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Wheat Can Be Improved
- As Human Food

V. A, Johnson, D. A, Whited,
P, J.'Mattern and J. W. Schmidt

Whea!t. which is the main food
of an estimated 1 billion people in
the world, needs both the quantity
and quality of its protein im-
proved.

Unlike animal protein, which
has all eight essential amino acids
in nearly perfect balance, the pro-
tein in wheat and other cereals
lacks the amino acid balance
needed to make the maximum pro-
tein ‘useable by the human body.

Amino acids are the building
blocks of protein and are needed
by the human body for cell growth
and tissue synthesis.

The human body can manufac-
ture all but eight of the amino
acids it needs. The eight it cannot
manufacture are called the essen-
tial amino acids, meaning they
must be included in the diet, A
lack of a .y one of these essential
amino aads can limit the ability of
the body to use the others to the
fullest.

Wheat is most deficient in lysine,
methionine, and threonine.

Until 1956, wheat breeders had
made no serious effort to improve
the protein content of wheat. We
have been working on the problem
at Nebraska for 12 vears, but have
not had the funds to do the work
on the scale the problem requires.

However, recent financial sup-
port from the Agency for Interna-
tional Development of the U.S.
State Department has enabled the
Agricultural Research Service and
the University of Nebraska to start
a cooperative ntensified eflort to
improve the nutritional value of
wheat,

One of the key activities in this
project is the screening of the
world collection of wheats for high
protein and lysine.

It appears that useable lysine dif-
ferences exist in the World Collec-
tion of wheats. We are testing this
collection in the laboratory and
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Onc of the varietics in the world collec-
tion,

from data on the 3,000 lines ana-
lysed so tar we have reason to ex-
pect to find lines with lysine as
high as 4 per cent as compared
with an average value in current
varieties of 3 per cent (Figure 1).
Our work so far on protein has
led us to the following conclusions:
—High protein is a readily herit-
able, incompletely dominant trait.
—Some association of high pro-
tein with other traits has been
found, such as close association of
a high protein gene from Atlas 66
with adult leaf rust resistance.
There also appears to be some asso-
ciation of ligh protein with low
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Lysine (percent of protein) frequency distribution for 8,000 wheats from the' USDA

world wheat collection.
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adult resistance ot tolerance to stem
rust.

—TIhe Iugh protemn trait ex-
presses atsell o several different
environments, the complete range
of which we have not yet deter-
nuned

We also have discovered that ex-
pression of the high protem trau
m the gram does not necessarily
depend on excessively high mito
gen i the sml Fhis mdicates that
the gl protem tat can be ex-
pected o express stselfl 1 a 1ange
of emvoonmental and sl condi-
tions

Sice maeasing the protein
wheat would be less useful if the
essenttal amino aad  balance be-
came more unfavorable as a 1esult,
we analyzed om high proten ex-
perimental Iines (Table 1y and have
condluded that 1t should be pos-
sthle to select {or improved protem
without changing  present anuno
acud balance (Table 9)

Whether or not the high lysine
wheats we have identhied from the
World Collection have promuse for
breeding higher lysne wheat de-
pends on whether the high lysine
is a genetic tant

Little 15 known of the effect of
cnvitonment on lyune level In an
cllort to gam some information on
this, we planted 10 vaneties of
spring wheat from the World Col-

(continued on next page)
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1, Lysine, wethionine, and threonine levels in-selected l,dghrprptcln‘llh'ies ok
1 Atlds 66 x Chnanche T - i
! Protein? Lysine Mcthionine Threonlne
. % bwi ' % protein <% protein % protein i
he oo 150 328 167 354 ~
; . 180 333 1.11 3.85 :
X GCmn 2507 177 372 174 2.62 !
Coom 2500 183 345 183 | 3.32 Y
3 v 2501 179 338 , 1.14 369 -
L » 2510 165 337 167 322
Rk, " t24ag 189 329 168 310
M v 2500 183 320 165 / 316
{ 1 ¥ Pefcent of total dry waight, ; . A
ﬂ'l o " ;71
i |
el . .
{Tahle 2, Protein and essential amino acid balance in Atlas 66 x Comanche Selectiqnf
f‘,’@; Lo 2500, oy
Pe réqm higher or lower than Comanche in . N
}ti " Tatal protein +22 C
3 Lysime (g/100g protemn) +7 Y
Methionine " <410 sl
Threonine " -9 e
Histidine " ! +10 1
‘ Valine ” +2 ' }
Isoleucine " 0 ot
Leucine " +2 ol
Phenylalanine " -2 o
Tryptophan not analyzed /
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' Lysine content (% of protein) ! i

y ] Abérdeer 4-tcat average ,

lSmnu- Minot Bureman' | Non fert l Fert Unadjusied I Adjusted !

England 393 308 347 320 531 250 |

Russia 312 330 388 329 24) 3%
China 293 323 324 321 31 327

. USA 299 276 356 %79 3.23 185

USA 2.74 296 301 295 202 510 .

- 40 entries 298 309 3 'SI 326 3.1F 315 - f
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(continued from page 5)

lecion *t Minot, N D, Boreman,
Mont,, and Aberdeen, Idaho.

The limited data we recaived 1n-
dicates that environment does influ-
ence lysine level Most of the effect
15 assoctated with the influence of
environment on protemn tsell We
believe that this 15 not an msur-
mountable problem (Table 3)

We have limited mndication from
analysis of these 40 spring varieties
that some high lysme varieties will
maintain therr lysine superionity in
an array of environments

Data from 60 hagh lysie winter
wheats bemg grown at four widely
separated locations 1 the United
States in 1968 may help to substan-
tiate this

It may be possible eventually to
combine high potemm in wheat
with improved balance of essential
amino acids by the breedig ap-
proach,

This will be a dificult task be-
cause of the imerrelation of yield,
protein, and amino acid composi-
tion of the protemn It must be at-
tacked on a broad front with equal
attention paud to productivity, pro-
tein quantity, and protein compos:
tion, because any gain m one of
these that 1s offset by losses 1n the
others cuts down the net gain

The task is further complicated
by the need for relving on lighly
sophisticated analytical laboratory
equipment for ammno acid deter-
minations A more rapul relable
test for measuring lysine and other
Imutng  essential amino acids 15
needed

Informauion Nom this intensified
research project duning the short
time 1t has been m progress leads
us to be opumustic  We believe
that this information will enable
wheat breeders to eventually 1m
prove the nutiitional quahty of
wheat varieties For the 1 billion
people who 1ely upon wheat as
therr main food, this will mean -
proved diets and improved health
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