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ABSTRACT

Acyl lipids were guantified in the germ, endo-
sperm and pericarp of LG-11 maize kernels at eight
stages of development from 9 to 87 days after poll-
ination (DAP). Changes in the lipids are discussed
in relation to morphological events in the developing
kernel. Storage lipids (triglyceride, steryl ester) and
membrane lipids (diacylphospholipids) accumulated
in germ until 52-76 DAP, then decreased slightly
without formation of lipid degradation products,
presumably due to respiration. Triglyceride aceumu-
lated in endosperm until 36-42 DAP and then
decrcased, Maximum values for galactosyldiglycerides
and diacylphospholipids (nonstarch lipids) were
reached at 16-23 DAP, and all decrcased to very low
values at wmaturity. Loss of these functional
(membrane) lipids during the period of endosperm
cell filling is unexpected. Starch contained 82% of the
lysophospholipids and é4% of the free fatty acids in
endosperm at 76 DAP. Endosperm lysophospho-
lipids increased untii 76 DAP and then decreased
slightly, while free fatty acids increased continuously
to maturity, It is thought that free fatty acids were
mostly inside starch granules at ail stuges of develop-
ment, and any possible decrease after 76 DAP was
masked by acids formed by hydrolysis of aleurone
and endosperm nonstarch lipids from 52 DAP. In
pericarp, glycolipids were prominent only at 9
DAP, and phospholipids decreased after 42 DAP.
Loss of these lipids is associated with senescence
of most pericarp tissue, Triglycerides and steryl es-
ters accumulated steadily to maturity, while the main
accumulation of unsaponifiables occurred after 52
DAP about the time of suberin formation.

{INTRODUCTION

In 2 recent paper (1)} we described the quantitative
distribution of various acyl lipids in the germ, endosperm,
pericarp and tip cap of amylomaize, normal malze (LG-11)
and waxy maize, Substantial quantities of free fatty acids
and partial glycerides in the pericarp and endosperm
nonstarch lipids suggested that there had been extensive
degradation of lipids in these tissues during development
when there would still have been net synthesis of lipids in
the whole kernel,

Several authors have described the accumulation in
developing maize of oil (2-7), and changes in fatty acids
(2,6-11), nonpolar lipids {7,12), glycolipids and phospho-
lipids (9,12,13), dicl lipids {14-16), sterals {17), toco-
phercls (11), carotenoids (18) and the sterco-specific

distribution of fatty acids in the triglycerides (10,19).

However, there has been no comprehensive study of all the
acyl lipids in the principal parts of developing maize ker-
nels, and hence there is no direet evidence to support our
suggestion (1)} that there is substantial degradation of
lipids in the developing pericarp and nonstarch fraction of
the endosperm,

In this paper we describe a study of the lipids in develop-
ing LG-11 maize which complements our previous work (1)
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and shows patterns of lipid synthesis and degradation in
various parts of the kemel.

EXPERIMENTAL PROCEDURES

LG-11 (a triple<ross hybrid forage maize) seed was
provided by Mr. D.S. Kimber, National Institute for Agri-
cultural Botany, Cambridge, and was grown under glass at
the Botany Department Research Laboratories of the
University of Glasgow by courtesy of Dr., J. Hillman.
Natural pollination accutred on July Sth, 1977 (£ 2 days),
and develepment is expressed as days after pollination
(DAP) from this date.

Samples consisting of equal number of kernels taken
from three zones (3 cm from the base, 3 cm from the apex,
and from the centre) of sach cob were used for immediate
determination of moisture and dry weight, and for total
hydrolysate lipid as fatty acid methyl esters, FAME (1).
Kernel dry weights varied by + 60% at 6 DAP, and by less
than * 15% at all other harvesting dates. Analyses were
always made on fresh samples. Stored, refrigerated or
frozen samples were never used.

Similar samples were treated to inactivate enzymes
before disseciion and analysis of lipid classes. Germ and
whole kernels at 6 and 9 DAP were hoiled in methanol,
while all other samples were heated in watersaturated
n-butanol at 100 C for 10 min. The methanol treatment
failed fo prevent some formation of phosphatidyl-methanol
artifact, probably due to incomplete inactivation of phas-
pholipase-D. Methods for extraction and analysis of lipids
have been described in a recent paper (1). Nonpolar lipids
and glycolipids were separated by thin layer chromatog-
raphy {TLC) and quantified as FAME by gas chroma-
tography, while phospholipids separated by TLC were
quantified from their phosphorus content, Each result is a
single mean value of all unalyses (minimum three per
sample) of two or three cob samples taken at each har-
vesting date.

The fatty acid compositions of all nonpolar and glycolipid
classes and of the toial phospholipids were determined in
the course of this work. Significant chunges are mentioned
in the text, but the full data have not been presented. The
complete results can be oblained directly from the authors.

RESULTS AND DISCUSSIONS

Gross Changes

Changes in the lipids of developing kernels are discussed
(below) in relation to recorded morphological events
{20-26) which have been summarized in Figure 1. Although
the time scale of development will obviously differ between
studies and even between individual kemels from the same
cob, the sequence of events will always be the same. In the
present study, samples for each siage of development
ptobably represent a spread of several days in kernel
maturity and also in cell maturity throunghout the develop-
ing endosperm and germ of individual kernels.

A cool period of weather from 42 DAP aiso prolonged
the period of cell filling in endosperm and germ (and hence
the time to reach full maturity), and the DAP time scale
was thus somewhat extended latterly.

The water content of the whole kernel and endosperm
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¥1G. 1. Events in the developing maire kernel {adapted {rom refs. 20-26).

reached a maximum ca. 23 DAP and then declined (Table
I), while in germ it reached a later maximum ca, 52 DAP
and decreased 1o an cxceplionally low level (12.85%) at 87
DAP. The pericarp lost water steadily throughout develop-
ment, while the water content of the tip cap varied irregu-
larly. Similar patterns have been repotted previousty for
water in the whole kernel, endosperm and germ (3).

Maximum values for dry weight, nitrogen and lipid {as
FAMEL) were reached at 52 DAP, or occasionally at 76
DAP, in all tissues except pericarp where maximum nitro-
gen was at & DAP (Table D), These results are consistent
with known morphological changes (Fig. 1}if it is assumed
that in the whole kemel und endosperm most of the dry
matter is starch from 16 DAP.

It appears that physiological maturity measured by the
above criteria was reached in endosperm at 35% moisture
and in germ at 50% moisture. These figures are well above
acoepted moisture levels for harvesting. Similar early
maxima in oil content have been observed in some maize
varictics (2,6-8,10) but not in others (2,3,5-8,11,12).

Germ Lipids
Changes found in germ lipids are consistent with known

developmental cvents (Fig, 1), Germ develops slowly until
12-15 DAP, then develops rapidly until ca, 45 DAP
(3,21,24,25). Since getm remains viable but dorman! at
matarity, it is reasonable to expect that cellular organiza-
tion will be mostly intact and components such as lipids
undegraded.

In LG-11 germ, the diacyl phospholipids, which would
be in various membranes, increased rapidly hetween 16 and
52-76 DAP (Table II} and then decreased slightly without
accumulation of lysophospholipids. Phosphatidylcholine,
phosphatidylethanolamine and phosphatidylinositol are
characteristic phospholipids in cereal germ (27) and in the
spherosome unit membrane (28,29). In the total phospho-
lipids {the fatty acids of imdividual classes were not ana-
lyzed), lincleate decreased from 58% to 50%, while oleate
increased from 8% to 18% and other acids maintained fairly
constant proportions throughout development.

Since maost of the kernel phospholipids are in the germ
{Tables II and III}, limited comparisons can be made with
previous studies af whole kernel phospholipids. There is
general agreement that phospholipid levels reach a maxi-
mum before wmaturity (7,12) and that during development
there is a decrease in linoleate and an increase in oleate in
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total phospholipids (9), and in phosphatidylcholine, phos-
phatidylglycercl, phosphatidylinositol and phosphatidyl-
¢thanolamine (7). However, thc differences between
sweetcorn varieties (9,12) are sufficient to caution against
drawing further conclusions at this stage.

Triglycerides, stored in germ spherosomes, acenmulated
tapidly until 32-76 DAP, then declined sightly (Table II).
Linoleate content increased uniformly throughout develop-
ment from 52% to 62%, while oleate decreased from 27%
te 23% and palmitate from 20% to 13%. Previous studies
(6-10,12,13) have shown bath similar and opposite trends
in the fatty acid composition of germ oil and whole kernel
triglycerides, these being largely perm triglyceride at all
later stages of development.

Steryl ester in germ aiso increased until 76 DAP and
then decreased sharply. The percentage composition of the
principal fatty acids showed & maximum (72% linoleate)
and minimum (13% palmitate, 9% oleate) at 52 DAP.
Unsaponifiable matter, which is mostly sterol, increased
continuously to maturity and may have included deacyl-
ated steryl ester at 87 DAP.

Changes in the quantities of diglycerides, mono-
glycerides, free fatty acids and glycolipids were irregular,
but all reached low levels at 87 DAP (Table II} comparable
to previous analyses of mature LG-11 majze (1), Some
changes in fatty acid composition occurred at 23 DAP. At
this point diglyceride had maximum linocleate (42%)and
minimum palmitate (16%), while monoglyceride had
minimum linsleate (27%) and maximum palmitate (45%),
and acylstearylglycoside had minimum linoleate (20%) and
maximum palmitate (50%)., There were no significant
changes in the other fatty acids of these lipids. The only
consistent changes in the galactosylglycerides were de-
creases in linolenate from 20-34% at 9 DAP to 1-2% at 87
DAP.

Changes in germ lipids up to 52-76 DAP appear to be
normal. The late disappearance of storage lipids {Tri-
glyceride, steryl ester) and structural lipids (diacylphos-
pholipids) without formation of degradation products such
as diglycerides, monoglycerides, lysophospholipids and free
fatty acids, suggests that these lipids were required for
respiration when energy from photosynthesis was no longer
available, Since loss of germ lipids does not always occur
(2,3,5-8,11,12), the presumed respiration may be a varietat
characteristic or it may be caused by less favorable growing
conditions during the later stages of kernel development.

Endosperm Lipids

Lipids in the endosperm of maize (1) and wheat (30,31)
have been separated into aleurone, npnstarch and starch
fraction lipids, each with a characteristic composition.
Aleurone lipids resemble perm lipids, and are mostly
triglyceridé with some phospholipids (spherosome lipids),
Nonstarch lipids consist of triglycerides and free fatty acids
(spherosome lipids?), glycolipids and phospholipids (mem-
brane lipids), while starch lipids are free fatty acids and
lysophospholipids which are firmly retained within the
starch granules (27).

Composition of the nonstarch {plus aleurone) and starch
lipids from kernels at 76 DAP (Table V) agreed well with
previous analyses of mature LG-11 (1), Unfortunately, it
was not practicable to obtain similar data for immature
kernels, and the results for total endosperm lipids (Table
III} have therefore been interpreted by extrapolating from
data for mature samples, assuming that the starch lipids
were stable once formed.

Triglyceride is stored in spherosomes in aleurone and
germ tissue (spherosomes have not been identified in mature
starchy endosperm although friglyceride is present), The
quantity of triglyceride reached a maximum at 36-42 DAP,
when the aleurone cells should have been fully dif-

TABLET

Proximate Analyses of Developing L.G-11 Maize Kernels (ALl Data as mg/Kernel)

Tip cap

Endosperm Germ Pericarp

Whole keineld
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TABLEIL

Lipid Classes in the Germ of Developing [.G-11 Maize Kernels (ug Lipid/Germ)

Deys after polination, DAP

Lipid class 9 16 23 36 42 22 76 87

Steryl] estes 23 16 13 152 225 325 A57 17
Triglycenide 229 1368 2196 7453 9833 11346 137486 10016
Diglyceride 28 189 110 333 454 370 358 99
Free fatty acid 7 g 56 72 98 96 350
Monoglycerided 4 5 52 6U 56 114 26
Acylstetylutycoside 20 36 )2 49 142 (0] 198 78
Monogalactosvidiglyceride ) 2 2 30 36 14 107 22
Monogalactosylmonoglyceride 17 2 12 3 a1 48 34 16
Digalactosyidiglyceride "3 63 8s 114 76 39 }31
Digalactesylmonoglyceride ] o &6 62 86 61 71
Phosphstidylethanotamine® 10 2 3% 20 122 25 100 310
Pnosphatidylchaline 14 55 21 214 23s 368 403 359
Phospbatidylinositol 5 i 21 100 109 95 142 140
Lysophasphatidylethanolaminet 1 1 2 11 10 1 6 4
Lysophoesphatidylholine trace 1 2 1 11 17 11 4
Phosphatidic acid trace ? 2 1 12 27 13 15
Nonpolar acyl lipids 270 1581 2338 8048 10644 12195 11708 16308
Glycolipids 37 184 175 73 419 340 498 147
Phospholioids 30 98 157 437 399 643 675 647
Ursaporifiahic 26 310 42§ 330 1178 12¢0 1470
Total Iipidsd 337 1832 2966 3078 12089 141a2 13841 12483

Aincludes some 6-G-acylmonoyalactosy ldiglyceride.

bIncludes some vhospbatiévlulycerol

CIncludes sumie 1ysophiosphatid viglycerol.

dCurrected for sterol shown twice in steryl ester, acylsterylglyceroside ard in unsaponifiatles,

TARLF 1
Lipid C:asses in the Endogperm of Developing 1.G-11 Maize Kernels (ug Lipid/Fndosperm)
Davs after pellination, DAY
Lipid class El 16 23 36 32 S¢ 76 87
Steryl ester 33 a8 82 135 79 110 151 108§
Lriglyceride 448 1351 833 {09 906 814 663 637
Diglyceride 63 112 i24 159 96 21 57 80
Free fat:y acid 23 26 a3y 499 522 895 1210 1352
Monoglyceride? 9 2a 22 §8 68 $0 64 29
Acylsterylglycoside 17 S0 48 78 44 46 51 28
Monngaiactosyldigly ceride [ 3 76 53 60 53 26 ®
Monogaiactosylmonoglyceride 10 14 a6 47 32 29 12
Digalzcrosyldigly<eride 135 246 238 202 178 170 S2 1§
Digalectosylmonoglyceride 59 95 107 83 83 S8 24
Phosphatidyvierhanatamine 102¢ 120 91 77 70 $3 19 18
Phosphatidyleholine 167 286 314 193 128 102 67 az
Phasphatidyiinosite) 59 83 107 79 68 38 3
Ly:ophosphatidylet'nznolami;wd 1t 24 a1 72 €2 67 101 73
Lysophosphatidylcholine 5 672 130 419 451 498 4097 402
Phesphatidic acid 10 24 23 20 62 38 20 22
Nonpolsr acy! lipids 573 ¢91 119 1760 le71 1999 2255 2198
Glyeolipids 163 437 468 486 412 REES 213 87
Phosgholipids 359 £09 706 851 841 796 704 581
Unsaponfiable 189 237 a4 as0 673 667 620
136 2171 2510 3415 3359 3778 3749 3431

Total lipid®

dMnchudes some 6-0-acyhnionogalactesvidiglyceride.

Prncludes seme phusphatidvielycerol.
Cineludes § ug diphwosphatidylglycerol.
dincludes serie tysophesplasidyiglycerol,
CCorrected for sterol shown cwice in steryl, acvisterviglycoside and in unssponifisbles,
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ferentiated and filled with protein bodies und spherosomes
(Fig. 1 and refs, 20-23). The subszquent decrease suggests
lipolysis and possibly also respiation during the firal stages
of eadosperm development. Lipolysis would :lso account
for the largs amounts of digivcerde and free fatty acids
previously Zouand in amylomaize alsurone lipics (1), Tri-
glyceride fatty acid composition was remarkably constant
th:cughout development.

Steryl esters, diglycerides and monaogiycerides reached
maximum values detween 36 and 76 DAP with inter-
mediate lower values at 42 or 52 DAP, but generaly
paralleled the levels of triglycerides. No partlicular signifi-

cance car. be given to these results on the limited evidence
availanle.

Glycolipids and diacylphospholipids zre typical mem-
brzne lipids, and most arc founé in the nonsterch lipic
fraction (1,27,3G-32). Acylsterylglycoside mav function
also as a transpor: initermediete (33). Mcnosgalactosyldi-
clycaride and digalactosyldizlyceride reached early maxima
ot 16-23 DAL (Table 111) during the period of active endo-
sperm cell division (Fig, 1 and refs. 21,22,25) and then
decreased to very low .evels at maturity. Maximuin values
for the corresponding  galaclosylmonoglycerides  and
acvlsterylply coside oceurred at 36 DAP. The significance cf
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TABLE IV

Lipid Classes in the Aleurone plus Monstarch and Starch Fraction
Lipids of LG-11 Enrdosperm at 76 DAT (pg Lipid/Endosperm)

Lipid class

Alsurone plus

nonstarch fraction

Starch fraction

Steryl ester

Ttiglyeeride

DNiglyeeride

Free fatty acid
Monogiyceridel
Acylsterylglycoside
Monogalaciosyidiglyceride
Monogalactosylmonoglyceride
Digalactosyldiglyceride
Digalactosylmonoglyceride
Phosphatidylethanolamine®
Phosphatidylcholine
Phasphatidylinositol
Lysophosphatidyle thunolamine
Lysophosphatidylcholine
I'hosphatidic acid
MNonpolar acyl lipids
Glveolipids

Phosphoelipids
Unsaponifiable

Total lipid

113 3R4
605 613
53 2]
475 §35
38 25
40 109
1% 198
17 128
38 15%
31 258
19 -—
51 168
20 -
a8 53
68 424
4 178
1284 468
140 81
200 315
632 304
2256 1604

A7y pical nonstareh lipids attributed to contamination of the starch fraction,
blncludes some 6-0-acylmonogalaciosyldiglyceride,

Cincludes seme phosphatidyiglyeerol

TABLE Y

Lipid Classes in the Pericarp of Developing LG-11 Maize (ug Lipid/Pericarp)

Daysafter pollination, DADP

Lipid class 9 16 23 36 42 52 37
Steryl ester g 19 19 21 20 21 11
Triglyceride 24 a2 3o 53 49 75 69
Diglyceride g B 9 9 ¥ 7 4
Free fatty acid 10 s 9 7 9 10 9
Monogly ceride 4 2 3 3 3 3 2
Acylsterylglycoside 42 8 10 7 7 4 4
Phesphatidylethanolamine? 14 10 7 13 2 i
FPhogphatidylchaline 43 26 32 a3 4 2
FPhosphatidylinositol 19 3 12 140 3 2
Lyacphosphatidy]eihanolamineb 3 § [ 5 1 trace
Lysophosphatidylcholine 7 3 3 3 2 1
Fhosphatidic acid 7 9 3 17 5 3
Monpolar acyl pids 56 G5 76 a3 88 116 95
Glycolipids 42 S 10 7 7 3 4
Fhospholipids &4 61 63 81 17 9
Unsaponifiable 14 28 48 8 43 133
Total lipids¢ 95 163 172 198 121 165 234

dincludes some phosphatid vlglycerol,

Placludes some lysophosphatidylglycerol.
CCorrected for sterol shown twice in steryl ester, acylsterylglycoside and in unsaponifi-

ables.

these results is not known, but it is noteworthy that diol
lipids, and acylethyleneglycolgalactoside (which was not
distinguished from monogalactosyldiglyceride in the
present study) are present in large amounts only at the
earliest stages of kernel development (14-163.

In monogalactosyldiglyceride the lincleate decreased
from 70% at 9-16 DAP to 46% at 52-87 DAP, while palmi-
tate increased from 12% to 28% and oleate from 7% to
14%, These changes in fatty acids were not fully coincident
with changes in the quantity of lipid. On the other hand,
digalactosyldigivceride exhibited a clear maximum of 67%
linoleate and minimum of 11% palmitate and 6% oleate at
23 DAP which did coincide with the maximum level of
lipid. There were no significant changes in the fatty acids of
acylsterylglycoside or monogalactosylmonoglyceride, but
there was a steady decrease in linoleate (54% to 28%) and
increases in palmitate (29% to 40%), stearate (3% to 16%)

and oleate (8% to 18%) in digalactosylmonoglyceride.

In previous studies (12,13) no distinction was made
between glycolipids in germ and endosperm. In the present
study the majority were in endosperm until 52 DAP, and
then in germ (Tables Il and III), the combined maximum
being at 42 DAP (831 ug glycolipids/kemel). This agrees
with data for inbred H51 (13), but maximum levels were
attained earlier in some sweetcom mutants (12},

The principal diacylphospholipids also reached early
maximum — phosphatidylethanolamine at 16 DAP and
phosphatidylcholine and phosphatidylinositol at 23 DAP.
Parallel behavior between triglycerides (maximum at 36-42
DAP) and diacylphospholipids in aleurone might be ex-
pected (cf. germ lipid results, Table IT}, but, if this existed,
it was masked by changes in the nonstarch phospholipids.
In any case, it is clear that there was substantial degradation
of diacylphosphoalipids from about the end of cell division
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in starchy endosperm and aleurone. Previous results (1)
indicate that phospholipid degradation is almost complete
in the nonstarch lipids. This is remarkable becaunse these
lipids are usually reparded as essential for membrane
integrity, which in turn is necessary for synthesis of storage
protein and starch. Since accumulation of protein and
starch (endosperm cell filling) continued up te 76 DAP
{Table 1}, thete is cleatly a problem to be resolved here.

Starch lipids in mature LG-11 maize are mostly free
fatty acids and lysophosphelipids (1). In kernels at 76 DAP
at least 64% of the free fatty acids (835 ug/kernel) and 82%
of the lysophospholipids (429 ugfkernel) were in the starch
lipids. Unfortunately, it was not possible to obtain data at
carlier stages of development, and it has therefore heen
assumed that at least 80% of the lysophospholipids were in
starch lipids at all stages of development.

There was rapid accumulation of lysophospholipids
between 16 and 52 DAP during the period of dry weight
gain (Table I}, cell filling and starch synthesis (Fig. 1). The
terminal decrease in lysophospholipids coincided with
decreases in dry weight and nitrogen {(Table T). This prob-
ably Indicates consumption of some starch and protein
reserves in the maturing endosperm, when some protein and
lipid reserves were being consumed in germ (see abave)

If the proporticns of free fatty acids and lysophaspho-
lipids are constant in starch throughout developtnent (thers
is no evidence for or against this view), then the levels of
free fatty acids would have recached a maximum at 52-76
DAP, However, it has alrcady been deduced that there was
some hydrolysis of aleurone and nonstarch lipids, and this
could account for the increase in total endosperm free fatty
acids from 52 to 87 DAP when there might otherwise huve
been a small decrease paralleling that in the lysophospho-
lipids.

Pericarp Lipids

Development of pericarp from ovary wall tissue is
complete ca. 18 DAP (21) and is followed by cell degenera-
tion, cell collapse, lignification and snberization (Fig. 1).

Triglycerides and steryl esters accumulated throughout
development {Table V) and may be reserve substances.
Glycolipids, which seem to be agsociated with developing
tissue (see endosperm results and discussion), were promin-
ent at 8 DAP and were then reduced to very low levels.

Diacylphospholipids (associated with membranes) main-
tained fairly constant levels until 42 DAP and then de-
creased sharply about the time of cell degeneration and
collapse (Fig. 1). Since lysophospholipids and free fatty
acids did not accumulate, these hydrolysis products must
have been consumed in subsequent metabolic processes.

The large increase in unsaponifiable matter, especially
hetween 572 and 87 DAP, is probably a measure of suberin
formation since the unsaponifiables include large quantities
of aliphatic alcchotls (1),

General Discussion

Changes in the lipids of germ, endosperm and pericarp
are mostly consistent with known morphological events in
the developing maize ketnel (Fig. 1).

Membrane and storage lipids in germ comprised the bulk
af the kemel lipids, Small losses due to respiration seem to
have occurred between 76 and 87 DAP, during the final
drying-out stage, These losses may be a varietal charac-
teristic, or they may have been caused by a period of less
favorable growing conditions,

Endosperm contained a substantial part of the whale
kernel lipids up to 23 DAP, and this may well apply also in
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sweetcorn varieties which are harvested at similar stages of
development (9,12).

The extensive degeneration of alenrone and nonstarch
lipids from 36 DAP is remarkable, This seems to be a
feature of maize, since previous analyses of mature kemels
also showed high levels of free fatty acids and very little
glycolipids and diacylphospholipids (1). There have been no
comparable studies of other cereals, but analyses of mature
wheat endosperm (30) and white flour (27,30-32) show
high levels of glycolipids and diacylphospholipids and low
levels of free fatty acids, and there is thus no prima facte
evidence of significant degradation of nonstarch lipids in
developing wheat.

ACKNOWLEDGMENT

Dr. A.M.M. Berrie, Botany Department, Glasgow University, gave
invaluable guidance on the growing and dissection of maize and on
interpretation of the resulis,

REFERENCES

1. Tan, B.L., and W.R. Morrisan, JAOGCS 56:531 (1979). |

2. Curtis, P.E., E.R. Leng, snd R.H. Hageman, Crop Sci. 3:689
(1968).

3. ingle, 1., D. Bietz, and R.H. Hageman, Plant Physiol. 40:835
(1965).

4, Kogut, M.M., and W.A. Yakovenko, Vestn. Sel'skokhoz. Nauki

Moscow 6:25 (1975). .

Leng, E.R., Crop Sc¢i, 7:333 (1967).

Poneleit, C.G., and D.L. Davis, Phytochemistry 11:3421

(1972).

7. Weher, E.J., JAOCS 46:485 (1969).
8. Jellum, M.D,, Ibid, 47:245 (1970).
9. Pascual, L.R., and R.C. Wiley, J. Am.Hort. Sci. 99:573 (1974).

14, Weber, E.J,, Lipids 8:295 (1973).

11, Yoshida, H,, and G. Kajimoto, J, Agric. Chem. Soc. (Jupan)
46:625 (1972).

12. Pascual, L.R., and R.C. Wiley, J. Am. Hort. Sci. 99:182
(1974).

13. Weber, E.L, JAOCS 47:340 {1970).

14. Vaver, VY.A., N, V. Prokazova, G.D. Strakhova, and L.ND.
Bergelson, Dokl. Akad. Nauk SSR 188:227 {1969),

15, Vaver, V.A., K.G, Todriya, N.V. Prokazova, and L.D,
Bergelson, Bioorg. Khim. 2:383 (1976).

16. Vaver, V.A.,, K.G. Todriva, N.¥. Prokazova, B.V.
Rozynov, and L.D. Bergelson, Biochim, Biophys, Acta 486:60
(1977). :

17. Davis, D.L., and C.(. Poneleit, Plant Pbhysicl. 54:794 (1974},

18. Musnteanu, O., An. inst. Cercet. Cereale Plante Teh, Fundulea,
Acad. Stuente Apric., Silvice, Ser. C.37:145 (1971).

19, Noda, M., “Biosynthesis of Lipids in Developing Seeds”, Proc.
Seminar, Metabolism and Funetions of Lipids in Higher Plaots,
{U.S.-Japan Co-operative Science Program), Tokyo, Sepi.
1976, pp. 49-54.

20, Duvick, D.N., Cergal Chem. 38:374 (1961},

21, Kiesselbach, T.A., Res. Bull. Agric. Exp. 5ta., U, Nebraska
Coll. Agric, Bull, 162:3 (1949),

22. Khoo, U, and M.J, Waoolf, Am, I. Bot. §7:1042 (1970).

23, Kyle, DI, and E.D. Styles, Planta 137:185 {1977).

24, Noggle, G.R,, and G.I. Fritz, “tntroductory Plant Physiology,”’
Prentice-Hall Inc., New Jersey, 1976, p. 456,

24, Randelph, L.E., ). Agric. Res. 53:881 {1936,

26. Duffus, C.M., and P.H. Jennings, Staerke 30:371 (1978).

27. Morrison, W.R., in “Advances in Cereal Science and Tech-
nology,” Vol II, Edited by Y, Pomeranz, Am., Assa, Cereal
Chem, 5t. Paul, MN, 1977, pp, 221-348.

28. Jelsema, C.L., D.J. Morré, and M. Ruddat, Proc. Indiana Acad.
Sci. 84:166 (1974, published, 1975).

29. Jelsema, C.L., D.Y. Morrd, M, Ruddat, and C. Turner, Bot, Gaz,
138:138 (1977).

30. Momizon, W.R., ; “Recent Advances in the Biochemistry of
Cereals,” Edited by D.L. Laidman and R.G. Wyn Jones,
Academic Press, London, New York, 1979, pp. 313-33s.

31. Morrison, W.R., D.L. Mann, 5. wong, and A.M. Coventry, ],
Sei. Food Agric. 26:507 {1975).

32. Morrison, W.R,, Cereal Chem. 55:548 (1978).

33. H¢lmer, G., R.L. Ory, and C.-E. Hgy, Lipids 8:277 (1973).

[ Received February 16, 19791

Fal gl



