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Quality Protein Maize Story 
 
 
 This paper is intended to present a critique of various aspects of protein related 
nutritional improvements in maize. Earlier efforts and difficulties in developing 
germplasm products that failed to meet expectations and lacked agronomic performance 
and acceptance at the farmer’s level will be discussed.  Sequence of events will be 
presented that led to choosing an option and a strategy that turned out to be successful 
and has proved viable in developing a speciality corn type which is referred to as Quality 
Protein Maize (QPM).  It has some characteristics different from original high lysine soft 
opaque-2 maize cultivars.  It is distinct as it is no more opaque and is indistinguishable 
from normal endosperm maize types.  Also, unlike soft opaques, QPM has been 
developed using a combined interaction of opaque-2 gene and the genetic modifiers while 
still maintaining superior quality protein.     
 
 Maize is world’s one of the three most popular cereal crops.  It is grown 
worldwide on approximately 130 million ha annually with a production of 574 million 
metric tons (Ito 1998).  It occupies an important position in world economy and trade as a 
food, feed and an industrial grain crop.  Several million people in the developing world 
consume maize as an important staple food and derive their protein and calories 
requirements from it.  Maize is thus a potential source of protein for humans and animals.  
It holds a great promise for increasing production and also as a future protein crop.  
Genetic manipulation for improved nutritional value particularly protein content and 
quality is a noble goal.  Realizing achievements through normal breeding efforts are 
difficult, complex, frustrating and require long-term investments, sustained research 
efforts, patience and continuing administrative, financial and scientific support.  Penalty 
in yield and in other economic traits is not accepted unless the product has a value added 
properties. 
 
 Poor nutritional value of maize grain is well known and the need to improve it has 
been recognized for a long time (Osborne and Mendel, 1914).  Most of the protein in a 
mature maize kernel is contained in the endosperm and the germ. Both parts differ 
substantially in the content and the quality of the protein. The endosperm protein is low 
in quantity as well as quality.  In contrast the germ protein is sufficiently superior in 
quantity and quality.  Since endosperm constitutes bulk of the grain, it is estimated it may 
contribute as much as 80% of the total kernel protein. Any major improvements for such 
trait(s) will thus have to be done in this part.  Genetic variation for most traits in maize is 
incredibly high and amenable to enhancements.  Time factor is major limitation requiring 
improvements extended over an unusually long period of time.  Breeders and nutritionists 
alike agree that enhanced levels of both protein content and quality will greatly result in 
improved nutritional value of this grain. Attempts to improve protein content began 
towards the later part of the 19th century.  The quality, however, became important and a 
concern at a much later date.  Numerous researchers have attempted to improve protein 
content with good results.  For more information the readers may consult relevant papers 
published on this subject.  In this paper the focus will be only on improving protein 
quality presenting a critique and a detailed discussion of various aspects. 
 As is well known, serious efforts to improve the nutritional quality of maize 
endosperm protein began in the mid-60s. Prior to this period, however, the poor 
nutritional quality of maize was known and documented.  Also efforts were rather limited 
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to only screening elite maize germplasm and accessions to identify genotypes superior for 
this trait. In the absence of specific gene(s), the alternate improvement strategy involving 
recurrent selection could not be used easily.  It required step by step accumulation of 
favorable alleles for an extended period before a noticeable change in nutritional value 
could be observed.  The lack of a simple genetic system also prevented use of a 
straightforward backcross program. Thus protein quality remained more of a concern but 
with no immediate solutions in sight.  No action -oriented strategies could be deployed to 
resolve this issue.  It may be important to study in depth the inherent causes responsible 
for poor protein quality of maize endosperm protein.  The bulk of maize endosperm 
protein is comprised of zein fraction that is completely devoid of two important essential 
amino acids lysine and tryptophan.  The amounts may vary but this fraction may 
constitute as much as 60% of the total protein.  The high level of this particular fraction is 
the sole cause of poor protein quality. It is thus understandable that this fraction will have 
to be reduced substantially if improvements in nutritional characteristics are to be 
realized.  In normal maize, the proportion of various fractions on the average is albumins 
(3%), globulins (3%), Zein (60%), and glutelin (34%). Further it may be pointed out that 
all fractions other than zein are balanced and quite rich in lysine and tryptophan. 
Suppression of lysine-deficient zein fraction without altering contribution of other 
fractions could thus be seen as a feasible approach to bring about improvements in the 
nutritional value of maize grain.  A reduction in zein fraction causes proportional 
elevation of other fractions rich in lysine thus resulting in elevation of these two amino 
acids in protein but not on absolute basis of per unit of endosperm in the grain. 
 
Beginning of genetic manipulation of protein quality            
 
 The discovery of the biochemical effects by the Purdue university researchers of 
mutant alleles opaque-2 (o2) and floury-2 (fl2) opened exciting opportunities thus paving 
the way for improving protein quality of maize endosperm protein (Mertz et al. 1964, 
Nelson et al. 1965). This much needed discovery aroused considerable interest, 
enthusiasm, and hopes worldwide. These mutants alter amino acid profile and 
composition of maize endosperm protein and result in two-fold tryptophan increase in the 
levels of lysine and tryptophan compared to what is encountered in normal genotypes. 
The mutants derive their name from soft floury opaque endosperm.  The lysine in maize 
is the first limiting amino acid and tryptophan as the second.  In addition other amino 
acids such as histidine, arginine, aspartic acid, and glycine also show an increase.  A 
decline is observed in other amino acids such as glutamic acid, alanine and leucine. A 
decrease in leucine is considered desirable as it makes leucine-isoleucine ratio more 
balanced which in turn helps to liberate more tryptophan for more niacin biosynthesis and 
thus helping to combat pellagra.  A sulfur containing amino acid methionine registers 
increase in only floury -2 mutant. 
 
 Besides biochemical traits, the mutants adversely affect agronomic performance 
including yield and kernel characteristics.  The lower yield results from reduced dry 
matter accumulation. The kernel appearance is altered to soft chalky phenotype which is 
unattractive and not liked by maize growers in the developing countries. Physiological 
drying is also affected and a higher vulnerability is observed to ear rot causing organisms 
and stored grain insects pests. Variable genetic background effects are also noticed for 
such traits as pericarp thickness, larger germ size, reduced cob weight, seed color 
intensity, and kernel weight and density.  Occurance of pleitropic effects facilitate 
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selection process in the desired direction. Genetic background effects are indeed 
important to harness beneficial effects of the mutant alleles and to remedy some of the 
drawbacks. Some of the effects may be environmentally specific as is the case with low 
germination in cold conditions. For a more detailed discussion on effects and causes the 
readers may refer to published literature on this subject (Harpstead, 1969; Bjarnason and 
Vasal, 1992). 
 
 A continuing search for identifying new and better mutants has been underway 
during the past several decades. In addition to opaque-2 and floury-2, other mutants have 
been discovered such as opaque–7(o7), opaque-6(o6), floury-3(fl3), mucronate and 
defective endosperm. Unfortunately up to this point no other mutant has been found 
which offers any additional advantage(s) over the opaque-2 gene in practical maize 
breeding programs. Several of the reported mutants have been experimentally tried at 
CIMMYT but the main focus on developing QPM germplasm has been on intensive use 
of the opaque-2 gene. 
 
Early efforts and experience    
 
 New genes and gene combinations affecting nutritional improvements have been 
of interest and value to maize breeders worldwide. Unusual enthusiasm and excitement 
draw researcher’s attention for possible use and exploitation of these traits. Same is true 
for the high lysine mutants in maize.  Beginning mid-60s, improving protein quality 
became possible in developed developing countries. Elite germplasm and elite inbreds 
making good hybrid combinations were converted as rapidly as possible through standard 
backcross approach.  In the initial stages both o-2 and fl-2 genes were used singly or in 
combination with each other. Later as some undesirable effects of fl-2 gene were 
discovered, its use slowed down and discontinued.  It is fair to say that almost for a 
decade, the major emphasis in most breeding programs was on conversion programs to 
obtain mutant versions of normal genotypes. Many important commercial OPVs and 
hybrids were experimentally tested and exploited in farmer’s fields. By the mid-70s 
enough experience had been gained pointing to the lack of competitiveness and some 
specific problems associated with this maize. As researchers and farmers became 
increasingly aware of the complex and inter-related problems, high hopes and optimism 
set forth earlier were greatly overshadowed affecting resource funding and a decline in 
research efforts. Many institutions either abandoned or drastically reduced their research 
involvement in such activities. As funding squeeze continued, only a few research centers 
and institutions could sustain needed research efforts in this area. The institutions which 
continued vigorously and persistently in improving the protein quality were International 
Center for Maize and Wheat Improvement (CIMMYT), the University of Natal, South 
Africa, and the Crow’s Hybrid Seed Company in Milford, Illinois.  All three centers had 
good research programs and were indeed quite successful in developing products with 
good agronomic performance and market acceptability.  
 
Choosing among various options and strategies 
 
 As problems plaguing original soft opaque-2 materials became obvious and with 
no definite solution or particular strategy in sight at that time, many breeders and 
researchers really found themselves in a state of dilemma and confusion. This historical 
tragedy brought a turning point in the breeding efforts to take a new hard look examining 
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carefully the nature and seriousness of inherent problems. Equally important was to think 
of some pertinent options and strategies that could be deployed effectively in developing 
germplasm competitive in agronomic performance and free of problems considered 
important in acceptance.  A detailed discussion of these options will not be attempted but 
rather salient features of interest will be summarized.  Most options fall into two broad 
categories either involving or not involving specific mutant genes. The later group 
includes such options as recurrent selection for improved protein quality, altering germ-
endosperm ratio, and increasing aleurone layers of the maize grain. All these approaches 
have been tried and require long-term efforts to achieve lysine levels matching the 
specific mutants which give a big boost in lysine content. In the former group are two 
interesting approaches.  One of the approach exploits double mutant combination(s) 
whereas second one is based on the use of two genetic systems involving opaque-2 gene 
and the genetic modifiers of the opaque-2 locus. 
 
 The double mutant combination involving interaction of o2 and su2 has some 
advantages such as vitreous kernels, acceptable kernel appearance, lesser ear rot, 
increased lysine levels and better digestibility of protein.  Yield is its only disadvantage 
which is sum total of independent negative effects of the two genes. Double mutant 
combination o2fl2 also has been researched and not pursued further as modified vitreous 
kernels are encountered in only a few genetic backgrounds. The most successful and 
rewarding option involves combined use of opaque -2 and the genetic modifiers of the o2 
locus. Encouraging results from this strategy have been achieved at CIMMYT and 
elsewhere. The following sections will provide in-depth discussion on various aspects of 
this strategy which has been used extensively at CIMMYT. 
 
Sequence of events and strategies in developing Quality Protein Maize       
 
 Groundwork and experimental evidence had to be accumulated on different 
breeding options before making an-allout shift in adopting a strategy which in the opinion 
and judgement of CIMMYT researchers will yield needed results. Several factors have 
contributed to the success of QPM work at CIMMYT but the single most important 
aspect in my opinion had been research strategy, methodology and constant adjustments 
from time to time based on needs.  Laboratory support was a must in deploying this 
strategy to provide for rapid, and timely service in performing analyses.  The inter-
disciplinary approach was another aspect of QPM research work which is considered 
exemplary.  A program of this nature had to evolve continuously and as a consequence 
periodic adjustments and revision in program’s philosophy, objectives and research 
methodology had to be made.  Another aspect of this strategy which I consider 
imperative was tackling of complex and inter-related problems in a single multi-pronged 
strategy which in the end will result in a product that will have acceptance. 
 
 The approach CIMMYT researchers practiced involves combined use and 
interaction of two genetic systems; the simple opaque -2 system and a complex genetic 
modifier system. This approach has proved exceedingly successful and is being used in 
many institutions actively engaged in QPM breeding. This approach also has the 
advantage in that it attempts to solve key problems in an integrated manner. At this point 
a brief mention be made of research philosophy and some guiding principles in the use of 
this strategy. This approach emphasizes development of competitive QPM genotypes 
with quality protein as a bonus. To achieve this goal a conservative approach was used 
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initially with respect to biochemical characteristics.  Since o2 gene boosts lysine levels to 
a two-fold increase, efforts were devoted to maintenance rather than further enhancing 
the levels of lysine at protein levels of 9-10% in the whole grain. This did facilitate 
greatly in breeding agronomically superior QPM genotypes focusing on critical and key 
problems. 
 
 Next I have attempted to describe sequence of everchanging and evolving QPM 
research.  A bulk of high quality protein work in the initial stages involved conversion 
program as well as formation and improvement of soft endosperm opaque-2 populations 
and composites.  As this work continued, meagre resources were allocated in doing 
exploratory work on finding appropriateness of alternative options and strategies. During 
the conversion programs, partially modified kernels had been observed by researchers at 
CIMMYT and elsewhere.  Initially significance of such kernels, was not completely 
understood.  In most instances the breeders tended to discard them considering as 
doubtful kernels. The first published report highlighting the importance of such kernels 
appeared in Crop Science journal in 1969 (Paez et al., 1969). Later such modified kernels 
have been observed by many researchers including CIMMYT breeders. Separation of 
such kernels when encountered began at CIMMYT as early as in 1969 by Dr. John 
Lonnquist and Dr. V.L. Asnani. Modified kernels were classified in different categories 
and sent to laboratory for analyses to study the effect of degree of modification on 
biochemical characteristics.  A modest effort, primarily as an exploratory research, 
continued for a few years. Modified ears were sorted from the every possible source as 
they appeared during the conversion programs and during the process of seed increase of 
opaque-2 maize materials. As expected the modification was exceedingly poor ranging 
from slight to less than 25%.  Also it may be important to mention that such kernels were 
encountered in different frequencies from different genetic backgrounds. Carribean, 
Cuban, and flint backgrounds in general tended to exhibit a higher frequency of modified 
kernels. Then as luck would have it, we identified a few opaque-2 converted populations 
and population crosses which had unusually higher frequency of modified kernels.  Our 
hopes and enthusiasm from this point onwards took a different turn. A definite tilt and 
increasing resources were allocated in developing QPM germplasm. A series of actions 
followed this development. 
 
 
Development of QPM donor stocks  
 
 The development of QPM donor stocks with well modified kernel phenotype and 
good protein quality was indeed quite important in accelerating rapid development of 
QPM germplasm. Initial effort was not only difficult but also frustrating.  Selection for 
kernel modification had to be practiced at all stages while simultaneously maintaining 
protein quality. Intrapopulation selection was enforced for the accumulation of modifiers. 
In addition selection for improved kernel phenotype continued independently in selected 
modified opaque-2 families. Using these materials several promising materials from 
CIMMYT and from the national maize programs were converted to QPM.  QPM donor 
stocks thus developed set a stage for the development of QPM germplasm in a wide array 
of genetic backgrounds. Basically two approaches were used in developing QPM donor 
stocks. The first approach was intrapopulation selection for genetic modifiers in opaque-2 
backgrounds exhibiting a higher frequency of modified o2 kernels. Four tropical 
populations and one highland population which met this criteria were chosen for this 
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purpose. These populations were Composite K (H.E.o2), Ver.181-Ant.gpo2* Venzuela-1 
o2, Thai o2 Composite, PD (MS6) H.E.o2, and Composite I. The breeding procedure 
used was controlled full-sib pollinations in the initial cycle followed by modified ear-to-
row system suggested by Lonnquist (1964). Selection was practiced for modified ears 
and modified kernels at all stages. 
 
 The second approach involved recombination of superior hard endosperm 
opaque-2 families. The yellow and white families were recombined separately to develop 
Yellow H.E.o2 composite and White H.E.o2 composite respectively. Genetic mixing 
coupled with selection of modified ears and modified kernels of good protein quality was 
practiced for 3-4 cycles.  By the mid-70s, it was felt that these materials had achieved a 
high frequency of modifiers and could be used as QPM donor stocks as well as QPM 
populations for further improvement using appropriate schemes. 
 
Expanded efforts in QPM germplasm development 
 
 The development of QPM donor stocks led to a large scale QPM germplasm 
development efforts in different genetic backgrounds representing tropical, subtropical, 
and highland maize germplasm involving different maturities as well as grain color and 
texture. This was the beginning of an expanded effort in QPM germplasm  development. 
Potentially useful normal maize populations were identified for QPM conversion 
program. Owing to the complexity and nature of modified phenotype trait, it was realized 
in the beginning that a standard backcross program will not work. An innovative breeding 
procedure was designed to handle the conversion process with the aim of obtaining QPM 
counterparts of normal genotypes as rapidly as possible. The procedure was named as a 
modified backcrossing -cum-recurrent selection program. The details of this procedure 
can be found in CIMMYT publications (Vasal, et al. 1980, 1984).  A number of advanced 
maize populations in CIMMYT maize program were converted to QPM using this 
procedure. During conversion process emphasis was placed on yield, kernel modification 
and appearance, reduced ear rot incidence, rapid drying and agronomic attributes. 
Compared to normal counterparts, some of the QPM versions have given competitive 
performance in yield, and other agronomic traits (Tables 1 & 2).  In addition to the 
conversion program described above, considerable resource allocation and research 
efforts were devoted to the formation and development of broadbased QPM  gene pools. 
Several different ways were used in forming and improving these pools. 
 
1. By genetic mixing of hard endosperm opaque-2 varieties, variety crosses, and also 

hybrids, if available. 
 
2. Genetic mixing and recombination of soft opaque-2 materials followed by selection 

of genetic modifiers in homozygous o2 genetic backgrounds. 
 
3. Crossing soft opaques with one or more hard endosperm opaque-2 populations with 

subsequent emphasis on selection for genetic modifiers in each cycle of selection. 
 
4. Recombination of hard endosperm opaque-2 inbred or non-inbred families selected 

independently in each of the several o2 populations. Controlled pollination by hand or 
alternatively half-sib isolation can be used to achieve this objective. 
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5. Crossing of normal genotypes to one or more QPM donors followed by advancing F1 
crosses to F2 by controlled sib-mating or in an isolation by planting balanced bulk 
and/or individual ears in a half-sib recombination block. 

 
 Amongst the procedures listed above, options 4th and 5th were mostly used in 
CIMMYT’s work on QPM. 
 
 A total of seven tropical and six subtropical QPM gene pools were developed and 
improved continuously using a modified half-sib improvement selection system. The 
progress achieved in these pools is shown in figure 1.  It may be pointed out that since 
most of the QPM gene pools were handled using non-inbred families, one may expect a 
low frequency of good lines surviving the inbreeding process. 
 
 In a period extending over 5-6 years, a huge volume of QPM germplasm was 
developed that could meet needs of several production environments in the tropical and 
subtropical areas. At this point it was realized that continuing conversion program will 
serve no useful purpose. Rather perhaps it will be more advantageous to accelerate 
progress by switching over to working in homozygous opaque-2 genetic backgrounds. 
The QPM germplasm consolidation and reorganization was considered appropriate at this 
stage. 
 
New thrusts in QPM germplasm management strategy  
    
 As soon as QPM program succeeded in developing a huge volume of germplasm, 
it was important to think of the next strategy that will help in reducing germplasm 
volume and at the same time permit systematic and efficient handling of this valuable 
germplasm. Merging, consolidation, and reorganization of QPM germplasm was thus 
attempted. Knowledge of the germplasm as well color and maturity considerations were 
the principal guiding factors in this merging process. From the available QPM 
germplasm, eight tropical and six subtropical QPM gene pools were formed. These pools 
are listed in table 3. 
 
 At the same time ten QPM advanced populations were identified. Six of the 
populations were tropical and four subtropical in adaptation. These populations are listed 
in table 4 and were considered for international progeny testing trials (IPTT) for further 
improvement and as mechanism of disseminating germplasm to the NARs. Handling of 
QPM materials in homozygous opaque-2 background was emphasized at this point to 
facilitate faster progress and rapid accumulation of favorable modifiers for kernel 
modification, weight and density. Also working in homozygous o2 backgrounds had the 
additional advantage of reducing errors which generally occur due to misclassification 
and selection of kernels during the segregating generations. Selection in homozygous 
genetic backgrounds also permit choosing completely modified or normal looking kernels 
with certainty. The handling of QPM germplasm, both pools and populations, involving 
different stages have been discussed in several  earlier publications from CIMMYT 
researchers (Vasal, et al. 1979,1978,1984,1997). 
 
 
 
 



 9

Progress in QPM germplasm   
 
 This section will describe briefly progress that has been attained in QPM 
germplasm for key traits that have been the stumbling block in gaining acceptance of 
these cultivars in the commercial production fields.  It is encouraging to report that 
substantial progress has occurred in several materials. The yield gap has been narrowed 
down as can been seen in figure 2.  Average kernel modification scores have improved 
with concomitttant increase in the frequency of kernels with better modification scores 
(Figure 3). 
 
 Ear rot incidence in QPM materials has reduced gradually. Several materials are 
perhaps no different from the normal but still some show slightly higher incidence(Figure 
4). In several studies reported earlier, no differences were encountered in normal and 
QPM counterparts for moisture content. In preliminary studies carried out in CIMMYT 
entomology laboratory, the QPM were no different from normal in damage by stored 
grained insect-pests.  During all stages of improvement, the protein quality was 
monitored and maintained (Tables 5 & 6). 
 
Emphasis on QPM hybrid development 
 
 The QPM hybrid initiative at CIMMYT was introduced in 1985.  It offered  
obvious advantages including seed purity, monitoring and maintaining protein quality, 
enhanced modification and added uniformity and stability, enhanced yield potential, 
circumventing problems more efficiently and effectively, greater market acceptability, 
and more importantly helping growth of seed industry. Combining ability studies in QPM 
germplasm have been conducted and published (Vasal et al. 1993a, 1993b).  Inbred line 
development efforts have been strengthened and evaluated for combining ability. Several 
hybrid combinations have been tested internationally and some of them have performed 
equal or better than some of the local checks included in the trials. (Tables 7 & 8).  The 
performance of QPM hybrids is quite encouraging for adoption in some interested 
countries. Unfortunately due to funding constraints CIMMYT management had to drop 
completely QPM activities beginning 1993. The program has been re-initiated with full 
vigor and renewed enthusiasm. In the past 3-4 years, many more hybrid combinations 
have been tested again and the outlook of QPM appears quite promising. Because of this 
many countries in the developing world have become increasingly interested in QPM 
efforts. 
 
Renewed emphasis on QPM in some national programs   
 
 In recent years several countries have shown unusual optimism and excitement in 
promoting and disseminating QPM cultivars to the farmers.  Mass utilization of QPM 
variety-OBTANPA in Ghana is exemplary. More than 50% of the area in the country is 
planted to this variety.  Several potential commercial channels for QPM utilization in 
Ghana have been identified including infant and institutional feeding programs and 
animal producers especially poultry and piggery farms. The Brazilian program has 
sustained QPM efforts all these years and have commercialized two QPM varieties 
BR451, and BR473. A double cross QPM hybrid has also been released in 1997.  The 
program has greatly strengthened hybrid efforts and may soon be releasing more hybrids. 
The potential of QPM hybrids in China is tremendous. Also, QPM efforts are going on in 
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several academies all across the country. The Chinese government has shown great 
commitment to promote QPM hybrids all over the country. Only last month a QPM 
hybrid Zhongdan 9407 was released in a special ceremony attended by Vice Minister of 
Agriculture, President and Vice President of CAAS, DG CIMMYT, Mr. Sasakawa and 
his team from Japan, Dr. Borlaugh and several other CIMMYT and CAAS researchers. 
Field days and demonstrations have been held last year and this year. There is a new 
wave of enthusiasm to promote and disseminate hybrids. In Guizhou province (southern 
China) QPM intervention is being used to alleviate poverty and to improve economic 
well-being of the farmers. QPM interest in Mexico has grown with the support and 
commitment of Mexican government to cover substantial area under QPM hybrids in the 
next 2-3 years. A few countries in central America are ready to release QPM hybrids and 
to grow several thousands of hectares with such materials. India has also released Shakti-
1 last year and is deeply involved in testing hybrids from CIMMYT. Several countries of 
Asia, Africa, and Latin America are part of QPM network on the improvement and 
promotion of Quality Protein Maize in selected  developing countries.   
 
 In addition to the countries mentioned above, a number of other countries are also 
participating in the QPM network such as Honduras, Bolivia, Colombia, Ethiopia, 
Mozambique, Tanzania, Uganda, Zimbabwe, and south Africa. Several of these countries 
will be testing QPM varieties and hybrids and will also be involved in on farm trials, strip 
tests, and in conducting field days. The Republic of South Africa  had earlier released 
hybrids HL-1, HL-2, and has recently released HL8 which has hard endosperm, good 
yield potential, and tolerance to diseases. The Sasakawa Global 2000 Project has helped 
to promote QPM in Ghana and is assisting some other countries in Africa in the 
promotion of QPM. 
 
Conclusions and future outlook  
 
 The strategy used by CIMMYT researchers in developing QPM has proven to be 
successful and appears to be the only viable option that merits future consideration and 
use in research. Practically all QPM research programs in different countries are now 
using this approach based on the combined use of the opaque-2 gene and the genetic 
modifiers. Hybrid development efforts in QPM have become increasingly important as is 
evident from trials distributed in the past two years. It is hoped that many countries now 
involved in network will be able to select one or two most promising hybrids for release 
in their respective countries. More hybrid releases may be expected in China where hopes 
and optimism for QPM promotion and dissemination are exceedingly high. We may also 
witness increasing use of moloclar genetic tools in QPM research in the future. 
 
 Programs at CIMMYT, Texas A&M, Brazil, and South Africa are already using 
these new tools on a limited scale. The mechanism controlling kernel modification needs 
to be further elucidated and the role of gamma zein to become more clear. Better 
characterization of zein proteins can perhaps facilitate and expedite conversion programs. 
In future perhaps more sophisticated techniques will become available that could 
distinguish modified o2 kernels from the normals.  
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Table 1:  Across Location, Performance of Normal Materials and 
Corresponding Tropical QPM Germplasm, 1987 
 
 

Grain yield Material 
Normal QPM 

QPM as percentage 
Of normal 

 Kg ha-1  
Pool 23 5405 5330 98.6 
Pool 24 5706 5457 95.6 
Tropical High-oil 5733 5170 90.2 
Population 62 5347 5484 102.6 
Population 65 5255 5369 102.2 
Population 63 5705 6236 109.3 
Source:  Bjarnason and Short, 1988. 
 
 
 
 
 
 
Table  2:  Mean Grain Yield of Four Highest Yielding QPM Varieties, 
Normal Reference Variety, and Best Local Checks At 11 Locations, 
CIMMYT EVT 15B, 1988 
 
 
Variety Grain yield Mt ha Grain yield % of normal ref. entry 
Across 8563 QPM 5.68 103.2 
Capinopolis 8563 QPM 5.48 99.7 
Iboperenda 8563 QPM 5.47 99.4 
Tarapoto 8563 QPM 5.37 99.7 
Suwan 8222 NRE 5.50 100.0 
Best local check 5.36 97.5 
Source:  CIMMYT. 
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Table 3:  QPM Gene Pools and Their Characteristics 
 
 
 

QPM Pool Number Adaptation Maturity Seed Color Seed Texture 

Pool 15 QPM Tropical Early White Flint-Dent 

Pool 17 QPM Tropical Early Yellow Flint 

Pool 18 QPM Tropical Early Yellow Dent 

Pool 23 QPM Tropical Late White Flint 

Pool 24 QPM Tropical Late White Dent 

Pool 25 QPM Tropical Late Yellow Flint 

Pool 26 QPM Tropical Late Yellow Dent 

Pool 27 QPM Subtropical Early White Flint-Dent 

Pool 29 QPM Subtropical Early Yellow Flint-Dent 

Pool 31 QPM Subtropical Intermediate White Flint 

Pool 32 QPM Subtropical Intermediate White Dent 

Pool 33 QPM Subtropical Intermediate Yellow Flint 

Pool 34 QPM Subtropical Intermediate Yellow Dent 
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Table 4:  QPM Populations and Their Characteristics 
 
Population 

number 
Name Adaptation Maturity Seed color Seed texture 

61 Early Yellow Flint QPM    Tropical    Early Yellow Flint 

62 White Flint QPM Tropical Late White Flint-Semiflint 

63 Blanco Dentado-1 QPM Tropical Late White Dent 

64 Blanco Dentado-2 QPM Tropical Late White Dent 

65 Yellow Flint QPM Tropical Late Yellow Flint 

66 Yellow Dent QPM Tropical Late Yellow Dent 

67 Templado Blanco Cristalino QPM Subtrop. Interm. White Flint 

68 Templado Blanco Dentado QPM Subtrop. Interm. White Dent 

69 Templado Amarillo QPM Subtrop. Interm. Yellow Flint 

70 Templado Amarillo Subtrop. Interm. Yellow Dent 

 Dent QPM     
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Table 5:  Percent Protein, Tryptophan, and Lysine in the Whole Grain of QPM Pools 
 
 
QPM Gene Pool Protein % Tryptophan in 

protein % 
Lysine in 
protein % 

Quality index 

Pool 15 QPM 9.1 0.94 4.2 4.6 
Pool 17 QPM 8.9 1.04 4.5 4.5 
Pool 18 QPM 9.9 0.93 4.0 4.6 
Pool 23 QPM 9.1 1.03 3.8 4.2 
Pool 24 QPM 9.4 0.92 3.8 4.0 
Pool 25 QPM 9.8 0.94 4.0 4.0 
Pool 26 QPM 9.5 0.90 4.1 4.3 
Pool 27 QPM 9.5 1.05 4.2 4.8 
Pool 29 QPM 9.2 1.06 4.3 4.8 
Pool 31 QPM 10.2 0.96 4.1 4.5 
Pool 32 QPM 8.9 1.04 4.2 4.5 
Pool 33 QPM 9.3 1.05 - 4.2 
Pool 34 QPM 9.1 1.10 4.1 4.5 
 
 
 
 
 
 
Table 6:  Protein Quality in Different Cycles of Selction 
(Endosperm analysis) 
 
Material Cycle Protein 

(%) 
Tryptophan 
(%) 

Lysine 
(%) 

CIMMYT H.E. o2 C0 
C4 

8.0 
8.6 

0.78 
0.77 

2.90 
2.90 

PD (MS) 6 H.E. o2 C0 
C4 

8.5 
8.8 

0.78 
0.78 

2.50 
2.60 
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Table 7:  Superior white QPM hybrids tested across fifteen locations at El Salvador, 
Guatemala and Mexico, 1998. 
 

Pedigree 
Yiel
d 
t/ha 

Ear 
rot 
(%) 

Tryptopha
n 
(%) 

Ear 
Modificatio
n 

Silkin
g 
(Days
) 

Plt ht 
(cm) 

       
CML142xCML146 6.48 3.7 0.096 2.0 55 242 

CML159xCML144 6.39 4.3 0.100 1.6 56 230 

(CL 

Q6203xCML150)CML176 
6.28 5.7 0.088 2.1 55 239 

CML145xCML144 5.81 5.8 0.840 2.0 54 241 

CML158xCML144 5.59 7.1 0.103 1.3 55 228 

CML146xCML150 5.48 8.7 0.084 3.6 56 222 

POZA RICA 8763 TLWD 5.34 12.0 0.095 2.8 54 230 

Normal hybrid check 5.58 9.5 0.070 2.0 56 228 

Local checks: HB-83, CB-HS-5G, H-59, XM7712, GUAYOPE 
 
 
 
 
Table 8: Superior subtropical yellow QPM hybrids tested across five locations 
at Mexico and Zimbabwe, 1998. 
 

Pedigree 
Yield 
t/ha 

Ear rot 
(%) 

Ear 
Modificati
on 

Silking 
(Days) 

Plt ht 
(cm) 

      
CML161xCML165 9.82 0.1 1.5 98 219 

CLQ3301xCML193 8.09 6.0 2.0 91 207 

CLQ6901xCML193 8.08 2.1 1.5 94 216 

CLQ3302xCML193 7.78 3.3 1.5 92 198 

CLQ3401xCML193 7.78 1.5 2.0 93 199 

CLQ3402xCML193 7.69 2.0 2.5 94 197 

Normal hybrid check 9.82 1.8 4.5 98 223 

Local checks: H-358, A-7595, H-312 


