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ABSTRACT

The wild type maize genotype, B73, is not amenable
for callus production and an efficient protocol for
B73 maize callus induction has never been reported
up-to-date. Scientific efforts in producing B73 maize
callus using all known callus inducible media have
been unsatisfactory. Here we developed and described
an efficient protocol for callus induction from B73
maize seedlings. The protocol is based on well known
callus inducible media CM4C where we have sequen-
tially subtracted some chemical compounds and added
some new compounds mediating cell proliferations.
This newly described protocol was able to induce cal-
lus production in a wide range of crop species in-
cluding rice and soybean. We found that cell prolif-
eration factors, NAA (auxin analog) and 2,4 D (auxin
influx carrier) were not only very crucial but re-
quired for positive B73 maize callus induction. The
absence of one or the other will lead to the failure of
B73 maize callus production. The well known CM4C
callus induction composition lacks NAA. Our findings
will advance genetic studies of maize mutants gener-
ated from B73 genotype background.
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1. INTRODUCTION

Callus production and transformation has been estab-
lished as a powerful tool to study plant functional ge-
nomics, growth regulation, and plant cell morphogenesis.
Advances such as callus regeneration from explants and
the production of diverse germplasms have provided
useful tools for successful crop breeding programs. In
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maize, several different methods have been developed to
produce callus from explants. Methods for callus induc-
tion from freshly isolated immature embryos [1,2], em-
bryogenic type | [3] and type 11 [4] have been established
for transformation and production of re-generable sus-
pension [5-8] and protoplast cultures [9-12]. It has also
been shown that other corn explants such as immature
tassels and ears, microspores (anthers), and the base of
leaves can produce re-generable cultures and can be used
for callus mediated maize transformation [13]. Direct
initiation of seedling-derived type | callus cultures, which
were similar to immature embryo type | cultures, were
produced from callus of several corn genotypes including
commercial inbred lines. However for still unknown rea-
sons, production of callus from maize B73 genotype
have proven difficult using various known callus induc-
tion media and production of B73 callus remains unsat-
isfactory. This bottleneck has resulted in often utilizing
the maize inbred Hi Il for the production of maize callus
as an alternative to the B73 genotype. In maize, the B73
genotype is the normal/adequate wild genotype repre-
senting what Columbia-0 (Col-0) represents in Arabi-
dospsis thaliana. The lack of an appropriate media for
efficient production of maize callus using the B73 geno-
type has hindered our ability to fully use B73 to our ad-
vantage. One experimental drawback is an inability to
adequately evaluate mutant lines engineered in B73 back-
ground.

It is well documented that plant tissue culture and
morphogenesis can be improved by the addition of small
amounts of certain organic nutrients such as vitamins,
amino acids and auxin analogs. The amount of these
substances required for successful culture varies by spe-
cies and genotypes, and is probably a reflection of the
explants plasticity under artificial conditions. Cultured
plant cells and tissues often become deficient in several
biological factors; and the plant tissue cultures growth
and survival is improved by their addition to the culture
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medium. For example, myo-inositol (also described as
meso-inositol or i-inositol) is the only one of the nine
theoretical inositol sterecisomers, which has significant
biological importance. Medically it is classified as a
member of the Vitamin B complex and is required for
the growth of yeast and many mammalian cells in tissue
culture. Additionally, Morel and Wetmore [14] demon-
strated that 100 mg/l myoinositol in combination with
other vitamins could be used to induce callus production

from the monocotyledon Amorphophallus rivieri (Araceae).

Many other workers have since included it in culture
media with favorable results on the rate of callus growth
or the induction of morphogenesis. We therefore hy-
pothesized that a carefully adjusted vitamin/nutrient com-
position of already established callus induced media
should be able to produce B73 callus from explants.
Here, we describe an efficient seed-based system for
the production of B73 maize callus. The medium is de-
rived from the well established CM4C media [15], where
particular nutrient/chemical compounds were omitted and
other nutrients added. In order to demonstrate that our
method can also be used to induce calli from a wide
range of crop species, we tested the new medium in rice

(monocot crop) and soybean (dicot crop) callus induction.

Moreover, we specifically focused our effort in obtaining
optimum experimental conditions, including tips in set-
ting up the media, and the seedling growth conditions to
insure a satisfactory and reproducible B73 maize callus
production.

2. MATERIALS AND METHODS

2.1. Seed Germination Media and Seed
Sterilization

For germination, seed were first surface-sterilized in 50%
(v/v) bleach, 0.1% (v/v) Triton x-100 for 30 minutes, and
rinsed with 70% ethanol for no more than 1 minute, and
rinsed again 3 - 4 times with sddH,0.

For seed germination on agar media, we dissolved 1
package MS salts with vitamins; 40 g Maltose; 0.1 g Ca-
seine hydrolysate; 1.95 g MES; 0.75 g MgCl, in 900 ml,
and then adjusted the pH to 5.8 with 2M KOH. The
mixture was then brought to one liter, and 8 g of agar
was added. The medium was autoclaved for 15 - 20 min-
utes and allowed to cool to 50°C. To this pre-cooled me-
dia, the following (filter sterilized) solutions were added:
0.5 g Glutamine; 0.1 g Ascorbic acid; 0.5 mg 2,4-D; 0.5
mg naphthalene acetic acid. Approximately 30 ml of the
medium was poured into 100 x 25 mm petri-dish and
allowed to solidify.

2.2. Quick and Efficient Seed Germination
Alternative

Alternatively, the surface-sterilized seeds were kept over-
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night at 4°C and then submerged in sterile water in flask
covered with mesh cloth allowing aeration as depicted in
Figures 1(A) and (B) in order to eliminate the option of
agar plate grown seedlings prior to callus inductions. The
submerged seeds were kept incubated at room tempera-
ture overnight after the water was allowed to drain
through the mesh cloth by inverting the flask (Figure 2).
In order to keep the seeds wet throughout the germina-
tion periods, water was added daily to submerged level,
and then allowed to drain after 5 minutes of soaking as
described above. The seed germination rate and root
length were then recorded. The germinated seeds were
successfully used for callus induction.

Figure 1. Seed germination growth phenotype on water
submerged growth conditions. (A-B) Maize (A) and brown
soybean (B) seed germination depicted in flasks at 3 days after
germination (DAG). (C) Representative germinated maize
seeds are depicted at 3 DAG. Representative germinated brown
(D) and white (E) soybean seeds are represented at 3 DAG. (F)
Representative germinated rice seeds are represented at 5 DAG.
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expected to germinate in 3 - 5 days. Alternatively, quickly
germinated seeds (within 2 - 3 days) from the water sub-
mersion approach (as described above) were success-
fully used to induce callus production as well.

Using aseptic techniques, coleoptiles and all roots
were removed from germinated seed as close to the
cotyledon as possible. This sectioning gives roughly
between 0.5 - 1 cm of residual tissue after removal of un-
wanted tissues. The seedling was then cut longitudinally in
half through the middle of the meristematic tissues. Both
halves of the seedling were then removed from the endo-
sperm and placed on the freshly prepared callus induc-
tion media (modified CM4C media: see Table 1) with
the exposed/cut surface down (touching the agar). The
agar plate was then incubated in the dark (28°C - 30°C)
until the callus was formed. Under this condition, the
callus was roughly developed within 5 - 7 days. The callus
was then broken away from non-callus tissues and trans-
ferred into fresh callus inducible media.

3 RESULTS AND DISCUSSION

In our effort to generate and identify maize mutant geno-
types resistant to a wide range of pathogen attacks, we
initiated a field screen analysis of EMS-mediated mu-
tagenesis of maize population in B73 (wild-type) maize
genotype. Several interesting mutants, including highly
susceptible and resistant mutants were identified (Fig-
ures 3(A)-(F)). Different maize mutants that are highly
susceptible to pathogens (Figures 3(B)-(D)), as well as
two mutants that are resistant to pathogens (Figures

Copyright © 2012 SciRes.

Table 1. Media composition derived from CM4C-callus in-
ducible media suitable for callus induction from B73 maize
genotype.

Modified CM4C

Components CM4C (amount/L) (amount/L)
MS salts 1x 1x
MS vitamins 1x 1x
Caseine hydrolysate 019 0.1lg
Maltose 409 409
MES 1.95¢ 195¢
Magnesium chloride 0.75¢g 0.75¢
Glutamine 059 059
Ascorbic acid 0.1lg 0.1lg
2,4-D 0.5mg 0.5mg
Picloram 2.2mg -
NAA - 2.2mg
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Figure 3. Pathogen susceptible/resistant maize mutants in a
field trial. (A) Wild type B73 maize genotype. (B-D) Selected
mutants susceptible to a wide range of pathogen attacks in the
field. (E-F) Mutants displaying pathogen resistant phenotype
with lack of disease symptoms on the leaves. The mutants were
generated from B73 maize genotype background.

3(E)-(F)) in comparison to the wild type B73 (Figure
3(A)) were identified and further analyzed (Kotchoni SO,
unpublished). Like these mutants (Figure 3), several
other maize mutants have been generated in the maize
B73 wild type background [16]. Genetic characterization
of these mutants will advance our understanding of plant
defense response at the molecular level and how this can
be used to improve disease resistance in a wide range of
crop species. In order to collect meaningful genetic data
using these maize mutants, it is imperative to use B73
maize genotype as the appropriate genetic control. How-
ever, up until now, the B73 maize genotype was not
amenable to callus induction for genetic study and plant
tissue culture regeneration.

In vitro callus culturing is an experimental advanced
tool in plant breeding for efficient plant regeneration
systems and genetic characterization of a wide range of
genotypes in a timely manner [17]. Callus induction and
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regeneration of the whole plants from callus culture is
often used in various genetic studies of maize plants
[15,18,19]. Unlike dicotyledonous species, callus induc-
tion and plant regeneration for cereal crops is often dif-
ficult. Here we focus our attention on developing a sim-
ple and efficient protocol for direct induction of callus
from mature B73 maize seed, in order to carry out ge-
netic characterization of our mutants using B73 genotype
as the appropriate control. We first hypothesized that
well-established callus inducing media used in other
plant species might lack the chemical mediating cell pro-
liferation required for callus production in B73 maize
genotype. To test our hypothesis, we added and or re-
moved cell proliferation inducible-nutrients/compounds
or nutrients/compounds from the well established CM4C
cal- lus inducible media [15, 20] in a step-wise manner to
establish a B73 callus inducible medium and assessed the
efficiency of this modified medium to produced B73
maize callus. After a series of additions/removals of

Table 2. Callus induction characteristics from crop seedlings.

chemical compounds, we finally obtained a suitable modi-
fied medium composition (Table 1) for callus induction
from B73 maize genotype. On this medium the growth of
seeds was void of contamination throughout the time of
the experiment. The dark grown and not light grown B73
maize seedlings were the only materials that produce
better callus under this proposed method (Table 2), al-
though the light growth condition produced callus as
well, the quality was not satisfactory. For other crops
(rice and soybean) tested in this study, the callus was
produced regardless of dark or light grown conditions
(Figure 1, Table 2). For seed germination on agar plates,
we detected a germination bud that reached ~1 cm at 5
days after germination (DAG) (Figure 4(A)), and the
length of the bud had tripled at 7 DAG. Our data sug-
gested that seedlings be transferred to callus induction
media no later than 7 DAG in order to obtain a good cal-
lus production. The optimal time to transfer the seedlings
to callus induction media is 5 DAG.

. DAG in submerged water growth
Crop species

DAG in agar plate growth

Optimum growth length of Color of the induced callus

condition condition seedling bud
B73 maize 3 DAG 5 DAG lcm Yellow and compact
B. soybean 3DAG 5 DAG 2cm Yellow and compact
W. soybean 3DAG 5 DAG 2cm white and compact
Rice 5 DAG 10 DAG 2cm white and compact

DAG = Days After Germination; B. soybean = Brown soybean; W. soybean = White soybean.
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seedling. (A) 5 DAG agar grown maize seedling used for the
callus induction is depicted with ~1 cm of bud length
germination. (B) Callus production at three days post
induction, (C) Callus production at five days post induction,
(D) Callus production at three days post induction at seven
days post induction.

Copyright © 2012 SciRes.

As mentioned above, we found that 5 DAG seedlings
of dark grown conditions (Figure 4(A)-(D)) were the best
source of materials to induce optimum callus production
from B73 maize genotype. Even though 7 DAG seed-
lings were also able to produce callus, their ability to
generate suitable callus was far less compared to 5 DAG
seedlings. From the 5 DAG seedlings we obtained satis-
factory callus production from immature B73 maize plant
meristematic tissues (Figure 4). For seedlings grown in
submerged water condition, the appropriate time to trans-
fer seedlings into callus induced media was 2 - 3 DAG
(Figures 1(C)-(F) and Figure 2). At this time, the germi-
nated bud reached 1-2 cm for maize seedlings and 3 - 4
cm for soybeans and rice (Figures 1(C)-(F)).

In order to obtain these results, we modified the
CMA4C media by replacing picloram with an equivalent
amount of NAA (Table 1). Picloram is an herbicide that
functions in disrupting normal cell growth leading to
uncontrolled and abnormal plant growth, primarily in
dicots. NAA is a synthetic analog of auxin that actively
diffuses through plasma membranes and acts to stimulate
cell proliferation [21]. 2,4-D must be actively imported
using auxin influx carriers [22]. Both NAA and 2,4-D are
individually less efficient than 1AA at inducing the auxin
pathways that lead to cell proliferation and growth, be-
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cause one (NAA) is too large and the other (2,4-D) is too
small to fit the activation sites regulating cell prolifera-
tion (Delbarre et al. 1996). However, in combination
they probably act synergistically to induce the cell pro-
liferative effect and cause the callus growth. With this
modified CM4C media, a better quality of callus and
higher growth rate was observed from B73 maize geno-
type as can be seen in Figure 4(B)-(D).

4. CONCLUSION

In this study, we demonstrate for the first time that NAA
and 2,4-D are important chemical components without
which it will be impossible to induce a callus from B73
maize genotype under our experimental conditions. While
picloram concentrations have been used to differentially
affect callus induction pattern in a wide range of crop
species [23-25], our results indicated that picloram is not
necessary for B73 maize callus induction. In fact, we
observed no B73 maize callus induction in presence of
picloram. Using our developed medium composition
(modified CMA4C); it was possible to induce callus from
B73 maize genotype within 7 DAG. These interesting
results merit further investigations. This newly devel-
oped medium can be helpful to the scientific community
studying maize mutants generated from B73 maize back-
ground. This study is a milestone in B73 callus induction
and further studies are expected to improve the callus
induction properties of this medium.
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