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Variation in Fatty Acid Content and Seed Weight
in Some Lauric Acid Rich Cuphea Species
A.E. Thompsona.*, D.A. Dierig?, $.J. Knapp? and R. Kleimanc

au.s. Water Conservation Laboratory, ARS/USDA, 4331 E. Broadway Rd., Phoenix, AZ 85040, bcrop Science Department, Oregon State
University, Corvallis, OR 97331 and SNorthem Regional Research Center, ARS/USDA, Peoriq, IL 61604

Significant genetic variation for lauric acid (12:0) and
capric acid (10:0) composition and seed weight was
measured within lauric acid-rich, self-pollinating germ-
plasm accessions of Cuphea wrightii, C. tolucana, and
C. lutea. Means and ranges of individual plant progenies
for 12:0 content of C. wrightii accessions was 60.5 X .63%
(49.8-65.8%), 10:0 content was 23.7 *+ .54% (18.6-33.0%),
and 1000-seed weight was 1.50 + .03 g (1.20-2.47 g). Pro-
genies of single plant selections carried to the S, genera-
tion exhibited reduced variability within selections, but
significant variation among selections for 12:0, 10:0 and
1000-seed weight. Variation among single plant selections
of C. tolucana was less than that of C. wrightii and at-
tributed to a restricted germplasm base. Means and
ranges for 12:0 content were 61.6 * .47% (59.2-69.9%), 10:0
was 22.3 * .62% (11.7-25.3%), and 1000-seed weight was
1.40 .05 g (0.90-1.69 g). Cuphea lutea has a significantly
different 12:0—10:0 profile than the other lauric acid-rich
species. Means and ranges for 12:0 were 36.8 = .14%
(33.7-40.8%), 10:0 was 21.8 * .08% (16.4-23.9%), 1000-seed
weight was 2.26 *+ .02 g (1.82-2.72 g). The 1000-seed weight
was highly positively correlated with 8:0, 10:0, 18:1 and
18:2 contents and highly negatively correlated with 12:0,
14:0 and 16:0 in both C. wrightii and C. tolucana. No such
relationship was found for C. lutea. A highly significant
negative correlation was also measured for 12:0 and 10:0
contents in C. wrightii and C. tolucana.

KEY WORDS: Breeding, Cuphea lutea, Cuphea tolucana, Cuphea
wrightii, genetic diversity, lauric acid, medium chain fatty acids,
seed weight, selection.

The U.S. chemical industry is heavily dependent upon im-
ported coconut and palm kernel oils as the primary source
of lauric (12:0) acid and other medium-chain fatty acids.
Current importation is about 450,000 metric tons, and
essentially equal quantities of petrochemicals are also
converted and utilized annually to meet domestic demand
(1-3). Recent research has stimulated interest in the
utilization of capric (10:0) and caprylic (8:0) acids for nutri-
tional and medical purposes (4-6), which may increase
future demands. Species of Cuphea have emerged as
promising candidates for providing new domestic sources
of medium-chain fatty acids (2,3,7,8), and unparalleled
genetic diversity of fatty acid patterns within Cuphea has
been demonstrated, with 12:0, 10:0 and 8:0 acids pre-
dominating (9-12). However, the extensive data reported
by Graham et al. (10) on variations in mean fatty acid con-
tents of Cuphea species gave no information on the varia-
tion within or among accessions of the species.
Agronomic studies including breeding and selection of
adapted species and new cultivars were initiated in the
mid-1970’s at the University of Gottingen in West
Germany. A major cooperative research program was

*To whom correspondence should be addressed.

initiated in the United States in 1983, involving ARS/
USDA, Oregon State University, and member companies
of the Soap and Detergent Association (2,3,7,8,13,14). In-
formation on agronomic potential, seed composition and
morphological descriptions of various species evaluated
was published during the early phase of this program
{13,14). Thompson and Kleiman (3) studied the effect of
seed maturity on seed oil, fatty acid and crude protein
content of eight Cuphea species, and concluded that varia-
tions in seed maturity does not present major constraints
to commercialization.

Although significant variation in fatty acid content has
been reported among the large number of Cuphea species
evaluated, very little information is available on plant-
to-plant variation within the various species. The amount
of genetic variability within a population of plants is
partly conditioned by the mode of pollination and fertiliza-
tion. In general, plants within populations that are nor-
mally cross-pollinated exhibit greater genetic variability
than those normally self-pollinated, since they have a
much greater frequency of genetic recombination and
segregation. Of the four lauric acid-rich Cuphea species
that have received research attention, only C. laminuli-
gera is a cross-pollinator, while C. lutea, C. tolucana, and
C. wrightii are self-pollinators (13). The objective of this
research was to determine the extent of variability in
fatty acid content and seed weight both within and among
all available accessions of the three self-pollinating species
of Cuphea. Such information is highly essential in order
to accurately assess the probability of successful selec-
tion and enhancement of germplasm, and development
of high yielding cultivars.

EXPERIMENTAL PROCEDURES

Six ARS/USDA accessions of Cuphea wrightii, one ac-
cession of C. tolucana, and two accessions of C. lutea were
available for determination of plant-to-plant variation of
fatty acid content and 1000-seed weight, both within and
among accessions. The source and relationships among
these accessions are detailed in Table 1.

Populations of all accessions were grown to maturity
as single plants in pots in a greenhouse at Phoenix,
Arizona, from 1984 to 1985. Plant numbers within popula-
tions varied depending upon availability of viable seeds.
Quantities of seeds collected from individual, self-pol-
linated plants varied considerably. The seeds produced
on each self-pollinating plant (designated S;) are
designated as the S, generation. For two accessions of
C. wrightii (A255 and A261) and one accession of C.
tolucana (A262), a series of S, populations were
generated by self-pollinating and collecting seed from in-
dividual S, plants. No remnant S, seeds were available
for A255, but sufficient S; seeds of A261 and A262 were
available for analysis and comparison with that of their
respective S, populations. In total, 14, 11, and 4 S,
populations produced by individual S, plants within
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TABLE 1

Source and Relationships Among Lauric Acid-Rich Cuphea Species
Evaluated for Fatty Acid Content and Seed Weight

Accession or collection number

ARS/USDA USDA P.1 Original collection number
Arizona number and source
C. wrightii
AT 534728 Graham #725/Mexico
A84 534729 Graham #732/Mexico
A158 — Graham #828/Mexico
A243 534888 Roebbelen-Géettingen #G-62
A2552 534891 Graham #651/Mexico, Hirsinger,
Davis, CA, Plot 30, 1982
A261¢ 534889 Graham #651/Mexico, Hirsinger,
Corvallis, OR, 1983 Bulk
C. tolucana
A262 534811 Graham/Mexico, Collection No.
unknown, Hirsinger, Corvallis,
OR, 1983 Bulk
C. lutea
Al44 534701 Graham #806/Mexico
A370 534902 Graham #662/Mexico, Hirsinger,

Corvallis, OR, 1984 Bulk

@These two populations are thought to be related, and represent ad-
vanced generations successively grown in Davis, CA in 1982 and
Corvallis, OR in 1983.

A255, A261 and A262, respectively, were available for
analysis. Seeds were collected and analyzed from five
plants of each of these S, populations. The variance
within each of these five-plant populations was used as
a sampling error to test the variance among their respec-
tive S,’s for 1000-seed weight, 12:0 and 10:0 fatty acid
content.

Small quantities of seeds of each plant were weighed,
placed in seed packets and sent to the ARS/USDA
Northern Regional Research Center (NRRC), Peoria, Illi-
nois, for fatty acid analysis in 1987-88. The quantities
of seeds for individual lots varied from about 0.2 to 2.0 g.
Seed weight determinations were made, and a small quan-
tity of seeds of each lot was retained in Arizona as a rem-
nant. Due to the relatively small quantities of seed
available for analysis of single plant progenies, gravi-
metric oil determinations were not made. Fatty acid
analyses were conducted utilizing previously reported
methods (3). Data for seed weight, seed oil and fatty acid
contents were analyzed utilizing conventional statistical
methods and tests of significance.

TABLE 2

RESULTS AND DISCUSSION

The original data on the fatty acid analyses reported by
Graham et al (10) were made available by Dr. Frank
Hirsinger. From these data, standard errors, ranges and
coefficients of variation for 12:0 and 10:0 fatty acids were
calculated and summarized in Table 2. Only one acces-
sion of C. wrightii (Graham collection #651) and one ac-
cession of C. lutea (Graham collection #662) are related -
to the accessions listed in Table 1. These data give some
indication of the range of variability that can be expected
within the four species. There appears to be significant
variation among the nine C. wrightii accessions for both
12:0 and 10:0 content. The range of variability for 12:0
content for C. tolucana and C. laminuligera is similar and
both have significantly higher content of 12:0 than C.
wrightii. Cuphea lutea is unique in that the 12:0 content
is much lower than that of any of the other lauric acid-
rich species.

Means and standard errors {S.E.) for seed weight and
fatty acid percentages within and among the S, popula-
tions of five accessions of C. wrightii are summarized in
Table 3. The overall means + S.E., ranges and coefficients
of variation (CV) for the populations are also presented
for comparison. Ranges of about 16% were measured in
the 12:0 means of individual plant progenies within the
five populations, and the 10:0 range was about 14%. The
range in 1000-seed weight of individual plant progenies
was also substantial.

Seeds of four of the C. wrightii accessions (A77, A84,
A158 and A243) were made available for research at
Oregon State University in 1985. Small S, generation
populations were developed from self-pollinated plants
within each accession in a greenhouse at Corvallis, Oregon
in 1986. Fatty acid determinations were made on these
S, populations (unpublished results). The 12:0 and 10:0
contents of these S; populations were comparable to
those of the Arizona grown material (Table 3), and fully
substantiate the conclusion that rather large differences
are evident among the accessions that may be amenable
to selection.

The statistical test (t-test, Table 3) comparing the mean
difference between the two S, populations of A255 and
A261 of C. wrightii generally indicates that the two ac-
cessions are distinct for seed size and fatty acid content.
However, the difference of 0.89% in 12:0 was only signifi-
cant at the 5% level, and no difference was measured for
14:0. Because records of the source of A255 are not com-
plete nor available, there is some question regarding the
commonality of origin. However, it is reasonably certain
that they both came from the original Graham #651

Variation of Lauric and Capric Acid Content Among Accessions of Four Lauric Acid-Rich Cuphea Species Originally Reported in 1981 (10)

Percent lauric acid (12:0)

Percent capric acid (10:0)

Number
of Mean Coefficient Mean Coefficient
Species accessions + S.E. Range of variation (%) + S.E. Range of variation (%)
C. wrightii 9 539+ 1.6 48.2-60.5 8.7 29.1 = 1.8 21.9-37.9 16.2
C. tolucana 3 63.3 £ 1.2 61.1-65.4 3.4 23.0 1.6 19.8-25.1 4.3
C. lutea 2 37.7 36.6-38.8 - 29.4 24.9-33.9 -
C. laminuligera 2 62.6 61.5-63.8 — 17.1 12.8-21.5 —
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N collection. Although the differences between the two
4o populations are relatively small, these data indicate that
i~k some genetic variability exists that is amenable to selec-
- tion even within closely related populations.
There appears to be some difference in the S, and S,
- populations of A262, C. tolucana, especially in the 10:0
0 and 12:0 contents (Table 3). Most of these differences may
ge” be attributed to environmental factors, since the two
populations were grown in the greenhouse at different
times. However, when one compares the differences be-
tween the S, and S, generations of A261 (C. wrightii),
which were also grown at different times (Table 3), the
differences in the means for 10:0 and 12:0 were less than
1%, whereas those for A262 were about 20% and 6%,
respectively. A possible explanation for this difference is
that C. wrightii is undoubtedly of an allopolyploid origin
with an n chromosome number of 22. C. tolucana is a
diploid species (n=12) that closely resembles and is pro-
posed to have been one of the parents in the formation
of C. wrightii (8). Polyploidy usually exerts a buffering
effect on gene flow and may be a contributing factor to
lower genetic variability in this instance.

The two accessions of C. lutea, A144 and A370, which
were collected in different locations in Mexico, appear to
be distinct in all respects except for 10:0 content. In this
instance both of the S, populations were grown at the
same time in the same greenhouse, so that environmen-
tal variation is greatly minimized. Cuphea lutea is most
probably of polyploid origin (8), which may partially ac-
count for the low variability in seed weight and fatty acid
contents within each accession. In addition, the amount
of original seed of A144 was very limited and may have
come from a very small number of plants, thus placing
a restriction on the genetic variability found within this
accession. The apparent genetic variability between the
two accessions can be accounted for by their geographic
isolation and lack of relationship. The difference of 3%
in 12:0 content indicates that even greater variation and
higher lauric acid content may be found within the species
if a larger collection of accessions were available for chem-
ical evaluation. It would appear to be highly desirable if
more germplasm of this species could be collected
throughout its natural range in Mexico.

An analysis of variance was run on the variation in 12:0,
10:0 and 1000-seed weight among the five-plant S,
generation progenies of S, plant selections from two ac-
cessions of C. wrightii (A255 and A261) and C. tolucana
(A262). The variance within the five-plant progenies was
used as a sampling error to test the variation among the
plant means. In all instances for the two C. wrightii ac-
cessions, the F ratios were highly significant (P=0.01).
With C. tolucana, the F ratios for 12:0 and 10:0 were not
significant, and the F ratio for 1000-seed weight was only
significant at the 0.05 level.

The arrays of plant means of the S, generation pro-
genies were further evaluated utilizing Duncan’s Multi-
ple Range Test (Table 4). It is clear that there was little
genetic variability within the limited number of selections
of C. tolucana. The significant variation in the ranges of
the means in 12:0 and 10:0 contents, as well as for seed
weight for the single plant selections within both C.
wrightii accessions, indicates that concurrent selection
for both higher 12;0 content and seed weight is feasible.
Although high 12:0 content and smaller seed weight are
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TABLE 5

Linear Correlation Coefficients Among 1000-Seed Weight and Percent Fatty Acids for Plants

of Cuphea wrightii, C. tolucana, and C. lutea

Percent fatty acids

8.0 10:0 12:0 14:0 16:0 18:1 18:2

1000-seed weight

C. wrightii (n=195) B5T70%* T56**%  — gO3**k¥ — QOF** - 3oFkkk B4h¥** .686¥**

C. tolucana (n=31) .446* 663%**x  — gOON*Ek  — FTGREE  — FOQRE* 544¥* .428*

C. lutea (n=147) —.779%*%*  — 131 B53¥kE @Rk _ 7onkkk  — FQ5kkx 546***
8:0

C. wrightii (n=195) — BTT¥RE — RIQFFEF . 73TEEk — Fo(EEk 47 3FFR .30p%*¥*

C. tolucana (n=31) - 836%**  — ThE¥kR  _ 7QTR¥kk  _ gRO¥A¥ 210 141

C. lutea (n=147) — 545***  — gOOF** .B43%%* 389k 271%%x  — §6G¥**
10:0

C. wrightii (n=195) — - —.983%%%  — g]g¥kE . 4OZkkk BTTR*E Y St

C. tolucana (n=31) — — —.938**%  — 9GE¥EE  — BO4¥I* .432% .326

C. lutea (n=147) — — .050 —.176% — . 481%%%  — 494*%* — 59%**
12:0

C. wrightii (n=195) — — 923 ¥** 278%%%  — BogEk¥k  — Th4wkk

C. tolucana (n=31) — - 850%** B580**k  — gE4¥RkE  — GOIF*k¥

C. lutea (n=147) — - —.876*¥F  — QUTHREK  — QoTdkx 227%*
14:0

C. wrightii (n=195) — — — 453%*%  — gOg¥*k — Tl k¥*

C. tolucana (n=31) — — — 864*** — 397 -.211

C. lutea (n=147) — — — .80pH** TOTH***  — 4Q5%**
16:0

C. wrightii (n=195) — — — — .057 .220%*

C. tolucana (n=31) — — — — 014 .193

C. lutea (n=147) — — — — 897**%*  — 036
18:1

C. wrightii (n=195) — - — — — 854 %%

C. tolucana (n=31) — — — — — 869 **

C. lutea (n=147) - — — — — 073

* kok kkok
s s

associated, there are some instances where this negative
relationship is not strong. Selections 255-14 and 261-05
are good examples of favorable combinations of high 12:0
and heavier seed weight.

Comparisons of mean CV’s among the various popula-
tions of C. wrightii are of interest. In general, the lowest
CV’s were measured for the S, generation progenies of
A255 and A261;1.4%, 3.2% and 3.8% (x = 2.8%) for 12:0,
10:0 and 1000-seed weight, respectively (Table 4). In com-
parison, the respective mean CV’s for the A255 and A261
S,’s (Table 3) were 4.2%, 7.8% and 5.7% (X = 5.9%). The
CV’s for the various S, populations (Table 3} were much
higher—8.8%, 19.1% and 18.7% (x = 15.5%). In contrast,
19 seed lots of C. wrightii, which were either from or
closely related to A255 and A261 and grown at nine field
locations throughout the United States between 1982-
1985, had means of 54.0 *+ .54%, 34.7 *+ .46%, and 1.68 +
.05 g, and CVs of 4.4%, 5.7% and 12.9% (x = 7.7%) for
12:0, 10:0 and 1000-seed weight, respectively (3). These
data indicate that some genetic variation exists within
the population of material that descended from the
original Graham collection #651, and the variation was
reduced by selection and inbreeding within the popula-
tion. However, the much higher array of variation for
12:0, 10:0 and 1000-seed weight (Table 3) among the acces-
sions that trace back to five different original C. wrightii

Significantly different from zero at the 0.05, 0.01, and 0.001 probability levels.

germplasm collections leads to the conclusion that selec-
tion within the broader germplasm base for higher 12:0
yields should be feasible.

Linear correlation coefficients were calculated to deter-
mine the relationships among 1000-seed weight and fatty
acids contents for each of the three lauric acid-rich species
(Table 5). Highly significant correlations were measured
between seed weight and essentially all of the fatty acids.
However, there is marked difference in the response of
the three species. Both C. wrightii and C. tolucana, which
are thought to be taxonomically related (8), performed
similarly in that seed weight is positively correlated with
8:0, 10:0, 18:1 and 18:2 and negatively correlated with
12:0, 14:0 and 16:0. The relationships among seed weight
and 8:0, 10:0 and 12:0 for C. lutea are essentially opposite
to that of the other two species. However, the correlation
of .853 for 1000-seed weight and 12:0 is spurious. The ap-
parent relationship derives from the combined correlation
analysis of the two relatively discrete populations. The
nonsignificant correlation coefficients of 1000-seed weight
and 12:0 calculated for each population was only —.161
(n=81) and .134 (n=66), respectively, for A144 and A370.

The relationships among the various fatty acids again
point to the similarity of C. wrightii and C. tolucana
and their difference from C. lutea. Of most practical
significance is the highly negative correlations for the

JAOCS, Vol. 67, no. 10 (October 1990)
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FIG. 1. Regression of capric acid (10:0) on lauric acid (12:0) contents
within lauric acid-rich species. A, Cuphea wrightii; B, C. tolucana;
and C, C. lutea.
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FIG. 2. Regression of 1000-seed weight on laurie acid (12:0) contents
within lauric acid-rich species. A, Cuphea wrightii; B, C. tolucana;
and C, C. lutea.
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association of 12:0 and 10:0 contents. This association
accounts for over 87% of the variability (mean r2 = .879)
within the three populations. In contrast, no such re-
lationship was detected for C. lutea. These data strongly
confirm the highly significant correlation (—.848) be-
tween 12:0 and 10:0 in another population of field grown
C. wrightii previously reported by Thompson and
Kleiman (3).

Linear regressions were calculated for the important
relationships of 12:0 and 10:0 (Fig. 1), and 12:0 and
1000-seed weight (Fig. 2) for populations of each of the
three species. The regression of 10:0 on 12:0 (Figs. 1A and
1B) clearly shows the negative relationship that exists
between these two fatty acids. The high r? values in-
dicate that about 90% of the variability in 12:0 is ac-
counted for by this association, which agrees closely to
that previously reported by Thompson and Kleiman (3)
for C. wrightii. Although no relationship exists for 12:0
and 10:0 within C. lutea, the means are plotted for sake
of comparison (Fig. 1C). The plot clearly shows the
marked difference in 12:0 and the similarity in 10:0 con-
tents of the two C. lutea accessions previously charac-
terized in Table 3.

The regression of 1000-seed weight on 12:0 shows the
negative relationship that exists between seed weight and
12:0 (Figs. 2A and 2B) for C. wrightii and C. tolucana.
The r? values indicate that from about 50-60% of the
variability in 12:0 is accounted for by this association.
As indicated previously, the apparent high positive asso-
ciation of 12:0 and 1000-seed weight in C. lutea (Fig. 2C)
is spurious due to the pooled correlation analysis of two
relatively discrete populations.

It is concluded that genetic variability for fatty acid
content and seed weight exists within the currently
available germplasm of the three self-pollinating lauric

acid-rich species of Cuphea. Also, some increase in 12:0
content may be possible by selection within these and
other self-pollinating populations. It is suggested that
even greater gains in yield may be realized by intermating
high 12:0 selections, and following up with a recurrent
selection program for favorable combinations of high 12:0
and increased seed size. Additional progress should be ob-
tained by the more extensive collection and chemical
evaluation of new germplasm that could be integrated
into the existing and rather limited germplasm pool of
these species. ;
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