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ABSTRACT

Dronzok, Bernard Leo, Ph. Dnr'Îhe Universåty of l{anltoba, Februar5r

Lg?0, Neture. of the Enlosperîn ProtÊ1ns of thg-ExLr¿eted TetraplollÞ

DErlvgù fro,n thrpg C-omqoq Whset .

ÞîaJor Professor¡ Dr" l{n Bushuk

The protei,n conposltlonsof AÂBB tetraplold whoat dorived from

thrae conmon r¿høat varietiesr Prelude, Raseue end thatchorrwøre

eompared u.lth those of ths hexaploid counterpartsn The protolns

wers fractlonated by solubillty 1n appropriate solvents lnto albumins,

gIobullns, gliedins¡ glutenins and insolnbl-e residue proteins" fire

solublllty characterlsties showed ttrat the tetraplold tryheets of

Rescue and Thatcher cont¿Lned considerably more glladin¡ neore glu-

tonln and Less lnsoluble protein resldue then the eomespondlng hexa-

ploids. fn contraste Totraprelude shorved sinll¿r amounts of glladin,

glutenin and lnsoluble protefn residue,compared to lts hexaplofd"

Dlsc and starch-gel eLectrophoresls ¡¡oro used to soparate and.

conelata the proteins in tire four soluble fractions fron reletod

whcets, The el-eetrophorotlc patüerns shor¡ad. slgniflcant qualltatlve

dlffercnees emong tho varLeties studlodo although tåe patterns of

eaeh extracted tetraplold and its hexaploid counteryart wero quito

s1¡niIer.

Amino acLd conpositl"orsof the flours fo:r each oxtreeted tetra-

plold and Íts hexaplold parent showÞd üfr&t th. 
"o*pusltlon 

s.rÊ €sson-

tfelly the se¡ae. lho anlno acld. co¡npositíon varied signtfícantiy

am'Jng tåe solubiltty fraetions¡ holreverr the dlfferences for any

::::. :: : :iì.

x



one frectlon enong varletios wsr€ lnslgnificant.

fn addltlon to tbe e:cbrscteC tetraploids and thelr parents, the

proteS.ns of five accesslons of þ, souarrosa, e s¡mthetic hexaplold

erd lts durtr¡r parent were studled. Dlffe¡.ences ln the eLectropho-

retlc patterns werE fou¡¡d in thE slon-novlng glladin protelns ar¡ong

the flve eccessions of þ. squerross. Simllar pattcrns ïeI¡E obteLned

for the synthotlc hexeplold wheat and l-ts dunr¡n ¡rheet parent.

rd.
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I rNlRolrrcrÏoN

Co¡anon hexaplold wheat wlth the genonle fo¡mule .AABBDD is an

alLopolyplold wheet. It has been establfshed that the origlnal an-

cestore of ttre tbree g€nontes A, B and D are the three dlploid spe-

eles !, monoelgcurt, &. speltoldeg arul $. sggg¡rose respeetively

(1). It ls presumed thet connon hexaplold wheet origlnated through

two widely separatod evolutlo¡rary events. Firsù¡ the AABB anphl-

plold resulted from a natural hybrldtzatlon of the dlplold specles

t. ryggggg, and Ae. speltoi$es. FruGh later, the D genone of

Ae. gquerrq-gg ¡¿es added, also by natural hybrldlzatlon. slnce both

the durum (Zæ4r.ZÈå,f{BB) end the dlplold wheats (2r:=Z:c=l¿eDD)

lack thq breadnakLng qualJ-ty of the hexaplold bread wheats, tho

final addltlon of the D genome chromosomes epÞeers to have eon-

tributod the genes for thls qual1ty,.

Most of the r¡hoat produaed ln the ¡sorld ls of the eonnon hoxa-

plold. type, 1. aestlvr¡¡Ìr L. en Thell, (2tr6yç42=A.ABBÐD). It ls

used prlrnarlIy 1n t'he m¿nufactr:re of flour for leavened baked pro-

duets. For many centurles thls crop hes served as the baslc food

of n¿n. slneE r¡heet has been of such great economlc lnportance to

nan hl.nselfr e great deal of effort has been devoted to rosearch

deslgne.d to answer the baslc questlonr ¡¡hat propertles of flour

constituents detamlne lts bread¡aalrlng quallty

It ls no¡y well estebllshed that the nost lnportent slngle

eonstltuent of bread nùreat flour assoelated wttl¡ lts baklng qua-

llty ls lts proteJ.n. Moreover, lt hes been reeognlzed for some

tÍ¡re that the bread¡raklng qualtty is determLned by the very eon-

plex nature of the protelns whlch Lnterect to forn gluten.
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In addltlon to the pecullar quallty faetons of the brEed wheat pro-

tEfns whlch give riso to baklng qualfty, a nslatlvely hlgh güen-

tlty of proteln 1s requlred to produce good bread (2).

ïn recent years, ¡rttù¡ the advent of various eLectrophoretle

technf.quesr numerous ¡rorkers have trled to essoeiete dtffereneos ln

eÌectrophoretlc patterns obteined for varlous ¡¡heat varS.otles to

dlfferenees 1n thelr breedneklng potentlalLties (3-il. Al-though.

nerked dlffe¡.ences 1n the patterns wero obserrrød, no direct re-

latlonship of particul¿r proteln bands to quallty has beon found.

Thus, ttre genetle controL of these protel.ns, ard thelr rclatlon-

shlp to the eonplox chEracteristlc qualltyarofar frouo bel,ng under-

stood.

The e:rtractlon of tl¡e .â.á,BB conponents from three comnon r¡heeü

varietles Prelude, Reseuo a¡rd thatcher ¡vcs recently ecconplS,shcd

ln the Departrnent of Plent Sclence, Universlty of l,f¡Enltobe. Bread-

naking quaLlty studles on the extracted tetraplold ltnes have de-

nonstrated the {'nportance of the Ð genome 1n tho ln}reritenee of

breEdmaking qualtty (6). Tho breaômaklng quallty of two of the

extract€d tetraplolds, Rescue and thatcher, ¡ras relatlvoly pooD,

and not too unLlke that of nomsL dun¡m ¡¡heats. Tbø tetraplotd

of Prelud.e shorsed better brEadneking quallty then the other tetre-

plold L1nes, end was compereblo to the three hexaploid ¡sheats used

as peronts.

the genetic naterleLs used ln the present study vrere the

tt¡ree A.â,BB tetraplold nl¡eats derivod fron conanon broad ¡streets

.hexaploids'. Pre1ud.e, Rescue a¡rd thetcher. they rrflt bo reforred
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to es Tetrepnelude, Tetrarescue and letrattratcher respectlvely.

the purpose of the study wes to compere tho protelns of the tÌ¡ree

extracted tetraploids and ttrein bexaplold parentsr 1) to dete¡mír¡o

lf the renovel of thE D genome produced a deleti.on of certein pro-

telns or a shlft ln the quantltetlve dlstrlbutlon of the protelne

eonponents ¡¿hlch could be attrlbuted to the loss of breadnakf.ng

quallty¡ and 2) to detemlne lf the proteÍns of Tetraprelude, "the

dum¡n t¡pe wheat trltÌr the hlgh breed¡neklng quelityi' were slmiler

to those of lts bexaplold parent. stewart 63 was included in the

atudy as the repnesentatlve of the natural totraplold. wheats wlth

.AABB genonlc eonstl-tutlon.

rn addltlon to the detalled lnvestlgatlon of the proterns of

tbe Extracted tetrapLolds ¿nd tk¡eLr parents, the protolns of tno

aneuplold llnes fnvolvlng chronosomes of tho D genone of the

connon ¡st¡eet varlety, chLnesE sprlng¡ and five eceessions of the

speci'oe &. .lqgerrosg and a o5mthetíe A.ABBDD hexapl.old rrer6 êt(&-

rntned by gel eleetrophoresls. It ¡ras presumed that a study of

these r¡ould provlde addltlonel lnformetLon on the proteÍns whose

s¡mtJresls fs controLled by tù¡e Ð genom€.

i':-ì.1':;iì
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II LITERATURE BEVfEt{

1" Inlroductlon

triheat protolns bave been of groat intorest to cereal ehenLste

for ovEr sixty years. Ttrls constttuent of bread r¡Ìreat flour deter-

¡rlnes to a large extent the physlcal propertles of tåe dough, and

ln partlcular tts breadnaklng potential. rt is generally acceptod

today tjrat breedrnaking quality ls r€lated prrnariry to the ¡seter-

lnsolubre protelns of the frour úleh a¡e colrectivcly cetred

gluten" rn bydreted state¡ gruten¡ wtth lts uníque vlecoelestlc

propertles, fotts tho supportirg tÌ¡ree-dJ¡renslonal notwork of the

dough that ls produced. ln tlho first step of the breadnaklng pro-

C€88¡

Berzellus tn l?28 (?) wes the first to doscrlbe üre separe-

tlon of gluten fron r¿heat flour¡ but 1t was not untll 1902 that

osborne (8) fractloneted and c}asslfled these protolns on ttre

basls of ttrelr solub1l1ty. Ee crasslfled the protolns into four

broed groupsr 1) wetor-soluble proteins or album{ns¡ Z) saLt-

solubLe proteins or globuIlns; 3) alcohol-ssluble proteins or

glladlns¡ end t+) protelns soluble 1n dl}¡te acld or base, the

glrrtenins. Moreover¡ Osborne reported that gluten conpntsed

'ebout 8ú of ttre protelnE ln flour, Gluten cornprised tr*o nar.n

groups of protelns, gIf.ad.lns ard glutenlns, present in nearly

equal emounts. wtttr the ed.vent of nodorn toehnlques of proteln

chernlstr¡r such as tJre analytical uLtreeentrlfuge ¿nd electro-

phoresls, lt nas soon sho¡wr that oaeh of the four protein frec-

tlone suggested by Osborne. sas a hetonogonous nlxfi¡re of a

il li.::i,:.
t
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large r¡t¡mber of noLecularly êtffsrant protelns.

2" ELe_ctrophorsslg Studlos of úlheat protplns

Electrophoretlc separatlon of protolns wes first reported by

Tlsellus ln 193? (9). Eonever, tl¡Ls technlque was not applled to

t'Ìre separatlon of the ¡*reat proteins unttl ryl+ (lO). fn recent

Jrears, botå norrlng-boundafy ard zone Eloctropboresls have been

guccessfully applled to studles of cerêal grain protetns. zone

eleetrophoresls requf.res the use of vertous physlear support

n¿terlals such es f1lter peper or gels on wirleh tho proteln nl-
grates ¡EÌ¡tle ln novlng boundary eleetrophor"esls, the protelns nove

freely 1n e buffer solutLon.

F1lter p¿per and agar gers ner.e the first support nateríaLs

used for seperatlon of protef.ns by zone electrophoresLs (LL-12)"

Houever, theso uatorlals h¿vE found very }tnf,ted applleatLon f.n

the separatlon of cerear protelns. A naJor deveropment ln zong

electrophoreaLe occurred tn 1955 rùen srnlthles lntroduced the use

of sterch gels as support ¡netorlsl for the seperatlon of senrm pro-

telns (13). lbe resolutlon obtalned by starch-gel eleetrophoresls

ras Euch superlor to thet obtatned by other types of zone eleetro-

pbonesls. Elton and E¡sart (14) were the flrst to uss tå1e support

natærtel, ln conJunctlon r¡ttå tl¡e alurnLnr¡m l¿ctate buffer systen

of Jones et ar (15)r for the separatlon of flour protsins. rn

1p61 Woychlk et e1 (16) {'{provod the separatton of flor¡r protelns

by starch-gel eleetrophoresls by the eddltlon of u¡ea to tbe gel
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to lncrease tbe solnbtllty of the protelns"

Po1yaerl¡larnfde gels were lntrodueed for sone electropborosls

by Ra¡mond and lrlang ln 1960 (17) end adapted to wheet protelns by

Lee ln 1962 (fB), In contrest to st¿reh gels¡ poþacrylanf.de geLs

are transparønt¡ ttre¡mosteble¡ non lonlc, and thElr pore sløe cen

be readlþ varled over a nlde range by slnpþ changlrg the eon-

centratlon of acrylanlde used. to prepana the gels (19). the electro-

focuslng tcchnþue for soparatf.ng nheat proteins reeontly developed

by lrlrlgJ-ey (20) also enpS.oys polyacr'¡¡laníde gels as the supportlng

n¿tcrlal,

9^ Water end Salt-Soluble Frotelns

the r*ater-solubLe protelns or albr¡mlns and thE saLt-solubLe

protelns or gJ.obuLf.ns of tÈ¡eat arE collecttveþ roferred to es

tlhe soluble protoine. the flrst comprehenslvo stud¡r of these pro-

telnE uas tåat of Osborne (8). Subsequent lnvestlgations prlor to

1944 have been revlewed by Balley (21). In reeent !¡€arsr Penee

ar¡d co¡wke w (ZZ-24) have extenslvely studled tl¡ess protelns,

Most of the earþ ft-ndlnge r¡ere subeequentþ nodlfied and reflned.

by new technf.ques of protein chenlstr'5r.

Ftnney (25) reportsd thet the reter-solubles w€re noeesset1r

for notmel bald.ng perfortenee ln t¡so of hie tlhroe reconetltuted

flours. In 195Lr Penee et a1 (Ze) founA that $ater-solubIe con-

ponents fron flou¡rs ntth n1dely dlfferent baklng characterLstlcs

were troqulred for netdrmrû perfonnanee of flou¡rs reconstltuted

fron eLJ. glutens¡ except tlhe ona fron dun¡¡r *eet. A cnrde albr¡m1n

fl¡ t;::lrl:;:
ir i: : rr.ì4.ì;ìl
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conponent lsolatsd fror¡ ths ¡seter-solubles produced a posltlve

volr¡ne responss, end reduced the nå:rlng tÍmen rn L96z peace (26)

concluded thet albr¡n1n protelns srÈ fmpllcoted 1n the baÌrlng per-

foru¿nce of the fIour. Furtåemore¡ he suggested tj¡at dtffercneea

1n soluble constltuents nlgbt aecount for tlhe variatlons 5"n baking

quallty of different flours.

Recently¡ Hoseney et gI (Z?) reported that the weter-soluble

fractlon of the flour r¡as not lr¡volved"'ln bnead¡n¿klng quallty

dlfferences anong varletles, altÀougb lt r¡as requhed to produee a

nornal Loaf of bread^. rt vas found thet tåe water-solublss eon-

trlbutod to gas productlon ard affected tbe physlcal propertlos

of tihe dough. Borrcvero the ¿lbuntns and globuLlns ¡þr€ not Ln-

volvod ln the brea.l-+!d.ng qualLty slnce removal of theso protelno

fron tlhE water-solubls frectlon dld not deereese tÀe roaf volune

of the bread beked fronr reeonstf.tuted floure. on tbe basLs of

their reconstltutlon studies¡ Hoseney et eL (2?) suggested tbat

eoluble pentosans and glyeorrplds ¡¡ere the r*ater-solubLe eonsti-

t¡ents thet ¡¡ere essent¡lal for beklng performence.

ThEre have been num€rous studles of tbe physleoehenr.cal pro-

pertles of the soluble proteins of ¡¡heet" IesE er¡d Franee (28)

roported ln 1$¡3 thet a ¡veter extreet fron th¡ee flor¡rs of dlfferent

breednsklng quallty gave sfur1lar patterns lu movlng boundary oleotro-

phoresls. rn 1953, Penee and Elder (23) separated the albumlns by

paper electrophoresls lnto at leest slx lndlvldua} conpsnerrts of

sJnllar noleculer size. Tfre alb,,nlns sÉ¡re charecterS.øed, by e
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hlgher tr¡ptophan eontent¡ but a loser ap'rde nl.trogen eontEnt uren

tbe other r¡heat protelns. The albuulns had sn êpparont noLoculei

mlght of about 281000 1n dllute salt solutf.on, but in the pre-

senee of urea or sodlr¡n salleylato the molecuLar neight deereaeed

to ebout 201000. A zubsequent study by penee (29) uarcatæd tt¡at

es ¡fl¿ny es el-oven ¡Eater-soluble protein couponcnts couLd be detectsd

by paper ereetrophoresis" the appro:dmete lsoolectrfc pornts of

tbe eleven lndlvldual components verlEd fron 4,J to 8,?. zn L95t+

Pence et aI (30) aenonstrat€d dlstlnet dlfferences betl¡een the corn-

positlons of the albr¡nlns of dun¡¡a and comnon wheet flours. These

d,lfferenees Ln corrponent dlstrlbutlon appeared to ba unaffectæd by

dlfferenees ln gnowth Loeatlon end erop ¡reapr

rnB99+ Pence et el (a+) ¿etermtned the solubre protein eon-

tønt of 32 fl-ours of rd.dely dlfferent t¡rpe end balcing querlty. lbo

üotal solubLE protein contents verl.ed in the range, fron lJ to 24
of the totsl flour proteln. Tbe emounts of elbunLns rrêra generally

sughtly higher than ttre globurins. Both trhe erbunin and globulln

contents, as well as {:be retlo of tho tro, varied sfgntrlcently

Lnong tlhe flours.

l{ore recently, EoLne (31) separató¿ tt¡e albr¡nln fractlon fron

cake flour lnto et least flve conpononts by, novlng boundary elsctro-

phoresis. Erton and Ew¿rt (32) exa¡¡ined tha albumlns and globulins

fro¡u I rheat var:letles by starch-ger e]ectrophoresls. No slgni-

flcent difforences were obse¡sed ln thelr e:Lectrophoretl.c pattørrrs.

Ifoyehlk et g¿ (re¡ separated tåe water-soluble protefns into ¿t



least $ eonponerrts on etarch gel- f"n the presence of üÌê8¡ leter¡

Elton end E¡rert (33) lmproved tåe resoluti.on of thelr starch-ge1

electrophoresis technique and reported sone ninor dlfferences in

the electrophoretle patterns of t't¡e r¡ater-soluble protelns fron

severel ¡ùeat varletles. In 1963 Nlmro gt gL (/t) rustng poJ.¡racr'5r-

lenlde-gel eleetrophoreslsrfound et leest $ protein cornponents f.n

a sater extract of breed wheet fLour.

Sllano et al (35) useA diec electrophoresls to anaL¡rze the

albunin and globnrlin fractlons of severel varletles of !. aestlvw and

I, 5@. Fourteen albumLn erd 15 globulln bErds rverE obserryed"

Verletel dtffersnees !{ere found,n parèlcularLy ln the fest novlng

elbr¡nLn bards.

Recentlyn Fe1llet ard Nl¡¿øro (36) lsoleted ard charecterLzed

t¡Eo albu¡d.ns (134 and 138) fron bread flour. Album-tn 138 had a

relatlvely blgh vallne eontent, ênd no hlstidlne or phenylalanlne

rvhlle albunln lJA contained all the eonmon a¡nlno ¿elds and hed e

relatlvely hlgb content of alanlne. No free sulfh¡rtìry1 groups

rlore found ln elther proteln. MolEcul'ar relghts of albwnln 13Â

and albn¡nln I3B rere 2llr800 er¡d L3¡g|Orrespectlveþrdetermined

fro¡n sedlnentet1on-equlllbrlun d^atg"

Rølat1ve1y llttle 1s lcnown about the selt-solubLe protelns

(glotn¡Uns) of ntreat flour. So fere no fu¡etlona} role has been

attrlbnrted. to tlhese protelnsj although Penee (26) suggested t,}.at

they nay bo lnvolwd.ì1n breadnatclng porforrranee. Psnee (26) was

unsueeessful 1n h1s ettempts to reeonstltutø flour frcnn rlhLeh

globultns had been renoved. It nas not possíèla to ascertaln

.i:,:i:.:
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wbetber 1t wes the deletLon of tåe globuLlns thet produeed the

observed detrl-nentel effeet or wbettrer ttre salt used. ln tl¡e extrae-

tLon of the globullns daüeged ttre proteln systen of the flour.

In 1949 Denlelson (3?) obsenrEd tno dlstinct g1obu1lns, ge¡',í¡a

ad. alphar ln saLt solutlon extrectE of flour by means of t*¡e an¿-

lytical ultracentrlfuge. Aecor.dln¡g to this lnvestf.gator¡ gernne

globulln has a nolecular weight of about 21OrO0O. lhree dtfferent

globulLn components wÉ)re found by Pence and ELder (23) tn pre-

paratf-ons fron flour end defattod wtreat gerrr. ltrese globtrllns were

ebaracterized by relatlvely low tr"¡ptophan erd anlde nftrogen eon-

tents¡ and a relatlvely hlgh arglnlno eont¡nt when compared with

tt¡e total fLour proteln. lotal globulln content of rEbeats of

dtfferent t¡posranged fro¡a 5 lo LLfi of the totel flour protøln.

ELton ad. E¡¡ert (3e) Aetpcted tno globuLln bEnds ¡¡hlch nlgrated,

nost rapldþ 1n starch-Bêl eleetrophoresls of dl.alyzed salt ex-

traets of flour. Recently¡ Flsher g9 al (38) ldentlfled the fast-

morring globulln doublert fou¡d þ Elton and Ebart (3e) es purotblonlno

4. Glu&¡n oÌ_Inso1ub1e-'Proteins

Ffnney denonstreted 1n Lgt/+ (2Ð ttrat sheat gluten ls the

fraetlon of flour tÌ¡at ls prlrnarlly reeponslble fon lte breadnraklng

quaLlty. Slnce t'het tirne¡ når\f attenpts heve been ¡nade to detect

dLfferEnees tn tåe gluten frectlon t'l¡at eould be releted to

differonces ln baklng quall.ty of tÀe fLour fron nblch the gluten

wee obtained. lbe separatton ard eherectorløetfon of the gluten



LI
protelns has b,een harnpered by tåe l¿ek of sultable solvents capeble

of solubLllø1ng all the protelns conprislng gluten. A naJor ed-

venee nae nade tn L95g when Jones et al (15) dfscovered. tåat alunlnr¡¡¡

l¿etete br¡ffer of pE3.L eould be used in electrophoresi.s to separate

gluten protolne.

Gluten ts nomålþ preparad by nashtng dough ln e st¡ea:n of

¡rater or e dllute selt solutlon untlL tàe starch and solubles a¡.e

remeved. crtrde gluten contelns about 85dp protÆ/tn, 8,fr Lhptd, 6S

etarch, arñ.O,?ft esh, (39). The proteln conponent of gluten ls

nalnly glladtn and glutenln present ln approxinetely equel E¡nounts.

Ttre unlque elastlc and eohesive prope¡t1es of doughs are

usuall¡r assocíated rith analogous propertles of the glutenln frec-

tlon (15). the glutenln group appeers to b€ e nl.xturE of a nu¡nber

of nolecular species ¡ùich contaln a ¡rLde rang€ of, molecular slzee

rrltb the moleculer nelght ranglng fron JO'OOO to over 2 nlIlion
(40). Reduetlon of tÀe glutenln dlsuLflde groups decreaseg lts
noleculer welght to approxlmately 201000 (41).

rn starch-gel eleetrophoresls¡ glutenln does not nf.grete lnto

the gel due to lts large size (t6), al-t"Ìrough, upon reduetlon lt
can be separated lnto approd-nateþ Z0'conponents (42). Senen of

the eorponents of redueed glutenln migrated et ttre s¿ne rate as

eomponent ced glladln suggestlng tbat tåe glladlns nlght

be llnkEd by S-S bonds to forn glutenln. Elton end E\¡art, (43)

reduced the glutenin from four trheets and separated tbe conponents

on starch geI. lbe eleetrophoretic patteras sho¡sed trhet tlrere ¡¡sr€
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varletal dlfferences eü¡ong ttro reduced glutenf.ns. IluEbnor gÈ el
(¿14) conpared tbe glutenins lsol,eted froun flve dlff,erent classes

of rheat. El.ectrophoretic patterns of tl¡e rEdueed-ellrylated glu-

tenlns shorYed slgnlflcant dlfferenees emoÐg varletles of thE sane

elasa¡ but the greetast dlfferences Hsre among dlfferent claEses of

rùeet. Reduced.-elþIated glutenln fron dun¡n uheet cont¡j.ned fe¡¡

or none of tlre elo¡r novlng conpononts presont in the bread s¡hoet

glutenlns thet wcre exenlnad,.

Gltadf.nr tbe eleohol-soruble protelns of t¿heat foms an inte-
gral part of gluten and plays en fuçortant role ln doterr¡ining the

breadneking potentletlttes of flour (|il. ft ts htghly heterogeneotrs,

the ectual number of rèvee:Lod conponente depends on the analyüical

toehniquo used for thelr sopenatÍon" Its everege molecular welght

by sodinentetlon-di.ffusl.on rms fsund to be about ¿+5roo0 (&6) end

lts leoolectrlc polnt et a pH of about 6.5. Gltadin group of pro-

toÍns ls cheraeterized. by extrenely hlgh glutanlne and proline eon-

tents (t+?), It has e ¡nuch lo¡¿er lntrlnsÍe vlscos5.ty then the glute-
, nlns probably bgcause of 1ts smel.ler sÍøo erxl e nor€ cornpect gro-

bular cor¡fo¡matlon (¿ß). There 1s considereble evldence fron

studles of rEd,ucEd glfadln that lts dLsulfLde bonds are Lntrano1e-

culer (t+9).

Schwert g! el (10) fourd no dlfferenees 1n ths olectrophoretie

pattornsd glladlns frora a varlety of flour propared by e nunber of

dlfforent retåods" I¿r¡s ard, France (ZB) reported that no signi-
ftcant dlfferences eould. be detÐct€d by movlng boundar¡r eleetro-

' .i''.;:::
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phoresls of uheet gluten protoLna lneludlng glladlne dcrlved frorn

dlfferent wùreets. Ín L954 t'1111s (50) reported that at lEast four

proteln conponents reer.e prescnt ln the glledtn gf,oupr

Jor¡os et aI (15) usea alrr¡ninum läetete buffor solutlon Ln

conJunctlon r¡Ith norrlng boundary olectrophoreeie to separate glutan

protelns lnto four naJor end one nl.nor conponents. Further exeni-

natlon of tl¡e eleetroph€rogrens fro¡n four breed ùeats (two ntth

good and t¡ro r¡ltb poon beklng qualltles) shorsod the sere protsin

conposltlon. Holrevero glutens fro¡n tr¡o dun¡m roheats, oxanlned

slrrllarþ, shoned quite dtfferont eleetroph€rogrema.

In 1961 Cluskey et eI (51) s.parated by novlng boundar¡r elec-

trophoresls proteln eonponents of gluten ard r¡ater solubles fron

ha¡d ar¡d soft ùeat fLoursn 0n the basls of clectrophoretic nobl-

llty they deslgnated the gluten protelns i.nto flve components iden-

t1f,1od by Greek letters a1pha, beta, genna, onege, end detten tard

nheet fLours oontained nore alphaf genne, and ouoga components but

the sems anounts of bete and. ganna, the fasÈ novlng components.

Ttrey nere able to dlstlngutsh between hard. ar¡d soft bread dheets

on tÌ¡e besls of prote!.n coarposltlon, although the dfferenccs sÉrr€

snali.

Itoychlk et el (16) rcsolvod gluten protelns lnto nlne dletlnct

conponents by starch-geI oS,ectrophoroEis ln the presence of uree.

Eight of trhe nlne conponents were attrlbulied to the guadln groupo

rn ]:962 ELton end Eçrart (32) reported elgirtflcant dlfferences 1n

i:::,
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the etereh-gel eloctrophoresls patterns for gluten protelns of

different bread nheets. They attnlbuted theso to reel dlfferenccs

ln the protetns. Ît ¡¡as suggøsted tået the obsewed dlfferenees

nlght bE Euffielent to aceount for tåe dffferencee i.n breadnalrlng

quallty of the rd¡eats oxemlned. I¿ton the sare euthors (33) stro¡sea

tbat both qual,ltative ard quantltetive dlffereneeg exlsted between

sterch-ge1 the patterns or ttre glladi.ns fron eeveral ¡ùeet varle-

Lse and Îtrrlg1ey (5) conpared t'be gluten protef.ns of oight

co¡snerclaL whoet varletles end four tctraplold wt¡eets by 1on-oxchange

eoh¡mn chromatograpby and by poþaerylanlde-gel electropho¡"esis. DÐ-

flnlto dlfferences ln protef.n proflles for the comprcfal r&eats

and tetreplotd dheets obsewsd. Honevero lt ¡ras not possible

to relate a tpe of ehronetographlc pattern to baklng quaLLty of tåe

eight comerciel ¡¿heat etudl.ed.

In 31963, Graham (52) ustng en lnproved apparatus and. proeedure

for stqrch-gel electrophoresls¡ shor¡ed. tþsf s{n{lar proteln con-

ponents wers extraeted r¡ltå wtdeþ dlfforent eolvonts. Sf¡*l¿r

petterns wera obtained for protelns from s1¡nlLar genot¡rpes r¡h1le

dtfferent genot¡pes shor¡ed narked dlfferences Ln tlbe slo¡r noving

or gl:ladln components. Uslng thE sane teehnlque, Coulson and

Sf^ru (3) exenlned the proteins fron J4 dtfferent verletles o.f !.
aestlu¡m. MaJor differenees ln proteln pettorns were found ln

tbe glledln protelns nhlle the patterns for ttre fest movlng alblnln

and globul1n eoruponents rtero slnlLer for aLI verletles exanlned.
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Furtlhemrore, there ¡tas no obvloue correletion between the protelns

patterns and tåe physical or baklng-quallty cherecterlstles of t}e
flour.

I,oe and Ronald (53) stualed the effect of envlronnent on

wtreat glledln ln four !. eestùn¡e varletlos groÌrn ln Austrella under

a ¡rlde range of grorJ.ng condåtlons. Varletal dlfferences ln the

dlstrlbrutlon of gliadtn conponents trerg found to bE nuch norc slg-

nlfleent that tbe differsncøs that could bo ettributed to €nviron-

nental fectors.

More reeently Euebner gþ ef (54) corapared tfie conposÍtLons

of the glladin group of protelns fnom a nu¡rber of ve¡lotles of

conmon, dunnr, end club wheats by colunn ehroraatography and by

starch-geL slectrophoresi.s. Greatest dlfferances wers obse¡sed,

for verletles representlng different classes r¡hlLe dlfferenceg

anong verlctles of the seme class lrere sma11.

Using stareh-gel electrophoresis, Doekes (4) classlfled.

80 v¿rletles end seLectlÐd llnes of r+treat lnto 5 naln groups

bevlng slnllar electropberogre¡ls. Group I conprlsed soft ¡rtnter

sheats rlth poor bakl'g gualtty útle group V included her.tl red

¡¡heat, varletles of relatlve\y good breadn¿td.ng quallty. Furtber-

ßotê¡ gr€up I verletles shor¡ed a compact g}ladln pattern rùtle

group V dlspLayed a gl!.adln pattenr. 1n rihi.ch tzhe eomponents shoued

e broed rs,ng€ of nobllltles. Groups rI, III end IV lneluded

'-.:

..-_.: .
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verletles ¡d,tt¡ dlverse orlglns¡ and conslderable varletLon ln
baklng quallty. thelr gLladln patterns ¡sere lntemediet¡ between

tåose of group I and V.

5" Anino Acid ComaosLtlon

Recent development of htghly efficlent arrd rapld anal¡Êicel

technlques for deterulr¡atlon of a,nino acid conposltlon of protelns

bas prroduced Eccurate e¡n{no acid aaalyses of nheat prototns. aL-

tlhough, tJrÊæ date herp been extrenely useful ln reletLon to nutri-
tlonel quallty of r¿?¡eet protelns¡ they are ðf,'1Lrrr{ted'vaLue f¡r-re-

latlon to tho breed¡netd.ng quartty of uheat varletLes (z). Á¡nlno

aef.d cornposttíons for a wlde verlety of råEats that dlffer nldely

ln beklng quallty were found to be essentlally ü¡e eane (jil,

Gluts,nlne ts the pre.'domlnant a¡rlno eeld present ån wheat pro-

teins¡ and prollne 1s elso present 1n relatlvoly hlgh anounts (j6).
Togettrer ttrey nake up approxfmablv 5ú of the eplno aer.ds ln
gluten protelne (5Ð, fsoleuclne¡ leuc!.ne¡ pherryrJ.alanine¡ senlne,

tJtoel.rp and vellne contents erE reletiveþ hrgh in gl.uten eompared

to otåer protelns (sil, the soluble protelns generally eontaln

nore cystLner trJptophant baslc a¡nlno aclds end glutamlc ecid tåan

the gluten proteins (5?). The elbumlns contaln rcore eystlno and

cystelrc tJren the gIobullns or gluten protelns.

G1uta¡¡le aeld and proline contents have been sho¡m to increase,

nhlIe lyElne terds to decreese as tåe protæin content of ¡¡heet 1n-

erseses (5il. r¿wrence et al (58) fou¡r¿ that lysl.ne lncrEesed
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slgnlfleantly as tbe protein contsnt decreased balow 1:3, 5fi. How-

ev€rr for r*reate with nore than L3. 5fi protein, there lrea no slgni-

ftcant cone}etlon bet¡¡een lyslne and protei.n eontents.

In 1961 ttoyehlk el, el (59) det€rmlned the anlno aeld eompo-

sltlons of sl-x proteln conponents lso1etød fron ¡ùeat gluten.

lrlhlle tåelr corposltions were s{nll¿rr signlff.cant dlfferenees were

obsernred lrhlctr tnd.leate tåe lndlv1duaL1ty of these protelns.

E\¡rart (60) conpered the anlno ecld conpoeltlons of the glu.

tsnlns and glladins from two strong and t¡ro weak ¡ùeets. Tbe conpo-

sltl.ons of the glutenins s€ro sl¡nlIar to those of the glf.adlns.

there r¡ere nlnor dlfferences in ths anounts of sone amlno eclds.

No slgnlficant dL:fforencee ln eonpositlon rßre obsen¡od for varietles

of the senÊ claes or for strong and nEek whaats.

Recent\r, Tkachuk (56) date¡:ntned arni.no ecid eonposltlon of

slx flours rñleh dlfferod wideþ 1n tåelr brsedr¡eklng qualtty. Íte

conposltlons for tåe elx flours were essantlally the same.

In rseont Jrears, a large rnrmbEr of reports have appeered ln tbs

lltereture of attænpte to relate olectrophoretlc or ehronetographle

patterns fon the prototns to genotd.c rEletlonshlps s¡nong rùeats

and nel¿ted graln spee5.e6. For oxemple, Johnson and Eall (6I) used

pol¡racryJ.anlde-gel electrophoresls to obtaln evldanee of the genetie



r8

orlgin of bread srbeet. The eleetrophoretlc petterns for extraets

fron !. noEogog-çulrn !" dlqqpgun¡ er¡d !" eeqb:!.mm sho¡¡ed that t*re

A and B genones contrlbuted dlfferent proteins. Soune evoLutlonary

divorgence hed epparently oceurred tn the A genomo of !. dl.coccun

sl"neo the protelns of thls spocles were only pentieLry houroLogous

¡rlth those of !. SSgggS,
Halt g! eI (62) exanined the genone reletlonshlpe in the

lTltlgþae ln te¡ms of protein honology besed on erectrophoretlc

patterns' Dlfferent degrees of honology wer€ f,ound for the a, B,

ar¡d D genones. T'nL967, Johnson et eL (63) conpared tho dlsc erec-

trophoretlc petterns for proteln extrects from 26 hexeploid end d+

tetraplold ¡*heats. Honology ¡ras obsenrEd for nlne albunin bands

1n the two groups of wheat exanined" Three additional- albumj.n

bends 1n t,l.e hexepl.olds sêre ettrlbuted to ths D genone. rn addl-

tlon¡ dlffereneos Ln the patterrrs for tbe slor noving protefn

bends of the glladln group ¡rsre found. enong (üre têtreptold speeies,

er¡d eLso enong the hexaploLd subspectes studied) varietles ¡rtthin

eacb group.

The ldentlflcetlon of wheet chromosomes l¡rvolved fn tt¡e eon-

,trol of breedmaklng qual-lty hes been hanpered by the polyprold.

nature of ¡rheat. Accordlngþ, aneuplold and substltutlon LLnes

have been used to dEtornlne the chronosomôs whlch control fLour

propertles that are lmportant ln baking quality. a nrrmber of

chromosomes, nostly of the B and D gononesr bave been reported to
'be-: lnvolved ln tåe genet!-c control of breadnakfu:g quality (&+-66).
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t{elsh and HEbn (&) examlned the quaHty of t}re conplets set

. of nonosonlc llnes of the herd red wlnter wtreatrKhaxkof rÊz?. They

obse¡ryed thet chromosone LD resultod fn a drastfc reduetlon of tho

dougbball fermsntetj.on tine (PeLshenke Test) and an extrene rreakenlng

of the farfnograph curve.

Morrls et el (65) att¿ schnldt et g1 (66) studled chronosone

substltutlon lLnes of the bard red wlntsr rrarJ.ety Cho¡renne lnto the

varlety chlnese sprlng. ltLxograph ed bako tests lndleet,ed ttrat

chronosomes 18, 4F , 7g and 5D uere prfinarrly responsibre for the

hlgh balclng quaLlty of cheyenne. Recentry¡ flelsh et el (6?) exam{nea

the ¡rtlLlng ard. belclng quaritfes of the comprete sets of substltu-

tlon rlnes of three hard red sprlng whoat varLetles, Thatehor,

Hope and llmstein wit'h Chlnese Sprlng es ttre eonmon baekgrourd. varlety.

Only chromosome 2A of theteher produced e marked ehange in the baklng

propertÍ.es of the flour fro¡r the becþround varJ-oty. on the other

hand, Lr Hope and 16 linsteln ehronosomes produced noteblø ehange,

Cbronosome 28 of Eope and chronosonas JB ard 6g of Îl¡nstein had the

greetest effecte. on the besie of currEnt stets of lmowLedge, 1t

eppsers thet the g€nes for breed¡natçlng quality ere loca,ted on a

number of dtfferent ehromosoneso

there have been a nulrber of reponts on the effects of addl-

tlone or rgmoyals of genoass, end of spoelfle chronosones on the

protolns of bread, wheats and rELated specLesn Ín ]196?, Bo¡d end

lee (68) reported slnller pattenrs mre obtalned by starch-gol

electrophoresls for protoLn sxtraets frou¡ singlo seods of üre

ì:-



:i:f-------

hoxaplold ¡rheet Centhetch end lts cxtracted ÂABB totraplold, fetre-

cantåatch. In a subsequent paper, Boyd and Wrlgley (69) reported

that the A.ABB letrecenthatch lecked at least 4 proteln bands pre-

sent tn lts hexaploid parent. It r¡es i.ndieatød ttrat ln the earller

etudy, furo aanples of the hexep}oid parent varlety lnsteed of the

tstraplold. and the hexeplold were ex¿n1ned due to a lebEl11ng €?r€ro

ft appears, tberefore¡ that renoval of tåe D genone from the herl:l

red sprlng ¡Eheet varlety Centhatch decrseses tho nr¡nber of proteln

components.

In a study of the approprlate dltelocentrLc aneuplold llnss

of Ghlnese Sprlng¡ Bo¡nl and lee (68) sbowed that renroval of the }D

chronosone reeulted 1n a loss of t¡ro slo¡r morlr¡g protcln bands Ln

stereh-gel clectrophoresls pattarns. I{tth the sane tøchnique

Sheptrerd (?O) examfned the end.osperm protelns of corponsattng

rmlllsonlc-tetrasoníc l1nes of Chinese Sprlng arrl found that nulI1

lD-tetra lA and nulll lD-tetra 18 lecked tno s{ñ{Iar eLow novlng

bends. ThesE results agreed wltb the provlous suggestlon of Bo¡nl

and lpe (68) ttrat the genes for the t¡ro rnlsslng protelns are on

ehronoso¡ne 10. 0f the 39 nulllsontc-tøtrasonl.e lines of Chl-neee

Sprlng studted by Shepherd (?O), 9'of ttrerl?::naJor:þrotein:band of

Chlnese Sprlng $Ðre eceounted for by the removel of lndlvlduEl

ehronosomes. Presunabþ ttre s¡mthesú.s of ttrE re¡nalning elght

conponents 1s controLled by dtploid or trlploid fectors on mor€

then one ehronosone palr,

Further evidence of the i-nportence of the D genone, erd spc-

clfteelþ the LD ehronosoner of hex¿plotd brEed rùreats to bnead-

t..'. -: ,
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neklng quaHÈy wes reported by Ke].ùalkcs et aI (6). For thls study,

the AABB tetraploid. conponents were oxtraoted frora three herd red

sprlr,rg nhaat verletles, Preluda¡ Reseuee and thatcher. the breed-

naking qualltles of the extraeted tetreplold of Rcseue end thatcher

¡Eore reletively poorr and not too unlLke that of norr¡al durun wheats.

0n the other hand¡ tetrap3"old PrElude shoned nuch superlor bread-

naklng quallty than the other t¡ro extrected tetreplolds, ard ¡ras

conparable ln quallty to the thres hexapLold parent varletles. Thi.s

hlgher qualtty of letraprelude wee ettrlbuted to trso fectors¡ 1)

a somewhat higher protoln contentt and 2) e trensloeation tnvolvf.ng

tlhe Long e¡m of ehromogome 1D, to a chronosone of elther the A or

tho B genone.

Rseent studles of Kerber and Î1pplee (?1) provlde furth¡er evl-

denos of tbo Smportance of the D genone ln controLLlng the bakLng

quallty of brcad wtrsats. Results of thls study Hsrs slmllar to

those of Kaltslkes ot sl (6)" Extraeted A.ABB tatrapLold of

tenthetæh hed oxtronely poor baklng qualtty eonpared ¡rith the hexa-

plotd Centhatch. FivE sy'nthetle hexaplolds producod by eonblnlng

tt¡e extracted A.ABB tetreplold of Centhatah ¡rtth d.lfferent varletles

'of þ. squarrosa r*hleh supplied tÀe D g€noþe $ere superlor 1n

baklng qualttles ttren tlre extractod totraplold but st1ll considerabJ.y

lnferlor to Canthetch.

7. Protefns_o:f_lLlLen Gsno+e Co¡ilblnatío¡rs

Tong end Unrau (72) useA sterch-gsl eleetrophoresls to conparo

the protelns of hexaplold .Â.ABBRR Tritlcale (dun¡¡s r¡heet x rye) ard
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lts parental speeJ-es. thesE eutJrors reported that tl¡e synthetlc

hybrld hed four "nsw' protelns not prosent 1n the par"ants, ït ¡sas

postulated that tho "n6Ìr" protelns roeulted fron an interaetion be-

tr¡een tho el1sn parental g€nones. Barber et al (?3) eonpersd the

estêrases of one llne of Trltlcele and lts tluo parents, erd found

one "norr" esterase bend Ln tJre syntbetlc anphlpLoíd.

The protelns of the sene streln of Trltieals and lts parents

es used by Tong and Unreu (?2) ¡¡er.o recently re-exaulned by Chen

and Bushuk (?4) uslng a nor€ el¿borate separatton ard electro-

pboretic teehnlque. No "nery" protef.ns rlere detected" Chen end

Bushuk (74) concluded. thet tt¡e protslns ln tÌ¡e Trlttcalg studled

were dlrectþ lnherl-ted fron lts parantal s¡reoles. Stn¡{len results

rvare obtained by Johnson and. HaII (61) nho exanlnsd the protolns

of en octapLold.AABBDDRR lritleElo and lts two parental specles,

E. gg!$4 (A.ABBDD) and [. cereele (nn). The polyaerl¡lantde-gel

electropboresls pattern for the TrC.ticele nas essentlally the

sene as the pattern for a nlxture of extracts fron the parent spe-

cles durun r¡heat and r¡re. the dlscrepancy betrEeen tho results of

Tong and llnrau (?'2) ana Barber et e1 (?ù on the other hand, and

those of Johnson ar¡d Hall. (61) and Chen ard Bushuk (?4) on the

other rcnalns to be elErlfled.

l'j'¡l'
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rÏT MAÎERIAIS*--

three eonnon bread ¡rheat varietlos Prelude, Rescue and Thatcher,

theLr extracted AÂFþ tef¡splol-ds Tetraprelude, Tetrarescue, and

Tetrathatchør, end e dunrn varf.ety, ste¡sert 6J, r+ere used in thie
lnvestlgation. Ttre tetraplolds røer.e produeod by Kaltslkes (25)

uslng tÌ¡e back-crossing technique devoloped by Kerber (?6), Genetlc

er'-tractlon of the tetrapJ.oids fron hexaplold wheats ¡,as eccompllshed

as follo¡rs. The ver'Í-ety Prerude rrllL be used to iLlustrate tlhe

technlque. Flrst e cross r¡as nade betrueen the connon ¡ùeat varlety

Prelude and t*re dunrn ¡¡hEet varlety ste¡Eart 63o Ttre rssultfng pen-

taploid wes baekcrossed sevoraL tlnes to Prelude, whleb aftær selflng

gav6 a totraploid r¡treat ¡rlth ttre .âa and BB genones derived fro¡r

Prelude. the seven reheats used 1n ttris part of the study were

grorm togother i.n L96?.

the meterl-als used ln the secord part of t"hls study, were the

disonlc parent ard the aneuplold lLnes nr¡lli lÐ-tetra rå ad nulll
lÐ-tetra 18, of tlre comron ¡uheat variety chlnese sprf.ng¡ a synthetlc

å,ABBDD hexaplold wbeet[. dunrn (funffto x 49. uoo*rro"un ar¡:t flve
speefes of þ" souarrose¡ one of the d1pLo1d progenÍtors of co¡mon

¡ùeet. the seeds of chinsse sprlrrg and its aneuplolds !{ere pro-

vlded by Dr. FeLdnan of tl¡e Plant selence Departrrent, ünlversf.ty of

HanLtobar nhl1e the þ. -sc¡uaErose seeds and tlhe s¡mttretlc hexapLold

rære pert of the Univers!.ty of l.I¿nltob¿ collectlon. slneo thero

rras not sufflclent n¡terlal of thls group of sarrçles to mllt fnto

fJ.our, their protelns wEre extrected from slngle seeds.

t-.
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rv lfETHgps

L. Preparatlon of the Eiour

the wb,eat (eoo g. ) ¡¡as ternpered to L5,-sdF u¡olsture and nilled
lnto flour on I Buhler expor{.rnente} nLIl. The flour weg stored at

4oc ln eeeled cont¿Lners.

2. Extraetlon of the Proteins from Flour .!íl

Flour protelns of tÌ¡e extrected totraplolds and thelr hexe-

plold. counterparts ¡c€re fractLoneted by the clesslcel technLquc

of Osborne (8). By thls procedure fivo broed fractions ane obteinedl

1) reter-soluble protelns or albu¡rlnst 2) selt-soluble protelns or

globulinsl 3) alcohoL-solub1e protelns or glladÍns¡ 4) eeetlc aeid-

solubls protolns or gluteninEt erxl 5) tbe insotuble-residue proteins.

the frectlonation procedurc'is sunnerlaed ln Flg. J..

ArI ertreetlone r¡ere ln dupltcete end were mede ln e cold room

slbllfty of denatu-

ratlon. the flou¡-solvent slum5r r¡ee eontinuous3.y stirred J.n 250 ul.
centrlfuge bottles ¡rlth a nagnetlc stlrrer throughout the extrection

perlod. .Àt tl¡s erd of each extractLon pertod., tbe ¡nl¡<tur€ rrês ce¡-

trifnged at Jr000 rpn. (t86oxg.) for l0 nirmtes" The supernetent

ïes r€moved end the ¡tesldue was e:rtrected. es ebove Flt*¡ the eubse-

quont extractlon solvent.

?. I{ater-ar.rd Sa.1t:.So1ub1e Protefns

trnltlelly, 10g. (dry waight basls) of flour ¡ras extract€d

wltå ?0 al. sf 0.51{ sodlun chlorLde (sa1t) solution for Z hours,

! ii:tl
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follorEed by a second ertractlon wlth ¿'0 ml. of 0.f4 salt solution

for I hour, and e thfud extractlon ¡slth I+0 nLo of wete¡ for L hour

to rsnove tho rosldual salt. the tl¡ree strpernatents ¡úera eonbLned

and dlalysed egaf.nst t+ Llters of dlstlaled ¡retor for Ir8 hours.

Four chenges of fresh dlstll.led water çrare usod ln tåe dlalysls.

After d1a1ys1s3 the suspenslon wee eentrffuged for 30 ninutes to

separate the preeipltatåd eelt-soluble protelns" The preclpltet€

r¡as r¡ashed severel tines ¡rltl¡ rsEton, and recentrlfuged. Ttro super-

ngtants obt¿lned fron ell tåe centrtfugations E€ro conblned. Thls

eontained ths rveter-soIubles wbteh ¡rlLL ba dcslgnated as ttre ¡uetpr-

sorubLe freetion" The renaLnlng precipitato wlll be referrEd to

as tåe salt-eoluble fraetlon.

4. E:.ür"ctlotr of 41cohol-md Acetfe Acld:solubre Erotelng

the resldue obteir¡ed fron the saLt solutlon and watær e:rLrec-

tions describod ebove ras extracted for 2 hours Ìr1th ?0ø ethanol

soluttonr follo¡ued by e ,socord I hour e:rtraetlon wlth 40 n].. of

the sane ethenol solutlono the zupernatants obteinod, wero trans-

ferrgd lnto a ?Jo m!, round botton fleek. Thø eLcohol ¡res renoved

fron the supernatants under reduced pressuÌo on a rotarTr evaporatoro

ThÍs fractlon w111 be deslgnated eg the al-cohoL-soluble fraetlon.

The reslduo renalnlng efter t*he etåanol extraetion çres ex-

tracted for 2 hours rdth 70 nl. of 0"05N acetie aeld solutlon

folLor¡ed by a seeor¡d extraction for I hour ¡rith ¿+0 nl. of o.o5N

aeetle aeld solution. The two supernetants ¡yere comblned to glve

tlho ecetlc acld-soluble fraetion. the renalnlng naterlal ¡rlLI be

t. j.
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referred to es tåe lnsolubLe-resfdue fractlonn

arl fLva freetlons obt¿1ned raero trensferred into rvelghed

trays and frczen. The senples w€FÐ lyophllized, end tlhe wefghta of
tlhe drled ns,terl¿ls were determlned for caleulation of ttre yleLd of
verlous freetLons. the drled fraetions were transferred lnto plas-

tlc elr-tlght bottles and stored in e destccator at -Z0oC.

5, Detqrmfnation olPåoteln Contant

Proteln contents (u x ,.2) of the flour and the varlous solu-

b1llty fractLons ¡¡ere deternrined uslng f.t¡e stendard, neero Kjeldah1.

end niero Kjeldahl proeeduras respectl"vely.

starch-geL eleetrophoresf.s r¡as cerrled out in the presenee of

2M u¡rsa Ln 0.lr¿ elunLnr¡n leetete br¡ffer of pF{ 3.2. Alurulnum Lac-

tate ¡¡as prapared aecorrù1ng to Jones and Cluskey (??), To prepare

tÀe gel¡ 65 g, of h¡ntrolyzed starch (connaught Medleel Researeh

I¿boratorles, Unlverslty of Toronto, Toronto, Cenada) ras sus-

pended ln 550.¡n1. of the buffer-urga solutton. one nl. of Lfi etþl-
nercurlthf.osallcylle actd, sodlun salt (Ihiraerosal) ¡¡as acded to
the ger nÍ:cture to lnaetlvate bete anylase actlvlty durlng el-ectro-

pboresis (?g). 'The mlxture ¡ras heated ln e r¿ater baü¡ wlth nild
contirnrous stirrlng untll the tenperet¡re rEecbed ?j%. vigourous

stlrrlng ¡les avold.ed slnce thj.s produeed 1erge elr bubbles ln tt¡e
slurtXr uhtcb¡ on coollngr geve e non-uhiform gel. lr/hen the tora¡rere-

ture reeched ?5oC" the l1qu1d. ¡eas poured lnto e lZ x 3O x 0.6 en.

plexlgless ger tray. nhe sarrple slots in tbe gel rere cest using

a s!.x-posltl.on slot fomer pl.eeed at one end of üre tray. Tbe

! .i,r: :.,l i;,r¡
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stsrch slurrSr ¡¡ss eLl,oi¡ed to cool fot 2 hours end tlhen storod 1n e

eold roon et l+oC. îor 22 hours. The follo¡rlng dayr the slot forrer
¡ras carefully ltfted fron the gel. Flnalry, the excess ger r*as

renoved from the top of the p3.eta by sl1e1ng rrlth a cutter nade

from a tåtn steinleEs steel ¡rlre.

For the electrophoresls eryerlmentr o,z ¡nl. of a $ proteln

sorutl.on or extreet fron e single seed sas appried to eech sLot

arxt thE slot covered, wlth a glass cover sllp. Durlng tbe experi-

mente tåe eatir" *:1 ¡ras eovered rlth seren !æep to prevent ex-

cesslve drSrlng out.

The horlzontal stareh-gêl amangement ¡¡as used in the enttre

lnvestlgatlon. the gel HÊs connected to tÀe br¡ffer eolutlons ln
the elEctrode boxos by several ebeetE of ì{hat¡nan No. I flrter pap€rn

Eleetrophoresls ¡¡as co¡dueted 1n a cold roon at 4oC. to prevent

bul.ld up of exeessive heat. Each mn ¡*es for six hours at a po-

tentler of 6 volts per cm. .at the coneluslon of +åe eleetrophore-

sf.s¡ the ge1 was carefully renoved fron tl¡e tray and the top 2m.

of tihe ge1 nas sllced of,f ¡rltb the lrlre cutter erd dl.scarrled. The

lo¡rer pert of the gel- r¡as stalned overnigbt ln 200 nr.. of zfi |';rlt-
ehloracetLc sorutlon contalnlng 10 nl. of o,# rrLgtosln so1utlon.

the gel Tres renovod fron the stelnlng solutton, washed lgltå nater¡

and^ photographed.

7. Disc Electrcnhoresls

Dl.sc electrophoresls on poþacryla¡nlde gel was cemled out 1n

nanner slmlLar to thet of Devle (?g). Ihe apperetus used r*as

i. 't
i,ir,
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purches€d fnør Buehler fnstrunent Ine. In thls apparatus, 12 tubes

can be run sl.multeneously. Stock solutl-ons for prcpering ttre gels

¡*crs made up es shown ln lable L.

the lonor ge1 was prepared by nlxlng 0"3 nl. of acryLanidc solu-

tlon, 0.6 nl. of buffer solutlon and 0.3 nL. of eatelyst aolutlon

per tubc. Thle gava eoneentratlon of ?,5fi of aerylanldo, The gcl

mfxture Ìßs eovered wttt¡ a 1ayer of wat€r and photopolynerf.zed fsr

J0 nlnutes. Exeess wator wes dacented,.

tho upper.g€l¡ conprislng'0.1 nl. of buffer so1utlon, 0.05 nl;
of aerylanlde solutlon and 0.05 nI. of cetalyst solutton por tube¡

was photopolymerløed for rJ nlrmtes, Aftor poL¡rnerizatlon¡ the

tubcs rlere placed fnto the upper chenber of the oloctrophor.Esls

apparatus, the protefn solutlon (25 to ja ¡ù at a LS {w/v) Ln ljf|
sucrose solutlon) was thEn added to eech tube. the upper or ttre

anodc chanber contalned 5oo 81. of glyclne-ecgtlc ¿eid buffcr solu-

tlon of pH 4.0 rùrlle the Loner or the eatÌ¡ode chaurber ¡qes fllled
rrrtb 500 nl. of acetle ."1¿-potasslrrn hydroxlde buffer solutlon of

pII ¿+.3. Elcctrophoresls r¡as eerrLed out 1n e wetor cooled appars,-

tus ¡E1th e cunont of 4 n¿. por tubc epplled for epproxlnatoly Z

hoursn Methyl groên rqrs usod as the vÍsuar nnrker. åftor complc-

tlon of the electrophorcslso the gels were renoved frore tùre tubes

e¡¡:l st¿1r¡ed for sevorel hourE tn e,5fi e¡n1do black In ?i acctle

acld solutlon setureted. wrth ursrcurlc chlorlde. tho unsbsorbed

dyc wós renoved fron the geL electrophoretlcally. the gcls were

stored ln snall test-tubos contelnlng fi aeeti.e eclds solution
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Teble L Solutlons for Prcparetfon of Gels for Ðisc Electrophorcsls

Catalyst solution

Amronlun persulfate

Rlboflevtn

[,Iater

Ip¡rer gel Upner eel

60 ng. 60 
"g.

[lrry.. Zry,.

to 100 nl, to 100 ¡nl"

. 53.2 mf,. 3.65 m]-.

0.1+8 ml. 0.2 nl.

to 100 nl. to 100 nl.

Aervlenlde soLu_t:þq

N, N - nothyleno bleacyla'nld.e 0.8 g. 0"g g.

Aerylarnldc 30 g. I0 g.

l{ater to IOO m1. to IOO nl,

Buffor soLutlon

lN potesslun h¡dro:clde soLutlon Zt+ m].'.- 4g nl.
Acetlc acld (gleclal)

Tened*

lfater

*Tenod = Nr Nr Nt, Nt - tetramEthylottryS.enadla¡'ine
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durlng the tine requlred for vlsual conperison errl photographlng.

8. A¡lino Acld Á,nalvees

Á"l1no acld eoraposltions Here det€rnlned for tÀe flours and

the four freeze-drled fraetlons for each varlety or llne of graln

used 1n the fhst part. of ürls study" The anarysos ware nadg on

a Beckuen-spinco ModsL 120 Autonatle anlno ac1d, anelyzer usf.ng the

¡nethod of Spaclcnann et eL (80)" The anount of eeeh an{no acid

wagdetem1nødbycoruparlngtherEcovor.¡roft,bcpartlcu1eranl.no

acid with t.lat of the s¿ne acld uslng a stenderrl amlno acid nlx-
ture.

For prcparatíon of h¡atroryzatos, the quantity of naterLal con-

talnlng 20 ng. of protein lres nixed lrlth 3 nr. of t¡rlce distLlled
6n hydrochlorie eeld in a 12 mn. test tube. The co¡rtpnts of the

test tube r¡erc frozen erd the tubes evacueted. and sealed. H¡airo-

lysls tlne wes 18 hours at Ll0oC. After hydrolysis, tho eontents

of the tcst tube r¡ere frozen e¡td the tube was opened. ThE frozen

hyrtrol¡zates were placcd ln a dosl,eeator contaLnLng solld sodlun

hydro:clde and then evecuated t,o romove the HCl" Flnal-ry, the o¡nlno

cclds r¡er€ dlssolved Ín e knonn amount of cltrete buffer an¡l en

allquot was applied to tlhe 1on-exehange colr¡nn of üro enlno acld

enal¡øer.

Seeds

For the anarysis of proteJ-ns in individual seeds uscd Ln ttre

second part of this study, ürc protein solutlons wsrg prepared by

3L

I r'" r.:

i., ,

I ' .'
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extractlng ground endospem wlth 2M uree or 4M dfinethylformeutde

solutlon 1n 0.lJ,I acetlc aeld. solutlon for 24 hours at 4oC" 1n lJ nI"

eentrlfuge tubes. The sueponslons r¡ere eentrlfugedn arxl proper

aLlquots of the supernetant exe¡nined by st¿rch-gel cr dlsc electro-

pboresls.

10, Redu c_tlsrn_gf _Dl sugld_e_ Bl¡n€ of _ F 1, ggLr Pro tc_in-s

Reductlon of tho dlsurfLda bords was earrled out at roonc ten-

perature uslng $ protetn solutlon Ln 0.11'f phosphate buffer of plt

8.0 contelnlng 6M urEe by troatrnont nrlth 2-nercaptoethanol et e

eoncentretlon approrlnately 100 tlnes the dlsulflde content. after

30 ulnutos¡ the liberatsd sutfhydryl groups were alþlated for 15

nlnutss by addlng a flve-ford execss of ecrylonltr1le. rhe solu-

tl.on cont¿lnlng the redueed alþlated protelns rsas adJusted to pH

l+.0 rrltt¡ aeetlc acld, dlalysed egainst 0.1N acetlc ¡cld for I+8 hours

end then freezed-driedn
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v RESUTTS ANp plsgÞsroN

1" Breadnakþg Quallty

the extracted tetreploíds and their hexaplold parents ueed fn

this study had beon prevlously subJeeted to a large number of tests

to eveluate tbelr baklng qualf.ty by Kaltslkes et el (6). Slnce the

neterlals used 1n the present lnvestigatlon rrere fnon ttre orlglnal

saed etocks ¡rroduced by Keltslkes, 1t ras feLt that the orlgf-nal

qualtty data nlght be of lnter€st to cereaL technologLsts ard pLant

breoders. Aecordlhgly, the date orlglnelly obtalned by Ealtslkcs

et al (6) fs lnclud.od 1n ttrls thesÈs as Apperdtu( f.
the results of Kal.tslkes et al (6) cen be sumrerized as follo¡rs¡

(1) Eech extractsd tetraplotd bad e hlgher proteln contont and,

geve e lower flour yleld tt¡an lts borraploid perønt.

(Z) The dougb nixlng cu¡res for letrereseue ad. TotrathstchEr

were ¡se¿ksr ttran those of thelr eorrespondlng bexaplolds"

letrapreludc had a strongen ni.xJ.ng eurrre then the other

tetrepLolds but lt nes so¡oewÌ¡et r¡eeker than thet for the

hexaplold Prelude.

(3) Tetrerqscue and Tetrathatcher had inferLor breadnaklng

quallty (conslderebly loner loef volr¡ne) than trhelr

hexapLold counterparts. Tetraprolude, on tho other hand,

g&ve a higher loef volr¡nre ttren the other tetrapLo!.ds ard

wes conpareble 1n thls characterlstfe to the bexaplold,

Preluds and. the other hexaptoid sbeets.

i!.:;ì:
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lable 2. Protein ad Moisture Contønts,. and Flour T1elds for tÀs

thr.ee Extrected A.ABB Tetraplold Wheatse thelr AÂBBDD Hoxaplold

Panente end Stswaú 63 (a Durus l,Jheat).

Protoln* lfotsturo Extrectlon

letreprelude L5.9 12,6 63,0

Prelude il+.8 12,,9 80.0

Tetrarescue L6,|t 12,6 5O.O

Regeue tr3.1 13.1 ??,5

let¡atheteher Ll+,s 72.? 5O.O

firatcher Lt+.3 ]l3.2 ?t+.0

Ste¡rert 63 L3.3 L3,4 ?0.0

*Protoln contenta ere on s dÌ¡r basls.
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2" l,$I-l1ns of FLgur

Protoln and noisture contents of flour nllled fron 200 go of

nhcat of tl¡e ttr¡ee extracted tetrapl,olds, thelr paronts ard a du¡¡n

wheat varloty Stewart 63 ere glven 1n Table 2. These resuLts ere

essentially the same ee those published by Kaltslkes gþ al (6) for
the ss.m€ rEheet san¡rles. As notpd prerlousþ (6), tetraprelude and

Tetrereseue had e hlgher proteln content than tìtrelr hexaploíd

peronts whlle thatcher end retrathatcher hed stnl.lar protæin eon-

tsnts. Ttre hexaplold whee,t gevc e hlgher flour yleld tlhan theln

extrectod totraplolds.

?" SotuÞiLlty Fractlonstlon

At the outset of the present study 1t ¡¡es declded to soparete

erd chareeterize the protoÍns of thc tt¡ree extracted tetraplolds end

thelr hexaplold, parents eceordlng to ttre Oeborne (8) c]¿sslflcatíon

of ceroal proteins. E¡rtraetlon eond.ltlons wene carefulþ controllod,

throughout to ensure th¿t quantltetlve arrl qualJ,tetlve dlfforenees

betl¡een fraetions for e partlcular ¡¡heat sernFle and between ¡she¿ts

fo¡: e particuJ.er fractlon nould not be nasked by varlatf.one in tÀe

fractionatlon proeedurs.

the totel relgbts of extrscteble netorial expreesed 1n percent

of ttrre totsl netsrlel nocovered., eñÐ glvon ln Teble J. Reco\rories

of tJre totel weight of ttre origlnal flour ¡¡ere between p2"6 and

g?.6fi, lbe lnconrplets reeovory eourd be attrlbutêd to lossos,durlng

dlal'ysls of low ¡aoleculgr nelght conpounds that are extrectad 1n the

salt fractlon"

f.
i',,:
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Hatar-solublc

Salt-soluble

ALaohol-solubte

Acetlc aeld-solubLe

ResLdue

Recovorlr

Tetra-
tåatcher

fi
4.j

Lr3

6.9

4.6

82.7

glr.g

thatehcr

fi

3,?

1.3

5.6

9rb

86.5

g?.t+

Tetræ
Þrclude

fi

3,1+

1.6

6,3

3,7

85,0

97,t+

Pr-elude

fi

3"2

Lr6

5"6

3,L

96,5

97.5

letra-
rÐsCUO

%

5.0

Lr7

7.6

6"1

79.-7

92.6

Rescuo

ß

3.6

lr5

5.2

3,,+

96.4

9?.6

Stewart 63

þ

3.6

1.'+

6,?

2.6

85.?

96.o

:.riì ¡.:

t¡)
o\

ii.i¡
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It een be seen fron leb1E 3 that the solublL1ty dLstnlbutions

for the extreeted tetraplold.s ere quite dÍfferent fron tl¡ose for
t'be hexapl.old perentsn A1L excopt one of tåe goluble fractlons fronr

tåe three extraeted tetraplolds contalned more nEterlal, then ttre

anelogous freetlon from tlle hexaplolds. the exceptlon ¡¡ae the anount

of the saLt-so1ub1e frectlonE wtricb was ess€ntlally tl¡e sare for eLL

tlhe ¡¡heets stndied. 0f the four soluble fractlons the alcohol-

soluble fraetlon conprlsed the htghest percentage of the orlglnal
frourn 0f tJre three varleties, tho dlst¡{butlon for Tetraprølude

¡ras closest to thet of lts hexaplold paront" ThLs soens to pamllel
the observatton that tåis extreeted tetraplofd wes slnller to its
hexaplold counterpart 1n breed¡naklng quelity,

<, Prolgln Content of ths Solubilltv Freetlons_

The proteLn contents (N x j.?) of the varlous solubility frec-
t1onsareg1venÍn1ab1elr.N1trogenreeoverl.esforttresanp1es

sþre ¿bove 96f eú, ere consldered satlsfactory. rn general., tlro

protoln contents of ttre soluble fraetlons fro¡a the extracted tetra-
plolds lr€rs sonswhat lor¡er tl¡en thoss of tt¡e analogous fractloas
fron tho hexaplold paronts. There wìer€ a nr¡mbor of rnLnor devLa-

tlons f¡on thls generalløetton, the weter-soluble fraetlons eon-

teLned fron 4J xo 5sfi protein whtle the aleohoL-sorubLe fraetlons

contelned fron ?0 to ?i% protsin. The saLt-solubLe freetLons wsre

the hlghest Ín proteln (to - ?sÉ) r¡ufle the insoruble reeidue hed

the Lo$ast proteln eontent. Ttre faet thet the proteln content for
all of tåo soluble frectÍons *Íes. constderebþ l"ess than 100Í fu-
dleatos that relatively J.argo end varlabls anounts of non-protei,n
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T¿bIe lr. Protein Contents of tåE Verlous Solublllty Fractlons

Tetraprelude

Prelude

Tetrareecue

Reseue

Tetratl¡atcher

ltratcher

Ste¡¡art 63

I'Iater-
So1ubLe

fi

5L,3

54,2

Lþ7.j

57,6

l+5,0

51.9

47,9

SeIt-
SolubIe

fi

77,0

?6,5

76,O

77"9

77.5

?6,t+

75.7

AlcohoL-
Solubþ

fi

?+,5

75..L

72.L

70.5

?3"2

75,0

69''8

Actd-
Soh¡ble

fi

?0,3

T3,L

63,)

69,6

&.5

69.2

58,8

Resl4ue-

fi

6.9

6'0

5"6

5"3

5'O

5,7

l+rz

t,
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materlel ngrs extreeted by the solvenù usad. Although carbohSnlrate

analyses w€rre not made 1n thie study, e eomperlson of tJre deta of

Teble 4 rrft¡ those of Tong (BÐ suggests thet nost of t?¡e non-proteln

neterieL f.s probably carboh¡drate.

The dlstributlon of pnrtoins ln ths ffve fractlons ero glven

ln Ff.go. 2 snd 3. Flgure 2 eorçares the results fcr the e:rtracted

tetraplold fnoua Thateher and Reseue rrltå trhoss fon its bexaplol-d

countorparts ¡¡h1le Flgn J shows aneLogous rEEuIts for Prelud€. Botå

figures f-nclude resuLts for Stowert 63, t*rs du¡n¡m nheet, for con-

par!.son puryoses.

ALt 6evên spectes contalned relatively eneLL quanttrtles of

¡¡ater (ebout t?%) era salt (aboui 8%) soruble protelnsn Togother

ttreso proteins rnade up appnoxlnal"sþ 2ú of the flour protelns.

Thero !ð€re no slgnf.flcant dttferenees ln tbe ¿mounts of ¡rater-solublE

end salt-soIuble protelns srnong tbe seven ¡¡heato used 1¡r tbls lnvestl-

gatlon.

On the otÀer hand¡ letrerescuE end Tetrathatcher contalned con-

slderabþ nore al-eohol-soluble proteins, or "gLladin,r¡ 8ñd acettc

aeld-soluble proteln¡ orl "glutenin' and, less lnsoluble proteln tàen

tbelr hexaplold eounterparto, fn thls respect, f;ho extrectod tetra-

plotds of these t¡¡o verletles wre sinll¿r to tbe dun¡¡n wiroet Stpnrrt

63, In contrasü letreprolude e!îd Pr€i¿rde oont¿lnsd essentlally the

aeüe e!ûounts of proteln 1n these three fractione.

rt appears that remoyal of the D gerone fron the hexaplold to

produce the ext'rectod tetrapLold rùeat markedly affeeted the



-t:it?llf i- :,i -tr:':jl

!

't

ltO



Ftg. 2. Dlstrlbutlon of protelns in tho flve sstrublltty

freetÍons for Tstrethetcher¡ Tetraroscuee lbateher¡

Reseue End Ste¡¡ert 63.
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F1g. 3" Dlstrlbutlon of protelns 1n the flve solubilf.ty

fractlons for letraprelude, Prelude and Støwêbþ 63"
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quantltetlve dlstrlbution of thE proteÍnc eüong solublllty fractlons

ln tr¡o of the thrEe varleties. letraprelude, fthe du¡un-type r¡heat

r¡itå the blgh breadnaklng quellty¡ hed essentia$r the sauc quantl-

tative proteln dLEtributlon es lts hexaplold parentr Tbese reEul"te

zuggest tåat breadnaking quellty of nl¡eats ls dlrectþ rel¿ted to

tùs solubillty composltf.on of lts protclne. Honeverr slnce solu-

btllty of prototn depends on ehenical composltlon end stmcture,

the present findlngs do not preclude thø posslblllty that there

nlght bo ,qualltative ditfferences w'lthl¡ a partlenler solublltty

fractlon that cen affoct the bread¡neklng quaLlty. In the seetlone

that folLow, tlre proteS.ns of verlous frectlons trlLl bo exaninod to

dcteml.na Íf there ere eny qualltatlve differences emor¡g thom"

7. ånLno Acld Cg¡pes:L!¿Lon

lbe em{no acid courposltlons of tÀe flour ald of the v¡rlous

solublLity groups ¡rpre doterlnlned, on e Becløen-Spinco l4odel 120

anfno acld anal¡zer. In eIL aneþses¡ nltrogen recoverl.es following

ahronatogrephy of the hydrol"yzates rnas over 9#, No,correctlons

rnre epplled for the Loss of threonlne or serine durfng h¡nlrolysis.

C¡rstelne, cyotlnee and tr¡ptophan contsnts were not deteanlned. fre

a¡nino aeld eontentE rd.lI be o:çressed Ln Bo of arn{no eeld per 100 g.

protsinn

AnLno acld eonpoELtlons of the floure fron the ttrree extrected

tetraplolds, thelr paronts e¡rd the durun $heet varlety Stewart 6J

are given ln leble 5. Conparlson of the data for eech extracted.

tetraplold and lts hexaplold counterpart, shows tåat the aonposltlons

:.,::l::11:



ars essentlalLy the sane. No signlficent differ:encs6 Ín a¡¡Lno ecld

conposltlon wâro found 1n e1I ttre sevrsn flours anal¡zed. Theso re-

sults are in general agreenent nlt}r tha flndlngs of rkachuk (56)

who reported t'het harrl red sprLng nheet flours of good and poor

baklng qualJ.ty es ¡reIl es flours frona four dlffer.ent eLasses of

Cenadlan ¡¡ÌrEet shorved l1ttle varletlon ln thelr enlno ecid. eonposi-

tlons.

The amino acid conposltlons of the vartous so1ublllty freetlons

obtained fron the .seven fLours are given ln Tables 6, ?r B end 9.

The composltlons of the four proteln freetlons for a slngle vanlety

or species ere qulta dlfferent. However¡ the conposltlons of eny

ono fraetionr fron dlffErent verletles and speeÍes wnrs essentlelly

the semeo There wss no slgntflcant dlffe¡ences in ¡mlno ecld con-

posLtlon 1n argr of the soluble protein fractions frcn ¡¡heats of g066

and poor batclng qualfty. Although, the tetreplolds of Rcseue en¡:l

Thetcher had slgnlfl-eantþ d.lfferent sorublrlty dlstrlbutlon pat-

to¡ns tben thelr corregpordlng hexaprolds (tr'lg. a), thts dtfferenee

¡ras not ref ,ected by tbe a.nlno aeid eompositlon dete. prosumably¡

the dlfferences 1n protoln corrposltlon lr€re not large enough to

sbow slgnifLeant differenees ln a¡uLno aeid eornpoeitlon of, the tot¿l
endosperm.

Partlcul-ar solublLlty fractions sere cbarecterizod by re-

latf.vely hlgb contents of cert¿ln anlno acÍds. The ¡¡ater ard selt-
solubl-e froetlons nere reletlvely rleh ln beslc anlno eclds ¿nd

poor in glutanlo ecid (Tables 6 anC ?). the alcohoÌ-oolubl-e frac-
tlon was charectsritzed by high glutanLc acld and prollne oontonte

li;::.'.,::: :
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labls 5. Ânlno Aeld Compoeltlons of the Flours

Lysine

HLstLdlns

AnnonLe

Arglnlne

Aspartlc

threonlns

Scrlne

Glutasric

Prollne

G3-yelne

ALanlne

Vel{nc

Metålonlno

Isoleuclne

I¿uclne

Î¡nroslne

Phenylalenlne

letnatlhateher

2r5

2.5

&"þ

417

5.8

3.2

5,L

43.6

L3.g

4.2

3.5

5,L

1.4

3.9

9.5

3,0

6.j

Thatcher

2.3

2.3

4.6

4.8

5.t+

3.1

5.4

t+6,5

L3,6

4,4

3.?

5.1

1.¿+

t+.j

8.þ

3.4

615

Tetrapreludo

2,.7

2.5

þ.1

l+r j

4.9

3.r
I+.9

4?,8

13.0

4,2

3,5

4.6

Lr3

4'0

?,8

3.0

5.?

Prelude

2.7

2'5
l+.2

4"8

5,2

3,2

5.3

l$+,4

]t3. 5

4"6

3,7

l+.8

1.tl

&.0

8,0

3,1+

6.0

letrareseuE

. t.i
'.:.:l
r;:;:lr.

214

2r)
I+.1

Ll,4

5,7

3"L

5"8

43.8

L3.-6

4,.2

3.8

5"1

Lr5

l+.6

8.7

2rg

6.0

Reseuo

:I]:

ìli
':\;:;:'

2.6

217

4.5

t+.7

5.5

3'1

5,-5

45,5

14.1

4.4

J.g

5.I
L,4

l+.2

8.3

2rg

6"0

Stewart 63

2.4

2.2

3.?

l+13

5"0

2rg

4.8

49,8

13."2

l+.1

3.5

l+,7

1.4

l+, j
8.8

3.1

6.5

.'.r: ..: l

''I t.:.

o\
iì
ii

..li*
') ìi



Table 6. a¡nlno Acld conposltions of tfater-solubre proteins

Lyslno

Etetldlns

Almonte

Arglnlne

.â,spant1e

Threonlnc

Serlne

Glutanlc

Prollno

Glyclna

Alani.na

Vel1ne

Mof,l.lonlne

ïsolouclne

Ipuelne

$rrosLne

Phenylalanlnc

Tetrathateher

4"8

2r6

2"9

5"0

8,2

l+rZ

5,3

30.2

w.3

5.0

5,6

5.8

2rr
l¡.1

9.3

3.9

5,9

Thatcher

LI nz

213

218

5.2

7,8

3.9

t+.9

27.2

l_r.4

r+"9

5,4

5.8

L.g

3.8

9.5

3.9

6¡0

Tetrapreludo

5rL

2,?

2.1+

6.2

8.8

r+.j

5.5

27,-2

L0,.7

5.5

6,)

6.1+

2.3

4.2

9.7

3.9

5.2

Prelude

5rL

2n7

2.?

6r"b

9"3

l+.I

5.2

28,2

11.9

5'r
6,3

5.8

2r6

4,3

9.4

þ.1

5.6

'.r.-.-':-il.r:lÌ

I : l:ii: i. , .,i:ir.:
'':4iT i;

TetranEscue

5,2

2.8

217

6,2

8.2

l+.6

5.3

29.7

11.3

5"5

6,3

6.0

?17

4"1

9.0

3"7

5,4

Roscue

4"6

2,1+

2,3

6.0

9.3

4.2

5,L

26.?

11"0

5.4

6.0

5,8

2.J

4.0

8.5

)¡o

5,0

Sterrart 63

4.7

?.3

2,ll

5.6

8.9

¿+.4

5.1

26.9

ro"4

5")

5,9

6.1

2"5

412

8"7

4.0

5,0
F\t

L¡

I ll !ll

'iiÌ



Table 7. .Anlno Aeid conposltlons of salt-solubrc protelne

Lyslne

Elstldlnc

Affinonia

Arglnlno

Aspantlc

Threonlnc

Serlno

Glutanl-e

ProIlne

Glyelne

Alanine

Vallne

Metåionfne

Isoleucíne

Iouci.ne

T¡rroslne

Phenylaì.enlno

(g. of .anino aeid per 100 g. of protoin)

1øtrathetcher

?,3

3.6

L.g

8.6

7,4

4.0

5,2

L7.l+

ll.8

6,?

?,0

6,6

1.3

l+13

8'4

3,2

l+"6

thetcher

6,3

3,L

L'7

812

9,3

4"6

5.6

20.1

5,7

5.g

6.0

6,4

Lr5

4,6

8.6

3,2

ll.8

Tetrapreludc

612

3"3

1.7

10.3

7,5

3,6

l+17

17'.9

5.0

6,2

5,6

6,2

2.0

4.0

.7.5

3.?

5oo

Preluds

6,t+

3,3

L,7

9"4

7.9

3,9

4,7

L7'-8

5.2

5,5

5.5

6.0

2rO

4.1

8.0

3,6

4.5

/:'. ii:¿1 1:
'' ' ;r-:ír!

.:.1¡'

Tetrerescue

6rL

3,I
L.7

9"5

8.4

4.1-

5,3

1?'3

5.5

6,2

5,9

6.I
?'2

4.5

9"5

3,L

l+,?

Roecuo

6"7

3.L

L.?

9.8

7,1+

3.9

4.9

16"9

5.0

5,6

5.3

6,2

2"3

l+,6

812

3.5

5,2

Stewart 63

5.5

3.2

1.9

9,6

6,9

?.6

5,O

19.9

5"3

5,L

4.9

I+.9

1.þ

4.0

7,3

3.1

l+,6

ii

fi

;l
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lr
il

H

i$

if
lij
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lable 8. Anlno Acld conposittons of Aeld-solubÌe protelns

, (8. of e¡alno ecld per 100 g. protein)

letrat'heteher Theteher Tetraprelude Preludo Totrarescue Roscue stowert 63

Lyslne

Hletldlnc

.A¡unonle

Arglnlnc

.A,spartle

throonlno

Sorlne

Glutamle

Prollne

Glyclne

,å,lan1ns

Vallne

Itfetjrlonlno

Isolsuclnc

I.ouclnc

T¡rrosine

Phenylalanlnc

L,?

2rL

b,3

3.5

3"0

t2.

5,,+

50,2

14.4

5.1+

2.8

3,7

1.5

3,6

?.1+

4.5

6.I

L,7

2.3

t+,6

3,3

2.9

2.7

5.L

55,1

L5.6

4,5

214

3.8

L.3

4.1

7,9

ll,3

7.3

L,5

2.3

5,2

3.8

3.2

3.1

5.6

58.8

L5,g

5.3

2,7

L+,L

1.7

4,4

8.4

5.0

6"?

1.4

2rL

l+19

3,5

2,9

?,7

5.0

55.:L

15.0

4.7

213

l+.6

L.5

3.8

7,2

l+,1+

7.L

L,5

2.3-

4.t+

3.2

3.0

2,9

)oI

49,6

!2.9

4,6

2.6

3,5

L.2

3,9

?.?

3.6

5.8

1"4

2"3

5.0

3.3

2,9

2.9

5.6

54,5

15. o

4,3

215

ll.1

1,.5

4,7

8,)

3,)

7,7

1.6

2,3

5.1+

3,5

3.1

2.?

5,4

58,5

16,0

¿t.4

217

4,1+

L,?

4,9

9.5

l+,5

8.¿+
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leble 9. Anlno Acld conposltlons of Ar.cohoL-solubLe protslns
(g. of enlno aeld per 100

Lysfuao

Histldlns

Armronla

Argf.ntno

AspartLc

Threon{nc

Serlne

Glutamle

Proltnc

Glyclne

Âlenlns

Vallno

MEthlonlnc

IsoloueLne

Ibuclræ

T¡rroslno

Phenylelanlnc

Tetrgthatcher

0.7

2.0

4.3

2rll

2.?

2.0

l+.4

54,L

L7.g

1.5

2rL

3.8

1.1

2+.6

8.1

2.5

7,4

. of proteln

Ttreteher Tetrepreludo

0.6

2.L

4,6

2,Lt

2'B

2.A

¿l.9

57,3

L9,4

1.6

2r].

4rL

1"L

I+.6

8,2

2.g

7.6

0"ó

213

4.5

2,7

2rg

2,o

4,7

55.8

L7'?,

L,6

213

4.L

L.2

4,7

812

2.8

6.?

PreLude

0r6

2'.2

l+19

2.4

3.0

2.0

4,?

55 €

18.0

L.7

2r3

l+.lr

L.3

4.6

9.3

3,3

7.0

Tctrarescue

0.6

2rL

l+13

2.5

2.9

2rL

l+.4

54,0

16.9

L"6

213

4.0

1.4

4,5

7.9

2.4

7.3

Roseue

0,6

2,3

5.I
2.7

3,0

2,3

5,L

56.t+

L7,5

r.8

2,lt

4,6

1.3

4.2

7.8

?,8

7.2

Ste¡¡art 63

rlli

017

2,0

5,0

2.8

3.3

1.8

4.2

59,6

1g.g

1.9

2"4

4,7

1.8

5.3

8.7

3.8

8.3

;,1: rì.

:'j | 1.r:i
.'i... ,;

\rro
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and Low lyslne content (Table 8),

the conpositlon of tl¡e alcohol-soluble frectlons was¡ ln general,

qr.llte el¡nll"er to t,Let of the ecld-solub1e freetlons. Stnller re-

suLts rlers obtalrnd by E¡¡art (60). Sone ninor dlffsrencss do exist

between these t¡ro frectlons. The elcohol-soluble protein frectlon

ls rlcher ln prorf.ne tåen the acld-soluble fractlon. 0n ths other

hend, the ecetle ecld-soluble fractLon hed nuch hlgher glycr.nc,

lyslno, end t¡rroslne eontents.

8. Ste.reh-Gel end DLse Electropho!:ssls Rcsultq

(1) rntroductlon - Both dlsc ard starch-gel. electrophores!.s

¡rero used to eonpare tJre protoins of the verious soLubillty groups,

as weLl as the proteln Extracts obtalned fron sf.ngle sseds of the

other ceneel specles gtudiEd. Dlsc elcctrophorosle hae gre¡tor re-

aolvlng power t*¡en the stareh-g€l, electropboresle technlque. Another

edventege of dlsc eleetrophoresls 1s its abllity to yleld rapld and

reproduclble separatlons of the protelns studied" The nreln dlffi-
cultles encountored rrlth stereh-g€l electrophoresls ¡¡ere the lack

of roproduclblrliy end the overell lneonvenlence of the teehn!.que.

aceordLngly, dise eleetrophoroels nee uscd for ¡¡ost of thls study.

Hor*ever¡ st¿rch-Eer clectrophonesls rosults werE ineluded ln sona

casss for couperlson.

the protoLns of t*re extraeted tetraprof.ds, tåelr parcnts as

¡rell es the otJrer cereel specÍes studlod nÐi€ conpared on the besls

of thelr patterns efter electrophor¡esio. Reletlve noblrity of tJre

proteln conponente ldsntlfled as lndlvldual bandE neg ussd as the
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i.....1!

crlterlon of ldentlty on honology of tho prote!.ns 1n tÀe sene free-
tlon or extract fron different verletlea oi speeies. Thls proeedure

ls slnlLar to that enpro¡red by Johneon et al (63) rn the analysle

of genone and specles relatlonshlps 1n ¡¡lreet. Protelns ¡¡hlch had the

senc erectrophoretlc noblrlty l,.re eonsidered to be id,entfcel or

ver'¡r sfud1er 1n pbyslcaL errl chenf.eal propertles. To conflm the

eleetrophoretle ldentlty of tÀE proteln conponents of eech extrected
tetraplold and its parant, protaLn nl:rturss nadc up of equal parts
of tlhe semo freetlons fron tt¡e t¡ro ror¡ted species ¡rcrE exa¡rlned

by eleetrophoresfs under ldentlcel condltlons. Identleal protelns
fron the two speclEs ln the rnlxture Erlll eppesr as e slngl.e band.

(11) wetsr-solubre prot€i.ns - Flgures b - 6 show the dlsc
electrophoresis pattarns of ttre ¡rater-sorubre protef.ns or the

"arbumins" of the ürreE e:rtreetod tetrapl.olde, tbe1r parentsl

sternrt 63 ¿n¿ nl.xtures of ttre fractions from each tetraplold and

lts paEent. the $et€r-soluble protelns are charectorlzed by inter-
nedleto and fast novlng proteln bends r¡ltå reratlve mobilLtfes
(&') rron o,35 to 0.90n rhe patterrrs for eech extrgeted tetra- .

plotd Has €ss€ntially the sane es that fo¡r lts hexap].old. counter-
pett. thls ¡ras conflrmEd by eonparlng pattorns for the tetraplof.d,
lte parent and thelr nLxbureo Detåtled exenlnetlon of ttre petterns

sbowêd thet t'be r¡ater-soruble proteins fron hexaproid Roseuo nlght
contaln on€ vet1r nl-nor proteln band (R¡ of O,?5) thet ls not pre_

sent 1n ttre pettern for tbe fractlon of lts extracted totreprold.
on t'he basls of theso regults 1t appeare thet the renoval of ths

52
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Flgo þn Díse electnophoretfc patterns for tho alburul.ns fron

Tetraprelude (4xP), Prel-ude (6yJ), Steæart 63 (sT63)

and a nlxturs (M) of the albumins fron Tetraprelude

and Prsludo.
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Fign 5" Diec eleetrophorotic påttsrns for t"he albumins from

Tetrareseuø (¿+xR), Reseue (6]¡¡1) o Stowart 63 (5T63)

and a mlxture (t'l) of albunlns from ÎeÈrareser¡o and

Reseueu
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Flg" 6" Dlse eleetropho:rtlc patterns for the albuml-ns from

fetrethatcher (4x{')o Tnateher (6xT)u Stewert 6J

(sT63) and e mlxturrs (¡t) or albumins from Tetra-

tåatcher end Thateher.
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Flg, 7o ÐIse el-ectrophoretlc pattærns for t'hø globullns fron

Tetraprolude (¿exP), Preludo (6xP), SÈewart 63 (s163)

ard a nixturo (tq) og globuIlns from letraprelude and

Prefu.rdeu
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Flg" I, Ðfse eloetrophoretie petterns for the glcbullns from

lotrarescus (4xR)o Reseua (6xR), Stewant 63 (sT63)

and e nlxture (t"l) of gLobullns fron Tetraneseuo and

Rescue.
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Flgo 9o Dlsc electrophoretle patterns for the gLobullns fro¡r

Tetrathatchcr (4xT), Thateuer (6xT), Stewart 6J

(sT63) and a mixture (¡t) of g1obullns f¡.om letra-

thatcher and Thatehen"
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D genono frorn the three hexaplold wheats did not alter t"he quall-

t'etlve cornposition of the ¡¡ater*so1ublo proteinso except perheps

the deleti.on of one ninor proteln bend l-n tåe vari-ety Reseue"

the three hexaplold laheats studled wÊ¡Ê v6rlr homogonous ¡r'1th

respeet to the ¡'¡eter-soluble proteinsn Thelr protein petterns

eonprlsed at leaet, 10 detectible bancls, Four naJor protain bend-e

appeared 1n the Rg reglon fron 0u 56 to 0"70o It, ¡ras not possible

to ascerteln by ths electrophoretlc technique u.sed whethor any of

tåese 4 maJor" bar¡cs contal-ned inore thar¡ one proteln" .â dark band

et the orlgln and a few llght bands 1n the R4, reglon from 0 to

0"35 ¡¡ere obser¡¡ed for all the r¿heate exa¡ûlned" These appear to

bs due to eontemlnatlo¡r wtth the aleohol anc aeetlc aeld-soluble

prot"olns extraeted ln the ¡øater-sol"uble fraetlon,

Comparlson of pattorns for the watær-solubIe protøins of tt¡e

durlrqa and tho three bread ¡¿heet verletl-ee sho¡+ed that eII of the

rater-soLuble proteins of the dun¡s wheat Ìrere present in the

three hexaploid v¡beats" Hoæver, the hexaplold ¡*treats tied one

mlnor addltlonal fsst ruovj.ng proteln bend et Rf 0n?5 ¡øi.rich wae not

prrasent ín the durum wheato lbo of the three, erbreeted tetrapLofds

(Tetreprelude and letrethateher) retalned thÍs nlnor, fast movlng

band" Aeeordinglyo Lt appears thet, ln the variety Reseue thf_s

band was eontrlbuted by the D gertomsn tù1le in Thetcher end Pnelude,

t'tre genos t'hat contror lts s¡mthesls are erso present tn the .A end

B genoneso

(fl1) *rlþ-Sglublo protet¡rg - The disc electrophoresis

patterns for the salt-soluble protølns or "globulins" of the tlnEe
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Fí9. 10" ÞLsc olectrophoratic

t"he globullns (01o)

patterns for the

arrj t"helr nixture

albumins (Alb),

(M) fron Pre1ude"
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Ftrg.11" Disc eleetrophoretie patterns for the

the g3-obulins (GLo) and thelr nLxture

preludeu

albumins (A1b)o

(¡l) fnom Tetre-
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F1g" 1?o Dlse eLectrophoretfc patterns

tJre gLobullns (G1o) End theLr

elbum-ins (.{1b),

(M) from Rescue"

for the

mLxLure
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Flg, 13, Dlsc electrophoretlc patterne for tåe albuni'ns (AlU) n

t¡e globullns (GIo) er.d thelr mixture (U) fron Tetre-

r€scu€o
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F1g, il1" Dlsc

trhe

e3-ectrophoretle pattørns

globulfns (Glo) and tJrelr

for the albunalns (i'lb),

nixture (l{) from Thatchen.
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Flg" 15" Dlsc elecÈrophoretle patterns for the elbumtns (AIb)t

the globultns (Glo) and their rnlxturo (U) fron letra-

tt¡atcher.
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extrected tetnapl-of-ds, thelr parentsudurum r*heet.(stewart.,63) .and mtx_

tures of orbracts of eaeh extracted tetraplold and its paront are

sho¡En 1n Fíguros 7 - 9" The protefns components of thls solu-

b1}1ty group migreted. ín the Rg region fron 0"3 to 0"9. The pattærns

for the erbract€d tetrepLolds and thelr par.ents ars essentlally the.

sen€. Hovrevero deta,ll-ed exanlnatlon of the patterns shorred e num-

ber of rolatlvely nrlnor dlfferences among tåe varieties studled,

The pattern for the durr¡r¡ uheat was found, to be quite simjLer to

thet of the other speeies studied, since alr of the selt-soluble

protein bands present 1n each hexaploid were repr€sentect 1n the pat-

tern of lts øxtracted tetraproict, Lt appears that ttre g,enes that
eontrol fåe s¡nrtlresi-s of the dffferent salt-soluble proÈains 1n

bneed &ùeats arø 1n the .A and B genon@s,

of al.l of the soluble protæ1n fraetlons¡ the sart-solubl_o

frectlon contalned the largeet nunb€r of detectlble bands, Á.s many

as l'5 proÈa1n bands could be readlly deteetad" Genorallye the bands

were sharp and lntonsívery statned" Tho naJor bend had the hlghest

noblllty and appeared to be a doublet. Arl e:rtracts sho¡Eed. a derk

band at the orlgin" Presurnablyo these eould be high molecul¿r

wlght globullns rshieh did not nlgrate into the gel. A globulf.n

proteln wlth a noleculan r*eight of about 2OO'OO0 r.¡as lsolated from

wheat flour by Danielson (3?). Moleeules of thls slze ¡øould not

nigraÈs lnto the geI"

A1'bhough, the salt-solublo pnoteins mlgrated ¡s1th the samo

mobfllty as the rratær-sofuble proÈoins, distinct dlfferenc€s rger@
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Flg" I-6" DIse electnophoretLc patùerns for

Tetrapralude (4xP)e Prelu<ìe (6xP),

and a mlxture (þf) of the gltadfns

end Prelude"

the gl"ladLns from

steraart 63 (sT63)

frora Totraprelude
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Fig" 17" Dlse eleetrophorotf-c pattarns for" tåe gliadlns from

letraprolude (4xP) arxt Preluae (6xp) (2 times the

coneentration of Fig" L6)o Stewart 6l (stel) ar¡d a

nlxturs (M) of the gllad1ns from Tetnaprolude and

ProLude,
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F1g, l8n Di-se eLeeirophoretic patterns for tho glladins from

Tetraprelude (4xP) and Prelude (óxP) (3 tines the

eoncentration of Fie" 16)u Sternert 63 (sT63) and a

mi-rbure (M) of the glladj.ns from Tetraprelude and

Preludon
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FLgn 19" Dlsc electrophoretie patter¡rs for tho gliadlns frcm

Tetrareseue (4xR), Rescue (6xR) n St+'*art ó3 (sT63)

snd a mlxture (tq) of the glladins fron Tetrereacue

end Rescue"
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Flgn 20, Disc eloctrophoretlc patterrrs for the glledlns fron

Tetnathetcher (l+t'r), thatcher (6*Î), stpwant 63

(st6l) a¡rd e nlrbure (t{) of t"he glladåns fron Tetrs-

thateher and Thateher"
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Fig" 21" Stareh-gel pattenns for glladtns from the threo

extracted Tetraploids and their parents"

1, Tetrathetchere 2o Thatchero 3" Tetraprelude,

lln Prelude, Ju Tetrareecue, 6" Rescue"
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obselwod ln tås patùerne for the t¡so solubllity groultso Howeveru

there 1s a possibility that some of the protelns ín the eslt*
solublø fraetlon ere weter-sor-ubLe protoånso To detærmlne tf this
was the c&se, dlse electrophoretlc pattems of tåe ',",ater-soluble

protelnu salt-solub].e protelns and a nlxturs of both tho salt and

t¡ator-solubJ-e protefn are eho¡sn ln flguroe 10 - 15. Exaninatl-ons

of tÌ¡e gel pattenas sho'red tået, the patterns for the ealt-soluble
proteJ-ns csntalned a number of ereetrophonetlcally identleal eon-

ponents es tbe petterns for tåE r+ater-soluble protetn" .û,pparently,

t'he salt-so1uble fraetlon cont¿1ns sone ¡satsr-so1uble protein due

to íncomplete separatlon during df-alysisu

(tv) ALcohol-soluþIe plqi;elns - Ðise electrophoretic patterns

of tho alcohol-solubre protelns or "glladlnso, of the sxtrected

tetraplotds, tholr panants, e dunun wheat end. nixtures of extraeÈs

from eaeh øxtrected totraplold end 1ts parent are sbo¡sn ln F1gures

L6 - 20. The protelns of thrs sorub3.rity groüp nlgrated slorøly

lnto tåe gel glving mobillties 1n tåu Rr region from 0 to 0n3o Á,

number of falnt fest€r moring proteS.n bav¡ls are el-so vlsi'oløo Thøse

ene peobabþ water and/or salt-soluble protelnso

fhe pattor:n for the alcohol-sol-uble protoins of oaeh extractod

tetraploid ¡*as essentlally tha sane &s the pattern for its hexa-

ploid parent, Ho'urevern slgnffieant quentitatlve and qualitetlve
dLfferences between ve,rietles k€r€ observed for thls group of pro-

tEinso Thatchor, com¡rared wr-th tåo other two he>raplold. wheats,

hed ¡nore protæln bandso Difforences unere observed e,lso bot*yeen

the duru¡c Þ:t¡eet and the thres bread wheat vsr/reties" rt ls
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lnterestlng t6 note that the pettørn for tho duz-un estreat (Stewerg 63)

?tas noro sgnllar to the pattenns of Prelude s,td Rescue than Thatcher.

0f the solubLe protæf-nsu the aleohol-soluble group åppeers to show

tt¡e most :merkEd quantltatlve end quali.tative varletsl and speeles

dlffereneeso Hoævoru elnce the renoval of tåe Ð genome dLd not

affect the patterns of the three vsrteties sÈudj.ed, it appears that

a]-l the genûs for thLs group of protofn are loeatgd. on the A and B

genorno ehromosonaso varietsl dSfferenees in the patt"erns of this
group suggest fihat manked evolutlonery changes must have oecurr.ed fn

theso genoågse

Because t"he alcohol-soluble group shov¡ed t.È¡e mosÈ marked varJ.e-

tal dåffarsnces, lt ¡.*as declded to examlne thon furt{hor by sf,areh-

gel eleetrophoresLs, The pattærns of the frae€íons feom tho ex-

traetod tetrapl"olds end their parents ere shor+yr in Figure 21, .A,s

¡*as fouvd by dlsc eleetrophoresLs, there w€re no slgnif5.cant dlf-
ferences 1n the patterns of each related pelr of wheats" ae with

disc eLeetrophoresls¡ slgnfficant quentltatlve end qunrltative

dlfferences anong varlotíee ¡aere obsen¡ed. thatcher showad thnee

ught leeding protoÍn bands ¡shLle both Beseue and prelud,o hed onþ

oneo darkly stalned, band 1n tùre sene reglon,

A eomperlson of the stareh-ge} pettarn (Figure 21) ¡,rit¡ tue

disc-gel patterns (r1gures 16 - 20) denonet¡ratøs the superior re-
solvlng po¡rer of the dlsc eleetrophorosls tæehnique" For exanpleu

the tvro slo¡r rnovl-ng, darktr-y stained proteln bands of rhetcber 1n

starch-gel electnophoresis epposr as four dlstlnet bands ln dtsc-

gel electrophor.osf.s o
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sinee pnerude and its ox'craetsd totraploid wore elÌtlar fn

breedmaking quallty, their alcohol-soluble pnoteíns ç¡e¡.e studj.ed. i¡
greater detafln Ff.gulos 16 - lg shor¡ the disc electrophoretfe pat_
terns for this fraetlon fron Tetraprel.ude, its perent and e ¡nixture
of equal parts of the two fractlons examlned at three difforont con-
contrattonsu Prerude ehorsed. two shcrp proteln bands in tho R¡ region
from 0"L0 to 0"lz w1th the frrst band bei.ng lighter in denslty than
tùre secondo Tetraprelude on the other hand hed only one sharp pro_
tein band and posslbly one far.nt band fn tJris nobilrty reglon" rn
eontrast to the results for pnelude, the frrst band of retraprelucre

was darker than the second" Even at hlgher proteln coneentration,
Lt ¡¡es not posslble to demonstrate the oristsnee of a dlstinet
seeond protoín band thaÈ lras observed fu¡ ertraets from pre1ud.e" Ho¡y-

evorr the mixture of the bo geve only one dcrk proteín band" rt
eppears t'hat, the dark bend of retraprelude and tho dark bEnd of
Prelude fusad togother and ran &s onse Tho resolutlon 1n st¿rcb_
gel electrophoresls (tr'lgo 21) iras insufflcient to dlstinguish be-
tsæon these t¡so protelns and. they ruigrated as a slng1o protelnn Tt,

was not posslble to dernonstrate eoneluslvsly that, Tetraprelude con_

tatned one less proteln band than prolud.eo Howevero e dletinct
differeneo in the stainfng lntenslty of the fi-rst two protef.ns
(q 0,1 to 0.12) of preluds and Tetraprelude was obserr"ed. Furthor
r+ork 1s required to improve resolutlon of tfrese tr*o proteins before
a dofinite concruslon can be nado on ttre difforence of those t¡¡o
related specleso
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Flgo 22" Disc el-ectrophoretic patterrrs for the giutenlns

fron Tetraprelud.e (4xf ) a Prelude (6xP), S'"ewart 6J

(sT63) and a níxture (tu) or the glutenins from

Tetraproelude and Pneludeu
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Ftg" 23" Dlse electrophoretic patterns for tho glut'en:lns fron

Tetrarescue (þxR)u Rescue (6xn)n Stevrert 63 (5163)

and a rnlxture (H) of tåe glutenåns frorn Tetra,reseue

and Reseue,
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Flgo 24" Disc electrophoretle

Tetrathatcber (4xT),

and a n¡lxture (¡t) of

thatcher"

patterns fon the giutonlns fron

Thatchor (6t'I), Stewart 63 l5163)

glutenins fron Tstrathateher and
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(v) &gtic Açtd-so1ublgËroleiru; - Figures zz - ?u shov¡ the

electrophoretlc potterns of the aeetle acld-soLuble protein or

"glutenlns" of the extracted tetraproldse thet_r parøntsu storaart 6J

end mlxtures of the fracil,ons from each extracted tetraplold and

lts parant" a. much higher eoncentratlon (¿+ tlmos that used wåtÌ¡

othor frsctlons) naa to be usecl to facilltate detectl.orr of the very

ught bands thet resulted fsr thls gr.oup of proteins"

The aeid-sorubre prot"eins are eonslctered to conprise hlgh no-

leeular weight proter-ns ro'hreh do not nlgrate into the gel. Thls

¡¡as substsntlated by the pnesent stuclyo rn eaelr c¿ss, a dark band

¡øas obtained at tho orlgLnu Hor+overo on exemlnation of the gel pat_

ternso four dlstlnet feet mortng protein bands ¡r@rê observed." Thase

s'ppeer to be similar to tl¡o protelns 1n the r.re,ter-soÌubl-e fraction"
rn additlon the ecld-soruble fractJ.on appears to be eontaml_nated

¡rlth snall amounÈs of aleohol-soluble prcteins (q O to 0,3)"

rn order to escertaLn if the fast novlng proteins are tha sene

as the waÈer-soIuble proteins, a mixture of the water-soluble and

acetlc ecld-soluble fractLons wsre oxaml-nod, for eeeh exÈraetod totra-
pl"old and lts hexaplold parent" Íhe dise orectrophoretlc patterns

ars shoirn 1n Flgures ?5 - 3A" In all ca6ss, tbe four fastor moving

bands fro¡rr the aestic ecld-so1uble fraetion Ìr@¡s ldentleel slth the

protoins fn the ç¡¿tpr-soluble fraetLon, Therefore ¡ it can be cor¡_

cluded t'hat the aeotlc acLd-solubIe protein fraetlon ïr'as contaninatecl

t'lth snall amounts of ¡sater-so1ublo proteins"

(vi) Reduced Á,ge-tic .aeijL.soluble proteins - Disc electrophore-

sls e:F,erlmsnts - teíns incliceted that
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Ftg.2J" Disc electrophorotic

the gLutenfns (Glu)

petterns for the

end theLr mixture

elbumine (efu)o

(u) from Preludeo
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Figu 26n Dlsc eLectrophoretS.e patterns for the

the glutonhs (Glu) e.nd thelr mirture

preiude"

albumlns (Alb),

(¡¿) from Totra-
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FIgo 27" Dlse eleetrophoretlc patterns

the glutenlns (GIu) and their

albu¡olns (Alb) g

(M) from Reeeuen

for t"ho

mixturo
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Flg" 28" ûlsc electrophoretle patterns fon the elbumtns (alu),

ttre glutenins (Glu) and thelr nixture (M) from Tetra-

rEscu6.
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Flg" 2p" Dlsc eleetrophoretlc patterns for the

the glutenlns (Glu) ana thefr mirture

albumlns (Alb)o

(M) fro¡n thatcher"
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Flg, 30. Disc eLeetrophoretlc patterns fot'tho albumtns (At¡)u

tìhe gluterulns (Glu) and their rnixture (¡t) gron Tetra-

thatcher,
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Fig. 31" Dlse eLectrophoretle pattærns for reduced-alþletcd

glutenlns fron Tetraprelude (¿&xP)s Prelude (6xP)

ar¡d tbeir nlxture (M)"
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Flg" 32. Dl-sc eLsetrophoretlc patterns for reduesd-glþ1atæd

' glutenlns fron Tetrareseu€ (¿+x-R) u Rescue (6xR) and

thel-r nixture (M) 
"
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Fig. 33. Dlsc electrophoretie patterns

glutenlns from Totrathateher

and their mixture (M).

for reduced-eIþleted

(4t'r), Thatcher (6t'f)
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Fig" 34. Dise olectrophonotle patterns for redueed-allq¡latæd

g}ladlns fron Tetrepr€lude (þxP), Prelude (6xp) and

tåolr nixture (M),
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F!9" 35" Dlse olectrophorotle patterns for rsdueed-alþlated

gLiadirrs fron Tetrerescue (4xn), Reseue (6xR) end

thelr mfxtura (M).
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Ftg" 36" Disc electrophoretic pattorns for

glladins fron TetratJretcher (4x1'),

ar¡l thelr nlxture (M).

rodueed-alkyleted

Thateher (6xT)
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xnost of the proteins of thls fraetÍon re¡aå.ined at the orlgin and

courd not be fraetlonated by this tsehnþueu Nornrallyu this frac-
tion cornprlses mostly glutenln pnotoins r¿hich are known to bave hlgh

noleeular welghts (r+6). The large slze of tho rnorocules apparently

provented tl¡eir ponetratlon into the geln

Reductlon of the disulflde bonds of wheat, glutenin sherply re-
duces its raolecular weight to form e number of noleeuLar specles of

s{¡nJf¿* slze (41), These rezults indicate that smaller polypøptide

ehelns are Jolnød together by disulfide bonds to produee the large

glutenin ¡nolecules (49)" Fragrnonts from reduced glutenln have

been separated lnto a number of components by gol e3_ectrophoresis

(42)" Aecordlngty an etteqpt was made to appry thls teehníque f-n

conJunctlon ¡rith disc electrophoresis for a more detelled oxamina-

tlon of the glutenin proteins of the extrected tetraplolds and, their
parents"

FÍgures 3L - 33 show tåe patterns of, the reduced and. alþl^eted

grutenins of the erfrected tetreplold and. thelr hexeplofd counter-

parts. As found prevlously ¡¡ith starch-goL eS.ectrophoresis (u?),

ttre redueed and alkyLatsd glugeni-n fragmonÈs nlgrated reedily into

the polyacylanide geI" Most of the components ¡.¡ere detected in
the Rg reglon fron 0 Lo 0"25. A dark band at fåe top of the gel

lndleeted tåat some of ths protein did not penetrate tàe gel"

Ð1sc electrophoretic pattern of tho reduced and. arþrlated.

glutenl-ns of Tetraprelude raas the s&ms s,s that of its parent" Ho¡¡-

ever, the tetraplolds of Rescue and Thatcher lacked one slow movj-ng

band (Rt 0,0?) detected ln tho patterns for the perents" on the
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basis of ¿r,hese rasuS-ts, it, night be eoneluded tha,t, the glutenlns of

Reseue and thatcher ane qualltatively difforont fnon the glutenlns

of the eorrespondlng ertraeted tetnaploldso Thts dlff€reneø lres

not obse¡:ved foe Prelude and Tetraprelude"

ïn su:rnnary, 1t mlght be sèated thet the red.ueod and alþlated
gluteníns of the two extrac'ùed tetraploids with poor breadrnaklng

quallty lecked one slov¡ moving band prosent in tirelr hexeplold

perents and 1n tho extrected tetraprof.d of prerude r*hfch had. htgh

breadnaklng quality" It is teinpting to eonelude that, thls protein

band nlghÈ be partly responsible for breadmaking qualíty, However,

slnee these dl-fferencês ç'ere obtalned. for cher¿1ca1l-y nodlfled glute-

nln dnieh oomprises only a sma1l portlon of the orlginal glutenin

profæ1n 'Lhis concluslon is tentetfve"

(v11) Redueed Á.1coho1-So_lublo 
-protg_L¿g - Elsctrophoresls

patterns of the reduced and alþlat,ed alcohol-soruble proteln
(gliadlns) of the thnee erbrectÆd tetraploids end their perents are

shown 1n Flgures 74 - 36, Theso protøtns ølgrated very slowly into
the gel and thair nobtlitles HËr€ lower than ürose of tho native

gliadtrnsn TheFê wer€ a number of ldentieal bands in the patterns

of the reduced and alþlated glf.adl-n and native glladin"

Tbe patterns for the reduead ard alkyiatæd gltacllns of ths ex-

tracted totraploids and their hexapiofd parent v¡ere identlcal"

Varietal dtrfferenees in the patLerns of the reduced end. al!rylated

glledlns ner€ obsorved as for nativs glladin" on the ottrer hand,

the petterns of the reduced ar¡c allcyleted gliad.ins ruere qultæ
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Fig, 3?" Dlsc electrophoretle patterns of the pnoteins fro¡r

flve varletles of þ" squêEËggs, 1o Strangulaüa

2n Anathera 3n TJrplca 4. Varlety (1) 5" Varlety (2)
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dlfferont from those of reduced and erþlaÈed glutænlns Flgures

JL - 33 for all the wheats stuciied" Aecordingly, it appears that
tbe ¡redueed glladfns åt:6 dlfferent from reducod glutenin ln electro-
phorotlc proportleso thase results inri.leate tl¡at tho gltadins ere

not the bulldi-ng bloeks of the larger glutenia molecuLee as zug-

gested by Woyehtk eè a3 (þ?)"

The breadmakÍng quaLity of hexaploid. bnead ¡dreats has been

at'tributed to the lnfluenee of f,he D genome ehromosones eontributed

by the pr!m1tir."e specfes &." sqgêrrgsg (BZ)" Since the prjrnery aJ.m

of the presenf, study is to deterníno tbe eontributlon of tho D genome

t,o the protoln conpositlon of hexaploÍd wheeÈs, it was doslrable to
examino the proteins of a nurnber of reprosentative specles of Ae_.

squerr!,gan rt !{es presurnod that gel electrophoresls patterne v¡ourd

provide lnfomation on the nature of protelns whose synùhosis ls
controllod by the D genono in dlpIoid. cereal speclesn

Flve accesslons of the species Ae" Equaryosa avalleble in the

Departæent of Plant selenee, unfversity of Manitoba vsare studied.

Throe of the accessions wsro of knosn ldontlty and. trso ¡+ere of un-

kno¡m ldentity' Proteln extraets fron slngle seeds isere examined by

dlsc eleetrophoresls" sirqle seeds wer€ ground,u extraeted wlth 4M

dlmethylformanlde in 0.1N aeetíe acld end the insolubre-resldue

tras seperated by eentrlfugatlono The proteins in the supernet¿nt

¡*ere exanined by dlsc electrophoresi_s"

Dlse eleetrophoresls patterns for erbraets of tÀe flvo acces-

slons of .A.e-" sque'ross are sho¡sn ln Flgure 3?n All flve varletles
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had a cheraetærlstl.c pattez'n" Hower"eru tho eLbr¡nån end globultn

components g&ve ldentícal patterns" theso v¡ere similar to the

patterns for the hexaplold. and extrected tetraploid çrheats dlseussed

&boveu 0n the other handu the griadln portion of tåe pettern of all
t'he þ" éSue{Eggê aecesslons differed markedLy frorn the patterns of
the analogous proteins 1n hexaplofd v+heat. Tt¡ese rssuLts agreeu in
generel, v.lth the flndings of Bo¡nt and Wrigley (69), that, a wlde

dlverslty of protein patterns eppears to exlst in dlfferent specles

of åe" seu€-rrqgg"

The flndings of tho presont study indicates thet the proteín

composltlon of Âe. squgrt,pËg is slm1lar to that of the hexeplold

wheats exåminedo A,ccording1y, it eppoars that, the D genono con-

trlbuted by 49, sggêrro€g is strongly expressed ln hexapLold r¡heatsn

Honever, the sffeet of thls genone must be prlmarlly quenÈltatlve

slnee 1t does not seem to heve contrlbutod eny proteins thet, ane

quaIltatlvely dlfferent from thoso present in.aABB tetraplold"

Furt'he¡:more, there is no evLdønee of flre formetl-on of hybrS_d pro-

telns by the addltlon of the D genome f,o .4"á,BB tetraplolds l_n the

orlglnal fomatlon of hexeplold braad rsheat"

se Elee horefic Petts Pr"oteins of
DD Hsxani-oíd t¡trtrea

To test the h¡rpothesls that the contrlbutlon of tl¡e D genomo

to the protelns of breed ruheat wes quantitative rather than quali-

tetiver the protelns of one l1ne of s¡mthetlca1J.y produced hexaploid

¡¡heat (T" dun¡¡r(lu¡ai-tto) x 4eo q.q$srryqéq) r*re oxaml-ned by dlsc

electrophoresiso unfortunetely the iclentiÈy of the varlety of
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Flg. 33" Dlsc electrophoretle patterns of protoins frcm a

synthotle .6,ABBDD hexaploid anC lts durum parent"

ln Iumlllo 2. Synthetic hoxaplotd.
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êg." €gË€rs9-Eg used ín thø lnltial cross is not eertainu although

1t fs pnes':ned to be the veriE¡ty Fypiea" Fi-gure J8 shor+s thet the

electrophoresls patterns of extraet from the durum v,:heat paront and.

tho synttiotie hsxaploid &.pa essenti-eltry lctengie.el" Ápperently, no

'onsîc" protelns wero eontributed. by the adclltlon of tho D genono

from þu sqìrsrsg€ê" Recentlyr Boyd and FJrigl-ey (69) ev-ar¿lned tr¡o

reconstituted hexeplofds and. found tbat the pattenr for the re-

constltuted hexaploids rqcre ldantLeai to the pattern for the nÐc-

tures of extract from the par.ents, and concludod tbet þ, *qql¡êËre-g&

eontnibut'ed a nu¡nber of proteins that "*¡ere Dot prosent 1n the tetra-

pLold" Further ro'ork 1s n€eassary to clerlfy this appar.ent dlscre*

pånay bet¡rtsen the tuo sets of results"

l.l-, E3sÍ:_tåophorgtle Patt_e,¿ts gL Slrrgle_Seed Projgin Extreeþ

Recentl.y, starch-gol and disc electrophoresis have been ureed

extonslvely to separate arrd identlfy proteÍ.n components in extre.ets

frcm singlo graln seeds (69-zo)n som€ of these r.eports eoncrudod

t'hat control of the bi-osyntheefs of eertaln protelns is associated

wlth ths l-D chronosome ln the variety Chinese Sprlng (64¡" pioreover,

on the basis of tÏ:e same technique, Boyd and Wrigley (69) reported

that extraeted AiBB tetraploids of Canthet.ch lacked a r¡u¡nber of

slow moving bands 1n the same reglon that was &ssociated wlth

chroraosone l-D of Chl-nese Spring"

In present study of the extrected totraploids and their parentsç

ttre proteins wero oxtr¿cted fron flour 1n contrast to uhole seod"

Aceordfurglyu 1t, r¿as felt tåat a conperfson of tho singlo ¡rhole seed
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Flg' 39" Starch-gel eloctrophoretle patterns af 2I'4 urea extracts

of endospe::rn proteins of (f) tne disomie parent and (2)

nuLlL lÐ-tetra Lâ and (3) ¡ruUf lD-tetra 18 aneuploid

l1nes of Chinese Spring wheat"
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Flg, 40n Sterch-ge1 electrophoretie patterns of 4ll dinre'thyI--

fo¡nranide - 0"1N ecetic acid ertraets of endosperror

protelns of (1) dlsomic paront and (2) nul-lí lÐ-

tptra LÀ and (3) nui-11 lD-tetr'e )-B aneuplold linee

of ChÍnese Sprlng ¡¡hoet.
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Fj.gn 41o Dlsc eLectrophoretlc patterns of 4M df-nethylformenide -

0.1N acetic acld e:rLrect of endosperm proteins of (1)

dlsonla parent and (2) nulli 1Ð-tetre l,{ ar'd (3) nu1ll

}D-tetra 1B stoeks of Chi.nese Spring l*reat'
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e:rb¡acts and flour extrects for tÌ¡eso l¡heats ç¡oulcI be useful sLnee

thero sÊems to be a dlserepancy between the results of thls study

and those of Bo¡nt and Wrigley (69)u In additlon tw,o aneu.p1oS-d

llnes anC the disonlc parent of Chinese Sprlng y¡rere examlned. to

correlatæ the regults of t"he t¡+o studles"

1\uo dfferent solvents, 2M urea and 4M dlnethylforrr:amlde in

0"u{ aeetíc acldr ç'ere used to extrect thE protelns from single

seedsn Flgure 39 sho¡*s the stårch gel patterns obt"elned fon t,i¡e

urea extraets of two enoupl-oid llnee of chínose sprtng ard the

dlsonle parent" rt ís apparent that, tbe slo¡¿ movång protetr¡s êro

not separeted eorapletelyn The reaeo¡r for thls is noÈ knov¡n, howr

overr tåore is a possibllå"ty tlhat urea solubiliøed some of ÍJre

lo¡rer nolocular welght glutænlns ç¡hj.ch would give rise to beek-

ground steining es suggested by E1ton and E\sert (l+il, The pattern

for disonle ct¡lnese spring rras ldentical to the petterns for the

two eonpensating nuIl1-tetra aneuplolds of the same varlety, Due

to lack of resorution 1n the slo¡¡ noving bands 1t r¡as f-mposslble

to ascertein lf the two slors noving bands previously found by

Shepherd (ZO) fn the null1 lD-tetra 1A and nuÌli lD-tetra 18

anouplolds of thls varlot,y ¡¡ere ebsEnt.

Flgure 40 shorrs tho sterch-gel patterns of extraets fnom ths

same two errouploS.d lLnos and the disonle parent of chj.nose spring

obtal.ned wit'h 4M dlmethylformamfde 1n 0.1N eeetic acidn Agaln, the

patterns for the three chl-nase sprf-ng lines ¡¡øre fcund to be ldan-

tleal. rn this esse, the slow rooving protelns werÊ conpretoly

separatod ard no background exlstod in the reglon of thess bands
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Flg. l€ Starch-gel eleetrophoretf.e petterns of 2M urea

extreets of endospem pro'velns of Tetrapreluden

Tetrarescue, and Tetrathetcher and their hoxe-

plold parentso

1, Totrathatcher 2o Thetcher J Tetraprelude

4n Prelude J" letrareseue 6n Reseuoo
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Fig. 43" Starch-ge1 eleetrophoretlc patterns of a 4M

dlmethylfor¡ranlde - 0,1N acetie ecld extraetion

of endospernr, prctetn of Tetrathatchero Totra-

pretrudø and thelr parents"

1o Tetrethateher 2o Thetcher

3n Totraprelude 4u Prelude
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&s ?rås obtalnod ¡Ei-th the urea extraetsn The faeter nooing bands

stalned ltghter than fhe sane berde of tho uree extractsu

Attanpts to shos tl¡e differ€nee ln tl¡e tr¡o sl"ow moving pro-

telns of Chinese Sprlng resulting fnora removal of ehro¡uosono ID

obser.rred previausly (?0) wer@ unsuceessfulo The reeson for this

eould be the low resoLutlon of the proteln components of low raobL-

l1ty when urea extraets are usedu

As lras found by starch-ge1- eleetrophoresls, the patterns fon

the dln¡ethylfonmanlde-ecetíe eeld extraets of the two enoupl-old

lines of Chlnese Spring and the dlsomlc parønt ¡sere eLso fourd to

be ldentleal by dise eløctrophorests (Figure t+L). Agaln, Ít was

not posslble to denonstrete the loss of tr¡o slcr+ movÍng bands wÍth

removal of tbe lD chromosona as reported by Shepherd (?)). Further

work Ls requlrod to clarify this apparent discropancy.

In addltlon to the slngle seed extracts of the two aneuplolds

of Chlnese SprLng, slnllar extrects of the three extracted AABB

tetraplo3-ds a¡'¡d their parents used 1n thls study !üËre exanlned by

starch-gol electrophoresls" The patterns of the 2M uroa extracts

wore êssentlally the samo for the oxtracted tetreplolds and tÌroir

hexaplotd paronts (Flgure 42), As ¡+as found for the Chlnese Sprtng

aneuploids¡ the resolutÍon ln the sle*s movlng region rsas not suffi-
clent to produee e eloar sepanetlon of bands"

More eloar cut results rrere obtalned Ì¡.1th dinrethylfor¡naml-de-

acetlc aeld extracts. Figure 4J shor*s the psttern of these extreete

from the extrected tetraplold of Thatcher and Prelude end thelr

hexapLoid parenÈso The pattern of Thateher end lts extrected
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tetrepLoid e.ra ldentlcal, whlle the patterne for extraeted tetra-
plold end hexaplol<i of Prelude showed a minor dífferenee 1n the

slow noving r"eglon, At the eoncentration of protel-ns uged. 1n thls
experlment,u Prelude showsd two lntensely*sLained bands in ths reglon

of lolr rnoblllty sh1le letraprelude had olre intensel-y statned band

a¡'¡d one llght band of sltghtly lo¡ae¡ rnobility. Furthor work ts

necessery to aseertaln lf the obsers'ed dlfferaness for preluda are

real or an experimont artlfactn
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the protelns from throe br.oad wheets and thelr extracted .A-ABB

tetraplolds and a durun wheat wero fractionated accordlng to thelr

solubll-j.t.y ln watar, salt solutlon, /0$ aqueous ethanol end O"O5N

acetle aeld, the four soluble fractlons obtalned were ldentlfied

as the albunlnsu globulf-ns, gliadlns and glutenínso Thls ldentity

was based on solublllty cbaractsrisÈles, anf.no ecld coroposltlon,

and eloctrophoresls moblllty" Dlec and starch-gel electrophoresls

resuÌts shos¡ed thet eaeh grouÞ Érs6 a hoterogenous nlxburo of pro-

tol.ns thaü wers eheracterlstLe of the solub11lty fraetlon and wheat

variaty, there Hås some overlepphs ln the composltton of the four

groups, houever, the amounts of contannínants as lndicetert by the

ge1 eLeetrophorosis patterns, Ìrere small.

the dlstrlbutlon of protolns among the four so1ublllty groups

for two of the three extraeted tetraplolds wEre slgnlficantly

different fron those of their hexaplold parents" Tetrarescuo a¡yl

Tatrathatcher containod ¡rore gLladln and glutenln, er¡ù lese 1n-

soluble resj-due protein than the coruespondlng hexaplold varletleso

thls dlfferonce in solubillty dlstrlbutlon of the proteins cbuld be

reLeted to the lnferlor bread¡naking quality of these trso extracted

tetreplolds compered to thslr he:caplold paronts" Aceordlngly, t-t

ls tent¿tlvoly concluded that broadmeking quallty of breed fLours

1s determlnod by e crltiear balance of djJferont protelns couprl-

slng the complex nj:cturo presont ln the flours" This concLuslon is
supportød by the results obtslned for Tetraprelude and Preludo.

ÍIlth this varletyn the extracted totraploid was equal in breadrnklng
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quallty to the hexaplold paronte and the saLublllty distrlbutlons

of thelr proteJ-ns $ere eâs€ntielly the semen

fn addlttron to quantltative differ€ness in tJre dlstrlbutlon

of tha proteins åmong solublllty gÞoups, there eould aleo be quali-

tatlve dlffersnces botrseen relatêd aheets for a pantf-euler protaln

fractlon. rn the prosont study dÍsc and säerch-geL eleet,rophoresis

r.rero used to estebLish ldentlty of protæln componentso I'¡lth these

technlquese the protains of eaeh extracted tetrapl.old end its her¿-

plotd eounterpart ¡rere found to be qulte s{mllero thus 1t åppears

that the Èetraploids have tha neeessery g€n€s ln ths .A-andB-genoms

chromosones for the synthesls of all of the dlffer-ont specles of

prot€ln four¡d 1n thelr hexaplold parentso Apparently¡ Èhe ed.dition

of the D genome to the tetraplold wheat, dld not add genes for "nsw',

protelns. the nain effect.of tå1s addltlon seoms Èo be a decrease

or lncreass 1n sone of the protelns, present 1n the tstraploid

rsheets. In contrastr quallt¿ttve differsnees trer€ observed bet¡e€en

verteties of botå tetraplolds end hexaplold ¡øheats.

It l-s interesting to notø that tJre protelns of the Tetra-

prelude and Prelude ¡roro eseentleLly the sâmo âs judged by thø dls-

trtbution among solubillty groups end electrophorests patterns of

equivalent frectlons, fhese results agr€e wlth breadmaki.ng qualíty

datåo Aceorrå1ng.to Kartslkee et al (6), the retention of qua15.ty

(end presumably quantitative compositlon of ths protelna) ¡sas due

to a trenslocatlon of a sognent of ebronosone ID to ono of the

chronosomes of tho Â or B genon:s. It 1s perhaps sone¡uhaÈ surpri-

slng tåat a segment of one of the D chrouroso¡nes would be suffj-cient
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to maíntaLn tho proteln dlstrlbuÈ1on neeessary for brøao'qaklng

quallty"

Proteln eomponants 1n the varlous solublllty grrups were eharac-

t'erlstie for the varietløs" Significant qualitaÈtve dlfferenc€g be-

tçreen verletlee ¡¿ers observed in eontrast to the s{m{ls¡-!!y of the

proteln pattorns of eaeh extreetæd tetraploid end lts hexeploÍd peront"

Ït should be noted thet these eoncluslons are based on results obtclned

¡rlth dlsc electrophoresls whleh resolves the protoLne on the basis of

tåeir net chargo per unit slzeu Aecon{ingly, it is posslble that

reletlvel-y dlfferent protelns eould have the prop€r eo¡ablnstlon of

size and eharge to heve the sano nob1llty" However, this is not very

colfftllollo Uneqrrlvocel eonffu'matlon of ldentJ"ty of protelns of s1$il-er

electrophoretic mobillties can only be made by a eonpleto chsractæri-

zatlon of eacb proteln 1n terms of anfno ecid sequ€nceo

rn ttre pnesent studyr on].y tbe proteLns ln the four sorublllty

fraetlons ¡cere exåmined ln detalln Ho!+aver, the lnsoLubLe rosidue

eontalned ebout 30fi of the flour protelnso The nature of tl¡ese pro-

telng renalns to be resolved" ft, ls possible that slgnlfleant speeies

and varLetal differenees nlght be found ln thls group of proteins.

EleboretE degnedatlon proeedures ¡¡ould have to be used to study these

hlghly lnsoLuble protefns, The lneb1lity to separate the lnsoluble

resldue protelns uray not be vory serLous ln reletion to bread:naklng

quallty" In e reeent studyo Hoseney et al (45) sUor*ed ttrat tåe pro-

telns that nigrate ln starch-geL ere most inportant in breeduaklng

quaÌlty.

One ottrer nlnor shortcomlng of the preaent study thet should b@
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rientloned 1s that each of ths four solubility groups of protel-ns

that were examined contalned e s:na1l ernount of proteln that dld not,

nlgrate fnto the geI. Tt 1s Þresuned that thls arlses frsm denatu-

ratlon thç.t norrnally occurs durlng freeøe dr.ylng of soLubillzed pro-

teinsn It ts presurned that tàe olectrophoresís patterns ere not

affected qualltatLvely by this faetoro

0f the solubLe protefnsr the alcohol-soluble group or glladlns

shorsod the ¡nost msrked qualitative and quantitative varietel e.nd

speeles dlfferences. As lndicated 1n tho revie¡q of the llterature,

Hoseney et aJ (45) found that the gliadln fraction plays an important

role ln doterrnlnlng the breadneking potontlellties of breed, Tbls

suggested that qualltetive dlfferences 1n glladlns någht bo inpor-

tent 1n baking qus.lity of flouru So far 1t has not bean possible to

essociate a particulsr electrophoresis pattern for tho glladln group

wlth good breedmakl-ng qualltyo Indeedo the present work ¡uhlch shor,¡ed

thet the glladin pettern of extrected tetraplolds and origine.l hexe*

plolds r¡ere essentlelly the seme, suggests that qualitativs eompo-

sJ-tlon of the glladins 1s not lmportant ln broadmaklng quailty. On

the other hard, lt was found that the poor quality tetra.p1o1"ds, 11ke

the norrnel dunm wheats, eont¿ined much nore glladin fraction than

the ¡sheat of good quality. The extraeted tetreplold of Prelude whieh

had sl-nilar baking quallty as ber.aploid Prelude had eEsentlally the

sans amount of g1lad1n as the parerttu

In relation to lnherltancs of protein 1t is interestlng to note

that the patterns for the flve accesslons of þ. squerro_gq examlned

were qul-te different. Thls suggests that 1n the three verietLes
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€lßmlnede the verlety of Aeo squerros_g that eor:tributed the D genome

conteined proteJ-n eonponents elready pressnt ln the AÁ,BB tetraplolds

ln the orlginal forr¡atlon of hexaplold wheats, It ls a1_so posslble

that the varietal dlffsrene€s anong A¡.BBDD hex-eploid originated ç'ith

varietal differences Lnong the progenltors of the A and B genones,

ff the D gonome of each of the three varletfes exa¡alned did eontrl-

butø "nsv¡" protelns thon the only exlglanation of tåe sLnilarity ln
qualltatlvo eo'ifl.Ðositlon of the protolns of each extracted tetraplold

and lts parent would be on the basis of transloeations of D genome

ehromosomes to those of tho A and B genomes"

A translocation in one of the varietibs studied (preIu¿e) tn-

volvi.ng a segment of the ID ehromosome was confirmed by Kaltslkes

Q5), No transloeatlons wore dstected in tbe extracted tetraploids

of Rescue end thatcher. Reeentì-y, Mello-sanpayo (81) reportod thet

spontaneous transloeatlons occured 1n a number of ponteploid h¡òrlds

between the ehronosom€s of the D gonoine and honoeologous ehromosonnos

of the A and B genoneso ff this occurred ln the varl-etles studied,

the protelns ln the axtreeted t€traplold :¿ou1d be essentiell¡. lden-

tlcaÌ. To rule out thls posslblllty lt 1s necessary to establlsh the

ebsenee of transloeetlon 1n letrarescue and Tetrathatcher"

Tl¡e resul-ts of tÌre present study ara at varlanee *rtth those of

Bo¡rd and Wrlgley (69), theso workers found that renoval of the D

g€nom€ fron cantheteh resulted ln a loss of four proteln bands. ft
ls possibie that tho protein extreetlcn procodures used in the two

studles t¡ere sufflclently dffferent to give the different resrrlts.

Boyd and l'Irigley (69) exanrined singre seed extracts ç¡hile in the
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ferent solventsu
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flours ç¡ero extraeted eonsecutively by thrçe dtf-
Porhaps the nosL plauslble erplanatior¡ of the dis-

the resul'çs of Boyd and Wr!_gley (69) an¿ üro results

thet different vari-etles were used tn tha t'*¡o stud.íss,



1.

2u

Ò)a

4o

t53

1ÆI SUMÞ1ARï ÅND CONTRIBUTIOI\] T0 KNOtrrLEDcE

Physicochemleal propertles of the protelns of AÂBB tetraploid

v¡herets extract¡d genetlcal1y from three con¡ion wheat verleties

Prelucer Reseue anc rhatcher, their hexaplo!-d penents and a durun

ç¡he¿t Stewart 6J, were studied and compared"

rn additlon to the extraeted tetraploids and thefr parentsr Þro-

tein extracts of trøo aneuploid lj-nes ¿nd the disomic par.ent of

the cornrnon r+heat variety chinese sprlng¡ a s¡mthetlc AABBDD hcxe-

ploid wheat and lts durum r¡heat parontn and five accesslons of

Ao. sq¡La¡"rcsa Ï¿ere eïaminod by gol oleetrophoresisn

tho protelns of tho extracted tetraploids arrd hexeplold counter-

parts were fractlonated by sorubllity in approprlate solvents in-
to albu¡rlns, g1obul1ns, gliedlns, glutenins and insoluble resldue

protelnsn

The dlstrlbutlon of the proteins enong sorubility groups shoøed

that Tetrareseue and retrathatcher contalned mor.e gliadins, norø

glutenlns, and less lnsoluble proteln resld.ue than tåe corr€s-

por¡ding hexapS.old çrheats. rn contrsst, Tetraprelud.e contelned

sfunllar amounts of glladln, glutenin and insoluble protein resi-
due to those ln Pre1ude.

All four soluble fraetlons from extracted tet"raploids cont¿ined

more soluble nateri.al (protein and non proteln) tl¡an the analo-

gous fractions fron the hexaplold perent verlotles except the

salt-soluble fractÍon wes essentiail-y tbe same fo¡" the seven

whoats exenlnsd"

E)c
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6u No signifieant dlfferences 1¡r emlno acid cornposition ¡sere found

emong the flours from t^he thr:ee extreeted tætreploidso thelr
hexaploid parenÈau and the duru¡n røheat,

7. Amlno aeld conposltion varied signiflcently amorrg the solubillty
frectlons, horoovøru the differenees fer eny ona fnection snong

the verietlos and speeles uera sneIl,

8. ÂIbumin and globulln proteins wer€ rlch 1n baslc anlno aclds and.

poor 1n glutenric acid whfle glåedln protoins ¡+ero characterizeC

by high glutamte and prorlne eontents and low lysino content,

9, DÍsc and starch-ger eLectrophoresis were used. to separate end

ldentlfy proteln conponents of the various solubility groupso

10' Tbe patterns obteLned by the t¡¡o techniquos for eaeh derlyed

tætraplold were essentially ttre senc as the equivalent pattcrns

for the hexaplold eountorperts" rbo ¡nlnor exeeptf.ons to tjris
generallzatlon were obse::ved. Tetrarescue lackod one mlnor Þro-
tein band ln tl¡e albunln group, r¿t¡tle botå Tetratihatcher and

letrarescue lacked ono slow noving band, 1n the redueed-alþlatæd

glutenln group present ln the analogous fractlon of tù¡elr hexa-

pLoid eounterpartso

11o Dlfferenees 1n øleetrophoretfe patterns were found anong the

verietles studied especia3-1y in the slower norrirg gliadln corn-

ponents, and in the reduced-a1-þlated gl_uteninsu

lzn signifleent differencos in tha electrophoret$.c patterns wer€

found 1n the gliadin pnoteins a¡nong the flve accesslons of Äe"

squarrosa studled,
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L3, Slnlle,r eloctrophoretic petterns were obtalned for

extraets f¡:on the s¡mthetfc AABBDD hexaploid ç¡heet

varlety which contributæd the A and B genomes,

the

and

pnoteln

the durun
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Table t. Bread-making quality of extracted AABB wheats and their
standard tcsting methods are indicared in footnotes. s.V., sedimentation8.U., Brabender uníts.

Type
Bushel 103 Kcrncl
(kg) (g)

Weight

I
II

I
II

I
II

I

Wheat

29.0
30.4

28.6
30.4

26.8
30.0

30.9

Pro-
tein
(/o )

27.5
30.7

17.5
34.9

t A.A.C.C. mcrhod 56.61 (j). î Adjusted
is judgcd pcr 100 Ê of flour.

Yicld
ffou r
(o/o )

74.'l
13.0

15.3
11.4

13.2
13.2

11.8

'r1 1

3 1.9

56.2

AABBDD counterparts.
value. Ash and protein

68.2
7 5.1

5 8.6
'74.6

54.8
7 4.1

66.1

Ash
(%)

Pro-
tein
(o/o )

0.78

.94

.50

Preludc
13.8
12.3

Re.çcuc

13.8
10.8

Tlntche r
12.2
12.r

Slevart 63

10.8

Flour

I, AABB; II, AABBDD. Devjations from
contents are on 14 percent moisture basis.

S.V.':, Absorp-
tion
(oio )

for proper dough handling at ¡:anning.

.93

.45

.66

Farinograph

JJ
54

Devcr. Mixing "tl$i *ii
.trr.ne toler-rnce g"\ (cm,,)(min) (8.U.)

18
66

73.4
62.1

82;l
62.7

80.2
67.8

18
67

3.0
5.0

2.6
3.5

2.5
4.O

1.8t9 68.5

Bread

Ì Remix bâking tesr

60
50

165
75

100
50

60.4
57.1

60.1
58.'t

lCereal Clrctn. 37, 603 (1960)1. Loaf volume

755
730

435
705

470
't85

40085

60.2
62.8

56.5

u
O.
¡\)




