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A total of 1116 access ions of cult ivated B r a s s l c a spp.
from four co l lec t ions were evaluated for f a t t y ac id
composit ion to ident i fy variants w h i c h w o u l d be
u s e f u l i n plant improvement programs. T h e acces-
s ions inc luded l i n e s ofB. c a m p e s t r i s L., B. n a p u s L.,
B. o l e r a c e a L. and B. c a r l n a t a Braun obtained from
the U S D A col lec t ions at Ames, IA, Pul lman, WA, and
Geneva, NY, as we l l as the Centre for G e n e t i c
Resources- the Netherlands (CGN) at Wageningen,
Netherlands. Fatty ac id composit ion of each access ion
was determined by us ing gas chromatography. T h e
range , mean, standard deviat ion and frequency
distr ibut ions were calculated for the s e v e n primary
f a t t y a c i d s f o u n d in the access ions from each
col lec t ion .

F a t t y ac id prof i les of the four spec ies were very
similar. E x c e p t for l eve l s of eruc ic ac id i n the o i l s e e d
access ions o f K campestr/s a n d K napus, o n l y l i m i t e d
economic variation In f a t t y ac id composit ion was evi-
dent . T h e s e data sugges t that i n t h e s e B r a s s t c a
spec ies the f a t t y ac id prof i le has been t i g h t l y con-
served. Est imated energy obtained by/~-oxidation of
a h igh eruc ic ac id rapeseed (HEAR) o i l was 13.8%
h i g h e r tha~ for a l o w eruc ic ac id rapeseed (LEAR) oil.
T h e h i g h e r energy leve l s of o i l s conta in ing h igh leve l s
of eruc ic ac id may have played a s ign i f i cant ro le i n
survival and adaptation of t h e s e e x t r e m e l y smal l s e e d
B r a s s i c a spec ies . Th i s may expla in why such l i m i t e d
variation In f a t t y ac id composit ion was found i n t h e s e
extensive and diverse co l lec t ions .

Five species of rapeseed ( B ~ spp.) have been used
as sources of edible and industrial vegetable oils
throughout much of the world (1). In 1986, rapeseed oil
was the fourth most important source of edible vegetable
oil, supplying in excess of 13% of the w o r l d supply (2).
Genetic manipulation of fat ty acid composition w o u l d
allow increased utilization of rapeseed oil for both edi-
ble and industrial purposes (3,4).

Earlier research concentrated on characterizing genetic
variation in fat ty acid c o m ~ r : / i ~ n s available in wild
species of the Brassicaceae (Crnciferae) (5-11). These
studies showed tremendous variation in the relative con-
centration of the s e v e n fat ty a c i d s commonly f o u n d in
rapeseed. Some species also produced significant concen-
trations of hydroxy (10) and extremely long-chained fat-
t y acids (9). Less extensive studies indicated the fat ty acid
composition of the six cultivated B r a s s / c a species was
very similar. Characteristically, B campestr/s L . , / ~ n / g r a
Koch, R o/eracea L . , / ~ J u n c e a L. Coss.,/~ n a p u s L. and
R c a r / n a t aB r a u n had from 37-53% e r u c i c acid (1,6). Of
t h e s e six species, o n l y / ~ olewacea has not been g r o w n
as an oilseed crop. In 1961 and 1964, Canadian scientists
identified plants with low levels of erucic acid in R n a p u s
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(12) and /~ campestr/s (13), respectively. These low erncic
acid rapeseed (LEAR) lines produce a premium grade edi-
ble oil w h i c h has been extensively used throughout the
world. The purpose of this research was t o systematical-
ly screen four germplasm collections of B ~ t o iden-
tify o t h e r significant variants in fat ty acid composition.

EXPERIMENTAL PROCEDURES

Seed collections. Seed of 364 accessions of/~ n a p u s and
c a m p e s t r ~ were supplied by Bryce Abel, Regional

Plant Intro. Stn., Iowa State University (Ames, IA). Seed
of the 351 accessions of B. o/eracea war. capitata were
supplied by Rich Hannan, Western Regional Plant Introd.
Stn., Washington S t a t e University (Pullman, WA). Seed
of the 294 accessions of/~ o/eracea var. botryt/s were sup-
plied by Dr. Steve Kresovich, NE Regional P l a n t Introd
Stn. (Geneva, NY). The seed of the 107 accessions of R
c a r i n a t a were supplied by Dr. Louis van Soest, of the
Centre for Genetic Resources the Netherlands (CGN)
(Wageningen, Netherlands).

Fat t y acid compositio~ F~atty acid composition of each
accession was determined on a single 0.5 g sample of seed
w h i c h had been received directly from the germplasm
collection. Limited f u n d i n g prevented the increase of the
1116 accessions in a common environment since incom-
patibility systems in several of the ~ species would
have required sibling hand pollinations. The seeds were
g r o u n d with a m o r t a r and pestle u s i n g silica sand as an
abrasive. Oil was extracted from the g r o u n d seed with
4 ml of anhydrous ethylether. The oil solution was remov-
ed with a syringe u s i n g a synthetic cotton ball as a filter,
and transesterified in 200 ~/ of 520% tetramethylam-
m o n i u m hydroxide in methanol. The sample was s h a k e n
and allowed t o settle for 1 min before 2 ml of distilled
w a t e r were added. The sample was s h a k e naga in and the
phases allowed t o separate. A 1 ~ / s a m p l e of the super-
n a t a n t was injected by a Varian m o d e l 8000 Autosampler
into a Varian Model 3700 Gas Chromatograph (GC) equip-
ped with a f l ame ionization detector. The GC used a 3.05
m glass Supelco c o l u m n containing 3% SP-2310 and 2%
SP-2300 on a 100/120 mesh chromasorb WAW support
maintained at 200o C. Helium was used as the carrier gas.
Injector and detector temperatures were 250 and 300 o
C, respectively. A Varian Model 4290 integrator was used
t o determine relative concentrations of the m a j o r fat ty
acids.

A rapeseed standard (Supelco, Inc., cat. no. 4-7019) was
injected as the control a f t e r every 19 accessions t o en-
sure the accuracy of the analyses, Duplicate analyses
were conducted on those accessions with unusual fat ty
acid profiles or limited integration a reas t o confirm in-
itial results. Population distributions, means, ranges and
standard deviations were calculated for the seven
primary fat ty acids for the accessions from each collec-
tion. Data t a k e n on individual accessions were summar-
ized in a separate report (14).
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T h e p o t e n t i a l e n e r g y d e r i v e d by f l - o x i d a t i o n w a s
e s t i m a t e d f o r t h e s e e d o i l s o f b o t h a w i n t e r L E A R c u l t i v a r
( " C a s c a d e " ) a n d a w i n t e r H E A R c u l t i v a r ( " B r i d g e r " )
g r o w n a t M o s c o w , I D d u r i n g 1 9 8 4 - 8 5 (15). It w a s a s s u m -
e d t h a t b o t h c u l t i v a r s h a d a n e q u i v a l e n t n u m b e r o f
t r i a c y l g l y c e r o l m o l e c u l e s a n d t h a t t h e s l i g h t d i f f e r e n c e
in o i l c o n t e n t w a s p r i m a r i l y d u e t o t h e i n c r e a s e d
m o l e c u l a r w e i g h t o f t h e l o n g e r c h a i n e d f a t t y a c i d s .

c e s s i o n s o f t h e U S D A - A m e s g e r m p l a s m c o l l e c t i o n c o u l d
p r o b a b l y a l l o w d e v e l o p m e n t o f l i n e s w i t h l e s s t h a n 2 %
o f p a l m i t i c a c i d a n d l e s s t h a n 1% s t e a r i c a c i d . H o w e v e r ,
s e l e c t i o n in t h e s e p o p u l a t i o n s f o r e c o n o m i c l e v e l s o f t h e s e
s a t u r a t e d f a t t y a c i d s w o u l d be f u t i l e .

T h e t h r e e m o n o u n s a t u r a t e d f a t t y a c i d s ( o l e i c ,
e i c o s e n o i c a n d e r u c i c a c i d s ) c o m p r i s e d a s i g n i f i c a n t p r o -
p o r t i o n o f t h e f a t t y a c i d s f o u n d in t h e a c c e s s i o n s f r o m

RESULTS A N D DISCUSSION

The 364 accessions f rom Ames, [A and the 107 accessions
o f / R c a r / n a t a h a v e b e e n g r o w n p r i m a r i l y a s o i l s e e d c m p ~
T h e p a l m i t i c a c i d c o n c e n t r a t i o n o f t h e i n d i v i d u a l a c c e s -
s i o n s o f t h e U S D A c o l l e c t i o n r a n g e d f r o m 1 . 6 - 9 . 2 % a n d
f r o m 2 . 9 - 5 . 2 % f o r t h e CGN c o l l e c t i o n ( T a b l e 1). O v e r 64%
o f t h e a c c e s s i o n s in t h e s e t w o c o l l e c t i o n s h a d c o n c e n t r a -
t i o n s o f 2 - 4 % o f t h i s s a t u r a t e d f a t t y a c i d ( F i g , 1). T h e 351
a c c e s s i o n s o f B o / e r a c e a var. c a p / t a r a o b t a i n e d f r o m
P u l l m a n a n d t h e 2 9 4 a c c e s s i o n s o f JR o / e r a v e a var.
b o t r y t / s f r o m G e n e v a h a d s l i g h t l y h i g h e r l e v e l s o f p a l m i t i c
a c i d ( T a b l e 1 a n d F i g . 1).

S t e a r i c a c i d h a d a s l i g h t l y s m a l l e r r a n g e o f v a r i a t i o n
( 0 . 0 - 3 . 6 % ) in a l l f o u r c o l l e c t i o n s ( T a b l e 1 a n d F i g . 2). T h e
v e r y l o w r e a d i n g s m a y r e f l e c t t h e d i f f i c u l t y o f a c c u r a t e -
ly m e a s u r i n g t h e e x t r e m e l y l o w c o n c e n t r a t i o n o f m i n o r
f a t t y a c i d s . T h e o i l s o f r a p e s e e d a l r e a d y c o n t a i n l o w e r
l e v e l s o f t h e s a t u r a t e d f a t t y a c i d s ( p r i m a r i l y p a l m i t i c a n d
s t e a r i c a c i d ) t h a n a n y o t h e r c o m m e r c i a l v e g e t a b l e o i l (1).
S e l e c t i o n w i t h i n t h e B~ n a p u s o r t h e R campestris a c -

Number of Acoesz31on8
/

300 j

25olf I
2ooll I

/
/

00-19 20-39 40-59 60 79 8,0 99
Percent of Palmitic Acid (16:0)

m Ames m Pullman ~ Geneva ~ C,GN
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FIG. 1. Distribution o fpalmitic acid (16:0) concentration tn 1116
access ions from four col lect ions of B r a s s l c a g e r m p l a s m .

T A B L E 1

The Range, M e a n and Standard D e v i a t i o n of Concentrat ion of the S e v e n Pr imary Fat ty A c i d s i n
Access ions from Four Col lec t ions of Cul t ivated B r a s s i c aS p e c i e s

USDA-Ames USDA-Pullman USDA-Geneva CNG-Netherlands
Pat ty acid (364 accessions) (351 accessions) (294 accessions) (107 accessions)

R a n g e of concentrations

% of methyl esters
Palmitic 1.6- 9.2 2.3- 9.7 2.8- 8.2 2.9- 5.2
Stearic 0.0- 3.6 0.0- 1.9 0.0- 1.6 0 5 - 1.4
Oleic 11.0 - 57.8 8.5 - 35.6 6.7 - 38.3 7.8 - 20.5
Llnoleic 8.4 - 26.4 9.5 - 24.6 9.8 - 22.1 14.1 - 21.4
Linolenic 3.3 - 14.8 4.5 - 19.7 4.6 - 17.6 11.6 - 20.7
Eicosenoic 1.9- 17.7 5.4- 12.8 2.4- 11.7 6.3- 10.2
Erucic 0.7 - 54.3 15.6 - 56.1 25.7 - 62.9 29.7 - 48.6

Mean concentration

% of methyl e s t e r s
Palmitic 3.8 4.3 5.1 3.8
Stearic _ I A O ~ 0.• - - 0.9
Oleic 20.3 16.3 14.0 10.7
Linoleic 15.2 14.3 14.6 17.1
Linolenic 8.9 10.9 10.3 15.0
Eicosenoic 9.4 8.6 6.1 7.6
Erucic 39.7 43.7 48.7 42.6

S t a n d a r d deviation

% of methyl e s t e r s
t ~ m i t i c 1.0 1.1 0.9 0.4
Stearic 0.4 0.6 0.3 0.1
Oleic 7.5 3.3 4.8 1.8
Linoleic 2.6 2.1 2.2 1.4
Linolenic 1.6 2.1 2.2 1.6
Eicosenoic 2.4 1.4 1.8 0.7
Erucic 10.0 5.2 7.1 2.9
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all four collections (Table 1). Those accessions with low
levels of erucic acid show almost directly proportional in-
creases in the concentration of oleic acid. The ma.ximum
levels and greatest variation in oleic acid concentration
in this study were observed in accessions from the Ames
collection (Fig. 3). Recently developed (LEAR) cultivars
commonly produce oils with more than 50% oleic acid
(14). These high levels of oleic acid o c c u r when the fat ty
acid elongation pathway responsible for the formation of
eicosenoic and erucic acid is genetically blocked. As the
concentration of erucic acid is r e d u c e d in rapeseed t h e r e
is an almost direct increase in the concentration of oleic
acid (3,16). Similar g e n e t i c blocks were not detected in
the accessions from the o t h e r t h r e e collections. The 364
accessions of the Ames collection also had the greatest
range in eicosenoic acid concentration (1.9-17.7%) (Table
1 and Fig. 4). Only the Ames collection had accessions
with very low levels of e r u c i c acid (Table 1 and Fi~ 5).
The e r u c i c acid concentration ranged from 15.6-62.9%
in the o t h e r t h r e e collections. Only 12 of the accessions
had oils with less than 5% erucic acid (14). This reflects
the large n u m b e r of Ames accessions that were collected
prior t o 1961 when the gene(s) that r e d u c e the level of
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erucic acid were first identified. Reduction of the l eve l
of erucic acid t o less than 2% is controlled by a single gene
in the diploid R campestris (13,17) and by two genes in
the allotetraploid /~ n a p u s (3,10,17-21). O t h e r genes
and/or multiple alleles also play a role in intermediate and
very high levels of erucic acid (13,18,22). This level of
variation was not found in the vegetable Bras.v/(~ acces-
sions or t h e / ~ c a r / n a t a collection. Fourteen accessions
from Geneva had g r e a t e r than 60% erucic acid, but none
of the l inesexceeded the theoretical limit of 66% e r u c i c
acid f o u n d in many Brassicacae species (1,6). However,
the Geneva collection may carry genesw h i c h could allow
maximum expression of e r u c i c acid within this limit.

The two primary polyunsaturated fat ty acids f o u n d in
rapeseed are linoleic acid and linolenic acid (1,6). The
concentration of linoleic acid in accessions from t h e i r col-
lections ranged from 8.4-26.4% w h i l e the concentration
of linolenic acid ranged from 3.3-14.8% (Table 1, Figs. 6
and 7). Once again, the greatest variation occurred in the
oilseed B r a s s / c a accession from Ames. Most of the ac-
cessions o f / ~ carinata had slightly lower h ighe r levels
of polyunsaturated fat ty acids than the o t h e r Braxs / ca
species (Figs. 6 and 7). Reduced and/or increased levels

Number of Accessions Number of Accessions

250

200

160

100

50

0

250

200

150

100

50

0
0 0 - 0 7 08-14 15-2,1 2 2 - 2 8 2 9 - 3 5 3 6 - 4 2 10 4g 5 0 - 8 9 90-129 130-169 170 209

Percent of Stearic Acid (18:0) Percent of Eicosenoic Acid (20:1)

m Ames m Pullman E ~ Geneva ~ OGN m Ames n Pullman r~7 Geneva ~ OGN
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X'1.4% X'O 8% X='O.EI% X'O g% X=9.4% X'8.6~ X=6.1~ X=7.1B%

FIG. 2 . D i s t r ibut ion of s t e a r i c a c i d (18:0) concentrat ion i n 1116
access ions from four col lect ions of B r a s s l c a germpinsm.

FIG. 4 . D i s t r ibut ion of e i c o s e n o i c a c i d (20:1) concentrat ion i n
1116 access ions from four col lect ions ofB r a s s l c a g e r m p l a s m .
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N-384 N=361 N,294 N-107

X-20.3% X=18.3% X=14.0% X,10.0%

FIG. 3 . D i s t r ibut ion of o l e i c a c i d (18:1) concentrat ion i n 1116
access ions from four col lect ions of B r a s s / c a g e r m p l a s m .
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N=384 N-861 N=294 N-107

X=397% Xo43.7% X=48.7% X=42.8%

FIG. 5 . D i s t r ibut ion of e r u c l c a c i d (22:1) concentrat ion i n 1116
access ions from four col lect ions of B r a s s / c a g e r m p l a s m .
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T A B L E 2

Est imated E n e r g y Derived by E - o x i d a t i o n Content of Typica l Low E r u c i cA c i d (LEAR) and H i g h E r u c i c A c i d (HEAR) Winter
R a p e s e e dO i l s from Seed G r o w n at M o s c o w , Idaho (25)

LEAR oil HEARoil
Fatty Molecular Energy Fatty acid Energy FattyAcid Energy
acid weight content composition content composition content

g -ATP/Mole- -% MethylEster- -ATP/Mole%- -% Methyl Ester- -ATP/Mole%-
Palmitic 256 129 4.5 6.45 2.3 3.74
Stearic 284 146 1.6 2.34 0.5 0.88
O l e i c 282 144 61.6 88.56 15.8 24.77
Linoleic 280 142 19.4 27.70 11.0 17.04
Linolenic 278 140 10.7 15.26 5.0 7.70
Eicosenoic 310 161 1.4 1.93 7.9 12.56
Erucic 338 177 0.3 0.35 57.0 95.58

Total 99.5 142.6 99.5 162.3

Number of Acce8s[on8

250
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100
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0
0 0 - 4 9 5 0 - 9 9 100-149 15 0-199200-249250-299

Percent of Linole~c Acid (18.2)

l Ames I Pullman ~ Geneva l CGN
N - 3 5 4 N , 3 5 1 N ' 2 9 4 N ' 1 0 7 "

X'15.2% X-143% X,14.6% X-15.9%

FIG. 6 . D i s t r ibut ion of l i n o l e i c a c i d (18:2) concentrat ion i n 1116
access ions from four col lect ions of Brass i ca g e r m p l a s m .

of t h e s e two fat ty acids could probably be achieved by
using the variation expressed in this collection. Since the
relative concentration of these two fat ty acids is influenc-
ed by both environmental factors and the m a t e r n a l
genotype, selection of lines with differential concentra-
tions of t h e s e fat ty acids has been difficult (23-25).

The Ames oilseed accessions had the greatest variation
in fat ty acid composition, reflecting selection for this trait
over the past 40 years (Table 1). The 107 accessions of
/~ c a r / n a t a obtained from the Netherlands were original-
ly collected in Ethiopia and are agronomically and
botanically distinct from the USDA collections. Despite
t h e s e differences, the fat ty acid profiles of the JR
c a r / n a t a accessions were similar t o those observed in the
o t h e r B r a s s / c a species` The vegetable accessions of/~
o ~ from P u l l m a n and Geneva, w h i c h had n e v e r
been screened for fat ty acid composition, were almost
identical t o the oilseed types . It w o u l d appear that in the
a b s e n c e of artificial selection, most accessions of /~
napus, R campestr/s,/~ o/eravea a n d / t c a r / n a t a have
a fat ty acid composition of approximately 4% palmitic
acid, 1% stearic acid, 17% oleic acid, 15% linoleic acid,
10% linolenic acid, 8% eicosenoic acid, and 44% erucic
acid. Accessions w h i c h vary significantly from this pro-
file are probably the result of rare mutants in the fat ty
acid biosynthesis pathway w h i c h are expressed only dur-

ing seed maturation (1). All of the low e r u c i c acid
rapeseed cultivars currently grown worldwide originated
from only t h r e e sources (12,13,20). The absence of o t h e r
m a j o r variants in fat ty acid synthesis of Brassica in this
s tudy, as well as in the literature, indicate that fat ty acid
composition in t h e s e species has been tightly conserved.

To determine if HEAR oils c o u l d impart a selective ad-
vantage over LEAR oil, the energy derived by/3-oxidation
of both oils was calculated. The energy contents of the
LEAR and HEAR oils were 142.6 and 162.3 ATP/Mole %
respectively (Table 2). The oil in the LEAR seeds had
13.8% less ATP equivalents per mole percentage than the
HEAR seeds. The increased energy content of the seeds
containing HEAR oils suggests that fat ty acid composi-
tion could have had an influence on the survival of ex-
tremely small s e e d e d species such as rapeseed. The high
melting point of triacylglycerols with more than two
e r u c i c acids probably limited the development of
genotypes with erucic acid levels h ighe r than 66%. This
may explain why so little variation in fat ty acid composi-
tion was found in the 1116 accessions of the four Bruss/ca
species evaluated from t h e s e divergent collection~ Plant
breeders selecting for differential fat ty acid composition
of the oilseed Brass/cas would need t o use o t h e r t e c h -
niques t o incorporate or i n d u c e additional variation.
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N - 3 6 4 N - 3 6 1 N - 2 9 4 N-107 "
X-8.9% X-10.9% X=10.3% X-14.9%

FIG. 7. D i s t r ibut ion of l l n o l e n i c a c i d (18:3) concentrat ion i n 1116
access ions from four col lect ions of B r a s s / c a g e r m p l a s m .
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