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Abstracet

CHROMOSOMAL CONTROL OF WHEAT ENDOSPERM PROTEINS: A CRITICAL REVIEW.
Progress made in the chromosomal location of structural genes for wheat endosperm
proteins, and in the study of the regulation and quantitative expression of these genes, by using
aneuploids and by related techniques, is critically evaluated. Recommendations for future work

are proposed.

INTRODUCTION

The development of aneuploid stocks and chromosome substitution and
addition lines of hexaploid wheat (Triticum aestivum L.}, pioneered by Sears
[1—-3], opened a new possibility of genetic analysis, which has been extensively
exploited by many workers to investigate the chromosomal location of genes
affecting a great variety of characters. Morris [4] has periodically catalogued
advances made in this area and Konzak [5] has recently reviewed the pertinent
literature. Their compilations include the location of genes affecting quite a
number of enzyme systems and endosperm proteins. The integration of these
data into a univocal and non-redundant body of knowledge presents many problems.
The purpose of this paper is to evaluate the present status of our knowledge about
the chromosomal location of genes coding for endosperm proteins and about the
regulatory and quantitative aspects of their expression. For practical reasons, we
will focus our attention on the major endosperm proteins, characterized as such,
and will only mention some enzyme systems for the purpose of illustrating some
points. A survey of future developments will complete this review.



LOCATION OF STRUCTURAL GENES FOR ENDOSPERM PROTEIN
COMPONENTS '

General considerations

The assignment of the structural gene for a given protein to a particular
chromosome using aneuploids has to be based on the observation that the
protein is absent only in stocks lacking that chromosome but is present in stocks
lacking any of the remaining chromosomes. However, even in this most favourable
case alternative explanations, such as the possibility of triplicate genes coding for
the same protein and a fourth gene affecting the expression of the triplicate set,
cannot be excluded. Only when homoeologous chromosomes affect genetic
variants of a given biochemical system (isozymes or isoproteins} can this possibility
be reasonably excluded. When there is more than one chromosome whose
absence suppresses a given protein, the assignment of the structural genes cannot
be directly inferred and, as will be discussed later, additional information is
required.

To ascertain the absence of a protein the analytical procedure has to be
selective for that protein. It can be generally stated that enough resolution is
not attained for most protein components of most endosperm extracts by using
only one of the fractionation methods (electrophoresis, SDS-electrophoresis,
electrofocusing, etc.). Only when a selective extraction procedure or staining
method is available will one-dimensional separation suffice. Two-dimensional
separations are more efficient in this connection.

When more than one protein is included in a given fraction (for example,
in an electrophoretic band), quantitative changes in that band associated with
the lack or the increased dosage of a chromosome can only give clues about the
possible location of structural genes.

Characterization of protein fractions and individual proteins are required
to interpret the genetic data, to overcome the possible lack of resolution of
the analytical procedures, and to be able to compare the findings of different
research groups.

It is often the case that assignments of structural genes for components
of a given endosperm protein class reported by different groups are in conflict.
In our opinion, these discrepancies are due to differences in the extraction
procedure, the fractionation method, or the staining procedure, as well as to the
lack of characterization of the individual components. In the following paragraphs
we will deal specifically with the chromosomal location of structural genes for
globulins, albumins, low molecular weight hydrophobic proteins, gliadins and
glutenins.



TABLE I. CHROMOSOMAL LOCATION OF GENES THAT CONTROL
GLOBULINS, ALBUMINS, AND LOW MOLECULAR WEIGHT HYDROPHOBIC
PROTEINS '

Protein class Chromosomes References
Purothionins (apoprotein) AL 1BL® IDL? [6-8]
{digalactosyl diglyceride) SA - 5B 5DS
Globulins (fastest “doublet’) 1AL {BL? 1DL® (71
Albumins SAL SBL SDL 9]
Albumins (PCS) - - 3D [10]
{(Mb 0.19) - - 4D
Albumins® - 1B® - [11)
(soluble in Tris buffer pH 8.7) 3AS 3BS 3Dg
4A? 4B® -
6A° — -
Albumins 3A 3B 3D [12]
(extract. 0.8M salt; 3M salt)
CM-proteins (CM1, CM2) - 7B D [13]
{CM3) 4A° - - [14]
70% EtOH extract - 3B 3D? [15]
{(non-gliadins)® 4A2 4B° 4D°
- - D
70% EtGH extract (albumins) - 3BS 3D8 [16,17]
4A% - 4D
— - 5D
- 6B -
(CM proteins) 4Ap° - D
— 7B 7D

2 Absence of chromosome only decreases band or spot; extra doses enthance.
b Designation proposed by the reviewers.

Globulins, albumins and low molecular weight hydrophobic proteins

A rather confusing situation exists concerning the chromosome assignments
of genes coding for endosperm proteins other than gliadins and glutenins. The
chromosomes implicated by different workers in the control of components of
these fractions are listed in Table 1. There is considerable overlapping of the
proteins included under each protein class entry. The equivalence of proteins
studied by the different authors is obvious in some cases but in other cases
further experimental work will be needed to ascertain the identity. A discussion
of this problem will be attempted here.



The identity of « and S-purothionins, extracted with petroleum ether, with
the two globulins with greater electrophoretic mobility at pH 3.2 was first
suspected from strictly biochemical data [ 18] and later confirmed by genetic
analysis [6, 7). This case is a good example of how the purification and
characterization of the protein can overcome the lack of resolution of the
analytical procedure used: ap and ap purothionins could not be separated
electrophoretically, but their structural genes could be located by aminoacid
analysis of the a-fraction in different genetic stocks [7].

The remaining proteins listed in Table [ are either albumins, extracted with
water, or CM-proteins, low molecular weight hydrophobic components that are
extracted with chloroform: methanol (2:1). All the CM-proteins and many of
the albumins are also soluble in 70% ethanol [17].

The following discussion deals with the possible identity of proteins of
these classes assigned to the same chromosome (Abbreviations: electrofocusing = EF;
electrophoresis = EPH):

Chromosome 3A

Possible equivalence of band 4 (EPH) of Cubadda [12] and some components
of complex band 3 (EF) of Noda and Tsunewaki [11]. Uncertainty stems from
differences in extraction and separation methods.

Chromosome 33

Equivatence of components 14—15 (EF X EPH) of Aragoncillo et al. [16]
with component 76 (EPH) of Waines [15] and possibly with some component of
complex band 3 {EF) of Noda and Tsunewaki [11] and component 6 or 7 (EPH)
of Cubadda{!12]. The uncertainty is ascribed to differences in extraction and
separation methods used by the last two groups.

Less certain are the possible equivalences of components 6—7 (EF X EPH)
of Aragoncillo et al. {16] with component 7 or 6 (EPH) of Cubadda [12]and even
less, with component 4 (EF) of Noda and Tsunewaki {11], which has a lower
isoelectric point. Waines [15] did not detect any components equivalent to
6—7 because these were probably included in the major complex band 90—97 of
his one-dimensional electrophoretic pattern.

It is likely, from isoelectric point data, that components 6—7 and 14—15 of
Aragoncillo et al. [16] are members of the 12 000 molecular weight family of
o-amylase inhibitors [19—20], which seems to include also the albumin of Ewart
[21], albumin 13B of Feillet and Nimmo [22] and inhibitor Amli of Shainkin
and Birk [231.



Chromosome 3D

Component 5 (EF X EPH) of Aragoncillo et al. [16] is identical with band 7
(EF) of Noda and Tsunewaki [11], is included in the major complex band 9097
(EPH) of Waines [15], and is possibly equivalent to one of the components
1, 2, 3 or 5 (EPH) of Cubadda [12].

Bozzini et al. [10] assigned albumin PCS to this chromosome, but its
isoelectric point is higher than that of component 5 of Aragoncillo et al. [16].
They also assigned albumin Mb 0.192 to chromosome 4D, but more recent
evidence seems to indicate that this protein is actually the component 5 of
Aragoncillo et al. [16] and therefore controlled by 3D [(24-25]. Component
Mb 0.19 seems also to be equivalent to albumin 13A of Feillet and Nimmo [22],
to the albumin purified by Fish and Abbot [26], to the a-amylase inhibitor Aml,
of Shainkin and Birk (23], to a component purified by O’Donnell and McGeeney
[27] and possibly also to inhibitor I of Saunders and Lang [28]. Albumin
Mb (.19 seems to be the main component of a family of closely related e«-amylase
inhibitors (for a detailed discussion see Ref. [25]).

Chromosome 44

Components 12—13 {(EF X EPH) of Aragoncillo et al. [16] are included in
band CM3 (EPH) of Aragoncillo [14] and in band 83 (EPH} of Waines [15].
Components with the same mobility as 12—13 are also associated with the D
genome (16, 17].

Component 16 (EF X EPH) of Aragoncillo et al. [16] is included in band 69
(EPH) of Waines [15].

Chromosome 48

Waines [15] suspected the location of structural genes for proteins included
in bands 69 and 83 (EPH) in this chromosome. This was not confirmed by
Aragoncillo et al. [ 16], using a higher resolution two-dimensional method
(EF X EPH).

Chromosome 4D

Component 17 (EF X EPH) of Aragoncillo et al. [16] is included in band 65
(EPH) of Waines {15].

Chromosome 7B

Components 8—9 (EF X EPH) of Aragoncillo et al. [16] are included in
band CM2 (EPH) of Garc{a-Olmedo and Carbonero [13] and are not detected



TABLE II. CHROMOSOMAL LOCATION OF GENES THAT CONTROL
GLIADINS AND GLUTENINS

Protein class Chromosomes References
Gliadins (lactate buffer, 2M urea) - - 1DS {30, 31]
Gliadins (70% EtOH extract) 1A(7D) IB(2RB) - {32)
- - 2D
- - 6D
Gliadins ~ - 1D [33]
Gliadins (707 EtOH extract) ZA® 2B* 2D* [15]
A" - 6D*
Gliadins (2M urea, 20% sucrose) 1AS 1BS 1DS [34-36]
6AL 6BL 4DL
Gliadins (8.5 mM lactate buffer) 1A 1B iD [37]
A-gliadin 6A 6B -
Glutenins — — 1DL [38}
Glutenins - 1BL 1DL {39]
- — 4DL
Gluten components 1AS? 1BS? 1Ds? [40]
(unclassified) 2A° 2B* 2D?
3A8° - 3D*
5A8° SBS® 5DS?
6AL" 6B§" 6D§

* Absence of chromosome only decreases band or spot; extra doses enhance.
® Designation proposed by reviewers.

by Waines [15] because they are included in band 90-97 (EPH), which is very
complex, and do not stain well with Amido Black [29].
Chromosome 7D

Components 3—4 (EF X EPH) of Aragoncillo et al. [16] are included in
band CM1 (EPH) of Garcfa-Olmedo and Carbonero {13] and in band 105 (EPH)
Waines [15].

Gliadins and glutenins

The chromosomes implicated by different workers in the control of glutenins
and gliadins are listed in Table IIL.



The chromosomal location of genes coding for components of the gliadin
fraction is now well established, Wrigley and Shepherd [36], using a high-tesolution
fractionation by combined electrofocusing and electrophoresis, have fully
confirmed previous assignments of the gliadin genes to homoeologous chromosome
groups 1 and 6 [15, 30—-37]. The possible involvement of homoeologous group 2
chromosomes in the control of gliadins will be discussed later.

The chromosomal control of giutenins has been studied by Orth and
Bushuk [38] and by Bietz et al. [39]. Genes ceding for five glutenin subunits
have been located [39). However, other gluten components remain to be
assigned because either they are coded by triplicate {or duplicate) genes or, more
likely, bands formed in (sodium dodecyl sulphate) SDS-electrophoresis include
the products of more than one gene.

Linkage maps

Little effort has been made to map further the structural genes within
chromosomes or chromosome arms. In this respect, Solari and Favret [41]
undertook linkage studies of the gliadin genes. More recently Qualset and
Wrigley [42] have made a more complete study using a two-dimensional
fractionation method.

A different approach to this problem is based on the analysis of alien
translocation lines. For example, Agropvron elongatum-Triticum aestivum
transfers obtained by ‘Sears [43] have been used to approximately map genes
coding for endosperm proteins by Rodriguez-Loperena et al. [44] and by
Hart et al. [45].

REGULATORY AND QUANTITATIVE ASPECTS
Regulatory effects

It is outside the scope of this review to discuss in detail the extensive
literature on chromosomal effects on total endosperm protein and its aminoacid
composition [46—32 and others]. However, a brief comment is warranted.

It can be said that no major regulatory effect on total protein level or
composition has been ascribed so far to a chromosome, or chromosome arm,
using aneuploids. The results of Bozzini and Giacomelli [53], concerning a
drastic change in the proportion of albumins brought about by supression of one
arm of chromosome 2A, have not been confirmed by other workers using the
same genetic stock.

Additive effects on total protein have been reported for chromosomes
belonging to the seven homoeologous groups. There is considerable disagreement



with respect to the chromosomes involved between the various authors. This is
probably due to two main causes: differences in the material investigated and

lack of the needed corrections for yield factors. It is well known that there is

a negative correlation between number of grains per spikelet (sterility) and protein.
The most reliable data are those obtained with intervarietal and interspecific
substitution lines, corrected for vield. Thus, chromosomes of groups 2 and 5

seem to account for a good part of the intervarietal differences in protein content
[46-52].

The search for genes regulating the expression of one or a few genes coding
for endosperm proteins has not been as successful as that for structural gene
locations.

Shepherd [34] reported that four doses of chromosome 2A seemed to
suppress a gliadin component and to promote the presence of a new band. This
matter was apparently not pursued and no mention of it is made in the more
recent report of Wrigley and Shepherd [36]. Waines [15] also implicated
chromosomes of group 2 in the controel of gliadins, but the low resolution for
gliadins of the separation method used did not allow to check whether specific
gliadin components were missing when each of the chromosomes of this group
was absent.

Orth and Bushuk {38 ] reported the repression of the synthesis of some
glutenin subunits by four doses of either chromosome 2B, 3B or 6B. The
more recent report by Bietz et al. [39] clearly shows that no such repression
takes place.

Aragoncillo et al. [16] concluded that the structural gene for non-gliadin
component 2 was located in chromosome 6B and that its expression was
apparently repressed by four doses of chromosome 7B in the absence of chromo-
some 7D. Sears suggested later that this result could be due to segments of the
6B chromosome from cv. Hope, still present in the nulli 7D-tetra 7B stock used
in our study, and supplied a new stock that had undergone two further backcrosses
to Chinese Spring wheat. Analysis of the new stock confirmed Sears’ hypothesis.

Studying the chromosomal control of lipoputrothionins, Garcia-Olmedo et al.
[6] found that the short arm of chromosome 5D was apparently required for the
expression of the structural genes for the apoprotein, which were located in
chromosomes 1AL, 1Bl and 1DL. Further genetic and biochemical evidence
[8, 54] demonstrated that chromosome 5D (short arm} actually affected the level
of digalactosylglyceride, which was required for solubility of the lipopurothionins
in the extraction solvent.

A similar effect to that initially found in the case of lipopurothionins [6)
has been recently reported for phosphodiesterase by Wolf et al. [55]. A dosage-
dependent regulatory effect has been ascribed to group 5 chromosomes that
affects the structural genes for the enzymes, which are located in group 3
chromosomes. Characterization of the enzymes and further genetic evidence will



be needed to discriminate a true regulatory effect from alternative explanations
of the reported results.

Genome interactions

It should be mentioned in this review that aneuploids have been of great
help in clarifying inter-genome interactions. A alloploid is in fact a *permanent
heterozygote’ in which positive and negative heterotic interactions are effectively
fixed. In the case of alloploids inter-genome heterosis is difficult to assess because
it is superposed with positive and negative effects associated with the change of
pleidy level. Therefore, both effects have to be considered jointly. Although in
many cases the expression of homoeocalleles seems to be additive, Garcia-Olmedo et al.
[6] have proposed different modes of inter-genome complementation: enzyme
subunit complementation, holoprotein completion complementation, homoeoallelic
dosage compensation, and complementation at the level of metabolic pathways.

Chromosome dosage responses and dosage compensation

Although dosage effects have been repeatedly mentioned in connection with
the investigation of chromosome-protein associations in wheat [12, 15, 16, 34,
and others] and dosage compensation has been suspected to occur in a few of the
cases [6, 12, 14, 56], these effects had not been investigated in a quantitative
way. Such an investigation was undertaken by us in connection with the co-
ordinated research programme on the use of aneuploids for wheat protein
improvement.

Chromosome dosage responses for a group of six wheat endosperm proteins
were investigated, using nulli-tetrasomic lines of Chinese Spring [57]. The output
of each locus was investigated as a function of its own dose and of that of its
homoeologue. Quasi-linear gene dosage responses were observed for all the
proteins studied. However, for three of them, dosage compensation occurs: for
a given dosage of its structural gene, the amount of the protein is 30—-80%
higher when the chromosome carrying the homoeologous gene is absent.

In a related study [58] two allelic proteins from the endosperm of the
tetraploid wheat were investigated. The net output of protein molecules was
measured for each of the alleles at 1, 2 and 3 doses. A linear dosage response
was observed for both of them, but the output of one of the alleles was about
double that of the other. These effects were observed for the parental material,
the reciprocal F| generations and the segregating F, generation.



FINAL CONCLUSIONS

From the above discussion the following general conclusions can be drawn:

(a) It seems urgent that doubts about the possible equivalence or identity of
proteins whose structural genes have been assigned to the same chromosome be
resolved with the co-operative effort of the authors involved. Reports of new
assignments should include an effort to face this problem.

(b) Further biochemical research is needed, in most cases, to translate
electrophoretic bands, or spots, into well-characterized molecules. This is
essential for the correct interpretation of most of the genetic results.

{c) Structural genes accounting for 50-70% of the endosperm protein
have been located so far. Further research is needed to locate the genes coding
for the remaining major endosperm proteins.

(d) Chemists working on the purification and characterization of endosperm
proteins should consider the possibility of checking their distribution in Chinese
Spring and its aneuploids.

(e) Regulatory and quantitative aspects of the expression of genes coding
for endosperm proteins should be actively investigated in order to find more
effective ways of genetic manipulation to increase protein quantity and quality.

ACKNOWLEDGEMENTS

This review is dedicated to Dr. E.R. Sears. A similar discussion was presented
at a symposium on Genetic Aspects of Cereal Proteins organized in his honour by
the American Association of Cereal Chemists, in San Francisco, California,

2327 October 1977,

REFERENCES

[1] SEARS, E.R., The aneuploids of common wheat, Mo, Agric. Exp. Stn. Res. Bull. 72
(1954} 58.

[2] SEARS, E.R., “Nullisomic-tetrasomic combinations in hexaploid wheat”, Chromosome
Manipulations and Plant Genetics (RILEY, R., LEWIS, K.R,, Eds), Oliver and Boyd,
London {1966).

[3] MORRIS, R., SEARS, E.R., “The cytogenetics of wheat and its relatives””, Wheat and
Wheat Improvement, (QUINSBERRY, K.S., REITZ, L.P., Eds), Am. Soc. Agron.,
Madison, Wisconsin (1967).

[4] MORRIS, R., Wheat Newslett, 20 (1974) 20; 21 (1975) 34; 22(1976) 5,23 (1977) 10.

[5] KONZAK, C.F., Adv. Genet. 19 (1977) 407.

[6] GARCIA-CLMEDOQ, F,, CARBONERO, P.,, ARAGONCILLO, C., FERNANDEZ DE
CALEYA, R., TORRES, 1.V., Proc. 7th Cong. EUCARPIA, Hungarian Academy of
Sciences, Budapest (1976) 51.



7]
(8]

(9]
{10}

{11]
(12]

[13]
(14]
[15]
[16]

(17]

[18)
[12]

[20]

[21)
[22)
(23]
[24]

[25]
[26]
[27]
(28]
[29]

[30]
(31]
[32]
[33]

(34]

(351
[36]
[37]

{38]
(391
[40]

FERNANDEZ DE CALEYA, R., HERNANDEZ-LUCAS, C., CARBONERO, P,
GARCIA-OLMEDQ, F., Genetics 83 (1976) 687.

HERNANDEZ-LUCAS, C., FERNANDEZ DE CALEYA, R, CARBONERO, P.,
GARCIA-OLMEDQ, F., Genetics 85 {1977) 521.

SHEPHERD, K.W., Aust. Wheat Cytogenet. Newsl. 4 (1971} 9.

BOZZINI, A., CANTAGALLL P., PTIAZZI, 5.E., Eur, Wheat Aneuploid Newslett. 3
(1971) 16,

NODA, K., TSUNEWAKI, K., Jpn. J. Genet. 47 (1972) 315.

CUBADDA, R., Genetics and Breeding of durum Wheat, Biblicteca della Facolti di
Agraria, Bari (1975) 653.

GARCIA-OLMEDO, F., CARBONERO, P., Phytochemistry 9 (1970) 1495,
ARAGONCILLO, C., Thesis, Polytechnical University of Madrid (1973).

WAINES, 1.G., Proc. 4th Int. Wheat Genet. Symp., Columbia, Mo. (1973} 873,
ARAGONCILLO, C., RODRIGUEZ-LOPERENA, M.A,, CARBONERO, P., GARCILA-
OLMEDQ, F_, Theoret. Appl. Genet. 45 (1975) 322,

RODRIGUEZ-LOPERENA, M. A, ARAGONCILLO, C., CARBONERQO, P., GARCIA-
OLMEDQ, F., Phytochemistry 14 (1975) 1219.

REDMAN, D.G., FISHER, N., J. Sci. Food Agric. 19 (1968} 651.

CANTAGALLL P, DI GIORGIO, G., MOROS], G., POCCHIARI, F., SILANO, V.,

J. Sci. Food Agric. 22{1971) 255.

PETRUCCI, T., TOMASI, M., CANTAGALLI, P., SILANO, V., Phytochemistry 13
(1974) 2487.

EWART, J.A.D., 1. 5ci. Food Agric. 20 (1969) 730.

FEILLET, P., NIMMO, C.C., Cereal Chem. 47 {1970) 447,

SHAINKIN, R, BIRK, Y., Biochim. Biophys. Acta 221 {1970) 502.

KASARDA, D.D., BERNARDIN, J.E,, NIMMO, C.C., Advances in Cereal Science and
Technology, Am. Assoc, Cereal Chem., St. Paul, Minn. {(1976) 158,

BUONOCORE, V., PETRUCCI, T., SILANO, V., Phytochemistry 16 (1977) 811.
FISH, W.W., ABBOT, D.C., J. Sci. Food Agric. 20(1969) 723.

CO'DONNELL, M.D., McGEENEY, K.F., Biochem. Biophys. Acta 422 (1976) 159,
SAUNDERS, R.M., LANG, J.A,, Phytochemistry 12 (1973} 1237,

ARAGONCILLO, C., RODRIGUEZ-LOPERENA, M.A., CARBONERQO, P., GARCIA-
OLMEDQ, F., Anal. Biochem. 63 (1975) 603.

BOYD, W.J.R., LEE, 1.W., Experientia 23 (1967) 332,

BOYD, WIR., LEE, J.W., WRIGLEY, C.W., Experientia 25 (196%) 317.

SOLARI, R.M,, FAVRET, E.A., Bol. Genet. Inst. Fitotec. Castelar 7 {1970) 23,
KONAREV, V.G., GUBAREVA, N.K., GAVRILYUK, L.P.,, BUSHUK, W, Vestn. 5-kh.
Nauki (Mosow) 17 (1972) 108.

SHEPHERD, K.W_, Proc. 3rd. Int. Wheat Genet. Symp., Australian Acad. Sci., Canberra
(1968) 86.

WRIGLEY, C.W., Biochem. Genet, 4 (1970) 509.

WRIGLEY, C.W., SHEPHERD, K.W., Ann. N.Y. Acad. Sci. 209 (1973) 154,
KASARDA, D.D., BERNARDIN, LE., QUALSET, C.0,, Proc. Natl. Acad, Sci. USA 73
(1976) 3646.

ORTH, R.A., BUSHUK, W., Cereal Chem. 51 (1974) 118,

BIETZ, J.A., SHEPHERD, KW, WALL, J.S., Cereal Chem. 52 (1975) 513,
KHRABROVA, M.A., GALAIL V.5, MAYSTRENKO, 0.1., Cytogenetic studies on
aneuploids of common wheat, Acad. Sci. USSR, Siberian Branch, Inst. Cytol. Genet.
(1973) 218,



[41}
(42]
[43]
[44]
[45]
[46)
[47]
[48]

[49)
[s0]

{s1]
(52]
(53]
(54]

[55]
[56]

(57}

(58]

SOLARI, RM., FAVRET, E.A_, Wheat Newslett, 14 {1967) 19.

QUALSET, C.0., WRIGLEY, C.W., Cereal Foods World 22 (1977} Abstr, 128,

SEARS, E.R., Proc. 4th Int. Wheat Genet. Symp. Columbia, Mo, (1973) 191,
RODRIGUEZ-LOPERENA, M.A., ARAGONCILLO, C., TORRES, J.V., CARBONERO,P.,
GARCIA-OLMEDQ, F,, Plant Sci. Lett. 5 (1975) 387.

HART, G.E., McMILLIN, D.E,, SEARS, E.R., Genetics 83 (1976) 49.

KUSPIRA, J., UNRAU, I., Can. J. Plant Sci. 37 (1957) 300.

WELSH, I.R., WATSON, C.A., GREEN, C.W,, Crop. Sci. 8 (1968) 81.

JHA, M.F,, KAUL, A.K., RAGHAVIAH, P., SWAMINATHAN, M.5., Wheat Inf, Ser. 32
(1971)9.

SIDDIQUI, K.A., Hereditas 71 (1972) 157.

MORRIS, R, SCHMIDT, J.W., MATTERN, P.J., JOHNSON, V. A_, Proc. 4th Int. Wheat
Genet. Symp., Columbia, Mo. (1973) 715.

SASAKI, M., OGAWA, S, NISHIYAMA, K., ITO, T, Proc. 13th Int. Cong. Genet.,
Genetics 74 (1973) 5239 (Suppl. 2).

LAW, C.N,, CHAPMAN, V., MILLER, T.E., WORLAND, A.J., Abstr. 8th Cong.
EUCARPIA (1977) 9.

BOZZINI, A., GIACOMELLI, M., Proc. 13th Int. Cong. Genet., Genetics 74 (1973) 529
{Suppl. 2}.

HERNANDEZ-LUCAS, C., CARBONERO, P., GARCIA-OLMEDQ, F., Agr. Food Chem.
(in press).

WOLF, G., RIMPAU, I., LELLEY, T., Genetics 86 (1977) 597.

MAY, C.E., VICKERY, R.S., DRISCOLL, C.J., Proc. 4th Int. Wheat Genet. Symp.,
Columbia, Mo. (1973) 843.

ARAGONCILLO, C., RODRIGUEZ-LOPERENA, M. A., SALCEDOQ, G., CARBONERO,P.,
GARCIA-QOLMEDO, F., (in preparation).

SALCEDO, G., ARAGONCILLO, C., RODRIGUEZ-LOPERENA, M.A., CARBONERO, P,
GARCIA-OLMEDQ, F., (in preparation).



