated 1n step 11., the
subcultured meristems were transferred onto a medium

that contained MS salts, 0.1 mg.L~" kinetin, MS vita-
mins, and 0.1 mg.L~" 1-naphthaleneacetic acid (NAA)
(rooting and regeneration medium).

1v. Adter 4 weeks of culture 1n the rooting and regeneration
medium, under the environmental conditions indicated
in step ii., the plants were individually placed in 10 cm®
peat moss plugs 1n a greenhouse under mist 1rrigation.
After an additional 4 weeks of growth, each plant was

placedin a5 L pot and let grow until 1t reached the height
of about 60 cm.

v. At 60 cm 1n height, the plants were removed from the
pots and planted in the field in Kibbutz Rosh Hanikra
Western Galilee, Israel, at a density of approximately

1200 plants per 1000 m”.
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vi. One single plant, which was named, was ‘Adi” was
selected from a population of 20,000 plants produced as
described above 1n [002] steps 1. through vi. The entire
process ol tissue culture was repeated on one of the
meristems that was harvested from the ‘Ad1’ plant, with
the exception that the number of subcultures on the
multiplication medium was reduced to 6 instead of the
24 1ndicated above.

vil. Following the multiplication of the ‘Adi” menistem, a
new population of ‘Adi” was produced and placed in the
field. This population was examined for the parameters
that ‘Ad1” was selected for. This process was repeated 3
until a population of 10,000 plants was reached that did
not deviate more than 10% 1n the selection characteris-

tics. The selection characteristics deviating less than
10% confirmed the stability of ‘Adr1’.

BACKGROUND OF THE INVENTION

The “‘Adi” selection was performed at Rosh Hamikra, the
Western Galilee, Israel; by mutating an earlier selection
known as ‘Zelig’, in 2001-2002. The mutation resulted as a
consequence ol multiple subcultures 1n vitro. In this case,
there were 24 subcultures, which is an extremely high number
of cycles of multiplications. This type of mutation known as
somaclonal variation 1s induced by an extensive process of
tissue culture (11).

Banana and plantains (Musa spp.) comprise major food
sources for more than 400 million people world wide (1). Of
the huge volume of fruit production approximately 15% 1s
exported to remote markets. Most banana and plantains are
inter or intra hybrids between two species namely Musa
acuminata (A genome) and Musa balbisiana (B genome). By
far, the most important export variety 1s Cavendish (a triploid
AAA). Inthe 1950’s, this variety replaced “Gros Michel” (not
patented) which was almost wiped out due to attacks from a
new race ol the fungal disease, Fusarium Wilt. Being resistant
to the disease combined with wide consumer acceptance in
export markets made ‘Cavendish’ irreplaceable. Due to
double sterility and the triploid nature of ‘Cavendish’, breed-
ers have very limited tools to improve the germplasm of this
variety. Consequently, ‘Cavendish’ bananas suffer from a
variety of pests and diseases. In addition, the plants are wind
sensitive, have a relatively high stature, short shelf life of the
fruit and low tolerance to environmental stresses like lack of
or excess water, low mineral nutrition, soil compaction and
salinity. Due to the mability of ‘Cavendish’ to cross hybridize
there are very limited sources of variability.

Based on somaclonal variation, breeders have selected pre-
terred clones that exhibit better traits 1n the offspring 1n com-
parison to the wild type. Given that these chromosomal
changes do not mvolve recombination events, they are rare
and restricted to a narrow range ol phenotypic varnations.
Even with extensive tissue culture cycling, the rate of varia-
tion 1s entirely unpredictable. Nevertheless, some selected
clones are highly desired by banana farmers due to their high
performance, mainly 1n terms of yield and plant architecture.

Among the most popular selections ‘Gal’ (U.S. patent appli-
cation Ser. No. 12/042,177 continuation of Ser. No. 11/021,

9377) and ‘Jaffa’ (U.S. patent application Ser. No. 12/042,177
continuation of Ser. No. 11/021,937) are widely used
throughout the world. These last two selections were
achieved using a unique genetic tool that has been developed
to validate high enough levels of mutations 1n the “in vitro™
processed material (11). This discovery was achieved through
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clucidation of a mode of mutation that involves expression of
a reto-transposing element known as BanR1 element.

The plant ‘Adi” that was developed by the imnventor was
derived from the ‘Cavendish’ selection ‘Zelig’. The param-
cters used for the selection of ‘Adi’ were low stature and wide
girth size. Despite 1ts low stature, “‘Adi1’ 1s characterized as a
‘Cavendish’ with high bunch weight and long fingers. In
addition, starch and sucrose content 1n ‘Adi’ are higher than
its originator line Zelig, and also higher than the other known
Cavendish selections of ‘Grand Nain’ (not patented) and
‘Williams’ (not patented). An advantage of ‘Ad1’’s low stature
1s easier accessibility to the petiole at harvest time. Easier
accessibility to the bunch frees the farm workers from climb-
ing on ladders to reach the bunch. In addition, airplane spray-
ing 1s a problem in highly populated areas due to the dense
population and buildings in the spraying area. ‘Adi”’s low
stature facilitates hand or ground machinery spraying and so
avoids the need for airplane spraying. Finally, ‘Ad1’ 1s more
tolerant to windy conditions than other Cavendish selections.

The mutant was derived by applying stressiul tissue culture
conditions for a long duration of 24 cycles 1n culture. Each
cycle comprised a one-month duration. Due to its predeter-
mined genetic instability, the ‘Zelig’ line was utilized as an
originator of the new selection. ‘Zelig’ 1s known for 1ts high
rate of spontaneous mutations 1n the field.

This new selection of dessert banana plant, was asexually
reproduced by corms 1n tissue culture by the inventor in Rosh
Hamnikra, Israel. Unlike its originator line ‘Zelig’, ‘Adi” has
been proven stable 1n the field for at least three consecutive
generations.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows average height (cm) of ‘Adr” and ‘Zelig’
banana plants.

FIG. 2 shows average bunch weight (kg) of ‘Adi” and
‘Zelig’ banana fruat.

FIG. 3 shows middle hand average weight (kg) of “‘Adi” and
‘Zelig’ banana fruit.

FIG. 4 shows average finger length (cm) of ‘Adr” and
‘Zelig’ banana fruit.

FIG. 5 shows average circumierence of pseudo-stem (cm)
of ‘Adi” and ‘Zelig’ banana plants.

FIG. 6 shows average number of hands of ‘Ad1’ and ‘Zelig’
banana bunches.

FIG. 7 shows average number of fingers 1n the middle hand
‘Adr” and ‘Zelig’ banana bunches.

FIG. 8 shows average finger circumierence of ‘Adi’ and
‘Lelig’.

FIG. 9 shows average weight (kg) of upper hand of ‘Adr’
and ‘Zelig’ banana plants.

FIG. 10 shows average weight (kg) of lowest hand of ‘Adr’
and ‘Zelig’ banana plants.

FIG. 11 shows sucrose concentration in ug/mg dry weight.

FIG. 12 shows starch concentration in ng/mg dry weight.

FIG. 13 shows a typical ‘Ad1’ banana plant including a fruit
bunch approximately one month prior to harvesting.

FIG. 14 shows a ‘Zelig’ banana plant banana plant approxi-
mately one month prior to harvesting. Note the difference in
height between ‘Adr” and ‘Zelig’. ‘Ad1’ 1s much shorter at the
same stage of growth grown adjacent to each other.

CHARACTERISTICS OF THE NEW VARIETY

The most apparent distinguishing morphological feature
between ‘Adi’ and its originator ‘Zelig’ 1s the plant height as



US PP20,645 P3

S

shown 1n FIG. 1. Other known ‘Cavendish’ selections range
in height between 3.5—4.5 m while the average height of ‘Adr’
1s only 2.14 m. It1s well known to those of ordinary skill inthe
art that dwart bananas of a given variety will have a reduced
bunch weight and shorter finger length. In this case ‘Adi’
plants have a 17% higher bunch weight as seen in FIG. 2. The
weight of the middle hand 1s an accepted representation of the
total weight without taking into count the fruit petiole. FIG.

shows a 22% higher weight 1n the middle hand for ‘Adi” 1n
comparison to ‘Zelig’. An important quality parameter 1s
finger length. ‘Adi”’s fingers are approximately 11% longer
than ‘Zelig’ as seen 1 FIG. 4. In addition, FIG. 8 shows the
circumierence of each finger 1n ‘Adi’” 1s approximately 1 cm
longer (14.9 cm for ‘Adi” and 14 cm for *Zelig’). As shown 1n
FIG. 5, ‘Adi”’s pseudostem circumierence 1s larger than
‘Zelig’, although there 1s a large deviation in the circumfier-
ence for the individual 1terations of the experimental plot 1n
cach of the varieties. FIG. 6 shows an equal number of hands
in ‘Adi” and ‘Zelig’. FIG. 7 shows that the average number of
fingers 1n a hand 1s 23% higher 1n ‘Ad1’ in comparison to
‘Zelig’. It 1s common practice to remove the lowest hand in
the bunch prior to fruit fill 1n the field due to 1ts short finger
length. In the case of ‘Adi’, the lowest hand weighed 23%
more than ‘Zelig” as shown in FIG. 9. The upper hand on the
bunch 1s often used as a parameter for fruit size 1n quality
control. The upper hand of ‘Adi’ FIG. 10, was approximately

28% higher 1n ‘Adi’ compared to ‘Zelig’. The average weight
of the middle finger in the middle hand was 312.5 g for ‘Adr’

and 264.8 g for ‘Zelig’.

An 1mportant parameter 1 fruit quality 1s the amount of
starch 1n unripe fruit and sucrose 1n ripening and ripe fruit.
The amount of sucrose (FIG. 11) 1s similar between ‘Adi’ and
‘Zelig’ until stage 2 (color change) and increased to a signifi-
cantly higher level 1n stage 3 (ripe fruit). The concentration of
starch 1s higher 1n ‘Adr’ throughout the ripening process
(stages 1-3) when compared to ‘Zelig’.

The accompanying photographic reproductions show typi-
cal specimens of the new banana selection “Adi” and 1ts origi-
nator ‘Zelig’. FIG. 13 and FIG. 14 are photos of ‘Adi” and

‘Zelig’ respectively and illustrate the difference 1n height
between them.

‘Adr’ plants were propagated by tissue culture. The proto-
col for asexual propagation of ‘Ad1’ 1s as detailed above 1n
paragraph [0002] steps 1. through vi1; with the exception that
tor turther propagation after the mutant was created, only 5
steps of subcultures were used instead of the 24 steps as
specified above.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1: Average height (cm) of ‘Adir’ and ‘Zelig” banana
plants (Musa acuminata AAA, cv. ‘Cavendish’) measured
alter completion of flowering. Banana plants were grown
under a net 1n a commercial field in the Western Galilee,
Isracl. Measurements were performed at harvest of the sec-
ond cycle of production (20 months after planting) in Decem-
ber 2006. Values represent the average height from soil level
to the bent neck of the fruit bunch from 335 plants from each of
the selections ‘Adi” and ‘Zelig’+standard error. Fertigation
and other cultural applications were carried out according to
commercial banana plantation practices in the Western Gali-
lee, Israel.

FIG. 2: Average bunch weight (Kg) of ‘Adi” and ‘Zelig’
banana (Musa acuminata AAA, cv. ‘Cavendish’) fruit
Banana plants were grown under a net in a commercial field
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in the Western Galilee, Israel. Measurements were performed
at harvest of the second cycle of production (20 months after
planting) in December 2006. Values represent the average
weight of the third 4-5 counting from the top (basipatally)
from 35 bunches in each of the selections ‘Adi” and
‘Zelig’ xstandard error. Fertigation and other cultural appli-
cations were carried out according to commercial banana
plantation practices 1n the Western Galilee, Israel.

FIG. 3: Average weight (Kg) of the middle “fruit-hand” of
‘Ad1” and *Zelig’” banana (Musa acuminata AAA, cv. ‘Cav-
endish’) fruit. Banana plants were grown under a net 1n a
commercial field in the Western Galilee, Israel. Measure-
ments were performed at harvest of the second cycle of pro-
duction (20 months after planting) in December 2006. Values
represent the average weight of the third 4-5 counting from
the top (basipatally) from 35 bunches in each of the selections
‘Adr” and ‘Zelig’tstandard error. Fertigation and other cul-
tural applications were carried out according to commercial
banana plantation practices in the Western Galilee, Israel.

FIG. 4: Average finger length in cm of ‘Adr” and ‘Zelig’
banana fruit. Banana plants (Musa acuminata AAA, cv. ‘Cav-
endish’) were grown under a net 1n a commercial field in the
Western Galilee Israel. Measurements were performed at har-
vest of the second cycle of production (20 months after plant-
ing) in December 2006. Values represent the average weight
of fingers from 35 bunches in each of the selections ‘Adi” and
‘Zelig’ xstandard error. Fertigation and other cultural appli-
cations were carried out according to commercial banana
plantation practices 1n the Western Galilee, Israel.

FIG. 5: Average circumierence of pseudo-stem (cm) of
‘Ad1” and ‘Zelig’ banana plants (Musa acuminata AAA, cv.
‘Cavendish’) measured after completion of flowerng.
Banana plants were grown under a net 1n a commercial field
in the Western Galilee, Israel. Measurements were performed
at harvest of the second cycle of production (20 months after
planting) 1n December 2006. Values represent the average
circumierence at soil level of the pseudo-stems of 35 plants
from each of the selections ‘Adi” and ‘Zelig’ £standard error.
Fertigation and other cultural applications were carried out
according to commercial banana plantation practices in the
Western Galilee, Israel.

FIG. 6: Average number of “hands™ on bunches of ‘Adr’
and ‘Zelig’ banana (Musa acuminata AAA, cv. ‘Cavendish’)
selections. Banana plants were grown under a net 1n a com-
mercial field in the Western Galilee, Israel. Measurements
were performed at harvest of the second cycle of production
(20 months after planting) 1n December 2006. Values repre-
sent the average number of hands from 35 plants in each o the
selections ‘Ad1” and ‘Zelig’+standard error. Fertigation and
other cultural applications were carried out according to com-
mercial banana plantation practices 1in the Western Galilee,
Israel.

FIG. 7: Average number of fingers 1n the middle hand (see
legend to FIG. 2) of ‘Adi’ and ‘Zelig’ banana (Musa acumi-
nata AAA, cv. ‘“Cavendish’) fruit at time of harvest. Banana
plants were grown under a net 1n a commercial field 1n the
Western Galilee, Israel. Measurements were performed at
harvest of the second cycle of production (20 months after
planting) in December 2006. Values represent the average
finger length from 335 plants in each of the selections ‘Ad1” and
‘Zelig’ xstandard error. Fertigation and other cultural appli-
cations were carried out according to commercial banana
plantation practices 1n the Western Galilee, Israel.

FIG. 8: Average finger circumierence (cm) of “‘Adi” and
‘Zelig’ banana (Musa acuminata AAA, cv. Cavendish) fruit
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at time of harvest. A representative finger was selected from
middle hand as indicated 1n FIG. 2. The middle finger 1n the
lower row of fruit was sampled for the measurements. Banana
plants were grown under a net 1n a commercial field 1n the
Western Galilee, Israel. Measurements were performed at
harvest of the second cycle of production (20 months after
planting) 1n December 2006. Values represent the average
finger length from 335 plants in each of the selections ‘Adi’ and
‘Zelig’tstandard error. Fertigation and other cultural appli-
cations were carried out according to commercial banana
plantation practices 1n the Western Galilee, Israel.

FI1G. 9: Average weight (Kg) of highest hand on a bunch of
banana (Musa acuminata AAA, cv. Cavendish) selections
‘Adi” and *Zelig’. Banana plants were grown under a net 1n a
commercial field in the Western Galilee, Israel. Measure-
ments were performed at harvest of the second cycle of pro-
duction (20 months aiter planting) in December 2006. Values
represent the average hand weight from 335 plants 1n each of
the selections ‘Adi” and ‘Zelig’+standard error. Fertigation
and other cultural applications were carried out according to
commercial banana plantation practices 1n the Western Gali-
lee, Israel.

FI1G. 10: Average weight (Kg) of lowest hand on a bunch of
banana (Musa acuminata AAA, cv. ‘Cavendish’) selections
‘Adi” and *Zelig’. Banana plants were grown under a net 1n a
commercial field in the Western Galilee, Israel. Measure-
ments were performed at harvest of the second cycle of pro-
duction (20 months after planting) in December 2006. Values
represent the mean hand weight from 35 plants 1n each of the
selections ‘Adi” and ‘Zelig’ +standard error. Fertigation and
other cultural applications were carried out according to com-
mercial banana plantation practices 1n the Western Galilee,
Israel.

FIG. 11: Sucrose concentration 1n ug/mg dry weight. Sugar
content was examined 1n three stages of ripening;:

Stage 1—green fruit
Stage 2—approximately half the peel 1s yellow (color break)
Stage 3—yellow fruit

The pulp of the middle finger from middle hand was sliced 1n
the center (23 g slices) and placed 1n a hot-air oven, set at 80°
C., for 48 hrs prior to sugars extraction and analysis. The
KOH/ resorcinol method was used for sucrose analysis as
described earlier (Khayat Zieslin, 1986, Van Handel, 1968).
Data points represent the mean of 15 bunches.

FI1G. 12: Starch concentration 1n ug/mg dry weight. Starch
content was examined 1n three stages of ripening;:

Stage 1—green fruit
Stage 2—approximately half the peel 1s yellow (color break)
Stage 3—vyellow fruit

The pulp of the middle finger from middle hand was sliced 1n
the center (23 g slices) and placed 1n a hot-air oven, set at 80°
C., for 48 hrs prior to starch analysis. Starch content was
analyzed according to a method described earlier (Khayat

Zieslin, 1986, Van Handel, 1968). Data points represent the
mean of 15 bunches.

FIG. 13: Photos of ‘Ad1’, 20 months from planting in the

field 1n the Western Galilee, Israel. The plants were cultivated
in a commercial banana plantation and received the same
practice of fertigation and desuckering as in FIG. 14. All
treatments were 1 accordance to normal banana growing

practices 1n the Western Galilee, Israel. Photo was taken on
December 18, 2007.

FI1G. 14: Photos of *Zelig’, 20 months from planting 1n the
field 1n the Western Galilee, Israel. The plants were cultivated
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in a commercial banana plantation and recerved the same
practice of fertigation and desuckering as in FIG. 13. All
treatments were 1 accordance to normal banana growing
practices 1n the Western Galilee, Israel. Photo was taken on

December 18, 2007.

BRIEF SUMMARY OF THE INVENTION

In the present invention we describe a distinct elite ‘Cav-
endish’ selection, ‘Ad1’, that combines dwari-like stature,
wider girth size, higher fruit yield, longer fruit (“fingers™) and
higher sugar content in the pulp.

DETAILED BOTANICAL DESCRIPTION

Detailed botanical description of the new and distinct
selection ‘Adi’, which includes its general appearance, pseu-
dostem and suckers, petiole, midrib, leaf, inflorescence and
male bud, flower bract, male flower, and fruit. This descrip-
tion 1s based on observations of specimens grown in the
Western Galilee, Israel, 20 months after planting. The plan-
tation 1s at 30 m above sea level, approximately 1200 m East
of the Mediterranean sea, adjacent to the town of Shlomi. The
description 1s based on an observation of approximately 50
plants grown 1n a commercial plantation. Data was collected
in December 2006. The descriptors presented herein are 1n
accordance with and include all of the 117 international stan-
dards found 1n “Descriptors for Banana (Musa spp.)” elabo-
rated by CIRAD/INIBAP/IPGRI. The color terminology 1s in
accordance with The U.K.’s Royal Horticultural Society’s
Colour Chart, 2001. Ploidy: Triploid(AAA). Leal habit:
Drooping.

Pseudostem:

Height.—2.2 m, measured from the ground to the high-
est part of the plant at the point where the petiole
curves downward.

Aspect.—The leaves generated faster than the ‘Zelig’
selection.

Pseudostem color—ILight Green (144-A).

Appearance.—Dull (waxy).

Predominant underlying colov of the pseudostem.—
Light Green (145-A).

Pigmentation of the underlying pseudostem.—Red-
Purple (N59-A).

Sap color—Watery.

Wax on leaf sheaths.—Very waxy.

Number of suckers.—H6.

Position of suckers.—Close to parent (vertical growth).

Petiole:

Lenticels at petiole base.—Approximately 1 cm wide.

Lenticel color—Brown (200-B).

Petiole canal leaf 111.—Open with margins spreading.

Petiole margins.—Winged and clasping the pseudostem.

Wing type.—Dry.

Petiole wing color—Grey-brown (199-D).

Petiole margin color.—Green (143-C).

Edge of petiole margin.—Very light green-translucent.

Petiole margin width.—8 to 13 mm.

Leaf blade:

Length.—176-201 cm.

Leaf blade width.—64-85 cm.

Petiole length.—48-6"7 cm.

Color of leaf upper surface.—Green (137-A).

Appearance of leaf upper surface.—Shiny.

Color of leaf lower surface.—Green (137-B).

Appearance of leaf lower surface.—Dull.



US PP20,645 P3

9

Wax on leaves.—Moderately waxy.

Insertion point of leaf blades on petiole.—Symmetrical.

Shape of leaf blade base.—Tapered 1n first leaves going,
to both rounded in later leaves.

Leaf corrugation.—Few stripes.

Color of midrib dorsal surface.—Green (138-B).

Color of midrib ventral surface.—Yellow-Green (146-
D).

Color of cigar leaf dorsal surface.—Green (143-A).

Lenticels on leaves of water suckers.—No lenticels.

Venation pattern.—Parallel venation 1n the leal lamina
in the pinnate style.

Leaf Shape.—Oblong with rounded ends.

Inflorescence/male bud:

Peduncle length.—65-70 cm.

Empty nodes on peduncle—1Two or more.
Peduncle width.—6.5-7.5 cm.

Peduncle color.—Yellow-green (144-A).

Peduncle haiviness.—Hairless.

Rachis: Present.

Position.—Falling vertically.
Male bud shape.—Ovoid.
Male bud size.—24-28 cm.

Average diameter of male bud.—177 cm.

Bract:

Bract base size.—Average 11 cm. for the part connected
to the rachus.

Bract apex shape.—QObtuse.

Bract length.—Average 29 cm. at longest point.

Bract width.—Average 22 cm. at the widest point.

Color of the bract external face.—Red-purple (59-A).

Color of the bract internal face.—Grayed-orange (176-
A).

Color stripes on bract.—With discolored lines on the
external face.

Bract scars on rachis.—Not prominent.

Male bract shape.—QOvate.

Wax on the bract.—Moderately waxy.

Presence of grooves on the bract.—Moderate.

Male flower: Data taken at completion of flower emergence.

Male flower behavior—Falling betore the bract.
Compound tepal basic color—Red-purple (65-A), later
becoming grey and black.
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Lobe color of compound tepal.—Yellow (8-A).

Free tepal appearance.—Corrugated.

Style shape.—Straight.

Stigma color.—Orange (25-C).

Ovary basic color—Yellow (8-D).

Ovary pigmentation.—Very few signs of pigmentation.

Fruit position: Curved upward.

Apex.—Somewhat rounded.
Number of fruit per hand.—18.5 average.

Fruit length.—20.4 cm. average.

Fruit shape longitudinal curvature.—Slightly curved.
Fruit civcumference.—14.8 cm. average.

Fruit pedicel length.—3.8 cm. average.

Pedicel surface.—Hairless.

Immature fruit peel color.—Green (144-A).

Mature fruit peel color.—Yellow (14-C).

Fruit peel thickness.—2.0 mm.

Adherence of the fruit peel.—Fruit peels easily.
Cracks in fruit peel.—Without cracks.

Pulp in fruit.—With pulp.

Pulp color before maturity.—White (155-D).

Pulp color at maturity.—(135-D).
Fruit is eaten.—Ripe.

Flesh texture.—Firm.

Predominant taste.—Sweet.

Main use.—Dessert banana.
Presence of seed.—No seeds.
characteristics:  averages

taken during

Number of leaves at flowering.—14. Average bunch
weight 47.3 kg.
Number of hands.—9.

Finger length.—Average 20.4 cm.
Average number of fingers per hand.—18.6.

It 1s claimed:

1. ‘Ad1’, a new and distinct selection of banana plant,
substantially as illustrated and described, which 1s a dwart

40 stature plant, with wider girth size, higher fruit yield, longer

fruit (“fingers™) and higher sugar content 1n the pulp.

G o e = x



US PP20,645 P3

Sheet 1 of 4

Jan. 12, 2010

U.S. Patent

-Il-IlIIlI-l:l-I-IIlI--II-II-----IlI-lIIl-IlIIlI-l----Il----'l-----‘..l.“ll.ll--.‘l'"‘.r--.rlllt.l.ll.'.l..T.T.—I.T-T.—I.T.T.T.r-.T.'.—I..-‘*f***?*“*.*.'.“"fT"‘*f‘*“*f%f*‘f***l

[
-

-
L]

-
-

.
L

[ ]
[

-
-
.

-
L

4
-

u
.
-
,
]
L]
-
r
v
-
»
.
-
L]
-
*
-

rE e s ampsppapr naprprar e e e g aa e R R R R e

a
1
r
L]
-
y
|
-

i
-
4
a
-
L]

ny
*
»
L]
-+
"4
]
-
-

b e B L LA T T LA LT L e L

A A A A U A O

_W'#‘#'ﬂrjﬂr"-n:-r-l_wm -y

R T T o O O o R R L T I O R O O O N N T N N N N N N LT AW

r

23

wieuy wilivey sefiuy Sbeisay

Frdt =kl d o kbt Gy Ty T T T T T TR T T CTT TN OFCFm T OFT T N OB S E E@mE EE F@E S S EES S S S S S S S S S A A A M N A A

- m WA E A SA A S.E RS A SE S AN SN A N N N O M S SN B N M AN A M B N BN BN B AN NN BN BN BN LN BN NS B B SN M NI M M N M NN BN NN NEBNNNNNNNNGNNGNFNGNGNFNFNF TN FFEFEFFENFT T T TN T TTTT T T YT YT TT TN T AT TR ™

1
! 1
1 1
! 1
1
|
f 1
! 1
1 - - Pl .
_w L3 " " L. " i * .-_-_.-_._._”l":.“_-_:.-_.-_.-_:_._._-_ l.-_lu at b 1
| . r - s - - ™ s .'In .
'
| * - ¥ © T 1 . * .-__-_‘. "
1 u x ' * li..
_ . N - nTS - 1
_ - "oom * 1 1 ¥ - ! e 1
. - » ‘ - - “ n i . . . ; |
. .- * . Py
! L S e A A PO R S B pe . . - - . \ . : R L .
|
1 n & 3 F L] ] B ¥ .
., E !
1 - 4 b L | '] 4 + ] ". 1
" Y : TR " oow ' ﬁ |
'
I - L L] - a " - . !
1 4 " » r "n r T » ' Caln "
1 . . - ™ ™ i - r M e e e e . ..
o e I K ok ol T T I SR SN SR N SRR R R R R T A A R R N W Y 1 rrerrrrr sy ey r 1
1 - Y . N r - - ' :
|
" a - 1 & 1 - 1
1 ¥ b " r L '3 Ll i 1
1 - - » " - = . “
1 n K, - 1 [ a - ] ’ )
" 'y T » " L " . 2 L - 1
, T T A N R . E N N . I WO N W Y . M K " " - n ) ............1.........1!.._-.1.._._..._-.1..__.-. r rr rrrrrh s Emy 1
! . F . n ’ - B = 3 \ . . . . * 4
1 - " - r ‘. » . M . k o * 1
! ] ] . ] + I
- LA 1 L i ]
1 k - - + 1
, - - -q. d - N ] t 1
1 ™ r L] * - ] - = ! b + 1
| ) ' . - + 1
1 L A A A e L . . I A A S B NN W Ay A TN ] P LA R A B r . . ] 1 1
1 * * + [
1 - L ey oy .
: hon. 4 _
d
1
d
: i
. L]
. A A A E A M R M R N A SN A R B N A B A N A o BN SN SN N BN N N SN L R B o B o N N SN N B A R R R A A N N BN N oW BN N O am M am o - Em Em Em OEm OE N NN N EFEFEFEE®E®E®E®SD®ES®® - Il
1 : !
ﬁ .
'
. L]
. ]
- ]
' .
M. 3 1
A
) ]
. s e e e o, e ol i, e sl e s A e e, i A sk, el e sl e, e A e . 2k, A e e 2l A sl e 0, e s e e e e A e e 2l sl e B 2l s 2l e e e, B R - ﬁ- 1
1 . - . ]
[ ]
N F
1 ]
L ]
'
]
.
[ ]
A
]
'
. ]
e .. . ¥
- e
. ]
.
.
1 . *
. ]
.
r
.
[ ]
A
]
.
H

L T O e T T T T L o O T L L LI T T O e I L T L L T R R N N T L L L T o R A O o o A N T IL T  PE I A A S P,

T |

| . -

..T.-..T.-_.T..-.T.._..._...-.T..-_.......T...r * [ . .
Py
. et .H_lp .
[ . .
L]
1 . . . .
[ . LN
. i

e e e e B & oy M e e e e SR L M G B SR g R AR AR B A A R A A g A R A A A am 1 . " = b . L] b - o m w m m m m m amow w om “ '

P

B ow il e e e e e o A e e

Frsr TR R T E T EF OFTER TR T OFPF YT TP OFTT OFOTOTTYTOTOTYTET W EEEEETEY R ETEERERERE LR

rTF T r

1

+

'
1
1
1
'
I
1
1
1
1
1
1
1

O am W M R W W N R M R M RN L M RN R W M RN M M M M N M N M B M N M L B N M M M M M M W M L M MMM N NN EEEEFEEFEFEEFEFEmRrkrrrrTErrrrrrrrrrbrrrrr b rrrrrrws e, R R R e R R e e R e R e R R r R e e T R A R R R R R R W

- F R R R RN AR R AR E R EEEE R EE R EE s E R LT EEETETE R R R EE T B T EE T FYT A mE A T EFTrFETTFTFTYTTFTFTCOTARTTFra T r rrprr e e ke w =

I I T e T I T

I 2 A m,a - & a.

L e e e e e e e e T B BT L L B B L O B

L T T L T I T T T T T L I, T S Spp iy

I R A L I e N R R il ok it T R T I R e i Al T T R S I I R A A et e B N R B

. .

QMwmi‘w
; sl e, = L]
.i#ili‘iil‘lilliil#liii - .l.- )
[ ] - L] + L] L] & L L L L dp & R kA F R A , L3
- Lo L A N i
S e e vy *
L ]
' = ] < o N Y
- L - o
a3 -, L] - a ' [ ] " d ~
' 1 ] - 1 + 13 a b 1] ] - ']
hh gl R A, A W, R AN N R, R, R N, R, R, N L, R, L, R L, &L Led & R R, .l ol ok R T T o T T ow v o odp o ey dp -
- 4, - L] X 4 N ] A -!- .hi v
k 1 [ ] - b ] " * - 1 l.”i”.
. L] L] L] L] ] A l:.:_.
" [ " * = Rk _-_Hn.
- 4 - L] L] ] L
- t - ' 3 -
P T e T, ] 1 + - v = Ll L I - I . Y
- N ] . x L] - 5
. e " * r " - - e
- ] - |} » - N
§ 4 1 L] LB L L] - a
- 4 m ' + 4 . 5 ) "
.1..-....-....1...1...1...1...1.1.............-..........I.........I|1....1........I11..................1....|...|..............I...1.1.......1....|.1...1... L] . [ ] 4 - 1, - L ] ¥ Ae,s . a.m m s.m m o an mmm fw !
j - - ' [ ] + - [ ] y " LS
L | r ] - - L] - L] ! .
- “u r * ] i -_ -
Y
L] , £ l. Ll [ ] - u - L. -
b r 1 ] 1 * 3 . | .-_l 1
- - v e " . . ‘. . . . 2 .-_“ ann [ T 2 ra dba .
- -y " L] 1 . * »
gy LM
" ] r L] - » .:__-_
’ .__."__._
vl o .

] - ...
oy A e . . . . . '
f -+ 2 F AR AR R R AR RR AR R R AR R LR LR R AR R R AL AR RERE AN LA L AR RN AR AN ENR R AR R R R R R R R R R r r e e p R R T Ty Ty ow s ww T vty
1
.- ¥

& D

ok ko ik R R N R R E R W R E R E R Rk Rk o ok ok Rk ko k bk kR o R Rk Rk kR R ek AR R R A RS REMAEREES AN EEAEEEAEEEREET YT ETY Y RE RTF YT T Ay T =T Ty T et et e e

AR, B R R R R B R R R R R EE R R R R R o AT

L * r . * - .__. -

XereRe

W.— i " N n 1, 3 L]
¥ " ¥ N a n " - n - . - -
IS B P PRRpS Ak R a1
” - [ ] L] il [ ] . 4 -
t..- - . ] T ¥ L}
‘.— L + h » " r - [l .
'.... r - ] u a . L] F
e e OO0 G0
'] ¥ - N " Ea
“_. W L i 1 " . "
"-. [ ] & a r - .
li.l.‘ll.ll-‘ll.ll..l..-..-.J.IJ..J-IJIJ.I-"J-.'-I-l-lll.'--.ll-?.'h'..l-..1-‘1I.r--h-.l.-.r.l If.‘.l'-.l..f.fl-.l.‘-lflrll..fll.lr..r %Q‘.mﬂw
-

'_'\-i'_.
-
-
o
L
a
-
u
-

.
L]
-
L]
L]
a

gy g e L R e bk P A NS T I Y

Er e e r e T e m R TR R AR AR R E AR E AR R EE R EEE Fessmp e sy v T r T TP T TR OF P T T oA T ow

o F ow ke P dr b dr o ok wow wrm o rardr i Er T mr T B T i I e L R R  alh i a  IE EE R R A T

i
i
:
i

I R e R o T O e S T T s

‘ ._- “. L) 1.‘?.._-_
...l.......r.-..-..._........._...r..rftffftffifttfriittitiit*. I 1 i
]

!!!!!!.!!!liiii!!!!l!!!!!!!i!!!!inmn W4Ty .u.i._m.-”"ﬂ

i

pasy Seppi 3o e afinisay

1= = = = ==y

W3 i ey eftmasay

ot A A ek A

. e U U NIy T T T R I R R T 0 WO R P A R

.
I
r

L
k
1

L
r
E
r
k

+

U N UL TN VL Y L I P UL T N T T N S e e e e e e = = = = e T T T m e T B e T e et e m e T e e e e e et o R et o R L e o m s a rm  h em b Lk B B BB, gy B W B R R R N R BN B R RN B R R R E.E T b,eE m.w

R e L,

SRET
i 53

FrTrTrraEIFLYTEYE

EEmr u'rTE T T IR T OEERECEOECE E R EEEEEE A A AR R ko om koo ode ot ode e ommode B o e o odeode oo ode o dpomp o ymdp = o oy e oy oo e o oW oo oW v odr oW

TR R R R g &R k= =dey o T T T T OTFTFT N FFFF T FFaSSE S SN SSESSSSSSSSSASSSSA S S S A A A A A AR SN



US PP20,645 P3

Sheet 2 of 4

Jan. 12, 2010

U.S. Patent

dm w & ik A -2 w T T T ET T T T T s rr.mE T % ¥ hoTrrwirw im o i Err Fdroow A R R R R Ay o A A A A AR R -*-l.l‘l-l.l.l.l. ..l-..-l. e e A B B B R -I...l-ll.ll---l--l- e i A A G e O G e el e i o el O i G e R e a a ek e W R R e S SR
| . . " R i i R e i T R LR R R R R
4 F '
. h ]
L : : '
. h .
4 + -
) . 1 ' 3
- . [ ]
I ) . Ta ! 1 h .
- . .. .. . . L. . . 1 . . T
1 B . . . ' R " a N r ) . . A . . ] * % e s " ) i - .
1 4 n " n . u " -y ” ) . ) i v 4 " " [ £ ] - ] r b _ “ iy .
M & . - - , & r - ¥ ) . . “ . 4 Y - a 1 - . - . L .
h L e . : S ‘ . : L T L T . '
F] P - & 1 . F _. P a ] . * n + . . T "
H S - [ N r - " [ " . gl rah oy . ] N " L] 1 * -, r L] [ ] h .
u rm s mpr rpr e p e p e r e s prr e mr s p T g - r - n - - + " MmN MM L .j. “ i Fs r ™ - N - ¥ a T
. . . . . .
i T . - 5 . X be om e e : : b
i = a . * = Fi . X . . . . i ] n n * bl n £ » ;- +
. . 1 o Em E E N EEEEEEEESEEEEEFFEETrrrrw e e o  r rrrrrr=—r=—rrrr—=-r r
L} LN ' [ ] 1 r L] - L k- - . - L} i I L] - L] - = ] - L] r
: SRS . . gy : : S $ - :
i I . . Vo ; " ’ (L R ' .ﬁ ;
- . . . g P -] ..
" . . e e e .. S T T ot . . . . . i ! L - Pt s e " -
fr m pppry mpp e prps prrra e e pppa s m g e ' L A e B R Rl ot L R ] . . ] 3 . e e . . h WO . . e e e e - b
4 - - L] - = - & “ . . I . .ﬁ. [] 'Ii'll'li.lll.'lilIil.l.I.I.I.lII.l.l.li.l.ll.l.l.l' F] - a - " n 1 [ “'f R R e R R ] - . ﬁ !
- o R . 1 . |
: L T T T ) ) 4 ) ) " F ’ O “ 1 I T S T ' _4".-_” } -
b . . . . . il . . . . . Y LT . . . ' . o . . . . . ateled RN L
- i S . u ] - .y o l_"I”I . F. . e . . . . ' ' . A " ] “ LA J " . " ' * " “.-_ * ” .n. ” ”
F] a F) - a . LI, N . . X A . . . - a . ] . A E L AR m b m e e R M d A E A a LR i A Eg A mk -.ﬁ - L] v L . ] b ] B b A h m b v - . . . a . .
- | A - - a b - - .t‘ll = . - % CatC ..3.. . . - e - - ] . ‘_ + ] - [ ] . ] - 4 ; - - ! . 1 L3 i i
* fr ey eparpPras e’ s s vy rra’m s v rwew e rwtw " Y, PRt e i b T e it gy . . . B . Lo . 4 . ¥ . " ) 1 R . i
. . . - , 3 ERERE ¥ VN . . ' ¥ . . . '
4 ; PR . i . L ' . - ] ) . » '
' ! . . . . . : ] . . Fl + i :
.l T T : ) : T : : T . " ' " o am E E E m o M M M m M m am R M M R O M M M M R M M am M R M M M M M M R M M M M M mEm N M o M om oo W ke w T wd T i oo T “ain J’“ ] N '
. . . . . . . ' . ' . .
: . . : 5 PR ately D - , , : e el
» b * ' . bt .. ' . r 1 h i T - h
* e e e e e e e e e e e e e e e .- - e e My . - f .. .. . .. b . S . v
: IR L RN N N N IR R R R R R == ettt et et e ™ R ! L . . » B i e L h b Aok ok by bk R & Lk L L i b ok ok b L L R R LR ke Lk LR e, &y P (4 ﬂ '
! . . , N 4 . - ' . : WOM e ] ] . L W ] .u . :
* . o . .. . .. H . r N : _ ““F— v
- . e e e e e e . . . ¥ ' ; _ 4 i h
. ' . . . ' . ] i . . h
+ A N ' . . . ..1_. b H T e N Y L L. E L L R T TRy . . . . “ 1
+ T T Pl -l Han it P . .hd. ¥ ‘ ) ", i u. H
..... P A . . .
“ R L R N T A e A T N A AT R T N R N R A O A R A el ettt b e Ml L H g - - " + “ . . ' |
. . . PN P . . . . N .. .. . - p
» ! ! MW * N ; . v
. . ¥ r ;
H ................. ) . ﬁ ¥ e T T I e e e T T T o R R N S . I R Ay ST SN I IR R NI A - . ) ) . ;
. ' . . . .
2 S ) ﬂ i ! ) %y .
. . . . [} . h 1
B e LT Tt s e }iﬁ. r N .. i i
+ . .. Lt ¥ ) . ' 1
vy . A ! - LY AN S, i
& LT T st e " ” . f. X'} H”n T
- e et e - * . h
¥ P B X h
¥ e e e T T w . i
+ . ' > ‘ 1
+ . . e e e e e ¥ v
. f q 3
i . T T . i
F . .. . L T : . 1
] . o ol ' . 1
. h .
{ . .., a . . - ‘ F . I
¥ . P ' h ' ' ' h
i ' A a I b . . L. ) 1
F i Lo R ... f . . . Coe . . . ! 1 . ) 1
L : ! i
. - .. : . . h
L] ' . 1
" | " !
q . . . . . . .. . . . . . . . . ' . . ! 1 1
e T R R i o et ot el b Lt bt Bt et e i Ll et R i T B P R R R R I R I I R A i bt Ll ettt Lt et L R PP S | .F.r.r1?1r1r1rqr.rlrlr1?.r|h-h--uh.r|>|br}|¥irihjrlr1r.rua.k.h|>|?1r|r.h.r1r.h.rlr|alx|r|?|r|}1rla|rla1 O YT S U o
.
'
T Fr+Frrrr T T FFTFFIEFETEFTFTETFFEFFrFFIEC"TTTrETFCTFF*FTYF"Y>E"TErEF CF*F*"T*TCTTI*F"T*T*FEET"TT*"TTrTrIrCITr—+Trrrrrebkr-= s kekFerrbkbr=4%dFerbF Pl EFEEEFREEPEE PR e g ar sy sy ="y’ P s r T Y P TTTTE SR PP TS T r R B L LR LT b L e =g Y Lp P v E R s rTETT TFRRSETYT P s b P LI I L L - b} op RLEL -k =% = =44 =p= ==L o=l Ll F g Il LLFmmmrmmm e m e m = === - = - - T et e Pt Y T el e i = e m e = === - - --
n .
[} . X
" - " . '
’ R . r .
” S - . " .
' e . = . .“W¥ " . . e PR . h
. . . . .
" ; - . L. ' X Patr et aet et gttty St vy - ' M.—..
' . e ﬁ . " ' § T T T T i . . . .
. . ] f ¥ . " : ] ¥ i u . ' .
r ' . Il s . ¥ . - -
N ] ' l . ] f - 4 + [ ] - . .ﬁn
1 3 - . T, ow . L] P I . . . .
r . . . ¢ § Fa . = L s - u < =iy L ] . .
. . ' ] lr.. -k o omk o m L. LR MR R LW R, R W, A R MR WL R M PR R . ] . - - [ r . L] L] . . L} L R A A N N L Y ] r .
.o . . . . . L. . . L.
k . . . . " ) . " L - . L, T . L . LA . e
r ...ﬁ . . 4 § . ., - - - - .. .M
k [ ] + u, - ] r F ] . ] .9
u R N I A T N - . . . . ] ' ¥ e » v, T .o LI . .
_. VARY £ : : Dot g £ 1 . x.
L] MM“ ' ] ﬁ+4t+#++t++l+llrr?|l!t!:lulu!nrlll!li i | + I.F 1.. . .la. N N L A N . . '] r
) ) LT w . LA 1 ] - " . a ﬂ
¥ . + + * [ ] - . S e . - .r o, r e E L .
. .. » - * . r = - <
b . . :i‘ H j F H- f‘+ﬂ -i-J ||+r -H#. '
. ..Ii 1 & * . " % . L] ”
. el 4 ' Fl & . B F ] - ] + . B . . . -
b N t - ST o4 TR D . " ﬂ‘“
1 ) ; . e " .. .. \ 1 vllllllllllllllllllllllFFIFIIIIIIIIII.Hi 1+“|r h ..1”7 .Ji. P PR }.. ' e r Ry er e - ,
r g e e e m e e ek e b e ek A A am s s AR T T S A — - . . . - . 1 * o, T . - [} a L. . LI | e ] r u ,
= - Py ' 1 h L n..n ] J- J!i - . ! lﬂ ] ,
. ; r - . . i
* . b i L 2 o, L ¥ i : ! k .
* . N n r !l-' . n v l' LI A 1 ¥ )
r | ‘ 1 .#i Jii a * LT [ | ] 1 I .
' pruwpae e e ey + mm m m amom A g AR AL A LA A o om A m o m ﬂ". WL o ow w e wrwwrmow e i [ . 1 '
. ! .o . ‘ gl e ) .
. r Hﬂ i i - ! r ] ! - rf - - [ iw B A ! ’ “
L] ] - r # bt q 3 . [ : . 1 " N )
x | ] vy} : 1 1 sy .
2 . . . . . . ¥ . ! ‘ ' hy N
3 e e T CE X ' * R : . . ' ' 1
. .o ! . E 1 ..ﬂ. . . . o m a A mea.m ok om oagE.. 4
N | ﬁ“v ] 4 ‘ ] 4 ok d.rmmdr e e mems ke d ok kT s T ok mEE o omowow ow ok - s mmEmEmsmamma e |
- Ll 1 [}
! ! . A M i .. a4
) .__“IE_ : Wﬁ% Ha u . " e )
.
: - ; . m U ' Q : ;
. i . .
m et ok omd . L) L - !
. | ) T . i - E E E E N E E . maEaE M N N EEEE N ENSFFF®ERFFEEFNFFSF®BRERF®ERFERFFEFEFFErrrerrrrwirirr ke kbR [] . !
' 1
. . - ] .
| : g _ oo .
' B L L N i, N R N R S, mwmw . “w . ] " 1
II - ]
: : : . o . . ) “
i ﬁ. . ] = M
._. % ﬁ. . . i — : )
) . J ..
i . ] . 1
_. @ . : .
! . r Y 4
F . . . . aw . - ] . . - H 1
4 .. .. e e . . . Foo ] . e e e e e e e . . . e e . . . e . . . . . . o
i o + gm le m ! ' b R OB e BB B ORI I I R R A R R R R R R R R e e . Ma“.wgw"'b w ‘
. ' - ¥
4 v ﬁu ' h_-_. I
n ¥ " i
L] ] N L]
L] ] L]
i\ ¥ : i
. F
‘ . " . :
. L]
L} . r ” L]
4 ] .—. L]
] b ] . a . 4
i * " . L]
4 - . 3 . L]
L .
L] 3 1 L]
. .
4 b ... L]
44 L]
-, L]
, L]
- *

F or'r'mr

m m m ap m m m A W m M R B B BN B M N BN M BN B N BN BN B BN B BN BN BN B B B BN BN BN M BN - BN BN BN M BN B BN B B A B - mm o mm o de e B R B a B B B B M B B B o Er ar B o ar m- i mr g B B B B B BN B N N BN B A BN N N S B M R N S R - JE BN BN E BN BC BN BN B BF BN BN BN Br B B B BN BN BN BN Br BN M AN BN BN N BN G N N N E BN R JE - m Y L R M M R N S L R N R W N N R N R E M o b R N A o aE M R M M o nh e o o o N aE M R M e oy o A e N nE s M o BN UL A o oA ML SN N N N WA N W AN N BN BN B BN BN BN B Br W BN BN M BN B B B B A B B E T o o mmoar ke r momow oawmwdkwrdkdr o rrrr s mmEmr kb ErrrT e e kT Tdor T -



US PP20,645 P3

Sheet 3 of 4

Jan. 12, 2010

U.S. Patent

i w omr owrorr e de om otk om ok ode dr owovr o B W e de B o b b sk o B U o h e mR dh o M e e eE g R eE Mk L s M ek A Wk N SN N SN M S e A N N M M M M M M M MMM W N NN EEEEEFEEEFErrrrmrbrrbkrbkbkrrbrrrt bbb R R Rk bR PR R R R R R E R R R R

T T TT T T T T T FTAT T FT NS T YA TE FTE PTG EEE S SSEESES S ES S S S S S Sd S S Sd S ESES S ESASSSSAAAAEASEas

-

A o e T mw T aw s ES FE S SEEESE TS E DS S S EE S S NS SS S S S S .S A S .S N S . A A A .. S S A A A A A S A M A A A A

o

..I..-..Il.. -lf.f.l. -l..*l-.hla. T.J. --..—.l.. -..-.. -..J. -.la..r * I..l..T.J. 1..-. —..-J. n .-..r * -li. [ * n * T.J.h .J..T.J. n .J..T.J. L} - F b F &
roas r r roa

wmra Faounanr
e e oar

*FE 4T I'.llll.I
LR
L] LI}

A e

T
.
.
.

-
.

1
.

.
.

-
"
.
[ ]
r
.
.
.
.
L]
.
§
.
.
.

ror & m

i
L]
N
e r ek bk ke ek r row )
4
| ]
i-
L]
PO N TIT TN TR St S S S SR T PR -
[ ]
-
L]
I U R P 4
[
.
L]
L n
L I I e N N .
"
wk
[ ]
b
e e R e m mm e pae e e .
.

N 7T oy

e e, s, e, e e,

e,

r s a
k1 r & rror s s ru e a > r s b 58 8 xroa

r = & r 4 r & r = r s r = = a = 5 F B F &
i ok b o o o o o R F o FF

.-._l..”u »

-~

roE & = a
- o o o

oBms Bupe

& m & r
* & i ¥ &

h owm.h .

- r . . . . + .
- - - +
* - .-..—_.._.-.__.__.__..-.__._..__.-._-.-.__..__.__..__.__.T.._.-.__..__..._..-.-.__.__.-.T.._.T.__..__I-.._._._I__ YT T T T -_.__:.....—_-_._.._.-.1.__._...._..1._.__ _.._......1-_.-..11.1_ -_..—_._.__....—_-_..1.11._._.-.-.....1.-..-.1-.__J|r...|1....-......1...._..-.|__1..—...... .T_.....__
& a r s rFmarcr " rrEr oEaa A r - mar m ko re s omonrom roa
" . P or e e oo " mror o -
4 m = momroromox rr s omroam rk
rrraras = rromocr a n
" mr moaacrcr r e e r e T

rmr s rrarr r e
r e s a4 mrorr .. . . . . ]
L a rreraroEor .o b .
" a ra == acr A on . n . ]
T M ' .y ¥ &hv 1
rm o= mr 1 rari: =maras r s rararcrs.E s E = EFr == - -
" = a m m & m o 1 FEaFr EaACrFr Lar ETra b . .. . . . . ' ]
.__l.__._-.__.I.-H.__l.;l.-.l.__l.__ﬂl.l.__.-.bl.._ﬂ.__ e e e T e e e e e .. ) Lot - . - . [ 1
m rra = s m ®E.- mFr E = EFr EE S+ F L E I EFEF E I FEFLF I L =S 1 m I EF EE - P .
L " =& = m mr mar kss m EarEEEFrCrEracrcr ] . . - ¥
m r =" E r La = E mam=rmEmErEreEri mrasrra . . . .
-- . . . 1
L] 1
r
B . 1
. P
1 - . ]
._-1-. ﬁ.-i.i.i.i.i.i.ii.f.iii11.-..........11.........._.._....-.
oo . .

T T T T R T T e O i R L T T R A Rt e o )

A A A g A A E g R g A A N E A MmO MR B R A N N A A S MR m m E W E Eomm mam

.-...1..1...._...............1...._............-.._..._......-....._......._................_.._......._..._........_...r....l....._..._..._......._.._......._......._..._.._1.-.I.1._..._..-..-.._...-...-....._-‘._..._.....-................1...1...|.............L......1 Sttt Sy el e et T T e T

drodr dr m dr o JF B sy R SR SR M SR o A A L N R SN B L SN SN N B N N N BN N BN BN OGN ML N om B M B M M M M M N NN NN EE- NS EA NS ESEESEEEEEFrmrrsrrikbr T rrrrrrsars rerr T Tk R R R, R R T T T e r ek rE rTE EE e EE e S E e EEEm W
.

r
]
- E R b B -

- = n
T
L ]
L]
L |
==
LOE |
-
- n n
L]
L ]
=
L ]
L]
LI |
[ ]
T - hoa
[
- r = =
LI I
- 1 = =
LOL B |
L |
L]
- b o= o=
= = F
LN |
=k
" = r n
= 1=
LI B |
LR |
LI
L]
r LI ]
T or
LR N |
LR |
m e o
LRI |
B = =+ =
n b oa
L N ]
nr k
LR B |
= &
ro1oson
L]
LI T Y

+ r r »m & 1 - Fr = - = . r & a = r F r == r =z

mr rmr g E e r L R o
I A N R A ]
- % % F " FFYEFEYFEYFEEFEFSYE
reoEr roaoroa F e owoamarowow

:.-'a

-
-
n
n
n
n
r
=
=
-
=
r
n

"
[

Ll
[ ]

[ B ]
[

L]
[ ]

.
.
LE RN RN R

.~ S
.
3

PO
SRR

1

P L m omor omorom

ra a s r s aah sa

r m r =1 mFrFrrr

"= = & & r roa " L. m E - FFr m = r ra s =ar = r rr Faorr -
[ L] - - L] - -

‘...‘..ﬂ-. ‘..Jl. -..ﬂT ‘...-. ‘...-..r'ﬂ‘. ‘...l. ‘..J.‘...-..ﬂ‘...-....'. .-..1.1. .'...1...1. [ ‘.JT..‘... T.J.-..-T..-...T..T}.T.Ji...-..- 1..1. F

i 4

N r = r L]
& o i o F F ok L W

L]
L]
]
L]
n
]
1
]
1
1
]
]
]
]
]
]
[
]
]
]
1
]
1
]
]
t
]
]
]
t
]
]
]
]
]
]
]
]
4
L]
L]
L]
4
L]
*
]
L]
L]
L]
L]
1
L]
L]
4
1
i
*
+
1
i
i
d
+
1
1
d
1
i
i
[ ]
1
L]
t
d
i
i
i
1
i
]

Ao rLa d L m e e, e ke h oa e om o meh gk omhen de ok om o kde ol ek w l Amom Ak ok makw ol ek omkEREEE s e =

e T L L L L N I N I O I e e e it R B R R R I R I I B B R A I I

]

]

[ ]

]

. . '

- (R . % ]
= n R . - ]
. . - .. . . .o "

' . .. b

] = L . ]

n * ] 3 !
.’ - b b ym e ey ko kel - _. [ ]

. i . . . . "
» - - . m . . "
oL “ . . »
- e - .-..l”.-..-..-......l.-..-.I.-..-.I.-.L_..l.l.l..ll . : "
* ._q . . . Talfgr®y '
] - k' . . . . ﬁ . rrrrrarr iy, - ]

- - - E Co %ﬁ. . . " g . .,.l_.lﬂ . 1
R . T S SO S ooy oy | ' . . [ i . ¥ - '

" - . ' ¥ ' . [ - -M..l. r N
. M. . 1 - )

- om - ' .. [ , ’
- * -h‘ - - . . . . . '

. . . T I U T T R S TR T ST SR B SRR e Y ml .“w " M%MMW. I‘i‘ ' "
[ " " ¥ - ; . N mu b !

) . ) “ . | IS S S S SR SN S DU DTS DU ¥ r
SSUUUUUUUOIUU & 3 _
L ] x ’

] '

A . *

. : +

.-...r..r.-..r.....rl.-..rl.r.rl.r!.rl.r.rl.-. 1

§ . W

! el o . .

» H : i '

Lk _a_n_a e =

gl . .

H : |

’ : :

] .r

M ._

;

B4 "Oid

F TR L LA LELLEALELL AR LN BLERELLL L Ll Ll sl Ll - T - T T T kT T T FE T YT TYFTTTCTSTBETTSCRETESNECES

P e E e e e e e e e e r e e e e T e e e e e e e e b b e R R R R R R R R R R R R R R R AR A AR mE R E EeE e E R e et e e et e a L R e e m kA e R e R R R Rl R A EEE EE EREE r AR r T EE N owmdomk ok omn m

abigys Buiuodyy

&

-

" Tt

T

™

. . . . . . . .
FEEFAFEFENFEFFEFFFEFFEF PR FFFRFRF PRSP FFFEFFFAaR PR
& Fr Fr 11 F F F 1L 1L F PP L ror EN R LIRS

]
e e R T T e
N e T T N T N O e N e e e
' ar e arw

¥ = s r Rl oMo (N =1 R F P FLF R o ' e o rrror . r
Lo - = or . . Vo ] r o roa P R " oa
1 T (. r1 rarareroar L ra o omrosow r a moa Porom
PR s - ' ' = morora roaor CRr e s - r o
5 rrrFr & orr Vo P e Pk e o e roa Fe o roE
4 rr s om = F 10 oo s om ror o T N I R r sor ' - roror . Vo r o
W= R P4 e I F & 1 F =1 E B EF R .1 1 4 FF EEEFITF roa rear o1 roEoroa x L R A '
S P e o r T R e I R A ] ' o ' T il T R R T .
1 T A r rr e oEm o= rFr 1 FrELF -
r e Fam PP e - ' roa rror o e
A r nr P om roe r ror " a rr 114 L r Ed o mrroE
B Fa PP 1 .t Pl o mL P F P R 114 om0
4 rFr LrF s rF L1l PP T LS F L F R FF P I FELEFF L &P FLFFoW L F ®Fr4 FFr s M FJ4rFrCr ELFFI FrRERFFLFFFNFET
LI R L RIS S RN R r LI S N S | L _a_r ik L] o A d LA E A Nk LRl kL ALl Ad &
" E TP AN S FETRREEERE e e e e e e e T e LR ol el e e Tt Ll r b ] Y a [t e
PR RSP L .= N " P4 F 1L & F 1L . 8 F PP R .8 1111 a1 FaF 1 Rl F aF
P om omoF o om R oEoEF PO R R R L R R R R e e N T L

r s .or o
a = r mr m . r
i e e e om e e
o= oo Ll

IO ﬁ-...1

4 r 1 ®w a r a2 = . m 1 _r m > = @m
i ol e i e e B e o e - e
rroromor o = s oFrFoF

3
r
Ll
.
Ll
"
r
r
Ll

.

'
Ll
3
3

L]
r
L]
Ll
Ll
-
.
Ll

1111.11-l1l11-1-.1l.111-1l-.-~11l
Foir e oa

P oa o om o r . 4o FF 41 1 FF 1 F 1 M FF . a1 FF R EFFF I .
A A & A A & A i & [N NN PR g ey damdpg sy i mda o mmmdn i om e
[ Bt S A LI ..._11..._. s m o m o s PP F PP E N PR Fa4 F FrE LGP . PR FFsomoE
rr 1 o8 r o = r = rrrr

L T N N O N N R R LR I R SR U
) r
1
.
r
1
1
1
1
1

roa r e = omorororoa r . -
»omom T r s rrar ' b

- r = nom 4 r - L EE " - ror
rFr L oaom oo S om r . r Eora -
Al & Al i i ' E T T E TN R EAE O O
[ S T B e | Bt B b S i r e oorra

= rrrrorcr = r rr msro-omr rr s asrcr

F L or om 1 F s oL oa
e L] L] -
-.‘.' -..T .-.‘. TJT .r.-.‘..i..‘....r..-i....'.f.l—. 1... T.-. T.. 1... T..-

. . FLFP L s .o L N |
"1 Fr Fr RO, r = ra r m ® Lo L Fr EBF L Fr 48 F r & = mr . F . Fr E R L EaX r | & k. r a L]
e e mh ok o e e e e oy e e e o e e Jr e e e e e o e e b e e e e e o e e e o D e e e O e e o e o b o R F R B

BRGNS
f 1 T

A E'EFEEEEFERE

vt Buspsolnns B4

1

w o w wr wrw oy rrrrrdTTrTTT

Y «% o

SR AR R A A A M AE R EE R RNy Ry

EOEOT A R R ECE R CE A E R R R kR o o b ko Bk ol b ko ke e e e e e b e e ke e e b e ot e ke odp e gmde o dp e e oy dp e e oy mp e e e v e g o dp e = ey o o=

B R A E o R M g B B M e R R R B A o B B B g o R o b B S CE R R e o o A e g B M cE ki cE A R SN R A N A R A N N oE B G O  E E EmEEEEEEEFEEFEFErrrrrhbhk it r i aE e e Ep e m g TR rr ey s ey s s rr sy s r T T T vy -

o T T o T S S L L T I T e e e I I R R R R e R R R N R

'
%
.f;
.

L3

iA.E.E.E.E.E F B &2 E N.T.m O A.E = E B A E N E E S S EEEFEFEEFFE

T O2

]
]

"-Ilr\-h"-.‘- e A A A e il A q-'-'.'-ln. L L L

e Tk L B B e e e e |

ma R R R

L R A g Rk A A A, F R PR R B I N L L R

o o rm ok ok ow o dh 4 &R A

ety e e o wr = = ww w v ettt bttt L R L

53
o D

L S R A L L o iy W ir Ay S Ay A NN S TSR ST I RN B BE B RN B BT L R Al RERE R IR b LD Rt o e e e A e Rl Rl Rk el

Lo
G2
&2
R
-

™ "l o e o o ™

e
we

w

- ok E.W.E E.Y.E OLLE.E.E.S E RS E SR L EE.R.S E.L.E R .M R L L. R E E.E &L R SR S.EEE N ET FT RN TE T T T o= ke oy i oy A A g AR A AL M NN S W A NS EE TS rarrrrran bbbt R RS SREEEEET

S I AL T3NS
soulity 30 mpbmm oBuisny

=

T

-

Si el
mva

FrrrTrT T T'r T T ETI ETEIYTrEITEEE®

r'ww T

‘r='r'w'r'r'r w'T'T'r '

ey

A e = =

- -,



RMIIIN
EaE e N
N )
NN
L e )
E N )
kK b X
) )

ir
R M
Ea )

PN )
PRl W

US PP20,645 P3

N )
SN M LN AN

.'..T.T.T.'..T 'lII.T.T...l.‘.r-
b & & b & ok N

F3 -
I3

RN N )
L
e e

N

; PR )

Xk u

J K
T ) J J LN N y
Pt s iy N h T T X S ey . : e
E R X A AW X L . k o X " X : : : [ e

L] Il"llﬁ.ﬂl““l“lﬂlﬂﬂ HIII A M N

l

.-_.._......w......q ...

4._:__1-_-_-_.-.-.___.. .

R o R B

X K P ) o
A e

Sheet 4 of 4

Ll I i i ke a e i ke i
xR
L e

.
P A N
. - F
- b.b.' .r.f-.*r .llll.” .'.'

L
L

t*# L

L]

r
)

i
Jl"‘_I‘J'JI' L

Irl‘
"
i i i

L]

Jan. 12, 2010

E o
|

u U NI

]
XX LR
X x X X m
M
w_x a X
EEEX X RE

| IIHIIII

LN
E
o

#..............r....r.r..”t....r”.._.a... o

A R e e bR R l"-.
Fodr & b b bk dr a0 oA

dp dp b dr b Jr O U & & b W
Bdhdg oa e kb b od oA kA

N NN
hi.r.r.-...r.....-......t.__.....__.._..

y E i

R A

]
]

Al

U.S. Patent

r " rFr r r rr r rrrrrra3r a0 r F&%%F

wTan

)

F ] I ] F R I |
Py 4.......”.....”..4.”.....".4.”.....”.....-..u. R s




	Front Page
	Specification
	Claims
	Drawings

