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Summary

Mutant lines of soybean [Ghycine max (L.) Merr.] , M11 and M23, were selected from X-ray
treated Bay cultivar. While the oleic acid content of Bay was about 27.8% of total fatty acid, the
contents of this fatty acid in these mutants were about 30.8%, and 48.6%, respectively. The
remarkable increases of oleic acid content in these mutants were expected to be the result of
mutations at the O/ loci induced by the X-ray irradiation. In this study, we analyzed for
mutations by restriction fragment length polymorphism (RFLP) analysis using a microsomal w-6
fatty acid desaturase cDNA as a probe. This probe hybridized with one band (4.6 kbp) in Bay
and M11, but was absent in M23. Forty plants grown from the embryonic part of F, seeds made
from a cross between M23 and Bay were analyzed with the same method. The F, seeds were also
analyzed by gas chromatography for their oleic acid content. The result of this study showed that
the segregation ratio for intensities of the 4.6 kbp band fitted the expected 1 : 2 : 1 ratio (Bay :
F1 : M23 ; x*=0.16, P>0.80). Moreover, the intensities of this fragments were completely
comparable with their oleic acid contents. These results suggest that the high oleic acid content
in M23 line was caused by some nucleotide modification on the -O! locus encoding for an isozyme
of microsomal w-6 fatty acid desaturase.
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Introduction

The unsaturated fatty acids are essential nutrition in human diets. However, the
polyunsaturated fatty acids easily oxidize and form the undesirable odors and flavors?.
The oxidization of polyunsaturated fatty acids is the most important problem to keep the
dietary oil quality. In the soybean oil, linoleic acid is an abundant fatty acid that has two
unsaturated bonds. The linoleic acid is produced from oleic acid by desaturation at -6
position with w-6 fatty acid desaturase. Oleic acid is the most stable unsaturated fatty
acid in soybean oil. To improve the soybean oil quality, research must be done to increase
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the oleic acid content and decrease the linoleic and linolenic acid content. The mutant
lines, M11 and M23 were established by X-ray treated soybean cultivar Bay. The oleic acid
content of M11 and M23 were about 30.8% and 48.6%, respectively, compared with 27.8%
of their original cultivar®?®. Previously, we reported that these mutants were derived from
the mutations at only one locus OI, because no segregation of oleic acid content could be
shown in the cross of M11 and M23%4,

Recently, the molecular basis of fatty acid synthesis was clarified with biochemical and
molecular biological analysis®. One distinct pathway for the biosynthesis of polyunsaturat-
ed fatty acids exists in plastid and the other one exists in endoplasmic reticulum. Seed
storage oil is mainly synthesized in later pathway®. The cDNA encoding microsomal w-6
fatty acid desaturase was first isolated from Araebidopsis thaliana as FADZ gene®. On the
other hand, two clones encoding microsomal w-6 fatty acid desaturase were isolated from
soybean cDNA library and the analysis of their expression was reported”.

In this study, we tried to determine the molecular basis of soybean mutants harboring

Ol locus for high oleic acid content using hybridization technique with two microsomal @6
fatty acid desaturase cDNA (FAD2-1 and FAD2-2) as probes.

Materials and Methods

Plant materials

The soybean lines used in this study were
M1l and M23 mutants, and their original
cultivar Bay. The F, and F, seeds of the (kbp)
cross M23 with Bay, and parental seeds were
harvested in the field at Saga University in
1997. The half of dry seeds were cut off and 5.0 =
subjected to aualyze the fatty acid composi- 3.0 —
tion, and the remaining part of dry seeds with 2.0 -
embryo were planted in the field for DNA
preparation. 1.0 =

Fuatty acid analysis
Fatty acid composition was determined
by gas chromatography, as described ear-

lier®.
Fig. 1 Hybridization patterns of soybean
. genotypes with a microsomal -6 fatty acid
Probe preparation desaturase probe. Total DNA was digested
A cDNA of microsomal -6 fatty acid with EcoRl and molecular weights were
i given in kbp for the 1kbp DNA ladder (NEW
desaturase was prepared from total RNA of ENGLAND Biolabs). Two ug of Bay (lane
developed soybean (Bay cultivar) seeds by 1, M1l (lane 2) and M23 (lane 3) were

. R — subjected for southern-blot analysis. Three
RT-PCR method as described earlier? except bands (19, 2.5 and 4.6 kbp) hybridized with

for PCR reactions. Two pairs of oligonu- the probe indicate with arrow heads.




Genetic Analysis of Restriction Fragment Length Polymorphism on the Fatty Acid Synthesis in Soybean Mutants and Their
Progenies: 1. High oleic acid mutants with two microsomal w-6 fatty acid desaturase cDNAs as probes 39

cleotides for FAD2-1 (ER-w-6-1-F, 5-atgggtctagcaaaggaaac-3’ | ER-w-6-1-R, 5'-
accatgatcgcaacaagetg-3') and for FADZ2-2 (ER-w-6-2-F, 5'-cagattgtgtgttgatgegege-3’;
ER-w-6-2-R, 5’-caaaaccgctatgcaactgtct-3) were designed to amplify the coding region of
microsomal w-6 fatty acid desaturase cDNAs”. The PCR reactions, subcloning, sequenc-
ing and labeling procedures were previously described!?.

Southern-blot analysis
The DNA extraction, quantification, and southern-blot analysis were carried out with

same conditions as described earlier'®.

Results and Discussion

Soybean genotypes M11 and M23 were isolated as high oleic acid mutants from the
X-ray treated population of Bay cultivar. Each of these mutants harbors a mutation at a
same Ol locus. The oleic acid contents of these mutants were about 30.8% and 48.6%, and
the linoleic acid contents were about 46.9% and 29.5%, respectively?¥% The original
cultivar Bay contains about 27.89 of oleic acid and 51.7% of linoleic acid. It may
reasonable to expect that their mutations inhibit to produce linoleic acid from oleic acid,
because the oleic acid contents were clearly increased and the linoleic acid contents were
clearly decreased in these mutants than that of Bay. Microsomal w-6 fatty acid desaturase
is an essential enzyme to convert oleic acid to linoleic acid in microsome, and was first
isolated from Arabidopsis thaliona as FAD2 gene®. Two clones (FAD2-1 and FAD2-2)
were also isolated from soybean cDNA library by heterologous hybridization method™.

t 2 3 4 5 6 7 8 9 10 11 12 13 14

(kbp)

10— -

Fig. 2 Hybridization patterns of Bay, M23 and their progenies with same probe.
Bay (lanes 1 and 2), M23 (lanes 3 and 4), F, (Ianes 5 and 6) and F, plants
(lanes 7 to 14) were analyzed with same as Figure 1. Each F, plant was
completely comparable with No. 1 to 8 plant of Table 1.
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With FAD2-1 as a probe, the line M23 Table 1. Distribution of oleic acid content in F,
seeds and intensity of 4.6 kbp band hybrid-

lacked 4.6 kbp band, whereas approximate- ized with a microsomal -6 fatty acid

ly 1.9, 2.5 and 4.6 kbp bands were observed desaturase probe in F, plants of cross
in Bay and M11 (Fig. 1). In contrast, there between Bay and Mz3.
was no difference between these lines with N “‘;‘fbe‘” Oiiijt:rféd Band intensity
FAD2-2 as a probe (datanot shown). The  jngividual in F, seed in F, plant
differential RFLP pattern of FAD2-1 gene 1 29.3 4+
could suggest that the high oleic acid 2 28.6 ++
phenotype of M23 line was caused by some i :Zi 1
modification on the nucleotide sequence of 5 13 7 "
this gene. The modification could be a 6 27.8 4
partially deleted at the coding region of 7 32.2 +
this gene and the product of this gene could 8 44.5 -
be inactive. It may support that the 190 igg ;
phenotype of M23 was more strict than 11 35.7 +
that of M11. The mutation of M11 could be 12 45.7 -
occured due to partially decrease of en- 3 34.2 +
. . . 14 30.8 + +
zymatic activity. 5 6.7 .
The intensities of 4.6 kbp band in F2 16 37.0 +
plants were divided into three types, Bay, 17 43.3 -
F1 and M23 (lanes 7-14, Fig. 2). The oleic 18 36.6 +
acid content in F2 seeds was also devided ;z ﬁj :
into three groups. Segregation for the 21 14.8 -
intensity of band and oleic acid contents 22 29.0 + -+
were found to be completely associated and 23 32'2 i
fitted the expected 1:2:1 ratio (Table 1). ;g ;;g +
These results support that this RFLP pat- % 4.9 +
tern of FAD2-1 was completely linked 27 321 +
with the high oleic acid content of M23. ;3 gg: T‘
On the other hand, no difference of 20 29:5 o
REFLP could be detected with FAD2-2 31 34.0 +
probe between these mutants and Bay in 32 32.5 +
this study. From this evidence, at least an ‘zi g‘;;’ :+
unknown gene encoding microsomal w-6 ‘35 33:7 "
fatty acid desaturase must exist in soybean 36 43.4 —
genome. 37 33.3 -+
In this study, we demonstrate that O/ ;’S igg +j
locus is structural for FADZ2~1 microsomal 40 33:5 "

w-6 fatty acid desaturase. Comparison of
their mutation points at O/ locus may lead
to a better understanding for enzymatic function of microsomal w-6 fatty acid desaturase.
Furthermore, FAD2-2 cDNA can be used as an excellent tool to search another locus for
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high oleic acid in mutants, and also the transgenic soybean containing high oleic acid can
be developed using anti-sense RNA technique.
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