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Zillman, Rj-ehard Reid" M"Sc"

Wtreat Cultivar Identification

Professor: Dr. W. Bushuk"

An electrophoresis test,

was developed. The test uses

as the genotypic character.

The test incorporates a continuous aluminum lactate-lactíc acid.

buffer system at pH 3.1 and a fIaË-bed 6% polyacrylamide gel support

medium i:r a specially constructed apparatus" Seventy percent aqueous

ethanol was used for gliadin e*íractj-on. The nomenclature, developed,

in this study, uses a major band in the electrophoregram of the Canadian

hard red spring wheat cultivar, Marquis, as the reference. The refer-

ence band was assigned a¡r arbitrary mobility of 50; all other bands

of that and other cultivars were identified on the basis of mobilitv

relative to 50 for the reference band u¡rder identical electrophoresis

conditions. A method for subjective quantificaÈion of band intensities

was developed.

ABSTRACT

, The University of Manitoba,

by Gliadin Electrophoregrams"

rLL

suitable for identifying wheat cultivars,

the gliadin pattern (electrophoregram)

May, L978"

Major

The possible effect of environment on the electrophoregram vras

examined using five cultivars, each grown at ten different locations

in Manitoba and Saskatchewan. The electrophoregram was not affected

by environment. This confirmed previous findings that the gliadin



electrophoregram is a genotlpic character, and substantiates its use

for wheat cultivar identification.

Electrophoregrams were d.etermined for 88 wheats (common and durum)

licenced for prod.uction in Canada. Based on the nomenclature described

in Èhis thesis, electrophoregram formulas for these curtivars were

d.etermined and catalogued. Of Èhe 88 cultivars, 85 had distinct formu-

las. A method for identifyilg an unknor',¡n wheat sample or determining

its cultivar purity using the electrophoresis tesÈ and the catalogue

of cultivar formulas is given. practical implications of this study

in the Canad.ian wheat ind.ustry are discussed.
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Schedule I of the l97l Canada Grain Act specifies that the cuLti-

vars of hard red spring wheat that qualify for grades No" 1 and. No" 2

Canada Western Red Spring (CV0RS) shall be "Marquis or any variety

(cultivar) equal to Marquis". Over the years, the cultivar specification

has been both an asset and a liability to Canadars wheat industry.

The main implicaÈion of Èhis specification is that cultivars that are

not equal in quality to Marquis must be identifiable so that they can

be excluded from No" I and No" 2 grades. Furthermore, the mechanics

of Canada's wheat grading practices require that these cultivars musÈ

be "visua1ly" distinguisha-ble for rapid grading and segregation" This

requirement eliminates the possibility of licencing cultivars that are

not. visually distinguishable, regardless of their yield potential,

disease resistance, milling quality, or end-use quality (e.g. for

products other tåan bread) .

I" TNTRODUCTION

Canada's visual idenÈifi-cation of wheat cultivars is based entírely

on physical- characteristics of the grain. The grading reg:ulations do

not permit the use of chemical or biochemical tests for identifying

cultivars. The main reason for this is the concern that such tests

would severely interfere with the throughput of grain in the handling

system. On the other hand, Australia has, for a number of years, used

the phenol a¡d electrophoresis tests to exclude undesirable cultivars



from Èheir "Prime Hard" and "Hard" grades" The European Economic

Community is considering statutory application of an electrophoresis

test to identify undesirable "non-bread" cultivars such as Maris Huntsman"

The object of the present study is to present an electrophoresis

tesÈ that might be suitable for the identification of wheat cultivars

in the Canadian wheat grading and handling system. An electrophoretic

apparatus and method and a nomenclature for the gliadin components in

the electrophoretic patterns (electrophoregrams) are d,escribed. The

effect of growing location on the gliadin electrophoregr¿rm is examined.

A catalogue of wheat cultivars licenced in Canad,a is prepared on the

basis of gliadin electrophoregrams using the nomenclature described.

ThroughouË the text of this study, wheats of the species Triticum

aestivum L. em The11" (hexaptoid wheats having the genomic formula

AABBDD) will be referred, to as common wheats, whereas wheats of the

species Triticum turgidum L., s.sp. durum (tetraploid wheats having the

genomic formula AABB) will be referred to as durum wheats. common

wheats may have spring or wj¡ter habit, and are used. for bread makinc

(hard red spring wheats in Canada) or for cake, biscuit and pastry

products. Durums are spring wheats used for pasta production.



steadily during the past several- decades" The earliest experiments

were able to differentiate only four or five componenÈs of wheaÈ gluten.

It is now known that wheat gliadin comprises up to fortlr or more distinct
protein components, and the griadin electrophoretic pattern can be

used to distinguish between cultivars. This review chronologically

traces the apprication of electrophoretic technj-gues to the study of

ElectrophoreËic fractionation of wheat protein has progressed

rI" LTTERATURE RSVIEW

wheat proteins from those

gliadin electrophoregr¿rms for cul-tivar identification.

The separation of proteins by free or moving boundary electrophor-

esis was first reported by Tiselius (1937) r ând applied Èo wheat protein

by Schwert et aI. (L944). V'iheat gluten was first classified by Jones

et ar. (1959) into four groups designaËed as a, ßt Tr and u.l on the basis

of four distinct peaks in moving boundary electrophoresis. They found,

several suitable buffer systems for the electrophoretic study of gluten

proteins, all at pH 3.1 and nominar ionic strengths of about 0.03.

Aluminum lactate - ractic acid (nominal ionic strength of 0.03 to 0.12)

r¡ras reconìmended over all others because of the excellent peak symmetry

attai¡¡ed with this buffer even at high protein concentrations. with

certain buffer solutions ¡¿. and g peaks were resolved into two components.

Thus wheat, gluten was shown to consist of at l-east six distinct

early experiments to the present use of



components (dI, o2, ßr, Br,

able to distinguish between

electrophoretic profiles of

Tiselius apparatus.

rntroduction of the starch 9e1 support, medium by smithies (1955)

v/as a major advance in the application of zone electrophoresis to the

study of proteins. E1Èon and Ewart (1960) first applied starch gel

erectrophoresis, using the aluminum lactate buffer system of Jones

et al. (1959), to the study of wheat proteins" Electrophoretic patterns

of glutens from four cultivars examined showed the presence of the same

eight distinct and separate bands for each"

hioychik et al. (196I) showed that the four groups of gluten

proteins established by Jones et al" (1959) using moving boundary

electrophoresis could also be distinguished as four groups of band.s

by starch ge1 electrophoresis using aluminum lactate buffer at pH 3.1

containing 3M urea. Ej-ght bands were readi-ly evident for the cultivar
Ponca. The ß peak was resolved into four distinct bands, and the a

peak into two. Vlithin each group the resolved bands were identified

by Arabic numerals, with the band having the highest mobility being

assigned, number one. protein Èhat failed, to migrate into the ge1

(remained at Èhe origin) was _characterized as being identical to Èhe

01 gluten component reported by Jones et al. (1959) and to the major

portion of the classical glutenin fraction of wheat gluten. A1I protein

components that migrated in the gel were considered to be griadins.

Elton and Ewart (1962) compared starch gel electrophoregrams of

protein dj-spersions prepared in aluminum lactatp trrrffar lnFT ? 'l

y, and o) " Cluskey et al" (1961) were

hard and soft wheats on the basis of the

the gluten proteins obtained with the



u = 0"05) from flours of eight wheat cultivars" They observed signifícant

differences in gliadin paÈterns, while those of the atbumins and qlobu-

lins remained virtually the same for all culÈivars tested.. This was

also found by Bourdet et a1. (1963) for two culÈivars of common wheaÈ

and one of durum. The starch ger erectrophoregram of each cultivar
showed at least 14 gliadin bands" Graham (1963), in comparing starch

ge1 electrophoregrams of seven co¡nmon wheaÈ cultivars and, one d,urum

wheat cultivar, noted marked differences in the slow-moving gliadin

components 
"

Another important advance in zone electrophoresis was the intro-
duction of the polyacrylamide ger by Raymond and !,tang (1960). poly-

acrylanide gel electrophoresis (PAGE) was first applied to wheat gluten

analysis by Lee (1962) using an alkaline buffer of pH 9.6 containino

2M urea" Because poryacryramide gels are transparent, he was able to

scan the stained geI by transmi-ssion densiËometry and. thereby obtain

a quantitative measure of the amount of protein in each band.

Lee and Wrigley (1963) used the PAGE method described by Lee (Lg62)

to study the gluten proteins of 12 wheaÈ cultivars (eight common and,

four durum wheats). Each cultivar had a characteristic electrophoretic

scan profile consisting of eight or nine peaks. Marked differences

were noted between the profiles of tetraploid and hexaploid cultivars.

they inferred genetic contror of the protein patterns since closely

related cultivars had similar profiles. Nimmo et al. (1963) found 15

to 17 bands by P.A,GE at pH 6.1 (sodium cacod.ylate - sod.ium chloiide

buffer) of water soluble flour proteins. They reported, reproducible

differences among the patterns (botfr anionic and. cationic protein bands)

of four cultivars.



Coulson and Sim (1964) examined aqueous extracts of flours of 34

different common wheat cultivars using starch ge1 erectrophoresis.

They observed that the pattern in the gliadin region was typical for
each cultivar, and was not affected by the area of growËh" They con-

cluded their report with the statement:

These results seem to suggest the possibility of a
new method of wheat protei-n classification as well
as the accurate identification of different wheatvarieties (which is at present extremely difficult).
The evaluation of new varieties and inherítabre
factors of quality, which would be extremely usefulto the wheat breeder, may also be possible.

Feillet and Bourd.et (1964) reported that they could. identify some

conmon wheat curtivars by starch ge1 gliadin eLectrophoregrams. The

same workers (1967) were abre to separate gliadin inÈo 15 Èo 19 bands

using starch ge1 electrophoresis in aruminum lactaÈe buffer at pH 3.25.
They also poinÈed out thaÈ gliadin composition was not affected by

environmental conditions. this conclusion hzas based on results for thro

common wheat cultivars growrl in four locaÈions and in the greenhouse

with the apprication of nitrogen fertilizer over t\Â7o years.

Lee and Ronalds (1967), usinq sÈarch gel electrophoresis and,

chromatography on carboxymethyl celIulose, made a systematic study of
the effect of environment on wheat gliadin. Their study involved, four
Australian cultivars grown at six widely separated locations in four
Australian states. They conclud,ed that location, soil type and. season,

which can markedly influence the total protein content, have litt1e
effect on the gliadin pattern.

Huebner and Rothfus (1969) used

chromatography and subsequent starch

sulfoethyl cellulose column

gel electrophoresis to compare



the gliadins of ten wheat cultivars representing fíve different classes

grown in the United States. Differences in gliadin composition were

greatest between cultivars of different classes and least between

cultivars of the same class.

Ðoekes (1968) carried out an extensive electrophoretic study (on

starch gel) of the gliadins of 80 wheaÈ cultivars from Western, Central

and Eastern Europe, India, and North and, South America" He classified

the electrophoretic patterns into five main groups. Group r had a

compact gliadin paÈtern and group v a well spread pattern. Groups rr,

IIl and IV \^rere intermediate. This arrangement provided a morphological

series in that group I comprised soft western European winter wheats,

groups rr, rrr and rv incruded varieÈies of diverse origins varying

in kerner hardness, and group v comprised hard non-European spring

wheats. In addition' Doekes investigated the effects of climate and

soj-l cond,itions and of nitrogen fertilizer on the gliadin pattern.

He concluded that Èhe electrophoretic pattern of the gliadin fraction

was not influenced by any of those environmental factors, and that the

electrophoregram was a genotlpic character of a cultivar.

VÍrigley (1970) used a two dimensional technique that combined gel

electrofocusing and starch ge1 electrophoresis to examine the gliadín

extracts of a number of wheaÈ cultivars. protein maps, showing over

40 components, revealed considerabLe differences in gliadin composition

among cultivars. on the other hand, the patterns of samples of the

cultj-var Spica, in which protein content varied from 9.9 to 26.7s", were

qualitatively constant.



E11is (r97L) found, by starch gel electrophoresis, cultivar-

specific differences in the slow moving griadins of 32 commercially

grown eritish wheats (hard and soft, spring and. winter). On the basis

of the number of dark-staining slow bands, the cultivars vrere divided

into four main groups (0, r, 2, or 3 dark slow gliadin bands). Differ-
ences in band mobility, definition and intensity and the presence of

reproducible minor bands allowed differentiation of individual cultivars.

However, it was not possible to identify every cultivar by electrophor-

etic pattern alone. Seasonal and environmental effects did not affect

the gliadi-n patterns' except in the case of sprouted or overheated seed

samples which showed a great reduction in band i-ntensities.

VÛrigley and Shepherd (L974) described the systematic use of gliadin

electrophoresis, based, on the starch gel procedure of Graham (1963),

to distinguish many of about 50 Australian cultivars (bread wheaËs and.

durums) " For the purpose of classification, patterns were considered

on the basis of four regj-ons, dt ß, \, andr¡, identified accordincr to

the convention of Jones et a1. (1959). A table vras prepared for the

systematic identification of a cultivar according to the appearance

of specific distinctive bands in the electrophoregram. patterns for
some cultivars were indistinguishable. Such cultivars were generally

closely relaÈed geneticalry. Electrophoretic analyses performed. on

samples of a number of cultivars grown at different sites in differenÈ

seasons substantiaÈed previous reports that the gliadin pattern was

independênt of growth conditions and protein content.

The Greek l-etter - Arabic numeral system introduced by güoychik

et al. (1961) was amplified and used for cultivar identification bv



the Soviet workers Gubareva et al. (1975) " They developed, a composite

formula for common wheats on the basis of number of gliadin bands

(7-5e" polyacrylamide ge1 cylinders, 0.013 N acetic acid,, pH 3.1) in
the electrophoregrams of the putative progenitors of Èhe A (Triticum

boeticum), B (Aegilops speltoides) and D (Ae. squarrosa) genomes"

The composite griadin electrophoregram was given the formura a L Eo 7,

ß 1 to 5, y 1 to 5, and u.r I to 12 " The numbers representing bands that

stained intensely were und.erlined., those that stained weakly h¡ere

shown in parenthesis, and doublets were indicated by two dots above

the number. A minor deviation in mobility of a ß or u: band was indicaÈed,

by a subscrípt I if the displacement was in the direcÈion of the faster

neighboring band, and by a subscript 2 if the deviation was in the

direction of the slower neighboring band. An example of the formula

that v¡as generated by this nomenclature for the cultivar Kharkovskava

46 is:

s5(6)7 gQ) 3.4s ^(2s uzäät.¿-
In this manner the Soviet workers published the gliadin electrophoregram

formulas for 130 cultivars including hard and soft winter and sprinq

wheats grorltl in the U.S.S.R.

Another nomencrature for identifying gliadin components in

erectrophoregram for the purpose of culËj-var identification was

lished by the French workers Autran and Bourd.et (f975). This nomen-

clature was considerably simpler than the one proposed by vüoychik et

al. (1961) and used by the Soviet workers (Gubareva et al. I97S).

Autran and Bourdet (1975) used starch ge1 electrophoresis and aluminum

lactaÈe buffer at pH 3.2 containing 0.5 M urea. For 60 winter and.

the

pub-



13 spring wheat cultivars grown in France, they obtained a total of

43 different bands (a maximum of 25 band.s in any one cultivar), each

identi-fied by a relative mobility figure relative to 65 for a y-gliadin

band common to all the cultj-vars analyzed. The range of mobilities

for all the gliadin band,s was from 21 to 1OO. Of the 12 electrophore-

grInas described in detail, only one had component 100. The nomencla-

ture of Woychik et al" (1961) is related to the nomenclature of AuÈran

and Bourdet (1975) as follows:

Relative mobility No. of bands

q-gliadins gg - tOO 7

g-gliadins 75 - 87 6

y-gliadins 60 - 74 7

or-gliadins 21 - 59 23

Band intensities were designaÈed as +++, **, +, Èrace, or 0 in ord.er

of decreasing intensity by visual examination. Autran and. Bourd.et

(1975) further quantified the dissimilarity of cultivar electrophoregrams

using the statistical procedure of Dedio et al. (1969) for the simi-

larity of rye cultivars on Èhe basis of phenolic components. This

calculation gives a value of zero for complete identity. of the t2

French cultivars analyzed in this manner, the highest relative index

of dissimilariÈy (rRD) was 50. These indicies were intended to quantify

the sinilarity of cultivar electrophoregrams and. show indirectly a

form of genetic relationship between cultivars.

coles and lririgley (1976) , using the electrophoretic procedure

described by wrigley and shepherd (r974) and lririgley and Mccausland

(1975), showed that positive electrophoretic identification of New

Woychik et al. (196I)

10

Autran and. Bourdet (1975)



zealand culËivars was possible" patterns \Àrere grouped, accord,ing to

the position of Èhe gliadin band with highest mobility in the o region.

other specific bands and the arrangement of bands províded further

distinctions' among cultivars "

11



The wheat samples that were used. in this study were all cultivars
(spring and. winter conmon wheats and durum wheats) that had been

licenced in canada" They are listed along with their pedigree and

nationality (zeven and zeven-Hissink Lg76) in Tables r to 3.

The effect of location of growth on the gliadin electrophoregr¿rm

was investigated further (for Canadian conditions) by examining grain

of five hard. red spring cultivars (Manitou, Marquis, Napayo, Neepawa,

and sinton) grown in ten locaÈions in Manitoba (Brandon, Dauphin,

Glenlea, Morden, and Portage Ia Prairie) and Saskatchewan (Indian Head,

Me1fort, Regina, Saskatoon, and yorkton).

rIT" MATERTAIS

All chemicals used were of laboratory reagent grade. only

deionized distilled waÈer was used in preparing soluÈions for gliadin
extracti-on and electrophoresis.

12



TABLE I" Common spring
electrophoresis.

No. Cultivar
I Acadia

2 Apex

3 Bishop

4 canthatch
5 Canuck

6 Canus

7 Cascade

I Ceres

9 Chester

wheat cultivars analyzed bv

Pedigree end NationaliÈy
Marquis/PenLad/ / Cartus, Canada

H"44-24/Dor:ble Cross/ /2X Marquis, Canada

Ladogar/Gehun, Canada

Thatcher,6XrlKenya Farmer, Canada

Canthatch /3/tqtda/Cadet/ /Rescue , Canad,a

Marquisr/Kanred, USA and Canada

I0 Chinook

11 CoronaÈion II
L2 Clpress

13 Early Red Fife
14 Fielder

t5 Garnet

16 Glenlea

L7 Huron

18 Kenhi

19 Kota

20 Lake

2I Lee

¿¿ lennL 5J

23 Lemhi 62

Quality A/Pacifíc Blue Srem,/ /C26-59-2D/3/enas,
Canada

Marquís/Kota, USA

Renown,/S - 6L5 / /Rescue / 3 /Kenð.ee / 4 /Míd,a/ Cadet ,
Canad.a

Thatcher/S-615-11, Canada

PenÈadr/Marquis, Canada

Rescue,/Chinook, Canada

selection of Red Fife, Canada

Yaktana 54A X4//ñorin lOlBrevor/3/2X yagui 50
/4/ ñorín lO,/Brevor//BaarE/Onas, USA

Preston ArzRiga M, Canada

Pembina 2x/Bage//CB 100, Canada

9ühite Fife,/Ladoga, Canada

Kenya 338 AC2E3 /2X Lernhí, Canada

found in USSR durum, USA

Regent/Canu.s, Canada

Hope/ /Bobi-n X2/Gaza, USA

California 3O98/5x Lemhi, USA

Lenhi 53 Xs/3/Lee X7 / /Chinese,/Ae. umbellulata,
USA

Thatcher X7 /îrontana/ /CanthaEch/ 3 /pI t7 Og2S /
6X thatcher, Cariada

Hard Red Calcuttar/Red Fife, Canada

Manitou 2x/ A/thatcher SXllee/ 3/rhal-c}ler 7X/
Frontana,//Thatcher 6X/Kenya Farmeï, Canad,a

polyacrylamide gel

13

24

ZJ

¿o

Manitou

Marquis

Napayo



TABLE 1. Common spring wheat cultivars analyzed by polyacrylamide gel
electrophoresis (contrd) .

No.

27 Neepahta

28 Norquay

29 Park

30 Pembina

31 Pioneer

32 Pitic 62

33 Prelude

34 Preston

35 Quality A

36 Red Bobs 222

37 Red Fife
38 Redman

?O Þôdôñ+

40 Reliance

4l Renfrew

42 Reno\¡m

43 Rescue

44 Reward

45 Ruby

46 Saunders

47 Selkirk
48 Sinton

49 Springfield
50 Thatcher

Cultivar Pedisree and NaÈionalitv
Thatcher X7 /Frontana/ /ThaLcher X6 /Kenya Farmer
/ 3 /fl:aEe}:er X2 / /Erontana,/Thatcher, Canada

Lerma Rojo/Sonora 64/ /Justin, Canada

l[ida,/Cade E/ /l¡.aEc¡,er, Canada

Thatcher,/ 3,/McMurachy/Exchan g e / / 3X Redman,
Canada

Riga/Preston, Canada

Yaktana 54//ñorin lO,/Brevor 26-IC, Mexico

Ðoq¡ny Gehunr/Fraser, Canada

Ladoga,/Red Fife, Canad.a

selection of Florence, Canada

selection of Early Triumph, Canada

introduced from S" Poland into Ca¡ada

Regent/Canus, Canada

H-44/Reward, Canada

Kanredr/Marquis, USA

selection of Marquis, Canada

H- $/Reward, Canada

Apex/S-615, Canada

Marquis/Prelude, Canad,a

Ðowny Riga,/Red Fife, Canada

Hope,/Reward/ /Thatcher, canada

McMurachy,/Exchange / /3X p1eðman, Canada

Manitou,/3/Thatcher X6 /Keny a î armer / /Lee X6 /
Kenya Farmer, Canada

Norin 10,/Brevor//3y Lero¡'í 53/3/Lemhi 62, USA

Marquis/IvnilLo / /Marquis,/Kanred, Canada
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TABLE 2. Common winter wheat cultivars analyzed by polyacrylamide ge1
electrophoresis .

No.

5t Cornell 595

52 Dawbul

53 Da\dson's Go1den
Chaff

54 Eglptian Amber

55 .!'at_rrl_erct

56 Fredrick
57 Gaines

58 Genesee

59 Jones Fife
60 Junior No. 6

61 Kent

62 Kharkov 22 Yt"C.

63 Nugaines

64 0.A.C. 104

65 Richmond

66 Rideau

67 Ridir
68 Sun

69 Sundance

70 Talbot

7l Thorne

72 Wasatch

73 Westmont

74 $iinalta
75 Yogo

76 Yorkstar

Cultivar Pedigree and Nationality
Honor/Fo:r,'rar d/ /Nur ed/ 3 /Honor, USA

Dawson's Golden Chaffr/Bulgarian, Canada

selection of Clawson, Canada

Fultz,/Lancaster, USA

Purkof/Fulhio, USA

lVashington l/ /Genesee,/Cappe1le, Canada

Norin LO/Brevor/ /Orfed/Brevor sib " /3/Bart, USA

Yorlçnin/ /Honor X2/Forward, USA

F ttl1cz / ? /Medi terran ean/ ? / Russ ian Ve lve t, USA

as Goldcoin, selection of Redchaff or of
Redchaff Ba1d, USA

Caldwe1l lOrlDawsonrs Golden Chaff, Canada

selection of Kharkov, Canada

sib. of Gaines, USA

Dawson's Golden Chaffr/Bulgarian, Canada

Dawson's Golden Chaff x2/F'j.ð,í:L, Canada

Kharkov 22 M"C.,/Dawson's GoLden Chaff , Canada

Turkey/Florence, USA

as So1, selection of local variety/English
Stand Up, Sweden

Cheyenne,/Kharkov 22 M"C", Canada

Trumbul1,//nope/¡tus sar / 3 /Dawson ' s Golden
Chaff X2/PJð,íL/ /Cornel-I 595, Canada

Portage,/Fulcaster, USA

Reliefr/Ridit, USA

Rio/Rex//Nebred, USA

Minter,/?üichita, USA

!4inturki,/Be1og1ina,//Buf fum, USA

Genesee xí/3/Yorløin/ /Norín lO,/Brevor, USA
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TABLE 3" Durt:tr wheat
electrophoresis "

No"

77 CarleÈon

78 Golden Ball
79 Hercules

80 Macoun

8t Mindum

82 Nugget

83 PeU-ssier

84 Ramsey

85 Stewart

86 Stewart 63

ó t waj<ooma

88 Wascana

Cultivar

cultivars analyzed by polyacrylamide gel

Pedigree and Nationality

Vernal Emmerr/Mindum, USA

? from S. Africa
Rt 3097,/RL 3304//Stewart/Rl 3380' Canada

RL 36O7/DT 182, Canada

found. in bread wheat field, USA

Mindum,/Carlebon/ /HeiÈi,/Stewart, USA

introduced from Algeria into USA

Carleton,/PI 94701, USA

Mindum X2/Yernal Emrner, USA

9iu.464/8X Stewart, Canada

Lakota X2/Pelissier, Canada

Lakota X2rlPellissier, Canada



The electrophoresis test, as applied to wheat cultj-var identifica-

tÍon, separates the gliadin components into protein bands of different

mobility. It has been reported previously (Lee and l,Irigley L963;

Coulson and Sim L964; Feillet and Bourdet 1964 e 67i Lee and Ronalds

1967¡ Doekes 1968; and lrfrigley 1970), and confirmed for Canadian

condiÈions in thj-s study, that cul-tivars give band patterns (electro-

phoregrams) that, are characteristic of the genotlpe and independant

of growth conditions"

A" Principle of Electrophoresis Test

TV" },IETHODS

T7

The procedure that was developed uses polyacrylamide gel as the

support material. Most previous studies on the use of electrophoresis

for cultivar id.entifícation (Doekes 1968; Ellis L97L¡ Wrigley and

Shepherd L974¡ Autran and Bourdet 1975; and Coles and Wrigtey 1976)

used starch ge1 because of its apparent superior resolving power, and

because of the difficulty in polymerizing a polyacrylamide gel aÈ

Iow pH. The resolving por,irer of polyacrylamide gel was improved in the

present study to a level that is as good as, or perhaps better than,

that of starch gel" Furthermore, with the polymerization technique

described, it is much easier Èo prepare reproducible, highly uniform

B. Electrophoresis System



polyacrylamide gels than starch gels" In addition, polyacrylamide

gels are stable, inert and transparent, and. have good mechanical

stability during handling"

The electrophoretic system devised

lactate - lactic acid buffer described

and the acid acrylamide polymerization

(re6e).

îhe flat-bed apparatus (Figures 1 to 3) was constructed in the

Iaboratory from acrylic plactic when it was found that the available

commercial equipment did not meet requirements, in particular for

handling instantaneous polymerization of the gel" The electrodes

(removable for cleaning or replacement) were made of B & S Guage 18

platS-num wire attached to male "banana" plugs. The apparaÈus incor-

porates the following useful features: long gel slal¡ for improved

resolution; efficient ge1 cooling; smal1 electrod.e buffer we1ls; and

single unit construction. !'urthermore, it is easy to construct and.

is inexpensive.

for this study uses the alumínum

first by Jones et al" (1959)

technique of Jordan and Raymond

C" Electrophoresis ApparaÈus

Iö

If sufficient graín (e.g. one gram) was available, the entire

sample was ground in a Udy Cyclone (or similar) sample nill fitted

with a one nìm sieve. Single kernels could be ground by hand using a

mortar and pestle" There vras no attempt to separate the bran or germ

from the endosperm (see Appendix I).

D. Grain Sample Grinding



A detailed drawing of the electrophoresis apparatus.

Figure 1
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An isometric drawing of the electrophoresis apparatus.

Figure 2
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Figure 3

The set-up of the electrophoresis

supply and circulating waÈer bath

apparatus, po$rer

during electrophoresis "
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The ground grain was extracted with three times its weight of

70å aqueous ethanol in a sÈoppered centrifuge tube by mixing briefly

on a vortex mixer and. allowing the mixture to stand at room temperature

for at least one h. The contents were centrifuged for ten min at

2OTOOO X g at room temperature" The supernatant was removed and mixed

with two times its volume of electrophoresis buffer (Table 4) " Sucrose

was then added to about 30% to increase the density and thereby facil-

itate sample application to the sample s1ot. in the gel" Einally,

a minute quanÈity of methyl green dye was added to serve as the marker

during electrophoresis, and to facilitate vísuaI observation of sample

application into the slot" the original gliadin extracts could be

stored in sealed vials in a refrigeraÈor for several weeks without

any rioticeable change occurring in the electrophoregran" Gliadin

extractions using several other solvents $¡ere examined in the e>çlor-

atory part of this study and are described in Appendix I.

F. Preparation of Èhe Gel

E. Gliadin Extraction

z3

The apparatus (Fign:res I to 3) was prepared for gel polymerization

by inserting the two removable acrylic end-pieces, thus forming a

shaLlow gel tray, and starting the coolant (waÈer at 2toC) circulation

through both upper and lower ge1 cooling plates. One ml- of peroxide

catalyst solution was added Èo 200 ml of gel solution (Tab1e 4), vrhich

had been cooled to about loc in order to slow down the polymerization

reaction. The mixture $ras swirled briefly and poured quickly into the

ge1 tray. The upper cooling plate was placed inunediately over the geI



TABLE 4. Recipes for ge1 and tank buffers

Gel solution

AcryIamide

N, N | -methylene-bis-acrylamide

Ascorbic acid
Ferrous sulfate

Aluminum lactate
Lactic acid

Catalyst solutj-on

Hydrogen peroxide, 3%

Tank buffer solution

Aluminum lacÈate
Lactic acid

Amount required for
200 ml of qel or buffer

L2"O g

0.6 g

o"2 g

0"005

v.¿ J

to pH J"l_

1.0 mL

0.5 g

+^ ñI¡uv t/¡¡



solutíon in such a way as not to trap any air bubbles underneath, and

so that one end of the cooling plate was lined up evenly with one

end of the gel solution. The teflon slot-former was then placed

against the other end of the upper cooling plate so that the slot

"teeth" extended. down into the uncovered portion of the qel solution"

The slot-former was held in place during polymerízation by a heavy

strip of removable acrylic which also served to completely cover the

gel solution and provide a uniform over-all gel thickness"

Polymerization was essentially instantaneous, although there

was adequate time to perform all the operations described, ¡hove.

After approximately five min the three removable pieces of acrylic and

the slot-former were carefully removed, exposing the two ends of the

geI, the sampte slots, and a small portion of the ge1 surface betv/een

ttre sample slots and the end of the ge1"

The electrodes were positioned. in the buffer compartments so

that they extended the width of the ge1 paralle1 to each end. Tank

buffer (250 mI) was then added to each electrode compartment to a

level even with the upper surface of the qel.

27

A ten-place slot-former was used so that each ge1 could accomodate

eight different samples flanked on each side by the Marquis reference

sample" Just prior to the start of electrophoresis, sample solutions

(25 Ul) were carefully deposited into the slots using a microsyringe.

This process was best accomplished if the slots were first filled with

buffer so thaÈ the sample soluÈion, due to its greater density, would

settle uniformly into the sIot, displacing the buffer.

c. Sample Application



The ends of the lêad \^rires of the power supply were fitted with

female "banana" p1ugs, thus faciliÈating their connection to the

electrodes. The electrode at the slot end of the gel was the anod.e.

As a precautionary measure, the power connections shourd not be made

until after the sample solutions have been added to the slots"

A current of 72 to 74 mA was maintaíned throughout the electro-

phoretic run. This corresponded to a voltage drop of approximately

14 v/crn at the beginning which d.ecreased gradually to 13 v/cm at the

conclusion of electrophoresis. Since current is sensitive to chanse

in terçerature, the coolant was maintained at a constant temperature

of. zroc. To maximize the separation of gliadin components which

migrate slowly, electrophoresis was conÈinued for 6.5 h. Durinq this

time' the albumins and globulins, which were extracted by the alcohol

solution wiÈh the gliadins, ran off the ge1, leaving only the gliadin

components spread out over the entire length of the gel. Tank buffer

was ad.ded from time to time to replace what was lost due to evaporation.

At the conclusion of electrophoresis, the positions of the protein

bands in the gel could be determined by ultra-violet densitometry or

by staining.

f " Staini_nq

E. Electrophoresis

removed. and the gel transferred, by means of a gel remover made from a

thin sheet of acrylic, to the staining tray" polyethylene "Frig-o-sear"

food savers proved to be excellent staining trays. For the griadins

On completion of electrophoresis, the upper cooling plate was



ttre best stain was found to be Coomassie brilliant blue dissolved

in 12s" trichloroacetic acid. Ten ml of a 1% stock solution of the

dye in 958 etha¡ol and 250 mt of freshl-y prepareð, L2Z trichloroacetic

acid were required for each gel. Some gliadin components stained

rather slowly, so staininq was continued for at least 72 h"

Bands could be detecÈed and their separation observed reasonably

well with no destaining other than a water rinse" However, destaining

overnighÈ Ln 12% trichloroacetic acid improved the appearance of the

bands, probably because the dye that settled out as a fine precipitate

on the surface of the gel d.uring staining lvas removed. If gels were

left in destaining solution too long, stained bands began to fade and,

eventually, some disappeared" Other staining-destaining procedures

that were tried in the developmental stages of this study are described

in Appendix II.

Following destaining, the geI was transferred from the staining

tray onto a sheeÈ of clear glass and rinsed with waÈer. A piece of

nylon mesh rnaÈerial, somewhat larger in size than the gel, was used

for transferring the gel. The ge1 was illurninated from below with

diffused flourescent light and photographed on Kodak 5069 High Contrast

Copy fi1m. The film was developed with D19 developer. Printing was

done on Kodak Ektamatic SC photographic paper using Kodak Ektamatic 410

activator and Kodak Ektamatic S30 stabilizer.

29

J. Photography



Growing location had no qualitative effecÈ (no change in number

of bands) on the gliadil electrophoregrarns of any of the five Canadian

cult,ivars gro\¡¡n at ten stations in Manitoba and saskatchewan. T\pical

results are shown for the cultivars Marquis and Neepawa only (Figures

4 and 5). These results confirm those of previous workers (Coulson

and sim 1964¡ Feillet and Bourdet 1967; Lee and Ronalds 1967; Ðoekes

1968; and Vtrigley 1970) that ttre gliadin electrophoregr¿rm is independent,

of environment, and substantiate the suitability of the electrophoregram

obÈained by the method d.escribed for wheat cultivar j-dentification.

B. Gliadin Nomenclature

A" Effect of Environment on Gliadin Electrophoregram

REST]LTS AND DÍSCUSSION

30

The use of gliadin electrophoregrams for accurate identification

of wheat cultivars requires a systematic nomenclature of the elecrro-

phoregram bands. The system used by the soviet workers (G¡:bareva

et al- 1975) could not be successfully replicated. rt is sr:bject Èo

the major difficurty of locating the group boundaries inherent in

the nomenclature that dj.vides the griadin proteins into four groups

designaÈed, as a, ß, .1, o (Jones et al. 1959 and Woychik et a1. 1961).

Thtis diffículty is particularly evident in electrophoregrams on slab

type polyacrylamide gels. In electrophoregrams of some of the



Glíadin electrophoregrams

cv. Marquis grown at ten

Saskatchewan.

1. Brandon

2. Ðauphin

3. Glenlea

4. Morden

( Dnri¡no 'l : Þr¡ ì r'i or v¡ eqYv

Figure 4

of hard

l-ocat.ions

red spring wheat

in l"lanitoba ano

1

'I rì

Indian Head

Melfort

Regina

Saskatoon

Yorkton
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Gliadin electrophoregrams

cv. Neepawa grown at ten

Saskatchewan.

1. Brandon

2. Dauphin

? ê1 onl oa

4. Morden

5 - Pt-)rl'âcre 1e Pf aifie

Figure 5

of hard red spring wheat

locaÈions in Manitoba and

1

8.

q

1rì

tndian Head

Melfort

Regina

Saskatoon

Yorkton
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cuLtivars used in this sÈudy, it was not possible to unequivocally

deternr-ine where one group ends and another begins " Íhis was parti-

cularly true for the a-ß-y region.

In attempting to apply the French system of gliadin nomenclaÈure

(Autran and Bourdet 1975) to the classification (identification) of

curÈivars in this study, a minor, but extremely critical, difficultv

was encounÈered. With polyacrylanr-ide gel electrophoregrams it was

difficult. to locate ttre reference Y-gliadin band to which one would

assign a relative mobility value of 65. That band often occurs as

the lead.ing band of a promj:rent dor¡bIet and is not alwavs clearlv

resolved. Furthermore, some durum wheat cultivars do not have band 65.

The nomenclature thaÈ is proposed in this study is a modification

of that of Autran and Bourdet (1975). rnstead. of using a y-gliadin

band in the electrophoregram as Èhe reference, it is proposed thaÈ one

of the major bands (readily identifiabl-e in both polyacrylamide and,

starch ge1 electrophoregrams) of Èhe historic Canadian culÈivar Marquis

be assigned a mobilíty value of 50 (or 0.50) and. used as the reference.

All other bands of Marquis and other cultivars can then be identified

by a mobility relative to this refeïence. The proposed reference band.

is identified by an arrow in Figure 6. This band is readilv identi-

fiable in electrophoregrams because it is followed (lower mobiliÈy)

by a distinctive dor:bret. An approximate comparison of the proposed.

nomenclature and that of the French workers is shown in Fiqure 6.

Adoption of the proposed system of nomenclature would require the

use of the Canadian cultivar llarquis as the reference cultivar. T¡ris

suggesÈion has been well received by the members of the Wheat protein

J3



Gliadin electrophoregram of hard, red spring wheat

cv. Marquis with the nomenclature proposed in this

study and those of Woychik et al. (1961) and Autran

and Bourdet (1975). The published nomenclatures shown

are the author's approximations. The reference band

of AuÈran and Bourdet, indicated as (65), is the band

indicaÈed as (45.5) in the electrophoregr¿tm shown.

The proposed reference band is shown by an arrow.

Figure 6
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Nomenclature Study Group of the fnternational Association for Cereal

chemistry. The proposed nomenclature for the bands in the qriadin

electrophoregra¡n has a number of dístinct advantages:

1) The use of a standard reference culÈivar would facil-itate

inter-laboratory comparison of results" Ad.justments in electy'ophoretic

procedure could be made until identical electrophoregrarns were obtained"

2) Selection of a reference band that is located. near the

nidpoint of the electrophoregram would ensure maximum accuracy in the

mobiliÈies over the enÈire ranse.

3) T1lre nomenclature is amenable to the sÈatistical calculation

of the relative index of dissimj-rarity as proposed by AuÈran and

Bourdet (1975).

For more detailed description of the electrophoregram, the

intensl-ty of each stained band can be sr:bjectively quantified by

a subscript number from 1 to 5 (the darker the band the hiqher the

number) " on the basis of the proposed nomenclature the cultivar

formula of Marquis is:

Jö

163 18.53 20.53 23.53 261 30.54 371 381 39.51 44.55 45.55

47.52 50s 533 55.54 584 604 634 65.54 7L3 753 773 823 87.51.

C. Catalogue of CuLtivar Formulas

Gliadin electrophoregrans for all the wheat cultivars listed

in Tables 1to 3, obtained by the proced.ure descrilced, are shown

in Figures 7 to 17. rn each figure, the two outer electrophoregrams

are of the reference cultivar l,larquis. The numbered electrophoregrams

correspond to the numbered cultivars listed in Tables I to 3"

Resolution of the bands was considered to be satisfactory when the



Gliadin electrophoregrams

cultivars (nos" I to 8 in

l. Acadia

2. Apex

3. Bishop

4. Canthatch

Figure 7

of common spring wheaÈ

Table 1) "

5. Canuck

6. Canus

7. Cascade

8. Ceres
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Gliadi¡r electrophoregrams

cultivars (nos" 9 to 16 in

9 " Chester

10. Chinook

11. Coronation IT

1 ) f'rznro qq

Figure I

of common spring wheat

Tab1e 1).

13. Early Red Fife

11. Fielder

15. Garnet

16. Glenlea
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Gliadin e le ctrophoregr¿rms

cultivars (nos. L7 Eo 24

L7. Huron

18. Kenhi

19. Kota

l0 " Lake

Fign:re 9

of common spring wheat

in Table 1).

) | t.ôô

22. Lemhi 53

¿J - Lemn1 bz

24. Manitou
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Gliadin electrophoregrams

cultivars (nos. 25 Eo 32

25. Marquis

26. Napayo

27. Neepawa

28. Norquay

Figure 10

of common spring wheat

in Table 1) "

¿9 . .E'arK

30. Pembina

31" Pioneer

32- Pitic 62
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Gliadin electrophoregrams

cultivars (nos " 33 to 40

33" Prelude

34. Preston

35" Quality A

36. Red Bobs 222

h'l 
^rr7ô 

| I

of common spring wheat

in Table l) "

1t Rêd r¡lJe

38. Redman

<9 PêÆôNT

40. Reliance
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Gliadin electrophoregrams

cultivars (nos. 41 to 48

4L. Renfrew

42 - Reno\¡m

43- Rescue

44. Reward

Figure 12

of common spring wheat

in Table 1) "

45. Ruby

46. Saunders

47. Selkirk

48. Sinton
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Gliadin electrophoregrams of common spring wheat

cultivars (nos" 49 to 50 in rable 1) and common

winter wheat cultivars (nos " 5l to 56 in table 2) "

49. Springfield

50. Thatcher

51. Cornell 595

52. Dawbul

Figure 13

53. Dawson's Golden Chaff

54. Egyptian Amber

55. Fairfield

56. Fredrick
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Gliadin electrophoregrams

cultivars (nos" 57 Eo 64

57. Gaines

58" Genesee

59" Jones Fife

60. Junior No. 6

Figure 14

of common winter wheat

in Table 2) "

61" Kent

62. Kharkov 22

63. Nugaines

64" O.A.C. 104
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Gliadin electrophoregrams

cultivars (nos. 65 lo 72

65. Richmond

66. Rideau

6 I - t(f-clr-E

68. Sun

Figure 15

of common

in Table

winter wheat

t\

Sundance

Talbot

Thorne

Wasatch

1ñ

'71
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Gliadin electrophoregrams o

cultivars (nos. 73 to 76 i-n

wheat cultivars (nos. 77 Eo

73. Westmont

74. Winalta

75. Yogo

76. Yorkstar

Figure 16

f common winter wheat

Table 2) and durum

80 in Table 3).

'71

80.

Carleton

Golden Ball

Hercules

Macoun
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Glíadin electrophoregrams of durum wheat cultivars

(nos. 81 to 88 in rable 3) .

81. Mindum

82. Nugget

83. Pelissier

84. Ramsey

Figure 17

85. Stewart

86. Stewart 63

87. Wakooma

88. !'Iascana
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doubret of Marquis (bands 44.5 and.45.5 in Figure 6) was resolved.. on

the basis of the gliadin electrophoregrams shor.rn in Fígn:res 7 Eo L7,

a catalogiue of cultivar formulas was prepared (rables 5 to 7) using

the nomenclature described in the previous section.

1"

Photographs of stai¡ed electrophoregrams \¡¡ere compared. using

three different types of film (l1igh contrast copy, panatomic x, and

PIus X) " The best results were obtained with High Contrast Copy fi1m.

However, i-n preparing prints, there was an apparent loss of some

faint bands and a decrease in the resoluÈion of some closely-spaced

intensely-stained bands" In order to obtain accurate mobilities for

all bands present i¡r the original stained. electrophoregram, measurements

were made on the photographic negative rather than on the print.

The negative (represenÈing eight. electrophoregrams flanked. on

each side by Èhe Marquis electrophoregram used as the reference) r^/as

held between two strips of tt¡j¡r glass plate and placed in the travellj-ng

stage of a Nikon profile projector Model 6c fit.ted with a 10x projection

lens. The negative was aligmed by rotaÈing the stage slightly so thaÈ

the vertical crosshair on the projection screen could. be centered. on

the same band in the Marquis electrophoregram located. aÈ the top and

bottom of the negative. The horizontal crosshair on the projection

screen should be parallel to each electrophoregram on the negative.

when the travelling staqe (holding the negative) was moved longi-

Èudinally the vertical crosshair would then ind.icate the same position

(read off the revolving micrometer scale) on each electrophoresrêrm on

the negaÈive.

Determination of Gliadin Band Mobilities
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The distance from the origin to the center of the Marqui_s

reference band was the reference distance that was assigned a mobility

of 50. rn each electrophoregram, the d.istance from the origin to the

center of a band was Èhe migration dista¡rce of that band. The migration

distance of a specific band divided by the nrigration d,istance of the

Marquis reference band. and multiplied by 50 equals the relative

mobility of the band. In this manner, the relative mobilities of the

bands in each of the eight, erectrophoregrams on each negaÈive were

deternulned.

In all electrophoretic methods, reproducíbility of the electro-

phoregram is extremely difficult. This aspect has, mosÈ often, been

disregarded in the relevant literature. Lee and Ronalds (Lg67) are

among Èhe few who mentioned the difficulty of controlling e>çerimental

factors. Non-r:nifo:rr gels (particularly sÈarch), inefficíent gel

cooling during electrophoresis, and ineffective gliadin extraction are

probably the three most critical factors that can affect the results.

Doekes (f969) estimated the reproducibiliÈy of his gliadin densitograms

from results of experiments i,n which the extraction of the flour and

the composition of the gel were taken inËo account.

ftre precision of the electrophoretic procedure used in this study

was determined by comparing the mobilities of three bands (two c,:-gliadin

bands and one o,-gliadin band) in the Marquis reference electrophoregïam.

rt was found that, for any one ge1, the relative mobility of each band

was exactly the same in both refeïence electrophoregrams (i.e. top

and. bottom of the negative). This shows that the rate of protein

Precision of Determination of Band Mobilities



migraÈion is uniform across the geI"

The average values of the mobilities of the three bands of the

reference electrophoregr¿rm (selected to d.etermine the precision) on

eleven different gers were 15"98 I 0"13, 30.64 + o"23, and 87.19 j o"3g

respectively" The mean d.eviations indicate that band mob-ilities are

highry reproduciJcre from one gel to another. As might be expected,

the precision is higher for the lower rnobility bands" A precision of

t 0.5 is consid.ered satisfactory for the intended purpose of using

the electrophoregram for cultivar identificatíon.

J.

Intensities of the stained gliadin bands were quantified subjec-

tively by a number from one to five, five representing the most

intensely stained bands (see Tables 5 to 7)." Íhe precision of this

method is considered to be .t 1. Because band intensities depend on the

protein content of the grain sample (hence protein in extract used.

for erectrophoresis), they are of minor importance, compared with the

total number of bands and band mobiliÈies, in the cultivar formula.

A small d^ifference in band intensity (or in the occurïence of a very

faint band) alone is not sufficient to distingn:ish beÈween two cultivar

formulas which may otherwise be the same. The most accurate way co

quantify band intensities is by scanning the erectrophoregram with a

transmission densitometer and computing Èhe area under each peak in

the densitogram. This was not done in the present study.

Determination of Band Intensities
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4.

The catalogue (Tables 5 to 7) can be used to determine (or confirm)

the cultivar identity of a sample of grain. This is accomplished by

first determining the cultivar formula from the electrophoregram by the

proced.ure described above and then identifying the same formula j¡r

the catalogue. This identifies the cultivar d.irectly. If the unknown

grain sampre is suspected to be a mixture of grain of more than one

cultivar, then electrophoregrams of single kerner extracts should

be examined. l"lixtures can be confirmed. by examining at least r0

kernels. A much larger sample (e.s. 100 kernels) must be examined to

obtain information on the composition of Èhe mixture. The ereccro-

phoregram formula of the unknown wheat sample, when wriÈten on a strip

of paper using the same mobility scale as in the catalogue (see Tables

5 Èo 7), carl simply be compared with each listing in the catalogue

until a match is found.

Use of the Catalogue of Cultivar Formulas

As an extension of the presenÈ study, it would be of interest to

investigate the use of the computer for comparing the formura of an

unknown cultivar with an identical one (hence identification of the

cultivar) in the computer memory. The catalogue could then conceivably

be etçanded to include formulas for a large nu¡nber of varieties that

wheaÈ breeders use in their breeding programs"

5. General Conments on the Catalogn:e of Cultivar Formulas

vüith only a few exceptions, every cultivar in the catalogue is

identifiable on the basis of its cultivar formula. There are several

cultivars which are very closely related. genetically to one or more
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other cuLtivars (see Tab1es 5 to 7). Examples of close relatives are

canus and Reliance, Garnet and Pioneer, Regent and Renovm, Marquis and

Renfrew, Lake and Redman, Lemhi 53 and Lemhi 62, and ManiÈou, Napayo,

Neepa\Àra, and Thatcher among the common spring wheats; Dawbul and

O"A"C. 104 and Gaines and Nugaines among the common winter wheatsr and

Stewart and SÈewart 63 and wakooma and Vüascana among the durum wheats.

There are many other examples of two or more cultivars in the catalogue

having one or more common parents in their pedigrees. Nevertheless,

with the exception of Lemhi 53 and Lemhi 62, Gaines and Nugaines, and

stewart and stewart 63, each cultivar has at reast one band in its

culÈivar formula which distinguishes it from its crosest reratj-ve-

The cultivars Manitou, Napayo, Neepawa, and Thatcher can be disÈin-

gnrished from one another only by taking into account band intensities

and the occurrence of several fainÈ bands.

Ðurum wheats can inunediately be disÈinguished from common wheats

on the basis of the number of the slow-migrating (o-gliadin) bands

(relative mobilities in the range L2 Eo 20) . Not one of the Lr.¡elve

durum wheats tisted has a band in this region, whereas every one of

the 76 conmon wheats listed has at. least two bands in this recrion.
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An electrophoresis test (including apparatus, method and nomenèla-

ture for bands in the gliadin erectrophoregram) was d,eveloped for the

purPose of identification of wheat cultivars" The apparatus and. method

were described in consid.erable detail" The apparatus was designed so

that it would accommodate a rong ge1 slab for optimum resolut.ion of

gliadin components. rt provided efficj-ent gel cooling and required

a small volume of electrode buffer. A simple, rapid and highly repro-

ducible polyacrylamide gel pollrnerization technique was perfected and

described"

several- gliadix extraction, staining and photographic procedures

were investigated i¡r the process of developing the electrophoresis

test" Sixty or 7Og" aqueous ethanol and 25% aqueous 2-chloroethanol

were found to be the best extraction solvents. A st,aininq solution of

0.04å Coomassie brilliant blue in 12% trichloroacetic acid was the most

effectj-ve. High contrast copy film was the best film for photographing

stained ge1s.

The electrophoresis test was used. to show that growing location

had no qualitative effect on the gliadin electrophoregrerms of five

Canadian cultivars grown at ten locations in }4anitoba and Saskatchewan.

This confirms previous reports that the gliadin electrophoregram is a

genotypic character and therefore can be used for identifvinq wheat

cultivars.

\rI. SU}I},IARY AND CONCLUSION
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A new nomenclature for the band,s in the gliadin electrophoregram

was described. A prominenË band near the cenÈer of the el-ectrophore-

gram of the cultivar Marquis was adopted as the reference band and

was assigned an arbitrary mobility of 50" All other bands of that and

other cultivars were identified by mobility relative to that of the

reference band. Three distinct ad,vantages were cited to justify the

proposed nomenclature.

A method for deterrnining the relative mobility from the actual

mobility measured by microcomparator directly from the photographic

negative of the stained, ge1 was developed" rt was shown that band

mobility was constant acxoss any one geI (i.e. ge1 polymerization was

uniform), and reprod,ucibre to within + 0.5 from one ge1 to another

(i-e. ge1 polymerization was reproducible) " A subjective quantificaÈion

of band intensities was descrijced.

using the electrophoresis test, cultivar formulas of 88 wheats

(conunon and d.urum wheats) licenced for production in canada were

determined and catalogued. There were 85 distinct cultivar formuLas

and three pairs that. were essentially identical; for each pair the

cultivars were very closely related genetically. The use of the

electrophoresis test and the catalogrre of cultivar formulas for identi-

fying unknown grain samples was discussed.

7L

T\¡¡o recortrnendations vierê proposed for further study to expedite

the process of practical identification of wheat grain samples.

1) CulÈivar formulas could be obtained by transmission densi-

tometry of electrophoregrams in the ge1. scanning with ultraviolet

tight, if feasi51e, would eliminate staining and, photography as we11,



thereby considerably reducing the time required.

2) Cultivar formulas could be stored and analyzed in a computeï

memory" This would facilitate the storage of an extremely large and

constantly expanding catarogue of cultivar formulas" comparison (by

computer) of the formula of an unknown wheat sample with each of the

formulas in the memory would, provide inunediate identification,
In conclusion, a centralízed service based on the electrophoresis

test described in this study (and including the two proposed. recom-

mendations) could conceivably be used in the Canadia¡¡ wheat grading and

handling system for the purpose of cult,ivar identification.
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WheaÈ gliadin proteins cannot be dissolved in aqueous salt solu-

tions. They,are soluble in lower aliphatic carbinols (e.g" 50 to 708

ethanol), in dilute alka1i and acíd solutions (although the original

protein configuration is liable to be altered due to pH effects), and

in urea. They extribit slight soh:bility in water, some polar organic

solvents (keÈones and ethers), and some buffers (e.9. acetate,

salicylate and lactate) .

APPENDIX I: SETECTION OF A GLTADIN EXTRACTTON PROGDURE

Based on the knourn soh:bility properties of gliadin, gror:nd grain

samples (one part by weight) were extracted with each of. the following

solvents by mixing briefly on a vortex mj-xer and allowing the mixture

Èo sÈand at room temperature for one h, centrifuging ten min at

2O,OOO X g, and decanting the supernatant (gliadin exÈracÈ):

77

f) six parts deionized distilled water (after two brief washes

with five parts deionized. distilled water to remove salt ions);

2) seven parts electrophoresis buffer (see Table 4) ¡

3) six parts electrophoresis buffer (after two brief water

washes) ;

4) seven parts 0.05N acetic acid;

5) six parÈs 0.05N acetic acid (after two brief vrater washes);

6) seven parts L[4 urea;

7) seven parts 2M urea;



8) seven parts 25% aqueous 2-chloroethanol;

9) three parts 60% aqueous ethanol followed by addÍtion of four

parts electrophoresis buffer to the supernatant;

and 10) three parts 70% agueous ethanol followed by addition of four

parts electrophoresis buffer to the supernataLrt (standard procedure).

Electrophoregralns of the ten extracts were compared using grain

of five different cultivars (bread wheats Marquis, Neepawa and, pembina,

utility wheat Glenlea, and durum wheat !,lascana) . There were obvious

guantitative differences (band intensities) and minor qualitative

differences (number of bands and band mobiliÈies) in the electrophore-

grams of the same cultivar obtained using the nine different extraction

procedures and the standard. procedure. Essentially the same differences

were observed, for each of the five cultivars used. Results are shown

for the culÈivar Neepawa (Figure IB).

Ðeionized distill-ed water, electrophoresis buffer and dilute acetic

acid did not extract sufficient gliadin, even wiÈh prior removal of

salt ions by two water washes, to prod.uce the characteristic electro-

phoregram obtained with the standard procedure (708 ethanol extract).

Presumal'lY, inefficient extraction led to a Loss of some of the minor

bands and a decrease in the intensity of the major bands. The use of

2M urea, although more _effective than lM urea as a gliadi.:: solvent,

caused considerable background staining and streaking of bands in the

electrophoregram. Íhere \^rere some qualitative differences between

electrophoregrams of urea and ethanol extracÈs. The electrophoregrams

of the 2-chloroethanol and the ethanol extracts were the same. Sixty

percent ethanol appeared to be equally as effective as 70% ethanor.

tó



Figure 18

Gliadin electrophoregrams of hard red spring wheat

cv. Neepawa for which the gliadin extract r¿as prepared

using ten different solvents "

1" water wash - water wash - water

2. electrophoresis buffer

3. \nrater wash - water wash - electrophoresis buffer

4. 0.05N acetic acid

5. water wash - water wash - 0.05N acetic acid

6. lM urea

7. 2M urea

8. 25ø" aqueous 2-chloroethanol

9. 60% aqueous ethanol

10. 70% aqueous ethanol
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The latter \4ras chosed for routine use (in Èhe standard procedure)

because it is the historically conventional solvent for wheat prolamine

(Osborne 1907).

The gliadin electrophoregram (for each of ttre above five cultivars)

was the same for extracts prepared (by the standard extraction pro-

cedure) from ground whole grain, from ground whole grain defatted with

chloroform-benzene (522 v/v), and from flour (bran and germ removed) "

Similarly, an increase in the extraction time (2-, 5- or 1O-fold) of

the standard procedure had no effect on the electrophoïegram. Therefore,

one h at room temperature is adequate time for complete extraction of

the gliadin protei:r.
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To select ttre most appropriaÈe staining-destaining procedure (i"e"

the one that ensured the most distinci electrophoregrams), the following

procedures were examined:

APPENDIX.IT: SELECTION OF A STAINTNG PROCEDURE

I) staining with 0.0252 solution of Coomassie brilliant blue

in a 7:20:80 (v/v/v) solution of glacial acetic acid,, methanol and

vrater contaj-ning 68 trichloroacetic acid and destaining with the same

solvent without trichloroacetic acid (Koenig et al. I97O) ¡

2) staining with a 0.1s" solution of aqueous nigrosine in 10%

trichloroacetic acid and destaini¡q with 108 trichloroacetic acid

(Ellis L97L) ¡

3) staining with a 18 soluËion of amido black 108 in 7.5% acetic

acid. and destaining with 7.5% acetic acid (E1lis I97L) ¡

4) stainj.ng with a O.O25Z solut,ion of aqueous nigrosine in 10å

acetic acid and destaining with a 4:1:5 (v/v/v) solution of n¡ethanol ,

glacíal acetic acid and vrater (Wrigley and Shepherd 1974);

5) staini-ng with a 0.05å solut.ion of aqueous nigrosine in 2%

trichloroacetic acid and destaining with 40-50% aqueous ethanol (Autran

and Bourdet 1975);
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and 6) staining with a 0.04% solution of Coomassie brilliant blue

in 12"r trichloroacetic acid and desÈaining with 12% trichl-oroacetic

acid (standard procedure) 
"



brilliant blue appeared to be a more effective dye for staining gliadin

proÈeins in polyacrylamide gei ttran either amido black 108 or agueous

nigrosine" The latter two dyes did not seem to penetrate the gel'

so that they stained the proteii only at the geI surface. of the dye

solvent,s and destaining solutions used in these six proced.ures, trichlo-

roacetic acid is the one in which gliadin protein is least soluble.

Consequently, l-23 trichloroacetic acid was ùsea in the standard procedure

in order to nininrize diffusion of bands duríng the staining process,

and to maximize the length of time that, sÈained gels could be kept

after completion of the staining process without the fading of stained

bands occurring"

The standard, procedure proved to be most effectíve. Coomassie
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