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Abstract

In diploids, crop improvement has been assisted by gen
ome maps, but the traditional maps based on visible mu
tations that are simply inherited cannot be applied to
polyploids. In addition, morphological markers are few in
number, they often interact epistatically and in a domi
nant.recessive manner, and may exert such a strong effect
as to be undesirable in a breeding programme. Molecular
marker mapping overcomes these problems and will be of
considerable value in sugarcane breeding and selection.

Current research in sugarcane genome mapping involves
use of restriction fragment length polymorphism (RFLP) and
polymerase chain reaction (PCR) technologies to develop
linkage groups ofsingledose DNA polymorphisms (SDRFs).
A preliminary genome map has been developed for Sac
charum spontaneum and maps are underway for S. offici
narum and S. robustum.

Long before the genome is mapped, molecular markers
will be used for assessment ofgenetic diversity and detection
of major genes. Genetic diversity measures will be used to
identify varieties and safeguard any proprietary interests, to
select commercial lines as parents, and to develop phylo
genetic and evolutionary relationships among the Sac
charum species. Detection of major genes by their linkage
to markers will be used for crop improvement by introgres
sion of a few important genes, such as disease resistance,
into otherwise agronomically desirable varieties. The satu
rated genome map will be used to breed and select for quan
titative traits and ultimately to direct crop improvement by
map-based cloning.

Introduction

Performance of crop plants is determined by the plant's
genetic composition and the environment in which the crop
is grown. In many cases the effectsof the environment mask
those of the genotype, so that the phenotypic appearance is
only an approximate measure ofthe plant's genetic potential.
To deal with this problem, plant breeders have developed
elaborate plant breeding techniques based on statistical in
ference to deduce information about the genetics of crop
performance. These techniques have been quite successful
in producing new and improved crop varieties, but at the
cost of considerable time and effort.

Genetic maps have been developed to facilitate faster and
more effective progress in crop improvement. Until recently,
the genetic markers used in developing the genetic maps
were those genes affecting readily scored morphological
characters such as albinism, dwarfism, and altered seed or
leaf appearance. Although markers associated with the
expression of morphological traits have had some limited
usage in crop improvement, molecular markers based on
DNA polymorphisms offera much more powerful approach.
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Most of the agronomically important crop traits such as
product quality and yield involve the quantitative action of
several to numerous genes, each with effects of such small
magnitude that they are frequently overshadowed by envi
ronmental effectsand cannot be easily evaluated. Plant traits
controlled by several genes and strongly influenced by the
environment are called quantitative traits (QTs); the chro
mosomal location of the genes encoding these traits are re
ferred to as quantitative trait loci (QTLs) (Lander and
Botstein, 1989).

Attempts to identify QTLs by their linkage to morphol
ogical markers have generally failed because of the detri
mental effectsof the morphological markers. Therefore, until
the advent of molecular marker mapping, the investigation
ofquantitative variation has relied largelyon biometric pro
cedures which characterise en masse, the genetic factors in
volved in the expression of this variation. In recent years,
the use of mapped molecular markers has provided a pow
erful tool for studying QTs.

In addition to helping resolve complex genetic traits such
as QTs, molecular markers have potential application in
variety documentation, assessment of genetic diversity, re
solving questions about taxonomic or phylogenetic rela
tionships, detecting major genes, and eventually cloning of
mapped genes (Tanksley et al., 1989). The purpose of this
paper is to give a brief account of what molecular markers
are, how they are developed and mapped in a genome, how
plant breeders can apply information on molecular markers
to a breeding programme, and the status and goals or ex
pectations ofcurrent research on sugarcanegenome mapping.

Mapping with molecular markers
This involves the application of molecular biology tech

niques to the basic concepts of transmission genetics. In
molecular mapping, the transmitted alleles are identified by
differencesin the size of DNA fragments having homologous
sequences. The alleles are mapped by linkage analyses.

Analyses of linkage of the polymorph isms are the same,
whatever the type of marker. When two or more non-allelic
markers are inherited in a progeny population in an asso
ciation greater than is to be expected from independent as
sortment, they are said to be linked and assumed to reside
on the same chromosome. The frequency ofone ofthe alleles
disassociating from its linked alleles is proportional to the
recombination between them and is mapped on the chro
mosomal linkage group as proportional to crossover fre
quency measured in units of centimorgans (cM). There are
two variations in how these general methods have been used
in molecular marker mapping.

The older and better known technique for molecular
marker mapping is called restriction fragment length poly
morphism (RFLP) analysis. This technique involves cloning
of anonymous, unique sequences of DNA from the nuclear
genome. These DNA fragments are then labelled, usually
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with 32P so that they can be visualized, and used as probes
which hybridize to homologous DNA sequences. These se
quences are obtained when the plant DNA is cut with one
of the numerous restriction endonucleases, electrophoreti
cally separated on agarose or polyacrylamide gels, and blot
ted onto nylon membranes where the fragments are detected.
The hybridizing fragments showing differences in length are
called restriction fragment length polymorphisms (RFLPs).

The more recent molecular mapping technique is based
on the use of the polymerase chain reaction (PCR). The PCR
technique employs specified DNA primer sequences (oli
gonucleotides) synthesized in a DNA synthesizer, a high
temperature stable DNA polymerase enzyme engineered
from bacteria indigenous to hot springs, a cocktail of deox
yribose nucleotide triphosphates (dNTPs) for synthesizing
DNA copies from the plant DNA template, and a thermal
cycling heating block or oven. By alternating high temper
atures to separate the two strands of the double stranded
DNA and lower temperatures to allow synthesis of new sec
ond strands from the single strand templates flanked by the
primer sequences, there is a rapid exponential increase in
the number of copies of the specific DNA. With the PCR
methods, the target DNA sequences are amplified to suffi-

.ciently high levels that they can be visualized directly in the
electrophoretic gel by staining the amplified DNA fragments
with ethidium bromide. Differences in the number and size
of the primers, and other PCR conditions have given rise
to slightly different methods ofmapping through PCR; these
methods have been given the acronyms RAPD for random
amplified polymorphic DNA (Williams et al., 1990)and AP
PCR for arbitrarily primed PCR (Welsh and McClelland,
1990).

Application of molecular marker mapping to a breeding
programme

Plant breeding can be assisted directly by molecular tech
niques. Tight linkage of markers to genes of interest can
greatly speed the programme by allowing one to follow the
DNA markers through the generations instead of having to
wait for phenotypes to manifest themselves. Specific ways
that the molecular mapping technology can be applied by
plant breeders are in backcross breeding, use of exotic germ
plasm, and map-based cloning (Tanksley et al., 1989).
(a) Backcross breeding. The technique ofbackcross breeding

was developed as a method to recover the more desirable
genotype of the recurrent parent after the introduction
of genes from the donor parent. In backcross breeding,
the hybrid derived from a cross between the donor and
recurrent parent is crossed back to the recurrent parent
and the progeny are screened for the target character.
The selected individuals are crossed again to the recur
rent parent and the process repeated. After several cycles,
plants are obtained that are nearly identical genetically
to the recurrent parent, with the exception that the genes
for the target character have been added.

The introduction.of molecular .mapping promises to
overcome- major limitations of conventional backcross
breeding. Since genes to be transferred are tightly linked
to markers, segregating populations of plants can be
screened at the DNA level early, even before the trait is
expressed. Molecular markers can be used to mark QTLs
as well as major genes, so there are no limitations to the
types ofcharacters that can be manipulated by molecular
marker based backcross selection. Without linked mo
lecular markers, it would be extremely difficult to mon
itor the flow of genes for quantitative traits.
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Two persistent problems with conventional backcross
breeding are (1) the rate of return to the recurrent gen-
otype in those regions of the genome unlinked to the
gene(s) being introgressed, and (2) elimination of un
desirable genes closely linked to the desirable genes.
Tanksley et al. (1989) reported results of computer sim
ulations based on the models of Starn and Zeven (1981)
of the theoretical proportion of the donor genome pres
ent in backcrossing. The number of individuals and the
time or number of generations required to solve these
problems by conventional vs molecular marker assisted
backcross breeding were compared. Return to the re
current genome could be accomplished in three gener
ations with molecular markers, but it would require six
generations using conventional backcross breeding (Fig
ure la).

The elimination of undesirable genes linked within
one cM of the introgressed desirable genes is more dif
ficult and the advantage of molecular markers is greater
(Figure 1b). Simulation showed that 100 backcross gen
erations involving 30 plants each generation would be
required in conventional backcross breeding, but it could
be accomplished in only two backcross generations with
molecular markers. Although this simulation may be
based on some unreal assumptions, it is obvious that
molecular markers could greatly assist backcross
breeding.

Thus, combining backcross breeding with molecular
marker analyses may make it possible to quickly im
prove or adjust existing varieties with respect to specific
characters. Any gene or QTL that can be detected by a
molecular probe can be rapidly and effectively trans
ferred into other varieties. Since little additional effort
is required to screen with multiple probes, one could
select for multiple genes, for example resistance to sev
eral diseases, simultaneously. The ability to rapidly ad
just existing varieties should allow breeders to more
quickly respond to unexpected environmental pressures,
such as the appearance of new pathogens.

(b) Utilization ofexoticgermplasm. Wild species contain a
tremendous amount of genetic variation. Since cultivars
are often derived from only a few accessions ofancestral
species and have been subjected to centuries ofselection,
the range ofvariation for a given character can be much
greater in exotic germplasm than among cultivated
varieties.

The most direct method of transferring genes from
exotic germplasm into cultivated varieties is through
backcross breeding. As previously noted, conventional
backcross breeding is both time consuming and ineffec
tive in transferring complex genetic characters such as
QTs. Effects of linkage to undesirable genes are also es
pecially pronounced when breeding with exotic germ
plasm. Because molecular markers can be used so
effectively to select for individuals with minimal un
wanted DNA, they can facilitate the utilization ofexotic
germplasm.

(c) Map-based cloning. Methods for isolating and cloning
genes whose peptide or protein products are known are
becoming well-established. Unfortunately, we do not
know the products ofmost of the important plant genes.
An approach to the cloning of these genes, without
knowledge of the product, is to use molecular markers
tightly linked to the gene of interest. Once the tightly
linked molecular markers are identified, one can utilize
overlapping clones to walk along the chromosome to the
gene of interest. The gene is then excised with restriction
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Comparison of conventional and RFLP-assisted backcross breeding. (A) Rate of return to recurrent parent genotype in regions
of the genome unlinked to genets) being introgressed. In this simulation only one homologue of each of the 12 tomato chro
mosomes is shown; the other homologue is derived exclusively from the recurrent parent. Each interval us 20 cM. The average
number of generations required to return to the recurrent genome in conventional backcross breeding was 6,5 generations
whereas it would be obtained in three generations when assisted by RFLP analysis. (B) Expected linkage drag around a selected
gene held heterozygous during backcrossing. Conventional backcross breeding to eliminate tightly (1 cM) linked genes would
require 100 generations but it could be done in only two generations when assisted by RFLP markers (From Tanksley et a/.,
1989, used with permission).

enzymes, cloned, characterised, and ultimately used.in
transformation (Figure 2; Young, 1990). Although this
procedure is conceptually simple, it is complicated by
the high number of closely spaced markers required to
precisely locate the entire functional gene. Despite dif
ficulties,map-based cloning procedures for isolatinggenes
has resulted in the cloning of several human genes in
volved in hereditary diseases (Rommens etal., 1989 and
Wallace etal., 1990)and in identifying disease resistance
genes in tomato (Young et al., 1988). Recently Martin
etal. (1991) used the RAPD method ofmapping to iden
tify the gene in tomato for resistance to Pseudomonas.

Sugarcane molecular mapping
Sugarcane is among the genetically most complex crops.

Saccharum species are highly polyploid of unknown type,
autopolyploid (multiplication of one basic set of chromo
somes, i.e. derived from a single genome) or allopolyploid
(multiplication of genetically distinct chromosome sets, i.e.
after combining more than one genome). Sugarcane has a
relatively large genome (the monoploid lC value is nearly
6,5 pg DNA in commercial hybrids, which is equivalent to
9,8 x 109 base pairs) (Bennet and Smith, 1976). In addition,
commercial varieties are interspecific hybrids of up to five
parental species, and many are cytogenetic aneuploids hav-

ing a large and variable number of chromosomes. The el
evated ploidy levels and the cytogenetic complexity of
interspecific hybrids have contributed, until very recently,
to the failure of classical genetic studies to establish a single
Mendelian inherited trait in sugarcane.

With the advantages of molecular markers over mor
phological markers, the new techniques of molecular marker
genetics has the potential to help unravel the complex ge
netics ofsugarcane. This potential has recently been realized
by developing a method for analyzing the inheritance of a
subset of RFLPs which segregate CiS single dose restriction
fragments (SDRFs) in a progeny population (WU etal., 1991).

In both simple diploids and complex polyploids, molec
ular marker mapping is by analysis of the segregation ofeach
restriction fragment based on its presence or absence in the
progeny (Figure 3). A fragment represented by a single dose
(or one allele) in a heterozygous diploid plant will segregate
as 1:1 (presence:absence) in the gametes. Selfingof the same
plant will produce progeny, 3/4 of which will have the frag
ment and 1/4 of which will not. A cross of this plant with
another plant that does not have the fragment will.produce
progeny, only 1/2 of which will have the fragment. A frag
ment which is present in a single dose and which segregates
in a single dose ratio (I: I) in the gametes ofa plant is referred
to as a single dose restriction fragment (SDRF) (Wu et al.,
1991).

98



Proceedings of The South African Sugar Technologists' Association - June 1991

Map-based cloning
Step1

Develop high-density molecular
marked genomic map

Step2

Prepare physical mapbased on
pulse·field gelelectrophoreels

The gamete types of the SDRF markers have been used
for evaluation of variability within and between species and
clones and for construction of linkage maps of sugarcane
(Burnquist, 1991).
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FIGURE 2 Major steps in map-based cloning. Step 1. Large num
bers of DNA sequences are mapped in terms of genetic
locations by linkage analyses of RFLP or PCR markers.
Those tightly linked to the gene ofinterest are identified.
Step 2. A physical map, calculated in nucleotides rather
than recombination frequency, is constructed for the
genome region near the target gene by using rare cutting
endonucleases and pulsed field gel electrophoresis to
fractionate large DNA fragments hybridizing to several
molecular markers. Step 3. Clone the large DNA frag
ments into a vector such as a yeast artificial chromo
some (YAC) so it can be replicated and subcloned to
identify a series of overlapping clones between the
mapped flanking markers. Step 4. Pinpoint the target
gene among the overlapping DNA clone identified during
chromosome walking, sequence the gene to compare
to alternative forms of the gene or use the subclone to
transform plants lacking the target and test for appro
priate expression (Modified from Young, 1990).

Bonierbale et al. (1988) constructed an RFLP map for
tetraploid potato by analyzing the segregation of SDRF
markers in an interspecific hybrid population of diploid po
tato. In diploids, the analysis of RFLPs as SDRF markers
normally provides information the same as, or less than
complete analysis of the genotype. However, in polyploids
with bivalent pairing, analysis of SDRF markers can help
solve the problems encountered in constructing RFLP maps
(Figure 3). A SDRF is equivalent to a simplex allele (e.g.
Aaaaaa) in autopolyploids or an allele at a heterozygous
locus in a diploid genome. Therefore, the segregation of an
SDRF is equivalent to the segregation of a simplex or a
heterozygous allele in the gametes; half of the gametes will
contain the DNA fragment and the other halfwill not. These
gamete types can be visualized in the progeny from crosses
in which one parent carries the fragment white the other
parent does not.
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FIGURE 3 Comparison of DNA polymorphisms between diploid and
polyploid parents and among their progeny. (A) Diploid
Analysis. Parent and progeny genotypes are recognized
as either homozygous (aa or AA) or heterozygous (Aa)
by the number of hybridizing fragments. Linkage analysis
is usually based on segregation of the genotypes but it
could be based on segregation of the single dose frag
ments. (B) Disomic Polyploid Plant Analysis. The geno
type of polyploids is not known. If a polymorphic band
segregates as 1:1 (present:absent), in either diploid or
polyploid progeny populations, then that allele is a single
dose. However if the polymorphic band segregates >3: 1
(present:absent) then it is due to a multiple allele in one
of the parents. The progeny test for distinguishing seg
regation ratios of 1:1 from >3: 1 will have a 98% con
fidence level on a progeny population g] 75 individuals.
This population size is adequate for distinguishing link
ages with recombination fractions of 0,36 to 0,50 at the
99% level of confidence.

Burnquist used SDRFs to score 21 sugarcane genomic
probes representing 125 bands on a mapping population of
S. spontaneum derived from crossing SES208 (2N= 64) X
ADP068 (2N=64, a doubled haploid derived from anther
cultures of SES208 (Moore et al., 1990). Thirty-two bands
were identified as single 'alleles' in the parent SES208 by
testing their segregation for a I: I ratio as verified by a chi
square test. A total of 18 RFLP markers were placed on
eight linkage groups (Figure 4). The remaining markers seg
regated independently and thus were not linked. The linkage
of some homologous fragments in different linkage groups
indicates that SES208 has multiple copies of homologous
chromosomes. Thus, despite the predominance of bivalent
chromosome pairing, it does not exhibit normal disomic
segregation. Therefore, at least this clone of the species S.
spontaneum does not appear to be a functional allopolyploid.
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Goals of sugarcane genome mapping
The first preliminary genome map of S. spontaneum is

progressing well. In the process, we have learned how to
map this complex polyploid of unknown level and unknown
origin. We have found that we can use probes from various
crop species, e.g. maize and oats, to facilitate mapping, per
haps into homeologous chromosome linkage groups. Chro
mosome specific markers might be developed which would
allow us to interpret aneuploid behaviour in Saccharum in-

FIGURE 5 Genetic distance analyses of Erianthus and the species
and interspecific hybrids of Saccharum. (A) Scatterplots
from the principal component analysis of genetic dis
tances among 125 genotypes. Axes correspond to the
first and second principal components and account for
65.1% and 8,4% of the total variation respectively. (B)
Detail from the scatter plot of the principal component
analysis showing the cluster defined by S. officinarum.
S. robustum and commercial hybrids. (from Burnquist,
1991. used with permission).
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FIGURE 4 Eight linkage groups established from single dose re
striction fragments of Saccharum spontaneum (SES208).
This preliminary genome map contains 18 sites mapped
homologous to probes derived from a sugarcane gen
omic library (SG probes) and from an oat cONA library
(COO probes). Thirteen additional probes segregated in
dependently as non-linked markers (from Burnquist.
1991. used with permission).

Burnquist calculated the recombinant genome size of
SES208 to be approximately 2.400 eM. This estimate is only
60% larger than the genome of tomato (2N= 24). The fewer
crossovers per chromosome in SES208 may be a reflection
of the small chromosomes in this S. spontaneum as in all
the Saccharum species.

Cluster and principal component analyses performed on
the RFLP-based distance measure separated the species and
hybrids into distinct clusters (Burnquist, 1991).The two gen
otypes of S. barberi and the four genotypes of S. sinense
studied were found to be very similar (Figure 5), a factor
which supports the hypothesis that these may be considered
as horticultural variants. The 12 genotypes of S. robustum
were found to have as much genetic variation as the 14
genotypes of S. spontaneum. The RFLPs of the 66 com
mercial hybrids including Co, CP, L, LCP, H, NA, M and
SP varieties clustered with the 20 genotypes ofS. officinarum
and were distinct from S. spontaneum. Variation within the
commercial groups was similar to that measured within the
S. officinarum group, suggesting that the introgression of S.
spontaneum germplasm into commercial hybrids is minimal
in quantity. This hypothesis is supported by following S.
spontaneum specific probes in a progeny population ofselfed
commercial hybrid SP70-1006 (D'hont et al., 1991). In this
population, all of the S. spontaneum specific probes co-seg
regated as fixed linkage groups apparently without introgres
sion into the S. offtcinarum chromosomes. The S.
spontaneum genes are apparently expressed independently.
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terspecific hybrids. In addition, since beginning the sugar
cane genome mapping with RFLPs, alternative methods of
mapping more quickly with the PCR have been developed
(Welsh and McClelland, 1990 and Williams et al., 1990).
These procedures will accelerate the sugarcane work. Thus,
sugarcane researchers appear to be on the brink of devel
oping genome maps, first for S. spontaneum then quickly
for S. officinarum and then for commercial hybrids.

A series of goals having increasing levels of complexity
and increasing potential value to crop improvement can be
realized during the process of mapping. Progress will be seen
in first developing a low density map (mean genetic distance
between markers = 20 cM), then a moderate density map
(mean genetic intervals = 5 cM), followed by a saturated
map (mean genetic interval = 1-2 cM). Before even the low
density map is completed, the molecular marker informa
tion generated will allow assessment of genetic diversity,
localization and identification of major genes, and resolution
of complex genetic traits.

(a) Varietal documentation/assessment ofdiversity. The im
mediate result of developing molecular markers is to
'fingerprint' sugarcane varieties to aid in their identifi
cation and to safeguard any proprietary interests in that
particular genotype. The more closely related the gen
otypes you want to differentiate, the more molecular
markers will be needed to have a unique fingerprint.
With the new PCR technologies, it appears that unique
fingerprints can be made in a couple of days.

A second, less direct use of the genetic distance as
sessment is that it provides a measure of genome rela
tionships to study phylogeny and evolution within the
Saccharum group. Relationships will be determined and
contrasted with the nuclear genome and the cytoplasmic
genome (chloroplast and mitochondria). With other
crops, e.g, those of the genus Brassica, genetic distance
measures have identified centres of diversity of the vari
ous species and have produced a hypothetical scheme
of genome relationships among the species of this and
related genera (Song et al., 1990). In a few years this will
be accomplished for Saccharum.

A third use of the measure of diversity is to quantify
genetic distance between lines as an estimator of single
cross hybrid performance. The possibility that hybrid
ization between closely related lines will produce low
heterosis and poor performance compared with crosses
between lines having greater genetic distance has been
proved in maize (Smith et al., 1990), and is being tested
In sugarcane.

(b) Detecting major genes. The usefulness of molecular
markers in plant breeding depends on identifying tight
linkages between these markers and genes of interest.
Such linkage permits one to infer the presence of a de
sired gene by assaying for the molecular marker (Tank
sleyetal., 1989). Genes conferringresistance to pathogens
are classic examples of single gene traits that are fre
quently transferred from one genetic background to an
other, followed by selection among progeny for
individuals having the desired gene combination. Prog
eny can be screened traditionally for presence of the
resistance genes by inoculation with the pathogen. How
ever, it is difficult to screen for several resistance genes
sequentially or simultaneously. In addition, the breeder
is frequently unable to screen for resistance to new path
ogens which, due to quarantine restrictions, are un
available. In contrast, detection of disease resistancegenes
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by their linkage to molecular probes makes it possible
to overcome the difficulties of conventional selection
methods. This approach has been used with several crops
and has great potential in sugarcane. For example, RFLP
markers linked to genes for resistance to TMV have been
reported in tomato (Young et al., 1988). Other RFLP
linkages in tomato have been reported for resistancegenes
to Fusarium wilt, bacterial speck, root knot nematodes,
and insects (Paterson et al., 1988).RFLP linked to genes
for resistance to downy mildew in lettuce has been re
ported (Landry et al., 1987)and PCR was used to locate
genes for resistance to Pseudomonas in tomato (Martin
et al., 1991). Recently, the first linkage of markers to a
gene for virus disease resistance was reported for maize
dwarf mosaic virus in maize (McMullen and Louie, 1989)

(c) Resolving complex genetic traits. Many genes of agro
nomic interest are polygenic or quantitative in nature.
Little is known about the number, chromosomal posi
tion, or individual and interactive effects of such genes.
However, by followinggenetic transmission of molecular
markers in a cross where the trait of interest is segre
gating, one can correlate regions of the chromosome with
the phenotypic trait into a relatively few chromosomal
loci that act individually in a Mendelian fashion (Lander
and Botstein, 1989).

The ability to detect QTLs with molecular markers
depends on the magnitude ofthe QTL effecton the trait,
the size of the population under study, and the recom
bination frequency between the marker and the trait.
Since crossing over between the marker and the QTL
would complicate the analysis, mapping is usually done
by interval analysis based on pairs of markers flanking
the QTL of interest.

Use of moderate to saturated molecular maps and in
terval analysis will permit direct investigation of the
number and nature of QTLs encoding such characters
as fibre and sucrose percentages and cane tonnage. Each
QTL will be studied as a direct entity, and its individual
and interactive properties analyzed. This approach has
been used in tomato where six QTLs were identified for
fruit mass, four for concentration of soluble solids and
five for fruit pH (Paterson et al., 1991). The six QTLs
for fruit mass were located on six chromosomes, and
they collectively accounted for about 60 g per fruit dif
ference between the two parental species and represented
58% of the variance among the progeny. Similar studies
identified three QTLs as predictors of water use effi
ciency in tomato (Martin et al., 1989).

Demonstration that complex or polygenic traits can
be reduced to their individual genetic components will
give sugarcane breeders important tools for studying the
individual and combined effects of specific genes in se
lected genetic backgrounds. Application of these tools
should greatly increase the efficiency of sugarcane breed
ing and selection programmes.
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