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Investigations of the Genetics of
Bread Wheat Baking Quality

J. W. Schmidt, P. J. Mattern, V. A. Jotinson, and R. Morris
University of Nebraska and
Agricultural Research Service, United States Department of Agriculture
Lincoln, Nebraska

Protrix oUALITY and protein quantity are hey factors in bread
baking quality. However, these two factors are not independent of
the carbohy drates and liptds, espectally glycolipids, m theis eftect on
bread baking qualitn When the other factors are equivalent, bread
loaf volume is highly correlated with protem content € Fig. 1).
When the protein content of two fours s~ smular, the difference
between loaves of bread baked from the-e flonrs s usually a
matter of protein qualitn Iiiterences m bread wheat protein quality
may be due to genetic factors (lag 2y o1 to covironmental factors
(i, 1). Therefore, the cooperative wheat research project of the
University of Nebrasha and the Crops Reseaidh Duvision, ARS,
U. S, Departiment of Agriculture has included both obicdtives of
increasing protein content and of improving protein quality for
bread production.

Increasing Protein Content in Bread Wheat

Flours for satisfactory bread production should contain about
12 percent protein. Wheat produced m the Great Plains area had
ample tlour protein until native soil fertility declined. This decline
was hastened by the increased productiveness of new varieties, Also,
there tends to be a reduction in grain-protem content as yieklis in-
creased. Therefore, one of the objectives of the Nebrasha wheat
research project was the merease of grain-protem content through
genetic means, Farlier studies as veported the literature were not
very encouraging regarding the prospects. However, the basis for
our optimism was the release of the ‘Atlas’ wheats by the North
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Figure 1. Lffect of envionnient on the graon-protem quahty and quantity
of the Parker hard red winter wheat varn ty at thiee Nebraska Incations
in 1066, 1. Limcoln, protem content 140 percent, NP North
Platte, protemn content 109 percent, A Allunce, protem content 14 8
pereent. Conditions at Lincoln, notmal, ot North Platte, high yield
enviromment, at Alhance, low yickl with drouth ens ironinent,
Top: Mnograms and farmograms typrcal for these emvitonments,
Bottom: Loaves of bread showing the seduced loaf volume at North
Platte due to low protem content and the harsh crust at Alliance due to
high protein content in s drouth environment.
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Figure 2. Diflerences in flour mixing curves due to genetic or varietal differ-
ences; both varietivs were grown the same year at the same location and
had identical grain-protein content,

Carolina Agricultural Txperiment Station. Both Alas 50 and Atlas
66 were shown to be substantially higher in protein content than the
soft red winter wheats of that regon.

The Athas wheats along with two hard 1ed winter wheats, Co-
manehie and Wichita, were grown at o muber of Great Plains
stations to ~ce whether the protein content supeniority of the Atlas
wheats would prevart in this region The data shownan Table 1 are
typical of the results, With these and similar dataat hand, a4 study
of the feasibility of improvmg protein content in hard red winter
wheats through breeding was initiated. The Atlas wheats, especially
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Table 1. Yo or GRan ann Coun-Proiein CoNteNt oF A1ras 66,
CoMANCHE, ANBWICHIT A WHE VIS GROW N IN FoUR TESIS IN 1HF SOUFHERN
Grear Proausns iy 1938

Four-test Mean

Viriety Yiekl Protein
Bu/.A %
Athas 66 ... . 249 104
Comanche . 217 17.5
Wichita .. .. .. e .. 186 154
le) 03 . . ns 0 7

Table 2. Grarn Proviis Hertiasnm oy Fstmvares 1oR A1 1s 66 x WICHITA
Porvr vitons

Methed Fatimate

Heritabality i the broad sense, uang Py, oand P oand Fy varances
as estimates ot nonhieritable varance (preanlionse sonlbed

dati) 068
Heritalnhity an the narrow <onse, using boand hackeross varnimces

(greenhiouse sonlhod data) 0R2
Regression ot Foon b cdata codad m standard units, trield data) 058

Athis 66, were used as high-protain parents in erosses with Wichita
and Comandhe, Tow and mternedite protein-content parents, re-
spectively, Typncal distibunons of the protein content of individual
I, plants and plant semphings of the parental vaneties are shown in
Figure 3. 'The . population was imtetmedhate to the parents, but
plants with protem content as nigh as the Tugh parent mean could
be recovered cavihy  Addditive gene action for high protem content
proved to be mportant
P'resious studies had vepotted that Large envitonment il eltects
minde for slow if any progress moamprosings gram protemn content,
However, the Atlas 66 Wachite and Atlas 66-Comanche populations
gave henitability estmates (Table 2) suthaently high to warrant the
belief that good progress in maeasing grain protem content could
he made.
The Atlas varieties were refeased by the North Carolina Sta-
tion for their leaf rust resistance. The high grain-protein content
«as obtiained as an adjunct to their program for leaf rust resistance,
Their studies, as well as ours, soon showed that a major portion of
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Figure 3. Grain-protein frequency dntnbution of Wicliuta, Atlas 66, and
Atlas 66 x Wichita F. plants grown m a4 zieenhiouse solbed,

this grain-protein merease accompanied the transfer of a simply in-
herited dominant gene for Teaf 1ot reastance Our seledtion for
high protein content m this material today depends heavily on the
association between feaf tust resstance and Tugh protem content.
So far we have not estabhished whether this s dose Timbage, pleio-
tropism, or an artifact The latter oo possibihtv <ice the Teaves of
the high gran-protem plants sty green longer and alloay Tor better
transport of nitrogenous compounds from the leaves o the grain.

The question of nittogen tansport ot tran-ocation assumed
importance when 1t was discovered that low gram protemn vatieties
and high gran protem hines ab-othed wtrogen from a nutrent solu-
tion in approximately the same amount Field stzdies (ke 1) con-
firmed this since the low grom protem sanets Warnor Tl foliage
nitrogen levels as high as or hagher than a high gram protem line of
comparable matunity, but the Litter variets had siniticantly higher
grain-protem content. This esperiment has been repeated a num-
ber of times with sinular results, These data sugzest to us that the
Atlas wheats were more ethicient in transport or translocation of ni-
trogen or nitrogenous compounds from foliage to the grain. This
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was substantiated, at least in part, when the low grain-protein Wich-
ita and a high grain-protein experimental line were defoliated after
blooming. Defoliation of the low grain-protein vatiety Wichita had
little effect on wiaum protein content, while defolition of the nor-
maliy high gran protem hine veduced s piotem content to the Wich.
itatevel (g 350 However, this could be an artifuct since the leaves
on the undefolated Wchita plot were attached by Jeaf rust and de-
teriorated tapadly, while the high gram-protan hne remained green
much longer,

We have accumulated much data to <how that thee high grain-
protein lines will mantan this supetionty of 2 to 3 percent (that is,
17 pereent versus T percent) actual grain protem content increase
at yield levels up to 10 10 43 bushels and from vear to vear. Bread-
baking data also show that high gran protem content, in this case,
is independent of protein quality, Lo example, the lines shown in
Figure 6 have simalar high gram-protem levels, vet they represent a
range in dough-miing tpes. Similarily, they may have a range in
bread loaf volumes.
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Figure 4. Nitrogen content of grain and foliage of Warrior and an experi-
mental high grain-protein selection during the 1967 spring growing
season at Lincoln, Nebraska.
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Figure 5. FEffect of defoliation on grain-protem content of a h gh grain-
protein experimental line and Wichita winter wheat at Lincoln, Ne-

braska

”" 324 ‘ 326 N 329

Figure 6. Range in dough-miving curves of flours of Atlas 668 x Comanche
derivatives and the parental varicties ut nearly constant protein levels,
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Table 3. GRAIN Yneos, Grusn-Pronix CoN1eN1, AND Pousps oF PROTEIN
e Ak Proptcrn sy W ar Voarie s ann Torig Hysrins at LINCOLN,
Nrnashoy, 1960

Variety

or P'rotemn

hybrid Yield Protem per acre
Bu/A % Lhy,
Scont 386 12.30 432
Scont habrud 458 14 533 400
Gage 47 4 1340 381
Gage Inbrid 404 1375 382
Restorer hme 312 1495 280

An interesting by -product of our hybrid wheat research has
heen the identthication of high grain protem content i male-fer-
tilits restorer hmes Table 30, The alalite of these Tmes o transmit
this high protein content to therr Iivhtids was shown consistently in
1966-68 with a nunber of ditterent testorers and hybrid combina-
tions. Therefore, these hnes are bemg used ws high grain-protein
parents in owr comventtongd wheat hreedimy progran:

Finallv, recent sorl ferohity experiments show oy 7y that
these Tines maintam s gran protemn superionty as increasing
amaounts of mtrogen fertihizer are apphed s suggests, again, that
Tgh grain-protein content 1~ concerned with what happens within
the plant and is not due to diterential nitrogen uptahe Therefore,
the release of lugh gram-protein vaneties will not solve the basic
problem of Tow protem wheat in Nebrasha Thisis still a matter of
soil ferility  However, substantial genetic progress for mereased
grain-protein content is possible with the gerimplasm currently avail-
able. At present, the World Wheat Collection i< heing searched
fur additional sources of high grain-protem content, Nebraska
researchers are interested in improved nutritional value as well as
hread-baking quality.

Protein Quality in Bread Wheat

Physical dough-handling properties of bread wheat flours are
largely a mntter of protein quality, However, these properties, as
well as protein content, have an influence on loaf volume and tex-
ture. Since the Cheyenne variety has long been a quality siandard
in Nebraska, it was chosen for studies of the geneties of bread-
baking quality. ITeyne and Finney (19653, and in earlier unpublished
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Figure 7. Maintenance of gram-protein content superiority of an Atlas 66 x
Comanche selection to Lancer over a range of » ogen fertibty levels

1068.

reports) of the Kansas Agricultural Exjeriment Station showed
that, in crosses with weaker wheats, Cheycane quality characteris-
ties were partially dominant and due to a small number of genes.
On this basis, it appeared that cither the monosomic analysis or the
chromosome substitution method could be used in a detailed study
of the protein quality of Cheyenne wheat.

For the monosomic analy sis method, the monosomic set (21
2n-1 lines) of the Wichita varety was used in crosses with Chey -
enne. Bulk I, progenies from moncsonue I, plants failed to iden-
tify individual Chevenne chromosomes with factors for strong
dough-mixing characteristios (Fig. 8). The diastic eftect on dough
mixing due to the monosomic condition of chromosome 1) re-
ported carlier by Welsh and Hehn (1964) was the only demon-
strable effect. Obviously, this method did not supply the informa-
tion we were seeking,
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Figure 8  Dough-tnung curves for flours anlled from the grain of the
21 I'. monosomie populations of Wichita monosomie x Cheyenne dis-
omic crosses, the parental vareties, Wiclata (W) and Cheyenne (Con),
and a typical dionue popalation. The populations are sdentified by
chromosome number and genome (2A - XIHL 2B =2 11),
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Figure 9. Dough-miving curves for 21 Cheyenne substitution lines and
parental vaneties, Cheyenne (Con) and Chinese Spring (Cns), The
substitution Imes are designated by chromosome number and genome
(in this paper 2A = XIIT and 2B == 1I), In this figure, the 2A and 2D
lines had insufficient backerosses and do not represent the mixing types
observed in later backeross lines,
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Figure 10. A, B, and C. Interior surfaces of loaves of the Cheyenne substi-
tution lines. Loaf volumes of Iines 2A and 21 shown in this figure do not
represent those observed in later backeross lines,
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Table 4. MiLLing DATA ror CHEYENNE SUBSTITUTION LINES AND THE
PARENTAL VaArirries, CHEVENNE (Cnn) AND CuiNksk. Sering (Cuns)
GROWN AT ABLRDEEN, IpAno, 1N 1963; SunsTiurioN LINES ARE DiSIGNATED

By CHROMOSOME NUMBFR AND GENoME (2A = X111, 2B =1{)

Kernel Flour Micron Flour
Sample count yield stze Maltose ash
(50_q) 1 "L ':

1A CnsS x Cnn 1945 63.5 90 68 .752
24 Cnsl x Cnn 1686 61.0 u6 63 .520
34 Cnsd x Cnn 1813 61,0 92 76 .702
4A Cnsd x Cnn 1660 63,0 85 85 174
Sh Cnsd x Cnn 1610 64.8 90 78 764
6A Cnsd x Cnn 1690 65,3 84 76 .532
74 Cns3 x Cnn 2007 64.5 89 74 .505
18 Cns5 x Cnn 1909 64.3 78 74 450
28 Cns3 x Cnn 1934 67.5 ° 109 612
38 Cns3 x Cnn 1824 63.2 6 76 . 760
48 CnsS x Cnn 2418 65.0 86 85 .532
58 Cns® x £nn 1756 62.4 88 71 .5356
6B Cns3 x Cnn 1897 64,3 86 56 .488
78 Cnsd x Cnn 2212 65,4 96 90 .596
1L Cns3 x Cnn 2278 61.7 54 78 .734
2D Cns? x Cnn 16£0 67.4 94 96 .545
3D CnsS x Cnn 2069 64,1 93 68 940
4D Cns3 x Cnn 1985 64.0 90 88 494
50 Cns3 x Cnn 2418 68,0 100 s 145 .632
60 Cns3 x Cnn 1596 56,7 68 78 .814
70 CnsS x Cnn 2525 50,4 a4 85 . 740
Cheyerine 1349 71,0 103 =P 161 .495
Chinese Spring 2071 61,3 6l ﬂ 75 .635

and texture. In the D genome only 5D shows any appreciable im-
provement over Chinese Spring. Line 2 D in later backcrosses had
no advantage over Chinese Spring. Line 1) is even poorer than
Chinese Spring and shows the effect first reported by Welsh and
Hehn. However, there is some doubt about the exact chromosomal
composition of this line. In summary, three lines, 4B, 7B, and 5D
appear to carry major factors that give the Cheyenne variety
strong gluten properties. Line 113 appears to carry factors that im-
prove loaf characteristics.

Simultancous with the developnient of these substitution lines,
a flour fractination method developed by Maes (1962) was experi-
mented with and modified. In this fractionation, 1-gram flour sam-
ples were mixed with 2g of pumice and 25g of sand and placed in


http:Chine.se

98 GENETICS LECTURES

a glass column of 1.9 em diameter ane! 19 em long. When a solvent
sequence of 40 percent isopropyl alcohol (V/V), 0.2 percent, so-
dium chloride (\W/V), 3.85 percent lactic acid (W/V), and 0.1
percent potassium hydroxide (W/V) was introduced into this
column, from 95 to 100 percent of the protein present was re-
covered. Volumes of ~olvents collected in the above sequence were
60, 75,60, and 100m, respectively.,

The gliadins and the glutenins are the principal components of
wheat gluten. On the basis of known solubilities, the alcohol solubles
would be expected to be the gliadin proteins and the alkali solubles
high molecular-weight glutenins. Protein compositions, according to
this fractionation methed, of the Hours of three strong-gluten
varicties are shown in Table 3, Mattern and Sandstedt (1957)
have shown that increasing percentages of gliadin in wheat flours
shorten dough-mixing requirements. Therefore, lines with high
percentages of alcohol solubles would be expected to have poorer
mixing patterns. However, direct compartsons between varieties
and lines are subject to errors introduced by total protein recovery
and by the flour protein content. All are subject, also, to aliquot
sampling error. A more valid comparison appears to be the ratio
of alcohol solubles to alkali solubles—the lower this ratio the
stronger the physical dough properties. Of the varieties shown in
Table 5, Red River 68 is considered to be the strongest gluten vari-
ety, Guide, the next in strengih, and C.1. 13881, the weakest of the
three, although still a <trong-gluten variety. The alcohol solubles/
alkali solubles ratio arranges these in this same order in Table 5.

Flours of the 21 substitution lines and the parent varieties,
Cheyenne and Chinese Spring, also were subjected to the modified
fractionation procedure to see whether the physical dough-handling
and baking properties could be associated with the aleohol solubles/
alkali solubles ratio. These data are shown in Table 6. The ratio data
for the parental varieties for the two vears are quite comparable:
for Chevenue, 1.48 in 1963 and 1.34 in 1965; for Chinese Spring,
2.11 in 1963 and 2.06 in 1963. In the substitution set the ratios
agreed with visual scoring of mix curves and baked loaves. Flours
of Chinese Spring lines carrying the singly substituted Cheyenne
chromosomes 5A, 6A, 213, 3B, 63, 1D, 3D, 6D, and 7D have mixing
and baking properties as poor as or poorer than Chincse Spring it-
self. The ratios also agree that lines carrying substituted Cheyenne
chromosomes 1A, 1B, 3B, 41, 71, and 5D have improved cither



Table 5. ProteIN CoMPoSITION EXPRESSED AS PERCENT oF ToTAL ProTEIN RECOVERY OF Two WINTER WHEAT VARIETIES GROWN AT
THree LocATIONS IN NEBRASKA IN 1966 AND ONE SrRING WHEAT VARIETY GrowN AT LiNcoLyN 1N 1968

. Ratio
Hou_r A Alch. sol.
protein Alcohol Salt Acid Alkah —_—
Variety content* solubles solubles solubles ~olubles Alk. sol. Total
Lincoln
Cuide o 13.50 522 4.1 62 36.4 143 989
CIL 13881 . 16.20 27 22 £S5 337 1.56 9.1
Red River 68 oo ... 12.50 186 29 9.1 39 1.39 95.5
North Platte
Guide e 1220 50.6 46 7.1 374 1.35 99.7
ClL 13881 o 12.00 49.3 5.0 79 364 1.35 98.6
Alliance
Guide e — 15.3 543 3.1 3.6 37.3 146 98.3
CI 13881 o 152 50.7 52 56 33.6 1.51 95.1

*14% MB.



Table 6. Prorein CoMPOSITION oF TWENTY-ONE CHEYENNE X CHINESE SPRING' CHROMOSOME SUBSTITUTION LINES AND PAReNTAL
VARIETTES EXPRESSED AS PERCENT oF ToTAL PROTEIN RECOVERY

. Ratio
Flour Alch. sol
Substitution protem Alcoliol Salt Acid Alkali .
line contemt® solubles solubles solubles solubles Alk. sol. TOTAL
a. Seventeen lines and parents
grown in 1963

1A 12.20 36.4 33 7.7 29.5 1.91 9.9

3A 11 80 39.1 29 78 300 197 9.9

4A 11.40 58.8 3.3 8.0 30.0 1.96 100.1

5A 11.70 583 33 7.6 28.8 2,02 98.0

6A 11.75 60.8 29 80 275 221 9.2

1B 11.30 57.7 3.0 7.3 310 1.86 9.0

3B 11.30 56.6 32 7.6 310 1.83 984

in 12.35 587 28 6.2 30.3 1.94 98.0

5B 12.05 59.1 28 6.8 28.3 2.0 97.0

6B 10.55 584 3.0 71 288 2,03 97.3

783 1290 56.7 27 6.8 31.7 1.79 979

1 10.15 63.0 32 74 252 2.50 93.8

3D 1245 39.0 1.8 6.4 274 215 946

4D 12.30 57.8 18 6.4 285 203 94.5

5D 1445 57.2 22 6.6 .2 1.89 962

6D 12.60 61.1 20 6.5 27.3 224 96.9

7D 10.55 60.5 2.5 6.8 275 220 97.3

Cheyenne 12 85 534 35 7.8 362 148 1029

Chinese Spring 13.10 340 28 70 25.6 211 894

b. Four lines and parents grown
in 1965

2A (XIID 1125 56.0 3.1 9.6 292 1.92 979

2B (1D) 11.55 58.0 35 89 28.7 2,02 99.1

2D 10.95 55.8 22 8.0 29.8 1.87 95.8

7A 11.95 555 34 89 30.5 1.8 98.3

Cheyenne 13.85 530 3.6 73 344 1.54 98.3

Chinese Spring 11.50 58.8 3.6 7.8 28.6 2.06 988

®14% MB.
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mixing or baking properties or both, Line 7B which was visually
scored as having the best mixing and baking properties also had
the lowest (best) ratio, 1.79, of all of the lines as compared to the
two-year average catio of 1.51 for Chevenne,

Conversely, line 1D which had extremely poor mixing and bak-
ing properties, also had the highest ratio, 2.30, compared with the
two-vear mean va'ue of 2,09 for Chinese Spring. Lines 2.\, 3A, 4A,
7A, 28, 2D, and 4D had lower aleohol solubles/alkali solubles ratios
than expected from the visual scoring of loaves and mixing prop-
ertics. Flours of lines 4A and 4D had somewhat better mix curves
than the remaining lines of this group

On the basis of these initial results, it is believed possible to as-
sociate protein quality with protein composition. None of the lines
had values very close to the strong (quality ) parent, but this is ex-
pected if the strong quality of Cheyenme is due to the action and/or
interaction of a number of genes on different chromosomes.

Summary

Work in the area of improving protein quality and quantity
for bread production has been reported and discussed. Results show
that grain-protein content can be increased and that, in part, protein
quality can be described in terms of the effects of contributions of
certain chromosomes on grain-protein composition,
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