
THE UNIVIIRSITY OT'' MANITOBA

BIOCHEMICAL STUDTES ON THE PROTEI]'JS OF A

HEXAPLOID TRITICALE AND ITS RYE AND DURUM IÀ/HEAT PARENTS

DURING KERNEL DEVELOPMENT

JAMES ERIC DEXTBR

A THESIS

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES

IN PART]AL FULFILLMBNT OF THE RESUIREMENTS FOR

THE DEGREE OF DOCTOR OF PHILOSOPHY

DEPARTMENT OF PLANT SCIENCE

WTNNTPEG, MANITOBA

OCTOBBR, 1974,

by



BIOCHEMICAT STT]DIES ON THE PROTEINS OF A

IIEXAPLOID TRITICAIE AND ITS RYE AND DI]RÌIM I'IIIEAT PARENTS

DI]RTNG KERNEL DEVELOPMENT

by

JAI,IES ERIC DEX|ER

A tlissertutitrn suþlllitted to tltc Factrlty ol'Graduatc Sttrdics ol'

thc U¡ivcrsity ot' Manitobl in partill full'illment t¡l' tltc rcqttircrncltts

ol' tlrc clcgrcc rll'

l)0("1'() lì o t' l'll I l.()sol'llY
<Ð 1914

l)cnuissir-ll h¡rs trcctr gratttctl to thc LllìlìAlì.Y Ol;'l'llli tlNIVlil{-

SlTy Ol; fvltNl'l'OtìA to lcnd or scll copics r¡l'this dissertrttio¡t. ttr

thc NATIONAL LltsR^lìY OL"(lANAl)A to tilicrol'ihìl tlìis

dissertatiort and to lend or sell copics of the l'ihtt, atrd UNIVIlìSITY

MICROFILIvIS to publish rtll ¿¡bstr¿tct ot' this dissert¿ttitln-

The uutlror rsscrvcs other ¡rtrblicatit¡tt rights. irtld nr:itltr:r tltr-'

dissertatiolt tìor cxtcnsivc r.'xtrrcts lì'o¡t't it tttity bc prirtted or olhcr-

Wise reprotlrrc,Jd u,, i tlrou t l llc il u t lìor's wril tcll pcrlll ¡ssioll-



r1

ACI(NOIdLEDGEME}ITS

I am pleased to express my gratitude to Dr.

B. L. Dronzek for his knowl-edgeable advice and guidance

during the course of my research.

Many other members of the Department of Plant

Science deserve thanks for the help they gave me during

the course of my studies. In particular, f wish to

acknowledge the assi.stance of Mr. R. Batenchuk who

performed the amino acid analyses reported in this thesj-s.

Special mention must go to my parents for their
financial assistance and general encouragement .

Flnancial support from the Faculty of Graduate

Studies and Research, University of Manitoba, is gratefully

acknowledged.



al1

ABSTRACT

Dexter, James Eric, Ph.D., The Unlversity of Manitoba,

October, 197)J. Riochemical Studies on the Proteins of a

Hexaploid Tri ticafe ancl its Rye and Durum Irlheat Parents

cluring Kernel Development .

Major Professor: Dr. B. L. Dronzek.

The amino acid composition of the endosperms and

whole grains of a hexaploid Triticale (tine 64190) and its

rye (cv. Prolific) and durum wheat (cv. Stewart) parents

was found to change rapidly during maturation. In general,

Triticale had an amino acid compositj-on intermediate to that

of its parents at all stages of maturati-on.

In all three cereal-s there was a rapid declj-ne in

the amount of free amino acids present in their maturing

endosperms. Triticale and rye had a much greater amount

of free amino acids than wheat at all times. The com-

position of the free amj-no acids of Tritical-e resembled

that of its rye parent more closely than its wheat parent.

The amino acid composition of the proteins and

pepticies j-n the maturlng endosperms of the three cereals

was computed by eliminating the contribution from their
free amino acids. The most rapid changes observed durlng

maturation were a decrease 1n J-yslne and an lncrease ln
proline and glutamic ac1d. The content of these amino
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acids in the proteins and peptides of tnaturj-ng Tritical-e

endosperm was intermedj-ate to its parents at all times.

The solubility characf,eristics of the three cereals

were determined at intervals during the maLuratj on process.

Rye and wheat differed widely in their pattern of protein

synthesis. Tritical-e was intermediate to its parents.
14C-leu"ine i^ras used as a tracer to fol-l-ow the

rate of protein synthesis in the three maturing cereals.

The resul-ts compl-emented those from the protein distribution

studies .

Amino acid analyses were performed on the protein

solubility fractions from each cereal at intervals during

maturati-on. Signifj-cant changes occurred in all- cases.

The changes in albumins, globulins, Bliadins, and glutenins

during maturation were shown to be qualitative as well as

quantitative by polyacrylamide-ge1 electrophoresis .
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INTRODUCTÏON

Trltlcale 1s a synthetle interspecies hybrid

arlsing from a cross between wheat and rye. Some strains

of hexaploid. Trltlcale (S. cereale X T. turgidum) have

shown Some promising potential for commerclal production

because of their high nutrltional quallty coupled with a

hlgh protein content (Zillinsky and Borlaug (1971)).

Trlticale, because it is an interspecies hybrid,

is a useful research material for investigation of the

lnherltance of protein at the genome Leve1. Chen and

Bushuk (797}arbrc) have extensively studied the flour

proteins from a line of hexaploid Triticale 64190 and its

rye (cv. Prolific) and durum wheat (cv. Stewart) parents.

Their observations on quantitative dÍfferences in protein

solubility and ami-no acid composition, gel filtration and

disc electrophoresis for the proteins of these three cereal-s

suggested that the rye and durum wheat genomes in Tritj-ca].e

function quite independentlY.

The objective of the present investigation was to

extend the studies of Chen and Bushuk (I970arb,c) by

examining the nature of the proteins in the same line of

Triticale and its parents throughout all stages of kernel

d.evelopment. In addition, protein synthesis was foll-owed
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1n these cereals with 14c label}ing studies.

The changes in amino acid composition of developing

whole grain proteins and endosperm proteins as wel-l- as the

free amino acld composition in the endosperm of all three

cereals throughout maturati-on were determj-ned on an amino

acid ana.Iyzer. Protein extractions were performed on the

maturing grains of all three cereals according to a

modified Osborne protein solubility extracti-on procedure

(Osborne (f907)). Since previously accumulated proteins

tended to mask the changes in the rel-ative rate of protein

buildup of these fractions during development, further

studies were carried out using 14C-leucine as a tracer.

Amino aeid analyses were also carried out on the various

protein fractions from each cereal- during maturation. In

order to determine whether the changes in amino acj-d com-

positÍon observed within these fraetions during maturation

were the result of qualitative as well as quantitative

changes in the proteins, the four soluble protein fractions

in the developing whol-e grai-n from all three cereals at

several stages of maturation were investigated by poly-

acrylamide-ge 1 electrophoresis .



REVIEÌ¡I OF TIIE LITERATURE

Cereal protein separation and classification.

The proteins found v¡ithin all cereals may be

classified on the basis of their sol-ubiJ-ity characteristics

as originally proposed by Osborne ( 190 7 ) . The f our sol-ubl-e

fractions are albumins (water-soluble), globulins (solubte

in neutral salt solution), prolamines (solubl-e in 707,

ethanol) and glutelin (insol-uble in alcohol- but soluble in

dilute acid or dilute base). There is also a conslderable

amount of protein which remains insol-uble following suc-

cessive extracticns i-n these solvents.

The Osborne method of protein classification has

a number of serious shortcomings. Confusion has resulted

because of overlapping solubility properti-es and poor

reproducibility. A1so, treatment of proteins with alcohol

leads to denaturatj-on. This may explain the rel-atively

high quantities of insoluble protein which remaj-n behind

following the Osborne extraction. Because of these

problems a great many other procedures for cereal protein

preparation and separation have come into wide use in recent

years

A great many solvents have been proposed for

extractlon of the gluten protelns (insol-uble in salt solution)

of cereals. Among others these lnclude urea solutlons of
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varying concentrati.¡ns (l-ee and PlacRitchie (1971), Simmonds

and VIrigley (l-972)), acetlc acid-urea-cetyl trimethyl

ammonium bromide (Meredith and tr{ren (1966)), phenol-acetic

acid-water (Stanley et al (1968), Galfus and Jennings (fg0B)),

dlmethyl formamide (Huebner and Rothfus (WeB)) and al-umj-num

lactate (VJrieht et al- ( rg6 4 ) ) .

Foll-owing sol-vent extraction the proteins have been

further classified by pH precipitation (eeitz and Wall (I972),

Orth and Bushuk (f97 3a) ) and by salt precipitation (l¡lasik and

Bushuk (1974)). Proteins may atso be separated based on

molecular exclusion by gel chromatography (Meredith and l,riren

(1966), Gal-l-us and Jennings (1968), Ïtright et al (1964), Jones

et al (rg6¡) ). Chromatography on cell-ul-ose ion exchangers

has also seen v¡i-de use in protein fractionation (tntoychik

et al- (1960), Simmonds and l,finzor (1961), latrigtey (1965) ).
The fractions obtained by these methods and 0sborne

extractions are very heterogeneous. Gel electrophoresis,

however, offers a very high resolvj_ng power for protein

separation and is a very useful_ tool for further protein

characterization. Starch-ge1 electrophoresi_s (Smithies

(1965)) and acrylamide-geI electrophoresis (Davis (1964),

chen and Bushuk (1970b)) fractionate proteins on the basis

of differential mobilities. This separation is a function
of both molecular weight and charge at the pH of separatlon.
sodlum dodecyl sulphate polyacrylamlde-ge1 electrophoresis
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fractionates on the basls of molecular size alone, slnce

charge differences are masked by the presence of the

d.etergent (lrreber and Osborn (1969) , Biet z and 1¡1a11 (I972) 
'

Orth and Bushuk ( 1973b ) ) .

Electrofocusing can be used to separate proteins

according to their Ísoelectric points. Ge1 electrofocusi-ng

has been particularly effectíve ln combination with electro-

phoresis (Mita and Yonezawa (1971), Wrigley (1968, 1970) ).

Despite all these new techni-ques the Osborne

solubility fractionation procedure has continued to be

wid.ely used with some modifications (Tanaka and Bushuk

(1972), Chen and Bushuk (1970a), Dronzek et al (1970)).

This is due mainly to its simplicity and suitability to

large scale preparatlons. As yet no technique has been

able to replace the Osborne method as a more meaningful

and accepted method of cereal protein classification.

Cereal protein structure and function.

The protein solubility distribution within mature

cereals varies widely from one specles to another. In rVê,

for example, the al-bumins comprj-se the largest protein

fraction in the flour (Chen and Bushuk (1970a)). In

rice, on the other hand, glutelin is by far the largest

fraction (Patmiano et a1 (1968)) while wheat contains

a large amount of prolamine (Dronzek eq qI_ (1970), Chen
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and Bushuk (1970a) as does malze (Ing1e et aI (1965)).

The albumins and globulins are the rmetabollcally

actlve ? proteins of cereals slnce they contain in addltlon

to glycoproteins, some nucleoproteins and lipoprotelns

and many of the enzymes lnvolved ln grain development and

germlnation. An excellent revlew on these proteins is

avallab1e (FeiIlet (1967) ).
The germ and outer layers of the kernel contain

protein conslsting mai-nly of these fractions. However,

albumins and globulins are also found to an appreciable

extent within the endosperm. The albumins have a molecular

weight (MId) range of about 201000 while globulins range

between lvl!ü 20,000 to MI¡f 200,000 (Pomeranz (f971)). The

amino acid composition of these proteins (Dronzek et al
(1970)) reflect their solubility characteristics. They

have a low amide content which means that glutamic and

aspartic acj-ds are present in the acid form rather than

the amj-de. Accordingly, these proteins are capable of

acqui.ring negati-ve charges at neutral pH, thus enhancing

their solubility in aqueous salt solutions. Lysine and

argini-ne. are found in large amounts. Sinee both are

diamino acids capable of carrying a positive charge at

neutral pH, they also enhance the water solubility of

these protei-ns.

Prolamines and glutelins are found in the endosperm.
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They are deposlted as storage proteins and. are subsequently

avallabLe as nutrients for the new plant fo11ow1ng germlnation.

This 1s reflected 1n their amlno acid composÍtions (Dronzek

et a1 (1970), Ewart (1967)). They have a very high content

of glutamine (determlned as glutamlc acid.) which is an

excellent nitrogen source since it contalns two nitrogens

per molecule. The advantage of storlng nitrogen as a

derj.vatlve of glutamic acid is that it occuples a central

role ln amino acid and respiratory metabolism. It 1s the

prlnciple nitrogen donor 1n transamination reactions

leading to synthesis of other amino acids, and in additÍon,

lts carbon skeletonra(-keto glutarate, is a key intermedi-ate

1n the respiratory Krebs cyc1e. Proline is also found in

very large amounts in both prolamines and gluteli-ns. This

1s consistent with the storage functi-on of these proteins

slnce proline 1s readily converted to glutamic acid. The

amino acld composltion of these proteins al-so reflect their
so1ub1lity. Since most of the carboxyl groups of glutamic acid

and aspartic acj-d are present as their amides and therefore

are not free to ionize, and the content of basic amino acids

(carrying a positive charge at neutral pH) is low, these

proteins have 1ow ionic character and are thus insoluble in
neutral water. The extensive hydrogen bonding between

glutamine residues and other amino aci-ds also contrj-butes to

lack of solubility in water since it resul-ts ln aggregation
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of proteln chalns. ït should be polnted out that there

are slgnlflcant dlfferences 1n the overall amlno acld

composltlon of prolamlnes and gluteltns. Glutelins are

hlgher ln lyslne, tryptophan and glyclne whereas gliadln

ls higher in pro11ne, glutamic acld plus glutamlne, eystine,

lsoleucine, phenylalanlne and amide nltrogen (Ewart (1967) ,

Dronzek et a1 (1970) ).
Prolamines appear to be slngle chalned and have

,M!\Is near 36,500 (Simmonds and Orth (1973) ) . Glutelins

range 1n molecular sizes up to several mi-I1ion (Pomeranz

(1971)). The very large molecules are comprised of sub-

unlts held together by disulphlde bonds which may be broken

by reductlon (Orth and Bushuk (f973a,b,c)).

The 1nsoluble residue of cereal-s comprise proteins

of very great si-ze. They have an amino acid content more

similar to the water-solub1e proteins than to storage

proteins (Cluskey and Dimler (t967), Ivanko (1971)).

Solublllzation of the residue protein of wheat was ac-

complisired in the solvent hydrochloric acid-2-chloro-

ethanol (Cluskey and Dimler (L967)). Electrophoresis

showed that the proteln dissolved in this solvent comprised

components of similar mobility to acetic acid solubl-e

glutelins as well as fast moving components. They con-

cluded that the resj-due protein was a mixture of high

molecular weight constituents consisting of polypeptides
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Propertles of Triticale.

Triticale is a synthetic cereal grain obtained by

combining the genomes of wheat (genus Triticum) and rye

(genus Secale). Dependj-ng upon whether a tetraploid wheat

(T. turgj-dum L., 2n = 4x = 28) or a hexaploid wheat (T.

aestivum L. em Thell., 2n = 6x = l+2) is used, either a

hexaploid or an octopl-oid (2n = Bx = 56) Tritical-e is
produced respectively. Genomically the two Triticales and

their parents can be represented as follows:

(1)

(2)

T. turgidum * Secale = Triticale hexaploide
AABB RR = AABBRR

T. aestivum * Secale = Tritical-e octoploide
AABBDD RR = AABBDDRR

Both of these Triticales can be produced without

much difficulty. The octoploid species is cytogenetically

unstable, however, and generally reverts to a hexaploid

species. Hexaploid Triticale is more stable.

Triticales have been known for many years. A

naturally occurring Tritical-e was described to the Botanical

Society of Edinburgh in l-B75 (Zillinsky and Borlaug (1971) ).
It is only in the last two decades, however, that any major

attempt has been made to produce a commercial Triticale
variety. Triticale 'has shown some promise as a feed grain

because of lts hlgh yield of protein combined wlth high
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levels of lysine. The major barrlers to production of a

commercially viable line have been partial sterility and

shrivel-ling of the grain endosperm.

Chen and Bushuk (1970a) examined the nature of the

endosperm proteins of one l-ine of hexaploid Tritical-e

(64190) and its durum wheat (cv. Stewart) and rye (cv.

Prol-ific) parents. By a modified Osborne solubility

separation technique they found that the sol-ubj-lity

distribution of Triticale proteins hlas intermediate

between its parents.

Amino aci-d compositions of Triticale and its

parental speci-es \^rere published by Yong and Unrau (1966)

and Chen and Bushuk (fgZO). Yong and Unrau (1966) found

that Tritlcale contained more l-eucine and isoleucine than

either parent. This was not confirmed by Chen and Bushuk

(1970a). They found that the content of the amino acids

in Triticale was intermediate between those of its parents.

Eleetrophoretic studies of the endosperm proteins

of Triticale and its two parents r¡iere carried out to

determine if the synthesized species contained protei-ns

not found j-n the two parents. Yong and Unrau (1964) using

starch-geJ- electrophoresis found several fnewr bands in

hexaploid Trtticale extracts not present ln the patterns

for the equivalent extracts from the rye and durum parents 
"

Chen and Bushuk (f970b,c) could not conflrm these results
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by means of polyacrylamlde-ge1 electrophoresls. They found

that all the bands of the Triticale protelns were present

1n the patterns of either the rye or durum parent. Further-

more, the pattern obtalned for an extract of a mixture of

rye and durum fl-ours was essentlally the same as the pattern

of the Triticale extract. They concluded that the rye and

durum wheat genomes in hexaplold Triticale function quite

independently. However, a report has been published by

Barber et al (1968), who detected a tnewt exterase band in

the pattern of AABBDDRR Triticale that was not present i-n

the electrophoretic patterns of lts parents.

Blosynthesis of protein in developing cereal grai-ns.

Analyses on the developing grains of some Australian

wheats were carried out by Jennings and. Morton (1963b)

from a few days after flowering up to maturity. Synthesis

of storage protein and of starch in the endosperm largely

accounted for the rapid increase of dry weight in the

developing grain after fertllization. They found that

although the amount of protej-n nitrogen per grain increased

almost linearly from day L2 up to maturitV, initially the

protein nitrogen as a percentage of dry weight decl-ined

up to day Ig owing to the more rapid synthesis of starch,

and then remaj-ned constant. Meanwhil-e, the proportion of

non-protein nitrogen decreased rapidly up to day 19 and
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then more slow1y. The amount per grain was afmost constant

through development. This pattern of relative change 1n

protein and non-protein nitrogen was consistent with a

precursor pool rel-ationship.

The amino acid composition of the wheat endosperm

has been shown to change continually during development

(Jennings and Morton (l_963a), Pomeranz et al- (1966)). The

major changes invol-ved decreases in aspartic acid, valine,

lysine, threonine, alanine and argi-nine while glutamic acid

and proline j-ncreased. During the l-ast two weeks before

maturity changes in ami-no aci-d composition were small. To

some extent these changes reflected the changes in the non-

protein nitrogen pool. Jennings and Morton (1963a) found

that the free amino acÍd pool comprised about 25/, of the

total nitrogen found in the kernel fourteen days after
flowering and only 2f, at maturity. There were also a

number of amino acids within the non-protein nitrogen pool

which varied markedly in relative amounts during maturation.

The authors suggested that these variations reflected the

extent to which the rate of supply of an amino acid to the

pool of protej.n Precursors 'hias greater or less than the

rate of its incorporation into protein. Both glutamic acid
(an¿ glutamine) and proline, for instance, decreased markedly

within the non-protein nitrogen pool while the protein bouncl

resldue of these amlno aclds showed marked increases.
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Coul-son and Sim (1964) used starch-ge1 electrophoresis

to follow changes in proteins present in wheat endosperm

during ripenlng and germination. Slow moving bands (prol-amines)

were progressively degraded during germination and buil-t up

durlng the later stages of ripening. They found that pro-

l-amines (referred to as rgliadins t in wheat ) were not present

until the l-ast few weeks of grain ripening, while high

mobility bands (albumins and globulins) were synthesized

earlier and remained at a constant level during storage

protei-n build up. Since storage proteins are much lower in

lysine and higher in glutamic acid and proline than the salt

soluble proteins, their observations would explain the

changes in amino acid composition of maturing wheat kernels.

Pomeranz et aI (1966), however, suggested these changes

were not merely a reflection of varyi-ng relative proportions

of different protein types, but also were affected by changes

in amino acid composition with each protein type during

niaturation. Al-bumins and globulins, for instance, appeared

to show a considerable decrease in lysine content with

maturity.

Changes in amino acid composition within a protein

fraction during maturation can be the result of quantitative

changes only, or al-so arise because of the synthesis of new

types of protei-ns Iàter in the maturation process. Graham

et al (1963a) uslng ion-exchange chromatography and Graham
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and. Morton (1963) uslng stareh-ge1 electrophoresj-s found

only quantitative changes ln the albumlns and globulins of

developlng wheat endosperm. More recently, however, Ralney

arrd Abbott (1971) showed tl" appearance of seven new component

proteins in these fractlons during the course of wheat kernel

development by means of an immunoelectrophoretic study.

t{rigley and Bushuk (tglt) by gel filtration found evldence

for some qualitati-ve change in the glutenins of d.eveloping

breacl wheat, but found only quantltative changes within the

glutenins from developlng durum wheat.
I4c-tuu"ILed compounds have been used to trace the

rates of synthesis of the various protein fractions within

the wheat kernel during development. Bil-inski and McConnell

(1958) injected maturing wheat plants with acetate-f-I4c and

aeetate-z-I4c. The labelling patterns obtained suggested

glladins were synthesized rapidly later i-n the development

process than albumins and globulins. Bran proteins showed

markedly increasing aetivity with late injection, suggesting

their formatíon at still- later stages of maturation. The

interpretation of their results vias complicated by the

extensive involvement of 14C-1u¡"1tud intermed.iates in pro-

cesses such as the tricarboxylic acid cyc1e. Thus Finlayson

and McConnell (W6g) chose phenylalanine-2-l4O for further

studies. They also used ammonium chloride-l5N at the same

time to provide informat|on about movements of nitrogen
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wlthln the plant during late stages of growth and the events

lnvolved 1n synthesis and deposltion of kernel protelns.
15N lrr"orporation showed there was rapld synthesls of protein

up to two weeks before maturi-ty. However, gluten protein
1f-

had greater 12N atom excess when injected 3O 36 days pre-

rlpe as opposed to 40. The salt-soluble protelns on the

other hand showed the opposite effect. This suggested a

greater degree of protein synthesis of albumins and globulins

durlng early stages of kernel development than at later

periods. The authors al-so showed that salt-soluble proteins

dld not lose labe1 to gluten protelns and thus were not

preeursors being formed lndependently. Protein synthesls

slowed down rapidly in the last 15 days before maturity as

reflected by very low 15N and. 14c irr.orporation over this
perlod. The sal-t-soluble protelns incorporated slgnificantly

larger amounts of both labels over this period than did the

gluten proteins

Electron mlcroscopy studies of developing wheat

endosperms showed that in additipn to starch granules,

numerous d.ense spheroid bod.ies were observable one week

after fertil-lzation (Buttrose (1963), Jennings et al (1963),

Morton et al (1964), Jennings (1968)). There was considerable

variation in the size of these bodies within the endosperm

ceIl at any period of development (at 14 days the largest

were 0.5 microns in diarneter while at 22 days they approached
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13 microns in diameter). Staining reactions and increase

in numbers during growth indicated the bociies probably

consisted of storage protein. Starch-gel- el-ectrophoresis

of a protein body preparation confirmed that the protein

contained was mainly gliadins (Graham et al (1963b)). The

protein content of protein bodies was in excess of 80f,.

They were less distinct after three weeks past floweri-ng

perhaps being crushed out of shape.

Graham et al- (1962) suggested a possibl-e mechanism

for protein body formation. They postutated that storage

protein is formed on ribosomes of endoplasmic reticulum

and afterwards secreted internally. The formed proteins

aggregate into protein bodi-es with a surrounding lipoprotein
membrane, thus being isolated from the remainder of the

intracellular structures .

Studies on the incorporation of labelled ami-no acids

into these protein bodi-es (Graham et al (L962), Graham et al
(1964) ) have shown that protein bodies take up 14C and 35S

very quickly under in vivo condj-tions. The characteristics
of this i-ncorporation into the protein bodies as compared

with the soluble proteins (a]bumins and globulins) supplied

more evidence for an independent synthesis of storage and

soluble proteins. Morton and Raison (1964) claimed that
protein body isofates from wheat endosperm rapidly incor-
porated 14c-tuuclne 1n a ce11 free system. These results
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have been disputed by V/il-son ( 1966 ) , however, v¡ho showed

that any incorporation of 14C-leucine into maize protein

body preparations was due soleJ-y to bacterial- contamination.

An extensive study on the changes in the rice endo-

sperm has been conducted by Pafmiano et a1 (1971). Trends

in non-protein nitrogen and total protein content in the

grain were similar to that found in wheat during maturati-on.

The main change in protei-n distributj-on in developing rice

vras found to be a very rapid rj-se in glutelin in the grain

between days 4 and 2L. Gl-utelin was found to have an amj-no

acj-d content similar to that of the mature grain. This was

not surprising since it comprised B5f, of the protein of the

rice endosperm at maturity. Rice prolamlne was very l_ow in
proline compared to that of other cereals. Changes in
amino acj-ds of maturing rice may be explained by changes in
the relative amounts of each protein fraction during ripening.

Del Rosario et al (1968) examined the endosperm

structure of developing and mature rice. They found protein

bodies in al-l endosperm cells of seven day kernel_s. In
contrast to wheat, there was no signì_ficant change in the

size of protein bodies during development, the largest being

3 microns in diameter" Because protein body increases

paralleled glutelin increase in the kernel they suggested

that rice protein bodies consisted mainly of g1utelin. Thls

was conflrmed by analysis of isolated rice protein bodies
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(Mitsuda et al (1967) ).

Oats in contrast to most cereal-s showed no increase

in the rel-ative proportion of prol-amine during development

after the first two weeks (I¡Iiggins and Frey (1958)). Thus,

lysine content and other essential- amino acids do not drop

as drastically during maturation as in other cereafs (Hischke

et aI (1968)). Brown et a] (f9ZO) have'studied changes in the

amino acid content of developing oat kernels. At fj-ve days

after anthesis free amino acids comprised a high proportion

of the total amino acids present, and protei-n consisted

largely of metabolically active proteins rather than storage

protein. Amino acid changes during deveJ-opment were explained

by the decrease in free amino acids and changes in the relative
proportions of the protein fractions. After ten days, amino

acid changes were minimal.

A number of studies have been carried out on the

changes in barley kernels during development (MacGregor et ql-

(1971), Pomeranz and Robbins (t972), Ivanko (fgZf)). Tvanko

showed that the formation of proteÍn duri-ng barley grain

maturation was characterized by unequal synthesis of dif-
ferent protein fractions " In ten day o1d grain the dominating

protein was glutelin (over 5Of"), while prolamine was negligible.
After 18 days prolamine synthesis was extremely rapid, and

by 2ll days prolamine content was equal to glutelin contenL,

and by maturlty prolamine comprised 50f" of the total proteln"
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Glutelin lncreased absolutely 1n amount per kernel, but

relatlvely dropped to 25% of the total protein. The major

trends ln amlno acid. content d.uring maturatlon reflected

the amlno acid content of,barley prolamine. However, changes

also occurred in the amino acld compositions of all the

proteln fraetions during development. These changes

paralleled the changes in amino acid composltion of the

kernel during development, and made a signifieant con-

tribution.

Tronier et aI (1971) exami-ned the nature of protein

wlthin barley protein bodies. The membrane and components

of fine structure were separated from the storage proteins

by sonication. Storage protein (prolamine) was found to be

the major protein component. At l-east seven proteins

(albumins and globulins) viere detected by immunoel-ectro-

phoresis of the isol-ated fine structure.

Ingle et aI (1965) studied two inbred maize species

grown in the field, taking samples every three days after

pollination up to maturity. By foll-owing DNA content they

found cel-l- d.ivision was complete fj-ve weeks before maturity,

and a rapid phase of protei-n synthesis levelled off. Water

content r soluble nitrogen, and free amino acj-ds all peaked

about this tj-me. They also observed a second increase in

protein content of the endosperm in the last three weeks,

indicative of storage protein. Similar results r^iere reported
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by Bressani and Conde (1961). They found that prolamlne

(known as tzeint in maize) was nearJ-y absent 1n the immature

kernel- and becarne the most important fraction as the grain

developed and matured. This zein increase showed almost a

linear relationship with the increase in total nitrogen

during development. Dialyzable nitrogen, meanwhile, decreased

to 30f' of total nitrogen 10 days after fertilization to I)f"

two weeks later, remaining fairly constant thereafter.

Changes in ami-no acid content during development could be

explained by prolamine buildup. For j-nstance, leucine

doubled in importance from l-0 days after fertilization to

maturity, while lysine, methionine, tyrosine and tryptophan

decreased markedly.

A number of mutant genes have been found i_n maj_ze

which dramatically alter their protein composition (Ilertz

et al (1964), Nelson et al (1965))" These genes resulted

in higher concentrations of albumins, globulins and gJ-utefins

and a much lower zein content. This resulted in a much

higher lysine content which greatly increased the nutritional
value of the proteÍ-n. Murphy and Dalby (tgll-) examined the

proteins of the endosperm of a normal inbred line of maize

and its homozygous opaque-2 counterpart (one of the mutant

lines ) , at various intervals after poll1nation. Proteins

were sampled by a modified osborne procedure and subjected

to starch-ge1 electrophoresi-s and amino acld analysis.
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The amlno acld composltlon of the zeln lsolated 15 days

after polllnation from the opaque-2 mutant was qulte unl1ke

that of the same fractlon from 15. day normal maLze or from

opaque-2 maize at later stages of development. The pattern

of zeln accumulatlon was conslstent wlth the suggestion

that the opaque-2 gene was active only during the first three

weeks after pollination. After this time zein was accumul-ated

ln the endosperm of the mutant plant, although at a much less

rapld rate than in the normal inbred line.

Sodek and hlilson (1970) followed the incorporation

of 14c-1",..cirr" and. f4c-lysine into proteins of developing

endosperms of normal- and opaque-2 maize. They found evidence

that the albumin fractlon underwent turnover during devefop-

ment, and the overall- rate of breakdown exceeded the rate of

synthesis after the third week. This was more apparent in

normal maize than in opaque-2 plants. The globulins increased

s1ow1y with maturity with no apparent loss in specific

activity. Thus the authors suggested that globulins were

metabolically disti-nct from albumins. In normal plants
r,[t-C-lysine was extensively converted to proline and glutamic

acid. This was not nearly as apparent in opaque-2 plants.

In normal plants progressively more 14C-ty"ine was metabol-ized

as maturÍ-ty approached and zeín synthesis increased. Thus,

the authors speculated that there may be a correl-atj-on

between lysine breakdown and increased zein synthesis.
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A number of reports have been made of proteln

granul-es in maize endosperm (Christianson et al- (1969),

Duvick (1955, l.961) ) . Very similar protein bodies have

also been reported in sorghum (trlatson et al (f955 ) ) . The

maize protein bodies were roughly spherical and numerous)

ranging in size up to 3 microns in diameter. They were

largest and most numerous in subaleurone cells, pro-

gressively decreasing in size from the outer to inner cells
of the endosperm. They i¡rere first visible 15 20 days

after pollinatJ-on in the region under the silk scar and

spread to other portions of the endosperms. Chrj_stianson

et aI (f969) showed by electrophoresis and amino acid

analysis that these protein bodies were composed largely,
or onIy, of zein encased in a matrix of glutel_in.

hlolf and Seckinger (f969) examined numerous maize

varieties for zeín bodies and found no examples in which a

maíze endosperm showing zein granules had a large lysine
content. The high lysine mutants exami_ned al_I appeared to
lack zein bodies, but contained up to 20f" alcohol-solubIe
protein, indicating there must be alternative sites for
alcohol-soluble protein accumulation. Tl"y speculated that
a good deal of this zein was stored in globular protein

bodies found in the high-protein subaleurone eells.
Al-ternatively, it may be incorporated in the matrix protein

ln non-granul-ar f orm.
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These studtes and others have shown the si-mllariti-es

in the manner ln whl.ch endosperm protei-n evol-ves in all

cereals during maturatlon. FirstlY, albumins and globulins

are generally synthesized. most quickly 1n the flrst two

weeks, while storage protein is synthesized rapldly from

about two weeks after flowering up to physiological maturity.

Secondly, 1abe11ing studies have shown that albumins and

globulins are synthesized independently and do not act as

precursors ln storage protein synthesis. Thirdly, storage

protein appears to be laid down in the endosperm in the

form of protein bodi-es. These bodies are first notlced

about one week after fertilizatLon. They are surrounded

by a lipoprotein membrane. Fourthly, changes occlrr in

the makeup of individual protein fractions during develop-

ment. These changes appear to be quaÌitative as well as

quantltative. Finally, the rapid changes which occur in

the relative proportions of the varj-ous protein fractions

during development as well- as rapid changes in the non-

protein nitrogen pool cause rapid changes i-n the amino acid

composition of the developing cereal grains, especially

during the first few weeks of development.
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MATERÏALS AND MET}IODS

Plant material.

Triticale 64f90 and 1ts parents prolific rye and

Stewart durum were grown in a controll-ed environment chamber

(7oor', 16 hours lieht). Prior to planting root tip counts

were performed on the germinated rriticale seeds to ensure

that only forty-two chromosome plants were grown. plant

maturity was determined by taking note of the day the

anthers hung out on each head

Endosperm samples were obtained from immature samples

by hand disection. The resultant materi-al was freeze-dried
for forty-eight hours and then ground on an Arthur H. Thomas

grinder. Recovery from grinding was effectively rooi, for
one gram samples (dry weight). Mature samples i¡rere ground

in a Brabender Quadramatic Mi1I in order to separate the

endosperm from the bran and germ. The ffour yield was

about 65f" for ten gram samples.

whole grain samples were obtained by freeze-drying
the Íntact immature seeds for forty-eight hours. They

were then ground on a udy cyclone sample. Mill. ove r 90%

of the original five gram samples (ory weight) was recovered.
Mature seeds were ground as is.

Extraction of protelns.

The protelns were fractlonated by following the
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c l-assi ca1 0sborne ( 190 7 ) sol-ubility fractionation procedure .

We found that homogenizing tl" whole grain samples gave

much more reproducible resul-ts than stirring. Initially

the 3 gram samples were homogenized for fifteen mi-nutes in

25 ml- of 0.5t4 l,laCl and centrifuged. The supernatant was

decanted and two similar extractions followed. The resi-due

was resuspended in water to remove residual salt. The

four supernatants were combined and dialyzed against

distilled water for forty-eight hours, and centrifuged to

separate the precipitated sal-t-sol-uble proteins (globulins );
the water soluble proteins (albumins) remained in solution.

The residue remaining after extraction with salt sol-ution

was then extracted similarly with three 25 ml portions of

Tjf" ethanol- solutj-on. Ethanol was removed from the combined

ethanol solution supernatants in a rotary evaporator. This

fraction was designated as the alcohol- soluble fraction
(gliadins). The resulting residue was further extracted

with three 25 ml- protei-ns of 0.05M acetic acid solution.
The three supernatants were combined to give the acetic

acid solubl-e fraction (glutenins ) . The remaining material

wil-l be referred to as the insolubl-e fraction. The four

soluble fractions and the final residue were freeze-dried.

Amino acid analyses.

All analyses were performed ln a Beckman Model 121
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Automatlc Amlno Acid Analyzer.

1. Total amlno acld analyses: The samples were

carefully weighed lnto culture tubes and 4 m1 of 6N HC1

was added. The solutlon was flushed with nitrogen for flve

minutes to remove oxygen. The tubes üiere then tightly

capped and placed in a force draught oven at 100oC for

twenty-four hours. Withln a few hours after removal of

the samples from the oven they vlere taken to dryness in

a vacuum deslccator over NaOH. The dry samples were dlluted

to a volume suitable for analysls, and insoluble matter

was removed by centrifugation. The amino acid analyses

l^rere performed according to the method of Spackman gJ al
(1958),with a precision or !3/'

2. Free amino acid analyses: The samples were

homogenized for five mi-nutes in water and centrifuged.

The supernatant was made 5/, in sulphosalicylic acid in

order to precipitate the protein. The sample was again

centrifuged and the resultant supernatant used for analysis.

A l¡r-, hour physiological run employing lithium

citrate buffers was performed on acidic and neutral amino

acids in order to separate glutamine and asparagine as

described in the Beckman Automatic Amino Acid Analyzer

Instruction Manual (L967). It was found to be necessary to

adjust the pH of the solution to be analyzed to 2.2 in

order to insure proper resolutÍon in the early regions of
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the chromatograph (Mondlno et aI (l-97 2) ) . The baslc amino

aclds were separated uslng sodlum cltrate buffers on the

short column. l-amino butyrlc acld was determined by an

abbrevlated baslc physiolpglcal method. Sodlum cltrate

buffer (pH 4.25, 0.38N) was pumped through a 23 cm column

of PA-35 resln (Beckman Instruments) at a flow rate of 50 ml

per hour. The temperature of the column was maintalned

at 32.5oC. After 22 hours the eolumn was regenerated and

the next sample injected.

Several samples were dupllcated. Precislon was

better than I1f' for all amino acids except those found in

relatlvely low amounts in relation to the predominant

components.

l4c-leucine experiments.

Unlformly labelIed l40-leueine (fo mCi/mil-limo1e

(freeze-dried solid) Amersham Searle Corporation) was

dissolved in water (Z!tCi/nL) . 40 mg of cold leucine per

m1 water was addecl as a carrier. The label was introduced

to the plants according to the method of McConnell- and

Ramachandran :956) . zyr of the 14c-I".r"ir," solution
(0.5r'/Ci) was injected into the stem directly below the head.

The 14c activity of the whol-e grains and protein

fractions were determined by the following procedure. Each

sample was hydrolyzed as previously described. A portion
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of the final hydrolyzate solution was then counted on a

Nuclear Chicago Series 720 Scintillation Counter using

Aquasol (New England Nuclear Chemicals) as the scintillation
mix. Efficiency of counting ranged from 4O to 60f,.

The amount of 14c aetivity present as f4c-1"u"in"

was determined for a number of samples. The amino acids

from a portion of the hydroly zates r¡rere separated from

sorubl-e sugars and organic aci-ds on a cationic exchange

column (AG-501^I-XB resin, Bio Rad Laboratories). These

amino acid fractions were then separated by paper chromato-

graphy on l¡lhatman No. 1 paper using a n-butanol:water:aceti_c

acid (12:5:3) system. The chromatographs were sectioned

and the activity on each portion was determined by soaking

the paper in 70f" ethanol and then counting on the liquid
scintj-Ilatj-on counter. The Ra value for leucine had been

determined previously for other samples using ninhydrin
spray for detection.

E1e ctrophore si s .

The disc polyacryamide-ge1 electrophoresis method

of Davis (1964) as modified by Chen and Bushuk (1970b)

was used to determine the patterns for albumins, globulins
and gliadins, except that coomassie brilliant blue was

used as the proteln stain rather than amldo black. For

each sample within a particular protein fraction the same
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amount of protej-n was loaded for analysis. Separation was

on the basls of the molecular welght and charge of the

individual protein components.

Because of thelr, hlgh molecular weight glutenins

could not be separated by the above electrophoretlc method.

Instead the reduced subunits of the glutenins were examlned

using the sodium dodecyl sulphate (S.D.S. ) polyacrylamj-de-

gel electrophoresis method'descrlbed by Orth and Bushuk

(1973b). This method separates the subunits according to

molecular weight (an¿ size) on1y, since their charge j-s

masked by the detergent.

Determination of protein content.

The protein content of endosperm samples was

determined by adjusting the amino acid analyses to a

90f' recovery. The protein contents of whole grain samples

as well as insoluble residue fractions were determined by

the Kjeldahl procedure (1883). The Nessler method

(lrlil-liams (1964)) was used to determine the protein

content in the albumins, globulins, gliadins and glutenins

fractions. The different protein procedures and the reasons

for using them are presented in Appendix A.
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RESULTS AND DISCUSSION

The amino acid composition of the developing endosperm.

Table 1 shows tn." amino acld composÍ-ti-on of the 
.

maturlng endosperm of one line of Trlticale (64190), the

d.urum wheat parent (cv. Stewart) and the rye parent (cv.

Prollfic). All three cereals showed a very rapid change 
.

1n amlno acid compositlon as they matured. However, the

magnitude of these changes varied from one species to

another. Previous studies with other cereal grains in-

cluding wheat (Jennlngs and Morton (lg63a), Pomeranz

et al (1966)), rice (Palmj-ano et al (¡-968)), barley (Ivanko

(1971), Tronier et al- (1971), Pomeranz and Robbins (L972)),

oats (Brown et aI (1970)) and maize (Ingle et aI (1965))

showed the relative proportions of lysine, aspartÍ-c acid

and alanine decreased during maturation, while proline and

glutamic acid increased. The results in Tabl-e I agreed with

the resul-ts from those studies. It has been shown that ehanges :r

in amino acid composition in cereals during development reflect '.

-

changes in the distribution of the protein solubility

fractions, and 1n particul-ar the rapid synthesis of storage

protein (Jennings and Morton (L963c), Coulson and Sim 
,:

(1965) ). Other factors involved included changes within

the amino acid makeup of individual protein fractions within

the cereal- grain (Ivanko (1971), Murphy and Dalby (1971)),



Table t. À¡ni¡o Àcid Corgnsiticrn of tlre ì4aturing Endosperm of lYiticaLe 6À190 and Parents, Prolific Bye ard Stewa¡t hrun.

Davs afber
Lysile
Irisddine
Amn¡nia

Àrgili-ne
Aspartic Àcld
Tt¡¡eonine

Serine

Glutanric Àcid

(Results are qiven as qrafirs nitroqen per 100 crrans nitrogen)*

lYiticale
710t216203349

6.78 5.99 5.42 3,84 3.64 3.08 2.34

3.31 3.02 3.25 3.r7 3.26 3.43 3.20

14.3 I5.0 16.1 18.7 t9.2 20.2 L9.9

9.BB 8.76 8.51 7.45 '1.52 7.39 6.67

6.94 6.86 6.00 4.s9 4.48 3.04 3.01

2.6L 2.38 2.23 2.05 r.98 2.01 I.93
3.94 3.18 3.64 3.32 3.23 3.57 3.6r
8.92 10,3 11.s 17.0 17.5 17.9 20.2

5.39 s.2B 4.s9 6.72 7.30 8.48 9.s2

5.r? 5.11 4.6L 4.57 4.28 4.0I 3.6?

9.48 tI.4 r-0.9 5.s3 4.41 3.3I 2.71

3.43 3.23 3.50 2.95 2,95 2.98 2.7s

1.02 1.04 1.07 I.00 0.92 0.42 0.77

2.I7 2.16 2.26 2.07 2.08 2.3r 2.13

3.82 3.1? 3.60 3.83 3.92 4.25 4.04

l_.2r 0.95 0.98 1.08 1.II t.16 l.12

Proline
GLycine

ALani¡re

Val-i¡re

I'btlnioni¡e
Isoleucine
leucine

\lrosirte
Phcnvl.rlanine
t Protein

Prolific We
I0 12 Ì4 r7 19 29 49

* tqæLophan, cyst€iJle and cystine rô'cre nog determined.

5.76 s.32 5.s0 4.94 4.66 3.94 3.30

2.93 2.8L 2.82 2,99 2.96 3.04 3.11

16.6 l_6.6 L7.3 t7.2 20.0 I9.3 18.8

7.77 7.33 7.Ot 6.74 6.37 6.67 6.49

6.19 6.?6 8.28 5.44 4.98 4.2L 3.47

2.33 2.16 2.22 2.24 2.22 2.I7 2.09

3.40 3.31 3.42 3.58 3.03 3.47 3.7]
10.7 10.7 9.73 13.7 15.] I7.4 18.6

7.2L 7.96 B.2B 7.s8 7.60 8.54 9.94

4.20 4.20 4.80 s.07 4.37 4.08 3.8r
9.87 10.5 9.Ol 8.31 5.62 4.I3 3.II
4.46 3.92 3.Og 2,96 3.09 3.05 3.03

0.61 0.75 0.83 0.80 0.76 0.80 0.72

2.48 2.29 1.94 1.BB 2.05 2.L3 2.04

3.17 3.t5 3.2r 3.53 3.82 3.81 4,02

1.00 0.97 0.94 0.98 0.99 0.93 1,00

I.66 1.68 L. B0 2.I5 2.24 2.4't 2.50

2L-4 20 -2 tB. B 16.5 16.4 14.6 16 - 7

7.04 6.?9 3.99 3.67 3.33 2.8I 2.14

3.15 3.36 3.59 3.35 3.36 3.29 3.16

12.3 16.0 16.4 17.6 I8.9 I9.9 r9.4
9.00 8.97 8.24 6.62 6.66 7.Ì5 6.48

5.44 5.07 4.51 3.97 3.37 3.14 2.5I
2.sl 2.s0 2.34 l.9I 1.74 I.95 1.7s

4.72 3.60 3,58 3.75 3.86 3.35 3.22

9.93 10.9 r2.9 17.3 19.0 I9.9 24.1

5.01 4.81 5.64 6.61 6.32 7.62 8.0I
s.94 5.39 s.73 4.94 4.20 3.82 3.26

9.9I 8.46 8.73 5.s7 4.25 3.31 2.49

3.46 3.48 3.46 3.lt 3.0I 2.85 2.65

1.70 I.1l 0.89 0.9I 1.09 0.85 0.?7

2,44 2.40 2.38 2.42 2.40 2.23 2.28

4.4I 4.33 4.26 4.6L 4.?8 4.2t 4.15

1.19 1.28 I.25 I.16 1.29 l.3r 1.22

7 9 L2 t5 l_9 23 49

Ste!,rart Dunrn

I.29 L.3t l.s8 2.02 2.30 2.43 2.

2L.2 2t.4 13.9 I2.9 15.2 9.4 9.3
.B8 2.L0 2.18

14.7 13.7 13.7 12.5 I0-B rI.4 13.3

.50 2.47 2.38 2,4L
(JJ

H
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along with changes in the non-protein nltrogen pool (Hoseney

and Finney (t967) , Jennings and l{orton (I963b) , Hoseney

et al (1966)) during the maturation process.

Table 1 shows very similar trends in amino acid

composition during maturation for al-1 three developing

c ereals . However, there i¡Iere some significant differences .

Lysine declined markedly in durum wheat, rv€ and rriticale.
The decline was most apparent in wheat and least apparent

in rye. Arglnine, ofl the other hand, decreased in both

wheat and rritical-e, while in rye there was only a sright
decrease. Aspartic acid (which incl-udes asparagine) de-

creased steadily during maturation in both wheat and

Triticale, while in rye a maximum level was reached fourteen
days after anthesis followed by a sharp decrease. Glycine

declined slowly throughout development in Triticale, de-

clined in wheat only after two weeks of development and

maintained a much more steady level in rye. Alanine
retained a high level or increased slightly during the
first two weeks after anthesis in al_r three cereals and

declined rapidly thereafter" Glutamic acid (which includes
glutamine) showed a very large increase.during development

1n both wheat and rrlticale, but in rye it decreased

lnltially, then increased rapidly. proline increased in
wheat from nine days after anthesis to maturitv, while in
Tritlcale 1t decreased untll fourteen days after anthesis,
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after which lt rose qulckly. In rVer however, it maintained

a fairly steady l-evel- for four weeks before showing any

increase. The resul-ts for methionine were erratic. This

was litr<ely due to oxidative degradation during the hydrolysis.

Therefore it I¡Ias not possibl-e to accurately determj-ne its
pattern of change during the maturation process. The

remaining amino acids examined retained generally steady

leve1s in all three cereal-s duri-ng development.

In general, Tritical-e had an amino acid composition

intermediate to its two parents at all stages of maturation.

This supported earl-ier work by Chen and Bushuk (1970arb,c)

who examined the chemical, physical and el_ectrophoretic

properties of the proteÍ-ns from the mature flours of the

same three cereals, and found rriticale to be i-ntermediate

to its two parents in all eases.

The amino acid compositi_on of the maturing endosperm

from a hexaploid bread wheat (cv. Thatcher) and its extracted
tetrapl-oid was also determined. Results throughout maturation

were similar to stewart durum. The data is presented in
Appendix B" In addition, a similar study was completed. on

two other hexaploid Triticales (cv. Rosner and line Kangaroo

X U.Nl. 940'St). The results for both did not differ
slgnificantly from Trltlcale 6ar90 at all stages of develop-

ment . The data is presented in Appendlx C "
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The free amlno acid composi'tion of the developlng endosperm.

Table 2 shows the free amino acld compositlon of

the developlng endosperm of Tritlcale 64190 and its parents,

Proliflc rye and Stewart durum. There were rapld changes

ln the free amino acld pool from all three cereals d.uring

endosperm development. In an earlier study Hoseney and

Finney (1967) exanÍned the free amj-no acids of two hard red

wlnter wheats during maturatlon. In early stages of develop-

ment they found the major components of the free amino acid

pool to be glutamic acid, asparaglne, glutamine, al-anine and

proline. ThÍs compares favorably to the results found in

this study for the l-east mature samples of Stewart d.urum.

Jennings and Morton (1963b) examined hydrolyzed samples

from the dialyzable nitrogen fraction in maturing bread

wheats. Thus, they were analyzing small proteins and

peptides in addition to the free amino acids. They found

especially large quantiti-es of the amides and alanine at

early maturity.

Table 2 shows that in a number of cases the pattern

of change within the free amino acid pool of Triticale and

its two parents differed signlficantly from each other.

Free arginlne, for instance, increased initj-ally before

declJ-ning in both Triticale and wheat, whj-le j-n rye the

Ievels remained relatively constant for the first two weeks

after anthesis followed by a sharp decline. Free aspartic



Tab1e 2. Free Amino Àcid Ccnposition of Derrelcpilg Þndosperm of Triticale 64190 and Parents, P¡¡olific Rye and Ste¡nrt Dr¡nnn.

Days after

(Results

Í-¡nLi¡o BuLyric

lrwtcphan
Lysine

tlistidi¡e
Arginirle
Aspartic Àcid

lhreonine
Seri¡re

Asparaghe

Glut¡¡rúc Aci-d

Glut¿¡rii¡e

Proli¡e
Glycine

Alani¡e
Vali¡e
Methionire
Isoleucine
I-euci¡e

[rosile
Phenylalanjle
Anronia

thesis:
. 345 .650 .439

.722 .I22 .02L

.258.167.22L

.108 .069 ,042

.288 .419 .426

.539 .338 .I29

.304 .298 .362

.879 .884 1. l_3

1.84 2.35 3.s4

1.04 L.Oz .834

1.49 2.52 3.78

2.59 1.48 .856

.320 .528 .670

4.45 6.50 6.18

. t49 .776 .758

.010 .079 .180

.0'75 .063 .446

.068 .067 .22L

.027 .016 .oss

.009 .020 .092

1.84 1.01 I.62

rams nitroqen per 100 crrans ni

TYiticale

.28L .r94 .263 .017

.0t6 .021 .020 .017

.223 .193 .r34 .0I3

.I22 .120 .051 .020

.200 .I32 .158 .077

.365 .354 .125 .034

.125 .083 .048 .023

.419 .293 .L42 .046

1.s6 .816 .29L .278

.666 .s05 .223 .033

1.37 .735 .330 .248

.090 .0s3 .037 .193

.463 .295 .100 .024

r.94 .924 .348 .098

.097 .066 .041 .044

,077 .047 .025 .010

.034 .025 .015 .037

.033 .O25 .023 .056

.026 .022 .018 .021

.019 .016 .013 .040

1..05 . Bl0 .385 .141

Srq

10 t2 14 L7 19 29 49

.345 .438 .872

.273 .20I tr.

.399 .279 .368

.r84 .24í .r73

.302 .263 .263

.234 .225 .545

.324 .295 .368

.827 .883 .951

1.96 3.48 5.71

1.04 L.Lz I.07
5.50 5.09 3.43

3 . 87 4.20 4 ,25

.290 .456 .938

4 . 40 5.08 4 .76

1.08 .904 . s06

tr. tr. .063

.s02 .403 .277

.126 .lr5 .lB8

.053 .054 .055

.062 .050 .083

3.09 2.29 2.51

Secovery

r qrstaire ard rystine r+ìere noe deter¡nir¡ed.

.384 .328

tr. tr.
.384 .345

.115 .I24

.184 .086

.469 .367

.239 .t82

.734 .262

1.s8 1.94

1.33 .907

1.31 1.53

I.35 .365

.8s0 .370

3.48 2.09

.211 .194

.034 .027

.068 .042

.073.066

.028 .022

.033 .03r
2.62 2.94

L7.4 18.8 22.4 9.3 5.8 2.9 I.5

.r38 .019

tr. tr.
.702 .037

.039 .003

.026.016

.339 .156

.110 .014

.213 .023

.519 .320

.837 .081

.434 .105

.745 .138

.205 .026

.765 .057

.074 .026

.017 .009

.041 .0r5

.031 .019

.018 .009

.027 .019

r.56 1.20

.500 l.I0
.216 .0'14

.335 .302

.113 .059

.L78 .309

.379 .331

.378 .230

I.89 .s49

.905 .726

1.39 .708

1.83 I.05
2.t3 .728

I.19 .86r
5.17 4.27

.180 .307

.2L7 .085

.084 .086

.103 .L24

.045 .042

.055 .047

Dun¡n Sheat

L2 15 19

.609 .158

tr. tr.
.29L.0s8
.075 .029

.180 tr.

.258 .34r

.2't5 .107

.377 .310

.677 .I09

.244 .248

.L76 .110

.254 .046

t.50 .925

s.07 1.88

.378 .084

.088 .022

.093 .040

.r03 .053

.034 .029

.036 .029

24.9 26.1 27.4 14.4 t2.2 5.9 2.3

.14I.072.0014
.032 .013 .0039

.102 .041 .0013

.034 .022 t¡.

.0s5 .021 .0252

.257 .t49 .0087

.066 .032 .0008

.2L4.L24.0012

.064 .050 .0208

.595 .338 .0127

.200 .294 .0017

.048 .0r4 .0024

.424 .132 .0033

.754 .348 .007I

.039 .014 .0009

.026 .008 .0003

.029 .007 .0005

.047 .007 .0009

.017 .007 .0008

.023 .009 .0005

L9.2 L4.7 r2.5 5.1 3.7 1.9 .14 UJ
\'l



acld was found ln comparable proporti-ons in Trltlcale

durum wheat at all sbages of development, maintaini-ng

relatively constant 1eve1 lnitial1y and then decllning. Ïn

contrast, the level of free aspartic acid in rye reached a

maxlmum leve1 about two weeks after anthesis before decreasing.

At maturlty rye had more aspartic acÍd than ej-ther Tritj-cale

or wheat. Free asparagine reached a maximum value two

weeks after anthesis in both rye and Triticale before

decllning to maturlty. In wheat, however, free asparagine

decreased rapidly throughout development and was less than

that of either rye or Tri-tical-e. The level of free serine

in wheat showed a continual decrease during maturation,

whlle ln rye and Triticale a maximum level was reached

about two weeks after anthesis before declining to maturi-ty.

Free glutamic acid dropped rapidly i-n wheat, reaching a

very low level twelve days after anthesis. In Triticale

thls decrease was less rapid, while in rye a maximum leve1

was reached seventeen days after anthesj-s and no decrease

was apparent until the l-ast stages of development. Free

glutamine quickly dropped to very low levels in wheat.

In Triticale, however, maximum l-eveIs were not reached

until twel-ve days after anthesis. Although this maximum

was not apparent in FVê r since it had extremely high levels

at early stages of development, the proportions of

free glutamine were at least as large as those found in

36

and

a
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Tritlcale at all stages of development. In both wheat

and TrlticaLe the proportlon of free prollne was considerable

i-n the first week of development, but decllned very rapidly
to extremely 1ow levels. In rye free prollne was found in
large proportions for a somewhat longer tlme. Free glycine

malntained a hlgh level in wheat for two weeks after anthesis,

decllning thereafter. In Tritlcale free glycine reached a

maximum value about two weeks after anthesis, while in rye

an extremely sharp maximum was apparent fourteen to seven-

Leen days after anthesis. In alL three cereals the le.¡el of
free aLanine was high i-n the fj-rst fourteen days of develop-

ment, after which lts level dropped rapidly. Rye showed a

much higher level of free valine during early stages of

d.evelopment than either wheat or Triticale . Y - amino butyric
acid was found in considerable amounts, while the remaÍ_ning

free amino acids detected were found in sma11 amounts in
all three cereals, and generally d.eclined rapidly as endo-

sperm development progressed.

Figure 1 shows the leve1 of the free amlno acids

per gram dry matter in the developing endosperm of each of

the cereals. Wheat had significantly less free amino acids

in its endosperm than either Triticale or rye at all stages

of development. For the first two weeks after anthesis

rye had significantly more free amino acids than Triticale.
Thereafter the levels in both were similar.



Figure 1. Changes in the Free Amino Acid Content of
Developlng Endosperm from Triticale 6tl-90 (a),
and Parents, Prolific Rye (O) and Stewart
Durum (a) .
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Although Triticale showed a number of differences

to both its parents in its free amlno acids during develop-

ment, it resembl-ed rye much more closely than durum wheat.

Assuming there r^rere no interactions between the alien
genomes of durum wheat and rVê, this is not surprising,
since rye generally had a much larger free amino acid pool

than durum wheat throughout development.

The free amino acid composj_tion of the maturing

endosperm from a hexaploid bread wheat (cv. Thatcher) and

its extracted tetraploid as well as two hexaploid Triticales
( cv. Rosner and line Kangaroo X U.M. 940 t Stt ) were al_so

determined. Results are presented in Appendix B and

Appendix C respectively. These cereals all showed rapid

changes in their free amino acids throughout development.

The general pattern of these changes was si-milar to that
for the three cereals discussed above.

The amino acid composition of proteins and peptides of the
developing endosperm"

't"a* t ""*s the amino acid content of the proteins

and peptides of the developing endosperm from Triticare
6nf90 and its parents, Prolific rye and Stewart durum.

These results were computed by dedueting the free amino

acid levels from the total amino acld analyses. This was

done to provide a more meaningfur basi-s for the examination

of the changes whlch occurred. 1n the endosperm proteln



Table 3. .tuaino Àcid ccnposltion of the proteins arrd pepli<Ies of l,taturing lritlcare 64190 aId Parents, Prollfic Rye arxt ste¡art D¡nm'

Lysile 6.47

lli.suidi¡re 2.I2

Arginirre 4 -7'l

¡\spartic Acid 10.9

fnreonine 4.59

Seri¡e 6.08

Glutanúc Acid 14.2

Proline 5.56

Glycine 9.63

Al¿grj¡re 9 .99

Va]- j¡e 6. 5l

ì4ethioni.ne 2.0I

Isoleucj¡re 4.I5

Iæucine 7.45

[rosine 2 ' 36

Phenylalanine 3.28

s cìftef ,!¡thcsis:

It.s are given as Íþle

Triticale
Ì0 12 16 20 33

s.97 5.56 3.26 2.99 2.12

2.Ol 2.01 1.84 1.83 1.91

4.29 4.32 3.26 3.22 3.08

11.0 8.7? 6.15 6.48 4.7L

4.27 4.00 3.46 3.31 3.33

4.72 5.37 5.11 5.L2 5.84

16.4 lB.9 28.1 28.9 29,7

7.80 7.98 1r.9 ]-2.6 14.3

9.40 8.43 7.40 6.95 6.65

10.0 10.2 6.48 6.07 5.04

6.26 5.86 5.13 4.96 5.00

r.97 1.90 r.66 r.48 0.66

4.31 3.S9 3.67 3.57 3.90

6.36 7.23 6.84 6.77 7.20

r.9I L.97 1.89 1.88 Ì.94

3.41 3.66 3.83 3.85 4.19

* tryptophan, c1¡sbei¡e ancl crystl¡c were not detenni¡ed'

free basis)*

t.92
r.74
2.?0

4 .65

3. 13

5.83

32.9

15.4

5.98

4.28

4 .44

I. 25

3.43

6.49

1. B0

4 .03

ProLific
r0 L2 14 17 19 29 49

5.85 5.60

2.01 1.89

4.rr 3.91

L0.9 10.6

4.49 4.13

5.61 5.40

Is.t 15.6

7.2s 8.3b

8.31 8.13

1r.e 1?.0

7.37 6.'1I
r.33 1.67

4.32 4.20

6.63 6.73

2.07 2.04

2.68 2.80

5.86 4.31 4.00

2.or 1.79 ¡.76
3.86 3.08 2.91

11. r 7.98 6..74

4.22 3.78 3.78

s.63 5.42 5.13

15.9 22.5 24.9

9.19 11.9 13.4

8.Bg 8.oq 7.4L

9.68 9.04 6.54

5.89 5.22 5.3?

1.75 1.40 1.35

3.83 3.41 3,72

6.88 6.59 6.94

1.96 r¿76 1.80

3.42 3.76 4.20

3.29 2,54

t.72 1.69

2.85 2.63

6.19 5.16

3.53 3,37

5.59 6.01

27 .9 30 .0

14.3 16.0

6.63 6.18

5:76 4.99

5.12 4.9I
1.34 0.87

3.59 3.27

6.48 6.48

I.s6 I.60
4.L2 4.33

6. 49

1.96

4.29

B,g2

4. 13

5. 49

14 .8

7.52

9 .23

9.25

6.36

2.87

4. s8

8.36

2.23

3. s5

Stårart
9121519

5.71 '3.45 3.06 '2.70

2.28 2.20 1.88 1.85

4.13 3.77 2.79 2.75

8.33 1.29 6.04 5.3r
4,32 3.84 3.06 2.80

5.80 5.97 s.B2 6.11

18.4 23.4 28.8 30.9

?.78 10.1 II.1 lo.s
8.68 7.72 6.80 6.39

7.97 6.82 6.25 5.91

6.03 5.74 5.13 4.94

r.94 1.49 l.sl 1.78

4.40 4.27 4.03 3.69

8.0r 7 .76 7 .72 7.9r

2.36 2.27 1.91 2.13

3.90 3.99 {.13 4.08

?.32 l.7r
1.82 1.68

2.98 2.s9

4.s7 3.99

3.21 2.80

s.49 s.Is
32.4 38.s

t2.7 12.8

6.17 5 .22

4.9s 3.9?

4.'15 4.24

1.40 1.23

3.71 3.65

7.02 6.64

2.I7 1.95

3.96 3.86 À
H
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during development. This was especially advantageous at

early maturity where the free amlno acid pool had a pro-

nounced effect on the overall amino acid composition. The

accuracy of thi-s procedure was confirmed by comparing the

amino acld content of the residue l-eft over following several
free amino acid extractions to the results in Table 3.

Figure 2 iflustrates the change in lysine content

of the proteins and peptides of the developing endosperm

of all three cereals. A rapid decrease occurred in al_l

three cereals. This decrease r^ras most apparent in wheat

and least apparent in rye. Figure J shows the changes in
glutamic acid content during maturati-on. since glutamine

is converted to glutamic acid during hydrolysis, this
figure actually reflects the combined. changes of these

two amino acid.s. A very large increase was found for al-l
three cereals. The greatest increase was found in wheat

and the least increase was found in rye. Figure 4 shows

the changes in proline content during maturation. A

rapid increase was found for all- three cerears. Rye showed

the greatest increase while wheat had the least increase.
The other amino acids changed l-ess rapidly. rn alr cases

Tritical-e had a leve1 intermed.iate to lts two parents

throughout development .

Earl-ler studles have shown that in wheat (Jennings

and Morton (I963c)), barley (Ivanko (1921)) and maize



Figure 2 
"

Changes in the Lysi-ne Content of the proteins
and Peptides of Maturlng Triticale 6p,l9O (a),
and Parents, Prolific Rye (O) and Stewart
Durum (c) .
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Figure 3. Changes in Glutamic Acid Content of the Proteins
and Peptides of Maturing Triticale 6AL90 (^),
and its Parents, Prolific Rye (o) and Stewart
Durum (cr) .
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Figure 4. Changes in Proline Content of
Peptides of Maturing Triticale
its Parents, Proli-fic Rye (O)
Durum (o) .

the Proteins and
64190 (¿) , and

and Stewart
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(Murphy and DaLby (1971) ) there are rapÍ-d bulldups of

proteln durlng maturation. In addition, storage protein

has been shown to have a lower lysine content and a hi-gher

glutamlc acld (and glutamine) and proline content than

other proteln fracti-ons found in cereals (Dronzek et al
(1970), Ivanko (IgTr) , Murphy and Da1by (1971) ). The

results in Figures 2, 3 and 4 conflrm the results of these

studles

Chen and Bushuk (1970a) showed that Triticale

6Af9O had a protein solubllity distribution intermediate

to that of its parents at maturity, which resul-ts in an

amino acid compositlon which was also lntermediate to

lts parents. Since the results in Table 4 show that

Trlticale had an amino acid composition intermediate to

its parents at all stages of maturitV, it would appear

that its protein solubillty distrlbutlon was also inter-

mediate at all times. This suggests that the genome

of durum wheat and rye are acting Í-ndependently throughout

the maturation process.

There was a sharp change in the amino acid composition

of the endosperm proteins and peptides in al-l thrree cereals

about two weeks after anthesis. This agreed with the work

of Jennings and Mortion (1963c) who showed. that for bread

wheat endosperm cell division ceases at about fourteen days

after anthesis, with rapid protein buildup thereafter. This

was further supported by the previously diseussed free amino
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acid data (Table 2). The rapid decrease in free alanine

in the endosperm of al-r three cereals about bwo weeks after
anthesis suggested the termination of rapid endosperm cel_t

growth since it has been shown that al-anine was present in
large quantities in the soluble-nitrogen component of
rapidly growing celts (Stewart and Duzan (We5) ).

The amino acid composition of the proteins and

peptides for a bread wheat (cv. Thatcher), its extracted
tetraploid, and two hexaploid Triticales (cv. Rosner and

Kangaroo x u.M. 94otst¡ were also computed for all stages

of endosperm development. Results are presented in
Appendix B and Appendix c respectively. Results were very
simi]ar to those for Triticare 6A190, prorific rye and

Stewart durum.

The nj-trogen content of the developing endosperm.

The total ni_trogen content in the developing

endosperms of the three cereals as werl as the nitrogen
present as free amino acids viere computed by adjusting
the recovery of the total- amino acid analyses of each

sample to 90/". Results are plotted in Figure 5 "

Hoseney et al (1966) found. little change in protein
content on a dry matter basi's during maturation in hard red

winter fIour, although a decrease in salt soruble and water
soluble proteln was found to parallet an increase in gluten
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protein. Jennlngs and. Morton (r963a) found. that the nitrogen
content on a dry matter basls decreased initially in hard

red spring wheat due to early rapld starch synthesis,
1eve1ling off thereafter .and lncreasing slightly near
maturlty. The results in flgure ! for total nitrogen ln
durum wheat endosperm folrowed that pattern fafrly closery.
Triticale had a s1m11ar pattern, although its nltrogen
content was much higher than wheat throughout d.evelopment.

Rye, however, showed. a deerease in protein nltrogen through-
out the first four weeks of development, reaching'by far the
lowest level at maturlty.

The free amino acid nitrogen decreased sharply in
all three cereals to maturitv, although rritical-e showed.

a sllght initial Íncrease. Durum wheat had a mueh lower
amount of free amino acid nitrogen than either rye or
Triticale at all stages of maturation.

The amlno acid eomposition of the d.eveloping whole grain.
The amino acid composition of the developing whole

grains of Triticale 64190 and its two parents, prolific rye

and stewart durum are shown in Table 4. Rapid changes oc-
curred in all three cerea]s during d.evelopment. The most

prominent trends coÍrmon to all included a d.ecrease in the
relative proportions of lysine, aspartic acid (whÍch includes
asparagine): alanine and glycine and an increase in glutamic



FÍgure 5. Changes in the Total Nitrogen Content ( Â , O , g
and Free Amino Acid Nitrogen (arO, O) of
Developing Endosperm of Triticale 64190 (Â , .A )
and Parents, Prol-ific Rye (e rO) and Stewart
Durum ( q , o).
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Table 4' ÀÍdr.o ¡cid ccrçositicn of Ðeveloping ltrole Grain of Triticale 6A190 and parents, proliffc Rye a¡d S.be¡arl D:n¡n.
(Bqsurlts are givcn as nole_:.ejSg4t on an annÞnia free basis)*

Deys after a!',-h.esis: 14 2L

Ly-sine 4.55 3,33
Kis--iôi¡e I.86 1. Bz

Arg!'l|ne 3.42 3,32
Ãsparltc Àcid 10. t 6. 81

Tb-eicni¡e 3.Bl 3.37
Seri¡e 6.3L 4.85
Glutanúc Àcid 22.0 26.s
Pro1i¡e 7.26 12.1
Glyci¡re 8.11 ).el
À.lanine W.6 7.95
Valine 4.92 s.Oj
lþthioni¡re 1.12 L.44
Isoleuci¡e 3.40 3.60
Leuci¡e 6.25 6.94

\rrosine 1.49 1.69

3.09 2.13 2. 89

I.79 1.88 1.87
3.r_8 3.46 4.L3
7.25 6.32 6.74
3 . 32 3. 16 3.24
5.78 5.37 5.61
2't .9. 28.9 27 .2

12.s 13.3 t3.1
7 .3L 7.L7 7.46
6.80 6.15 5.61
4. 83 4.78 5.14
1. 14 1.28 I.42
3.43 3.46 3.49

6.47 6.s6 6.64
I.68 1.83 1.80
3.52 3.61 3.74&ery1þ1er_r!e_____?_. aq___¡_s!

r tr¡ptopharr Ç/sEeine and rystine wcre noE, deterr¡rined.

5.36 4. 19

1.85 1.83

3.12 3.25

10.6 9.23

4.23 3.84

6.08 5.83

18.1 22.9

8.19 1I.2
8.66 7. 81

13.1 7.43

5.63 5.33

0.70 L.27

3.68 3.59

6.65 6.88

1.01 1.52

3.14 3.87

3.59 3.07 3.30
1.98 1.85 1.88
3.48 3 "72 3.90

6.78 6.29 7.28

3.q8 3.41 3.s3
5.64 5.70 5.'t6
25 "7 26.7 25 .4

13.1 13.9 13.9

7.48 7.27 7.59
6.81 6.30 6.06

5.32 5.24 5.30
1.19 1.20 0.9t
3.40 3.33 3.34

6.63 6.40 6.48
1.43 I.64 1. s5

3.66

1.72

3.22
't.66

3. s3

6.63

24.9

9.77

8. 33

8.75

5.12

0.51

3.'14

6.88

I.98
3.54

Sts¿art D:n¡¡n

''r'_------7s-.-2.6'7 2.2L

1, 86 1.8s

3.04 3.12

6.98 4.68

3.04 2.87

5.4s 5.63

30.4 32.4

11.9 13.7

6.75 6.29

6.11 5.24

4.58 4.52

1.14 1.09

3.66 3.6s

6.'ì6 6.93

1.76 1.94

3.85 3.893.90 3.89 3.88

, lo

1.88

3 .40

4.68

2.76

5.02

33. 4

13.8

6 .10

4.77

4.46

1. 12

3.54

6 .91

I. B7

4.r0

2.20

1.92

3. 45

4.69

2.86

5. 70

32.3

13 .4

6 .47

4.84

4 .56

0.91

3.60

6.97

2.03

4.07 (¡
È



55

acid (which includes glutamine) and proline. rn general,
Trlticale maintained an amino acid composition intermediate
to its two parents throughout devetopment. Rapid changes in
amino acid composition occurred between the second and third
week after anthesis. After bhe fourth week of development

only minimal- changes occurred. Methionine values were

unreliable in most cases because of oxidative degradation.
A comparison of the resurts in Tabte 4 with the

previously described results for developÍng endosperm from
the same three cereals (Tabl-e 1) showed a number of significant
differences at maturity. some of the most noticeable dif_
ferences included a higher lysine, âspartic acid and alanine
content in the whol-e grain in addition to a lower glutamic
aci-d and proli-ne content. This merely ref lected the con-
tribution of the bran and the germ to the overarl amino

acid compositi-on of the whole grain samples (Tkachuk and

rrvi-ne (1969)). rn general, however, both the whore grain
and the endosperm had the same pattern of change in their
amino acid composition throughout the maturation process.

o bread wheats (cv. Thatcher and cv. Rescue) as

well as their extracted tetraploids (Tetrathatcher and

Tetrarescue) were also exami-ned for changes in amino aci_d

compositlon of the developing whole grain. The amlno acid
composition for all four wheats were very simllar and
paralled the results reported for stewart durum. The data
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are presented in Appendix B.

Distrlbutlon of protein in the flve solubll1ty fractlons of
developing whole grain.

t-lons were performed on the developlng

whole grain of Trltlcale 64190 and. its parents Proliflc rye

and Stewart durum using a method based on the class1cal

Osborne procedure (Osborne, 1907). The results are presented

ln Tables 5, 6 and 7 . Rapld changes occurred in the dls-
trlbutlon of the proteln fractÍons in all three cereals

during development, although the pattern of change differed
wldely from one cereal to another. This was consistent wlth
previous reports on wheat (Coulson and Sim (1964), Hoseney

et a1 ( 1966 ) ) , rice (Palmiano et at ( 1971) , oats (t¡tiggins

and Frey (1958), barley (Ivanko (1971)) and matze (Ing1e

et al (1965¡, Murphy and Dalby (1971)).

Table 5 showed that the major changes occurrlng ln
the protei-n solubility distribution within the developing

whole graln of Tritlcale 6Af9O included a rapid buildup

of gliadins and glutenins. The amount of dialyzable nitrogen

decreased rapidly as reflected in the recovery of total
nitrogen j-n the five solubflity fractions. By far the

greater part of all these changes occurred before the fourth
week after anthesis. Prolific rye followed a fairly similar
pattern to Triticale 64190 (Tab1e 6). The two main differences

observed were a large increase in the proportion of albumins



Talrle 5. Distribution of protein
Maturing Triticale 6A190
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i¡r the Five Solubility Fractions of
!{hole Grain.

(Results are perccnt ni
Days after
anthesis:

T4

2I
2B

35

49

Aljctmins Globul-i:rs GÌiadi¡s GÌutenins
Insol-uble
Residue

19.2

19 .5

18.5

16.6

16.6

Nitrogen
Recove

4r.4

7I.4
89.4

90.3

88. 3

12"3

16"3

18.6

17.1

17.9

7.5

14.3

I0.2
11" 7

11.5

1.0

13.5

27.4

28.3

25.r

r.4
7.8

l4.7
16. 6

L7.2

Table 6. Distrjl¡ution of Protei¡r i¡r the Five sol-ubility Fracti-ons ofl4aturing Prolific gre lr/hrole Graj¡r.

nt nitrogen)

Days after
ahthesis: ALburnins Globuli¡s Gliadins

I4
2L

28

35

49

Table 7. Distril¡ution of
Itdaturilg Stq¿arb

fnsolubl_e Nitrogen
Glutenins Residue Recmrcrv

46 "7
68. 3

82. s

84.2

85. B

Protei¡r in the Five Solubility Fracb.ions of
Dun¡n Whole Grai¡r.

12.T

22.5

24.5

30.7

29.5

9.3
I0.2
18.5

15.7

14. I

1.6

7.4

14.4

12.4

17.2

0.4
1.0

1.s
10. 7

7.8

23.3

27.2

23.6

L4.7

16. s

(Results are as percent ni
Days after
anthesis: Albt¡rni¡rs

T4

2I
2B

35

49

Gtobul-ins Gliadins
ïnsoIuble

Gluteni¡rs Residue
Nitrogen

81" 3

91"4

90.4

97.r
92"0

23"L

l.6.7

12"5

rr.5
10"0

9..0

10.3

9.1

12.6

11.0

23.7

28.2

36.3

34.3

33.6

4.5

8.4

8.6

20.2

18.2

2I.0
27.8

23.9

18.5

L9.2
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between the second and third week after anthesis and the

absence of any appreciabfe amount of glutenins until_ after
the fourth week following anthesis. Stewart durum¡ or the

other hand, had a different protein solubility distribution
during devel-opment (Table 7). Much less total- nitrogen was

dialyzable at early maturity than was the case for the other

two cereals. The relative proportions of albumins in wheat

decreased during development. At early maturi-ty wheat had.

the largest proporti-on of afbumins of the three cereal-s

while at maturity it had the least. The other maj or dif-
ference was the relatively large amount of gliadins present

even aL fourteen days after anthesis compared to the other

two cereal-s. At maturity Triticale had a protein solubirity
distribution intermedlate to that of its two parents. This

confirmed the resul-ts of Chen and Bushuk (1920a).

The incorporation of 14C-l"rr"i.ru j-nto the rotein of the
whol-e grain.

Mcconnefl and Ramachandran (1956) fol-lowed the incor-
poration of labelled compounds i-nto wheat kernels by

injecting the labell-ed compound into the stem just bel_ow the

head during the period of kernel development. This technique
vras adopted here in order to study the incorporation of
uniformly label-Ied 14c-I"rrcinu into the proteins from the
developing whole grain of rritlcale 6ar9o and its parents

Prolific rye and stewart durum 4c-lurrclne uias selected
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as the ]abel because when it is used as the source for 14c

tracer in developing cereals, virtually al-l the laber incor-
porated is present as 14c-l-euci.re (soclek and wirson ( l9 7o ) ) .

This was confirmed in our studies. The amino acids were

separated from the sol-ubfe sugars and organic aci_ds in
hydrolyzates from l-abetled protein fractions and whole grain
samples on a cationic exchange column. rn al_l cases over

85% of the label r^ias recovered i-n the ami-no acids. The

amino acids were then separated by paper chromatography.

All the detectable activity was found in leucine.
Table B shows the incorporation of f 4c-l-eucine i-nto

the whol-e grain and the protein fractions of Tritica]e
64190 and its parents, Prolific rye and stewart durum.

rncorporation was generally much higher for samples which

were all-owed to develop to maturity, although good incor-
poration was also achieved for those samples harvested one

week after the time of injection. The trend was especi-arly
apparent for those samples injected in the first three weeks

after anthesis. For both rriticale and rye the highest
levels of incorporation were achieved for samples injected
fourteen days after anthesis. This i^ras in contrast to
wheat which incorporated the greatest amount of rabel when

lt was injected three weeks after anthesis. Both rye and

Tritical-e had large'amounts of label present in non-protein
nltrogen 1n samples harvested fourteen and twenty-one days

after anthesls. Thls was not the case for wheat. This was



rable B' iiffi:"#:"Jå ll*n"m* tr¡e Developins !'rtrore oÍ rriricare 6Are0 and parents,

(Results are

Injection
Date

Maturity
after anthesis)

7

I4
2L

28

35

7

14

2L

2B

Flarvest
Date

ssed as ar4c-leucine

14

2T

2B

35

49

49

49

49

49

T?iticale

33.5

62.9

41.3

44.5

5.0

39.5

81.3

38.3

44.3

24.2

47.0

40.0

37.6

5.0

39" 4

70.0

32:5

40.5

ated

25.s

4s.L

32.6

30.8

9.6

43.7

s2.3

44.L

31.5

lTtl
27.I
25.2

24.2

7.5

43.9

40.2

33.1

?5.6

!ft91e
Graín

22.L

48.6

54.7

32.6

4.2

44.9

52.1

6r.4
25. B

Protein
19,t
46.4

46.9

3r.2
4.0

41.6

49.1

62.8 ,

2L.5 Oro
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consistent with the previously discussed Osborne fractionatj ons

(tanles 5, 6, 7) which showed thab rriticare and rye had a
large amount of non-protein nitrogen at this stage of devel-op-

ment v¡hile wheat did not.

An indication of the relative rate of synthesis for
the individlral- protein fractions during kernel development
'h¡as gained by considering changes in the protein solubility
distributi-on in conjunction with their pattern of f4c-leucine

incorporation. For this purpose it was found to be ad-

vantageous to convert the relative proportions of each of
the five solubility fractions to a percentage of total protein.
This gave a c]earer indication of the relative rates of
synthesis for each type of protein during the maturation
process. Results are presented in Tabl_es 9r 10 and ll.
Rapid changes occurred for al1 three cereal_s throughout
development. The proportion of al_bumins in Triticale and

wheat declined rapidly between the second and third week

after anthesis. The opposite was true for rye. Triticale
globulins declined rapidly between the third and fourth
week after anthesi-s. Rye and wheat, on the other hand,

maintained a more uniform gtobulin distribution throughout
development " Gliadins increased rapidly between the second

and fourth weeks of development 1n al1 three cereals.
Glutenlns increased between the second and fifth weeks of
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Table 9. Distribution of Protein in the Five Solubility Fractions of
It4aturing Tyiticale 6Af90 ldhole Grain.
(Results are t total protein).

Days after
anthesis: Albunins Gfobul-ins Gliaðins Gluteni¡rs Residue

14

2L

2B

35

49

29.6

22.9

20.8

19.0

20 -3

IB.2

20.0

11.4

13.0

13.0

2.4

18.9

30.7

31.3

28.4

3.4

10 .9

16.4

18.4

19.5

46.4

27.3

20.7

18. 3

18. B

Table 10. Distribution of Protei¡r i¡r the Five Solubility Fractions of
Maturing prolific gze !^fhroJ_e Grain.
(Resul-ts are total in) .

Insol

25.9

33.0

29.8

36. s

34.4

Days after
anthesis: ALbr¡nins

G]obul-i¡rs Gl-iadins Gluteni¡rs
19.9

L4.9

22"4

18.7

It -3

GlobuIins Gliadins Gl-uteni¡rs

11.1

11.3

10.1

13.0

12.0

L4

2L

28

35

49

14

2I
28

35

49

28.5

18.3

13.8

11.8

10.9

3.4

10"8

L7.4

L4.7

20.1

29.2

30.9

40.2

35.4

36.6

0.9

1.5

1.8

12.7

9.1

5.5

9.2

9"5

20 "8
19. B

49.9

39"8

28.6

17.4

19.1

Insoluble
Residue

25.7

30.3

26.4

19.0

20.7

Table 11. Dístrijrut-i-on of protein in the Five solubititl, Ftactions of
I4atr:ring Stq,vart Durum !ùhole Grain.
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development in both Tritical-e and wheat " No significant

amount of glutenins was found in rye for the first four weeks

after anthesis, and then an abrupt buildup occurred. In-
solubl-e residue protein declined rapidly between the second

and fifth v¡eeks after anthesis in both Triticale and rye.

In wheat no noticeable decrease was observed until five
weeks after anthesis.

The pattern of incorporatì-on of 14C-l-eucine into each

protein fraction for each cereal_ during development is
presented in Figures 6 , 7 and B " 0n1y those samples harvested

one week after the administration of l4c-t"ucine (with the

exception of the samples injected five weeks after anthesis)

were considered because the samples which were al-lowed

to mature continued to incorporate labet for some time

after a one week interval (ta¡te B). To a large extent
the pattern of f4c-1",r"in" i-ncorporation into the protein
fractions of all three cereal-s during development comple-

mented the osborne solubitity distributions (tanles 9,

10, 11). Neverthel-ess they did provide additional- in-
formation on protein synthesis. Triticare albumins, for
J.nstance, contained over |of, of the 14c-tuucine incorporated
lnto protein between the first and second. weeks of devefop-
ment (Flgure 6), while 1t only comprlsed about 30% of the
protein two weeks after anthesj_s (fa¡te 9). This showed

that durlng thls period albumlns were being syntheslzed at
an exceptlonally rapld rate relatlve to the other proteln



Figure 6. /" of Incorporated f 4c-L"rr"i.r" Present in the
Albumins (O), Gfobulins (G), Gtiadins (a),
Glutenins (e) and Insolubl-e Residue (o) from
the Developing Whole Grain of Tritical_e 64190.
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Figure 7. /, of Incorporated f 4C-L"rr"inu Present in the
Al-bumins (O) , Gf obutins (@) , Gt_iadins (^),
Gl-utenins (@) and Insoluble Residue (E) from
the Developing l¡lhole Grain of Prolific Rye.
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Figure B. /" of Tncorporated 1Ac-L",r"inu present in the
Albumins (o) ¡ Globulins (<Þ) , Gliadins (¿) ,Glutenins (€) and Insolubl_e Residue (o) from
the Developing Whol_e Grain of Stewart Durum.
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fractlons. The percentage of 1abe1 lncorporated lnto the

Trlticale albumins between the second and third weeks of
development corresponded very closely to the proportion of
protein present as albumlns three weeks after anthesls.
Thus there was a rapid decline in the rel-ative rate of
albumln synthesis between the first and third weeks of
d.evelopment. Nevertheless the rate of Trlticale albumin 

.

synthesis was sti11 consid.erable three weeks after anthesis.
Thereafter the proportlon of incorporated label in Tritical-e
albumlns was simi-lar to its proportion of rriticare protein,
whlch indicated albumin synthesis maintained. a substantial
portion of overall protein synthesls throughout development.
similar results were found for wheat albumins during develop-
ment (Table 11, Figure B). Rye albumins differed, however
(Tabl-e 10, Figure T). They accumulated. about ZO% of the
14c-1euc1ne lncorporated between the first and second. weeks

of development, but compri-sed over 25f, of the protein two

weeks after anthesis. Between the second and. third week,

however, 48% of the incorporated labeI was found. i-n the aI-
bumins whereas at three weeks after anthesis they represented.
barely a third of the protein. Thus, the rate of albumin
synthesis increased markedly over this period compared to
the overall rate of protein synthesis in the other fractions.
Thereafter the percentage of incorporated labe1 in the
al-bumlns corresponded crosery to 1ts share of the total-
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protein, indicating its rate of synthesis rel-ative to total
proteln synthesis decreased rapidly between the third and

fourbh week after anthesis and leverled off thereafter.
The proportion of incorporated l4c-l-eucine utilized

in Triticale globulins synthesis between the third and fifth
weeks after anthesis was much l_ower than their proportion
of the Triticale protein over this period. This showed a

decrease in the rate of globu]in synthesis at this time.
This trend was not founci in either wheat or rye. Between

the fifth week after anthesi-s and maturity Triticale globulins
accumul-ated L5% of the 14C-leucine incorporated into protei_n,

while it represented only about Lzf, of the total protein
present at maturity. This indicated a relative increase i_n

globuli-n synthesis over this period. A similar result vras

found for wheat. Rye, however, gave the opposite resutt.
For both rriticale and rye the gtiadins incorporated

a rel-ative amount of label similar to this fractionts relative
amount within the protein throughout all stages of development.
hlheat gl-iadins i_ncorporated only 15% of the labeI recovered
in protein between the first and second weeks of development

where it comprised cl-ose to 30% of the protein present at
two weeks after anthesls. over the next two weeks the wheat
glÍadlns lncorporated an amount of label si_milar to their
reratlve proportion'v¡ithln the proteln. over the final stages
of maturatlon, however, the relati_ve amount of Iabel incor-
porated was signlflcantly ress than thelr relatlve proportlon
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of the total proteln. These trenäs lnd.lcated that the relatlve

rate of wheat glladln synthesls increased. during the latter

part of the second week after anthesis, leveIled off for

several weeks, and then decreased.. This decrease during late

stages of development was not found for Trlticale or rye.

For both Triticale and rye the glutenlns showed. a

pattern of l4C-leuclne incorporation very similar to their

relatlve proportion wlthin the protein throughout all stages

of development. Thls was also true of wheat except durlng

the last two weeks of maturation. Durlng this time its

leve1 of 1abe1 incorporation lagged noticeably, indieating

that there was a decrease in the relative rate of wheat

glutenins synthesis over this perlod

The lnsolubIe resldue protein of Tritj-ea1e contalned

about 35i, of the 14c-l"lr.i.r" incorporated between the flrst

and second week after development, whereas it comprised 46i,,

of the proteln present two weeks after anthesis. Between

the second and third weeks after anthesis, this fraction
lncorporated a simi-Iar proportion of the 1abe1 even though

its relative proportion of the protein had declined to 27f,

three weeks after anthesis. Thus, despi-te a sharp decline

in amount of total- protein, thls fraction continued to be

synthesized at a rapid rate over this period. This vias in
contrast to the 1nsolub1e resi-due of rye which incor-
porated only 20% of the l4C-leucine utilized in protein
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between the second and thlrd weeks of d.evelopment, although

1t comprised 407 of the proteln three weeks after anthesls.

Thus rye j-nso1uble resid.ue protein synthesis d.eclined markedly

over this period in relat.ion to the overall rate of protein

synthesis. I¡Iheat lnsolubIe residue protei-n incorporated

label according to a pattern whlch was very s1m11ar to that

found for its dlstributi-on 1n wheat protein throughout.

development except durlng the last two weeks of development.

Over thls period the proportlon of label this fraction ac-

cumulated was greater than its proportion of the wheat

protein at maturity. This lndicated an increase in the

relative rate of insoluble residue protein synthesls over

this period. This was also observed for rye insoluble

resj.due proteì-n. Triticale differed from both its parents

j-n this respect since it did not show this increase.

These results showed that the mode of protein

synthesis during kernel development in Triticale has been

lnherited from both parents. The rate at which its albumj-ns

and gliadins were synthesized more closely resembled its
wheat parent, while the synthesis of its glutenins and

insoluble residue more closely followed the pattern found

in its rye parent. Triticale deviated from the pattern of
protein synthesis during maturation for both its parents in
two cases. Firstly, the relative rate of globulin synthesis

decreased much more between the third and fifth week after
anthesls. Secondly, it did not exhibit the increase in
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lnsoluble residue protein synthesls relative to overall-

proteln synthesis observed in both parents durlng the

last two weeks of maturation.

Finlayson and McConnell (1969) studied the utillzation
of phenylalanine -2-r4a ou wheat plants cruring kernel- devefop-

ment. rn most respects their results u/ere simil_ar to those

found for Stewart durum i-n this study. They found maximum

tracer i-ncorporati-on occurred three to four weeks before

maturity, while incorporati-on dropped to a very low level_

over the last two weeks before maturity. They al_so found

that the specific activity in the salt-soruble proteins was

much greater than that for gluten proteins over the l_ast two

weeks to maturity. The l-atter result which has also been

reported here was consistent with the work of Bilinski and

Mcconnell (1958) who found that bran proteins (which con-

tain a consi-deratrre amount of salt-soluble protein) showed

markedly increasing activity with late injection of
r l-t u-acetate.

The amino acid composition of the five protein solubility

The amino acid composition of the albumins from the
developing whol-e grain of rriticale 6A190 and its parents

ls shown in Table r2. Numerous changes occurred within
thls fraction during maturation for a1l three cereals.
The major changes occurred between the second and fourth week



Table L2. ¡¡ni¡o Àcid Corçosition of tlre Àlbr¡nlns frcÍl ttre Derreloptng !,ltþle cral¡ of Trlticale 64190 üf Pa¡enta, Proliflc R:¡e anat
Stewart nuun.

Triticale
after a¡rthesis: 14 21 28

Lysine 5.57 4.47 3.83 3.76 3.I4
Hiscidi¡e 2.01 2.00 1.73 1.83 1.73

Argilìrre 3. 65 4 .I2 3.26 3.62 3. 35

.ès¡:arlicÀcid 9.29 8.74 6.54 6.66 6.2ç
lhreonine 4.68 4.78 3.78 4.07 3.96

Seri¡re 6.4L 6.15 6.14 6.18 5.44
Glr-rtanr-ic Àcid 16.I I6.L 24.6 22.4 25.4

Proli¡re 8.63 8.43 13.1 I2.9 13.8

Glyche 8.80 8.95 6.91 7.17 6.84

Alani¡re 8.20 8.62 6.53 6.94 6.43
Va1ine 6.31 1.L'l 5.4I 5.77 5.38

l'!:tliioni¡e I.79 2.08 L.42 1.73 1.5I
Isoleuci¡re '3 . 82 3 . 96 3. 39 3. 46 3. 48

Iæuci¡re 8.4I B.3B 6.95 7.34 6.9I
{}rosire 2.5'l 2.85 2.28 2.48 2.37

Plrenylalaninc 3. Bl 3.25 4.20 3.76 3.95

(Results are iven as nole on an arrncnia free basis

t

* Èrl4ptoph.an, cysteine ard crystjle v¡ere not deter¡ni¡ed.

5.95

1.98

3.31

10. 9

5.02

6.78

14.5

7.29

9.29

B. 89

6.78

1.68

3. B1

7.7t
2.s3

3.58

Prolific Rye

21 28 35 t49
4.43

r.79
3.66

7.68

4 .04

5 .54

20.9

12.7

7.37

6. B7

5.77

1.57

3.67

7. 50

2.34

4.23

3.15

t. s6

3.03

5.48

3. 66

5. s8

27.L

16.5

5 .64

5. ?8

4 .98

1. 36

3.27

6. sl
t.86
4.62

2.95

1. s7

2.90

5.31

3. 58

5.73

27.9

15. 9

5.54

5. 69

5.19

t.4s
3.48

6. 58

1.69

4. sI

3.38

1.68

3. 35

6.30

4 .08

i.eo
25.2

13 .7

6. 80

6.61

5.s7

1.6t
3.A4

6.82

1.80

4.04

s.28

1.99

4.07

8. 8L

4.47

6.47

17.1

7.96

8. 35

8.60

6.66

L.74

4.t2
8.05

2.7L

3.59

St¿'$¿arb Du¡r¡n

4.68

l.9B
4. Ì6
8. 14

4.43

6 .09

18. 9

8.6s

8. 3l
8. 4s

6. 37

1.85

3.9t
7.96

2.65

3.50

3.90

1. 89

3. 89

?.36

4. 13

6.15

22.0

9 .8s

7.9r
7.73

6.37

1.73

3. s7

7.48

2.64

3.36

4.19

2.08

4.39

?.05

4.47

6, 30

2t. 5

9.28

8. 39

8.08

6 .04

1.49

3. 48

7.29

2.62

3. 36

3. 78

l.?8
3. 48

6.38

4.22

6.72

23. 5

11.5

7.88

7.40

5. 68

1.63

3.34

7.03

2.s3

3. t4 -lul
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after anthesis. They included a decrease in lysine: âsÞartic

acid, BlVcine and alanlne and an increase in glutamic acid

and proline. These changes were greater in Triticale and

rye than wheat. There was also a significant decrease in
threonine and glycine in both Tritical_e and rye. In wheat,

however, these amino acids retained a fairly uniform levef
throughout development. It is noteworthy that the major

changes in amino acid composition within this fractlon for
all three cereal-s paralled the major changes observed in
the overal1 amino acid compositions of the whole gral_ns

throughout development (ta¡te 4). This indicated that
changes in the makeup of this fraction contributed

significantly to the changes observed in the amino acid

composj-tion of the whole grain as it matured. This was

especially true of rye. The amino acid composition of
its albumins was very simifar to the total amino acid

composition of its whole grain throughout development.

This was consi-stent with its protein distribution during

development which showed albumj-ns to be the most prevalent
protein fraction at all times during the maturation process

(Tables 6,11). The albumins for all- three cereals had a
sj-milar amino acid composition at all- stages of development.

Trltlcale albumins resembled those of its rye parent more

closely than those of its wheat parent at maturity.
The amino acid composition of the globutins from
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the developing whole grain of Triticale 6A19O and its
parents Prorific rye and stewart durum is shown in Table

13. 0n1y slight changes occurred in this fraction for all
three cereals during development. The two most common

changes included an increase in arginine and an increase

in glutamic acid. VJheat globulins showed a sizable decrease

in lysine content while a slight decrease \^/as apparent for
Triticale and rye. The overall amino acid composition of
the globul-ins from alt three cerears was simifar at all
stages of kernel development.

The amino acid composition of the gliadi_ns from

maturing Triticale 6a190 and its parents is shown in Tabre 14

A very drastic change in amino acid composition occurred for
both rriticale and rye between the second and third week

after anthesis. since only a very small- amount of protei_n

was extracted by 70% ethanol from both these cereals two

weeks after anthesis, it is quite likely that this fraction
I^ras highly contaminated with other types of proteins,
probably albumins. The amino acid composition of wheat

gliadins changed slightly between the second and third.
weeks after anthesis, and retained a remarkably uniform
amino acid composition thereafter to maturity. Triticale
gliadins also had a very uniform amino acid composition from

the third week after anthesis to maturity. Rye gliadins,
meanwhile, underwent numerous small changes in their amlno

acld compositlon over this perlod. rn additlon, histidlnen



Table 13' 
ffiH"åiff*sition of the Globuli¡s frrn t¡e Developing rú¡ote @al¡ of ulticale 6A190 a,* parenrs, protific Rt¡e and

@a¡thesis: 14

Lysirto

Histidine
Àrginine
Asp.rrLic .Acid

Thrconi¡e
Serine

Glutarnic Aoid
ProU¡re

Glycine

.ALa¡¡i¡re

VaLine

I'!¡thioni¡e
Isoleucine
Iæucine

\zros.i¡e

(Iìesults are iven as nr¡le

6.I2
z.ig
5.79

9.54

5 .18

6.22

11.2

4.78

8.92

B. 86

7. 13

2.05

5.04

9. s7

3. 2t
4.19

5.55 6.10 ,5.60 5.64
2.L6 2.09 2.32 ?.67
6.33 7.01 7.32 7.72
9.03 8.94 8.68 8.82
4.80 4.7L 4.43 4.39
6.15 6.34 6.35 6.79
I2.8 13.4 13.s 13.5
5 .20 s.24 4 .97 4 . 60
9.22 9.1_6 9.78 to.3
9.2L 8.58 9.33. 8.74
7.39 7.05 7.06 7.01
I.97 1.59 1.85 L.47
4.74 4.64 4.24 4.09
9.00 8.70 8,39 8.16
2.69 2.70 2. sB 2.45

21 28 35

Triticale

* try¡:tophanr cystei-¡re and cystine wcre not, dctenrúncd.

lala¡ri¡e

basís) *

6.09

2.39

5. 37

10.1

s.29

6. 30

10.1

5.17
9 .06

8.74

7.02

2.09

d .93

9.42

3. s2

6.47

2.28

6.50

9.35

5.06

6. 04

11.7

4.92

9.67

8. 83

7.08

r.81
4.67

8.79

3.05
.75

5. 48

2.26

6. 8I
I .99-

4.69

6. 36

,I2.9
5.24

9.64

9.16

7. L8

1. 82

4.44

8. sI
2.68

.5.56

2.s7
7.38

8.3I
4.31

6.58

13.9

5.25
9.79

8.66

7.11

1. s9

4.28

9. 30

2.49

5.62

2.73

8.08

8.73
4 .19

6.s9

13.8

4.66

9.70
8.61

7.L2

L.49

4 .14

8. 10

2.60

6.84
,2.08

6.22

.9.07
4.92

6.L4

12.5

s.27
8.72

8.70

7.0s

1.79

5.00

8 ;89

2.97
.43

St*¡art Durt¡n

5.77

2.s7

6.97

8.06

4.32

6.L7

16.3

5.90

9.14

8. 20

6.s3

1. 6B

4.26

I .13

2.51
81

28 35

5.93

2.67

7.87

8.42

4.25

6.24

Ì4.9
5.16

9 .33

I.sl
6.97

1.68

4 .10

7.89

2.s3
82

5.2?

2. 55

8.32

8.77

4.3s

6. 43
.13.9

4.92

9 .95

9.09

7.25

1. 36

3.96

7.91

.2.38
3. s23

5.08

2.70

8. 16

7.92'

4 .09

6.28

16 .3

5.21

9.98
8. 40

7.I9
L.62

3. 82

7.58

2.30
3 {

æ



Table 14, Àni¡o Àcid @rposition of tl¡e Gliadfns frcnr the Derrerçj-rg rihole Gain of. rriùicale 6À19g ârur parents, proürtc Rlp anr
Stc1.rarb Dulî.trn.

-!Iq:g!E.s a¡e qi'uìen as rcIe perc€nt on arì annpnia frra h¡e{oì .ù

Lysine

lListidi¡e
Àrgirlirre
?\spartic Àcid
ïtrreoni¡e
Seri¡e
Gluta¡nic Àci.d

anthesi :14
2.64

1.08

2.00

5 .61

3. B0

8.13

29.L

L2.I
7.49

5,97

4.L2

0.72

4.24

7,69

I. BO

Proline
Glycine
.7\Ìanine

Valine
À!:tåionine
ïsoleuci¡e
Leuci¡re

[rosile

0.67 0.56 0.66
1.17 1.41 1.00
1:61 1.59 I.6l
2.BI 2.4s 2.7L
2.39 2.I7 2.33
s.39 s.09 5.33
38.I 3g.7 37.g

I8.1 L9.2 19.5
2.9L 2.57 2.76
3.0I 2.68 2,83
4.31 3.89 4.16
1. t2 I. 03 l_. 07
4.34 4.I2 4.23
7.30 6.96 7.2I
1.80 1.71 L.62

zt 28 35

Triticale

-

* trlçtophan, qysheile anrl rystine were not deteãrLi¡ed.

Ialanine

0.61

t.39
1.53

2.4t
2.0s

s.34

40.4

18.4

2.93

2.69

3. 89

I. 11

3.91

6 .94

t.6s

2.49

0.97

2.34

5. 12

3. 45

6. 85

29.3

13.4

7.4L

s.56

4. 30

0.73

4.16

7. 85

1.903.60 4.97

0.79

0.14

I.25
2.3s

2.29

5.50

39.7

22.6

2.82

2.3I
4.23

0. 98

3.22

6.01

I.05

21 28 35

0.65

0.37

1.18

1.98

2.2I
5. 84

40.4

22.6

2.49

2.32

4.37
0.84

3.15

5.68

1.13

4.79

0.68

0.98

1.13

2.L2

2.10

5.68

39. 9

22.6

2.57

2.43

4.33

0. 89

3.07

5.63

1.09

4.76
5.02

0.73

0.93

1.07

t.93
2.02

s.72

4L.2

21.6'

7t

0.87 0.51
t.44 I.46
1.89 L.44
3.00 2.57
2.13 L.92

5.40 4.86
40.I 42.t
15.8 18.3
3,08 2.42

3.23 2.66
4.04 3.54
0.91 0.77
4.16 3.9s
7.09 6.8r

4.

SÈe*¡art D¡n¡n.-

.83

3.22

2.42

4. +s

0.8s
2.69

5.35

L.49

4.65

28 35

0.44 0.46
l. sr 1.4 6

I.s6 1.49
2.49 2.50
1.9 3 I.85
5.07 4.95
40.9 41.9
I7.9 18.2

0.59

t.67
1.49
2.44

r.82
4.76

42.5

L7.9

2.46

2. s5

3,7a

0.93

3. 85

6.62

1.91

2.73

2.7L

3.66

I.03
4.04

6.92

3.10

5.03

2,02

4.84

2.4L

2,64

3. 64

0. 94

3.96

6. 87

2.03

4.70

2.04

4.65 4.76 {
rro
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which was present ln very low amounts three and four weeks

after anthesis i-ncreased rapidly between the fourth and

fifth weeks after anthesis. At maturity Tritical-e gliadins
more closely re senlb.ì e d wheat gliadins than rye gliadins.
The latter had a significantly l-ower histidine, arginine,
isoleucine and leucine content and a higher proli-ne content

than the other. Table 4 revealed that the most rapid
changes whlch occurred in the amino acid composition of
the whole grains for all- three cereals r^iere a decrease

in lysine content and an increase i-n glutamic acid and

proline between the second and fourth weeks after anthesis.
During this period there was a very large increase in the

proportion of gliadins within the kernel proteins (Tables 9,

10 and 11). since the gliadins in all three cereals were

characterized by a very l-ow lysine content and a very high
glutamic acid.and proline content, it was obvious that
rapid gliadin synthesis during this two week period was

iargely responsible for the observed trends in amino acid
composition of the whole grai_ns.

Table 15 shows the amino acid composj_tion of
glutenins from the developing whol-e grain of Tritical-e
6ar9o and its parents, prolific rye and stewart d.urum.

The amino acld composition of rye glutenins changed

rapldly from the se'cond week after anthesis up to the
fourth, durinþ whlch tlme they u¡ere found in very low



Table 15. Anino Acid Corçosition of the G1utenfuE frcm tlre Developing lû¡o1e @aln of Tritioal.e 6À190 ard parents, [}¡ollfic Rl¡e ê¡l¡fStet/art Durum.

Da.¿s after antlcsis: 14

Lysinc 4,55

Hiscidi¡e L.59

Argi-ni-ne 3.50

AsparLic Àcid 6.26

Threoni¡re 4.20

Serine 6.49

Glut¡¡rLic Àcid 24.9

Proli¡e 9.52

GJ.ycine 9.29

À1,¿urine 6.65

V,alinc 5.09

l'ícthr-lonine 0.62

Isoleuci¡e 3.89

Iæucine 7.93

'Ilrosirc 2.22

(Rcsults are ven as nole

Triticale
28 35

I. I8
L,26

2.00

2.43

2.79
qoô

3"t.7

16.3

8.39

3.23

3.48

0.79

2.84

5.78

2. 81

3.ls

1.09

L,29

1. B0

1.99

2.64

5. B6

37.9

17. 0

9.55

3. 12

3. 09

0.76

2.46

5. 17

3. 17

3. 07

L.26

1.38

2. 0B

2.40

2.77

6.26

37.2

ls. 4

9.08

3.31

3.44

0. 96

2.67

5.76

2.95

* trlptophan, q¿stehe arrd qystine riere not, deter¡nined.

l.alani¡e 3.23

I.64
t.4s
2.56

3. 02

3.02

6.36

34.6

14.8

9.55

3.94

3.79

L.02

2.60

s.71

3.08

basis) *

Prollfic R're

L4 2L 28

5.82 3.17

1.43 t.sl
3.43 2.59

7.92 4.51

4.67 3.86

7 .25 6 .95

20.7 29.6

8.06 11.3

l_l_.I lL.4
7,06 6.00

4,I5 4.I2
0.67 0.41

4.15 3.09

8.0I 6.38

L.72 2,30

L.5s

1.50

1.78

2.6r
2.82

6.Is
36. I
17.r
B. 33

3¿42

3. 73

0. 83

2.52

5.41

2.27

3.lB

L.27 1.93

I.22 1.45
1.56 2.33

2.L6 3.30

2.52 2.78

5.78 5.9I
37.8 33.7

18.B L7 -2

7 .72 8. 17

3.16 4,I2
4.06 4.38

0.84 0.86

2.25 2.44

5.13 5.s6

2.39 2.s2

3.34 3.35

1.43

1.37

2.09

2.82

2.38

5.65

40 .9

14.1

6.54

3. 19

2.89

0. s9

3.48

5.50

2.44

4 .59

21 28

1.26

I.4?
I.60
L.74

1. 83

5.22

44.3

]6.9
4.29

2.07

2.48

0,77

3 .56

5 .66

2.01

4.87

Stehtart Dun¡n

I.22
1.40

2.35

2.4s

2 .65

6.55

38.9

t4 .4

8.36

3.rl
3. t4
0. 89

2.81

5. 6r
2.77

0.97 I. t2
r.57 1.46

I,B4 2.31

2.29 2.30

1.89 2.BO

5.4 3 6.70

39.9 37.5

16.5 14.6

?.00 . 8.06

2.Bl 3.28

3.25 3.48

0.88 1.03

3.52 3.00

6.15 6.16

2,54 2.8s

3.43 3.42.4t co
F
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amounts (Table 10). In fact, the amino acld composltion

of rye glutenins was so simllar to that of its insoluble
residue proteins (Table 16) two weeks after anthesis, that
it appeared likely glutenins were not present to any

detectable amount at this time. slmilarly, it was possible
that the rye glutenins extracted three weeks after anthesis
may have been highly contamlnated with residue protein.
Triticale glutenins also changed from the second week

after anthesis to the third. At two weeks after anthesis
the glutenin fraction comprised a very smal] proportion of
Triticale protein (Table 11). Thus, agai-n it was likely
that this fraction was mainly, if not entirely, insol_ubl_e

residue protein. I¡Iheat gluteni_ns had a fairly stabl_e

amino acid composition throughout d.evelopment, with one

noticeable exception. Glycine was found in much lower
amounts during the seeond and third. weeks of development

than later. At maturity rye gluteni_ns had a significantly
higher lysine and proline content than wheat glutenins. on

the other hand, wheat glutenins had nore glutamic acid.
Tritica]e glutenins, meanwhile, had a lysine content
between that of its parents, while its proline leve1 was

similar to its wheat parent and its glutamic acid eontent
was simllar to lts rye parent.

Table 16 shows the amino acfd. composition of the
lnsoluble residue proteln for Tritlcale 6A190 and its
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Àspartic Acid
ltrreonine
Serine

Gluta¡nic Acid
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I]trosine

(Results are ive¡r as nple

4. 43

1.84

3.79

6.67

4.13

6.05

2I.4
1.0.8

8.98

7.L2

5.s0

L.24

3.97

8.04

2.10

2.7I 3.32 3.35 3.97
I.72 1.88 2.07 2.06
3.t8 3.7L 4.04 4.32
5.07 5.62 6.14 6.93
3.45 3.73 3.72 4.07
6.26 6. 30 .6 .44 6 . 88

27 .7 2s. 3 24.3 2r.2
12.8 10.9 lt.o lo.o
9.09 9.99 9.65 9.95
5.52 6.22 6.30 6,41
4.9L 5.13 5.28 s. ?3

0.97 1.13 1.0? 0.90
3.51 3.41 3.48 3.s6
7.30 7.24 7.40 7.38
2.L7 2.43 2.L3 2.42

triLicale

28 35 49

on an arncnia free basis

t tryptophanr e/steile ancl qystine $¡ere rþt determined.

lalanine

5.33

1.88

4.rt
7.s7
4.47

6.06

16.9

9. 11

9.74

8. 43

5 .94

1. 18

4.29
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12.9
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6.73
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parents, Prollflc rye and Stewart d.urum. The insoluble

residue protein of TritlcaLe more closely resembled that
of rye throughout the maturatlon process. !ùlthin the

lnsoluble resldue protein from these two cereals the

content of 1ys1ne, argini_ne, aspartic acid, threonlne and

alanine declined between the second and fourth weeks after
anthesis, and then regai-ned their initial levels at maturity.
The opposlte was true for glutamic acid and proI1ne. I¡lheat

lnsoluble residue protein, however, had a relatively stable
amino acld composltion throughout all stages of maturation.
At maturity wheat insoluble resi-due protein had a lower

lys1ne content and'higher glutamic acid content than that
of both rye and rriticale. The amino acid composition of
insoluble residue protein more closely resembled that of
albumlns than glutenlns for all three cereals. This agreed

with the findings of Cluskey and Di_ml-er G96T) for bread

wheat, Ivanko (1971) for barley and palmiano et al (1968)

for rlce. The insoluble nature of this protein is Iike1y due

to the nature of its secondà"y and tertiary structure.
The overall amino acid compositions of the five

protein solubility fractions of rriticale suggested that
its proteins are i-nherited from both parents. rts al-bumins

more closely resembled those of rye than wheat, although
Triticale albumins had an amino acid compositi-on i-nter-
mediate to its two parents. This resemblence to rye

albumj-ns was explained by the far greater proportion of
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albumi-ns present 1n rye protein as compared to wheat protein
(Tabl-es 10, 1l ). 0n the other hand, although Tritical-e
gliadins had an amino acid compostion lntermediate to its
two parents, they more closely resembled rt'heat gliadins
than rye gliadins. This was explained by the far greater

level-s of gliadins in wheat compared to rye. Globul_ins

were similar in all three cereals. Triticale glutenins

had an ami-no acid composition intermediate to that of its
parents. Al-though the insol-uble residue fraction of Triticale
protein more closely resembfed rye than wheat throughout

development, ãt maturity its amino acid composi_tj-on was

intermediate to its parents 
"

The observation of changes in amino acid compositj_on

within the individual protein fractions of these three

cereals was in agreement with previ_ous reports by Tvanko

(tgllt) on barley and Murphy and Dalby (l-gTf) on maize.

Polyacryamide disc gel-electrophoresis of the al-bumins.
-phoresis of glu

The observed changes in amino acid content of the
protei-n solubility fractions within developing cereal grains

courd be the result of synthesis of new proteins or a change

ln the relative amounts of the various components within
each fraction during maturation. studies on hard red spring
wheat using lon exchange chromatography (Graham et ar (1963) )



Figure 9. Disc Efectrophoresis
from the Developing
6A190.

Patterns for
hlhole Grain of

the Albumins
Tri ti cal_e
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Figure 10. Disc Electrophoresis
from the Developing

Patterns for
Whol-e Grain of

the Albumi-ns
Prolific Rye.
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Figure 11. Di s c E le ct rophore s i_ s
from the Developing

Patterns for
l¡lhol-e Grain of

bhe Albumins
Stewart Durum.
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and starch ge1 electrophoresls (Graham and Morton (1963) )

indicated quantitative rather than qualitative changes in
the proteins during kernel development. Bushuk and I,'Irigley

(rg7r) used gel filtration to show the appearance of a low-

molecular weight glutenin in bread wheats in the late stages

of maturity. ThÍs component did not appear in the gtutenins
of maturing durum. Rainey and Abbot (tgZl) showed. the

appearance of seven new component proteins in the albumins

and globurins of maturing hard red winter wheat i-n an

immunoelectrophoretic study. rn this study, the albumins,
globulins, gliadins and glutenins extracted from the

developing whole grains of Tritical_e 6A190 and. its parents,
Prolific rye and stewart durum were examined by polyacryamide-

ge1 electrophoresis" The procedure of Davis (1964) as

modified by chen and Bushuk (t970b) was employed for the

former three fractions, while the sDS - polyacryamide gel
electrophoresis procedure of Orth and Bushuk (19z3b) was

empÌoyed for gluteni-ns. l^iithin each fracti-on examined,

the sarne amount of protein was loaded for all five analyses.

The disc electrophoretic patterns for the albumins

at different stages of development from.Triticale 6ar9o

and lts parents, Prolific rye and stewart durum are shown

in Figures 9, 10 and 11. The bands of slow mobllity r^rere

considered to be impurities (Chen and Bushuk (fg7OU). New

bands appeared for all three cereals between the second



Figure 12. The Disc Electrophoretic Patterns for the
Globulins from the Developing Whole Grain
of Triticat_e 6Af 9O .
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Figure 13. The Disc Electrophoretic Patterns for the
Globulins from the Developing Whole Grain
of Prolific Rye.
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Figure 14. The Di-sc Electrophoretic Patterns for the
Globulins from the Developing Illhole Grain
of Stewart Durum.
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and third weeks after anthesls. No Inewr bands not present

in either of its parents were found for Trltical-e at any

stage of development. The patterns for the three cereal-s

at maturity \¡Iere similar to those found by chen and Bushuk

(1970c ) f or mature ff our sampJ-es from the same three cereal_s .

The disc el-ectrophoretic patterns for the globulins
from the developing whole grain of Triticale 6A190 and its
parents Prolific rye and stewart durum are shown in Figures
12, 13 and 14. A smear was obtained for rye samples of two,
three and four weeks maturity. For samples of five weeks

maturity and ful1y mature a J_arge number of faint bands

were obtained over a wid,e range of mobif ity. Resol-ution fcr
Triticare and wheat from samples of two weeks maturity
was poor" The remaining samples were similar presenting
a pattern of numerous bands over a wide range of mobil_ity.
The range of protein mobility for the three cereal_s was

very simifar at maturity, although the pattern for rye
was simpler than that for Triticale and wheat. This differed
from the resul_ts of Chen and Bushuk (19ZOc) for mature
flour globulins from the same three cereal-s. They found
that the mobility range for rye globulins was less than
that of Triticale and wheat. possibly the germ and bran
present in the whole grains used in this study eontrlbuted
bands not present i-n rye fl-our. No rnewf bands not present
ln either of its parents were found in the pattern for



Figure ]-5. The Disc Electrophoresis
from the Developing Whole
6A190.

Pattern for the Gliadins
Grain of Triticale
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Figure 16. The Disc Electrophoresis
from the Developing Whole

Pattern for the Gfiadins
Grain of Prolific Rye.
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Figure IT. The Disc Electrophoresis
from the Developing I¡Ihol_e

Pattern for the Gfiadins
Grain of Stewart Durum.
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Figure 18. sDS-Polyacrylamide Ge1 Electrophoresis patterns
of Reduced Glutenins from Developì_ng ldhole Grain
of rriticale 6ar90 and its parents Þrofific Rye
and Stewart Durum.
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Trltlcale globulins.

The disc electropho::eti_c patterns for gliadins
from Triticale 6ar9o and its parents profific rye and

Stewart durum are shown in Figures 15, 16 and IT . No

pattern could be obtained two weeks arter anthesis for
either rye or Tritical_e. I,fheat appeared to gai_n bands of
very low mobility between the second and third week of
development. No change in protein profile was apparent
for the remainder of the maturation process. Rye had

only one band of tow mobi-lity three weeks after anthesis "

over the next two weeks a number of new bands appeared.

No difference was apparent between the patterns found
at maturity and two weeks earlier. From twenty-one days

after anthesis through to maturity Triticale had a pattern
which included the rye and wheat components, although
i-ntensities differed. This agreed with the findÍ-ngs of
chen and Bushuk (1970c) for gliadins from mature flour
of the same three cereals.

The sDS-polyacrylamide ge1 electrophoresis resur_ts
for reduced glutenins from maturi-ng whole grain of Triticale
64190 and its parents prolific rye and stewart durum are
shown 1n Figure rB. changes were apparent in arI three
cereal-s throughout development. These changes appeared to
be qualitatlve and quantltatlve. The glutenln fraction
from Triticale only two weeks mature gave no subunit pattern.
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The glutenins from three week old Triticale kernels had

a subunlt of Mlrl r50r0oo. Due to its 1ow intensity thls band

cannot be detected ln the photographÍc reproductlon. This
subunit had decreased. greatly 1n 'intensity one week rater,
and was not found in the flve week and mature samples. A

number of subunits become more or less prominent as maturi-ty
progressed, and new subunits ar-so appeared. The quality of
resul-t for Prol-ific rye left much to be desired. However,
some lnformati-on was obtained. rt was found that no glutenins
were present unti-l four weeks after anthesis, and even
then the bands were very faint. There was no evidence of
any new bands appearing from this time to maturity. The

subunit pattern for wheat ar-so changed greatly d.uring
maturation. New bands appeared during the maturation
process, and the relative i-ntensities of the bands changed..
At maturÍ-ty all- the subunits present in Tritical_e coul_d be
accounted for by one or both of its parents. Thls agreed
wlth the report by Orth et aI (IgT4). However, the high
molecular weight subunit found three weeks after maturity
in Triticale was not found. in either parent.

The erectrophoretic results suggested that changes
which occurred within the protein solubirity fractions of
each cerear during maturation were qualitative as welr_ as
quantitative. Triticale proteins had an electrophoretic
pattern which included band.s from both its parents through_
out development.
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Chan8es 1n total nltrogen content per kernel during development.

The change in nitrogen content per kernel for
Tritlca]e 64190 and 1ts wheat and rye parents is shown in
Figure l.9. A rapid increase was apparent in aII three

cereaÌs between the second and fifth weeks of development.

This was due mainly to a rapid increase in storage protein
(tables 9, 10, 11). The pattern of change was similar to
results from other studies on wheat (Jennings and Morton

('I963b) ) and barley (MacGregor et al (1921) ) " Rye had

significantly less protein per kernel than either Tri-ticale
or wheat throughout development. This was a reflecti_on of
both smaller kernel- size and rower protei-n content.



Figure L9 Changes in Total_ Nitrogen Content per Kernel
During Development in Tritical_e 6Af 90 (A)
and its Parents Prolific Rye (O) and Stewart
Durum (o).
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GENERAL DISCUSSTON

The amino acid composition of the maturing endosperms

of Tritical-e 64190 and its parents prol-ific rye and stewart

durum were al-l found to change rapidly during maturation.
The most significant changes included a decrease 1n lyslne,
aspartic acid (and asparagine), and alanine concomitant with
an j-ncrease in proline and glutamic acid (anO gtutamlne).

A similar pattern of change was found in whol_e grain samples

from all three cereals during maturation. The bulk of
these changes occurred before the third week after anthesis.
From the fourth week after anthesis to maturity changes

in amino acid composition were minimat. These results
agreed with previous studj-es on other grains (Jennings and

Morton (1963a), Pal_miano et a1 (tgTt) , Ivanko (1921),

rngle et al (1965)). rn general, Triticale had an amino

acid composition intermediate to that of its parents through-
out development. This suggested that the genomes of wheat

and rye were actÍ-ng independently in Triticale throughout
maturation.

Previous studies on wheat had sh.own that the non-
protein nitrogen pool changes greatly both quantitatively
and qualitatively during the maturation process (Jennings

and Morton (I963b), Hoseney et aI (1966), Hoseney and

Flnney (1967)). Thls would have a slgnlflcant effect on



114

the changes observed ln overall amino acid composition of
the endosperm during development. Thus, the free amino

acids from the endosperms of maturing Triticare and its
parents were analyzed at i_ntervals throughout development.

Triticare and rye had a much greater amount of
free amino aci-ds than wheat at all stages of maturati_on.

Thus, it was not surprising that the composition of the
free amino acids of rriticale resembled that of its rye
parent more than its wheat parent. rn all three cereal_s

there was a rapid decline in the percentage of nitrogen
present as free amino aeids over the first three weeks.

Major trends common to all three cereals i.ncluded a de-
crease in free asparagine, prolÍne, glutamic acid. and

glutamine over this period. These decreases vrere especially
rapid in wheat. Free proline retained a much higher
leve1 for seve.ral weeks in rye than in Tritical_e or wheat.
Free alanine followed a very simllar pattern in aIl three
cereals. After maintaini-ng a very high level for a brief
while it declined rapidly to very low amounts at maturity.

The amino acid compositi-on of the free amino

acids of stewart durum agreed in many respects to those
reported earli-er for hard red winter wheat (Hoseney and

Flnney (1967)) 
"

The decrease in free aranine was first apparent
about three weeks afber anthesis (a little l-ater for rye,
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a llttle earller for wheat). Thls decrease l-n free alanine

may slgnal the end of rapid endosperm cell dlvlslon since

Steward and. Durzan (1965) have shown that free alanlne was

present j-n large quantitl'.s ln the soluble-nÍ-trogen component

of rapldly growing cells. Thls agreed wlth an earlier study

on Australian wheat by Jennings and Morton (1963c). Those

workers arrived at thelr conclusj-on by examining the DNA

content within developing wheat endosperm.

The contribution of the free amino acids from the

developing endosperm from all three cereals was deducted

from the total- amino acld analyses in order to gain a

clearer indication of the changes in amino acid composition

which occurred in their proteins and peptides during

maturation. For al-l- three cereals the most rapld changes

lncluded a decrease in lysine and an increase in proline

and glutamlc aeid (and glutamlne). The content of all

three of these amino acids in Tritieal-e proteins and pep-

tides was intermediate to that of its parents at all times

during maturation. These results gave further support to

the hypothesis that the al-ien genomes of rye and wheat

were acting independently during maturation in Triticale.

The amino acid composi-tion of the protelns and

peptÍ-des from these three cereals changed abruptly about

two weeks after anthesis (a little later for rye and a
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llttle earller for wheat). Thls gave further evldence

that at thls time rapld endosperm cell divislon ceased and

rapld storage proteln buildup began as was orlginally
shown by Jennings and Morton (l-963c).

There j-s general .g"uu*unt that changes in the

amino acid composition of maturing cereal grains refl_ect
to a large extent changes 1n the protein solubility dis-
trlbution. rn particular, storage protein has been shown

to be synthesized rapidly in cereals after the first two

weeks after anthesis (Jennings and Morton (1963c), parmiano

et a1 (1968), Ivanko (f921), Murphy and. Dalby (1921)).

Thus, changes in the solubility distributj-on of the proteins
from whole graln samples of maturing Triticale 6ar9o and

1ts parents were examined. A mod.ified osborne procedure

rrias employed for protein extraction.
The protein solubility d.istribution for wheat and

rye differed greatly from each other throughout development.

Triticale was slmilar to its rye parent in some respects
whl1e it resembled its wheat parent j_n other respects. For

example, over one-half the nitrogen present in the grain of
Triticale and rye two weeks after anthesis was dialyzable.
For wheat, however, over B0% of the nitrogen present in the
grain two weeks after anihesls \^ras recovered i.n the protein
fractions. Arbumins deelined during maturation for both
wheat and rriticale, although the latter had a significantly
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greater proportlon of thrs fractlon at maturlty. By contrast,
the proportion of albumins lnereased in rye between the

second and thlrd weeks after anthesis and remalned high

thereafter. hlheat had the greatest amount of g1i_ad1ns

throughout development while rye had the Ieast. Glladln
synthesis began earlier in wheat than in either Tritlcale
or rye. Even when wheat was only two weeks mature gliad.ins

comprlsed a major portion of the protein present. In rye

and. Tritlcale at this time only trace amounts were present.

Thi-s explained why the amino aci-d composÍ-tion of the proteins
and peptides in wheat changed abruptly earl_ier than in
either Triticale or rye. The other major point of dif-
ference between the three cereals r¡ras the leveI of glutenins
in the whole grains durlng development. only trace amounts

of glutenins were found in rye untÍl five weeks after anthesis.
Ïn wheat significant amounts were found at two weeks maturity.
Triticale, meanwhile, had no significant amount of glutenins

unt1I three weeks after anthesis. Thus, the pattern of
accumulation of glutenins 1n Triticare was intermediate to
its two parents

Further information on the rate of synthesis of
the proteins in the three developing cereals was gained by

using 14C-1eu"i.re as a tracer. The l4ç-1eucine was

injected into the plants at regular intervals during
maturation, and the pattern of tracer incorporation into
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the protelns of the whole gralns was examined.. For both
Tritlcale and rye the hlghest levers of tracer utlllzatlon
ln proteln synthesls were achleved for samples injected
fourteen days after anthesis. This ind.icated that the
rate of protein synthesls within the developing grain
was most rapid. at this time. rn wheat Iabel recovery was

greatest when injectlons were mad.e three weeks after
anthesis, although a nearly equal amount of ineorporation
was observed when the injeetion was performed a week

earlier. This lndicated that the rate of protein synthesis
1n wheat peaked about three weeks after anthesis. For all
three cereals the amount of tracer incorporated duri-ng

the last two weeks before maturlty was very low. Thus

proteln synthesls wouLd appe ar to be very srow at this
time.

The pattern of label incorporation into the
individual protein fractions withln the three d.eveloping

cereals gave an indication of the rate at which the fractions
were being synthesized relative to the overall rate of
protein synthesis. 14c-leucinu was a convenient tracer
for these experiments because it was not catabolÍzed to
any great extent during kernel development. rn ad.dition
1t was found in comparable amounts in all the protein
fractions throughout development in all three cereaLs.

The pattern of labe1 incorporati.on into the albumins
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of Trltlcale and v¡heat were simllar. Between the flrst
and second week of development for these two cereals their
albumins uttlized the greatest amount of label of any of
the proteln fractions. During the next week there was a

marked decrease ln Iabel lncorporation Ínto this fraction
relatlve to overall incorporation. Thereafter the decrease

was marglnal. rhus albumins were synthesized most rapÍdly
early ln the maturation process, although they continued

to be synthesized at an appreclable rate relative to
overall protein synthesi-s through to maturi-ty. Rye albumins

showed a different pattern. There was a marked increase
in the proportion of laber Í.ncorporated by this fraction
between the second and third weeks after a::thesis. over

the next week a decrease was observed and thereafter the
proportion of labe1 i-ncorporati-on stabilized. From the

thlrd week after anthesis through to maturity rye aLbumins

incorporated the greatest amount of label of any fraction.
From these results it was apparent that rye albumins were

synthesized most rapidly about three weeks after anthesis.
Thereafter they cont j-nued to be synthes ized. at a slower

but substantlal rate relative to overall protei.n synthesis.
The pattern of Triticale globulin synthesis also

was more similar to its wheat parent. The globulins from
both cereals Í.ncorporated a smaller proportion of label
midway through development than they did earlier and later
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1n development. This decrease was most apparent .ln Trltlcale

Thus Tritlcale and wheat globulins were synthesi-zed most

rapldly early during the maturatlon process. Although

thelr globulins incorporated an increased proportion of

1abe1 durlng the last few'weeks of maturation it must be

borne in mlnd that overalL protein synthesis had decreased.

very greatly over this period. Rye g1obulÍns on the other

hand contlnued to lncorporate 1abel at a relatively steady

rate over the flrst five weeks of. maturation and then

showed a marked decrease. Thus the relative slowdown in
globulin synthesis midway through the maturation process

which was apparent for Tri-tlcale and wheat was not apparent

for rye.

The pattern of incorporation of labe1 into the

gliadins in the three cereals differed. Triticale showed a

rapid linear increase i-n relatlve incorporation of 1abe1

into j-ts gliadins between the second and fourth weeks.

Thereafter the relative rate of incorporation stabilized.
From the fourth week after anthesis to maturity Triticale
gliadins incorporated the greatest proportj-on of 1abe1

of any of its protein fractlons. This incorporation pattern

showed that synthesis of gliadins increased rapidly over the

first four weeks of d.evelopment relative to overall protein

synthesi-s and stabilized thereafter. Wheat also showed a

rapid increase in relative ineorporation of labe1 into its
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glladlns durlng the first four weeks " However, a much

greater amount of label was incorporated into wheat gliadins
between the first and second weeks than was found for
Triticale or rye. This showed that gliadin synthesis

commenced much earlier in wheat than in elther of the other

two cereal-s " After the fourth week the relative proportion

of labe1 Í-ncorporated by wheat gliadins declined markedly.

Thus wheat gliadins were synthesized most rapidly around

the third or fourth week after anthesis rerative to the

overall rate of protein synthesis. The proportion of

labe1 incorporated into rye gliadins increased rapidly
between the second and third weeks after anthesis, stabilized
and then increased again over the last two weeks. During

the perl-od of most rapid protein synthesi-s (between the

second and third weeks after anthesis) the proportion of
Iabel incorporated j-nto rye gliadins r¡ras far less than that
found in Triticale and wheat. This was largely due to
the more rapid increase of albumins in rye over this period

compared to the other two cereals.

TrÍticale glutenins showed a linear increase i-n
the proportion of labe1 they incorporated from two weeks

after anthesis to flve weeks after anthesis " Thus gïutenins

were being synthesized rapidly over thls period. This was

1n contrast to the pattern of incorporation into rye glutenins.
An appreciable proportion of the incorporated labe1 was not
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found in rye glutenins unti] the l-ast three weeks of maturation.

At this time overall- protein synthesis had declined consi-der-

ably. Thus rye glutenins vrere not synthesized at an

especially rapid rate at any time during the maturation
process. Although a similar pattern of i-ncorporation to
rye was found in wheat glutenins, the leve] of incorporation
into the glutenins of the ]atter cereal was significantly
higher "

The proportion of label incorporated into the

i-nsoIuble residue protein from Triticale decreased through-
out maturatlon. Thus it was synthesized very early in
the maturation process. This suggested that it was likely
largely membrane protein. similarly, in rye there was a
very rapid decrease in the proportion of label incorporated
into its residue protein between the second and third
weeks after anthesis. Thus, in rye also this fraction was

synthesized very early in the maturation process. This
rapid increase in i-ncorporation j-nto residue protein was

not noti-ced in wheat. However, since storage protein
is present to a much greater extent early in the maturati-on
process in this cereal compared to rye and rriticale,
it is possible that rapid residue protein synthesi_s was

occurring prÍor to the perlod (one week after anthesis)
when label was first lnjected.

Prevlous studles on developlng cereal gralns
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(Ivanko (f97f), Hoseney et a1 (1966), t4urphy and Datby

(1971) ) indicated that the amíno acid compositions of the

indlvidual protein fractions changed during maturation.

Thus i^re decided to determine the amino acid composition

of the five protein solubility fractions in Triticale
6Af9O and. its parents during the maturation process.

The amino acid composition of the al-bumins in ar1

three cereals changed significantly between the second.

and fourth week after anthesis. These Çhanges were most

apparent in rye and rritical-e. Lysine, aspartic acid.

(and asparagine), glycine and al-anine decreased while
glutami-c acid (and gl-utamine) and proline increased. rn
general- these changes parallel-ed the changes in the amino

acid composition of the whole grains over this period. The

extent of these changes was less pronounced in the albumins

than in the whole grain. Triticare albumi-ns resembled

rye more closely than wheat in their amino acid. content.
This was eonsistent with the previously discussed observation
that rye contained much more albumins than wheat except

early in the maturation process 
"

The globulins in arr three cereals had a relatively
uniform amino acid composttion through development. ,The

globulins from all three cereals had an amino acid. content
simllar to each other. The most notlceable conmon changes

durlng maturatlon were a decrease 1n arglnlne and an
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lncrease ln glutamj-c acid. Lysine decreasecl in wheat

globulins 
"

The gliadins in wheat showed some slight changes

in amino acid composition between the second and third
week after anthesis. Thereafter changes were minimal-.

A very great ehange occurred in the amino acid composi-tion

of Tritical-e gI-iadÍ-ns between the second and third weeks

after anthesis. Thereafter changes were minimal. The most

prevalent changes were a decrease in lysine and an increase
j-n glutamic acid (and glutamine) and proline. Since

gliadins were found in very low amounts two weeks after
anthesis it was possible that this fraction was highly
contaminated with albumins (which are soluble in TO%

ethanol) at this ti-me. A similar pattern of change in the
amino acid composition was found for rye gliadins between

the second and third weeks after anthesis. Again, si_nce

gliadins were found in only trace amounts two weeks after
anthesi-s it was possible that this fraction was contaminated

with albumins at that time. After the third week following
anthesis the amino acid compositi-on of rye gu-adins was

stable with one noteable exception. very little histidine
was present in this fracti-on three weeks after anthesis "

over the next two weeks histidine eontent in rye glladins
lncreased rapidly. The amino acld composltion of rritlcale
glladins more closely resembled r^¡heat glladins than rye
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glladins except at two weeks after anthesls. Thls vras

consistent wlth the far greater amount of grraárns found

ln wheat as opposed to rye.

The glladlns of all three cereals had a very 1ow

lysine content coupled wÍth a very large glutamic acld

and prollne content. The three most prevalent common changes

1n amlno acld composition observed within the d.eveloplng

whole grains from each cereal were a decrease 1n lyslne
content concomltant with an lncrease in glutami-c acid

and prollne content. Thus, gliad.in synthesis r,,ras a major

factor 1n the changes observed in the amino acid. composj_tion

of the maturing whole grains.

Rapid changes occurred in the amino acid composition

of rye glutenins between the second and. fourth weeks

after anthesis. Because only trace amounts r¡rere present

at this time it is possible this fraction was contamj-nated.

The close similarity between the amino acid composition of
rye glutenins and insol-ub1e resldue protein suggested

that this was the case. Triticale glutenins also underwent

rapid changes in their amino acid content between the second

and third weeks after anthesis. Thus the grutenin fraction
obtained from Triticale two weeks after anthesis was also
likely contaminated. rn wheat glutenins glycine was found

in much lower amounts two and three weeks after anthesis

than later in the maturation process. wheat glutenins had.

more glutamic acid (and glutamine) and less ]ysÍ_ne and
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prollne than rye glutenlns at maturlty. Trlticale glutenlns
had an amlno acld. content intermedlate between its parents
at maturlty.

Because of thelr 1ow lyslne content and hlgh
glutamic acid (and glutamlne) anA proline content, synthesls
of glutenins, 11ke gliadÍ-ns, was a major factor in bringlng
about the changes observed in the amino acid composltion of
all three cereal grains d.uring maturation.

The insoluble residue protein of all three cereals
had an ami-no acid. content more similar to the albumins
and globu1lns than glutenins. This agreed with previous
reports on other cereals (Ivanko (f97f), Cluskey and Dimler
¡967), Palmiano et al (1971)). This was further evj.d.ence
that the insoluble resid.ue protein was largely composed of
membrane material rather than storage protein.

The amlno acid composition of wheat insoluble residue
protein was fairly stable throughout maturation. In Triticale
and rye, however, some changes occurred. However, the amino
acid compositions of this fraction for these two cereals
were similar at maturity and at two weeks after anthesis.
The amino acid composition of Triticale insoluble residue
protein was i-ntermed.iate between its two parents throughout
development, although it resembled rye more closely than
wheat.

The changes observed in the amino acid compositions
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for the protein solubllity fractions 1n the cereals during

maturatlon could have been qualitative as well as quanti-

tatlve. This vras investlgated by polyacryamide-ge1

electrophoresls of the four soluble proteln fractlons. In
aLl cases qualltative changes appeared to be occurring during

maturatlon 1n addltion to quantltative changes. This agreed

wlth prevlous reports on wheat by Ralney and Abbott (1921)

and hlrlgley and Bushuk (1971). Changes ln the protein
profiles were most apparent early in the maturation process.

rn all cases r'riticare proteins were present j-n either or

both of 1ts parents. This agreed. with the results of chen

and Bushuk (f97Oa,b,c) and Orth et at- (l.?TU) who compared

protelns from the flour of mature Triticale 6A190 and i-ts

parents.

To summarize, marked difference were found. in the

biochemical properties of the proteins of Prolific rye

and stewart durum d.urlng maturation. rn general, Tritlcale
64190 proteÍ-ns changed in a pattern which was j-ntermediate

between Íts parents. Thus r ro evidence was found for
interactions between the alien genomes of rye and durum

wheat in Triticare at any stage in the maturation process.
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THE DETERMINATTON OF THE PROTEIN
GRÀIN SAMPLES

I29

CONTENT OF SMALL CEREAL

ïntroduction

The Kjerdahl nitrogen determination (KjeldahI (1g83)

is the most dependable test avail-able for determining the
protej-n content of grain. For best results, however, it
is necessary to use one gram samples. Thus, in order to
conserve material it was of utmost importance to examj_ne

other methods of protein determination more suited. to
small samples. A number of methods were attempted with
varying degrees of success.

Results and Discussion

Lowry lvlethod

This method, developed by Lowry et al (195r) makes

use of the colored complex formed with phenol by the
Folin-ciocalteau reagent. Results were inconsj_stent.

The main probrem would appear to be lack of a suitable
solvent for cerear protein which does not interfer with
the test"

Biuret Method

In this
between c,-,rr

an indication

procedure

and pêptide

of protein

a deep blue complex is formed

bonds, the optical density giving
content" Since this method was
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originally proposed (Fine (1935) ) a number of variations
have evolved" A major problem encountered in determining
protein contents in cereal samples by this method was

turbidity arising from interference. one method proposed

to overcome this problem was to add carbon tetrachloride
to the solution followed by shaking for ten minutes prior
to centrifugation (p.c. wi1liams, private communication) .

Results on whole grain sampres were stirl found to be

inconsistent, however, probably due to interference
compounds. rn the case of wheat f10ur samples a new

problem came to light. rt wourd appear that moisture
content had a profound and unpredictable effect on the
protein content obtained by this met.hod (Table I7) .

Examination of the data shows that at normal moisture
contents (about 144) results lvere fairly satisfactory.
ït would appear that samples with low moisture contents
gave low resurts, however. Analyses of the precipitates
following centrifugation showed the 'missing¡ protein
to be located there, showing this problem to be one of
solubility" A more recent method forwarded by Johnson

and Craney (1971) which involved the use of cupric
carbonate in 608 basic isopropanol was arso examined.

The optical density at 550 nm. for severar ground whole

wheat samples of varying sample size were plotted
against protein content as determined by the Kjetdahl
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procedure (Figure Z0') . It is apparent that except, for
the Èwo Manitou samples, each sampre showed. a different,
color dependence to protein content. Thus this method

was also deemed to be unsuitable.

\essler Method

The meÈhod of lrlilliams (1964) was used.. The

sample was completely digested in sulphuric acid,
and the ammonia from the resurtant ammonj-a sulphate was

complexed with the Nessler reagent giving a yelrow-
orange color, the optical density of which was read at
430 nm. This method worked werl for albumins, globurins,
gliadins and glutenins, but was unsat.isfactory for frour,
whole grain and insoluble residue due Èo interference
compounds.

Micro-Kjetdahl Method

In this method the sample was digested in
sulphuric acid using a selenium-potassium iodide
catalyst. After cooling a sufficient amount of 50g

sodium hydroxide was added to the sample in an airtight
steam distillation apparatus in order to evolve ammonia

which was trapped in boric acid buffer. The distillate
was titrated with 0.01 N. sulphuric acid to an endpoint
of pH 4-50. Protein content was read. off a standard
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Protein Content for Scne WLreat Flor:rs

Manitou I
Manitou fI
Opal

Napo 73

Ccrnanche

Ãnn-iversario

t npistr:re

8.6

13.6

13.8

13.6

L3.7

13.5

84.5

10s

94.L

99. 3

95.0

96.9

ã recove * at 0? npisture

84.2

97.7

88.3

59.8

88.2

7L.8

Tabre 18. Precisj,on ctrecl< on t4icr:o-Kjeldahl t4ethod (? ni x 5.7);

* based on a cCITParison with results by the standard Kje1dahl procedure.

64190 lfiticale ttrole crain*
16.13

15.98

16.22

15.88

15.98

Talbot Wheat Flor:r**
TT.2Z

11"03

11"38

11.lE

11.3%
* 16.18 by rnacræKjeldahl nethod.

** 11.13 by rnacreKjeldahl nethod.



Figure 20 - A plot of optical density by the buiret
method of Johnson and Craney (I971) versusprotein content for ground whole grains of
some wheat varieties.
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curve of tritration volume versus protein content from

standard samples. The pH endpoint was used rather than

a visual endpoint for superior accuracy. precision was

tested for two samples whose protein content had been

previously determined by the standard Kjeldahl method

(Tabre 18) " sample size was approximately r00 mg. Resurts

were excellent. However, this method was extremely tedious"

Protein Content by Amino Acid Analysis

Nitrogen recovery from amino acid analyses of mature

cereal samples were consistently within go+2? when computed

using the protein content as determined by the Kjeldahl
method- Thus, by adjusting the results for amino acid
analysis of carefully weighed samples to gos" recovery it
was possible to achieve an accurate estimate of their
proLein content. rmmature samples contained considerabre
non-protein nitrogen, and as a consequence methods such as

the Kjeldahl procedure which determined total nitrogen in
the sample resulted in a figure for protein higher than

it, should have been. However, adjusting the amino acid
analyses of these samples to gOso recovery circumvented this
problem and gave a colnmon basis for comparison of sampres

at all stages of maturity-

Concl-usions

The Lowry and biuret methods Í^¡ere found to'be
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unsuitable for protein determination of cereal grains.
The micro-Kjerdahr method gave satisfactory results

for al-l types of samples tested, but was handicapped by

being extremely tedious.

The Nessler method was found to be adequate for
determining protein leveIs in the arbumins, grobulins,
gliadins and glutenins from osborne prçparaÈions of cerears,
and was employed in these cases. rt was unsatisfactory for
flour and whole grain samples, however.

Adjusting the recovery of nitrogen from amino acid
analysis of carefully weighed samples to 90å gave an

accurate indication of protein content for all sampres.

Thus, this method was employed for samples upon which the
amino acid composition was determined.
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APPENDIX B



THE EFFECT THE D GENOME ON
DEVELOPING WHEAT

THE AMTNO ACTD
CEREAL GRATNS

138

COMPOSITTONOF
OF

Introduction

The baking quality of AÄ,BB extracted tetraploid wheats

are generally inferior in baking quality to their hexaploj-d

parents (Kaltsikes et al, 1968a; 1968b). Boyd and I,,Irigley
(1969) reported that the extracted tetraploid of canthatch

lacked four protein bands present in its hexaploid parents 
"

Dronzek et al (L970) , however, found that the electrophoretic
patterns of the proteins in the four soluble fractions for
several extracted tetraploids and their hexaproid counter-
parts were essentially the same. They also showed that the
amino acid compositions of the frour and. the solubility
fractions for all wheats examined were not significantly
different. These results agreed with.the findings of Tkachuk

(1966), who showed that hard red spring wheat flours of
variable breadmaking quality, as werl as flours from other
classes of canadian wheat, showed littre variation in amino

acid compositions" However, orth and. Bushuk (1973c), using

sDS-polyacrylamide gel electrophnesis showed that extracted
tetraploids l-acked three glutenin subunits and showed a

decrease in the amount of one electrophoretic band. present

in their hexaploid parents.

In this investigation the changes in amino acid

content of the developing grain of two extracted tetraploid



wheats were compared to those of their
Stewart, a durum wheat, $/as included as

of natural AABB tetraploid wheats.

I ?O

hexaploid parents.

a representative

l"Ialerials and Methods

The common wheats, Triticum aestivum (cv. Rescue and

cv" Thatcher), the A-A,BB tetraploids derived from them (Tetra_
rescue and Tetrathatcher), and, a durum wheat, Triti-cum
turgidum (cv" stewart) lt/ere grown in a controlled environ-
ment chamber at 70oF and 16 hours light. prior to plantirg,
root tip counts \dere performed on Tetrarescue and Tetra-
thatcher to ensure that only twenty-eight. chromosome prants
were gror,vn.

samples were prepared and. analyzed as previously
described.

Results and Discussion

The amino acid lLion of developing wheat endosperm.

The total amino acid compositions of Thatcher and

Tetrathatcher endosperms throughout maturation are shown

in Table 19 " Results for stewart were previously presented
ín Table ro p" 3t). There $¡ere no significent differences
between the wheats studied at alr stages of maturation.

. An examination of the free amino acids of maturing
Thatcher and Tetrathatcher endosperm showed them to be



Table 19' Anino fcid ccnposition of l4atr.rring Hexaploid wheat Ðrdosperm and its Þrtracted Tetraploid(cv. Thatcher and Tetrattratctrer) .

Lysine
Histidi¡re
Arrnonia

Argin-ine

Aspartic Acid
Threonine

Seri¡e
Glutamic Acid
Proline
Glycine

Alanine
Vali¡re

lþthionine
Isoleucine
Ieuci¡re

\æosine

s after anthesi-s:

Results are qiven as crrams ni

6. 89

3.ls
13.9

8.91

s.47

2.50

4.37

10.5

5. 86

5.44

8.89

3.40

I.L2
2.L8

3.88

1.r0
r.70

Íf¡atcher
10 14 L7

6.09 4.19 3.44

3.24 3. 33 3.36

1s.6 L7 .9 19. 6

7 .75 6.92 6.72
5.20 3.32 3.34

2.4t 2.I5 2.02

4.08 4.05 3.98

10.8 16.1 18.0

5.29 6.93 7.52

5.91 5.19 4.56

9.48 5.99 3.96

3. 38 3. 08 2.92

I.32 1.04 0.75
2.23 2.22 2.22

3.93 4.20 4.L4

I.23 L.25 1.16
L.92 2.25 2.33

100 ams n:i

2.98 2.53

3.35 3.32

20.3 2L.0

7.62 5.93

2.94 2.66

1.91 1.84

3.76 3.34

19.0 20.5

7.46 8.67

4.13 3.99

3.31 2.64

2.69 2.77

0.80 0.76

2.18 2.r5
4.I4 4.22

1.19 1.19

2.23 2.52
% Protei¡l

lalanine

* trlptophan, q¿steine and cystine were not deterrnined.

2.L3

3.30

20.6

6.29

2.38

1.75

3.56

2L.3

9.r2
3.72

2.40

2.65

0.82

2.10

4.16

t. 19

2.56

7.50

3.45

L2.9

10.1

6.L7

2.29

4.36

9.96

3.91

5.92

8.61

3.55

T.L2

2.38

4.39

1.35

2.00
L6.4

14 2L 30 49

Tetrathatcher

4.28 2.85 2.IL 1.98
3.I2 3.2r 3.16 3.24
17.0 20.9 2L.s 20.8
6.82 5.99 5.53 6.44

4.29 2.93 . 2.46 2.32
2.03 1. 80 1.70 1.66
4.16 3.64 3.30 3.52

15.4 19.3 20.6 22.2
6 .L7 8. 28 8. 98 8.75
5.73 4.2L 3.59 3.45

7.04 3.59 3.47 2.35
3.15 2.69 2.54 2.46

1.00 0.70 0.72 0. 70

2.29 2.I8 2.25 2.L4

4.23 4.05 4.23 4.06

1.01 I.l3 1.18 t.26
2.36 2.50 2.65 2.72

15.6 L2.3 L3.2 I2.5 13.7 t4.2 L7.6 15.6 14.8 14.1 16.6
H
Fo
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similar throughout development (Table 20). These results
closely resembled those previously described for stewart
(Table 2, p. 35).

As would be expect.ed from the similarit,ies in both
the free amino aci-d levels and the total amino acid anaryses
for these cultivars throughouÈ development, the amino acid
compositions of their proteins and peptides r¡rere similar
(Tab1e 2L and Tab1e 3, p. 4f ).

Resurts for the amino acid compositions of whole
grain samples of varying maturit,y for Thatcher, Tet,rathatcher,
Rescue and Tetrarescue are shown in Tables 22 and 23.

No appreciable differences were apparent between these
wheat,s at, all stages of maturation. Results for stewart
(Table 4, p. 54) previously described closely paral1e1
these results

Conclusions

From this study it was apparent that the presence

or absence of the D genome in wheat did not result in any

significant variation in either the total amino acid content
or the level of the free amíno acids in the grain at all
stages of development.



rable 
'o' i:î: ffiå*tååffiåffiljfl:rft*ins Hu,€proi"d riheaÈ Erdosperm a4d. rrs Drrracred rerraploid

Days after anthesis:
Í-n*ir"t" Butyric *ia O.SS¿

ftelul-ts a¡e gir¡en as gra¡ns

ftlpÈophan ¿r.
Lysine 0.255
tlistidlne 0.145
Argj¡ine O. L54
Aspartic Àcid
Threoni¡e

Seri¡e
Àsparagile
Glutardc Àcid
Glut¿¡ni¡e

Proline
Glycine
Alani¡e
VaU-ne

'Irbthioni¡e
Isoleuci¡e
Iæuci¡e
1þosile
Phcrylalanine

0.978

0.061

0.299

0. 106

0. 179

0. I89

0.376

1.64

t. 70

0. 811

2.72

i.46
L. sI
5. 91

0. 3s5

0.257

O. lTI
0. 140

0.osl
0. 060

. Ihatcher

14 t7
0. 799

Èr.

0. 231

0. 044

0.050

0.226

0.162

0. 838

0.291

0. 5s3

0.286

.0.052
1.36

2.26

0.095

0. 045

0. 04s

0.047

0. 023

0.023

none

0.242

r.44
I.16
1. 83

1. 75

2.90

I.0L
3. 34

0.381

0.386

0,126

0. 145

o. d¿¡

0.049

2.96

0.199

0. 046

0. 148

0.044

0. 050

0.26L

0.099

0.s42
0. 391

0.687
0.269

0. 05s

0.620

1.19

0.077

0 .032

0.033

0. 055

0.027

0.033

L00

0. 089

0.062

o. 117

0.024

0 .081

0. 160

0.065

0. 320

0. 318

0. 863

0. 373

0. 037

0.246

0.727

0.050

0. 051

0.041

0.046

0. 024

0. 036

0.020

0.080

0. 044

0. 019

0.027

0. tr6
0.021

0.070

0. 032

0. 091

0.100

0. 008

0.059

0.071

0.015

0. 009

0. 023

0.021

0. 0I0

0.011

0 .137

0. 0014

0.0266

0. 0029

0.0028

0.0201

0.0154

0.0017

0.0029
'0. 0210

0. 0056

0.0]-24

0. 0095

0.0038

0. 0078

0.0023

0.001_t

0.0017

0.0022

0.0010

0.0016

nr¡. ani_no acids

49

* cysteine and cystile were not deEer¡ni¡ed.

0.403

0.035

0.297

0.051

0. 175

0. 465

0.295

t.3I
1.t?
1.13

1.99

L47
1.03

3,24

0.154

0.094

0. 05r

o.097

0.059

0.070

2. 0r

1e

Tetrathatcher

0.465 0.214

0.049 0.027

0.I04 0.t25
0.039 0.025

0.033 0.042
0.097 0.072
0.I20 0.045

0.738 0.233'

0.878 0.230

0.265 0.128

0.905 0.280

0.180 0.0s0
I.30 0.508

3.I7 .0.792
0. 1.67 0.049

0.128 0.049

0.043 0.015
0.061 0.026

0.021 0.010

0.027 0.0t4

18.9

14 2L 30

.75

3t.7 13

,19

0. 367

0.077

0.131

0.049

0.252

0. 118

0. o59

0.173

0.379

0.035

0.718

0. 039

0. t4B

0.354

0. 056

0.045

0.021

0.045

0.0r8
0. 026

8.62 5

0.0044

0.0014

0.00t5
tr.
0.0298

0. 0046

0 .0018

0.0026

0.0380

0.0103

0.0195

0.02s1

0.0040

0. 0080

0 .0021

0. 0012

0.0019

0 .0023

0 .0015

0. 0024

0.0722
.682

7.8 6.0

773

.85

0. 0t72

1.5

15.

L7 0.642
9.96 3.5

5.9

3.4I 0.23

7

.35
F
.Þ
¡\)



Table 2I' Anino Acid corposition of ttre Proteins and Peptides of !{atrrrÍng Hercaploid !,ltreat Mosperm ardits Ðctracted Tetraptoid (cv. Ihatctrer and Tetrathatctrer) -

Lysile
Histidine
Argini-ne

Aspartic Acid
fhreonine
Seri¡re

Glutarnic Acid
ProU-ne

Glycine
Alani¡e
Valine
l¡Iethiordne

Isoleucine
Leuci¡re

T!æosine

after anthesi-s:

ults are given as nrcle percqqt on an arnu¡nia free basis)*

6.70

2.0L

4.42

9.86

4.56

5.91

]-5.7

s.99

8.97

LL.2

6.09

L.47

4.t4
7.54

2.L4

3.33

6.05 3.50

2.L7 1.95

3.94 3.04

8.67 5.20

4.23 3.52

5.19 5.68

18.0 27 .2

7.98 L2.2

9.I7 6.78

7.44 6.60

6.32 5.29

2.2L L.77

4.42 3.86

7.90 7.34

2.46 2.r8
3.88 3.95

Ttntctrer
17 22

2.88 2.50

1.93 r.94
2.92 3.29

5.03 4.57

3.35 3.23

6.01 6 .02

29.9 31.5

13.0 13.0

6.87 6.79

4.93 4.sl
4.96 4.62

L.26 1.31

3.82 3.74

7.L4 7.16

L.97 2.05

4.02 3.83

* tryptophan, rysteine and rystine were not deterrnined.

lalanine

2.05 L.74

L.82 L.79

2.45 2.56

4.18 3.83

3.01 2.85

5.41 5.80

33. 7 34.7

14.3 14.9

6.50 6.06

4.25 3.90

4.56 4.30

I.24 1.34

3.52 3.42

6.94 6.78

1.95 I.94
4.15 4.r7

6.90

2.L5

4.75

9.81

3.83

5.85

15.0

4.68

9.37

10.3

6.52

L.97

4.47

8.22

2.47

3.70

Tetratåatctrer
14 2L 30

3.70 2.3L t.72
L.79 L.75 1.70

3.01 2.54 2.31

6.65 4.66 3.62
3.38 2.98 2.76

6 .06 5.80 5 .27

26.0 32.7 34.1

10.6 14.0 15.1

7.85 6.30 5.79

6.86 4.76 5.25

5.28 4.49 4.I7
1.s4 1.11 1.I3
3.95 3.58 3.76

7 .46 6.87 7.0s
L.75 1.91 1.95

4.13 4.24 4.4I

r.62
L.77

2.62

3.73

2.72

5.76

36.2

14.3

s.64

3.83

4.02

I.15
3.s0

6.64

2.06

4.45
H
.F(,



Table 22' Am:i¡o |cid corposition of ltfaturing Whole c,rain frqn tr,,¡o Wheat varieÈies (cr¡. rhatct¡er anATetratt¡atctrer)

fre"dæ "t" gi"." 
"s 

tole percerrË on att annpnia free basis) *

Lysine

Ilistid:lne
Arginine
Aspartic Acid
fhreonine
Serine

Glutarnic Acid
Proli¡re
Glycine

Alan:i¡e

Vali¡re
Itbttrlonine
Isoleuci¡e
Leuci¡re

Iln:osine

after Antlresis:

5.51 5.01

1.51 1.70

3.94 3.50

9.72 9.52

3.80 3.92

5.91 6.29

17.1 L8.7

6.83 7.40

8.56 9.15

ls.1 10.9

5.54 5.68
I.74 L.44

3.61 3.93

6.48 7.31

1.90 2.06

2.83 3.48

Íhatcher
10

2.81

L.82

3.08

5.48

3.L2

5.76

28.4

L2.3

7.66

6.06

4.89

1.36

3.74

7.25

2.09

4.09

* trlptophan, cysteine and q¿sLine were not deterrnined.

2.69 2.35 2.66
L.79 I.88 2.I2
3.07 3.32 3.70

5.66 5.00 5.44
3.11 3.06 3.26
5.51 5 .76 5.86
29.L 30.5 28.6

L2.3 L2.8 L2.3

7.67 7.51 7.77

6.s3 5.28 s.48
4 . 85 4.7 4 5.26

1.13 0.95 1.08

3.55 3.s4 3.70

6.93 6.99 7.r7
L.97 2.08 1.53
4.I2 4.23 4.05l-alanine

5.23 4.59

L.77 1.57

3.36 3.35

9.81 8.46

4.06 3.6r
5.92 5.58

20.0 19.9

7.05 8.05

8.96 8.99

10.7 I2.9
5.76 5.35
1.15 L.49

3.93 3.74

7.05 6.88

1.75 2.r0
3.38 3.48

Tetratlntctrer
11t71

3.33

1.80

2.93

6.25

3.29

5.68

26.8

11.8

7.67

7.r2
5.13

0.92

3.89

7.20

I.96
4.2r

2.6L

1.81

3. r0

6.02

2.86

5.03

30.3

L2.7

7.67

5.75

4.68

0.98

3.62

6.96

2.02

4.36

2.4L

2.05

3.73

5.35

2.89

5.18

30.2

13.5

6.93

5.01

4.79

1.00

3.65

6.93

L.94

4.4L
H
+



Table 23' emino Acid ccnposition of }4atrrring !û¡ole Grain frsn tlvo lfheat varÍe¡ies (et¡. Rescue andTetrarescue)

ßesults .re ,aven a"s rþle per!ffi on

Lysine

Histidine
Arginine
Aspartic Ãcid
Threoni¡re

Seri¡re

Glutamic Acid
ProUne

Glycine

.Llani¡re

Valine
Methionine

Tsoleucine

Leuci¡re

T!æosine

s after ar¡ttresis:

5.29

2.L2

3.49

8.97

4.26

6.18

20.0

6.18

8.54

tL.7
s.89

1.23

3.85

6.93

t.68
3.24

Rescue

10152L
4.53 3.51 2.86
1.87 1.88 L.94

3.13 3.25 3.26

8.46 6.50 5.72
4.06 3.60 3.25

6.19 5.84 5.69
20.7 26.0 28.9

8.84 r0.7 11.9

9.06 7.89 7.45

9.1s 7.43 6.I4
5.92 5.44 5.17
0.9s 0.87 0.99

4.11 3.83 3.68
7.48 7.26 7.L6

1.68 2.L9 t.92
3.80 3.81 3.90

* trlptophan, crysteine and q¿stine were not deterrnined.

Ial-ar¡ine

2.40 2.26

L.97 L.94

3.39 3.25

5.79 4.68

3.05 3.10

5.07 5.11

30.1 32.0

12.5 13.4

7.29 7.43

5.1I 4.60

5.03 4.58

1.01 0.99

3.64 3.43

7.L7 6.84

2.L6 2.L2

4.L2 4.30

s.87

2.09

4.40

9.28

4. s0

6. 89

19.3

6.33

8. s6

9.86

5.79

1.18

3.82

6.75

2.20

3.05

Tetrarescue
u2L3049

3.55 2.67 2.72 2.37
r.75 1.84 r.9t 2.00
3.23 3.37 3.52 3.61
6.57 5.76 5.87 5.22
3.44 3.46 3.60 3.41
6.16 5.82 s.65 s.26
26.6 28.5 28.8 26.2

10.1 11.8 11.3 ls.3
8.03 7.02 7.44 7.07
7.56 5.90 5.83 s.33
5.23 5.2L 5.17 5.24
1.03 1.54 1.33 1.53
3.70 3.73 3.78 3.90
7.02 7.t4 7.L9 7.40

2.18 2.37 2.L7 2.05
3.85 3.86 3.68 4.10

H
+
\n
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APPENDIX C



TI]T

CHANGES IN THE AYÍINO ACID COMPOSTTION OF THE DEVELOPING
ENDOSPERMS OF SO¡,18 TRITTCALES

Introduction

Many Triticale lines have badly shrivelred kernels.
This results in a decreased kernel weight and causes

problems in milling of the grain. shrivelling is visually
apparent about four weeks after anthesis, and becomes

progressively b/orse as maturity approaches.

Tn this work the amino acid composition of the

developing endosperms of three different hexaploid

Triticales exhibiting varying degress of kernel shriverling
was examined. 64190 was a badly shriverred 1ine, Rosner

Triticale somewhat less shrivelled, while Kangaroo X

U.M. 940rS' had plump unshrivelled kernels.

Materials and Methods

Triticale, line 64190 was grown in a controlled
environmentchamber(zoon,sixteenhours1ight).Tritica1e,

variety Rosner and Triticale, line Kangaroo X U.M" 940',Sl

were gro$rn in the field during the summer of 1973. All
three Triticales developed at approximately equivarent

rates. FuII maturity was reached about seven weeks after
anthesis

The samples were prepared and analyzed as previously
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described.

Results and Discussion

Total amino acid c ition of the maturing endosoerms.

Ar1 three Triticales showed similar trend.s in amino

acid composition during endosperm development (Table 24 and

Table 1, p. 3l). The most obvious changes includ.ed. a

decrease in lysine, aspartic acid, glycine and alanine
with a simultaneous increase in grutamic acid, proline
and phenylalanine.

The free amino acid levels of the developing endo-

sperms of the Triticales (Table 25 and Table Z, p. 3]2)

were fairly similar throughout maÈuration. There vrere

some differences, however. 6A190 Triticale had a
signficantly higher amount of free .*ino acid.s at maturity
than the other two Trit,icales. Kangaroo X U.M. 940rS'

had much greater amounts of lamino butyric acid and free
ammonia during the first two weeks of development than

either Rosner or 64190. On the other hand, Kangaroo X

u.l"f. 940'sr had no deÈectable free valine from the third
week after anthesis to maturity while the other two

Triticales had significant amounts. During this period

ernrno acids of the maturinq en



Table 24' Arnino Acid corPosition of ttre llaturing Erdosperm of He>caploid Triticares (cw. Rosner arrtI(angaroo X U.M. 940'S').

Lysine
Hisfidine
Ænn¡nia

Arginine
Aspartic Acid
Threonine

Serine

Glutamic Acid
Proline
Glycine

Alanine
Vali¡e
l,fettrioni¡re

fsoleucine
Leucine

\ncosine

s after antlresis:

ts are given as

6.83

3.19

L2.6

9.3s

5.78

2.s7

3. 84

8.86

6.72

5.17

12.0

3. 38

1.09

2.r3
3.71

1.11

1.66

6.01 5.92

3.05 3.54
15.4 L6.4

7 .70 9.32

6.03 4.69

2.43 2.45

3.06 3.56

10.5 L2.4

5.96 5.93

5.03 5.06

11.9 5.77
3.25 3.49

1.06 1.04

2.07 2.4L

3. 71 4.s6
1.04 I.2s
r.88 2.29

Rosner

2I

100

4.33 3.54 2.78
3.36 3.33 3.24

L7.6 L9.4 19.8
7 .92 7.32 7.02
3.84 3.25 2.79
2.22 2.06 1.88
3.34 3.53 3.19

16.4 16.6 19 .2
7.56 7.77 9.02
4.40 4.28 3.86

4.00 4.47 2.89

3.22 3.06 2. 81

0.98 0.91 0.89
2.4L 2.40 2.20
4.s6 4.50 4.30

L.28 1.13 1.14
2.59 2.53 2.59

E Protein
lalanine

* trYptoptran, cysteine a'd q¡stine were not deterrni¡ed.

6.79

3.14

ls.4
8.53

5.75

2.48

3.83

10.1

5.93

5.03

9.55

3.37

r.42
2.L4

3.71

L.02

r.76
20.0

Kangaroo X U.M. 940'5'
11 15 23

6.76 5.60 3.65
3.32 3.46 3.38
Ls.z L7.2 18.2
9.33 8.80 6.78
s.2L 4.65.3.8s
2.57 2.54 2.25
3.61 3.38 3.58
8.42 12.5 L7.2
4.7i 5.e3 7.4s
5.46 4.99 4.36

IL.z s.sl 4.49
3.60 3.61 3.26

1.43 1.06 L.07
2.27 2.55 2.54
3.99 4.66 4.46
r.12 L.32 1.02
I.84 2.24 2.37

17.1 13.1 1.3.7

3.33 3.06
3.60 3.61

19.0 18.4

6.93 7.80
3.36 3.26

2.08 2.06

2.95 3.36

L7.7 18.6

8.02 8.23

4.33 4.15

4.ls 3.01

3.23 3.L2
0.93 1.02

2.44 2.29

4.5r 4.48

0.97 1.16

2.44 2.46
11.7 13.5 14.5 L3.7 13.6 11. s T2.T 11.6

H
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Tabre 25. Free Ami¡o Àctd cørposltion of T^ry"tooing Hexapl0rd {ftlcarg boosperrne(cv. Rosner and lGngaroo X U.M. g40,Sr).

Dayq after anthesis:
/-¡,o¡.llo Butyric Àcid I.IZ
Trtpeoph,Ð 0.162
Lysine 0.443
Histidi¡e 0.066
Argjnine 0.52L
.Aspartic Àcid 0.622
Tlueonj¡e 0.489
Serine t.Og
Asparagj¡e l.3Z
Glutanric Acid 0.959
GLuÈa¡ni¡e 3.56
Proline 2 34

Glycine 0.612
Al-anj¡e 7.04
Valine 0.410
lvl¡thioni¡e 0.033
lsoleucine O.L2g

Leucine 0.190
Tlrosine 0.050
Phenylal.anine 0.045

Results a e given as qrams ni

Rosner

116
L.27 0.967

0.246 tr.
0.842 0.409

0,282 0.040

0 .578 0. 1l_2

0.442

0.112

0. 163

0 .049

0.07s

0.158

0. 104

0. 364

0. 183

0.866

0. 32Ì

0. 033

0.189

1.2t
0.133

0.02I
0. 086

0. 035

0.024

0.034

0. 528

0.472 0.366

0.469 0.191

0.sss 0.259
2.09 0.77L
1.04 0.487

3.40 0.258
2.06 0.300

0.739 . 0.8s6

5.95 2.96

0.602 0.299
0.118 0.0]4
0.193 0.053

0.380 0.051

0.I23 0.033

0.I?8 0.0s3

0.0029

tr.
0. 0152

0. 0023

0.0664

0 .0576

0. 0050

0. 0095

0. l_04

0.0 352

0.0064

0.0072

0. 0087

0. 0941

0.0041

tr.
0.0023

0 .00t8

0.0013

0. 0014

t.7s
0.316

0.560

0.050

0.531

0.579

0.531

t.4t
I.24
0.367

5.42

2. 89

0.626

4.87

0. 495

0,L24

0.L77

0.281

0.089

0.099

2.28
lrnwpnia 1.31

rrangarog X U.M. 940,4

ng. arrino acids

2.24 0.460 0.464
0.I71 tr. O.O5I

0.385 0.365 0.2t8
0.032 0.034 0.074
0.265 0.077 0.164
0.290 0.233 0.I?t
0.279 0.187 0.132
0.su 0.226 0.368
0.493 0.285.0.I85
0.226 0.377 0.782
L.47 0.34? 0.499
I.09 0.I29 0.087
0.620 0.729 0.246
5.4s 2.4r r.34
0.528 0.239 tr.
0.099 0.Q75 0.0s0
0.069 0.123 0.149
0.156 0.053 0.040
0.047 0.023 0.017
0.048 0.034 0.018

11 15 23

* cysteire and rystile vrere not deterrni¡red.

¡

. sanç:le

2.02 2.78

s0.5 42.L I

0.361 0.0760

0.006 0.0222
o.ois o.ozog

0.014 0.0066

0.042 0.L27

0.143 0.175 .

0.0'1? 0.0046

0.200 0.0085
0.216 0.151

0.284 0.0598

0.472 0.0140

tr. tr.
0.1I7 0.0t01
I.03 0.0292
tr. tr.
0.042 0.0014

0.093 0.0016

0.030 0.003I
0.019 0.0015

0.014 0.0016

3.6 11.3

7.2 0.64

0313

2 7

16

19.6

6.44 0.

24,9

0.257 0.028

0. 98
ts(¡
c>
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of development. Kangaroo X U.M. 940'S' had two very large

unidentified peaks in the acidic and. neutrals region of
Èhe amino acid chromatograms which were not present for
the two other Triticall". Thus, developing Rosner and

64190 which had shrivelled kernels, more closely resembled

each other in their free amino acid content. than Kangaroo

X U.M. 940'Sr which had plump kernels. In ad,dition, these

differences manifested themselves in the latt,er stages of

developmenÈ where kernel shrivelling became apparent.

Amino acid composition of the proteins and peptides in the

The amino acid composition of the proteins and

peptides of three Trit,icales vrere similar throughout

development (Table 26, and Table 3 , p. 41). Lysine,

arginine, aspartic acid, threonine, glycine and alanine

declined while glutamic acid, proline and phenylalanine

increased.

Conclusions

The three Triticales examined urere very similar in

the total amino acid composition of their endosperms

throughout, development. The amino acid composition of

their proteins and peptides rÂrere also similar. Although

the free amino acids of each Triticale were similar, two



Table 26' Arnino Acid Cqrposition of tlre P:¡oteins arxl Peptides of l,Iaturing Hexaploid rYiticale Ðrdosperms
(cv. Rosner and Kãngaroo X U.M. 940'5,).
(Results are given as nole percent on an annpnia free basis)*

Lysine

Ilistidine
Arginine
Aspartic Acid
lhreonine
Serine

Glutarnic Acid
Proline
Glycine

Alani¡re

VaIine
l4ethionine

Tsoleucine

Leuci¡re

Tlrrosine

after anthesis:
Rosner

8111628
6.65

2.L7

4.6L

9.34

4.33

5.75

L2.8

9.13

9.50

10.3

6.I9
2.2L

4.I7
7.33

2.2L

3.38

5.42

L.94

3.74

9.49

4.L2

5.28

L6.2

8.22

9.02

].2.5

5.57

1.98

3.95

7.00

1.93

3.57

4.67

2.I5
4.22

7.23

4.ls
6.07

2I.6
10.3

7.72

5.16

5.86

1.89

4.34

8.29

2.24

4.r2

2.93

r.89
3.14

5.20

3.40

5. s0

27.L

13.4

7.11

5.65

5.08

1.54

4.02

7.75

1.93

4.34

* trlptophan, c,ysteine and cystine were not deterrninerd.

lalanine

2.26

L.77

2.85

4.39

3.06

5.2L

32.0

14.7

6.30

4.58

4.60

I.46
3.60

7.04

1.87

4.24

6.74

2.22

4.30

9.83

4.2r
5.23

L5.2

6.57

9.50

10.1

6.22

2.8L

4.02

7.4r
2.0I
3.59

Kangaroo X U.M. 940

11 15

6.19 4.73

2.L3 2.06

4.40 3.93

9.06 7.70

4.44 4.24

6.01 5.68

14.5 2t.5
7.04 r0.5
9.39 7 .69

11.1 5.s9

5.95 6.08

2.58 L.79

4,27 4.39

7 .43 9.37

2.08 1.80

3.47 3.99

2.93

1.87

2.81

6.L2

.3.61_

5.47

27.6

12.6

7.00

5.37

5.55

L.74

4.0'7

7.53

1.70

4.00

3.01

2.02

2.89

5.23

3.36

4.63

28.9

13.5

7.08

5.26

5.43

l.s0
3.95

7.53

1.60

4.09

2.47

1.95

3.r2
4.90

3.35

5.45

30.1

13.4

6.74

4.90

5.08

1.66

3.73

7.29

1.89

4.00 P
\.rl
l'\)
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non-protein componen ts,l-amíno butyric acid and ammoni-a

hlere significantly higher in Kangaroo x u.M. 940's' during
early maturity. During the final four weeks of develop-
ment this triticale had no detectabre free varine, in
contrast to the other two Ttiticales studied. rn addition,
it had two large unidentified peaks in the acidics and

neutrars region of the chromatograms. since Rosner and.

64190 started to exhibit kernel shrivelling during the
latter stages of development whire Kangaroo x u.M. 940,s'
did not, it is possibre that these differences courd be

linked to kerner shrivelling. More experiments on other
Triticales would be necessary, however, before any

definite conclusions could be reached.
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