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1. Un método para modular el crecimiento
de una planta, caracterizado porque
comprende tratar dicha planta con una
cantidad de una composicion que
comprende uno o més derivados de
antraquinona los cuales modulan el
crecimiento de la planta efectivo para

‘modular el crecimiento en la planta.

1. Un método para modular el crecimiento
de una planta, caracterizado porque
comprende tratar dicha planta con una
cantidad de una composicién que
comprende uno o mas derivados de
antraquinona los cuales modulan el
crecimiento de la planta efectivo para
modular el crecimiento en la planta.

2. El método de conformidad con la
reivindicacidn 1, caracterizado porque la
planta es un fruto, flores, plantas
ornamentales, arboles, arbustos, plantas de
bulbos, fibras, vegetales-o vino. .

2. El método de conformidad con la
reivindicacién 1, caracterizado porque la
planta es un fruto, flores, plantas
ornamentales, arboles, arbustos, plantas de
bulbos, fibras, vegetales o vino.

3. El método de conformidad con la
reivindicacién 1, caracterizado porque la
planta es seleccionada del grupo que
consiste de fresa, calabaza, pepino, tomate,
rosas, pimiento, berenjena, uvas para vino,
algododn, cebolla, ajo, trigo, soya, maiz y
arroz.

3. El método de conformidad con la
reivindicacion 1, caracterizado porque la
planta es seleccionada del grupo que
consiste de fresa, calabaza, pepino, tomate,
rosas, pimiento, berenjena, uvas para vino,
algodon, cebolla, ajo, trigo, soya, maiz y
arroz.

4. El método de conformidad con Ia
reivindicacidn 1, caracterizado porque
ademas comprende transplantar la planta
en el suelo.

4. El método de conformidad con la
reivindicacidn 1, caracterizado porque
ademas comprende transplantar la planta
en el suelo.
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5. El método de conformidad con la
reivindicacidn 4, caracterizado porque
previo al transplante de la planta en el
suelo, una o mas raices del fruto, o
vegetales, arboles o vino se tratan con la
composicion.

5. El método de conformidad con la
reivindicacion 4, caracterizado porque
previo al transplante de la planta en el
suelo, una o mas raices del fruto, o
vegetales, arboles o vino se tratan con la
composicién. : '

i 5. A method for modulating growth of a

| plant comprising treating one or more roots
of said plant with a composition
comprising one or more anthraquinone
derivatives which modulate plant growth
in an amount effective to modulate said
growth in said plant prior to transplanting
and transplanting said plant into soil,
wherein said plant is a fruit, vegetable,
tree, or vine plant.

6. El método de conformidad con la
reivindicacion 1, caracterizado porque la
composicion es aplicada a un fruto,-
vegetales, arboles o vino de la planta via
irrigacion por goteo, inmersion de raiz o.
aplicacion en surco.

6. El método de conformidad con la
reivindicacion 1, caracterizado porque la

- composicion es aplicada a un fruto,

vegetales, arboles o vino de la planta via
1rrigacion por goteo, inmersion de raiz o
aplicacion en surco.

7. El método de conformidad con la
reivindicacién 1, caracterizado porque el
derivado de antraquinona se deriva de una
planta.

7. El método de conformidad con la
reivindicacién 1, caracterizado porque el
derivado de antraquinona se deriva de una
planta.

7. The method according to claim 5,
wherein the anthraquinone derivative is
derived from a plant.

8. El método de conformidad con la
reivindicacién 1, caracterizado porque el
derivado de antraquinona se deriva de un
miembro de una familia de plantas

8. El método de conformidad con la
reivindicacion 1, caracterizado porque el
derivado de antraquinona se deriva de un
miembro de una familia de plantas

8. The method according to claim 5,
wherein the anthraquinone derivative is
derived from a member of a plant family
selected from the group consisting of
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seleccionado del grupo que consiste de
Polygonaceae, Rhamnaceae, Fabaceae,
Asphodelaceae y Rubiaceae.

seleccionado del grupo que consiste de
Polygonaceae, Rhamnaceae, Fabaceae,
Asphodelaceae y Rubiaceae.

Polygonaceae, Rhamnaceae, Fabaceae, :
Asphodelaceae and Rubiaceae.

9. El método de conformidad con la
reivindicacién 1, caracterizado porque el
derivado de antraquinona se deriva de una
especie de Reynoutria.

9. El método de conformidad con la
reivindicacion 1, caracterizado porque el
derivado de antraquinona se deriva de una
especie de Reynoutria.

9. The method according to claim 5,
wherein the anthraquinone derivative is
derived from a Reynoutria species.

10. El método de conformidad con la
reivindicacion 1, caracterizado porque el
derivado de antraquinona se deriva de
Reynoutria sachalinensts.

10. El método de conformidad con la
reivindicacién 1, caracterizado porque el
derivado de antraquinona se deriva de
Reynoutria sachalinensis.

10. The method according to claim 5,
wherein said anthraquinone derivative is
derived from Reynoutria sachalinensis.

11. Un método para modular la iniciacion
de raiz y extension en una planta,
caracterizado porque comprende:

(a) tratar una o mas raices de una planta
con un extracto de planta en una cantidad
efectiva para modular la extension de la
raiz cuando es transplantada en el suelo y
(b) transplantar la planta tratada de (a) en
el suelo.

11. Un método para modular la iniciaciéon
de raiz y extension en una planta,
caracterizado porque comprende:

(a) tratar una o mas raices de una planta
con un extracto de planta en una cantidad
efectiva para modular la extension de la
raiz cuando es transplantada en el suelo y
(b) transplantar la planta tratada de (a) en
el suelo.

20. A method for modulating root
initiation or extension of a plant
comprising (a) treating one or more roots
of said plant with a composition
comprising one or more anthraquinone in
an amount effective to modulate root
extension when transplanted into soil in
said plant and (b) transplanting the treated
plant into soil, wherein said composition 1s
a plant extract and said plant extract
comprises said one or more anthraquinone
derivatives.

12. El método de conformidad con la

12. El método de conformidad con la

21. The method according to claim 20,
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reivindicacion 11, caracterizado porque el
extracto se deriva de la familia
Polygonaceae.

reivindicacién 11, caracterizado porque el
extracto s¢ deriva de la familia
Polygonaceae.

wherein said extract is derived from the
family Polygonaceae.

13. El método de conformidad con la
reivindicacion 11, caracterizado porque el
extracto se deriva de Reynoutria sp. o
Rheum sp.

13. El método de conformidad con la
reivindicacion 11, caracterizado porque el
extracto se deriva de Reynoutria sp. o
Rheum sp.

22. The method according to claim 20,
wherein said extract is derived from
Reynoutria sp. or Rheum sp.

14. El método de conformidad con la
reivindicacion 1, caracterizado porque el
extracto se deriva de Reynoutria
sachalinenis.

14. El método de conformidad con la
reivindicacion 1, caracterizado porque €l
extracto se deriva de Reynoutria
sachalinenis.

23. The method according to claim 20,
wherein said extract is derived from
Reynoutria sachalinenis.

15. Un método para modular la
germinacién de una semilla de.una planta,
caracterizado porque comprende aplicar a
la semilla una cantidad de (a) una
composicidn que contiene uno o mas
derivados de antraquinona los cuales
modulan el crecimiento en una planta y (b)
opcionalmente un agente de revestimiento
de semilla efectivo para modular la
germinacion de la semilla de la planta.

18. Un método para modular la
germinacion de una semilla de una planta,

' caracterizado porque comprende aplicar a

la semilla una cantidad de (a) una
composicidn que contiene uno o mas
derivados de antraquinona los cuales
modulan el crecimiento en una planta y (b)
opcionalmente un agente de revestimiento
de semilla efectivo para modular la
germinacion de la semilla de la planta.

16. Un método para modular la infeccion
de enfermedad transmitida por el suelo sin
Rhizoctonia en una planta, caracterizado
porque comprende tratar una planta con

21. Un método para modular la infeccion
de enfermedad transmitida por el suelo sin
Rhizoctonia en una planta, caracterizado
porque comprende tratar una planta con
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una cantidad de una composicidn que
contiene uno o mas derivados de
antraquinona los cuales modulan el
crecimiento en una planta efectivo para
modular la enfermedad transmitida por el
suelo en la planta.

| una cantidad de una composicién quc

| contiene uno o mas derivados de
antraquinona los cuales modulan el
crecimiento en una planta efectivo para
modular la enfermedad transmitida por el
suelo en la planta.

|
i

17. El método de conformidad con la
reivindicacién 16, caracterizado porque la
infeccién de enfermedad transmitida por el
suelo en la planta resulta de la infeccion
por un microorganismo patogénico
seleccionado del grupo que consiste de
Pythium; Phytophthora, Verticillium,
Sclerotium, Colletotrichum y Fusarium.

22. El método de conformidad con la
reivindicacidn 21, caracterizado porque la
infeccion de enfermedad transmitida por el
suelo en la planta resulta de la infeccion
por un microorganismo patogénico
seleccionado del grupo que consiste de
Pythium, Phytophthora, Verticillium,
Sclerotium, Colletotrichum y Fusarium.

15. El método de conformidad con la
reivindicacién 1 o 11, caracterizado porque
el método ademas comprende tratar la
planta con una segunda sustancia, en
donde la segunda sustancia es un agente
que promueve el crecimiento de la planta.

16. Uso de un extracto derivado de una
planta, en donde el extracto contiene uno o
mas derivados de antraquinona los cuales
modulan el crecimiento de una planta, en
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la modulacion del crecimiento de la planta.

17. Una composicidn para uso cn la
modulacién del crecimiento en una planta,
caracterizada porque comprende uno o mas
derivados de antraquinona los cuales
modulan el crecimiento en una planta y
opcionalmente una segunda sustancia, en
donde la segunda sustancia es un agente
que promueve el crecimiento de la planta.

19. Uso de un extracto derivado de una
planta, en donde el extracto contiene uno o
mas derivados de antraquinona los cuales
modulan la germinacién de una semilla de
una planta, en la modulacién de la
germinacion de una semilla de la planta.

20. Una composicidn para uso en la
modulacién de la germinacidn de una
semilla de una planta que comprende uno o
mads derivados de antraquinona los cuales
modulan el crecimiento en una planta y
opcionalmente una segunda sustancia, en
donde la segunda sustancia es un agente de
revestimiento de semilla.
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t 23. Uso de un extracto derivado de una
: planta, en donde el extracto contiene uno o |
mas derivados de antraquinona los cuales
modulan la enfermedad transmitida por el
suelo en una planta, en la modulacion de la
enfermedad transmitida por el suelo en la
planta.

24. Una composicidn para uso en la
modulacién de enfermedad transmitida por
el suelo sin Rhizoctonia en una planta,
caracterizada porque comprende uno o mas
derivados de antraquinona los cuales
modulan la enfermedad transmitida por el .
suelo en una planta y opcionalmente una
segunda sustancia, en donde la segunda
sustancia es un agente anti-fitopatogénico
de la planta.

18. The method according to claim 5,
wherein said composition is a plant extract
and said plant extract comprises said
anthraquinone derivatives.

24. The method of claim 20, wherein the
plant is a fruit, flower, ornamental, tree,
shrub, bulb, vegetable, or vine plant.
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i . 25. The method of claim 20, wherein the |
plant is a strawberry, squash, cucumber,

tomato, rose, pepper, eggplant, grapevine,
cotton, onion, garlic, wheat, soy, corn, or
rice plant.
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J OURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

Anthraquinones Isolated from Cassia tora (Leguminosae) Seed
Show an Antifungal Property against Phytopathogenic Fungi
Younc-Mt KM, CHr-HooN LEE, Hyo-GYunNg KM, AND HOI-SEON Lie*

Rescarch Center for Industrial Development of Biofood Materials and Faculty of Biotechnology,
College of Agricultural and Life Science, Chonbuk National University. Chonju 561-756, South Korea

The fungicidal activities of Cassia lora extracts and their active principles were determined against
Botrytis cineria, Erysiphe graminis, Phytophthora infestans, Puccinia recondita, Pyricularia grisea,
and Rhizoctonia solani using a whole plant method in vivo and were compared with synthetic fungicides
and three commercially available anthraquinones. The responses varied with the plant pathogen
tested. At 1 g/L, the chioroform fraction of C. fora showed a strong fungicidal activity against B. cinerea,
E. graminis, P. infestans, and R. solani. Emodin, physcion, and rhein were isolated from the chioroform
fraction using chromatographic techniques and showed strong and moderate fungicidal activities
against B. cinerea, E. graminis, P. infestans, and R. solani. Furthermore, aloe-emodin showed strong
and moderate fungicidal activities against B. cinerea and R. solani, respectively, but did not inhibit
the growth of E. graminis, P. infestans, P. recondita, and Py. grisea. Little or no activity was observed
for anthraquinone and anthraquinone-2-carboxylic acid when tested at 1 g/L. Chlorothalonil and
dichlofluanid as synthetic fungicides were active ‘against' P. infestans and B. cinerea at 0.05 g/L,
respectively. Our results demonstrate the fungicidal actions of emodin, physcion, and rhein from C.
tora. i

KEYWORDS: Botrytis cineria; Cassia tora; emodin; Erysiphe graminis; fungicidal activity; physcion;
phytopathogenic fungi; Phytophthora infestans; Puccinia recondita; Pyricularia grisea; rhein; Rhizoctonia

solani

INTRODUCTION

Plant discases arc cstimated to causc yicld reductions of
almost 20% in the major food and cash crops worldwide (/—
4). Synthetic fungicides have cffectively controlled plant
discases for a number of years, but increasing concern over
environmental effects of the currently used fungicides has
highlighted the need for the development of alternative types
ol sclective control or for methods of crop protection with the
reduced use of conventional fungicides (2, 3). Rescarch into
plant natural products is now being intensified as it becomes
cvident that plant-derived fungicides still have an enormous
potential to influence modern agrochemical research (3).
Although it is difficult to define the ecological significance of
most of the synthetic fungicides, there is good reason to suppose
that the secondary metabolism of plants has evolved to protect
them {rom attack by microbial pathogens (3).

Plant extracts or their constituents may provide an alternative
to currently used synthetic fungicides to control phytopathogenic
fungi, because they constitute a rich source of bioactive
chemicals (4, 5). Because these are often active against a limited
number of specific target species, are biodegradable to nontoxic
products. and arc potentially suitable for use in integrated

*'T'o whom correspondence should be addressed. Tel: -+82-63-270-2544.
Fax: -+82-63-270-2550. ¥i-mail hoiscon@chonbuk.ac.kr.

10.1021/f049379p CCC: $27.50

management programs, they could lead to the development of
new classes of possibly safer disease control agents. Therefore,
efforts have focused on secondary plant metabolites for poten-
tially useful products as commercial fungicides or as lead
compounds (6--8). The current authors alrcady reported and
confirmed that among 25 seed extracts of leguminous species,
the cxtract of Cassia tora sceds cxhibits potent fungicidal
activities against Pyricularia grisea, Botrytis cinerea, Phytoph-
thora infestans, and Erysiphe graminis (9). C. tora is not only
important as a source of natural fungicides but is also considered
important for its medicinal properties, such as an antiseptic,

_antidiarrheal, antioxidant, and antimutagen (/0—/2). However,
relatively little work has been done on the management of fungi

or their damage using the Cassia species despite their excellent
biological actions (9—172). In the studies described herein, we
assessed in vivo the fungicidal activitics of C. fora seed-derived
components, the synthetic fungicides chlorothalonil and dichlo-

* fluanid, and three commercially available anthraquinones against

six phytopathogenic fungi.

MATERIALS AND METHODS

Chemicals. Anthraquinone, anthraquinone-2-carboxylic acid, and
1,2 4-trihydroxyanthraquinone were purchased from Sigma Chemical
(St. Louis, MO), and aloe-emodin was supplied by the National Institute
for the Control of Pharmaccutical and Biological Products (Beijing,

© 2004 American Chemical Society
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Table 1. Test Condition of Phytopathogenic Fungi in a Greenhouse

holding period chamber
plant/ plant inocutation; in humidity temp?/
disease stage no./pot pathogen inoculum dosage chamber period®
RCB rice/2-leaf 3 Py. grisea leaf spray; 1 x 108 spore/mL 1 day 25°Ci5
RSB rice/3-leaf 3 R. sofani pouring inoculum® on the sail; 10 mL/pot 7 days 28°Ci7
CGM cucumber/1-leat 1 B. cinerea leaf spray; 1 x 106 spore/mL 3 days 20°C/3
TLB tomato/2-leat 2 P. infestans leaf spray; 1 x 10° zoosporangia/mL : 4 days 18°C/4
WLR wheat/1-leaf 4 P. recondita leaf spray; 1.5 mg of uredospores/pot 1 day 20°C/0
BPM barley/1-leat 4 E. graminis dusting?the conidia on barley plant no need 20°C/10

4 The chamber temperature was kept for treated and control plants. ? Period (days) from inoculation of pathogen to evaluation of disease severity on host plants,
includes the days that plants were needed in the humidity chamber. € Inoculum of R, solani was made by inoculating mycelial plugs in wheat bran medium at 25 °C for
7 days and macerated at the ratio of 500 g of medium incubated R. solani per 1 L of distilled water into the mixer. ¢ The reparation of E. graminis conidia, known as an
obligate parasite, was made by dusting the inoculation of conidia on 10 barley plants cultivated in the pot (¢ 7.5 cm). The treated plants were dusted with £. graminis
conidia formed on leaves of barley by the ratio of eight tested pots/maintained pot.

Peoples Repuablic of China). Chlorothalonil (CsClLiNa, MW 265.90) and
dichlofluanid (Cell;CLENOLS,, MW 333.24) were purchased from
Dongbu tianNong Chemical Co., and all other chemicals were of
reagent grade.

Extraction and Isolation. The sceds of C. fora were purchased from
a local market in Chonju and identified by Prof. Sang-Hyun lLee
(Forestry Department, Chonbuk National University, South Korea). C.
fora sceds (6 kg) were ground in a blender. extracted twice with
methanol (12 1) at room temperature for 2 days, and filtered. The
combined filtrate was then concentrated in vacuo in a vacuum at 45
°C to yield 11.4% (684 ¢). Next, the combined filtrate (20 g) was
partitioned into hexane (2.8 g). chloroform (4.6 g), cthyl acetate (2.4
2). butanol (2.5 g). and water soluble (7.7 g) portions. This step was
repeated 34 times with the organic solvent. The organic solvent portions
were concentrated to dryness by rotary evaporation at 45 °C, while the
water portion was {recze-dried. Finally, hexane (96 g). chloroform (157
¢). cthyl acctate (82 g). butano!l (85 g). and water soluble (262 g)
portions were obtained.

Because of its good fungicidal activity against B. cinerea. E.
graminis, P. infestans, and Rhizoctonia solani, the chloroform (15 g)
portion was chromatographed on a 95 cm x 6.5 cm (i.d.) silica gel
column (Merck 70—230 mesh, 900 g) and successively cluted with a
stepwise gradient of chtoroform/methanot (0. 10, 20, 30, 40, and 50%).
The active 30% fraction (7.1 g) showed strong fungicidal activitics
avainst B. cinerea, 5. graminis. P. infestuns, and R. soluni. This fraction
was further chromatographed on a silica gel column and cluted with
chloroform/methanol (30:1). The column fractions were analyzed by
thin-later chromatography (T1.C) (silica gel 60 Fass, chloroforny
methanol, 30:1). and fractions with similar TLC patterns were
combined. One fraction (4.2 ¢) showed strong fungicidal activities
against B. cinerea, k. graminis, P. infestans, and R. solani. This
hioactive fraction was then chromatographed over a Sephadex 1.11-20
column (Pharmacia, 800 mm x 49 mm) using chloroform/acetone/
methanol (50:1:2). This operation was repeated three times. Again, an
active fraction (2.4 g) exhibited strong fungicidal activitics against the
four test specics. This fraction was chromatographed over a Polyclar
AT column (Touzart and Matignon, 100 g) packed with chloroform/
acctone (50:1, v/v) and cluted with an increasing ratio of methanol (1,
2.5, 10, and 20%). The active fraction 2 (310 mg, compound I) showed
strong fungicidal activitics against B. cinerea, P. infestans, and R. solani.
Active fraction 4, containing fungicidal activities against B. cinerea,
L. graminis., P. infestans, and R. solani, was finally purified successively
on a Sephadex LLI-20 column (Pharmacia) cluted with chloroform/
mcthanol (6:4, v/v) and cellulose (Mcrek) eluted with chloroformy/
methanol (G4, v/v). Finally, compounds I1 (203 mg) and I1I (215 mg)
were isolated. Structural determination of the active isolates (compounds
I I1I) was made by a spectral analysis. 'H NMR and P¥C NMR spectra
were recorded using a Bruker AM-500 spectrometer. The UV spectra
ware ablained using a Waters 490 spectrometer, IR spectra using a
Biorad FT-80 spectrophotometer, and mass spectra using a JEOL IMS-
DX 30 spectrometer.

In Vivo Fungicidal Activity. Six plant discascs cvaluated in this
study were rice blast (RCB). rice sheath blight (RSB), cucumber gray

mold (CGM), tomato late blight (T'LB). wheat leaf rust (WI.R), and
barley powdery mildew (BPM) caused by Py. grisea, R. solani, B.
cinerea, P. infestans, Puccinia recondita, and f5. graminis, respectively
(Table 1). Iixcept for . recondita and E. graminis, the others were
routinely maintained on potato dextrose agar (PDA) slants and V-8
agar slants and kept for stock at 4 °C.

The fungicidal activitics of test samples were determined by a whole
plant method in a greenhouse, as previously described (7). The initial
concentration of the test solution was 2 g/I, at which over 60% control
value of the compounds (aloe-emodin, emodin, physcion, and rhein)
showed fungicidal activity against all test fungi; further tests employed

’ ) dilution sequence of 1, 0.5. 0.25, 0.125, and 0.0625 g/L.

- To preparc test solutions at the concentration of 2 g/, 100 mg of
the test sample was dissolved in 0.5 mL of dimethyl sulfoxide and
then diluted with 49.5 ml. of water containing Tween 20 (250 ug/
mL). Fifty milliliters of cach test sample solution was sprayed onto
two pots on a turntable at the same time. The treated plants were kept

{in a greenhouse for 1 day, before being inoculated by each pathogen.

The controls were sprayed with the Tween 20 solution. All tests were
replicated three times.

In a test with RCB caused by Py. grisea. rice plants at the second
leaf stage (three plants/pot) were sprayed with each test solution. The
treated plants were inoculated with a suspension of conidia in distilled
water (1 x 108 sporcs/ml.) and kept in a chamber (25 °C) for 24 h
under 100% relative humidity (RI1). The treated and control plants were
then held in a lighted chamber (26 £ 2 °C; 85% RH; photoperiod, 12
h; light intensity, 3000 lux) for 5 days and rated for disease severity.
The severity was assessed on a 0—35 scale where 0 = no disease, 1 =
dis'cavsc affecting <1% arca of second leaf, 2 = 1-10%, 3 = 10—
25%. 4 = 25—60%, and 5 = >60% of leaf area affected. For RSB
caused by R. solani, cach test solution was sprayed onto rice plants at
the third leaf stage (threc plants/pot). The plants were inoculated by

" injecting the inoculum at the hase of the plants. The inoculum of R.

solani was made by inoculating mycelial plugs in wheat bran medium
at 25 °C for 7 days and macecrated at the ratio of 500 g of medium
incubated R. solani per 1 1. of distilled water into the mixer. The treated
and control plants were held in a lighted chamber (28 °C; photoperiod,
12 h; light intensity, 3000 lux) for 5 days. With CGM caused by 5.
cinerea, the cucumber plants at the first leaf stage (one plants/pot) were
sprayed with cach test solution. The cucumber was inoculated with
conidia (1 x 10° spores/ml.) of B. cinerea incubated on PDA medium
at 20 °C for 15 days by leaf spray and then placed in a chamber (20
°C) for 4—5 days. For TLB caused by P. infestans, each test solution
was sprayed onto tomato plants at the second leaf stage (two plants/
pot). The plants were inoculated with a suspension of 1 x 10°
zoosporangia/ml. made from a 14 day culture of V-8 juice agar medium
at 20 °C. They were kept in a chamber (18 °C) for 4 days. and disease
ratings were made. For WLR caused by P. recondita, wheat plants at
the first leaf stage (four plants/pot) were sprayed with each test solution.
The plants were sprayed with a suspension (60 mg/100 mlL of 250
ppm Tween 20) of uredospores collected from the second leaf of wheat
and then placed in a moist chamber. One day after inoculation. the
plants were held in a growth chamber (20 °C and 70% RH). The

{4
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Table 2. Antifungal Activities of C. tora Seed-Derived Materials against
Phytopathogenic Fungi?

conen control values? (%)

material (¢l) RCB RSB CGM TLB WLR BPM
methanol extract 2 0 100 100 100 0 100
i 0 91 82 75 0 87
hexane fraction 2 0 0 71 0 0 0
1 0 0 45 0 0 0
chloroform fraction 2 0 100 100 100 9} 100
i 0 95 86 85 0 93
ethyl acetate fraction 2 0 0 0 68 0 85
1 0 0 0 45 0 62

LSD{0.05) 45 85 96 838

2 Activity is preventive value (%), 100% complete killing, 0% zero killing. ® RC8,
caused by Py. grisea on rice; RSB, caused by A. solani on rice; CGM, caused by
B. cinerea on cucumber; TLB, caused by P. infestans on tomato; WLR, caused by
P. recondita on wheat; and BPM, caused by E. graminis on barley.

fungicidal activitics of the test samples were tested 10 days after
inoculation. or BPM caused by E. graminis, barley plants with a fully
expended first leaf (four plants/pot: ¢ 7.5 em) were sprayed with a
suspension of the test material. The treated plants were dusted with E.
graminis conidia formed on leaves of barley. The control effect of test
samples on cach discase was cvaluated with a control value (CV)
calculated by the formula CV (%) = [(A — BYA] x 100. where A
and B represent the discase arca on the untreated and treated plants,
respectively. The 1.Csq values were calculated by probit analysis.

Statistical Analysis. Analysis of variancc was performed using the
PROC GL.M procedure (SAS Institute, Cary, NC). If P was less than
0.01, the means were scparated with the least significant difference
(1.S1) test at the 72 == 0.05 level.

RESULTS AND DISCUSSION

During the initial experiments, we observed that a methanolic
extract of C. tora sceds possessed significant fungicidal activities
(100%) against B. cinereu, E. graminis, P. infestuns, and R.
soluni at the concentration of 2 g/1.. THowever, this mcthanolic
fraction showed no fungicidal activity against Py. grisea and
P. recondite. lurther solvent fractionation showed strong
fungicidal activitics in the chloroform fraction against B. cinerea,
L. graminis, P. infestans, and R. soluni with 86, 93, 85, and
95% control values, respectively, at the concentration of 1 g/l
(Table 2). Furthermore, the ethyl acetate fraction had fungicidal
activitics against . infestans and E. graminis with 45 and 62%
control values, and the hexane fraction had a fungicidal activity
against B. cinerea with 45% control value at 1 g/l.. However,
little fungicidal activity was observed with the butanol and water
fractions (not shown).

Because of the strong activity of the chloroform fraction,
purification of the biologically active compounds was achicved
with silica gel column, Scphadex L11-20 column, Polyclar AT
column, Scphadex [LH-20 column, and cellulose chromatogra-
phy. and the isolates were bioassayed. Three active isolates
showed potent fungicidal activitics against B. cinerea, E.
graminis, P. infestans, and R. solani (Table 3). The structural
determination of the isolates was made by spectroscopic methods
including MS and NMR and by dircct comparison with authentic
reference compounds, and they were characterized as the
anthraquinones rhein (compound 1), emodin (comound 1), and
physcion (compound IIT) (Figure 1). These compounds were
identified on the basis of the following evidence. Rhein: orange
needles from CHCls, mp 328—330 °C. IR (KBr): vpac 3600
(OH), 2200, 1689, 1625, 1605, 1484, 1265, 1187, 1094, 752
em LUV (MeOH) 2y, nm (log ¢): 230 (4.6), 260 (4.2), 432
(4.0). 11 NMR [(CD3):80]: 6 2.07 (1H, d, J = 1.7 Hz, H-1),
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Table 3. Antifungal Activities of Components Isolated from C. tora
Seeds, Three Commercially Available Anthraquinones, and Synthetic
Fungicides against Phytopathogenic Fungi?

control values®(%)
material  concn (g/l) RCB RSB CGM TLB  WLR BPM

emodin 1 0 100 100 81 0 100
05 0 100 85 65 0 100
025 0 76 85 32 0 94
0.125 0 54 43 0 0 80
0.0625 0 23 18 0 0 60
LCs {g/L) 0.102 0163 0.385 0.046

physcion 1 0 100 92 75 0 100
05 0 90 Al 48 0 90
0.25 0 52 49 12 0 79
0.125 0 28 25 0 0] 65
0.0625 0 0 0 0 0 49
LCso {g/t) 0.248 0.263 0.518 0.073

rhein i 0 83 78 100 0 0
05 0 65 51 100 0 0
0.25 ¢} 35 34 a0 0 0
0.125 0 23 14 81 0 0
0.0625 0 0 0 60 0 0
LCs (/L) 0375 0478  0.047

aloe-emodin 1 0 100 91 0 0 0

' 05 0 86 74 0 0 0
025 0 67 47 0 0 0
0125 0 36 20 0 0 0
0.0625 0 1 0 0 0 0
LCs (g/L) 0177 0275

chiorothalonilc 0.05 0 0 0 94 0 0

dichlofluanid  0.05 0 0 91 0 0 0

1.5D(0.05) 9.1 10.7 8.4 75

a Activity is preventive value (%), 100% complete killing, 0% zero killing. ® RCB.
caused by Py. grisea on rice; RSB, caused by R. solani on rice; CGM, caused by
B. cinerea on cucumber: TLB, caused by P. infestans on tomato; WLR, caused by
P. recondita on wheat; and BPM, caused by E. graminis on barley. ¢ Commercial
name.
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Figure 1. Structure of anthraquinones isolated from C. lora seed.

[+) oH
Artheaquinone-2-catbexylic acid

7.37 (111, d, J = 8.2 Hz, H-3), 7.70 (11, m, H-2), 8.09 (1H, ,
J = 3.4 Hz, H-10), 11.87 (111, s, H-7). HREIMS m/z 284.2205
(CysHsOg). 1*C NMR [(CD5),S0): 4 191.3,181.0, 1654, 161.4,
161.1, 138.2, 137.6, 133.8, 133.2, 124.6, 124.1, 119.4, 118.8,
118.7, 116.2. Emodin: orange necdles from EtOH, mp 260—
263 °C. TR (KBr): vmax 3425(0-11), 1677, 1627 (C=0) cm™.
UV (MeOH) Anyax nm (log ¢): 248 (4.11), 262 (4.12), 285 (4.18),
432 (3.92). 'TH NMR {(CD3),CO]: § 2.46 (3H, s, Ar-CHs), 6.65
(111, d, J = 2.5 Hz, H-2), 7.12 (1H, br s, H-7), 7.24 (1H, d, J
= 2.5 Hz, H-4), 7.55 (1H, br s, H-5), 12.05 (1H, s, OH). 12.18
(1H, s, OH). HREIMS m/z 270.0517 (CisHq0s). 1*C NMR
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[(CD3)COL 6 191.9, 182.2, 167.0, 165.9, 161.9, 149.3, 136.6,
134.0, 1248, 121.2, 114.4, 110.0, 109.7, 108.6, 21.8. Phy-
scion: orange needles from EOI, mp 207—209 °C. IR (KBr):
2 3400 (O, 1630 (C=0) cm~!. UV (McOII) Ly nm (log
) 223,254, 265, 287, 434. HI NMR [(CD3),COJ: § 2.46 (3H,
s, Ar-CHa), 3.94 (3H, s, Ar-CHy), 6.68 (1H, d, J = 2.5 Hz,
11-2), 7.08 (1H, br s, H-7), 7.36 (11, d, J = 2.5 Hz, 1{-4), 7.63
(1H. brs, H-9), 12,12 (11, 5, OHD), 12.31 (1H, s, OH). HREIMS
mfz 284.0708 (Ciell120s). PC NMR [(CD3),COT: & 187.0,
166.8, 159.6, 158.5, 142.5, 141.8, 140.7, 123.6, 123.1, 119.8,
118.9, 108.0, 104.7, 56.0, 21.2. The spectroscopic analyses of
emodin, rhein, and physcion were found to be the same as those
for emodin from Cussia obtusifolia (13} and rhein and physcion
from Rheum emodi (14).

The fungicidal activities of emodin, rhein, and physcion
isolated from C. tora sceds against six phytopathogenic fungi
when treated with various concentrations were determined in
vivo (Table 3). IImodin and physcion showed strong to
maoderate activities against B. cinerea, . graminis, P. infestans,
and R. solani at 1, 0.5, and 0.25 g/L., cxcept for WLR caused
by P. reconditu and RCB caused by Py. grisea. Rhein exhibited
strong fungicidal activitics against B. cinerea, P. infestans, and
R. soluni at 1, 0.5, and 0.25 p/1., cxcept for WLR and BPM
caused by I graminis and P. reconditu and RCB caused by
Py. grisea. Xmodin has an apparent 1.Csp value of approximatcly
0.102, 0.163, 0.385, and 0.046 g/1. against R. solani, B. cinerea,
P. infestans, and FE. graminis, respectively, and physcion has
an [.Csg value of 0.248, 0.263, 0.518, and 0.073 g/1. against R.
soluni, B. cinereua, P. infestuns, and E. graminis, respectively
(Table 3). Furthermore. the 1.Csg valuc of thein is 0.375, 0.478,
and 0.047 p/1. against R. solani, B. cinerea, and P. infestans,
respectively. This study is the first to report the fungicidal
functions of these components isolated from C. tora seeds
against B. cineria, I5. graminis, P. infestans, P. recondita, P.
grisea, and R. solani. The Cassia species are well-known
raditional Chinese medicinal plants. The sceds of the plant have
been widely used for the treatment of red and tearing eyes,
headache, and dizziness (15). They are also used as an essential
ingredient in medicine as antiseptic, antidiarrheal, antioxidant,
antimicrobial, and antimutagen medicines (J0—12, 16). Among
the constituents of C. fora, anthraquiones constitutc a major
group of sccondary metabolites (J6). Anthraquinones (aloc-
cmodin, chrysophanol, physcion, and rhein) from R. emodi have
heen reported to exhibit antifungal activities against Candida
unbicans, Cryptococcus neoformans, Trichophyton mentagro-
phytes, and Aspergillus fumigatus (14). Furthermore, an-
thraquinones (anthraquinone, anthraflavine, anthrarufin, and
quinizarin) cxhibited a strong inhibition against Clostridium
perfringens and Staphylococcus aureus and strongly inhibited
the mouse liver microsomal conversion of aflatoxin B into
aflatoxin B;-8,9-cpoxide (16).

To further examine the fungicidal activity of anthraquinones,
three additional structurally related anthraguinones, aloe-emodin,
anthraquinone, and anthraquinone-2-carhoxylic acid, were de-
termined against the six phytopathogenic fungi (Figure 1 and
Table 3). Aloc-emodin revealed strong to moderate fungicidal
activitics against B. cinereu and R. solani at 1, 0.5, and 0.25
2/l but did not inhibit the growth of E. graminis, P. infestans,
P. reconditu, and Py. grisea. Aloc-cmodin has an apparent 1.Csg
value of 0.177 and 0.275 g/1. against R. solani and B. cinerea,
respectively. Little or no activity was observed for anthraquinone
and anthraquinonc-2-carboxylic acid when treated at 1 g/ (not
shown). In the current study, these results indicated that the
aromatic hydroxyls are probably important moieties for anti-
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fungal actions, given that the four compounds (aloe-emodin,
emodin, physcion, and rhein) have at least two such groups
whereas anthraquinone and anthraquinonc-2-carboxytic acid lack
them. Because of the fungicidal activitics of rhein, emodin, and
physcion against B. cinerea, I. graminis, P. infestans, and R.
solani, the compounds werc compared with the synthetic
fungicides chlorothalonil and dichlofluanid (Table 3). A potent
fungicidal activity was obscrved with chlorothalonil against P.
infestans at 0.05 g/IL and dichlofluanid against B. cinerea al
0.05 g/IL, whercas no fungicidal activity was produced for
chlorothalonil against B. cineria, P. grisea, R. solani, and P.
recondita or for dichlotluanid against P. grisea, P. infestans,
P. recondita, and R. solani. In this study, although the fungicidal
activity of rhein, emodin, and physcion is less than that of the
synthetic fungicides used, rhein, emodin, and physcion may be
useful as leads developing new types of fungicides for control-
ling B. cinerea, E. graminis, P. infestans, and R. solani on crops.

Certain plant extracts and phytochemicals act in many ways
on various types of discase-causing agents and may be applied
to the crop in the same way as other agricultural chemicals.
They are being considered as potential alternatives for synthetic
fungicides (17, 18) or lead compounds for new classes of
synthetic [ungicides such as podoblastin produced by Podo-
phyllum peltatum (19, 20).
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Abstract—The root exudates from Polygonum sachalinense in a recirculating
system significantly inhibited lettuce seedling growth. The rhizomes and roots
of P. sachalinense were extracted with 80% acctone. Bioassay of the neutral-
acidic fraction on the TLC agar plate showed the inhibitory activity corre-
sponded to the two yellow pigment bands. Two orange ncedles were isolated
and identificd as anthraquinone compounds: emodin and physcion. Both com-
pounds exhibited inhibitory activities against the seedling growth of several
testing plant species, Glucosides were isolated from P. sachalinense and were
identified as emodin-1-O-B-p-glucoside ‘and physcion-1-0-3-p-glucoside,
respectively. On plant growth bioassay, these glucosides showed no phyto-
toxic activity against lettuce seedlings. The concentrations of emodin, phys-
cion, and their glucosides from rhizome with roots, aerial parts, fallen lcaves,
and soil were determined. The rhizome with roots and fallen leaves contained
emodin and physcion at relatively high concentrations. Emodin also occurs
in the soil of this plant community with effective concentrations in the fall.
The results indicate that these anthraquinones are responsible for the observed
interference and are potent allelopathic substances.

Key Words—Polygonum sachalinense, allelopathy, allelochemicals, anthra-
quinone, emodin, emodin-1-O-D-glucoside, physcion, physcion-1-O-p-glu-
coside, root exudates.

INTRODUCTION

Chemical interactions among plants have'long been recognized. Many scientists
have shown that certain plants produce ‘secondary compounds that have the
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ability to inhibit growth and germination of other plants (Rice, 1984; Harborme,
1988). The genus Polygonum has about 300 species and is distributed all over
the world. AlSaadawi and coworkers demonstrated that Polygonum aviculare
was allelopathic, and several phenolic compounds and long-chain fatty acids
appeared to be responsible for this activity (AlSaadawi and Rice, 1982a,b;
AlSaadawi et al., 1983). B ’

P. sachalinense (Sachaline giant knotweed), or ‘‘Ohitadori’’ in Japanese,
is a percnnial grass found in Honshu and Hokkaido. Its rhizome has been used
as an herbal medicine for laxative and diuretic purposes. This grass forms col-
onies along roadsides and river banks in gravelly soils. Judging from its ability
to rapidly colonize, we hypothesize that allelopathy contributes to its aggres-
siveness.

‘This paper deals with the isolation and identification of allelochemicals in
P. sachalinense and the evaluation of these allelochemicals in the ecosystem.

METHODS AND MATERIALS

Root FExudate Recirculating Systehis.,,-The evaluation of the effect of the
root exudates as allelochemicals was carried out according to the root exudate
recirculating system of Stevens and Tang (1985). Lettuce seedlings were planted
in the acceptor pot, while P. sachalinense was grown in the donor pot. Nutrient
solution (Tadano and Tanaka, 1976) from the donor pot was lifted through
8-mm-diameter glass tubing to the acceptor pot using an air pump. Nutrient
levels were maintained, and pH was kept 5.5 with H,SO, or NaOH. Recircu-
lating solution was not changed during the experiment except for replenishing
water and nutrient solution. After 10-14 days, the growing condition of lettuce
(Lactuca sativa 1..) seedlings was compared with that of the control growing
under the same conditions without the donor plant. The experiment was carried
out in a greenhouse.

Plant Materials and Extraction. Rhizomes with roots, aerial parts, and
fallen leaves of P. sachalinense were collected at several wild places near the
campus of Hokkaido Tokai University. Excavated rhizomes were rinsed with
tap water and brushed lightly to remove soil, and air-dried. The rhizome (5.1
kg) and aerial part (3.8 kg) were sliced and extracted in separate containers with
80% acetone for about two months at room temperature. The extracts were
filtered and concentrated under reduced pressure. In another experiment, 100 g
of fallen lecaves were extracted with 300 ml of ether for 24 hr, and the residues
were removed by filtration.

Fractionation. The acetone extract of rhizome with roots was divided into
cther-soluble and water-soluble fractions. The ether-soluble fraction was further
divided into neutral, acidic, and basic fractions in an usual manner. The water-
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soluble fraction was evaporated to dryness for bioassay; it did not show any
significant activity against the growth of lettuce secdlings.

TI.C Agar Plate Bioassay. Thin-layer chromatography was carried out on
a 20 X 7-cm silica gel glass plate (Merck, Kieselgel 60 F254) 0.25 mm thick
using hexanc—-CHCl1;-MecOH (4:10:1 v/v/v) as developing solvents. The chro-
matogram was covered with a 0.5% agar.layer (2 mm), and the seeds of green
amaranth (Amaranthus viridis L.), timothy grass (Phleum pratense 1..), crabgrass
(Digitaria adscendens Henr.), and Chinese cabbage (Brassica campestris 1..)
were sown in a row perpendicular to the bands on the chromatogram. The seeds
were incubated in a moisture saturated growth chamber at 24-26°C with 14 hr
light and 10 hr dark. After four to seven days, seed germination and plant growth
were examined. '

Seedling Growth Biocassay. In a 25-mm-high X 40-mm-ID glass Petri dish
10 germinated seeds were placed on 0.5% agar gel with a known concentration
of the test sample. Lettuce, green amaranth, and timothy grass were used for
bioassay. The assay was done in duplicate. Incubation was for seven days in a
growth chamber at 24-26°C with a 14-hr light and 10-hr dark cycle. The average
length of hypocotyl or leaf sheath and the longest roots of the testing plants
were measured and compared with that of the control growing on 0.5% agar
gel only.

Isolation and Identification of Allelochemicals. The inhibitory substances
against seedling growth were fractionated b}'l»SiOz column chromatography using
a hexane~CHC1;—MeOH gradient as an eluent, and the desired products were
recrystallized from hexane—CHCl; to give two orange-needle crystals. The iso-
lated compounds were identified from IR; UV, mass, and NMR spectra.

Emodin (1): IR (KBr) v, 3400 (H)(OH), 1630 (C=0)cm™'; UV (MeOH)
Nmax 221, 253, 265, 289, 437 nm; ['HINMR [(CD;),CO] 6 2.46 (3H, s, Ar-
CH3), 6.65 (1H, d, J = 2.5 Hz, H-2), 7.12 (1 H, br s, H-7), 7.24 (1H, d, J
= 2.5 Hz, H-4), 7.55 (1H, br s, H-5), 12.05 (1H, s, OH), 12.18 (1H, s, OH);
HR EI-MS m/z 270.0515 (C;sH,0s5)..

Physcion (2): IR (KBr); v, 3400 (OH) 1630 (C=0)cm™'; UV (MeOH)
Amax 223, 254, 265, 287, 434 nm; ['HINMR (CDCl,) § 2.45 (3H, s, Ar-CHj),
3.94 (3H, s, Ar-OCH,), 6.68 (1H, d, J = 2.5 Hz, H-2), 7.08 (1H, br s, H-7),
7.36 (1H, d, J = 2.5 Hz, H4), 7.63 (1H, br s, H-5), 12.12 (1H, s, OH),
12.31 (1H, s, OH); HR-EI-MS m/z 284.0704 (C,H,05).

Isolation and Identification of Anthraquinone Glycoside. The rhizomes with
roots and the aerial part of P. sachalinense .were collected in June 1991. Imme-
diatcly after cutting, they were extracted in EtOH by refluxing for 5 hr and the
EtOH solution concentrated to one third: of the original volume. The aqueous
concentrate was extracted with ether to remove free anthraquinones and other
ether-soluble constituents: Ba(OH), solution (5%) was added to precipitate the
organic acids. After filtration, the filtrate was adjusted to pH 3 and was extracted
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with n-BuOH. The n-BuOH layer was separated and evaporated in vacuo to
give the crude glycoside fraction, which was further fractionated by SiO, column
chromatography using a hexane—CHCIl;—MeOH as an eluent to obtain anthra-
quinone glycosides. Rechromatography and further recrystallization from MeOH
gave two glycosides as orange-needle crystals. Identification was based on the
comparison of the melting point, R, values, and spectrometric data with those
in Kang and Woo (1982) and Kato and Morita (1987).
Emodin-1-0-8-p-glucoside (3): mp 193°C; IR (KBr) v,,, 3400 (OH), 1630
(free C=0), 1600 (chelated C=0) cm™'; UV (EtOH) A... 221, 253, 265,
286, 421 nm; ['HINMR (CD;OD) § 2.40 (3H, s, Ar-CHj3), 4.96 (1H, d, J =
7.5 Hz, anomeric H), 7.04 (1H, br s, H-7), 7.10 (1H, d, J = 2.5 Hz, H-2),
7.32 (1H, d, J = 2.5 Hz, H-4), 7.48 (1H, br s, H-5); FAB-MS (DMSO) m/z
(NaCl addition) 455 (M + Na)™, 478 (M + 2Na)™
Physcion-1-O-B-D-glucoside (4): mp 240°C; IR (KBr); v,,,,x 3400 (OH),
1640 (free C=0), 1600 (chelated C=0) cm™'; UV (MeOH) A, 226, 273,
417 nm; ['H]NMR (CD;OD) 6 2.46 (3H, s, Ar-CHy), 3.97 (3H, s, Ar-OCHj),
4.96 (1H, d, J = 7.5 Hz, anomeric H), 711(1H br s, H-7), 7.30 (1H, d, J
= 2.5 Hz, 11-2), 7.57 (1H, d, J = 2.5 Hz, H-4), 7.60 (1H, br s, H-5).
Quantitation of Anthraquinones and Anthraquinone Glycosides. Plant sam-
ples were collected at several wild places.near the campus of Hokkaido Tokai
University. Fresh aerial parts, rhizome with roots, and fallen leaves were
extracted with 80% acetone. After concentration, the aqueous residues were
extracted with ether. The ether-soluble fractions were quantitatively analyzed
by HPLC (JASCO System-800) and comparcd with standard emodin and phys-
cion (purchased from Funakoshi Co. Ltd.). The analytical conditions are as
follows: column—YMC-Pack ODS-AM (30 cm X 10 mm ID); solvent—MeOH/
H,0 (80:20, v/v); flow rate—4 ml/min, wavelength of detection—245 nm.
Soil samples were collected in November 1990 from the center of a P.
sachalinense community ncar the campus of Hokkaido Tokai University at the
depth of about 10 cm. Litter was removed as completely as possible by sieving
and the soil was dried at room temperature overnight. A 500-g soil sample was
stirred in 2 liters of acetone—1 N HCl (2: 1, v/v) for 1 hr at 50°C and further
treated with ultrasonic energy for 1 min. After leaving overnight at room tem-
‘perature, it was filtered. The filtrate was evaporated to remove acetone and
extracted three times with ether. The ether extract was evaporated in vacuo and
fractionated by SiO, column chromatography “The contents of emodin and phys-
cion were determined by HPLC. The amounts of anthraquinone glycosides were
determined by weighing the isolated crystals of emodin-1-0O-3-p-glucoside and
physcion-1-0-8-nD-glucoside. o
Spectrometers. IR spectra were recorded on a JASCO IR-810 as KBr disk
for crystals. UV spectra were recorded on:a Hitachi U-3210 spectrophotometer.
NMR spectra were measurcd on a Bruker AM-400 (400 MHz) spectrometer
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using TMS as an internal standard. Mass spectra were recorded using JEOL
JMS-DX303HF GC-MS spectrometer.

RESULTS AND DISCUSSION

The root exudates from P. sachalinense showed an inhibition on lettuce
seedling growth using the recirculating system. It is well known that organic
compounds are exuded from healthy undamaged plant roots (Rovira, 1969), and
we expect that allelochemicals or their precursors are present in the plant tissue
and also released from the rhizome and roots.

From the results of the TLC agar plate bioassay, growth inhibitory activity
was shown in the two bands of yellow pigments against green amaranth and
timothy grass on the chromatogram of the neutral-acid fraction (Figure 1). Two
corresponding orange needles were isolated and identified as anthraquinone com-
pounds: emodin (1) and physcion (2) (Figure 2).

Emodin and physcion cxhibited inhibitory activitics against the seedling
growth of several test species (Figure 3). Emodin inhibited root and hypocotyl
or leaf sheath growth over 100 ppm (3.7 X 10~* M). It severely inhibited the
growth of lettuce seedlings at 50 ppm (1.85 X 10~ % M). Physcion was less
active and inhibited root and hypocotyl growth at 200 ppm (7.0 x 10™* M).

The presence of anthraquinone glucosides was expected since they are
common for transportation and storage and arc less toxic in the plant. As a
result, two glucosides were isolated from both the rhizome and aerial part of P.
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Fi1G. 1. Bioassay of ncutral and acid substances from Polygonum sachalinese by TLC
agar plate method (5 days). Arrows point to areas of inhibited plant activity. (1) green
amaranth, (2) timothy grass, (3) crab grass, (4) Chinese cabbage.
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(1) R=H, Ry=H Emodin

(2)R,;=H, R,=CH; Physcion

3) R;=Glu, R,=H Emodin-1-0-8-D-glucoside
(4) R =Gtu, R,=CH; Physcion-1-0-B-D-glucoside

FiG. 2. Chemical structures of allelochemical candidates from Polygonum sachalinense.
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Frig. 3. Growth inhibitory activities of emodin and physcion against plant seedlings. O:
lettuce, A: green amaranth, Ci: timothy grass.

sachalinense and identified as emodin-1-O-3-p-glucoside (3) and physcion-1-
O-f-p-glucoside (4) (Figure 2). In plant growth bioassay, both emodin and
physcion glucosides showed no phytotoxicity at 200 ppm against lettuce seed-
lings. '

The concentrations of emodin and physcion, and their glucosides in the
rhizome, aerial part, fallen leaves, and soil were quantitatively determined.
Contents of emodin and physcion in the fresh rhizome were ca. 158 and 32 mg/
kg fresh weight, and in the aerial part, ca. 72 and 22 mg/kg fresh weight,
respectively. Large amounts of anthraquinones were still detected in dry fallen
leaves more than four months after defoliation: emodin, 213 mg/kg dry weight;
physcion, 180 mg/kg dry weight. In addition, contents of emodin and physcion
in the soil were 55 and 30 mg/kg dry weight, respectively; these concentrations
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[



ALLELOCHEMICALS 1839

are enough to inhibit plant scedlings. These facts indicate that the anthraquinones
arc very stable in the ecosystem. '

Allelopathic substances arc released from plants in four ways (Tukey, 1969):
(1) Litter of leaves and stems decomposes. by physical or biological processes
and the substance is released. (2) The active substance is rcleased to the soil
from the root directly by exudation or through the decay of dcad roots. (3)
Volatile material is vaporized from plants and acts on other plants through the
air. (4) Rain and fog drips transfer toxic compounds from leaves to the soil.

Wc consider that the first two items above are associated with the alle-
lopathy of P. sachalinense. It has anthraquinone glucosides in the plant tissue.
We propose that cither these glucosides or the aglycons are released from the
rhizome. The glucosides are then decomposed to active forms—emodin and
physcion—and subsequently exhibit plant growth inhibitory activities against
other plant species. To confirm this hypothesis, isolating glucosides and agly-
couns from the root exudate solution is currently under investigation. Further-
more, anthraquinones exuded from the fallen leaves of P. sachalinense
accumulate on the soil surface and affects early seedling growth of nearby plants
of the community. ey

There are reports about antimicrobial activities of emodin and physcion
(Podojil et al., 1978; Anke et al., 19_80,,K1tanaka and Takido, 1986). Some
antimicrobial activity by emodin and physcion may directly or indirectly affect
the growth of other plants. Rice (1964, 1984) and AlSaadawi et al. (1983)
pointed out that some weeds produce allelopathic chemicals that inhibited soil
bacteria and changed the soil environment to their own advantage. While these
anthraquinone compounds are potent allelopathic substances, the question of the
extent of their impact against the flora in P. sachalinense is yet to be fully
evaluated.

Acknowledgments-—-We wish to thank Mr. A Sato {(Hokkaido Tokai University) for NMR
and mass spectral measurements.
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months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

If a Continued Prosccution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http:/pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.
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OMB Clearance and PRA Burden Stafement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencics to obtain Office of Management and
Budget approval before requesting most types of information from the public. When OMB approves an agency
request to collect information from the public, OMB (i) provides a valid OMB Control Number and expiration
date for the agency to display on the instrument that will be used to collect the information and (ii) requires the
ageney to inform the public about the OMB Control Number's legal significance in accordance with 5 CFR
1320.5(b).

Thie information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is cstimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary
depending upon the individual case. Any comments on the amount of time you require to complete this form
and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT
SEND FEIS OR COMPLIETED FORMS TO TIHIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box
1450, Alexandria, Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required 10
respond (o a collection of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requircments of the Act, please be advised that: (1) the general authority for the collection of this information is
35 U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which
the information is used by the 1).S. Patent and Trademark, Office is to process and/or cxamine your submission
related to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and
Trademark Office may not be able to process and/or examine your submission, which may result in termination of
proceedings or abandonment of the application or expiration of the patent.

The information provided by you-in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the I)cpartmenl of Justice to determine whether disclosure of these records is required
by the Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of prcsemmg evidence
10 a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
scttlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to
comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation ‘[reaty in this system of
records may be disclosed, as a routine use, to. the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes
of National Sccurity review (35 U.S. (” 181) and for.review pursuant to thc Atomic Iinergy Act (42 U.S.C.
218(c)).

7. A record from this system of records may be dmcloscd as a routinc usc, to the Administrator, (General
Services, or his/her designee, during an inspection ‘of irecords conducted by GSA as part of that agency's
responsibility o recommend improvements in records management practices and programs, under authority
of 44 1.S.C. 2904 and 2906. Such disclosure shall: be madc in accordance with the GSA regulations
governing inspection of records for this purpose, and any other relevant (i.c., GSA or Commerce) directive.
Such disclosure shall not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication
of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a
record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the
record was filed in an application which became abandoned or in which the proccedings were terminated
and which application is referenced by either a published application, an application open to public
inspection or an issucd patent.

9. A record from this system of records may be disclosed; as a routine use, to a Federal, State, or local law
enforcement agency, il the USPTO becomes aware of a violation or potential violation of law or regulation.

T



Notices of Allowance and Fee(s) Due mailed between October 1, 2013 and
December 31, 2013

(Addendum to PTOL-85)

If the “Notice of Allowance and Fee(s) Due” has a mailing date on or after October 1, 2013 and before
January 1, 2014, the following information is applicable to this application.

If the issuc fce is being timely paid on or after January 1, 2014, the amount duc is the issue fee and
publication fcc in cffect January 1, 2014. On January 1, 2014, the issuc fees set forth in 37 CFR 1.18
deereasce significantly and the publication fee set forth in 37 CFR 1.18(d)(1) decreases to $0.

If an issuc fcc or publication fec has been previously paid in this application, applicant is not entitled to a
refund of the difference between the amount paid and the amount in effect on January 1, 2014,



T B Application No. Applicant(s)
13/288,864 SU ET AL.
4 Tr i i AlA (First Inventor to
Notice of Allowability /E\t?gcl)n;(r)USH ?(; ;Jmt File) Status
2 ) No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR.REMAINS) CLOSED in this application. If not included
herewith (or previcusly mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
' NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
" of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. [ This communication is responsive to the response filed on 08/26/2013.
[] A declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filed on .

. 2. [ An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the restriction

; requirement and election have been incorporated into this action.

3. [X The allowed claim(s) is/are 5-10,18 and 20-25. As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information,
please see hftp/iwww, uspic.govipatenis/init_eventsipplyindex.jsp or send an inquiry to PPHigedback@uspto.aoy .

+ 4. [J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[] Al by Some *c) [ None of the:
1. [ Certified copies of the priority documents have been received.
2. {0 Certified copies of the priority documents have been received in Application No. __
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)). -
* Certified copies not received: ___ . o

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE. ,

5. ] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.

[] including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identitying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
i each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

' 6. ] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
! attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BICLOGICAL MATERIAL.

i Attachment(s) Co

L [J Notice of References Cited (PTO-892) 5. [] Examiner's Amendment/Comment

. 2. [ Information Disclosure Statements (PTO/SB/08), 6. X Examiner's Statement of Reasons for Allowance
‘ Paper No./Mail Date :

: 3. [ Examiner's Comment Regarding Requirement for Deposit 7. [0 Cther .

of Biological Material
_ 4. [ Interview Summary (PTO-413),
) Paper No./Mail Date )

/ALI SORQUSH/
Primary Examiner, Art Unit 1617

U8, Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20131213



Application/Control Number: 13/288,864 , Page 2
Art Unit: 1617

DETAILED ACTION

The present application is being examined under the pre-AlA first to invent

provisions.
Acknowledgement of Receipt

Applicant's response filed on 08/26/2013 to the Office Action mailed on

04/25/2013 is acknowledged.
Claim Status

Claims 5-10, 18, and 20-25 are pending.

Claims 1-4, 12-17 and 19 are cancélled 'and claim 11 was previously cancelled.

Claims 5-10, 18, and 20 are currently amended.

Claims 21-25 are newly added.

Claims 5-10, 18, and 20-25 have been examined.

Claims 5-10, 18, and 20-25 are allowed.: .

Priority

Priority to application 61/410279 filed on:1:1/04/2010 is acknowledged.

<o



Application/Control Number: 13/288,864 Page 3
Art Unit: 1617

Withdrawn Claim Rejections - 35 USC § 102

Response to Applicant’'s Arguments

The rejectidn of claims 6-10 and 18 under 35 U.S.C. 102(b) as being anticipated
by inoue et al. (Allelochemicals From Polygonum sachalinense FR. SCHM.
(POLYGONACEAE), Published 1992) is withdrawn in view of the amendments to the
claims.

The rejection of claims 1-4, 12-15, and 19 under 35 U.S.C. 102(b) as being
anticipated by Inoue et al. (Allelochemicals From Polygonum sachalinense FR. SCHM.
(POLYGONACEAE), Published 1992) is moot sihce the claims are cancelled.

The rejection of claims 16 and 17 under 35 U.S.C. 102(b) as being anticipated by
Kim et al. (Anthraquinones Isolated from Cassia tora (Leguminosae) Seed Show an
Antifungal Property against Phytopathogenic Fungi, Published 2004) is moot since the
claims are cancelled.

REASONS FOR ALLOWANCE

The following is an examiner’s statement of reasons for allowance: the prior art is
free of any teaching or suggestion of modulating plant growth and/or root initiation or
extension by application to the root of a plant a composition comprising anthraquinone.
Therefore, claims 5-10, 18, and 20-25 are allowed.

Any comments considered necessary by applicant must be submitted no later
than the payment of the issue fee and, to avoid,prgcessing delays, should preferably
accompany the issue fee. Such submissionsvs:hould be clearly labeled “Comments on

Statement of Reasons for Allowance.”

LSS
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Application/Control Number: 13/288,864 ' Page 4
Art Unit: 1617

COnqus_ion

Claims 5-10, 18, and 20-25 are allowed.. |

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to ALI SOROUSH whose telephone number is (571)272-
9925. The examiner can normally be reached on M-F (3am-6pm).

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisar, Fereydoun G. Sajjadi can be reached on (571)272-3311. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAI R).system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have guestions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/ALl SOROUSH/
Primary Examiner, Art Unit 1617

December 13, 2013



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of )
Hai Su et al. | ; Atty. Dkt. MOI-42018US
Appl. N0.:13/288,864 ;

)- Examiner: Ali Soroush
Filed: November 3, 2011 ; Group Art Unit: 1617

For: COMPOSITIONS CONTAINING ANTHRAQUINONE DERIVATIVES AS
GROWTH PROMOTERS AND ANTIFUNGAL AGENTS

RESPONSE TO OFFICE ACTION

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

In response to the Office Action of April 25, 2013, applicants submit the following
amendments and response.
S
Amendments to the Claims are reflected in the listing of claims which begins on page

2 of this paper.
A Memorandum of Interview is presented on page 5 of this response.

Remarks begin on page 6 of this paper.



3

Amendments to the Claims:

Listing of Claims:

This listing of claims will replace all prior versions, and listings, of claims in the
application:

CLAIM AMENDMENTS
1.-4. (Canceled)

5. (Currently amended)

A method for modulating growth of a plant comprising treating one or more roots of said

plant with a composition comprising one or more anthraguinone derivatives which

modulate plant growth in an amount effective to modulate said growth in said plant prior

to transplanting and transplanting said plant into soil, wherein said plant is a fruit,

vegetable, tree, or vine plant. The-method-acecordingto-claim-4—whereinrprierte

alada abtdlala o lla -l alda - alaWalaValia mao a¥a - - 0 aVala -
-, > cHO v -

6. (Currently amended) The method according to claim [[1]] 5, wherein the composition

is applied to a said one or more roots of said fruit, vegetable, tree or vine of said plant

via drip irrigation, root dip or in-furrow application.

7. (Currently amended) The method according to claim [[1]] 5, wherein the

anthraquinone derivative is derived from a plant.

8. (Currently amended) The method according to elaims-3 claim 5, wherein the
anthraquinone derivative is derived from-a member of a plant family selected from the
group consisting of Polygonaceae, Rhamnaceae, Fabaceae, Asphodelaceae and

Rubiaceae.

9. (Currently amended) The method aécdrding to elatms— claim 5, wherein the

2
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anthraquinone derivative is derived from a Reynoutria species.

10. (Currently amended) The method according to claim [[1]] 5, wherein said

anthraquinone derivative is derived from Reynoutria sachalinensis.

11-17. (Canceled)

18. (Currently amended) The method according to claim [[1]] 5, wherein said
composition is a plant extract and said plant extract comprises said anthraguinone
derivatives.

19. (Canceled)

20. (Currently amended) A method for modulating root initiation or extension of a plant

comprising (a) treating one or more roots of said plant with a composition comprising

one or more anthraguinone in an amount effective to modulate root extension when

transplanted into soil in said plant and (b) transplanting the treated plant into soil,

wherein said composition is a plant extract and said plant extract comprises said one or

more anthraquinone derivatives. Fhe-method-according-to-claim19,—wherein-said-root

21. (New) The method according to claim 20, wherein said extract is derived from the

PR

family Polygonaceae.

22. (New) The method according to claim 20, wherein said extract is derived from

Reynoutria sp. or Rheum sp.
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23. (New) The method according to claim 20, wherein said extract is derived from

Reynoutria sachalinenis.

24. (New) The method of claim 20, wherein the plant is a fruit, flower, ornamental,

tree, shrub, bulb, vegetable, or vine plant.

25. (New) The method of claim 20, wherein the plant is a strawberry, squash,
cucumber, tomato, rose, pepper, eggplant, grapevine, cotton, onion, garlic, wheat, soy,

corn, or rice plant.



MEMORANDUM OF INTERVIEW

On July 18, Examiner Soroush kindly granted the undersigned a telephonic interview.

During the interview, the undersigned presented suggestions with regard to the subject
matter not found allowable, in particular, replacing the term “modulating” with promoting
in claims 1 and 15. Examiner Soroush expressed 112 concerns in view of those

amendments.



REMARKS

CLAIM AMENDMENTS

Claim 5 has been amended to incorporate all of the limitations of the base claim and
intervening claims, i.e., the claim combines the limitations of former claims 1, 4, and 5.
Claim 20 has been amended to incorporate all of the limitations of the base claim and
intervening claims, i.e., the claim combines the limitations of former claims 1, 18, 19
and 20. New claims 21-23 are equivalent to former claims 12-14, but dependent on
claim 20. New claims 24 and 25 are equivalent to former claims 2-3, but dependent on

claim 20.

ALLOWABLE SUBJECT MATTER: Claim 5 and 20

On page 5 of the Action, the Office objected to claims 5 and 20 as being dependent on
rejected base claims, but found these claims otherwise allowable. The claims have
been appropriately amended. All remaining claims depend directly or indirectly on

claims 5 or 20.

ANTICIPATION REJECTIONS

On page 3, claims 1-4, 6-10, 12-15, 18 and 19 are rejected under 35 U.S.C. 102(b) as
being anticipated by Inoue et al. (AIIelocHemicaIs From Polygonum sachalinense FR.
SCHM. (POLYGONACEAE), Published 1992).

On page 4, claims 16 and 17 are rejected under 35 U.S.C. 102(b) as being anticipated
by Kim et al. (Anthraquinones Isolated from Cassia tora (Leguminosae) Seed Show an

Antifungal Property against Phytopathogenic Fungi, Published 2004).

The rejections are moot in view of the amendments to the claims. All claims are now

directly or indirectly dependent on subject matter which has been found allowable.

I5



Applicants submit that in view of the above, the claims should now be in condition for

allowance and the issuance of an early notice of allowance is respectfully requested.

The Commissioner is authorized to charge any fee deficiencies and overpayments to

deposit account number 50-3135.

Respectfully submitted,

/Joyce v. Natzmer/

Joyce von Natzmer

Reg. No. 48,120

Agris & von Natzmer LLP
Customer No. 46002

Direct Telephone: (301) 657-1282

Monday, August 26, 2013



Unimed StaTis PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONYR FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450
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APPLICATION NO. l FILING DATE FIRST NAMED INVENTOR l ATTORNEY DOCKETNO. | CONFIRMATION NO. |
13/288.864 F1/03/2011 Hai Su MOI-42018-US 5883
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Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Officc communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

c.agrs.patlaw @pobox.com
clhrasa@aol.com
realtargetscompany @yahoo.com

PTOL-90A (Rev. O:407)
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i Application No. Applicant(s)
} 13/288,864 SUETAL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
: ALI SOROUSH 1617 Status

No

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,

— The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

, WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

=xtensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

! after SIX (6) MONTHS from the mailing date of this communication,

i - 1f NO period for reply is specified above, the maximum statutory period will apply and wili expire SIX (6) MONTHS from the mailing date of this communication.
Pailure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

carned patent term adjustment. See 37 CFR 1.704(b).

. Status
)X Responsive to communication(s) filed on 10 January 2013.

‘ [[] A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on
' 2a)[] This action is FINAL. 2b)X This action is non-final.

: the restriction requirement and election have been incorporated into this action.

4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims
5 Claim(s) 1-10 angd 12-2Q is/are pending in the application.

I 3) An election was made by the applicant in response to a restriction requirement set forth during the interview on
i
)
i

6)( ] Claim(s) ___is/are allowed.

7)) Claim(s) 1-4.6-10 and 12-19 is/are rejected.
8)X Claim(s) 5 and 20 is/are objected to.

9)[] Claim(s)

5a) Of the above claim(s) is/are withdrawn from consideration.

are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitp/hwww. usolo,govi/patents/init_events/oph/indsx.jsp or send an inquiry to PPHieedback@®@uspto.qoy.

i Application Papers
: 10)J The specification is objected to by the Examiner.
11)J The drawing(s) filed on

Priority under 35 U.S.C. § 119

Certified copies:
a)J Al b)[J Some * ¢)[] None of the:

is/are: a)[] accepted or b) E] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s).be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).

l 1.[J Certified copies of the priority documents have been received.
|

2.[] Certified copies of the priority documents have been received in Application No.

3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

“ See the attached detailed Office action for a list of the certified copies not received.

Interim copies:

a)[J Al b)[] Some ¢)[T] None of the: Interim copies of the priority documents have been received.

Attachment(s)
1) & Notice of References Cited (PTO-892) S 3) D Interview Summary (PTO-413)
. . EH P No(s)/Mail Dat
2) & Information Disclosure Statement(s) (PTO/SB/08) aper No(s)/Mail Date.
Paper No(s)/Mail Date 11122012, 03212013. o a)[Jother: ____

LS. Patent and Trademark Office
PIOL 326 (Rev. 03-13) Office Action Summary

Part of Paper No./Mail Date 20130419



Application/Control Number: 13/288,864 Page 2
Art Unit: 1617

DETAILED ACTION
Acknowledgement of Receipt
Applicant's response filed on 01/10/2013 to the Office Action mailed on

01/10/2013 is acknowledged.

Claim Status
Claims 1-10 and 12-20 are pending.

Claim 11 is cancelled.
Claims 1-10 and 12-20 have been examined.
Claims 1-4, 7-10, 12-19 are rejected.

Claims 5 and 20 are objected to. -

Election/Restrictions
Applicant’s election without traverse of Group | (claims 1-10 and 16-17) in the
reply filed on 01/10/2013 is acknowledged. In view of Applicant’'s amendments to claims
12-15 the claims are rejoined with claims 1-10 and 16-17. Further, new claims 18-20 are
dependent upon claim 1 directly or indirectly and therefore are joined to Group I. For the

foregoing reasons, claims 1-10 and 12-20 are hereby examined.

Priority

Priority to application 61/410279 filed-on 1,1/04/2010 is acknowledged.

47



Application/Control Number: 13/288,864 Page 3
Art Unit: 1617

Information Disclosure Statement
The information disclosure statements (IDSs) submitted on 11/12/2012 and
03/21/2013 is in compliance with the provisions of 37 CFR 1.97. Accordingly, the

information disclosure statements have been considered by the examiner.

Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that

form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless — | .. ..

(b) the invention was patented or described in a printed publication in this or a foreign country or in
public use or on sale in this country, more than one year prior to the date of application for patent in
the United States.

Claims 1-4, 6-10, 12-15, 18 and 19 are rejected under 35 U.S.C. 102(b) as being
anticipated by Inoue et al. (Allelochemicals From"Polygonum sachalinense FR. SCHM.
(POLYGONACEAE), Published 1992).

The claims are directed to a method of modulating growth of plant comprising
treating the plant with a composition comprising one or more anthraquinone derivatives.
The claims are further directed to the plant be‘i'rzfg' é'vegetable. The claims are further
directed to the plant being transplanted into soil: The claims are further directed to the
plant growth is modulated by modulating gernﬁiﬁafion of a seed by applying to the
composition to said seed. The claims are further directed to the plant growth is
modulated by modulating root initiation and extension. The claims are further directed to
the composition is a plant extract comprising anthraquinone derivatives, wherein the

plant is from the member Polygonaceae such as Reynoutria (Polygonum) sachalinense.



Application/Control Number: 13/288,864 o Page 4
Art Unit: 1617

Inoue et al. teach lettuce (vegetable plant) seedlings were planted in the acceptor
pot (transplanting plant into soil) and nutrient solution from P. sachalinense is lifted
through tubing into the acceptor pot (in-furrow application) (page 1834, paragraph 4).
Emodin and physcion exhibited inhibitory (modulated) activity against lettuce seedling
growth (page 1837, paragraph 4). Emdoin and physcion are anthraquinone extracted
from P. sachalinense (abstract). Therefore, the instant claims are anticipated by the
prior art.

Claims 16 and 17 are rejected under 35 U.S.C. 102(b) as being anticipated by
Kim et al. (Anthraquinones Isolated from Cassia tora (Leguminosae) Seed Show an
Antifungal Property against Phytopathogenic Fungi, Published 2004).

The claims are directed to a method for modulating soil borne infection in a plant
comprising treating a plant with an amount of a composition containing one one more
anthraquinone. The claims are further directed to the soil borne disease infection by a
pathogenic microorganism such as Phytophthora. |

Kim et al. teach applying a solution of erﬁodin or physcion to tomato plant for
treating infection of Phytophthora infestans (page 6097, Table 1, column 2, paragraph 4
and page 6098, Table 3). Therefore the instant claims are rendered obvious by the

teachings of the prior art.
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Art Unit: 1617

Claim Objections

Claims 5 and 20 are objected to as being dependent upon a rejected base claim,
but would be allowable if rewritten in independent form including all of the limitations of
the base claim and any intervening claims. The prior art is free of any teaching or
suggestion wherein a composition comprising anthraquinone is applied to the root of a
plant.

Conclusion

No claims are allowed.

Any inquiry concerning this communication.or earlier communications from the
examiner should be directed to ALI SOROUSH whose telephone number is (571)272-
9925. The examiner can normally be reached.on M-F (9am-6pm).

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Fereydoun G. Sajjadi can be reached on (571)272-3311. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.
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Art Unit: 1617

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-3197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/ALl SOROUSH/
Primary Examiner, Art Unit 1617

April 19, 2013
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CLAIM AMENDMENTS
1. (original) A method for modulating growth of a plant comprising treating said plant
with an amount of a composition comprising one or more anthraquinone derivatives

which modulate plant growth cffective to modulate said growth in said plant.

2. (original) The method according to claim 1, wherein said plant is a fruit, flower,

ornamental plant, tree, shrub, bulb plant or vegetable or vine.

3. (original) The method according to claim 1, wherein said plant is selected from the
group consisting of strawberry, squash, cucumber, tomato, rose, pepper eggplant,

grapevine, cotton, onion, garlic, wheat, soy, corn and rice.

4. (original) The mcthod according to claim 1; further comprising transplanting said

plant into soil.

5. (original) The method according to claim 4, wherein prior to transplanting said plant
into soil, one or more roots of said fruit, or vegetable, tree or vine are treated with said

composition.

0. (original) The method according to claim 1, wherein the composition is applied to a
fruit, vegetable, tree or vine of said plant via drip irfigati()n, root dip or in-furrow

application.

7. (original) The method according to claim 1, Wwherein the anthraquinone derivative is

derived from a plant.

8. (original) The method according to claims 1, wherein the anthraquinone derivative is
derived from a member of a plant family selected from the group consisting of

Polygonaceae, Rhamnaceae, Fabaceae, Asphodelaceae and Rubiaceae.

g



9. (original) The method according to claims 1, wherein the anthraquinone derivative is

derived from a Reynoutria specices.

10. (original) The method according to claim 1, wherein said anthraquinone derivative is

derived from Reynoutria sachalinensis.
Claim 11 (canceled)

12. (withdrawn-currently amended) The method according to claim 4418, wherein said

extract is derived from the family Polygonaceae.

13. (withdrawn-currently amended) The method aéC()x;ding to claim 34:18, wherein said

extract is derived from Reynoutria sp. or Rheum sp.

14, (withdrawn-currently amended) The rhethod according to claim 418, wherein said

extract is derived from Reynoutria sachalinenis.

15. (withdrawn-currently amended) A-methedThe method according to claim 1 wherein

the growth of the plant is modulated by modulating germination of a seed of said plant

and wherein the 'f()r—-m()dulatting—germinatidh of a-the seed of a-the plant is modulated by

comprising-applying to said seed an amount of (a) a composition containing one or more
anthraquinonc derivatives which modulate growth in a plant and (b) optionally a seed

coating agent effective to modulate said germination of said seed of said plant.

16. (original) A method for modulating non-Rhizoctonia soil borne disease infection in a

plant comprising treating a plant with an amount of a composition containing one or more

anthraquinone derivatives which modulate growth in a plant effective to modulate said

so0il borne disease in said plant.

17. (original) The method according to claim 16, wherein said soil borne disease

infection in said plant results from infection by d pathogenic microorganism selected

U9
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from the group consisting of Pythium, Phytophthora, Verticillium, Sclerotium,
group & ) 3UY!

Colletotrichum and Fusarium-

18. (ncw) The method according to claim 1, wherein said composition is a plant extract

and said plant extract comprises said anthraquinone derivatives.

19. (new) The method according to claim 18, wherein said plant growth in said plant is

modulated by modulating root initiation and extension in said plant.

20. (new) The method according to claim 19, wherein said root initiation and extension
in said plant is modulated by (a) treating one or more roots of a plant with a plant extract
in an amount effective to modulate root extension when transplanted into soil and

(b) transplanting the treated plant of (a) into soil.



REMARKS

Before addressing the Restriction Requirement, Applicants wish to note that claim
15 has been amended to more distinctly claim the subject matter of the invention and to
have claim 15 depend from claim 1. Claim 11 has been canceled without prejudice.
[owever, the substance of claim 11 is presented in new claims 18-20. Furthermore,
claims 12-14 havc been amended to depend from claim 18. Amended claim 15 and new
claims 18-20 arc supported by the specification (see, for example, page 2, lines 21-23 and
page 3, linc 9). No ncw matter has been added.

The following Restriction Requirement has been issued:

I Claims 1-10 and 16-17, drawn to a method of modulating
plant growth and/or soil borne disease with application of
anthraquinone derivative, classified in class 544, subclass
156. T

II. Claims 11-14, drawn to a method of modulating root
initiation with application of a plant extract to the plant root,
classified in class 424, subclass 725.

11. Claim 15, drawn to a method of modulating seed
germination with application of anthraquinone derivative to
the seed, classified in class 544, subclass 155.

The Restriction Requirement specifically asserts:

Inventions I and Il are directed to related processes. The
related inventions are distinct if: (1) the inventions as
claimed are either not capable of use together or can have a
materially different design, mode of operation, function, or
effect; (2) the inventions do not overlap in scope, i.e., are
mutually exclusive; and (3) the inventions as c]almed are not
obvious variants. See MPEP § 806.050(j). In the instant case,
the inventions as claimed different:modes of operation since
Group I requires the application of:anthraquinone to the plant
whereas the invention of Group II'requires the application of
a plant extract to the seed of the plant. Furthermore, the
inventions as claimed do not encompass overlapping subject
matter and there is nothing of record to show them to be
obvious variants

Inventions | and Il are directed to related processes. The

related inventions are distinct if: (1) the inventions as claimed
arc either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the

5



inventions do not overlap in scope, i.e., are mutually
exclusive; and (3) the inventions as claimed are not obvious
variants. See MPEP § 806.050(j). In the instant case, the
inventions as claimed have different mode of operation, since
the Invention of Group I requires the application to be to the
plant and the Invention of Group Ill requires the application
to be to the seed of the plant. Furthermore, the inventions as
claimed do not encompass overlapping subject matter and
there is nothing of record to show them to be obvious
variants.

Inventions 11 and HI are directed to related processes. The
related inventions are distinct if: (1) the inventions as claimed
are cither not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the
inventions do not overlap in scope, i.e,, are mutually
exclusive; and (3) the inventions as claimed are not obvious
variants. See MPEP § 806.050(j). In the instant case, the
inventions as claimed different modes of operation since
Group Il requires the application of anthraquinone to the
plant seed whereas the invention of Group 1l requires the
application of a plant extract to the seed of the plant.
Furthermore, the inventions as claimed do not encompass
overlapping subject matter and there is nothing of record to
show them to be obvious variants.

Applicants, in response, clect Group | with traverse. Howcever, in view of the
canccllation of claim 11 and the amendment of claim 15, Applicants do respectfully
request reconsideration of the Restriction ch.uiérerr.]ent and rcjoinder of the withdrawn
claims for the rcasons sct forth below. [

First, with respect to the claims of Groups [ and 1, Applicants note that different
modcs of opcration arc not required. Specifically, claim 11 has been canceled. New
claim 18 recites that the composition may be a plant extract and that the plant extract may
comprisc anthraquinonc derivatives. Claims 12-14 now depend from claim 18.

Sceond with respect to the claims of Groups 1 and 111, Applicant asserts that
different modcs of opcration arc indeed not rcquircd; To more distinctly claim the
subjcct matter of the invention, claim 15 has been amended to depend from claim 1.
Specifically claim 15 recites that the growth of the plant is modulated by modulating seed
germination, a specific cmbodiment of the subjcét matter of claim 1 and that seed

germination is modulated by treating the plant, -



Similarly, with respect to the claims of Groups II and 111, it is also Applicants’
position that diffcrent modes of operation are not involved. As noted above, claim 11 has
been canceled and new claim 18 recites that the composition may be a plant cxtract.
Claims 12-14 now depend from claim 18. Fu‘rtvhcv‘rr.nore, the claims of Groups I1 and 111
involving modulating the growth of a plant. o

In summary, in vicw of the above arguments, the cancellation of claim 11, the
amendment of claim 15 and the addition of claims 18-20, Applicants respectfully request
rcconsideration of the Restriction Requirement. Early action to that cnd is respectfully
requested.  The Examiner is invited to contact the undersigned if there are any questions
regarding this Restriction Requirement or application at (914) 712-0093.

Respectfully submitted,
|Chery! . A (grss!

Datc: January 10, 2013 Cheryl H. Agris, Reg. No. 34,086
P.0O. Box 8495
Pclham, N.Y. 10803
(914) 712-0093
Customer No. 25538
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Application No. Applicant(s)
Notice of Non-Compliant Amendment | 13/288,864 SUETAL.
(37 CFR 1.121) Art Unit
1617

|
|
|
|
[
i
i
|
|
|
|

l
1
|
|
|
|

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --

The amendment document filed on 10 December, 2012 is considered non-compliant because it has failed to meet the
reqwrements of 37 CFR 1.121 or 1.4. In order for the amendment document to be compliant, correction of the following
item(s) is required.

THE FOLLOWING MARKED (X) ITEM(S) CAUSE THE AMENDMENT DOCUMENT TO BE NON-COMPLIANT:
& 1. Amendments to the specification:
[0 A. Amended paragraph(s) do not include markings.
[C] B. New paragraph(s) should not be underlined.
X C. Other Response was not signed.

(] 2. Abstract:
[ A. Not presented on a separate sheet. 37 CFR 1.72.
(] B.Other _____

[J 3. Amendments to the drawings: :
[J A. The drawings are not properly identified in the top margin as “Replacement Sheet,” “New Sheet,” or
“Annotated Sheet” as required by 37 CFR 1.121(d).
(] B. The practice of submitting proposed drawing correction has been eliminated. Replacement drawings
showing amended figures, without markings, in compliance with 37 CFR 1.84 are required.
(] C.Other

(] 4. Amendments to the claims:

[J A. A complete listing of all of the claims is not present

[] B. The listing of claims does not include the text of all pending claims (including withdrawn claims)

[J C. Each claim has not been provided with the proper status identifier, and as such, the individual status
of each claim cannot be identified. Note: the status of every claim must be indicated after its claim
number by using one of the following status identifiers: (Original), (Currently amended), (Canceled),
(Previously presented), (New), (Not entered), (Withdrawn) and (Withdrawn-currently amended).

[J D. The claims of this amendment paper have not been presented in ascending numerical order.

[] E. Other:

[] 5. Other (e.g., the amendment is unsigned or not signed in accordance with 37 CFR 1.4): For further explanation

of the amendment format required by 37 CFR 1.121, see MPEP § 714.

TIME PERIODS FOR FILING A REPLY TO THIS NOTICE:

1. Applicant is given no new time period if the non-compliant amendment is an after-final amendment or an
amendment filed after allowance, or a drawing submission (only) If applicant wishes to resubmit the non-compliant
after-final amendment with carrections, the entire corrected amendment must be resubmitted.

2. Applicant is given one month, or thirty (30) days, whichever is longer, from the mail date of this notice to supply the
correction, if the non-compliant amendment is one of the following: a preliminary amendment, a non-final amendment

(including a submission for a request for continued examination (RCE) under 37 CFR 1.114), a supplemental

amendment filed within a suspension period under 37 CFR 1.103(a) or (¢}, and an amendment filed in response to a

Quayle action. If any of above boxes 1 to 4 are checked, the correction required is only the corrected section of the
non-compliant amendment in compliance with 37 CFR 1.121.

Extensions of time are available under 37 CFR 1.136(a) only if the non-compliant amendment is a non-final
amendment or an amendment filed in response to a Quayle action.
Failure to timely respond to this notice will result in:

Abandonment of the application if the non-compliant amendment is a non-final amendment or an amendment

filed in response to a Quayle action; or
Non-entry of the amendment if the non-compliant amendment is a preliminary amendment or supplemental

amendment. ‘
Legal Instruments Examiner (LIE), if applicable /DORIAN EVANS/ Telephone No: (571)272-1572
U.S. Patent and Trademark Office . Part of Paper No. 20121213-1

PTOL-324 (04-06) Notice of Non-Compliant Amendment (37 CFR 1.121)
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CLAIM AMENDMENTS
1. (original) A method for modulating growth of a plant comprising treating said plant
with an amount of a composition comprising one or more anthraquinone derivatives

which modulate plant growth cffective to modulate said growth in said plant.

2. (original) The method according to claim 1, wherein said plant is a fruit, flower,

ornamental plant, tree, shrub, bulb plant or vegetable or vine.

3. (original) The method according to claim 1, wherein said plant is selected from the
group consisting of strawberry, squash, cucumber, tomato, rose, pepper eggplant,

grapevine, cotton, onion, garlic, wheat, soy, corn and rice.

4. (original) The method according to claim 1, further comprising transplanting said

plant into soil.

5. (original) The method according to claim 4, wherein prior to transplanting said plant
into soil, one or more roots of said fruit, or vegetable, tree or vine are treated with said

composition.

0. (original) The method according to claim 1, wherein the composition is applied to a
fruit, vegetable, tree or vine of said plant via drip‘irrigation, root dip or in-furrow

application.

7. (original) The method according to claim 1, wherein the anthraquinone derivative is

derived from a plant.

8. (original) The method according to claims 1, wherein the anthraquinone derivative is
derived from a member of a plant family selected from the group consisting of

Polygonaccac, Rhamnaccae, Fabaceae, Asphodelaceae and Rubiaceae.

o



9. (original) The method according to claims 1, wherein the anthraquinone derivative is

derived from a Reynoutria species.

10. (original) The method according to claim 1, wherein said anthraquinone derivative is

derived from Reynoutria sachalinensis.
Claim 11 (canceled)

12. (withdrawn-currently amended) The method according to claim 4418, wherein said

extract is derived from the family Polygonaceae.

I3, (withdrawn-currently amended) The method according to claim 4418, wherein said

extract is derived from Reynoutria sp. or Rheum sp.

14. (withdrawn-currently amended) The method according to claim 418, wherein said

extract is derived from Reynoutria sachalinenis.

15. (withdrawn-currently amended) A-methedThe method according to claim 1 wherein

the growth of the plant is modulated by modulating germination of a seed of said plant

and wherein the for-modulating-germination of a-the seed of a-the plant is modulated by

comprising-applying to said seed an amount of (a) a composition containing one or more
anthraquinonc derivatives which modulate growth in a plant and (b) optionally a seed

coating agent effective to modulate said germination of said seed of said plant.

16. (original) A method for modulating non-Rhizoctonia soil borne disease infection in a
plant comprising treating a plant with an amount of'a composition containing one or more
anthraquinone derivatives which modulate growth in a plant effective to modulate said

soil borne disease in said plant,

17. (original) The method according to claim 16, wherein said soil borne disease

infection in said plant results from infection by a pathogenic microorganism selected

SE
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from the group consisting of Pythium, Phytophthora, Verticillium, Sclerotium,

Collerotrichum and Fusariums

18. (ncw) The method according to claim 1, wherein said composition is a plant extract

and said plant extract compriscs said anthraquinone derivatives.

19. (new) The method according to claim 18, wherein said plant growth in said plant is

modulated by modulating root initiation and extension in said plant.

20. (new) The method according to claim 19, wherein said root initiation and extension
in said plant is modulated by (a) treating one or more roots of a plant with a plant extract
in an amount effective to modulate root extension when transplanted into soil and

(b) transplanting the treated plant ot (a) into soil.



REMARKS

Before addressing the Restriction Requirement, Applicants wish to note that claim
15 has been amended to morc distinctly claim the subject matter of the invention and to
have claim 15 depend from claim 1. Claim 11 has been canceled without prejudice.
However, the substance of claim 11 is presented in new claims 18-20. Furthermore,
claims 12-14 have been amended to depend from claim 18. Amended claim 15 and new
claims 18-20 arc supportcd by the specification (sec, for example, page 2, lines 21-23 and
pagc 3, linc 9). No ncw matter has been added.

The following Restriction Requirement has been issued:

I. Claims 1-10 and 16-17, drawn to a method of modulating
plant growth and/or soil borne disease with application of
anthraquinone derivative, classified in class 544, subclass
156.

II. Claims 11-14, drawn to a method of modulating root
initiation with application of a plant extract to the plant root,
classified in class 424, subclass 725.

I11. Claim 15, drawn to a method of modulating seed
germination with application of anthraquinone derivative to
the seed, classified in class 544, subclass 155.

The Restriction Requirement specifically asserts:

Inventions | and Il are directed to related processes. The
related inventions are distinct if: (1) the inventions as
claimed are either not capable of use together or can have a
materially different design, mode of operation, function, or
effect; (2) the inventions do not overlap in scope, i.e., are
mutually exclusive; and (3) the inventions as claimed are not
obvious variants. See MPEP § 806.050(j). In the instant case,
the inventions as claimed different modes of operation since
Group I requires the application of anthraquinone to the plant
whereas the invention of Group Il requires the application of
a plant extract to the seed of the plémt. Furthermore, the
inventions as claimed do not encompass overlapping subject
matter and there is nothing of record to show them to be
obvious variants e

Inventions | and 1l are directed to related processes. The

related inventions are distinct if: (1) the inventions as claimed
arc cither not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the



inventions do not overlap in scope, i.e.,, are mutually
exclusive; and (3) the inventions as claimed are not obvious
variants. See MPEP § 806.050(j). In the instant case, the
inventions as claimed have different mode of operation, since
the Invention of Group I requires the application to be to the
plant and the Invention of Group I requires the application
to be to the seed of the plant. Furthermore, the inventions as
claimed do not encompass overlapping subject matter and
there is nothing of record to show them to be obvious
variants.

Inventions 11 and 111 are directed to related processes. The
related inventions are distinctif: (1) the inventions as claimed
are cither not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the
inventions do not overlap in scope, i.e,, are mutually
exclusive; and (3) the inventions as claimed are not obvious
variants. See MPEP § 806.050(j). In the instant case, the
inventions as claimed different modes of operation since
Group Il requires the application of anthraquinone to the
plant seed whereas the invention of Group Il requires the
application of a plant extract to the seed of the plant.
Furthermore, the inventions as claimed do not encompass
overlapping subject matter and there-is nothing of record to
show them to be obvious variants. =

Applicants, in response, clect Group [ with traverse. Howcever, in view of the
canccllation of claim 11 and thc amendment of claim 15, Applicants do respectfully
request reconsideration of the Restriction Requirement and rejoinder of the withdrawn
claims for the reasons sct forth below.

First, with respect to the claims of Groups .I'iand 11, Applicants notc that different
modcs of opcration arc not required. Specifically, claim 11 has been canceled. New
claim 18 recites that the composition may be a pl»a‘:n"t extract and that the plant extract may
comprisc anthraquinonc derivatives. Claims-12—14 how depend from claim 18.

Sccond with respect to the claims of Groups Tand III, Applicant asserts that
different modcs of opcration arc indeed not rcquircd. To more distinctly claim the
subjcct matter of the invention, claim 15 has been amended to depend from claim 1.
Spccifically claim 15 recites that the growth of the plant is modulated by modulating seed
germination, a specific embodiment of the subject matter of claim 1 and that secd

germination is modulated by treating the plant.
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Similarly, with respect to the claims of Groups 1T and 111, it is also Applicants’
position that diffcrent modes of operation are not involved. As noted above, claim 1 lv has
been canceled and new clairh 18 recites that the composition may be a plant extract.
Claims 12-14 now depend from claim 18. Furthermore, the claims of Groups II and 111
involving modulating the growth of a plant.

In summary, in view of the above arguments, the cancellation of claim 11, the
amendment of claim 15 and the addition of claims 18-20, Applicants respectfully request
reconsideration of the Restriction Requirement. Early action to that end is respectfully
requested.  The Examiner is invited to contact the undersigned if there are any questions

regarding this Restriction Requirement or application at (914) 712-0093.
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. T Application No. Applicant(s)
13/288,864 SU ET AL.
Office Action Summary Examiner Ari Unit
ALl SOROUSH 1617

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 1 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). in no event, however, may a reply be timely filed

alter SIX (8) MONTHS from the mailing date of this communication.
-1t NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will. by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

camed patent term adjustment. See 37 CFR 1.704(b).

Status

)X Responsive to communication(s) filed on 03 November 2011.
2a)[_] This action is FINAL. 2b)[[] This action is non-final.
3)J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ :therestriction requirement and election have been incorporated into this action.
4[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 0.G. 2183.

Disposition of Claims

5)X Claim(s) 1-17is/are pending in the application.

5a) Of the above claim(s) ______ is/are withdrawn from consideration.
6)[] Claim(s) ___is/are allowed. '
7)[] Claim(s) _____is/are rejected.
8)[] Claim(s) is/are objected to.
9)X Claim(s) 1-17 are subject to restriction and/or election requirement.

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway
program at a participating intellectual property office for the corresponding application. For more information, please see
hitp:/Awww . uspto.gov/patents/init_events/pnh/indsx.isp or send an inquiry to PPHfeedback@uspic.qoy.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[J The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)[JAIl b)[]Some * c)[] None of:
1.0 Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.[] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) D Notice of References Cited (PTO-892) 3) E] Interview Summary (PTO-413)
Paper No(s)/Mail Date.

2) D Information Disclosure Statement(s) (PTO/SB/08) 4) D Other:

Paper No(s)/Mail Date

LS. Patent and Trademark Office

PTOL-326 (Rev. 03-12) Office Action Summary Part of Paper No./Mail Date 20121105
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DETAILED ACTION

Election/Restrictions
Restriction to one of the following inventions is required under 35 U.S.C. 121:
I. Claims 1-10 and 16-17, drawn to a mctﬁod of modulating plant growth and/or soil
borne disease with application of anthraquinone derivative, classified in class 544,
subclass 156.
II. Claims 11-14, drawn to a method of modulating root initiation with application of
a plant extract to the plant root, classified in class 424, subclass 725.
ML Claim 15, drawn to a method of modulating seed germination with application of
anthraquinone derivative to the seed, classified in class 544, subclass 155.
The inventions are distinct, each from the othér because of the following reasons:
Inventions I and II are directed to related processes. The related inventions are distinct if:
(1) the inventions as claimed arc either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.c., arec mutually cxclusive; and (3) the inventions as claimed are not obvious variants.
Sce MPEP § 806.05(j). In the instant case, the inventions as claimed different modes of operation
since Group I requires the application of anthraquinone to the plant whereas the invention of
Group I requires the application of a plant extract to the seed of the plant. Furthermore, the
inventions as claimed do not encompass overlapping subject matter and there is nothing of

record to show them to be obvious variants.
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Inventions T and ITT are directed to related processes. The related inventions are distinct
if: (1) the inventions as claimed arc either not capable of use together or can.havc a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, i.c., arec mutually exclusive; and (3) the inventions as claimed are not obvious variants.
Sce MPEP § 806.05(j). In the instant case, the inventions as claimed have different mode of
operation, since the Invention of Group I requires the application to be to the plant and the
Invention of Group 11 requires the application to be to the seed of the palnt. Furthermore, the
inventions as claimed do not encompass overlapping subject matter and therc is nothing of
record to show them to be obvious variants.

Inventions II and III are directed to related processes. The related inventions are distinct
if: (1) the inventions as claimed are either not capable of use together or can have a materially
different design, mode of operation, function, or effect; (2) the inventions do not overlap in
scope, 1.c., are mutually exclusive; and (3) the inventions as claimed are not obvious variants,
See MPEP § 806.05()). In the instant case, the inventions as claimed different modes of operation
since Group III requires the application of anthraquinone to the plant seed whereas the invention
of Group II requires the application of a plant extract to the seed of the plant. Furthermore, the
inventions as claimed do not encompass overlapping subject matter and there is nothing of
record to show them to be obvious variants.

Restriction for examination purposes as indicated is proper because all these inventions
listed in this action arc independent or distinct for the reasons given above and there would be a
scrious scarch and/or cxamination burden if restriction were not required because at least the

following reason(s) apply:
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o the inventions have acquired a separate status in the art in view of their different

classification .

o the inventions have acquired a separate status in the art due to their recognized divergent
subject matter
e (he inventions require a different field of search (e.g., searching different classes

/subclasses or electronic resources, or employing different search strategies or search

queries). '

Applicant is advised that the reply to this requirement to be complete must include
(i) an election of a invention to be examined even though the requirement may be traversed (37
CFR 1.143) and (ii) identification of the claims encompassing the elected invention.

The election of an invention may be made with or without traverse. To reserve a right to
petition, the election must be made with traverse. If the reply does not distinctly and specifically
point out supposed errors in the restriction requirement, the election shall be treated as an
clection without traverse. Traversal must be presented at the time of election in order to be
considered timely. Failure to timely traverse the requirement will result in the loss of right to
petition under 37 CER 1.144. If claims are added after the election, applicant must indicate
which of these claims are readable upon the elected invention.

Should a_ppliéant traverse on the ground that the inventions are not patentably distinct,
applicant should submit evidence or identify such evidence now of record showing the
inventions to be obvious variants or clearly admit on the record that this is the case. In either
instance, if the examiner finds one of the inventions unpatentable over the prior art, the evidence
or admission may be used in a rejection under 35 U.S.C. 103(a) of the other invention.

Applicant is reminded that upon the cancellation of claims to a non-elected invention, the

inventorship must be amended in compliance with 37 CFR 1.48(b) if one or more of the

currently named inventors is no longer an inventor of at least one claim remaining in the



= ‘ ;

Application/Control Number: 13/288,864 Page 5
Art Unit: 1617

application. Any amendment of inventorship must be accompanied by a request under 37 CFR
1.48(b) and by the fee required under 37 CFR 1.17(1).
Conclusion

Any inquiry concerning this communication or earlier communications from the
cxaminer should be dirceted to ALI SOROUSH whose telephone number is (571 )272—9925. The
cxaminer can normally be reached on M-F (9am-6pm).

[f attempts to rcach the cxamincr by telephone arc unsuccessful, the cxaminer’s
supervisor, Fercydoun G. Sajjadi can bé reached on (571)272-3311. The fax phone number for
the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only.. For more information about the PAIR
system, sce http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/ALT SOROUSH/
Examiner, Art Unit 1617

November 5, 2012



