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Abstract – Over the past three decades, molecular marker studies reached extraordinary advances, especially for sequencing and 
bioinformatics techniques. Marker-assisted selection became part of the breeding program routines of important seed companies, in 
order to accelerate and optimize the cultivar developing processes. Private seed companies increasingly use marker-assisted selection, 
especially for the species of great importance to the seed market, e.g. corn, soybean, cotton, and sunflower. In the Brazilian public 
institutions few breeding programs use it efficiently. The possible reasons are: lack of know-how, lack of appropriate laboratories, 
few validated markers, high cost, and lack of urgency in obtaining cultivars. In this article we analyze the use and the constraints of 
marker-assisted selection in plant breeding programs of Brazilian public institutes.
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INTRODUCTION
The possibility of using molecular markers in plant 

breeding was presented in the 80’s by Beckmann and Soller 
(1986) and Paterson et al. (1988). The progress of such 
application in plant breeding was reviewed by Collard and 
Mackill (2008), Xu and Crouch (2008), Hospital (2009), 
and Shuster (2011). The advantage of molecular markers 
over phenotypic data is the possibility to compare geno-
types, even if they are sampled in different environment, 
type of tissue or stage of development. Another advantage 
is the theoretical possibility to detect DNA polymorphisms 
through the entire genome. 

The number of scientific publications on marker-assisted 
selection (MAS) and quantitative trait loci (QTL) (2,000 
and 5,000 papers year-1, respectively) demonstrated the 
high interest of the scientific community on molecular 
markers, although their reliability as selection criteria was 
still questionable in many cases (Schuster 2011). In fact, 
previous review had already indicated the need of improving 
sampling, genotyping, and analysis techniques, in order to 
identify reliable markers for plant breeding purposes (Xu 
and Crouch 2008).

These improvements are coming continuously and very 
fast. Important scientific advances on molecular markers have 
occurred, especially for DNA sequencing and bioinformatics 

techniques, which allowed, for instance, the development 
of expressed sequence tag based microsatellites (EST-based 
microsatellites) and single nucleotide polymorphisms (SNPs).

A microssatellite is a single pair or a small sequence of 
base pairs repeated in tandem. The polymorphism for a mi-
crosatellite is the variation of the number of tandem repeats 
in a specific locus of a population. EST-based microsatellites 
markers are based on ESTs that are present in sequenced 
portions of cDNA. Strong association between genotype 
and phenotype can be identified with these markers, which 
is usefull in plant breeding (Ma et al. 2010, Mulato et al. 
2010, Mishra et al. 2012, Yamini et al. 2013).

A SNP is based on single nucleotide variation pos-
sibility in a specific point of DNA. The high frequency 
of such variation through the genome and the feasibility 
of its detection by DNA sequencing techniques allow the 
identification of enormous number of SNPs, both for in-
tragenic and intergenic regions of the genome. Therefore, 
SNP markers are increasingly used for genetic linkage maps 
and QTL analysis, at relatively low cost (Shirasawa et al. 
2010, Fu-Hao et al. 2012, Ye et al. 2012, Zou et al. 2013). 

With the next-generation sequencing (NGS), it is now 
possible to analyse thousands of markers across the entire 
genome. It enables comprehensive genome-wide associa-
tion studies, even in populations with little or any previous 
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genetic information. Genome-wide selection or genomic 
selection (GS) has been proposed as a new promising form 
of MAS (McCouch et al. 2010, Davey et al. 2011, Garcia 
et al. 2011, Grattapaglia and Resende 2011, Fritsche-Neto 
et al. 2012, Oliveira et al. 2012). GS is based on molecular 
markers that are in linkage disequilibrium with QTLs, for 
example. These molecular markers are selected from a 
large number of markers distributed throughout the whole 
genome of a given population without the need of structured 
segregating population or linkage map. 

In this article we analyze the use and the constraints 
of marker-assisted selection in plant breeding programs of 
Brazilian public institutes.

MOLECULAR MARKERS IN PLANT 
BREEDING

Molecular markers can be used in many steps of a plant 
breeding program, e.g. germplasm characterization, pedigree 
and evolution studies, parental selection for crossing, test 
for F1 hybrid confirmation, test for genetic purity of seeds, 
cultivar protection, breeding strategies establishment, link-
age map construction, and mapping of genes and QTLs 
associated with biological processes. 

Marker-assisted selection (MAS) is the indirect selection 
of a trait of interest based on genetically associated molecular 
markers (usually DNA markers). MAS may be indicated 
in the following situations: the direct phenotypic selection 
is more expensive or time-consuming; the expression of 
the gene(s) requires specific biological or environmental 
conditions that are absent or avoided; the heritability (h2) of 
the trait is low and the phenotypic selection is consequently 
less efficient; and multiple traits or several genes (or QTL) 
for the same trait are simultaneously or cumulatively under 
selection (pyramiding).

The new paradigm of MAS in plant breeding came 
up when the seed companies started producing transgenic 
cultivars. Backcross marker assisted method has been used 
to fix a transgene within the cultivar (Micallef et al. 1995, 
Moose and Mumm 2008, Liu et al. 2010, Roy et al. 2011, 
Roy et al. 2012). In each backcross generation, molecular 
marker(s) linked to the transgene (the transgene itself or its 
fragment can be the marker) are used to select transgenic 
individuals, while other polymorphic markers of recurrent 
and donor parents are used to remove the linkage drag and 
recover the recurrent genome. MAS can be used in any 
breeding method (e.g. backcross marker assisted method) 
for any single gene transfer procedure if reliable markers 
exist and the indirect selection is more advantageous than 
the direct selection of the trait.

Backcross marker-assisted method has been used to 

introgress favorable alleles at quantitative trait loci in rice 
(Siangliw et al. 2007, Iftekharuddaula et al. 2011, Cuc et 
al. 2012), corn (Bouchez et al. 2002), and common bean 
(Miklas 2007). Most important agronomic traits are usu-
ally under quantitative genetic control, exhibiting low to 
moderate heritability (h2). For selection of such traits, well 
estabilished field experimental strategies and statistical 
analysis have been successfuly used to overcome part of the 
environment effects. Additionaly, molecular markers can be 
statistically associated with quantitative traits loci (QTL) 
and used to increase the genetic gain. The contribution of 
QTLs to increase genetic gain depends on the magnitude 
of QTL effects, precise estimation of the positions, and 
stability across multiple environments and across relevant 
breeding germplam (Moose and Mumm 2008). 

Marker-assisted selection is used in the routine of im-
portant breeding programs, as it is shown below: 

Pioneer 
“The Accelerated Yield Technology (AYT™) system is 

a key part of a comprehensive plant accelerate yield gain 
and broaden resistance to key diseases and insects by novel 
trait integration through our proprietary gene mapping, 
molecular breeding technologies and field testing protocols.

Pioneer has led the way in developing proprietary 
marker-assisted selection processes, most not ably to 
protect soybean yield from harmful pests such as soybean 
cystnematode, Phytophthora root rot, brown stem rot, sud-
den death syndrome and frogeye leaf spot.

In addition to employing molecular breeding technologies 
to protect yield, AYT marker technologies are now being 
used to boost the genetic yield potential of Y Series soy-
beans as well.

The AYT process starts with Pioneer researchers mining 
and analyzing their vast germplasm data base to identify 
native genes associated with high yields.

Using molecular markers and patented molecular breed-
ing techniques, plants cientists are able to track and select 
native genes associated with increased yields and stack 
these genes in elite Pioneer varietal lines.

These break throughs, using non-transgenic biotechnolo-
gies, allow Pioneer researchers to quickly and efficiently 
“design” varieties carrying these yield-enhancing genes. 
(https://www.pioneer.com/home/site/us/products/soybean/
seed-traits-technologies-soybeans/ayt-system/).

Monsanto
In the past, this work (plant breeding) was done in 

greenhouses and fields, and could be very time-consuming. 
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But with today’s technologies our plant breeders can see 
the DNA and genetics of plants and make more informed 
decisions earlier in the breeding process. By the time they 
getin to field research trials, they have already pre-screened 
and eliminated the least powerfull breeding stock.

Our Competitive Advantage: Monsanto can continuously 
deliver unique combinations of new traits and genetics 
through a combination of seed chipping and molecular 
breeding. What is remark able about this process is we can 
analyze each seed before planting and only plant the seeds 
with product potential greatly improving the efficiency of 
the breeding process and the quality of the plants.

Molecular Breeding: Molecular breeding, in practice, 
creates an inventory of a plant’s genes and what those genes 
do. Once the DNA to those genes are identified (known 
as markers), our scientists can use those markers to tell 
which plants we want to use to breed the next generation 
of high-performing plants. It’s like going from using a 
compass to a GPS system, tremendously cutting down on 
time and resources. 

Seed Chipping: Our seed chippers, designed by Mon-
santo engineers, allow us to determine the genetics of a 
seed without destroying the seed itself. The chipper sorts 
and rotates a seed so a tiny tissue sample can be shaved 
off to be analyzed. If that seed contains the genetic traits 
we desire, the seed is still viable, so a breeder can plant it 
in a field test and use it in the breeding process to create 
more seeds of its kind. 

Using technologies and scientific knowledge of today 
and applying it to the age-old practice of breeding allows us 
to find the best-of-the-best germplasm, or genetics, and get 
high-performing seeds to farmers’ fields faster. Compared 
to conventional breeding, our breeding program today is 
doubling the rate of improvement in key genetic character-
istics such as yield and important agronomic traits, which 
can help agriculture be more sustainable. (http://www.
monsanto.com/products/Pages/breeding.aspx).

Dow Seeds 
The breeding techniques employed by Dow encompass 

the entire range from conventional breeding, through to 
advanced DNA analyses. 

For conventional breeding, the company has the advan-
tage of being able to procure genetic material world-wide, 
and to be in possession of one of the world’s best reserves 
of parental lines and hybrids. Before release, the hybrids 
developed from the company’s breeding programs are tested 
over several years in Dow’s highly developed worldwide 
network of yield and disease resistance trials. 

The company also has the full range of facilities avail-
able for screening progenies for oil percentage and oil 
composition, plus highly developed laboratory techniques 
for DNA analysis. One important consequence of having 
extensive DNA laboratory facilities is that genetic mark-
ers have been, and are being, developed for all important 
traits in sunflower breeding, particularly those associated 
with disease resistance. This enables resistant hybrids to 
be developed and commercialized much more rapidly than 
would otherwise be the case. (http://www.dowseeds.eu/
breeding/sunflower.htm).

Coodetec
Coodetec (Cooperativa Central de Pesquisa Agrícola), 

a Brazilian technological based company owned by the 
members of 32 farmers cooperatives, uses microssatellites 
for germplasm characterization, diversity analysis of heterotic 
groups, parental selection for crossing, F1 hybrid confirma-
tion, mapping of genes and QTLs, tests for genetic purity 
of seeds, cultivar protection, and marker-assisted selection.

With backcross marker-assisted selection Coodetec 
produced transgenic cultivars of soybean (CD 237RR, CD 
250RR, CD 206RR, CD 202RR, CD 215RR, CD 221RR, 
CD 224RR, CD 228RR) and corn (CD 316Hx, CD 393Hx). 
Marker-assisted selection is been used to fix the event cry1Ac 
within soybean cultivar Intacta RR2 Pro and to eliminate 
the RR1 event from Intacta RR2. It is also been used for 
indirect selection of cyst nematode resistant individuals 
in soybean segregating populations. With the introduction 
of SNPs it is expected that several traits will be improved 
by indirect selection (Ivan Schuster, Coodetec, personal 
communication).

Embrapa Maize & Sorghum
Microsatellites and SNPs are used in Embrapa breed-

ing program of maize and sorghum for diversity analysis, 
elite lines genotyping, cultivar protection, marker-assisted 
selection, and prospecting genes and QTLs associated with 
aluminium (Al) tolerance, prhosphorus (P) use efficiency, 
and disease resistance.

A rare allele of the gene SbMATE associated with alu-
minium (Al) tolerance in sorghum was introgressed within 
elite lines by backcross marker-assisted method. In corn, a 
rare QTL with major effect for Al tolerance was identified 
and is being introgressed within elite lines, with promis-
ing results. It is an important breeding goal to deliver Al 
tolerant cultivars of sorghum and corn, as the Al toxicity is 
one of the major constraints for crop production in Brazil 
(Claudia Teixeira Guimarães, Embrapa Milho & Sorgo, 
personal communication).
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CONSTRAINTS OF MOLECULAR 
MARKERS IN PLANT BREEDING

The increasingly use of marker-assisted selection 
(MAS) in plant breeding programs is strategicaly impor-
tant, especially for crops of great importance in the seed 
market, such as corn, soybean, sunflower, and cotton, 
which large companies compete for. However, the impact 
of marker-assisted selection in plant breeding is still below 
the theoretical possibilities. The reasons were pointed by 
Collard and Mackill (2008): the impact may not be pub-
lished for confidenciality or other reason; the DNA marker 
technology is still recent, the genes and QTLs mappings 
are not sufficiently reliable and accurate for indirect selec-
tion use, the polymorphic markers are limited in breeding 
material, the mapping population background is different 
from the population under selection, the QTL x environ-
ment interaction effect was not measured, the high cost of 
MAS, there is an application gap between molecular and 
breeding researches, and there is a knowledge gap among 
molecular biologists and plant breeders. Such difficulties 
are even more important in public institutions, especially in 
developing countries. Additional difficulties were reported 
by Ruane and Sonnino (2007), Collard and Mackill (2008), 
Moose and Mumm (2008), Gupta et al. (2010), Ribaut et 
al. (2010) and Delannay et al. (2012). We present below a 
reflection on the situation in Brazil.

In Brazil, private seed companies might follow the 
international tendency of increasing the use of MAS, since 
they are competing for one of the largest seed market in the 
world. In public institutions, however, most breeders do not 
use and do not plan do use MAS in their breeding programs. 

The following reasons may explain the unconcern or 
difficult to use MAS in Brazilian public breeding programs: 
lack of know-how, lack of appropriate laboratories, few 
validated markers, high cost, and lack of urgency in ob-
taining cultivars.

Lack of know-how
Most Brazilian breeders that are in charge of breeding 

programs in public institutions have a strong background in 
conventional breeding, but little knowledge or experience in 
molecular markers and bioinformatics. As these two areas are 
very complex and are continuously in evolution, it becomes 
difficult for them to introduce the marker-assisted selection 
in their programs. In the other side, molecular markers and 
bioinformatics specialists often have little or any research 
experience with conventional breeding procedures and they 
may not be able to do the breeders field experimental job. 

The interaction of a multidisciplinary qualified teamwork 
could be a good alternative. This is how good private compa-

nies are organized and work. However, the multidisciplinary 
teamworks in public institutions may not even exist. If they 
do, the interaction may not be easy, so the professionals 
goals are frequently very different. It can be observed that 
the presence of a group of professionals with different skills 
does not necessarily form a teamwork. 

Lack of appropriate laboratories
A breeder in charge of a public breeding program rarely 

have a good molecular marker laboratory available for a 
routine screening of large number of plants. Plant molecular 
laboratories in Brazilian public universities are conducted by 
research groups that have no focus on cultivars development.

Partnership could be a good alternative, despite the dif-
ficulties described above. Another promising alternative is 
the paid service offered by private specialized laboratories 
for molecular screening of high number of plants. 

Few validated markers
The use of marker-assisted selection is recommended 

after the identification of markers that are relevant and reli-
able. Molecular markers are relevant if facilitate, improve, 
or accelerate the process of plant trait selection. They are 
reliable if consistently produce the expected results in the 
process of indirect selection.

The identification of relevant and reliable markers for 
given species depends on: choosing important traits to be 
improved, choosing appropriated populations and/or genetic 
design, and precise phenotyping and genotyping. These 
prerequisites may not be observed and the validation of 
the marker fails. Then, for many species, relevant and reli-
able markers associated with traits to be improved are still 
scarce or inexist. For many cultivated species, molecular 
aspects investigations are still in the initial phase, or have 
not yet started.  As the molecular-assisted selection suc-
ceed in breeding soybean, corn and other important crops 
breeding, the interest in other species will grow.

High cost
The cost of marker-assisted selection is still high due 

to the investments that are required in terms of human re-
sources, equipments, and chemical reagents. In the other 
hand, the use of MAS in plant breeding is determined by 
its potential benefits. However, the contribution of MAS to 
significatively increase the efficiency of a public breeding 
program is uncertain for many species. Therefore, the use 
of MAS may not be good in terms of cost-benefit ratio.

For example, if high genetic gains for agronomic traits 
of a given species are easily achieved though conventional 
breeding methods, MAS may not be essencial for this species, 
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unless specific need comes up. It seams to be the situation 
for many species that are in the initial phase of genetics and 
breeding studies and, therefore, the genetic potential can be 
well explored without the need of MAS.

The use of small number of crosses and small segregant 
populations are also common in public breeding programs. 
Then, the advantage of using MAS to reduce phenotyping 
labor remains only for special situations in which it is dif-
ficult or expensive.

Lack of urgency
The competition for the seed market estimulated the 

large private companies to optimize the efficiency of their 
breeding programs. They improved field experiments, 
laboratory tests, statiscal analysis, planning processes, and 
decision making steps. Their goal is to obtain a new superior 
cultivar in the shortest possible time. The release of a new 
cultivar is always urgent, as it may be the key for its adop-
tion by the farmers in the next crop season. In this context, 
marker-assisted selection is used because it accelerates the 
breeding process.

Release a new cultivar is not always an urgent goal in 
the public institutions, especially in universities, in which 
breeders may have other priorities, such as teaching and 
publishing (interestingly, publishing a good paper about a 
cultivar is academically more valued than the cultivar itself 
and its impact on the agriculture). The lack of urgency in 
releasing new cultivars may become breeding programs 
obsolete and inefficient compared to private programs. 
Nevertheless, public breeding programs will continue to be 
indispensable (but not necessarily urgent) for many crops.

FINAL CONSIDERATIONS
The Brazilian public breeding programs are facing the 

transition to the new technological wave of plant breeding: 
the marker-assisted selection. The constraints described 
above will be overcome if new public cultivars remain 
relevant to the national agriculture.

“Molecular” and “conventional” breedings are the same 
old and good plant breeding in constant evolution. Classic 
breeding methods are efficient to produce improved culti-
vars. Marker-assisted selection increases the efficiency of 
the methods. The colaboration, rather than competition, 
will prepare a breeding team to face the biotic and abiotic 
adversities and the challenges of supplying the society with 
food, fibres, and bioenergy.

Adequate genotyping and phenotyping are both important 
for the success of plant breeding with marker-assisted selec-
tion. There are reasons to be optimistic about genotyping. 
Large scale genotyping is becoming faster, cheaper and 
more automatic. Then, the increasing use of marker-assisted 
selection in plant breeding is inevitable. With the fast and 
constant advance of molecular technologies, it is plausible 
to predict that the main constraint in the near future will be 
the ability of the breeder to make a high quality phetotyping. 
It will require well trained breeders.
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Melhoramento de plantas com seleção assistida por marcadores no Brasil
Resumo – Ao longo das três últimas décadas os estudos sobre os marcadores moleculares alcançaram avanços extraordinários, em 
especial nas técnicas de sequenciamento e bioinformática. A seleção assistida por marcadores tornou-se parte da rotina dos progra-
mas de melhoramento de importantes empresas de sementes, com o objetivo de acelerar e otimizar o processo de desenvolvimento 
de novas cultivares. Empresas privadas de sementes crescentemente adotam a seleção assistida por marcadores, especialmente para 
as espécies de grande importância para o mercado de sementes, como milho, soja e girassol. Nas instituições públicas brasileiras 
poucos programas de melhoramento a adotam eficientemente. As possíveis razões são: falta de “know-how”, falta de laboratório 
adequado, poucos marcadores validados, alto custo e falta de urgência na obtenção de cultivares. Neste artigo são analisados o uso 
e as limitações da seleção assistida por marcadores nos programas de melhoramento de plantas dos institutos públicos brasileiros.
Palavras-chave: Marcadores moleculares, seleção indireta, MAS.
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