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Abstract The inheritance of shoot regeneration through
shoot-tip meristem culture derived from maize seedling
was evaluated, and the markers (RAPD and SSR)
associated with this regeneration character were identified
both in a group of North American maize inbreds and a
crossing population. A discrete distribution of percent
regeneration and no. of shoots per explant was observed
in the inbred group and the F, population. The results
suggested that this regenerable trait was controlled by
several major genes. Five RAPD markers were identified
to be relevant to percent regeneration in maize shoot-tip
culture system. One RAPD marker and three SSR markers
were associated with no. of shoot per explant and its
relevant traits. Of them marker BC603-1600 explained
18% of the variation for no. of shoot per explant and 16%
of the variation for callus size. The BC603-1600 was
sequenced and assigned in linkage group 7 based on a
NCBI blast search. The information provided here should
benefit to determine the genetic mechanisms involved in
the maize regeneration response related to shoot meristem
culture pathway and benefit to select high regenerable
germplasm by using marker assisted selection.
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Introduction

Since the first success with plant regeneration from maize
immature embryos (Green and Phillips 1975), the regen-
eration have been achieved from a numbers of different
organs (Harms et al. 1976; Chang 1983; Rhodes et al.
1986; Wang 1987; Pescitelli et al. 1990; Biiter et al. 1991;
Zhong et al. 1992). Environmental factors, such as culture
media and growth condition, strongly affect the estab-
lishment of regenerable tissue culture systems (Armstrong
et al. 1992). Genetic studies of regeneration response of
different genotypes have been performed with immature
embryo culture and anther culture (Willman et al. 1989).
Additive effects were confirmed to be more important
than dominant gene effects for the number of plants
regenerated, while cytoplasmic and maternal effects on
regeneration were significant in backcross generations
(Willman et al. 1989; Hodges 1986). In addition,
relatively few genes (or block of genes) were found to
be involved in dominating plant regeneration capacity
(Hodges 1986; Willman et al. 1989).

To assist breeding for enhanced level of regeneration
based on immature embryo and anther cultures systems
restriction fragment length polymorphism (RFLP) mark-
ers linked to regeneration have been identified in maize
(Armstrong et al. 1992; Wan et al. 1992; Bentolila et al.
1992; Beaumont et al. 1995). The region tagged by RFLP
marker c595 on the long arm of chromosome 9 was found
to highly associate with somatic embryo formation
(Armstrong et al. 1992). In contrast, at least six chromo-
somal regions appeared to be associated with the ability
of inducing embryo-like structures from maize micro-
spores. Although RFLP marker-based selection are con-
sidered to be the most useful type of descriptors due to the
high degree of polymorphism that is detected by this
technique in corn the labor-intensive and time-consuming
nature of the RFLP assay may not make this feasible
(Vuylsteke et al. 2000).

Recently, PCR-based molecular markers, such as
random amplified polymorphic DNA (RAPD) makers
and simple sequence repeat (SSR) markers were appar-
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ently emphasized in marker associated selection and
genetic diversity analyses because they possess the
potential of reducing time, effort and expense required
for molecular mapping. RAPD markers have been used
for a variety of purposes including the construction of
genetic linkage maps (Reiter et al. 1992), gene tagging,
identification of cultivars (Nybom 1994), assessment of
genetic variation in populations and species (Nesbitt et al.
1995) and to identify the desired genotypes during
selection. However, there is some loss of information
when RAPD markers are used because they are dominant
rather than co-dominant (Sun et al. 2001). SSR marker is
ubiquitous in eukaryotic genomes and its utility has
greatly been facilitated by recent advances in PCR
technology. The high level of polymorphism, relative to
RFLPs and RAPDs, combined with a high interspersion
rate make them an abundant source of genetic markers
(Gupta et al. 1999). SSR loci are highly polymorphism in
corn and SSR analyses possesses potential advantages of
reliability, reproducibility, discrimination, standardization
and cost-effectiveness over RFLP analyses (Senior and
Heun 1993; Smith et al. 1997).

A multi-shoot culture system has been developed in
maize based on seedling apical cultures (Zhong et al.
1992; Li et al. 2002), characterized with simplicity and
feasibility to a broad range of genotypes. There is a
potential to use it as an effective target for maize
transformation (Zhong et al. 1996). However, according
to our earlier report (Li et al. 2002), The capacity of plant
regeneration through this system was still genetically
determined, indicating significant difference among
genotypes (from 0% to 100% of regeneration). The
genetic knowledge of the regeneration trait based on
multi-shoot culture and the discovery of molecular
markers associated with it will have great advantages
for efficiently developing elite inbred with increased
regeneration capacity by increasing the precision with
which genotypes can be selected. But no information
exists so far regarding the inheritance of tissue culture
response from maize shoot meristem cultures as well as
the association with molecular markers.

The objectives of the presented study were to assess
the inheritance of plant regeneration from maize shoot
meristem culture and to identify molecular markers
associated with plant regeneration based in this tissue
culture system.

Materials and methods
Plant materials and tissue culture procedure

Forty-five typical corn inbreds from University of Guelph and a F,
population of 150 individuals developed from a cross between CG-
37 (high regeneration response) and CG-44 (poor regeneration
response) were used in this study. The seeds were surface sterilized
in 70% (v/v) ethanol for 5 min, soaked in 50% commercial bleach
(5.5% sodium hypochlorite) with 0.1% Tween 20 for 25 min and
rinsed five times with sterile, distilled water. Following surface
sterilization, the seeds were germinated in Petri plates
(100 mmx25 mm) on MSO medium consisting of MS (Murashige

and Skoog 1962) basal medium, MS vitamins, 0.7% Phytagar
(Gibco Labs, Grand Island, NY) in the dark, at 25°C for seven days.
Coleoptilar nodes of 3-5 mm long, containing a meristematic
region, which was identified by the swelling that occurs at the
junction of the mesocotyl and epicotyl were removed from
seedlings that were 4-5 cm long. The explants were cultured on
multi-shoot induction medium (MSI). The medium consisted of MS
basal medium and MS vitamins with 4 g/l proline, 2 mg/l BA,
1 mg/l 2,4-D, 3% sucrose and 0.7% Phytagar. Three weeks later,
cultures were transferred onto MSE medium (MS basal medium
plus MS vitamins and 3% sucrose, 0.5 mg/l BA, 0.7% Phytagar) to
allow somatic embryo-like structure maturation and shoot elonga-
tion. Two weeks later, the multi-shoot clumps were transferred onto
MSR medium which was identical to MSE medium except that the
BA was replaced by 1 mg/l indole-3-butyric acid (IBA) to enhance
the development of a root system (Li et al. 2002). Two to four
weeks afterward, shoots with a large root mass were transplanted
into pots containing Turface (Applied Industrial Materials Corp.,
Buffalo Grove, IL) and fertilized daily as described by Earl and
Tollenaar (1997).

PCR procedure

DNA was extracted from 100 mg of leaf tissue using high
throughput method of QIAGEN Dneasy 96 Plant Test Kit. Twenty
eight 10-mer RAPD primers from UBC (University of British
Columbia, Canada) were used. The amplifications were performed
in a 20 pl reaction volume containing 0.2 mM of dNTP, 2.5 mM
MgCl,, 1.0 U Taq polymerase, 15 pmol of primer and 20 ng of
template DNA. The PCR program consisted of 30 cycles of
denaturation at 94°C for 1 min, annealing at 36°C for 1 min,
extension at 72°C for 2 min and final extension at 72°C for 3 min.
The PCR products were electrophoresed through 1.2% agarose gel,
stained with ethidium bromide and visualized with ultraviolet light.
The presence or absence of clear DNA fragments was scored for
each sample.

Thirty-four pairs of corn SSR primers were used to genotype F,
population. PCR amplification was performed in a 20 ul reaction
volume, containing 0.2 mM of dNTP, 2.0 mM MgCl,, 1.5 U Taq
polymerase, 15 pmol of each primer and 30 ng of template DNA.
The mixture was overlaid with mineral oil and subjected to PCR on
a PTC-100TM thermal cycler (MJ Research Inc) using a ‘touch-
down’ PCR program consisting of 18 cycles of denaturation at
95°C for 1 min and extension at 72°C for 2 min. The annealing
temperature (1 min) was progressively decreased by 1°C every
third cycle from 65°C to 55°C. The PCR reaction continued for 20
additional cycles of 95°C for 1 min, 55°C for 1 min and 72°C for
2 min, following a 10 min final extension at 72°C. The PCR
products were analyzed on a 4% Metaphor agarose gel, stained with
ethidium bromide, visualized with ultraviolet light and pho-
tographed.

Data analysis

Twenty typical genotypes were separated into high and low
regeneration groups. A t-test was used to determine markers that
were significantly correlated with the regeneration ability for the
seedling apical meristem. Single marker analysis was carried out
using a standard one-way ANOVA (PROC.GLM.SAS) for F,
population data. GT(Genotype by Trait) biplot methodology (Yan
2001) was also employed to analyze the interaction between
molecular markers and regeneration-relevant traits in F, generation,
been based on the formula: T;—Ti/S;=1:{i17j1+A{2Tjo+€;5, where Tj;
is the average value of genotype i for trait or marker j; T; is the
average value of trait or marker j over all genotypes, Sj is the
standard deviation of trait or marker j among the genotype average;
i1 and &jp are the PC1 (first principle component) and PC2 (second
principle component) scores, respectively, for genotype i; 7j; and 7j
are the PC1 and PC2 scores, respectively, for trait or marker j; and
& is the residual of the model associated with the genotype i in trait



or marker j. Broad-sense heritability was calculated according to
the formula: h’=[Vp—(Vp1+Vpr+Vi)/31/ V. Vs is the phenotypic
variance of F, population; Vp; and Vp, are the error variance of
parents; Vg is the error variance of F; population.

Results

Inheritance of plant regeneration

Forty-five North America corn genotypes were screened
for plant regeneration in a modified shoot-tip meristem
culture procedure (Li et al. 2002). A large diversity in the
percentage of regeneration was observed among the North
American inbreds tested. The histogram of the percent
regeneration seemed to be divided into discrete cate-
gories, including four response groups centered around
10%, 40%, 75% and 100% of regeneration (Fig. 1). The
finding indicate that the frequency of plant regeneration
from seedling meristem may be controlled by a few genes
rather than many genes.

Figure 2 revealed a F, frequency distribution of no. of
multi-shoots per explant from a crossing between a high
regeneration responder CG-37 and low regeneration
responder CG-44. In Fig. 2, F; hybrids expressed inter-
parent phenotype, close to a semi-dominant pattern. A
transgressive variation in F, was noticed, including non-
responders, individuals that responded like the highly
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Fig. 1 The histogram of percent regeneration from shoot apical
meristem of twenty maize inbreds collected from North American

CG44=0.05 F,=12.60F =1535 CG37=22.12

Score Number

25 30 35 40 45

0 5 10 15
Average Shoots/Explant

Fig. 2 Frequency distribution of no. of shoots per explant in F,
generation (CG-37xCG-44). The arrows showed the average shoots
number per explant for CG-37 (female parent), CG-44 (male
parent) and F1 generation

Table 1 RAPD markers significantly associated with regeneration or lack of regeneration in a collection of North American maize inbreds
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Fig. 3 Correlation of marker index and percent regeneration for
twenty maize inbreds collected from North American

regenerable parent (CG-37) and individuals that produced
twice as many shoots per explant as CG-37. The broad-
sense heritability (h?) of this trait was calculated as
68.57% (P<0.05). These results further suggest that the
regeneration efficiency in this system is controlled by a
few genes.

Identification of RAPD markers associated
with percent regeneration through 20 North American
corn inbreds

Twenty eight RAPD primers chosen generated 161 RAPD
fragments based on 20 corn inbreds with an average of six
bands per primer. The size of amplified products ranged
from 200 to 2000 base pairs. The correlation analysis
showed that five out of 121 markers tested were
significantly associated with the percentage of explants
that produce multi-shoots (Table 1). Two markers (625-
2000 and 646-1800) were associated with regeneration,
whereas, three others (303-500, 603-250 and 631-800)
were associated with a lack of regeneration. Generally, a
higher marker index represented a higher percentage of
plant regeneration (Fig. 3).

Identification of RAPD and SSR markers associated
with regeneration in F2 population

A significant correlation (r=0.68, P<0.01) between no. of
multi-shoots per explant and callus size (cm?) was
observed. Therefore, callus size and no. of multi-shoots
per explant were facilitated to evaluate the association
with RAPD and SSR markers. Five RAPD primers from
Table 1 were used to screen the F, population
(CG37xCG-44). QTL analysis showed that one RAPD
marker (BC603-1600) was significantly associated with
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Fig. 4 GT biplot analysis for relationship among selected markers
and regeneration-relevant traits. PC1: first principle component;
PC2: second principle component; P and p representing an
individual in F, generation

no. of shoots per explant and callus size based on F, data.
This QTL explained 16—18% of the phenotypic variance
for callus size and no. of multi-shoots per explant,
respectively (Table 2).

According to the results of corn marker screening
project in University of Guelph (unpublished data), 33
pairs of SSR primers that contributed a high polymor-
phism were used for screening F, population. One SSR
marker, umc1359 which located on chromosome 8, was
associated with no. of multi-shoots per explant (R?=0.05,
P<0.05) (Table 2). Two SSR markers, Phi021 and Phil13
located on chromosome 4 and 5, were associated with
callus size (R2=0.04 and 0.05, respectively; P<0.05)
(Table 2).

GT biplot analysis for 150 F, individuals against one
RAPD marker, three SSR markers and three traits that
associated with regeneration explained 61% the total
variation of the standardized data (Fig. 4). The largest
variation explained by the biplot came from no. of shoot
and its relevant traits, as indicated by the relative length
of their vectors. The correlation coefficient between any
two traits or markers is approximated by the cosine of the
angle between their vectors. Thus, cos180°=-1, cos0°=1
and c0s90°=0. In Fig. 4, a stronger positive association

Table 2 Marker contribution Traits Markers Chromosome R2 P
for regeneration efficiency in F,
population # Shoots/Explant BC603-1600 7s 0.18 0.001
UMCI1359(TC);, 8s 0.05 0.04
Callus Size (cm?) BC603-1600 7s 0.16 0.001
Phi 021(AG), 4s 0.04 0.04

Phi 113(GTCT), 55

0.05 0.03
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Fig. 5 GT biplot analysis for best individuals in each given marker
groups. PCI1: first principle component; PC2: second principle
component. P and p: representing an individual in F, population

between regeneration-relevant traits and RAPD marker
BC603-1600 existed rather than the other markers.
Furthermore, the performance of different individuals in
each group of markers was evaluated. With individual
P10, P87, P88, P40, P21, P62, P100 as the corner or
vertex individuals, marker BC603-1600 and traits relevant
to regeneration fell in the sector in which P10 was the
vertex individual. This means that P10 was the best
individual for BC603-1600 and its associated regenera-
tion-relevant traits. P21 and P62 were the best for marker
Phil13 and umc1359. No marker fell into sectors with
P87 and P88 as vectors, indicating that these individuals
were not the best in any of the markers. They are the
poorest individuals for any markers (Fig. 5).

Discussion

Plant regeneration capacity is a critical factor for effective
practice of corn engineering. As far as we know, the
description of a genetic component of regenerable traits
expressed in a corn shoot-tip culture procedure has not
been reported in the literature, neither genetic marker
associated with these traits.

Two F, populations were developed from two typical
North American inbreds, in which one parent (CG-37)
possesses 100% regeneration ability and average 30
shoots per explant, and another parent only possesses
0.04% regeneration ability and 1 shoot per explant
averagely. Theoretically, a maximum variation for regen-
eration traits will be provided from this F, population.
Each of the populations contained more than 150
individuals and was analyzed for the frequency distribu-
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tion of no. of multi-shoots induced on shoot meristem
tissues. Results from both populations exhibited a similar
distribution pattern (data not shown). Along with evi-
dence of a relatively higher heritability in this study, the
trait is likely to be a discrete category. However, X? tests,
including one gene and two gene models, did not support
the hypothesis of one gene or two gene segregation (data
not shown). Thus, our results suggest that the no. of multi-
shoots per explant is controlled by several major genes.
This correspond well to the postulation made from maize
anther culture, maize immature embryo culture, rice
immature embryo culture and wheat immature embryo
culture (Bentolila et al. 1992; Hodges 1986; Willman et
al. 1989; Peng and Hodges 1989; Lazar et al. 1984).

In present study, five RAPD markers were identified to
be associated with percent regeneration trait based on
elite maize inbreds. Relatively high reproducibility for
RAPD markers was observed throughout recent experi-
ments, which was not identical with certain reports that
described the poor reliability and repeatability of RAPD
markers (Nagaoka and Ogihara 1997; Ellsworth et al.
1993). In our study, the RAPD markers identified to be
relevant to percent regeneration from corn inbreds
germplasm were different with the markers that associ-
ated with the no. of multi-shoot per explant and callus size
in F, generation. There could be number of reasons for
this phenomenon, including that the two traits (percent
regeneration (%) and no. of regenerated shoots) could be
controlled by different genetic factors; could have differ-
ent genetic background and diversity between the F,
population and the 20 corn inbreds. The surveying of
molecular markers associated with percent regeneration in
F, generation was impossible because the data in F2 was
generated according to individual basis. This problem can
be solved by the establishment of high generation inbred
lines.

In F, population, one RAPD marker and three SSR
markers that were confirmed to associate either with no.
of multi-shoots per explant or callus size were located on
four different genetic regions. The most prominent QTL
effect for no. of multi-shoots per explant and callus size
was pointed on linkage group 7. They explained 18% and
16% of the total variation, respectively. The DNA
sequence of BC603-1600 marker had more than 90
percentage of homology with partial sequence of sub-
family z1B-1 of 19-KD zein gene family in maize
according to NCBI blast search result. Z1B-1 has been
mapped in linkage group 7 (http://www.agron.Mis-
souri.edu/mnl/77/42song.html) (Fig. 6). Zein genes in
maize endosperm control the synthesis of storage proteins
which are rich in the amino acids proline and glycine
(Song and Messing 2002). According to our previous
study (Li et al. 2002) proline has a positive impact on
plant regeneration from shoot-tip meristem culture.
However, we need more evidences to explain the
mechanism of BC603-1600 on regeneration response.
Other markers, UMC1359, Phi021 and Phill134, were
located on linkage group 8, 4 and 5, respectively (Fig. 6),
explaining 5%, 4% and 5% of total variation, respectively
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(Table 2). All markers together accounted for 23% of the
total phenotypic variation for no. of multi-shoot per
explant and for 25% of the total phenotypic variation for
callus size observed among the F, population.

The linkage group map in Fig. 6 was created based on
NCBI DNA database. In addition of the RAPD and SSR
markers that was identified to associate with regeneration
capacity of maize shoot meristem culture in the present
study there also had several molecular loci that was
mapped by previous researchers and was relevant to
anther culture response and embryogenesis response
based on immature embryo culture (Fig. 6). In linkage
group 4, 5 and 7, QTL percent embryogenesis loci and
QTL anther culture response loci (qanth4, qanthlO,
ganth3 and ganth6) were relatively closer to the multi-
shoot regeneration-relevant loci Phi021, 603-1600 and
Phil13 (Fig. 6). Further attempt is necessary to determine
the genetic distance between shoot regeneration-relevant
loci and anther/embryo regeneration-relevant loci.

This study demonstrated that GT biplot by Yan (2001)
is an excellent tool for visualizing genotype by marker
and trait data. It effectively reveals the interrelationships
among traits and molecular markers, along with the
different genotypes. In GT biplot, the variation of marker
or trait is represented by the length of relative length of
their vectors and the correlation between different marker
or trait is calculated by the cosine. Therefore, a quick
view of the variation and association between various
characters become possible. Moreover, the performance
of different genotype or individual in a given marker or
trait can be visual on biplot graph, so that it is easier to
group genotypes into different categories and to find the
best genotype in a given marker or trait.

Molecular marker assisted selection (MAS) have been
widely used in plant breeding program. Selecting high
regenerable lines could be high input of labor and energy

== umc1327
Cganhs S amherlitie 1L qanth QTL anther culture T 2277169
L umc1274 T ar ooy TeSPOTSE
L phi 119

QTL anther cultureT
response

qanth10

=qanth7 QTL anther culture
= phi 125

N gerl = Umc 1530
receptor

through conventional breeding methodology due to the
complex of tissue culture. With the technique and
procedure of using molecular markers, the development
of high regenerable lines and agronomical improved lines
will be feasible in a much shorter time and less expense
than by traditional breeding. The information provided
here should benefit to determine the genetic mechanisms
involved in the maize regeneration response related to
shoot meristem culture pathway and benefit to select high
regenerable germplasm by using marker assisted selection
although needing a large population due to the relatively
low resolution from recently identified markers. Further
studies may be attempted to identify more molecular
markers responsible for plant regeneration based on this
tissue culture system to map the QTL in maize linkage
groups.

Acknowledgements This work is supported by the Ontario
Ministry for Food, Agriculture and Rural Affairs, the Ontario Corn
Producers and Canadapt. The provision of corn materials by Dr. Liz
Lee and the preparation of the manuscript assisted by Angela Hill
are gratefully acknowledged.

References

Armstrong CL, Romero-Severson J and Hodges TK (1992)
Improved tissue culture response of an elite maize inbred
through backcross breeding, and identification of chromosomal
regions important for regeneration by RFLP analysis. Theor
Appl Genet 84:755-762

Beaumont VH, Rocheford TR, Widholm JM (1995) Mapping the
anther culture response genes in maize (Zea mays L.). Genome
38:968-975

Bentolila S, Hardy T, Guitton C, Freyssinet G (1992) Comparative
genetic analyses of F, plants and anther culture derived plants
of maize. Genome 35:575-582



Biiter B, Schmid JE, Stamp P (1991) Effect of L-proline and post-
plating temperature treatment on maize (Zea mays L.) anther
culture. Plant Cell Rep 10:325-328

Chang YF (1983) Plant regeneration in vitro from leaf tissues
derived from cultured immature embryos of Zea mays L. Plant
Cell Rep 2:183-185

Earl HJ, Tollenaar M (1997) Maize leaf absorbance of photosyn-
thetically active radiation and its estimation using a chlorophyll
meter. Crop Sci 37:436-440

Ellsworth DL, Rittenhouse KD, Honeycutt RL (1993) Artifactual
variation in randomly amplified polymorphic DNA banding
patterns. Biotechnology 14:214-217

Green CE, Phillips RL (1975) Plant regeneration from tissue
culture of maize. Crop Sci 15:417-421

Gupta PK, Varshney RK, Sharma PC, Ramesh B (1999) Molecular
markers and their applications in wheat breeding. Plant Breed
118:369-390

Harms CT, Lorz H, Potrykus I (1976) Regeneration of plantlets
from callus culture of Zea mays L. Z Pflanzenziicht 77:347-351

Hodges TK, Kamo KK, Imbrie CW, Becwar MR (1986) Genotype
specificity of somatic embryogenesis and regeneration in
maize. Bio/Technology 4:219-223

Lazar MD, Bainziger PS, Schaeffer GW (1984) Combining abilities
and heritability of callus formation and plantlet regeneration in
wheat (Triticum aestivum L.) anther cultures. Theor Appl Genet
68:131-134

Li W, Masilamany P, Kasha KJ, Pauls KP (2002) Developmental,
tissue culture, and genotypic factors affecting plant regenera-
tion from shoot apical meristems of germinated Zea mays L.
seedlings. In Vitro Dev Biol Plant 38:285-292

Murashige T, Skoog F (1962) A revised medium for rapid growth
and bioassays with tobacco tissue cultures. Physiol Plant
15:473-497

Nagaoka T, Ogihara Y (1997) Applicability of inter-simple
sequence repeat polymorphisms in wheat for use as DNA
markers in comparison to RFLP and RAPD markers. Theor
Appl Genet 94:597-602

Nesbitt KA, Potts BM, Vaillancourt RE, West AK, Reid JB (1995)
Partioning and distribution of RAPD variation in a forest tree
species. Eucalyptus globules (Myrtaceae). Heredity 74:628—
637

Nybom H (1994) DNA fingerprinting—a useful tool in fruit
breeding. Euphytica 77:59-64

Peng J, Hodges TK (1989) Genetic analysis of plant regeneration in
rice (Oriza sativa L.). In Vitro Cell Dev Biol 25:91-94

Pescitelli SM, Johnson CD, Petolino JF (1990) Isolated microspore
culture of maize: Effects of isolation technique, reduced
temperature and sucrose level. Plant Cell Rep 8:628-631

687

Reiter RS, Williams GK, Feldmann KA, Rafalski JA, Tingey SV,
Scolnik PA (1992) Global and local genome mapping in
Arabidopsis thaliana by using recombinant inbred lines and
random amplified polymorphic DNAs. Proc Natl Acad Sci
USA 89:1477-1481

Rhodes CA, Green CE, Phillips RL (1986) Factors affecting tissue
culture initiation from maize tassels. Plant Sci 46:225-232

Senior ML, Heun M (1993) Mapping maize microsatellites and
polymerase chain reaction confirmation of the targeted repeats
using a CT primer. Genome 36:884—889

Smith JSC, Chin ECL, Shu H, Smith OS, Wall SJ, Senior ML,
Mitchell SE, Kresovitch S, Ziegle J (1997) An evaluation of the
utility of SSR loci as molecular markers in maize (Zea mays
L.): comparisons with data from RFLPs and pedigree. Theor
Appl Genet 95:163-173

Song R, Messing J (2002) Contiguous genomic DNA sequence
comprising the 19-KD zein gene family from maize. Plant
Physiol 130:1626-1635

Sun GL, William M, Liu J, Kasha KJ, Pauls KP (2001)
Microsatellite and RAPD polymorphisms in Ontario corn
hybrids are related to the commercial sources and maturity
ratings. Mol Breed 7:13-24

Vuylsteke M, Mank R, Brugmans B, Stam P, Kuiper M (2000)
Further characterization of AFLP data as a tool in genetic
diversity assessments among maize (Zea mays L.) inbred lines.
Mol Breed 6:265-276

Wan Y, Rocheford TR, Widholm JM (1992) RFLP analysis to
identify putative chromosomal regions involved in the anther
culture response and callus formation of maize. Theor Appl
Genet 85:360-365

Wang AS (1987) Callus induction and plant regeneration from
maize embryos. Plant Cell Rep 6:360-362

Willman MR, Schroll SM, Hodges TK (1989) Inheritance of
somatic embryogenesis and plantlet regeneration from primary
(Type I) callus in maize. In Vitro Plant Cell Dev Biol 25:95-
100

Yan W (2001) GGEbiplot—a windows application for graphical
analysis of multienvironment trial data and other types of two-
way data. Agron J 93:1111-1117

Zhong H, Srinivasan C, Sticklen MB (1992) In-vitro morphogen-
esis of corn (Zea mays L.). 1. Differentiation of multiple shoot
clumps and somatic embryos from shoot tips. Planta 187:483—
489

Zhong H, Sun B, Warkentin D, Zhang S, Wu R, Wu T, Sticklen MB
(1996) The competence of maize shoot meristems for integra-
tive transformation and inherited expression of transgenes.
Plant Physiol 110:1097-1107



