D T TN P TR O U

e a TS
THCY AOOT T TE R ATION Al TN L ey OR 210 Lit Gl

WASHINGTON, D 2. 20223 H

) ?
BIBLIOGRAPHIC WPUT Stexy ”‘Lé X ‘/C, /7 97

L LT Y roeees

AT, 8 H 5 b EOM N B T AL AR e

e, PVRINA SR
VOGDHICDTY

fLAGLY.

\rudu\:t im\ mu DUt 1t mn g\]*‘?()-—(,)l‘“f\‘, 000

|

| Food
| .

!

!

FIOATION
coeding--Cereals-=-Miize
ZUVITLE AND SUBTITY T e

Progress in developing

ize with inmproved protein quality

A AUTHORISY
Bauman ,L,F.5 Mertz  E.T

- .

d, CCLMENR T OATE 3. HUNATR OF PAGES ‘ ARL‘, NUMIER

a7 101). J AKC
Hmny e T Crrre e N

Purduc

Sotion, Puhitshers, beailal ey

(In Agr.Bxperiment Station., Rescarch bul.9lad)

S GUPPLEMUNTAR Y N (0

F. ABSTRACT

10, COHTROL NUMEER T PRICE OF DOCOMENT o
PN-AAG-304

o e
12, DESCRIPTORS 13, PROJECT NOMIE R
)

Maize 931052400
dlutrition VA CONTRACT HUMBL

Proteinsg L GSD=2800 Rey,
1N, UL 0r l‘()(‘ MY R




RESEARCH BULLETIN 4.4
OCTOBER 197 .0

progress in
~ developing
- maize, '

- wnﬁh
improved .
7 protein

quality

| " PURDUE UNIVERSITY
AGRICULTURAL EXPERIMENT STATION
|  WEST LAFAYETTE, INDI&RA



1

a g TV

P e P
.- % h:"\‘j

L F. Bauman, Dapartieent of Agronomy
E.T. Mertz, Department of Biochamistry
D. V. Glover, Departiment of Agronamy
PoL. Crane, Derartment of Agranamy
Purdue Univers.ty

Supported oy the Aaency {o Interrational Development, U 5
Drepartrieat of Soate, undee contrict A10 “csd 2809, “lohentance
andd Jnpieseiess of Procaon Goainty and Content an Moz,



The protein in ordinary maize has relatively low
nutniticnal value; and early attempts 1o HPETOVe its
quality were both  unsnccessful and yenarally
regarded as unpractics! In 1964, however, Manz,
Baies and Nelson reported  aat the opAGL2-2 goric
improved protein quality markedly by increasing the
content of the nutntonetly-hmting amino aoids
lysine and tryptophan, Subsequenty, they found that
e flovry 2 avmie o antarmsdiate botweea narmal
and woogee 42oard had an increased methionine
content. Morerecent!y, tugh lysime mutants have 1lse
been dentified i sorghum nd barley

Nutrhonal studies have contirnied the potential
value of opaque 2 maze in heping meet ine we ld's
human and ammal nutritional needs AN, many
maize breeding researcheis throughout the world
nave intiaied programs to develop opagiie-2 hybrids
or varieties.

Taday itis apparent that 10 schieve ac septabdity
and utilizaton, o, ague 2 ypes must, 1o some degree,
avercome  then gencrally-observed  deficiencies,
when compiied with normal maize These deficien-
cles mctude: (1) lower vield, although this gap has
beeis narrowaed through breeding: {2) greater suscep-
tibaaty to ear rot; (3) harvest and storege problems, in-
cluding graminsect damage, and (4 soft endosperm,
whictiis unaceeptable as human food for some areas
Or uses.

I bght of mer ased broeding work over the ;181
several years and the time lag associated  with

publication in scientificjcurnals, it seems appropriate
o present here a br.ef report of the development of
high quality protein maize This report will discuss
fust the bresding  and genstics, ana then the
analvteal and nuintionai Gspects. Same of he in-
farmanon s prelminary, and some deas or con-
cluseens will, no doubt, be muodified or changed as
noteanformation hecomes availlable

Current Utilization

A recent woridwige survey indicated some
hmated production of opagque-2 maze in Brazil,
USSRoand the Umited States and VEry ITHNOT USS I
several othor areas (o a. Colombra, Nigeria and Viet-
namb This survey alsy indicated that gram ingsects
and gram quality, especiaily in tropical areas, were
the most serious probiems Nearly all countries rated
the tuture prospects of opacue-2 as good toexe 2 llent
with only cne country indicating poor prospeets

More rapid uulization of high dysine maee has
also been Honted by ecanomic considerations -
volving vield and relative price of protem suppicment
Econome factors vary greatly 10 differont coumuees
and are too complex to treat in a M arungtul way
bere. However, i can be said that in the de eloping
countiies, economie factors are grnerally notof great
significance, and acceptability and gramn quality are
the more important inuting charactenstics of opa-
que-2 varieties,
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Backcross Tonversion

Thoe avmredate eppreac Das Dovn 1o hackeross
the opagae-2 aene into mbrods on vinietes e renily
tused o produce normal maze, To save tme, conver
Sion s ogenerilly  aecomphished by oa continuons
backcrossimg proceaurs After the irstbackeross, the
plants are selfed, and poedigreed backcrosses are
made with individual plants to the recurrent parent
as female. At harvest the selfed plants are classi-
fied as to which are segregating for opague-2. Then,
only the backcrossestothe recurrent parent involving
these segregating ofants dre continued into the
next generation Beczuse of the rapid conversion to
the recurrent inbrod genotvpe 1ts difficult (o select
effectively for maodidiars ar interactions,

interacts wih adforent

genetce backarounds Thvrefor as opagque hyhrds or

The epaque 2 geae

variete. are roconstitated, somo perform poora woth
regard to yield and or qrain quality (other than nu-
trition), while other s are more nearly equalto normal
hybrids Yiclds of theoonaque nvbrids range from 8010

90 percent ar more of normal Sviinds Toen o,
development  of  vaneies with satsfactony per
formance does anpean feasible I fact basod o
limited use in seversiooantons, armer peoeptance of
these THrst gensranon’ onague vane Ses has Do
scrmewhat bettar thin oxpeciod
huraduciion of  opague-? 0t virohes o
syntheves car follos the samie procndura usod for .
bred conversion, cxcept iaraer popolations are .
quired 1o insara thet e germnlasm o arfogquately
sampled  This o parnccharly troe of the fina
backcross. The genste varations should enable e
brecder o vicoalhy ccdent for opngue types it bette
grann quiliy
fmproving poerformance of opague genotypes
widehase germplasm populanons with some sort of
cyche selecton proscdure, concurrent aelting and
setection for modifeed or vitroeous types, and selection
for protem gqualy offera o promasiog long-range

method to deecedog acceniahle [RITPLS

Yield Testing Procedures

Smallplo ypeded coermgannsons of opa e and nor
mal maze vtk B ds fastimvol e some ontrol
Lo prevent the apacues frarm gutoronsineg eath pollen
from the norinai vntoes Since the gpague 2 e e
FECEOSUWT GUICTO N G TG st o )t a1 oorrnal
phenotype and dvana el ooty i sthbyirig of
yield test plota vageneradiy o Gl 1 rebere
most procteat ooete el oy sha e e sl e

T Doty cors b ot e i e g ot i h

vootid reduee yeld s Qeterossmyg of pormal entnies
Chee Itle o no o ottect on then vield,

Yy oe agie

St
[
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Juterosang of apague hybrids 1o an unrelated
oprdque voden source may tesoll e a shight kerned
weghtt merease and an upward vield bras This, from
G opractical  standpomt, s difficult to contol,
Fheretore, the researcher must keep this possible
bas m nund when interpreting s results. Protein
andlysme vilues are not generaily greatly affected by
outeressing o unrelatad opague pollen sources.

Comparsans of genetically dentcal sibbed opa
dque-2 kernels produced on nonsegregating ears and
O edrs searegatng normal kernets have revealed no
erfect on kernel weighy or protem Therefore, in
breeding proygrams. chuaractenastios of upaqgue-2
rernels meosegregating and homosygous families
should be comparable

Other Effects of Opaque-2

Some addiona!l characiensues of opague- 2

DY ety pes e

T Percont onl s gl than m normal maize
Tasas because the germ of opague types commrises a
ferger pecoent of the kernel and s actually heavier
ianan the noomal keroei Apparently, the reduced
starch deposition in the andospoerm g compensiated
for, 1o wome extont, by rarger germe

2 Sevdbing vigor iy be poorer than aormial
counterparts, partcularly under cold and wet con
ittt dognay aernnmnation

3 Cob wegit of apngue e averages about
T pereent fess thare normal minge

G Percent pratens i opagie 2 typon tends Lo he

Shgbuly dowveer Biarothat o therr norimald counterpart

Genes Modifying Opaque-2 Phenotype

I 1967 Pardue andientonl o population ap-
progchtownprove opgae 2w b onvalvied reccont
sedection o the piogiam, (b geifed Gegregating
fanmbies (eara) fram o gyt showing the Joast
dfterence o keped! Aeight (copreesd an neroe
Betwrcen nonmal and opaquoees cornela) vere eeloebod
andhntercrossea for thie nest g e Ay thitee cycdes,)
i opagires 2 kcrnel vaei U e e sl e pecend ol
sortnadb v S 0 o ed 1o SR S S0 L ontrol
aannfieant iproverent P eaegor e v diap
Dortting sence the drproveroe st ey, doe o dy 1o
reecdiice borpebweobt chthie il beroele it ahould
Biremploazed that bl el Cnan for bl wight
e sesas practioed arad the et oot anototal yield s

not ditermaned



Another and perhaps more promusing anproach
to modifyina the epague-2 phenotype involves visual
selection of more speaifie modifier genesinseqgregat-

g famalies The kernol exprescon of the modified
types (Figure Ty ahserved by Pur lue the internatic nal
Center for Maize ind Wheat Im srovement (CIMMYT)
and athers mighs be roughly clossiiod thusly

T Vitreous  endosperny that s
distingishable from normal

nearly -

2OA T phenotype wath top or croawn part nor
mal o vitrecus and the hase partoraaque (Th sas the
maost frequentdy o UG type )

3 A saddle pattera where the saft or apague
starch s hinnted 1o the contral postion of the abaer
nunal sivie of the Kernet

SoAsectored o diffuse tyoewhere soft starchag
distributed wregnlarv i otherwise vilr o s stareh

Those modifier genes acting on the exprossion
of opagur- e hernable, twond 1o be TOCRSSIVE,
probably incolve more than one avne, ant grve
vanable exbicssion with varnious nvironments The
modihied types tend 1o have poorer piatem quahty
than the standard opagoe 2 phenotype However,
selection can mamtam pmotemn quality a0 a saus-
factory lovet

These madifiers sy e useful in providing maore
acceptable types for cortam traditional humaon food
uses andan nnproving grinn quahity, expecialiy insect
and ear ret resistance, foir humd tropical areas. CIM-
MYT  has  developed  some  modified onaque-2

(1) saddle. (2) diffuse,
(3] 00 and
(4) standard opague

varieties that offer . onsiderahie promise Selectinn
for madified endospern does nat NCCRSSArdy improve
vield: Some problems may arniso, hovwover in dotog
g outcros=mg i seed produchon and momam
TAIngG 1ts opaque ddentiny i market channels The
mnbydrn test (disciaaed Loy may pircaide g Stnntes
and quice mmeans of adentficaton o the breoding

programs and the market place

Potential of Floury 2

Tests of foury 2 mybrnds edieate that yield
rediuctan compared to normal is 0ot sogreatas it is
for opague 2 rvhids Flogry 2 grasn quahty aiso
APPars o be sameeavheir better than OG- 2
Aepeated observaaans at Purdue confrm thay the
flourv-2 iveme vatuos are less than fo- opague 7
Selection for specifie modifrer genes s Glso difficglt
withifaary- 2 sinee this aene shows o sem-donnant
or additve aene action in the endosperny dasage

YA RIREN

New High Lysine Mutant Opaque-7

Dr. K. 8. McWhirter (University of Sydney, Aus.
tralia) has tound a new endosperm  mutant
designated epague-7. which imncreases lysine and
tryptophanin the endosperm. However, potential for
opaque-7 15 notl prinusing because lysing values are
Intermediate between narmal and apaque-2 types,
and the segregation of the gene s dithicult to identify
in same genetic backgrounds

Frgure 1 taght transmssion
with modified opaque fypes.



Potential of Sugary-2 Opaque-2 Double Mutant
Combination

Purdue has explored the micractions of soveral
endosperm naiant genas o double mutant com-
hinauon weah oy sgue- 2 oond sther genes tor possinie
smprovement of e geceptabiity and nutnitienal
quality of high iy sine e A prorusing approach o

modifying  the opogue 2

phenotype involves (he
mutant comtanation segary -2 opagae

In repeated spermmaents companng several near
-y

1IsoGemic Inhrids sugary-2 opague-2 kernels have

more vitreous sndosperms and greater kerne! density

than opagee 7 2lone in some backgrounds the
double recessive s neany normal ¢ endosperm tex
ture We hinve observed it sugary. 2 opague-2 ears

are less susceptible to #ar 0L than opaque-2 types.
And sugary-2 opiague-2 herels have shightly bigher
tysine and provoen valuss than opague-2 countor.
parts. Evidence indeates tnat the double recessive
has ncreassd ol cortent and, therefore, possibly
greater energy potential {calores) U has also been
observed that the kernel voiume of the double mutant
15 less than normal and as a resali, vielos a0 less

than in the opague-2 counterpart hybrids.

The starch of the sugary- 2 opaque 2 endosperm
s much more readily hydrolyzed by amyiases than
normid and opague-2 types, suggesting superinr
digestibilny . Nutnitional studies  at Purdue  have
shown inisonitrogenous feeding trisls that weanling
rats fed sugary-2 opaque-2 and opague-2 ciets had.,
respecively, sverage daly weight gains that were 2 9
and 2.5 times faster thanrats fed "Ye normal counter
part maize dret. Feeding experiments 1o determing
the biological value of this dnuble racessive type or -
currently being condusted vath swine aned cattle

Attention must now b directed tovand selaoting
for improved yicid, with emphase, on ncreased
kernel volume, woight and vitreoosnes, 1 e
conversion program. Introduction of sugory-2 into
OPAQUE-2 Varteaes or synthetns, can perhans hoot b
done by
hetervzygous condition for the mugary 0 gunee vl
selecting  Selection for unprevsl porfarmance of

maintanmng  the sopelations o n

Sugary-2 apayee-7ogenotypes o wedehase Gonn
plasim populations may offer o promasing long rangs
method to devedop acceptable hgh lysine maie
types.

Waxy and Doubie Recessive Waxy Opaque-2

There have been several reports thatwaxy maize
may give better feed gaing m cattte However, a recent
catte feeding test 4 Purdue showed no advantage for
VAN O opague-2 compared to normal maze, The
double recessive waxy opague- 2 phenotypes have
fugher lysme values than apagoe- 2 alone, although
notas high as the lysine levels foundin sugary 2 opa-
qees 2 Thedouble mutant wavy opague -2 hias an 0pa-
que phenotype Our ohservations have been thi
wavy and and wany opague-2 e more readily
digested by amylases than normal and vpague 2. bt
they are not as readily digested as sugay-2 and
SUGary-2 onague-?

lsumittogenous fewding tial comparisons con-
ducted at Purdue have shown that weanling rais fed o
wavy maize diet do not gamn any faster than rats fed a
normal maze diet. On the otiier hand, rats fed a waxy
opaque-2 diet gave faster gans than rats fad opague
2 Inthe case of waxy epague-2, the response was
propoftionat 1o its level of lysine (based on protem)
Feeding experiments are being conducted with swine
and cattle to determine the biological value of the

Wy and waxy opague-2 types

Double Recessive Floury-2 Opaque-2

Early reports that tins double recessive tight
quee a more norm gl kerne! phenotype than either of
the mutants singly have notbeen confirmed in subse-
quent observations. Presence of both genes does not
result i higher lysine values than opague-2 alone
Since the floury-2 gene shows a semi-domimant gene
action in the dosage senes, and because of the more
complicated breeding procedures and greater aif
beulty in maimtaimning  pure sced stacks and pro-
duction wath thes doable mutant, ths approach s nat
recommendoed

Breeding for Higher Protein Centent

The apagiee 2 gena tends (o mmntnn merensecdd
tysine develsaibngher proten content b the iong run,
thas makes gt feasible o breed opaque vareties with
taproved protean content and quality. But ther job will
aot b vany s B protern content s inflirenced
dreathe by cnvironiment, and hertdataliny s probably
not hagh Thens olao 1w o negative retavonship
bevwweray vl aond protein concentialion

Phee correfatoon hetwaen poereent proten and
prroent s v posttive oo, gue- 2 maize Bot the
Corcebition hetvaeen porcent proterm and ysine as o
poreent ol protian e negative The decision to breed
forincoessed protem content may alvo be infliienced
by the avalability and use of nitroqen fertibzer in the
Ay concered
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Figure 2. The darker color
i the one test tube and the
darker stamnod kernels
factually deep blue)

identi'y the high lysine
kernels

To make progressin developing highvielding and
acceptable opaque 2 maize with good nutritional
guality, the plant breeder must have ranid, rehahlo
screening procedures for deternnning botin protein
quality and quanity. The assay methods found imost
suitable are describod bere

Total Protein

Total protein s usually determined by eather the
macro- ar micro-Kjeldahl method The amount of
protemn can also be determined rapidiy and farrty ae-
curateiy by analysis of thereflectance spectrumin the
near infraced of a4 finely ground sample. bstrumerts
using thus princiole are commercially available,

The rapid buaret method of Craney and Johnson
cannot be used o determimne total protwemmopaque-2
maize, and presamably of high ivsine mutant cereals.

Total Amino Acids

A complaete quantitative amino acid profile on
certamn promusing selections can be obtained by
hydrolyzing the protein and sezarating the aminoe
acids by 1on exchange chromatoqrapiy.

Tryptophan

In most maze samples, colorimetric deter-
minationottryptophan levels in (o endosperim is suf-
ficient as an imtial screeming procedure tor protem
quality  Endosperm samples contanming up to 0.5
grams tryptophan per 100 grams protein are clas-
sified as normal quahty: samples contarung 3 6-1.3
grams may be classified as supernor

Lysine

Usuahy tysime value of the endosperm 1s about
our thmes fgher than the tryptophan value For a
quantitative lysine value determination. a simple
colorimetric method for lysine can be used.

Rapid Ninhydrin Colcr Test for High Lysine
Mutants

High Iysins mutants of n.aze sorghum and
bartey contam tnaher fovels of froo amino acuds than
Urear normed counterpirts. Ninhydrn rapidly detects
tus difference. as shown iy Figure 2 To identify
segregatng ears of maize, the crown on a row of
Lernefs of anear can be romeoved and the cut surface
stamed wath mnbvdrin. The high lysime Kernels show
a darker blue color than the narmal kerpels

Other Rapid Procedures

The dye-binding method, for examplie, s being
sedfor screening i some maize breeding programs;
dut neither it nor the minhydrin method effectively in-
Jdicates the precise levels of lysie in opague 2
segregating populations

On the average, m 1on exhange and colorimetric
whole Kernel analvsis, normal maize gives values of
0.4-0.6 grams tryptophan and 2-3 grams lysine per
100 grams protem, whereas opaque-2 maize gives
0.8-1 2 grams tryptophan and 4-5 grams lysine Nor-
mal endosperm gives values of 03-0.5 grams
tryptophan and 1.5-2.5 grams lysine per 100 grams
protemn, while opague-2 endosperm values measure
0.7-1.2 grams tryptophan and 2-4 arams lvsine


http:mu:ttan.it

giologicul Assay

Fowal proot of improved protein quatity revealed
by chemical analvss muost acvpend on hologqeal as-
say Inacomparaove toedimg study in Y973 mvolviog
Nebrasha Washimaton State
Pennsylvane: and Purdued andg CIMMYT, the FOUY
whitte rat the mcose the chick and (e meadow vole

four  unmversties

Werre Compnared as Tt annnalbs 1o d et difforences
mprotemn aonly Lo bwenr several coreal lena e D
loviy O and normal sorghiam, whoat and

Fhe Asccombon of Offical Analyvtical

Chemuasts (AOAD mothod for dotermining prote of

[ARES RSN

.
HETHENE

ficieney ratio (PERY wan e

Results of these cooperative studies showaod that
the male weanling rat gave the best differentiation
Jmong the coreals Ondy the young 13t gave satis-
tactony PER vilues The AUAC mnthod reguires 10

-y

male weanhng rars on test for 28 davs However,
Agotfieantdifterences i PER werre domonstrated i 7
ffavs A test of preluninary

cvaliations redquice approximately 600 grams of the

! day a2 o

cereal Gram

Dotinds on the chommcal and ological methods
above can be tound i a compamon brochure entitlod
Sunple Chomical and Bictogeal Methods Used ot
P due o

Screen Coreals for Protemn Quiality.”
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Experience with feeding opaque-2 maize in the
U.S. Corn 3elt shows that pigs find opaque-2 maize
more palatable than normai corn. Farmers are
therefore advised to continue to feed opaque-2 maize
to market weight. Pigs taken oft opayue-2 maize andg
pleced on normal maize refuse to eat for severaldays,
thus reducing gairs and feed efficiency.

Opaque-2 maize has a high nutritive value for
humans. Work with young children in Guatemala 2ia
Calombia demonstrates that it is equivalent to skim
milk when fed at an adeguate level in the diet. It can
cure kwashiorkor, a severe protein deficiency
disease, when it is the only protein source. Although
we have found no published feeding tests on the
value of the protein i immature opaque-2 maize, itis
assumed that such maize would be superior to im-
mature normal (roasting ears), because the protein
differences in these two types can be demonstrated
15 days after pollination.

sumimar

In the area of breeding for improved quality
protein in maize, tentative conclusions reached so far
are as follows:

1. Based onlysine levels and feeding tnals, opa-
que-2 seems more promising than floury-2 or the
double recessive opaque-2 floury-2.

2. Breeders canuse genetic background interac-
tions and more specific modifiers to develop varielics
that may be satisfactory in terms of their nutriticnal
advantage, yield and a vitreous kernel type where re-
quired for consumer acceptability.

3 The double mutant sugary-2 opaque-2 shows
promise for acceptance because of high kerne! den-
sity and improved nutritive value; however, its yieldis
somewhat lower than opaque-2.

It is well known in animal nutrition that
acceleration of the growth rate by increasing the first
limiting nutrient may accentuate the deficiency
symptoms caused by a marginal intake of any ather
nutrient. Thus, faster growth rates produced by
replacing normal maize with opaque-2 maize mayin-
crease the daily requirements for minerals and
vitaming. Therefore, opague 2 maize should always
be used in animal und human diets with adequate
amounts of minerals and vitamins. If deficiencies ex.
ist, supplementation of the diet with the appropriate
micronutriert will be required.

Nutritiona! studies cn floury-2 maize, although
limited, suggest that its response witt be inproportion
to its tevel of iysine (based on protein}. Usually the
tysine level of floury-2  maze is about half-way
between that of wpaque and normat Nearly all
varieties of flourv-2 maize observed are nutritionaiiy
inferior to the opaque varieties.

Breeders are cautioned not to rush the reiease of
i..aize with improved protein quality until they are
reasonably certain of acceptable performance for the
specific area where production is to be encouraged.

At this time, the preferred analytica! techniques
for determining protein content and quality of maize
are: (1) micro-Kjeldah! {and perhaps the infrared
technique! for total nitrogen, (2} colorimetric methods
for lysine and tryptophan, and {3) automatic amino
acid analyses for complete amino acid profiles. For
biological evaluation of a maize variety, the PER
method with a 28-day rat feeding trial is
recommended. Where amounts of grainare limited, a
7-day ral wilt give a useful preiiminary evaluation as
a screening tool for the plant breeder.





