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Isozymes as genetic markers in maize breeding

M. ZLOKOLICA and M. MILOSEVIC

Faculty of Agriculture, Institute of Field and Vegetable Crops, M. Gorkog 30, YU-21000 Novi Sad, Yugoslavia

Abstract

The major objective of the research is to identify and locate quantitative trait loci (QTLs) in the Yugoslav maize population.
The plants (F2) were selected for the analysis at seedling stage and were selfed to obtain F3 generation. The analysis covered
about 15 enzymes controlled by about 30 loci. The seeds of F3 family planted in the greenhouse for measuring some
quantitative traits, recorded tasselling and silking during vegetation. At the end of vegetation grain yield, and some other
quantitative traits of grain in F3 family were assessed. The relationship between marker loci and the loci for quantitative

traits (QTL;) were estimated by computerized statistical method.

Additional key words: allozymes, marker loci, quantitative traits, Zea mays L.

Introduction

Breeding programs for agricultural crops are geared toward
improvements in quantitatively inherited traits. These traits
are polygenic so that the conventional biometric methods
are only capable of assessing the total effect of genes that
control certain quantitative traits. Enzymic polymorphism
and restriction fragment length polymorphism (RFLP),
allow the identification of individual genes which control
certain quantitative traits, the assessment of the effect of
individual genes, as well as the establishment of their
locations on chromosomes.

Association between allozyme loci and the loci for
several quantitative traits showed that the most allozyme
loci are closely associated with quantitative traits, that a
single allozymic marker locus may explain for more than
17 % of phenotypic variability, and that the cumulative
effect of marker loci stands for 8 % to 40 % of total
phenotypic variability (Stuber and Edwards 1986, Edwards
et al. 1987, Stuber et al. 1987, Stuber 1989).

Materials and methods

A group of F1 hybrids was analyzed for polymorphism of
21 isozymic loci. Two hybrids were chosen for further
work, those with largest numbers of heterozygous loci. The
two F1 populations were selfed in field to produce F2
populations for further study.
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Some of the physiologically different quantitative traits
concerning maize development and its yield are mapped by
using molecular markers. So the putative associations of
developmental genes generally coincide with the location of
homeotic genes (Khavkin and Coe 1997). Drought-stressed
plants as quantitatively inherited trait, controlling leaf
abscisic acid (ABA) concentration in maize, are tested
under drought conditions using genetic map with different
RFRP loci (Tuberosa ef al. 1998).

These investigations established the connection between
marker loci and loci for quantitative traits of maize both in
general and in Yugoslav germplasm. Allozymic genotypes
were determined in some of the F1 hybrids, which had been
developed at the Institute of Field and Vegetable Crops in
Novi Sad. The associations between genotypes at enzyme
marker loci and quantitative traits in F3 families of a single-
cross hybrids of maize were investigated.

The assessment of quantitative traits was made on the
basis of allozymic loci for seedlings of F2 populations,
and after that the same plants were transplanted in a
greenhouse for 10 d and then to a field until the end of the
vegetation.
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Table 1. Enzymes used to characterise maize hybrids.

Enzymes Locus  Chromosomal
location
Aconitase Acol 4
Acid phosphatase Acpl 9L
Alcohol dehydrogenase Adhl 1L
Arginine aminopeptidase Ampl 1
Diaphorase-glucosidase Dial 2
Diaphorase-glucosidase Dia 2 4
Glutamate oxaloacetate transaminase ~ Got 1 3L
Glutamate oxaloacetate transaminase  Got2 5L
Hexokinase Hex2 6L
Isocitrate dehydrogenase Idh 1 8L
Isocitrate dehydrogenase Idh 2 6L
Malate dehydrogenase Mdh | 8L
Malate dehydrogenase Mdh2 6L
Malate dehydrogenase Mdh3 3L
Malatedehydrogenase Mdh35 5S
Glucosidase Glu 10L
Phosphoglucomutase Pegm1 IL
Phosphoglucomutase Pgm2 35S
6-phosphogluconate dehydrogenase ~ Pgd | 6L
6-phosphogluconate dehydrogenase ~ Pgd2 3L
Phosphohexose isomerase Phi 1 IL

Each family contained up to seven plants in one row.
During vegetation period some morphological observation
were made. The families were selfed and cultivated until
the full maturity of seeds.

One hundred families of NS-B originated population
were planted in a greenhouse to produce F4 generation (S;)
during winter period.

At the stage of full development, the ear leaf was
sampled from all plants of F2 populations and stored in
ultra-deep freezer for subsequent analyses. Fresh mass of
these samples will be used for DNA isolation and RFLP
analyses which will, together with alozymic marker, serve
to establish their eventual association with quantitative
characters primarily the yield. _

The hybrid labelled NS-B was chosen according to the
maximum number of segregating allozyme loci.

Coleoptile tissue from 5 d old F2 seedlings was sampled
and used for electrophoretic analyses according to Stuber
et al (1988).

Genotypes at 21 enzyme loci (Table 1) were determined
by starch gel electrophoresis for maize hybrids. For NS-B
hybrids only six loci were segregated: Aco 1 - 1/4; Acp 1 -
2/4;1dh 2 - 4/6; Mdh 2 - 3/6; Pgm 1 - 9/16; Phi 1 - 4/5.

Quantitative traits were measured for each plant
including mass, plant height, total number of leaves on
plant, ear leaf area, plant grain mass, top ear grain mass, top
ear length, mass of 100 kernels, moisture of kernels at
harvest, grain index (grain mass/ear mass).

Table 2. Mean values of homozygous and heterozygous marker classes and variation values of R? calculated for each marker locus and for
plant height, total number of leaves, and ear leaf area. Significance level of R® determined by F-test: ** - P = 0.001, PD - partial

dominance; D - dominance, OD - over dominance.

Trait Marker locus Marker classes
P, heterozygote P, F-test gene action
homozygote R1? homozygote  R2?

Plant height [cm]  Acol 189.8 1.26  181.1 193.6 0.67 ok -
Acpl! 194.0 0.54 193.1 164.4 1.26 ** D
Idh2 180.8 1.31 188.3 191.6 0.56 ok D
Mdh2 184.4 095 1894 189.1 0.98 ** D
Pgml 185.3 1.09  185.7 192.9 0.79 ok -PD
Phil 181.4 138 1883 189.4 0.53 k¥ D

Number of leaves  Acol 10.1 1.09 10.6 11.2 0.40

[plant™] Acpl 11.0 1.00 10.0 10.5 0.87 wor .
Idh2 10.7 0.92 10.8 10.6 0.92 ok oD
Mdh2 10.6 1.07 10.7 10.7 0.86 ** D
Pgm] 10.5 1.07 10.8 10.9 0.82 k¥ D
Phil 10.9 0.01 10.7 10.8 0.06 Hok -

Ear leaf area [cm®]  Acol 393.1 1.12 386.7 4244 0.79 ¥ -
Acpl 380.7 0.86 4225 374.2 1.09 *k o))
1dh2 380.4 0.65 4237 410.6 1.27 k¥ oD
Mdh2 385.0 0.96 436.5 392.1 0.98 *k OD
Pgmi 377.8 1.40 4372 359.6 0.53 *k oD
Phil 381.5 11.32 4071 503.0 8.85
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Table 3. Mean values of homozygous and heterozygous marker classes and variation values of R? calculated for each marker locus
and for plant grain mass, top ear grain mass, and top ear length. Significance level of R? determined by F-test: ** - P = 0.001,

PD - partial dominance; D - dominance, OD - over dominance.

Marker classes

Trait Marker locus P, heterozygote P, F-test gene action
homozygote R12 homozygote ~ R2?
Grain mass Acol 56.8 1.18 452 51.4 0.75 *k -
(g plant™] Acpl 73.8 0.66 522 36.0 0.62
Idh2 60.1 0.74 43.4 49.0 1.14 *k -
Mdh2 51.0 1.21 41.3 56.9 0.72 ** -
Pgml 41.5 1.13 50.2 65.9 0.36
Phil 46.8 1.37 46.3 56.8 0.49 *x -D
Top ear grain ~ Acol 84.5 1.12 73.7 72.7 0.77 *E -D
mass [gear']  Acpl 97.3 0.80 78.7 59.0 0.55
Idh2 80.6 0.89 70.5 77.9 1.05 ** -
Mdh2 78.9 1.06 68.5 85.5 0.87 ** -
Pgm1 68.8 1.65 75.9 78.4 0.24 ** PD
Phil 70.7 1.51 74.3 87.3 0.28 ** -D
Top ear length  Acol 12.3 0.86 12.3 13.5 1.02 ¥ -D
[em] Acpl 13.2 1.22 13.3 11.9 0.65 *x D
Idh2 12.0 0.93 13.0 13.0 0.96 *x D
Mdh2 12.6 0.76 12.9 12.9 1.18 ** D
Pgml 12.8 0.88 12.5 15.5 0.67 *E -D
Phil 12.4 1.19 13.0 12.8 0.73 ** D

Table 4. Mean values of homozygous and heterozygous marker classes and variation values of R? calculated for each marker locus
and for kernel mass, moisture at harvest, and grain index. Significance level of R? determined by F-test: ** - P =0.001, PD - partial
dominance; D - dominance, OD - over dominance.

Marker classes

Trait Marker locus Py heterozygote P; F-test gene action
homozygote RI? homozygote R2?

Mass Acol 35.0 1.37 34.4 33.0 0.54 *k A

[g kernel™'] Acpl 35.6 1.19 340 32.1 0.63 4 A
Idh2 35.7 1.18 34.0 33.2 0.72 ** A
Mdh?2 33.7 0.76 33.1 373 1.05 R -D
Pgm1 33.8 1.10 33.1 31.7 0.80 ok D
Phil 334 1.20 34.0 34.4 0.72 ** D

Kernel moisture Acol 49.2 1.16 55.2 54.6 061 * oD

[%] Acpl 502 0.43 55.0 54.0 1.42 o oD
[dh2 55.1 0.62 51.6 56.2 1.32 ** -
Mdh2 57.1 1.13 52.1 53.6 0.74 ok -
Pgm! 54.7 1.19 50.9 51.9 0.69 ** -
Phil 54.6 1.51 533 54.6 0.43 ¥ -

Grain index Acol 0.65 0.37 0.53 0.58 1.53 ** -
Acpl 0.67 0.31 0.60 0.55 1.38 * A
1dh2 0.70 0.46 0.57 0.61 1.26 * -
Mdh2 0.62 1.36 0.55 0.67 0.56 *k -
Pgml 0.57 1.25 0.58 0.69 0.16
Phil 0.62 1.45 0.55 0.65 0.44 ** -
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The association coefficients between each of
segregating marker loci and quantitative traits were
calculated. For each genotypic class at each marker locus, a
mean value for each of analyzed traits was computed. Then,
for each marker locus and each trait, a single factor analysis
of variance was computed for the estimation of the
significance level of the variations among marker-locus

Results and discussion

Relation between marker loci and phenotypic expression of
quantitative traits is given as total variance values (R’):

Where: S'T - square standard deviation for marker locus,
S’n - total square standard deviation, R* were calculated for
each marker locus and parental marker class for several
quantitative traits and yield-related traits in F; family plants
(Tables 2, 3, 4).

Segregating marker loci are: Acol (chromosome 4),
Acpl (chromosome 9L), Idh2 (chromosome 6L), Mdh2
(chromosome 6L), Pgml (chromosome 1L) and Phil
(chromosome IL).

R’ values were used to indicate the association of each
segregation marker loci and quantitative traits. The values
are in the range from 0.01 to 1.53 except for ear leaf area
and Phil marker locus where R’=11.32, but F-test was not
significant. Distribution is not high but F-test indicates
significant probability level.

According to Edwards et al (1987) small R’ values
may reflect either quantitative trait loci (QTLs) having only
a small effect, or QTL, having a larger effect but being
more loosely linked to the marker locus.

Gene action represents depression of inbreeding of F;
selfed plants with the stress laid more to yield-related traits
than to the traits like plant height, number of leaves and ear
leaf area.

MiSevi¢ er al. (1990) made an attempt to find the
association between allozyme marker loci and new
favourable alleles for grain yield in maize but they failed in
most of the cases. They suspected that some or all of the
analysed enzyme loci were not linked to loci for grain yield
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