ENDOSPERM STEROL PHENOTYPE AND
GERMINATION IN WHEAT

J. V. TorrES, PILAR CarponERO and F. GARcCIA-OLMEDO
Departamento de Bioquimica, Universidad Politécnica, E.T.5. Ingenicros, Agrénomos, Madrid-3, Spain

Key Word Index— Triticum aestivum; Gramineae; wheat; germination: phytosterols, sterol esters.

Abstract—Free and conjugated sterols of endosperm, coats, scutellum, coleoptile and roots have been analysed
at different germination stages in two wheat cultivars with different endosperm sterol phenotypes. It seems that
sterol metabolism of the developing tissues, namely coleoptile and roots, is not affected by the sterol conjugation
profile of the endosperm. Enough sterol is present in the mature embryo to supply the germinating axis during
the observation period {144 hr at 16°). The data suggest that sterol is transferred from scutellumn to coleoptile

and roots during germination.

INTRODUCTHON

We have previously described two genetic variants of
the free and conjugated sterol profile in wheat endo-
sperm [1-5]. One phenotype, designated PL, is charac-
terized by a low proportion of free sterol and a high
proportion of steryl palmitate, whereas in the other, L,
free sterol is the predominant form. This difference is
controlled by allelic forms of a single gene, designated
Pln[5]. Research reported here deals with the possible
influence of endosperm sterol phenotype on sterol meta-
bolism and development rate of the germinating axis.

RESULTS

The changes of total sterol in different structural parts
of the wheat kernel during germination are represented
in Fig. 1. There are no significant differences at this level
between the two phenotypes.

The anatomical distributions of sterol forms at differ-
ent stages of germination are summarized in Table L.
The distribution patterns and their changes during ger-
mination are practically identical in homologous parts
of PL and L cultivars, with the exception of the endo-
Sper.

Coleoptile and roots, which are actively growing, are
characterized by a high proportion of free sterol that
increases as germination proceeds. In contrast, the
mature embryo has a total sterol level about 8 times
higher than that of the growing tissues and most of it
is in the esterified form. Oleate, linoleate and paimitate,
in that order, are the main esters both in the whole
mature embryo and in the scutellum at different stages
of germination.

In scutellum and coats, which are being degraded, the
relative depletion rate of all sterol forms is greater than
that of non sterol dry matter,

Endosperm sterol is 82%;, esterified in the PL pheno-
type and 67% free in the L. Total and free sterol are
both lost from the endosperm at a greater relative rate
than non sterol matter in the two phenotypes. but the

level of esterified sterol increases after 36 hr of germina-
tion. However, data on the amounts per endosperm of
each sterol form show that there is no net esterification
(Fig. 2). In the L phenotype, the amount per endosperm
of each ester remains rather constant throughout ger-
mination, while the free sterol is extensively depleted.
In the PL variety, steryl palmitate decreases sharply in
the first 36 hr and more slowly afterwards.

The distribution of the main 4-demethylsterols, sito-
sterol, stigmasterol, campesterol and cholesterol, in the
different structural parts of the kernel is very similar in
both varieties (Table 2).

The same sterols were also analysed in the various
endosperm sterol forms at different stages of germination
in order to ascertain if the sharp intervarietal difference
in sterol conjugation profile affected each sterol {Table
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Fig. l. Total sterol in structural parts of T, gestivum cv. Ara-

gon 03, PL phenotype, and cv Mara, L phenotype, at different

germination stages. (@) Endosperm: ((O) embryo: (M) scutel-
lum; (O) coats; (&) coleoptile: (&) roots.



Table 1. Changes of sterol lorms in the structural parts of the wheat kernel in twe cultivars with PL and L phenotypes
during germination.

Sterol form {micromol/ 100 g}

Free Palmitale Oleate Linoleate Glycoside  Acyl glycoside
Structural  Germination

part time {hr) A* M* A M A M A M A M A M
Embryo 0 1688 176,00 379 531 5209 5064 1466 2407 1.4 26 29 4.6
Scutellum 72 190.5 174.8 367 369 1334 12,8 100, 1 74.0 L8 1.9 4.8 4.1
108 1773 1592 316 282 1063 1022 74.0 458 L1 1.5 34 4
144 139.1 1324 245 231 1042 96,0 393 436 09 1,2 29 26
Roots T2 52,1 58,6 55 4.3 4.6 5.1 9.2 11 1.0 0.9 08 1.1
108 596 64,4 4.6 36 4.3 36 70 4.6 1,1 1.3 1.5 1.4
144 75,2 736 16 29 34 29 29 1.7 1.5 2.1 1.9 23
Coleoptile 72 67,8 73.3 23 1.7 3.1 3.1 23t 251 a7 058 1.0 1.0
108 75.2 81,7 21 1,7 19 29 200 27 0% 09 1.1 1.1
144 89,5 94,1 2.7 [ 83 3.1 2,8 18,8 195 1,1 1.2 1.1 1.3
Coats 0 107.1 108.1 11,6 i2.5 9.9 106 14,2 18,8 05 05 1.2 14
72 359 287 55 58 38 4.6 5.8 0.3 0.4 0.5 4R 09
i08 24,1 20,7 53 53 34 4.1 56 55 0.3 G4 Q0,5 08
144 16,1 11.8 4.6 4.8 34 43 6,0 4.3 0,2 0.2 03 04
Endosperm 0 7.9 514 284 4.1 94 6,3 9,2 10.8 09 2.2 1.4 22
36 6.8 289 145 50 6.3 1.5 6.8 8.4 1.0 1.3 0.8 1.}
72 5.1 231 14,2 55 1.5 7.3 7.7 9.4 0.7 1.4 0.5 09
108 39 125 166 0.2 82 82 84 %9 05 09 0.4 0.6
144 2.7 122 169 69 84 9.1 .1 10,6 0.6 1.0 03 03

* A, Aragon 03; PL, phenotype; M, Mara; L, phenotype.

3). No sigoificant difference between sterols was found
in either phenotype.

The possible relationship between endosperm sterol
phenotype, mature kernel weight and 96 hr germinated
embryo weight was investigated. Results are summarized
in Table 4. The significant difference in embryo weight
between the two parents can be ascribed, at least in pary,
to the differences in kernel weight, which was found to
be positively correlated with germinated embryo weight
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Fig. 2. Changes of sterol forms during germination in T. aesfi-
vum ¢v Aragon 03, PL phenotype (@), and cv. Mara, L pheno-

type ().

(r = 0.619%***}, No difference in kernel weight was found
between F, kernels with PL and L phenotypes. Embryo
weight of £, kernels with PL phenotype was lower than
that of those with L phenotype.

DISCUSSION

Kemp et al. [6] suggested that plant sterols might be
transported as esters, by analogy with cholesterol trans-
port in animal tissugs. We speculated that if endosperm
supplies sterol to tissues growing at its expense, and this
sterol is transported in the ester form, differences in
stero] metabolism of the developing coleoptile and roots
could be associated with differences in the esterification
ability of the endosperm. Our present results indicate
that there is no influence of endosperm sterol phenotype
on the sterols of the growing seedling.

The rate of disappearance of total sterol from the en-
dosperm does not seem to be affected by the difference
in the degree of sterol esterification that exists between
the two phenotypes. In the PL phenoiype, sterol esters
disappear faster than non-sterol matter in the first 72 hr
of germination and then slower, while in the L pheno-
type, the rate is slower throughout the germination
period. Other non-polar acyl lipids from wheat endo-
sperm are catabolized [laster than non-fat matter [7].

The somewhat smaller germinated embryo weight as-
sociated with the PL phenotype in the F, generation
may be the effect of gene Pln or of a genetically linked
factor. If the first alternative is in fact operating, it scems
more likely that the effect would be an indirect one. such
as a difference in the rate of nutrient supply by the endo-
sperm, and not a specific effect on sterol metabolism of
the growing seedling. In any case. the results indicate
that gene(s) affecting seedling development rate are
located in the same chromosome as gene Pin. which has
been previously assigned to the short arm of chromo-
some 7D [3].
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Table 2. Distribution of 4-demethylsterols in structural parts of mature and germinated wheat kernels with PL and L

phenotypes
Sterok class (%)
Sitostero] Stigmasterol Campesterol Choiesterol
Structural Germination

part time (hr) A* M* A M A M A M

Embryo 0 63.3 552 94 16.2 16.1 12,8 1.2 158
Scutellum 144 319 69.6 2.3 104 14.5 7.4 1.3 2.6
Coleoptile 144 87,2 882 1.3 04 7.1 10,0 4.4 1.4
Roots 144 84,8 85.6 29 2.0 9.6 10.2 7 2.2
Coats 0 67,2 65,3 10,6 10.2 10.6 10.9 11.6 13.6
144 334 309 3.5 64 11.1 0.0 20 6.7

Endosperm 0 67,0 750 14,6 13,6 4.6 3.8 13.3 1.6
144 66,0 64.4 1.7 7.4 1.1 12.0 152 16.2

* A. Aragon 03 PL, phenowype: M, Mara: L. phenotype.

Changes in the distribution of sterol forms during ger-
mination have been reported for a number of plant spe-
cies [6,5-12]. The intraspecific differences reported here
are more drastic than most of those reported between
different species.

Data in Fig. 1 indicate that there are enough sterols
in the mature embryo to supply the developing seedling
during the period studied. The rapid decline of scutellum
sterols is concomitant with, and of the same order as,
their increase in coleoptile and roots. Most of the mature
embryo sterols are esterified and we have previously
shown that about 2/3 of these esters are synthesized just
prior to maturity, when seeds are starting to dry[5].
These facts suggest a storage role for the embryo sterol
esters. The low glycoside content excludes them as stor-
age forms in this case.

In 72 hr scutellum, the total sterol level (dry matter
basis) is about hall that of mature embryo and 6-8 times
higher than that of the developing tissues at the same
stage. Furthermore, the proportion of esterified sterol in
scutelbum (40-42%;) is also intermediate between that of
the embryo (80-82%;) and that of the coleoptile and roots
(26-29%,). These observations suggest that a redistribu-

tion of embryo sterols is tuking place during germina-
tion.

Adler and Kasprzyk [13] found that the incorporation
of mevalonate-[2-'*C7, absorbed by seedlings of Calen-
dula officinalis, into sterols was rather slow. Earlier,
Duperon [11] had reported very low incorporation of
mevalonate-[2-'*C] into sterols, with good incorpor-
ation into triterpenes, in Phuseolus vulgaris and Raphanus
sativus. In all cases, there was less incorporation into
the ester fraction. These resulls would also be consistent
with the redistribution hypothesis.

Owur present and previous results [4.5] suggest that en-
dosperm is not involved in supplying sterols to the grow-
ing tissues during germination and that, on the other
hand, enough sterols are accumulated as esters in the
embryo during development to serve that purpose.

EXPERIMENTAL

Plant material. Triticum aestivim L. cultivars, Aragon 03
{PL phenotype} and Mara (L), and an F; generation from
a cross between these cultivars were used in our studies. Ker-
nels from the two cultivars were germinated in the dark at

Table 3. Distribution of 4-demethylsterols in endosperm sterol forms in cultivars with PL and L phenotypes at different
stages of germination

Sterol class (micromol/1000 endosperms)

Sitosterol Stigmasterol Campesterol Cholesterol
Germination

Sterol form time (hr) At M* A M A M A M
Free 0 331 137.1 S0 11,9 1.2 5.5 09 09
144 1.8 7.5 1.1 1.2 X 0.5 0.7 0%

Palmitate 4] T34 10,9 269 0.6 5.1 0.8 13.5 0.7
144 179 59 3,1 1.6 23 23 15 02

Oieate 4] 309 16.6 3.1 L1 0.8 1.G 1.7 14
144 8,5 7.8 0,1 0.2 21 1.9 3.0 31

Linoleale 0 30,5 36,0 4.8 7.2 1.6 1.7 1.7 22
144 77 1.4 09 0.6 1.8 1.5 2.6 4,1

Glycoside 0 39 58 0,1 0.3 0.5 0.4 a3 03
144 1.8 0.3 a1 0.1 0.2 0.1 02 02

Acyl-glycoside 1] 4.7 57 0,2 0.1 03 0,5 03 0.4
144 32 LN 0,2 0.3 09 0.z 0.8 0.3

Total 1] 1785 3127 44,8 21.2 9.5 a9 18.4 59
144 46.9 350 5.5 4.0 79 6.5 10,8 88

* A, Aragon 03; PL, phenotype; M, Mara; L. phenotype.



Table 4. Weights of mature kernels and 96hr germinated
embryos of an F, generation from a cross Aragon 03
{PL) x Mara (L)*

Sample Mean kernel Mean embryo
Stock size wt (mg) wt {mg)
Aragon 03 (PL) 100 45,91 3.24*
Mara (L) 130 /7 2,39%
F: (PL} 464 429¢ 227°
F, (L) 145 42.8° 2,38%

* Kernels with PL and L phenotypes were identified in the
F, after 96 h germmination.  + Means within a column fol-
lowed by the same letter are not significantly different at the
008 level.

16° and close 10 1009 moisture. Samples (40 g) were steeped
in a 5% calcium hypochlorite soln for 2 hr, then washed re-
peatedly with sterile H,O. and finally steeped in sterile H, O
for 24 hr. Germination was carried out between sterile moist
filter paper. Samples were taken each 36 hr and fresze-dried.
The dry, germinated kernels, were dissected by hand into en-
dosperm, coats (pericarp, seed coat and some aleurone), scutel-
lum., roots, and coleoptile. To study the possible relationship
between mature kernel wi, seedling development and endo-
sperm sterol phenotype. 100 kernels from cach parental and
609 kernels ltom the F; generation were individually weighed
and simultaneously germinated in the same tray. After 96 hr
of germination, the whole tray was placed at —20°. Embryos
and the rest of the kernels were separated while frozen, placed
in separate tubes and dried for 2hr at 90°. Dried embryos
were weighed and the rest of the kernels were wsed to deter-

mine stercl phenotype as previously described [3]. Conven-
tional statistical methods were applied..

Analytical procedures. The analytical procedures used were
described previously [3.5].
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