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Abstract

Maize lines contrasting in anthesis-silking interval (ASI), a trait strongly linked to drought tolerance,
have been analyzed under different water stress conditions in the field and with molecular markers. Correlation
of marker and field data has revealed molecular markers strongly associated with flowering and yield traits.

1. INTRODUCTION

Drought is a severe problem in Mexico, where around 83% of the country is classified
as arid or semi-arid [1]. Half the surface area depends on a growing season of less than 90
days for annual crops [2]. Drought affects more than 7 million hectares sown with maize,
which represents almost 88% of the total area of this cereal grown annually in Mexico. Losses
mainly due to water shortage have made it necessary for Mexico to import about 3 million
tons of maize annually.

During the growing season, maize requires between 500-800 mm of rainfall depending
mainly upon the particular climate, soil and method of management. These values are
considered optimal in order to obtain acceptable yields under irrigation. Yields vary from
about 6,000 kg/ha to 10,600 kg/ha, suggesting that approximately 750 kg of water are required
for each kg of grain produced. However, when irregularities occur in the distribution of water
easily obtained by the plant during the growth cycle, severe reductions in grain yield are
observed. Many reports indicate that flowering is the most sensitive stage for water shortage
[3, 4, 5]. If only 83% of necessary water is provided during flowering, losses of up to 43%
can be produced. Reduction in yield under drought stress is due to a combination of effects
the direct result of which is the production of reduced numbers of grains per ear [3, 4, 6, 7,
8, 9, 10]. Due to low water potential, growth of stigmas is inhibited, producing asynchrony
between anthesis and silking and consequently low levels of pollination.

Another phenomenon associated with low water potentials, is the inhibition of grain
filling leading to abortion of grain production. This was thought to be due to lack of transport
of photosynthate to the grains but there is also evidence that there is a general lack of
photosynthate under drought stress conditions and that transport is not the only effect. This
suggests that the early stages of grain filling are dependent on a continuous supply of
carbohydrates. Recently it has been shown that the number of grains is closely related to the
rate of photosymthesis before water stress rather than to photosynthetic reserves accumulated
before flowering [5, 11, 12]. This is in agreement with results obtained following 8 cycles of
selection for drought tolerance where reduction in the anthesis-silking interval (ASI) observed
was due to a greater accumulation of dry matter per spikelet. Therefore, the most efficient
strategy for obtaining drought tolerant plants would be to select plants with either
synchronized flowering or early female flowering. ASI is a quantitative trait and short ASI
under water stress conditions is related to an increase in yield. Due to the complex nature of
the trait and the difficulties in carrying out field experiments under water stress conditions,
the determination of molecular markers associated with ASI and yield should provide an
advantage in selection of drought tolerant materials within a breeding program.
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2. MATERIALS AND METHODS

2.1. Plant materials

S6 lines derived by single seed descent from an S3 population H-353 which was
formed from the cross Tuxpeno X Celaya.

2.2. Field conditions

Celaya, Guanajuato, Mexico,- Spring/Summer cycle 1994. The parental H-l (long ASI)
and H-2 (short ASI) lines and the segregating F2 population, were sown at INIFAP's field
station in Celaya under six water stress regimes as indicated in Table I. The site at Celaya has
clay soils and is 1,680 meters above sea level. In this season precipitation is zero and
temperatures range from 15°C minimum to 32°C maximum. Plants were grown at a density
of 75,000/hectare.

The arrangement of treatments was in split plots where the main plots were the water
regimes and the sub-plots were the genetic materials. The different arrangements of treatments
were distributed under a random block design with 4 replications. Evaluation of the dynamics
of soil humidity was carried out using a neutron disperser for depths of 0-15, 15-30 and 30-60
cm pre-flowering and 0-15, 15-30, 30-60 and 60-90 cm post-flowering.

TABLE I. CORRELATION OF MARKERS AND TRAITS OF INTEREST USING
POPULATION TAILS (TRAIT)

MARKER

UMC4

UMC 14

A27

A36

A86
A87

A140
A152

A155

A158

ANTHESIS

0.30**

0.44***

-0.22*

-0.20*

-0.38***
-0.40***

SILKING

0.26*

0.40**

0.52***

-0.27**
-0.34***
-0.44***

-0.48***

ASI

0.34**

0.33**

0.33**

-0.40***

-0.31**
-0.35**

-0.39**

No. GRAINS

-0.34**

-0.30**

-0.56**
0.27**

0.22**

0.46***

0.51***
0.41***

0.24*

W100G

-0.29*
-0.21*

-0.46***
0.32**

0.29**

0.20*

0.36***

0.47***

0.29**

YIELD

-0.28

0.26*

-0.50***
0.38***

0.25***
0.42**
0 44***

0.40**

0.26**

*,**, *** - significant at P=0.05, 0.01, and 0.001 levels respectively.
No. Grains = No. / ear, W100G = Weight of 100 kernels.
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2.3. Southern blot analysis

Approximately 2.5 g of fresh tissue was used for DNA extraction by the method of
Dellaporta et al. [13]. Following purification, DNA was digested with Hind III restriction
enzyme, according to the manufacturers instructions, and fragments were separated on 0.8%
agarose gels. Gels were blotted to Hybond N+ nylon membrane (Amersham) by standard
techniques and fixed. Digoxigen labeled probes were prepared either by random priming [14]
or by standard PCR techniques using digoxigen- 11-dUTP. Prehybridization was carried out
for at least 30 minutes at 65°C, then hybridized at 65°C with gentle shaking overnight.
Following hybridizaion the membranes were washed and exposed overnight to Dupont Cronex
X-ray film.

2.4. AFLP analysis

AFLP analysis was carried out with the permission and using a protocol provided by
Keygene, Holland [15, 16].

2.5. Statistical analysis

Statistical analysis involved ANOVA, GLM, correlation and regression analysis using SAS
programs and Mapmaker QTL [17] for molecular marker correlations.

3. RESULTS AND DISCUSSION

Analysis of data from the field experiment showed that in general terms this
experiment was successful; adequate stress conditions were applied during the period up to
and including the flowering stage, whereas during the grain filling period, plants were
unstressed. Although the average ASI was higher in most severely stressed environments,
genotype rather than environment was shown to correlate with these differences as can be seen
in Tables II and m.

In terms of yield, short ASI was correlated with higher yield. The F2 genotype showed
the highest yield suggesting that certain components of the long ASI genotype contributed to
the increase in yield observed in the F2 as compared to the short ASI genotype.

TABLE H. FIELD EVALUATION (MEAN ASI/GENOTYPE)

Population

1 Long ASI
2 Short ASI
3F 2

4 F 3

5 BC- PI
6 BC-P2

N

24
24
24
24
24
24

Mean

10.56
8.31
8.15
8.37
9.36
7.90

SD

1.12
1.19
1.01
0.95
2.55
1.22
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TABLE III. FIELD EVALUATION (MEAN ASI/ STRESS TREATMENT)

Level of stress

1 Lowest

2

3

4

5

6 Highest

N

24

24

24

24

24

24

Mean

8.46

8.42

8.74

8.48

9.40

9.20

SD

1.36

1.78

1.65

1.25

1.25

2.50

A total of 102 RFLP markers were tested for polymorphism between the two parental
lines, of which 35 markers showed polymorphism. A total of 14 AFLP primer combinations
have been analyzed revealing between 6 and 29 polymorphic bands per combination. In total,
261 polymorphic bands have been identified of which, to date, 72 have been analyzed in
detail. AFLP's have been analyzed as dominant or, where possible, co-dominant markers as
described by Van Eck et al. [18].

Two methods of analysis of marker and field data have been carried out. The first
analysis involved comparing only the individuals with the most extreme phenotypes of the F2
population as reported by Koester et al. [19], in terms of flowering and yield data and
correlating this data with marker genotypes. Ten plants from each extreme of four water
treatment regimes were selected; Treatment 6 (T6) was left out since conditions were very
severe and field data were thought to be unreliable and Treatment 1 (Tl) was left out since
virtually the same results were obtained as in T2. In total, 40 plants of each extreme were
analyzed. The results obtained for these analyses are summarized in Table I. Only strong
correlations with at least 3 traits have been included in the table although in total 37 markers
with significant correlation to at least one trait were identified. As can be seen, negative values
obtained for flowering traits correspond to positive values for yield and vice versa as would
be expected.

The second method of analysis involves correlation of flowering and yield
characteristics to marker genotypes in the T2 F2 population, using the specialized program
Mapmaker QTL. The results of this analysis are summarized in Table IV. In this case only
map regions correlating with at least two traits are shown, although a total of 17 regions
correlating with at least one trait were identified. Again the tendency of correspondence
between negative flowering values and positive yield values is reflected, although not
perfectly.

A putative map showing the markers determined to be associated with flowering and yield
traits, either by analysis of population 'tails' or by Mapmaker QTL, is presented in Fig. 1.
This preliminary map shows one region where significant markers are common to both
methods of analysis and in several cases both methods indicate significant markers on the
same linkage group. The discrepancies in the results obtained by the different methods of
analysis are probably due to the preliminary state of the map which was produced using only
43 markers and data from only the T2 F2 population. Unfortunately, four of the significant
markers from the tails analysis have not yet been included and in general terms the map is
very incomplete. It is hoped that as the map improves and becomes more robust, a stronger
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correlation between significant markers identified by the different methods of analysis will be
observed.

TABLE IV. CORRELATION OF MARKERS AND TRAITS IN WHOLE T2, F2

POPULATION (USING MAPMAKER QTL, LOD 2) (TRAIT)

MARKER ANTHESIS SILKING ASI No. GRAINS YIELD

A24-A271
A60-A101
A95-A158
A156-A95

A140

A275

A192

A86

AS2

A92

A60

A226

A231

A1861

A16S

A155

A156

A95

A158

A24i

A271

A31

A69

A258|

A9S 1

A96 1

A26 I

A242

A243

A265I
A 5 7 | A54 | A i l | A 2 6 0 |

ASS I A55 I I M6l"
I A230I A66 I

A56"

A101

A238

A270

A18S

Fig. 1. Putative map showing markers related to flowering and yield traits.
Numbers indicate markers, numbers underlined and in bold, indicate markers
significant in 'tails'analysis. Vertical lines show regions where significant QTL's were
found in Mapmaker analysis.

4. CONCLUSIONS/PERSPECTIVES

The project has in general terms been successful, the field experiment and a large
proportion of the laboratory work have been completed. We plan to finish the molecular
marker analysis of the T2 population and then proceed with analysis of the T5 population for
which all molecular marker information is already available as raw data. Inclusion of the T5
population should help to improve the map and will allow a comparison of markers found to
be significant under conditions of low (T2) and high (T5) stress. The final goal of the project
is to use the marker information in an ongoing program for selection of drought tolerant
materials.
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