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{57 ABSTRACT

Lloyd &

A variety of Brassica napus, designated AGO19, and vari-
eties essentially derived therefrom, having ol which com-
bines oxidative stability sufficient for industrial applications
with o desirable dictary fally acid profile Plants, seeds,
tissue cullures, and plants regenerated from tissue cullures.
Oi baviag an vleic acid content of from about 71 4%
about 77.4%, a tinolenic acid content of no more than about
3%, un oleic:linoienic seid ratio valee of af least shoul 34 0,
and an {oleic+linoleic)/linokenic acid ratio value of at least
about 41 2 The oil has substantially improved oxidative
stability, relatively to normal rapesced oil, when both are
treated with antioxidant

11 Claims, Ne Druwings
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OIL PROBUCED FROM THE BRASSICA
NAPUS

This is a cominuation of application Ser No. 08/135,105
filed on Oct 12, 1993, now abandoned

FIELD OF THE INVENTION

This invention relates to o variety of Brassica napts, and
10 oil obtained from seed of that variety

More purticularly, the present invention is directed to a
varicly of Brassica napus designated AGO19, which pro-
duces sced conlaining about 71-78% oleic acid and no more
than about 3% linolenic acid in the seed oil The oil has
improved sesponsivencss fo antioxidants over standard
Cunola oil, and is vseful is food and industrial applications

DESCRIPTION OF BACKGROUND AND
RELEVANT INFORMATION

Over 13% of the world’s supply of edibic ol in 1985 was
produced from the oilseed crop species Brassica, commonly
known as rapeseed or mustard. Brassica is the third maost
important source ol edible oil, ranking behind only soybean
and palm Because Brassica is able to germinate and grow
al relatively low temperatures, it is also ooe of the few
commercially imperiant edible vilseed eraps which can be
cultivated in cooler agricultural regions, as well as serving
as a winler crop in more iemperale zones. Moreover, veg-
ctable oils in general, and rapeseed oil in particular, are
gaining increasing consideration for use in industriat appli-
cations because they have the potential to provide perfor-
mance comparable to that of synthelic or mineral/
naphthenic-bused oils with the very desirable advantage of
also being biodegradablc

The performance characteristics, whether dietary or
industrial, of & vegetable uil are substantialty determined by
its fatty acid profife, thai is, by the species of fally acids
present in the oil and the relative and absolute amounts of
cach species While several relationships between Fatty acid
prolife and performance characteristics are known, many
remain uncertain Notwithslanding, the type and amount of
unsaturation present i a vegetable ofl have implications for
both dictary and industrial applications

Vegetable oils are subject o oxidative degradation, whick
can detrac) from the lubricity and viscosity characteristics of
the oii as well as cause changes in color and odor perceived
as vadesirable. Color and odor are obviously of particular
concern in food applications, where the autoxidation of
vegetable oils, and the accompanyiag deterioration of flavor,
is relerred 1o as rancidity The rate of oxidation is affecied by
several fuctors, including the presence of oxygen, exposure
to light amd heat, und the presence of native or added
antioxidants and prooxidants in the ofl However, of most
pertineace to the present invention, and perhaps generally, is
the degree of wnsaturation of the Tatty acids in the oil

The fatty acids present in vegetable oils are not equally
vulnersble to oxidation. Rather, the susceptibility of indi-
vidual fatty acids to oxidation is dependent on their degree
of unsaturation Thus, the rate of oxidation of linclenic acid,
which possesses three carbon-carbos double bonds, is 25
times that of oleic acid, which has only one double bord, and
2 times thai of linoleic acid, which has {weo. Linoleic and
linolenic acids also have the most impact on Bavor and odor
becavse they readily form hydroperoxides

Standard canola off contains about §-12% linolenic acid,
which plages it in a similar category as soybean oil with
respect to oxidative, and hence favor, stability The oxida-
tive stability of carela oil can be improved in a number of
ways, such as by hydeopenating to reduce the amount of
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unsaturation, adding aatioxidants, und blending the ail with
an oil or oils having better oxidative stability For example,
blending canola oil with low linclenic acid oils, such as
sunflower, reduces the level of 18:3 and thus improves the
stability of the oil IHowever, these treatments necessarily
Increase the expense of the oil, and can have other compli-
cations; for example, hydrogenation tends 1o increase both
the level of saturated {aty acids and the amoum of trans
unsaturation, both of which are undesirable in dictary appli-
cations

High oleic oils arc available, but, in addition 1o the
possible added expense ol such premium oils, vegelable oils
from crops which have been bred for very high levels of
oleic acid can prove unsatisfuctory for industrial uses
because they retain fairly high levels of polyunsaturated
fatty acids, principally linoleic andfor linolenic Such oils
may still be quite usable for dictary applications, including
use as cocking oils, but have inadequate oxidative stability
under the more rigorous conditions found in industrial
applications Even the addition of antioxidanis may not
suffice 10 bring these oils up to the levels of oxidative
stability needed for industrial applications; this is probably
due 1o the levels of linolenic acid, with its extremely high
susceptibility to oxidation, found in these oils

As previously stated, oxidative stubility is important for
industrial applications to extend the lile of the lubricant
under conditions of heat and pressure and in the presence of
chermical by-products In such applications linofenic acid,
and 1o 4 lesser extent linoleie acid, sre again most respon-
sible for poor oxidalive stability.

Therefore, it would be desirable to ablaie a veriety of
Brassica napus which is agronomically viable and produces
seed oil having a level of oxidative stability sufficient to
qualify it for wse in dictary applications, and whick would
additionally be either sufficiemiy stable alene, or, depending
on the precise application, sufficiently responsive (o
antioxidants, to find use in industrial applications

European Palent Application EF 323753, to Alielix Inc, is
dirccted to rapeseed ol having un oleic content of at Jeast
79% and rot more than 2% erucic acid A table on page 10
discloses a fatiy acid profile of what appears to be a
preferred embodiment, constitwting a sclection designated
Topas HE-90-99 with oil having an oleic acid content of
85 84%, a linoleic acid content of 3 546, and an a-linolenic
acid content of 2 68%

International Application No. PCT/US91/01965, to Pio-
neer Hi-Bred International, is direcled 1o rapesecd having a
saturated fatly acid content of o more than 4% by weight
in the form of stearic and palmitic acids, and a post-crushing
and extraction erucic acid coatent of no more than abouw 2%
by weight As shown by Tables D, G, and 1 on pages 30, 38,
and 3% mwspectively, the resulting oil also has an oleic acid
content of no more than 70 64% by weight, a lnoleic acid
coptert of at least 14 24% by weight, and an a-linolenic acid
content of al least 8 24% by weight.

International Application No PCT/US91/05910, 10 E. §
cu Pont, is directed 1o rupesced seeds, plants, and oils having
altered fatty acid profiles Several such profiles are
deseribed, all of which contemplate a maximum crucic acid
content of sbout 2%, combined with {(a) FDA saturates of
from about 4.2% 1o about 5 9% (page 3, lines 18-29), ()
oleic content ol from about 6% to about 80% (page 3, line
30-page 4, line 11), (¢} linoleic content of about 8 4% 1o
about 14% (pape 4, lines 12-23), (d) palmitic acid content
of from sbout 2 7% to about 3 5% (page 4, lines 24--35), (¢)
palmitic acid content of from about 6% to about 12% (page
4, line 36-page 5, dine 17}, () stearic acid coment of {rom
about {1 8% to about 1 195 (page 5, lines 18-27; the reference
to palmitic acid at page 5, line 26 would appear o be in
error), znd (g} linoleic plus linolenic acid content of no more
than about 14%, preferably 12.5% (page 5, line 28-page G,
line 2}
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Internutiona Application No. PCT/US92/08140, to E L.
du Ponl, is directed to rapeseed having seed with redueed
glucosinolates (ard thus reduced sullur), as well as reduced
linolenic acid The result was a rapesced having an
a-linolenic acid comtent of about 7% or less (see page 3,
lines 510}, more preferably less than or equal to about 4 1%
{page 5, lines 19-23) The Jowest content actually obtiined
appears o have been 9%, which was accompanied by
relatively low levels of oleic acid (64 19%) and high levels of
linoleic acid (25 755)

SUMMARY OF THE INVENTION

The present invention is directed o a variely of Brassica
napns designated AGOLY, as well as to an essentislly derived

4

from about 71 4% to about 77.4%, and 2 lnclenic seid
conlent of no more than about 3% Peeferably the oleic acid
content is from about 72.9% 1o shout 77.0%, and is most
preferably from about 72 9% to about 75 3%. The linolenic
acid is preferably from about 1.4% to about 2 1%, and most
preferably from about 1.7% to about 2 0%

The oit of the present invention has as oleic:lnolenic acid
ratio value ol from about 34 610 aboul 55 3, more preferably
from about 36 5 10 about 51 3 Moreover, the ofl has an
{oleic+linoleic)/linolenic acid ratio value of from about 41 2
to about 63.9, and more preferably of from about 44 1 to
abowt 59 6

The oil may be treated with ag effective amount ol at Jeast
one amtioxidany, resulting in sebslantially improved oxida-
live stability relative to similarly treated normal rapeseed oil

varicty of Brassica napus which has been essemtially derived 15 1 ed
from AGO19 In addition, the present invention is dirccted to 88 measured by the ASTM D2272 Rotary Bomb Oxidation
a plant of AGOLY; a plant of such an csseatially derived Test (RBOT) value Preferred antioxidants include hindered
varicty; any plant of the species Brassica napus having the  phenols, such as di-testiary-butylphenol, and metal
physiological and morphological characteristics of AGOL9; duacl;yuturﬁ, such as triazole-containing .'mfmxldams, g,
and, to a tissue culture of regenerable cells of any of these folyltriazole or, more gencrally, the reaction product of
plants, as well as to a rape plant regenerated from such o~ tolyliriazole, an aldehyde, and an amine The hfndc'rcd
tissue culture phenols and metal deactivitors may be used in combination.
In another embodiment, the present invention is directed . - .
1o the seed of AGO19, which has been deposited with 1the DETAILED DESCRIPTION OF THE DRAWING
American Type Culture Colleetion (ATCC) under accession .o AGO19 is a spring Canala variety which produces an ol
number ATCC 75560, and to seed of aay of the plants a5 ™ with abowt 71 4-774% oleic acid, averaging aboul
described in the preceding paragraph 75-75.3%, sad no more than about 3% linolenic acid The
Also provided by the presenl invention s oil produced [ollowing table (Table 1) summarizes the fatty acid compo-
{rom any of these seeds The oil has an oleic acid contentof  sition of AGO19 ail along with that from standard Canola
JABLE 1
Standard Canoln (Western Canpdn 1992)
Fally Acid Composilion
164 160 18:0 181 182 183 104 21 20 2
Canoln 37 03 17 584 X9 1 06 186 03 0§
AGHE Greenhouse Increases {Madison, Wiscensin 1991)
Fally Acid Composilion
160 180 18] )& %3 200 200 220 22
AGOI9 45 26 751 150 20 318 13 06 nd

An aversge af 200 single planls were analyred, ns 6 scods bulk/pluet; nd = not delccled

AGDT9 Sced Incrense {Arpenting 1991-07)

Folly Acid Composilion

60 161 IE0 0 18I IB2 I3 R0 200 220 1)
AGO19 35 03 16 M7 163 17 08 12 03 I
AGD1Y 33 04 17 M2 162 21 0.5 2 03 ]
AGDIR 37 84 14 TIH 172 15 D5 31 02 I
Average 35 84 16 42 166 18 L5 i2 03 I

Seeds were bulked [rom one small lot for snniysis; this data represents 3 reploates, of 6 keeds
per repliente; ir = iace

AGDIS Breeder Seed {Deforesl, Wisconsin 1992)

Faity Acidd Composition

Bag GC¢ 360 k1 180 3B 2 183 240 200 220 220
AGO19 1 1 35 083 24 762 136 15 08 13 04 ur
AGO19 2 T35 02 24 55 140 16 08 14 B4
AGO1Y 3 336 0325 763 130 16 09 34 BS 1r
AGO19 4 4 35 D3 6 758 135 146 09 4 B4 tr
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TABLE §-continued

AGD1Y 5 5 35 43 15 70 134 16 88 i4 04 [H
AGO19 6 4 34 43 25 756 139 16 08 14 D4 Is
AGO1Y 7 T 36 43 26 759 136 15 08 HEE Ir
AGD19 8 8 34 @2 25 76% 135 15 08 14 D4 Ir
AGHY 9 ¢ 35 03 24 766 1356 15 09 14 44 1t
AGO19 30 10 34 02 4 759 146 15 U8 13 64 ir
Averge 35 43 25 M0 136 146 08 14 04 1

Sceds were harvested from one fnrge field; differest lots were harvested into a separate bag each;
cach bag was Ihen asnlyzed separalely as G-seed buik samples

AGDID Sigee Incrense (Breckenridge, Minnesoln 1992)

Eally Acid Composition

160 161 180 181 182 &3 kG 201 220 124
AGDIS 1 36 02 21 9 147 19 08 15 04 Ir
AGDI® 2 36 02 22 745 148 19 08 14 04 It
AGDI® 3 36 02 23 753 142 18 08 14 04 It
Average 36 92 13 749 146 19 08 14 04 ir

One 25 nere lot was harvested, then analyzed in 3 replicates of 6-sted bulks each

AGCEY Sigeo (Breckenridge, Minnesoln 1992)

Eantly Acid Composition

16:0 161 180 181 182 383 20 200 220
AGGIY Sced 37 43 22 719 152 20 0B :4 04
Crude Cil 37T H7 22 734 151 2D 0B 14 D4
RED Ol 36 H2 22 735 15D 19 08 15 0§

One 25 sere lol was harvested, yielding approx 20,000 1bs of seed; 15,000 1bs of seed were
sent for processing to POS Pilot Plant Corp. of Suskaioon, Canada

AGOLY Sipeo 2 Acze Foundntion Seed Incrense (Breckenridge, Minnesoln 1993)

Futty Acid Composilion

Source i6:0 161 380 183 182 183 2000 e 200 223

SGRIGH 36 03 2% 6B 123 16 89 13 04 i
SGRISH 35 03 27 T6E 128 15 49 13 04 i
SGU3ILH3 35 U430 & 774121 14 49 130 04 it
Average 35 03 18 TI0 124 15 09 13 D4 ir

One, 2-acrc tot was harvested, then amalyzed in 3 replicates of G-seed butks each

AG01Y Foundation and Centified Production {Minnesots 1993)

Fatty Acid Composilion

Source 160 101 )84 181 &2 183 2000 2001 230 221

CDo3 #1 40 04 28 M4 MO 17 09 12 0S5 i
CDO3 42 44 04 33 Y14 151 21 10 17 05 04
COY3 43 39 03 28 M4 WS )6 0D 12 04 tr
Average 4 04 29 T34 1S 18 0% 14 05 ]
SwWa3 i) 38 03 27 3 16 18 0DE8 12 04 i
SW93 12 37 03 8 156 136 y6 OO 13 04 ad
SWo3#3 3% 03 28 M6 151 17 00 04 md
Avemnge 38 03} 28 Ta5 144 17 09 0.4 ir

13 13

CD93 w 1593 30 nere Foundalion seed production (Minncsola)
EWY3 = 1593 d5 aere Centificd sced production (Minnesotn}
For each production, Lhe entire acreage was horvested and asalyzed in 3 replicates of 6-seed bulks
each. The 0.4 ervcic valus shown lor CDDB3 42 is believed to be due 1o e presence of wild mustard
in the harvested ficld
60

For ease of comparisen, the information from Table 1 is as the 75 1:2 0 ratio of oleic:linolenic acids shown for the
charted in Table 2, which includes the total monounsaturate  “Greenhouse "91” entey at the top of Fable 2, and converting
conlent, eumulative linoleic and linolenic content, ratio it 1o a numerical value, fhiere, 37 & (With regard to the POS
value of oleic 1o linolenic acids, and ratio value of combined o5 ‘test crush from 1992, Table 2 shows the results of the seed
(olcic+linoleic)/linolenic acids for cach cxample “Ratio assay only, ard not of the subsequent crude and RBD
value" meaes the value oblained by converting a ratio, such {refined, bleached and deodorized) oil analyses )
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Table 2A provides comparative data among the two parent
lines of AGOUTY {(AGO13 and BNGOIO); “Standard Averape™
canola values, representing the overall fatty acid values for
standard canola grown in 28 crop districts in Western

8

mission {DeClereq and Daun, Quality of 1992 Western
Cunadinn Canola, Report o Canole Industry Meeting,
Saskatoon, Dec 1, 1992} hercinafter “ 1992 Canadian Grain
Commission Report™); and two low linolenic lines, Stellar

Canada (12 in Manitoba, 9 in Saskatchewan, and 7 in ° and Apollo, all as compared with the overall averages for the
Alberta) in 1902, as reported by the Canadian Grain Com- AGOLY data presented in Thable 2
TABLE 2
Fally Acid Composilion Yol 1624 1817 {181 + 182y
Source 1610 16:3 180 181 182 183 200 21 20 220 Totl  Mono 18:3 18:3 383
1991-92
Gireenhouse "91 45 260 T8E 1300 10 L id 06 ad 1001 To 4 150 76 44.1
Argentinn "H1-42 35 U3 16 T47 163 os 12 03 tr 01 Y62 5] LEY 335
Argentinn "$1-42 33 0.4 370742 162 2% o5 32 03 tr 0% 5K 83 353 430
Argenlinn 5152 ar a4 4 730G 172 15 05 i1 a2 tr 6899 754 187 493 607
Asgentim Avemge 35 04 16 T3 U606 : 05 12 03 v 1000 758 183 424 514
POS Fest Crush '92 17 03 22 My 1852 20 48 14 04 89 745 172 365 441
Delorest 92
Hag HGCH# 1 35 03 24 W2 136 15 04 i3 o4 I 0D 778 151 S8 399
Bag 2/GCH 2 35 az 24 IS5 4D 16 a8 14 . [t 9208 T 156 4732 559
Bop 3/GCH 3 kX 03 28 3 130 16 G9 14 G5 1t 100 78D 14 6 47117 558
Bag 4/GCH# 4 35 a3 26 758 135 16 6.9 14 0.4 Iz 10B0 775 151 474 558
Bag 5/GC# § 35 a3 1§ 760 134 16 0.8 14 4 It 999 77 150 415 359
Bap ¢/GCH 6 34 43 25 76 13% 16 08 14 44 ir ge T3 i155 472 559
Bag 7iGCw 7 34 g3 16 Th9 136 15 03 13 44 ro WO Trs i51 566 307
Bag 8iGC# 8 34 g2 25 J61 135 13 0y 14 44 ir @eg TI7 50 s L
Bag 3/GTH 9 35 D3 24 706 130 15 09 14 04 i 1000 V83 45 511 07
Bag 10/GC# 10 34 02 24 759 14D 15 08 13 04 i 969 Ti4 155 06 590
Delorest Avenige 35 D3 25 TGO 136 16 D8 14 04 ir 955 776 i51 430 578
'92 Sigeo Increase 36 02 21 M9 14T 1% 08 15 04 o M0l 766 166 94 472
‘92 Sigeo Inercase 36 D2 22 T4S 148 19 08 14 04 [ R [ 157 3z 474
92 Sigeo Inerense 36 a2 23 13 142 18 0.8 14 K] o W08 769 60 418 497
Sigoo Avernge 36 02 22 74D M6 1% 08 14 04 Ir 004 Y65 164 401 a7y
Average for '91-92 R3S 02 23 783 1317 08 13 04 It 99 60 160 452 534
1993
Bigeo 2 Agre
Foundation Seed
Incrense - 1993
SG93 54k 36 43 I T6H 1323 %o V3 13 D4 ir W01 74 1348 454 357
S5G93 S42 35 903 17 TR 1*8 iS5 0% 13 04 o K02 784 143 512 7
SGY3 543 s g1 g T4 121 ig a4 33 04 v 01 Wo 135 553 638
SG93 Avemge 35 2.3 28 TI0 1324 45 04 13 04 It 1001 784 13¢% 5:3 346
1993 Foundation and
Cerliied Production
CD9%3 #1 40 04 28 M4 0 17 G9 12 G5 [H 9e 760 157 438 320
CcD93 #2 44 04 31 734 151 21 10 17 05 44 100: 739 172 340 413
CD93 #3 3% 03 28 M4 w5 16 09 12 04 100 79 16.1 46 5 356
CDY3 Average 41 04 29 734 145 18 a9 14 a8 0.1 53 16,3 414 496
SWo3 41 38 03 17 43 1446 18 0§ 12 LR ir 208 7sg 10.4 413 49 4
SWo3 42 37 a3 28 756 136 16 V3] 13 a4 nd 3002 772 52 472 558
SWe3 i3 39 03 28 36 151 17T 09 12 G4 nd 906 753 68 433 522
SWE3 Average 38 03 28 mS M4 1T 09 12 04 Ir 760 i61 439 524
Average lor "% 38 03 28 WO 138 11 09 13 04 Iy 166 1558 456 53%
nd = nol deiccted
1r w tmee
55
TABLLE 2A
Commurative Bata
Fatty Acid Composition Toal 82+ 181/ (18:1 + 18:2)/
Source JE:0 16:1 180 )&E 182 18:3 28 i 220 2%) Jowl Moso i8:3 18:3 18:3
AGH3 3z 19 742 42 80 o7 186 04 tr 92 158 172 293 4
BN 52 18 632 2358 24 01 01 988 4 3 275 353 353
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TABLE 2A-continucd
Entty Acid Composition Total 182+ 181 (181 + 182y
Sowree 1600 16:3 0 2848 1 182 183 2e8 MRl 224 22 o Mono 4:3 18:3 18:3
Standard Average 37 03 17 584 200 111 16 146 03 04 9@ 609 30 53 i
Steliar 4.1 1T 5806 3¢ 29 #6 14 04 01 927 59§ 339 2040 307
Apolla 40 19 660 235 19 47 13 D4 01 938 074 54 347 471
Overll AGOIS Ave 37 03 I5 152 14 17 48 13 4 0.0 1068 768 158 453 558

1r = [rRce

H should be noted that the inclusion of information herein
related to other rapesecd lines, including the AGOL9 parent
lines AGO13 and BNOOLG, for commparative purposes is not
an admission that such lincs constitute prior art. This infor-
mation is being included simply to facilitate examination of
the present application

Tables 2 and 2A should be viewed bearing in mind the ~

mechanisms underlying production of fatiy acids in veg-
ctable seed off The mujor product of fatly acid synthesis is
palmitate (16:0), which is closgated o stearale (18:0)
Stearate is then successively desaturated, apparently by a
sequence of different enzymes andfor at different celluiar
locations, to oleate {18:1), linoleate (18:2), aad linolenate
(18:3)

Acomparison of the cumulative levels of 18:0, 18:1, 18:2,
and 183 in AGO19, its parent lines AGO13 and BNOO10,
standard rapeseed, Stellar, Apollo, and the Allelix line from
EP 323753, reveals that the curnulative content of these four
species of 18-carbon acids (18:0, 18:1, 18:2, and 18:3) varies
only within a narrow range, from a low of 92 1% for
standard rapeseed to a high of 93 9% for the Allelix variety

From this, it is apparent that the cfforts to manipulate oleie, 3

linoleic, and/or linolenic acid content reflected by Allelix EP
323753, Pioneer Hi-Bred PCT/USY91/01965, du Yoot PCIY
US92/08140, and the present invention, represent attempts
o alter the normal functioning of desaturasc enzymes in
rapeseed, i.¢, to alter the distribution of 18:0, 18:1, 18:2, and
18:3 within the oil 15 opposed fo significantly affecting the
overall amounis of 18-carbon falty acids present in the off

Therefore, selection for very high oleic acid content
vegetable oils, such as the Allelix document, presumably
focus on sefcction of plants in which the secord desaturation
step, of 18:1 10 18:2, is impaired However, the siep in which
18:2 is then desaturated to 18:3 would appear 1o be, i not
independent, at lcast not directly tied lo the 18:1-+18:2
desuturation step. This is shown by the fact that while Allelix
dppears to have identified plants with a substantially
impaired 18:1->18:2 desaturation sicp, yiclding an olcic
acid content of slightly over 85%, this did not preveat
linolenic acid from being present at a level of 2 68% (see
table, page 10} In contrast, while AGOLY has an overali
average oleic acid content of about 75%, its average lino-
lenic acid content is only about 1 7%

Other distinctions between AGO19 and the comparative
data are cleadly evident, such as ia the ratio value of oleic to
linolenic acid, shown in the next-to-last column of Table 2A
under the heading “18:1/18:3" This ratio is reflective of
oxidative stability, which is very responsive o increases in
oleic levels and decreases in finolenic levels. The overall
average 18:1/18:3 ratio value achieved by AG019 was 45 3,
whereas typical ratio values for stendard canala range
around 5 (see 1992 Canadian Grain Commission Report),
and the highest comparative vilue shown is 34 7, Tor the low
linolenic variety Apollo
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The success of the present invention in obtaining plants
wherein the desaturase step leading o linclesic acid is
impaired can be most readily guantificd by the ratio value of
(oleic+tinoleic)/linolenic acids, which also provides an addi-
tional indicator of oxidative stability This ratio value is
shown in the last column of Table 2A, under the heading
“(18:1+18:2)/18:3" While all unsaturates contribule 1o oxi-
dative degradation, as previously indicsied the rate of oxi-
dation of linolenic acid is 25 times that of oleic, and 2 times
that of linoleic Therelore, Hnolenic acid, which is moreover
the only tri-unsaturated fatly acid present in rapesced in
meastrzble amounts, is & key weak spot in attempts 1o breed
high oxidative stability rapeseed oils

The present inveation achieves remarkable success in
minimizieg tinolenic acid levels, withou! a concomitant
sacrifice in the goals of also obtaining high oleic acid levels
and low linoleie seid fevels. Thus, white Stellar and Apollo
achieve linolenic acid values of 29% and 1 9%,
respectively, they have oleic acid contents of only 58% for
Stellar and 66% for Apollo, compared with the standard
average of 58 4% and the AGO19 average of 752%.
Simifarly, Stellar shows a linoleic acid content of 31% and
Apollo of 23 5%, comparcd with the standard average of
209% and the AGD19 average of only 14.1%.

Thus, the closest comparative (oleicslinoleic)/linolenic
value appears to come from the Apolle lise, with a value of
47 1, compared to the AGOL9 range of 41 2-63 9 and overall
average value of 338 Apollo achieved this value at the
expense of an above-standard Jevel of linoleic acid (23 5%)
and an oleic acid level (66 0%) that is sigaificantly, but not
dramatically, higher than standard (58 495). The contrast
between this result and AGOI9 may be seen by comparing
the respective lincleicslinolenic values; 254 for Apolio
versus 158 for AGUL9, both as compared o 320 for
standard rapeseed W is noteworthy that AGO1O further
contains extremely low levels of erucic acid In most assays
the erucic acid content was below the level of meuningful
quantilication, ie, below around 005% The only real
exceplion, which was the 0 4% level measured for the 1993
CDY3 #2 sumple, is belicved to be due 1o the presence of
wild mustard in the feld which was commingled with the
AGO19 during harvesting.

As a result of iIs unique fatty acid profile, AGOI9 has
substantially improved oxidative stability compared to nor-
mal rapesecd, and even compared 1o parent lne AGO13. This
is shown by the Rancimat data in Table 3; the Rancimat is
a redatively low-level, dietary applications-oriented rancid-
ity test, which is condueted a1 120° C
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TABLE 3 TABLE S-continued
Souwrce Rancimat Value (@ 120° C) Yiold (1992)
kp/hn Mnturity  Height  Lodging  Blickicg Qi
Normzal Cancla 19 hours 3 Entsy (%6 Weslar) (days) (em) {1-5) (0-9) (%)
AGOI3 39 hours
AGO19 6.2 hours Delta 2342 (117} 104 134 35 18 365
AGBID 2302 (115) 106 133 28 25 365
Unexpecledly, AGOL9 also has s very substantizlly
improved response fo antioxidants, as shown in TFable 4: 1o
As may be seen, AGOLY outyielded Westar by 15% Itis
TABLE 4 also later in maturity than Westar, has moderate resistance to
ail Artioxidant RBOT (1) lodging and to blacklep, and is comparable to Delta in height
35 and oil content.
Normai mpeseed (2)  None i3
200 hindered phenol {3) 35
gf” ’:3"‘2‘”“‘{’4‘)’“‘“"' + 0055 melod 44 Additional key characteristics and traits of AGO19 are
Coclivinior .
AGOI (5) None 13 presented in Table 6
2% hindered phenol {3) 125 -
2% hindered phenal + 0055 metal 150 0 TABLE 6
duasctivator {6)
Objective Deseription of AGOI1Y
Notes
{1) RBOT = Rolrsy Bomb Oxidation Test, using ASTM D2272, measured SPECIES
as minutes required for a 28 1 pressure loss Brassica napus
{2) The sormal mpesced oif used in generating Thbles 3 nnd 4 hod the 13 TYPE
following fntty acid profile: Spring
160 161 180 181 183 183 200 200 220 234 PLANT HEIGHT
133 em tall
hEH 42 16 5931 8B BE 03 14 04 B0 same heipht as Delta
(3) Di-tertinry-bulylphenol 10 em taller than Weslzr
(3) Reomel @ 3%, o irinzole derdvative (mere specilically, n reaction 30 Heipht Cluss ~ Medivm tall {Della)
preduct of wlylirinzole, formnldebyde, amd bis-2-cthyliexyl STEM ANTHOCYANIN
seeendary unmine} svailabde commercially from Cibu-Geigy Corponition Absent
(5) An RED (refined, blenched, and deodosized) sumpie of AGO19 SEED COTYLEDONS
was used Max. width fully devetoped; mean of 50 gended seeds -~ Mediums
(6) Tolytinzote SEEDLING GROWTH HABIT
35 Lenf roselle - Upripht
LEAVES
As may be seen, normal rapeseed oil and AGOI9 show no Margins (serralion) -~ weak
detectable difference in baseline stability under the rigorous Lobing (fully developed leaf on pluat or sosette) - Abscet er very
coaditions of the RBOT lest. However, when o 2% treat wealk
5 . v = Lenl Atlachment to Stem -- Partial clasping
level of sindered phcno.i is added, no}'mal rapesced improves @0 Color - Medivm dark wreen
to an RBOT value of only 55 minutes whereas AGO1S Ghcosity - Weak 1o medium
improves to 125 minuies Even more dramatically, with a I;?O‘w"gtsd Location - buds at i ol amical meri
combined treat of 2% hindered phenol plus 0.05% metal Pt Coton = Tt o4 Hp of apical merislem
du.uctivulor. the respective RBO’I_‘ values dcc]i_ncd 10 43 Anther Datting (st opening of Rower) - 100%
minutes for normal rapeseed, bul increased 1o 130 minutes 5 Flowering Cluss (Spring sown) -- Medium Iste
for AGOIY (Although differemt metal deactivators were ::Gfs r(smgfﬁ? N
used, the expected difference in results, if any, attributable to Sgl.qgl’:p[;’c;k ﬂ:ﬂ;’}" o o
the different performances of these two chemically similar Pod Length - 70 mm
deactivators does rot explain the opposite results observed Pod Width -- 5 mm
between treatment of normal rapeseed versus treatment of Pod Hubiz - Semi-erect to erect
AGO19) 50 Prdicel Length -~ Lorg
. . . Ripening Class -- Late
AGOLY is best adapted to the spring Canola production Days to Maguzity -- 106 {5 days Inter than Westar)
ared 0f Norlh Dakota, Misnesols, and western Canada Yield SEEDS .
trials were accordingly conducted in 1992 to compare the fyzigfhioiij‘:“:fﬁu:f:f
agronomic performnqcc of AGG1Y to that of the elite Canoln g Weight Clnss (grans) -~ 30-39
cultivars Westar, Profit, Delts, snd Legend in one location in Seeds Per Pod -- 25
western Canada. The results of this #ial are presented in Testa Color « Black
Table § CHEMICAL COMPOSITION OF SELED
! Erucic Acid - Low (less than 256)
Glevesinglue Content - 13 mmulesfg (Low)
TABLE 5 60 Oil Pereent - 365%
’ Protein - 3 5% (vil fiee munl)
Yicld {1992) Fatty Acid Composilion -+ See Teble 1
kg/ha Maturity  Height  Lodging  Blackley  Oil FROST TOLERANCE
Entiy {% Westar)  (dnys) {em)  (15) -5 (%) Mederilely Susceptible
LODOGING RESISTANCE
Westor 2002 (300) HitH 123 40 65 374 Maderntaly Strong
Profit 2982 (109) 2 125 10 33 387 69 HERBICIDE RESISTANCE
Eegend 2162 (108) 102 126 23 13 369 Alrazine ~- Susceplible {Jet Neul)
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TABLE 6-continued

Objective Description of AGIHY

DISEASE RESISTANCE

Sclerotinin Stem Rot {Sclerotiniu selervtiorum) »~ Susceptible
Binckleg Stem Canker (£ eplosphaeria maciduns) -
Moderale esislance

White Rust {Albrego candida) -~ High resistance

The characieristics described in Table 6, in combination
with the {atty acid composition deseribed in Tables { and 2,
clearly differentinte AGO19 from other Brassica napus vari-
eties and make it a unique variety

AGO19 can be used for contract production in countries,
such as Canada, where spring Canola is adapied. The oil
produced from AGO19 sced has improved stability com-
pared o standard Canola oil while retaining a desirable
dietary fatty acid prefite, and thus hass applications in both
edible and industrial products where these characteristics are
required.

It will be readily apparent thal, given AG019 as a starting
poing, the particular benetits aflorded by this variety can be
manipulated i a number of ways by the skilled practitioner
without departing from the scape of the preseat invention
For example, the seed oil profile preseat in AG0O19 can be
transferred imto other agronomically desirable Brassica
napis varistics by conventionai plant breeding techniques
involving cross-pollination and selection of the progeny

Regeneration techaiques may also be used One initially
selects cells capable of regeneration (o g., sceds,
microspores, ovules, pollen, vegetative pars) from a
selected plant or varety These cells may optionally be
subjected to mutagenesis, following whick o plant is devel-
oped from the cells using regeneration, fertilization, and/or
growing technigues based on the type of cells mutagenized.
Applicable regeneration technigques are known to those in
the art; see, for example, Armstrong, C L, and Green,C B,
Planta 164:207-214 (1983); Duncan, D R et al, Plania
165:322-332 (1985); and, Close, K. R, and Ludeman, L. A,
Plant Science 52:81-89 {1987}, the disclosures of which are
hereby incorporated herein in their emireties by reference
thereto

Such manipulations of plants or seeds ol AGOLY, or parts
thereof, may lead to the creation of what may be termed
“essentially derived” varictics. The International Union for
the Protection of New Varictics of Plants (UPOV) has
provided the following guideline [or determining if a variety
has been essentially derived from a protected vadely:

[Alvariety shall be deemed to be essentially derived from

another variety (“the initial varicty™) when

(i) it is predominantly derived from the initial variety,
or {from a variety that is itself predominantly derived
from the initial variety, while retaining the expres-
sion of the essential characteristics that result from
the genolype or combination of pgenotypes of the
initial variety;
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(ii} it is clearly distinguishable from the initial variety;
and
(iii) except for the differences which result from the act
of derivation, it conforms to the initial varicty in the
expression of the essential characteristics that result
from the penotype or combination of genotypes of
the initial variety.
UPQV, Sixth Meeting with International Organizations,
Geneva, Oct 30, 1992; document prepared by the Office of
the Union

The present invention hes of necessily been discussed
herein by reference to certain specific methods and materi-
als The enumerstion of these methods and materials was
merely ifiustralive, and in no way constitutes any limitation
on the scope of the present invention 1tis 1o be expecled that
those skilled in the art may discern and practice variations of
or aliernatives 1o the speeific teachings provided herein,
without departing {rom the scope of the present invention

What we claim is:

1 Gil from the seed of Brassica napus, said oif having an
oicic:linolenic aid ratio value of from about 34 0 to about
553

2. Ihe oil as defined by claim 1, wherein said oleic:li-
naleic acid ratio value is from about 36.5 to about 51 3

3 The oil as defined by claim 1, further comprising an
elfective oxidative stabilizing amount of a1 least one
antioxidant, said oil having a substantinlly improved ASTM
12272 Rotary Bomb Oxidation Test value relative to normal
rapeseed oil also treated with said at least one antioxidant.

4. The oil as defined by claim 3, wherein said at least one
antioxidani is selected from 1he group consisting of hindered
phenols and metal deactivators.

5 'The oil as delined by claim 4, further wherein said
least ane artioxidant is di-tertiary-butylphenol

. The oil us delined by claim 4, further wherein said
metal deactivator is a trinzole-containing metal deactivator

7 The oil as defined by claim 6, wherein said triazole-
containing metal deactivator is selected from the group
consisting, of tolyltriazole and the reaction product of
tolyltriazole, an aldehyde, and an aminc

8 The oil as defined by claim 4, further wherein said a
least onc antioxidant is a combination of di-lertiary-
butylpbenot and a triazole-containing antioxidant

9. The il a5 defined by claim 1, wherein said oil is
produced [rom sced of a Brassica napus variely having all
of the physiological and morphological characieristics of the
Brassica napus variety having ATCC accession number
75560

10 Oil preduced from the seed of Brassica napus, said oil
hat an (eleic+linolejcytinolenic acid ratio valve of from
about 41 2 to about 63 9, und a combined linoeic+Hiuolenic
acid content of no more than about 187,

11. The oil as defired by claim 1, wherein said (oleic+
linoleic)linolenic acid ratio value is from about 441 1o
about 59 6



