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Summary. Stable transformed Black Mexican Sweet 
(BMS) maize callus was recovered from suspension cul- 
ture cells bombarded with plasmid DNA that conferred 
resistance to the herbicide bialaphos. Suspension culture 
cells were bombarded with a mixture of two plasmids. 
One plasmid contained a selectable marker gene, bar, 
which encoded phosphinothricin acetyl transferase 
(PAT), and the other plasmid encoded a screenable mark- 
er for/~-glucuronidase (GUS). Bombarded cells were se- 
lected on medium containing the herbicide bialaphos, 
which is cleaved in plant cells to yield phosphinothricin 
(PPT), an inhibitor of glutamine synthetase. The 
bialaphos-resistant callus contained the bar gene and ex- 
pressed PAT as assayed by PPT inactivation. Transfor- 
mants that expressed high levels of PAT grew more rapid- 
ly on increasing concentrations of bialaphos than trans- 
formants expressing low levels of PAT. Fifty percent of 
the bialaphos-resistant transformants tested (8 of 16) ex- 
pressed the nonselected gene encoding GUS. 
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Introduction 

The inability to genetically transform graminaceous 
monocots by Agrobacteriurn infection necessitates direct 
introduction of DNA into cells or protoplasts. 
Polyethylene-glycol-mediated DNA uptake (L6rz et al. 
1985) and electroporation (Fromm etal. 1986) have 
proven effective techniques for introduction of DNA in- 
to graminaceous protoplasts. Both of these approaches 
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require the use of protoplasts as targets for DNA intro- 
duction, and plant regeneration from protoplasts of 
graminaceous species is difficult. Fertile, transformed 
rice plants were regenerated from electroporated proto- 
plasts (Shimamoto et al. 1989), and two recent reports 
(Shillito et al. 1989; Prioli et al. 1989) described regenera- 
tion of fertile maize plants from protoplasts, but trans- 
formed protoplasts were not described. Rhodes et al. 
(1988) described transformation of maize protoplasts by 
electroporation, but only infertile maize plants were re- 
covered. 

An alternative to the introduction of DNA into pro- 
toplasts is its introduction into intact ceils. Since the first 
report of transient expression of an introduced gene in 
intact onion epidermal cells (Klein et al. 1987), micropro- 
jectile bombardment of DNA-coated tungsten particles 
has been used to deliver DNA into cells of a variety of 
plant species. Transient expression of an introduced gene 
was observed in suspension culture cells of rice, wheat, 
soybean (Wang et al. 1988), maize (Klein et al. 1988a), 
and barley (Mendel et al. 1989) and in maize embryos 
(Klein et al. 1988b). Stable transformation of tobacco 
(Klein et al. 1988 c) and maize cells (Klein et al. 1989) was 
recently reported. A similar technique, involving bom- 
bardment of plant tissues with DNA-coated gold parti- 
cles, was used successfully to obtain stable transformed 
soybean plants (McCabe et al. 1988). 

While microprojectile bombardment provides a 
mechanism for introduction of DNA into intact cells of 
monocot species, a reproducible means of identifying 
viable transformed cells is also needed. Kanamycin selec- 
tion was used to recover transformed embryogenic 
(Rhodes et al. 1988) and nonembryogenic (Fromm et al. 
1986; Klein et al. 1989) maize cells. Kanamycin, as well 
as hygromycin and methotrexate, were used to recover 
stable transformants from several grass species; however, 
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many monocot  species show high levels of  endogenous 
resistance to these antibiotics (Haup tmann  et al. 1988). 
In addit ion,  both  kanamycin  and hygromycin appear  to 
be effective selective agents only if appl ied soon after 
p ro toplas t  isolat ion (Haup tmann  et al. 1988; Yang et al. 
1988). Such a f inding suggests that  these agents might  be 
less effective in selecting t ransformed cells within large 
multicellular clusters, as might  occur with microprojec-  
tile bombardmen t  of  maize suspension cultures. 

In t roduct ion  of  the bar gene and selection of  
bialaphos-resis tant  cells is an al ternative means of  identi- 
fying stable t ransformants .  Expression of  the bar gene, 
isolated f rom Streptomyces hygroscopicus (Thompson 
e ta l .  1987), confers resistance to phosphinothr ic in  
(PPT), the active molecule in the herbicide bialaphos.  
PPT-resis tant  tobacco,  tomato,  po ta to  (De Block et al. 
1987), and Brassica (De Block et al. 1989) plants  were 
obtained by Agrobacterium-mediated t ransformat ion us- 
ing a chimeric bar gene plasmid.  The bar gene was recent- 
ly used as a selectable marker  for t ransformat ion  of  rice 
protoplas ts  (Dekeyser et al. 1989). In  this paper ,  we de- 
scribe stable t ransformat ion of  Black Mexican Sweet 
(BMS) maize suspension culture cells by microproject i le  
bombardment ,  and use of  the bar gene as a selectable 
marker  for the efficient recovery of  bialaphos-resis tant  
maize callus. Also described is co t ransformat ion  using a 
second, nonselected gene encoding fi-glucuronidase 

(GUS).  

Materials and methods 

Microprojectile bombardment 

Prior to bombardment, ptasmid DNA was precipitated onto 
tungsten particles (average diameter approximately 1.2 gin, 
GTE Sylvania) following the protocol described by Klein et al. 
(1987), using a precipitation mixture that included 1.25 mg tung- 
sten, 25 l.tg plasmid DNA, 1.1 M CaC12, and 8.7 mM sper- 
midine. Log-phase suspension culture cells were pipetted onto 
5-cm filters (Whatman No. 4) and vacuum-filtered in a Biichner 
funnel. Approximately 0.5 ml packed cell volume (PCV) was 
placed on each filter, and the filters were transferred to petri 
dishes containing three 7-cm filters (Whatman No. 4) moistened 
with 3 ml MS2 medium. Cells were bombarded twice with 1 gl 
aliquots of the DNA-tungsten mixture using a Biolistics bom- 
bardment device (DuPont Co., Wilmington/DE). Bombard- 
ments were done under partial vacuum (50-100 mm Hg) using 
Remington A22C1 blank gun powder charges to propel the 
macroprojectile. 

Transformant selection 

Following bombardment, the support filter and cells were trans- 
ferred to MS2 medium solidified with 5.5 g/1 Seakem (FMC) 
agarose. Two protocols were used for selection of bialaphos-re- 
sistant cells. In one experiment, cells were grown on filters on 
solid MS2 medium for 7 days post-bombardment. Proliferating 
cells were transferred as discrete clumps (~  5 mm in diameter) to 
solid MS2 medium containing 1 rag/1 bialaphos (Meiji Seika 
Kaisha, Ltd., Yokohama, Japan). After 10 days, cell colonies 
were transferred to MS2 containing 0.1 mg/1 bialaphos. In a 
second experiment, bombarded cells were cultured on filters on 
solid MS2 medium for 14 days after bombardment, gently 
scraped from the filters, and resuspended in liquid medium. 
Cells were immediately plated thinly on filters (approx. 0.5-ml 
packed cells per 7-cm filter) and cultured on solid medium con- 
taining I or 3 rag/1 bialaphos. In both experiments, tissue was 
subcultured onto fresh selection medium every 10 days until 
resistant colonies developed, approx. 6-8  weeks after bombard- 
ment. 

Plant material 

BMS maize suspension cells (obtained in March of t 979 from V. 
Tilton, University of Minnesota, St. Paul/MN) were cultured in 
Murashige and Skoog (1962) medium containing 2 rag/1 2,4-D 
(MS2). Suspension cultures were maintained in the dark on a 
rotary shaker (150 rpm) and subcultured into fresh medium 
every 7 days. 

Plant expression vectors 

The bar gene was cloned from Streptomyces hygroscopicus (M. 
Bibb, John Innes Institute, Norwich, England) and exists as a 
559-bp SmaI fragment in plasmid plJ4104. The sequence of the 
coding region of this gene is identical to that published (Thomp- 
son et al. 1987). To create plasmid pDPG165, the SmaI fragment 
from pIJ4104 was ligated into a pUC19-based vector containing 
the Cauliflower Mosaic Virus (CaMV) 35S promoter (derived 
from pBI221.1, provided by R. Jefferson, Plant Breeding Insti- 
tute, Cambridge, England), a polylinker, and the transcript 7 
(Tr7) terminator from Agrobacterium tumefaciens (terminator 
provided by Calgene, Inc., Davis/CA). The other plasmid used 
in these studies, pCEV5, contains the maize Adhl promoter and 
first intron, GUS and the nos terminator from Agrobaeterium 
tumefaciens [construction as described by Klein et al. (1988 b); 
plasmid provided by Calgene, Inc., Davis/CA]. 

Enzyme assays 

PAT activity was analyzed using a procedure modified from De 
Block et al. (1987). The assay was developed using an E. coli 
strain containing pDPGI65 and maize protoplasts electroporat- 
ed with pDPG165. Protoptasts were isolated from A188 x B73 
suspension culture cells according to Heyser (1984), and electro- 
porated in an osmotically balanced, HEPES-buffered saline so- 
lution (Fromm et al. 1986) using two, 3-ms square-wave pulses 
'with a 0.5-kV/cm field strength. For PAT activity determina- 
tions, the E coli cells and electroporated protoplasts were ex- 
tracted in 10 mM NazHPOjIO mM NaC1, pH 7.0, using a bead 
beater (Biospec Products). BMS cells (100-500 rag) were ex- 
tracted using a bead beater in 100-500 gl 50 mM TRIS-HC1, 
pH 7.5, 2 mM EDTA, 0.15 mg/1 leupeptine, 0.15 rag/1 phenyl- 
methylsulfonyl fluoride, 0.3 mg/1 bovine serum albumin, and 
0.3 mg/1 dithiothreitol. To a small amount of plant extract 
(25 gg total protein in 20 gl buffer), 3 p.1 ~4C-acetyl coenzyme A 
(48.1 mCi/mmol, NEN) and 2 gl Basta (Hoechst, FRG), diluted 
1 : 10 in extraction buffer, were added. Reactions were incubated 
at 37 ~ for 30 min, spotted onto silica gel thin-layer chromatog- 
raphy plates, and chromatographed in a 3:2 mixture of l- 
propanol and NH4OH. l*C-Acetylated PPT was visualized by 
autoradiography. GUS activity was assayed histochemically as 
described (Jefferson/987). Assays were incubated overnight at 
37~ and scored for blue cells at 18-24 h. 



S o u t h e r n  b lo t  analys is  

Genomic DNA (4 gg per digest) was isolated according to 
Mettler (1987), digested with a threefold excess of restriction 
enzymes, electrophoresed through 0.8% agarose (FMC), and 
transferred (Southern 1975) to Nytran (Schleicher and Schuell) 
filters. Filters were prehybridized at 65~ in 6 x SCP (20 x 
SCP: 2 M NaC1, 0.6 M disodium phosphate, 0.02 M disodium 
EDTA), 10% dextran sulfate, 2% sarcosine, and 500 gg/ml hep- 
arin (Chomet et al. 1987) for 15 min. Filters were hybridized 
overnight at 65 ~ in the same buffer containing 100 lag/ml dena- 
tured salmon sperm DNA and 3ZP-probe labeled using random 
primed DNA labeling (Feinberg and Vogelstein 1983; 
Boehringer-Mannheim). The 0.6-kb SmaI fragment from 
pDPG165 and the 1.8-kb BamHI/EcoRI fragment from pCEV5 
were used in the random priming reactions to generate probes 
for detecting sequences encoding PAT or GUS, respectively. 
Filters were washed in 2 x SCP, 1% SDS at 65 ~ for 30 min and 
visualized by autoradiography using Kodak XAR5 film. 
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Results 

BMS cells were bombarded with tungsten particles coat- 
ed with equimolar amounts of  two plasmids: pDPG165 
encoding PAT and pCEV5 encoding GUS (Fig. 1 A and 
B). A portion of  the cells f rom each bombardment  filter 
was sacrificed for analysis of  transient GUS expression 
48 h after bombardment .  Transient GUS activity was 
observed as histochemically stained foci containing 1 to 
about  20 cells. The number of  transiently expressing foci 
was estimated to be 200 per bombarded filter. The cells 
remaining on the filters were transferred to nonselective 
medium. In one experiment, tissue was grown in the 
absence of  selection for 7 days, transferred to selection 
medium containing 1 mg/1 bialaphos for 10 days, and 
subsequently tansferred to medium containing 0.1 mg/1 
bialaphos. In a second experiment, tissue was grown in 
the absence of  selection for 14 days, resuspended in liquid 
medium, and plated immediately onto filters and cul- 
tured on solid medium containing 1 or 3 rag/1 bialaphos. 
Resistant colonies appeared 6 - 8  weeks after bombard-  
ment at all bialaphos concentrations (Fig. 2). Ten to 20 
bialaphos-resistant colonies were recovered from tissue 
originating from each bombarded filter, with comparable 
numbers of  transformants obtained from each selection 
scheme. No colonies grew on selection plates containing 
tissue that was not bombarded. Resistant colonies were 
removed from the filters and maintained as individual 
cell lines. The individual cell lines likely arose from inde- 
pendent integration events for two reasons. There was a 
low density of  transformants on the selection filters, and 
the cells were immobilized during the majority of  the 
selection period, except the first week after bombard-  
ment ( 3 - 4  generations). This supposition is strengthened 
by the unique Southern hybridization patterns of  all iso- 
lates tested (Fig. 5 A). Despite the fact that individual cell 
lines probably derived from independent integration 
events, each cell line does not necessarily represent the 

Fig. 2. Selection of bialaphos-resistant BMS cell colonies. Bia- 
laphos-resistant cells recovered on 3 rag/1 bialaphos (right)  and 
nonselected cells (left)  6 weeks after bombardment 

Fig. 3. Analysis of PAT activity in extracts of maize protoplasts 
48 h post-electroporation and of E. coli. L a n e  1 - A188 x B73 
protoplasts electroporated with pCEV5; lane 2 - A188 x B73 
protoplasts electroporated with pDPG165; lane 3 - E. coli  strain 
DH5c~ containing pDPGI65. A r r o w  designates N-acetyl-PPT 

Fig. 4. PAT activity in extracts ofBMS transformants (BI B16) 
and a nonseiected control (B0). Approximately 25 gg of protein 
per reaction 
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Fig. 5 A - C .  Integration of the genes encoding 
PAT and GUS in bialaphos-resistant BMS 
isolates. A Southern blot of genomic DNA 
from B1-B16 and a nonselected control (B0) 
digested with EcoRI and HindIII. Blot was 
hybridized with 32P-labeled bar gene from 
pDPG165 ( ~ 4 x  10 6 Cerenkov cpm). Lanes 
designated 2 and 10 copies contain pDPG165 
digested with EcoRI and HindIII. Restricted 
plasmid DNA was loaded to represent ap- 
proximately 2 and 10 copies of the 1.9-kb bar 
expression unit per diploid genome (1 copy of 
1.9-kb fragment = 1.9 pg). B Southern blot of 
genomic DNA from B3, B6, BT, Bg, and B0 
digested with SmaI and hybridized to the 3z p. 
labeled bar gene from pDPG165 (~33 x 10 6 
Cerenkov cpm). C The bar probe was washed 
from the filter shown in A and the filter was 
hybridized again using 32p-labeled GUS 
probe from pCEV5 (~20x10 6 Cerenkov 
cpm). Copy number equivalents for the gene 
encoding GUS were obtained using pCEV5 
digested with EcoRI and HindIII (1 copy of 
2.1-kb fragment = 2.1 pg) 
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progeny of a single transformed cell, since there was 
frequently more than one cell per focus that transiently 
expressed GUS. 

Analysis of the bialaphos-resistant colonies was ini- 
tially performed by assaying for phosphinothricin acetyl- 
transferase (PAT) activity. The assays were performed 
using Basta, a commercial herbicide formulation, con- 
taining chemically synthesized PPT. PPT, the active moi- 
ety in bialaphos, is generated in plant cells through cleav- 
age of bialaphos by intracellular peptidases. PPT, an in- 
hibitor of glutamine synthetase in plants and bacteria 
(De Block et al. 1987), is acetylated by the bar gene prod- 
uct, yielding an inactive product, N-acetyl-PPT. The 
chromatographic assay used to detect PAT activity was 
developed using extracts from an E. coli strain containing 
pDPG165 and A188 x B73 maize protoplasts electropo- 
rated with pDPG165 (Fig. 3). Sixteen randomly chosen 
bialaphos-resistant BMS isolates (B1-B16) were tested 
and found to contain PAT activity; the levels varied ap- 
proximately 20-fold (Fig. 4). In some isolates, there was 
almost complete conversion of available acetyl-coenzyme 
A to N-acetyl-PPT (B5, B12, and B14). 

Southern analyses were performed on the same 16 
bialaphos-resistant isolates (B 1-  B16) analyzed in Fig. 4. 
Chromosomal DNA was digested with EcoRI and 
HindIII to release the intact 1.9-kb expression unit 
(Fig. 1 A), electrophoresed in agarose, transferred to ny- 
lon membrane, and hybridized to 3zP-labeled bar gene 
from pDPG165 (Fig. 5A). In 12 of the 16 samples, a 
1.9-kb fragment hybridized to the probe, and the copy 
number of the intact expression unit (35S-bar-Tr7) varied 
from I to approximately 20. Higher molecular weight 
fragments were also detected in most of the isolates; such 
fragments may represent rearranged copies of the expres- 
sion unit or may be the result of partial digestion of 
chromosomal DNA. Four of the isolates (B3, B7, B9, 
and B10) lacked an intact expression unit but did contain 
higher molecular weight fragments that hybridized to the 
bar gene probe. Despite the lack of intact expression 
units, these isolates did express PAT at levels comparable 
to transformants containing intact expression units. 
Therefore, we analyzed the isolates lacking the intact 
expression unit for an intact copy of the bar gene. Chro- 
mosomal DNA from these four samples and from trans- 
formant B6, which contains an intact expression unit, 
was digested with SmaI and analyzed by Southern hy- 
bridization to the bar gene (Fig. 5 B). All four isolates 
lacking the intact expression unit contained intact copies 
of the bar structural gene (0.6-kb, Fig. 1 A). Expression 
of the bar gene in these four isolates may not be depen- 
dent on the 35S CaMV promoter and/or the Tr7 termina- 
tor. As previously report (Nagy et al. 1985), there is no 
apparent correlation between the copy number of intact 
or rearranged bar genes and the level of expression in 
transformed callus (Figs. 4 and 5 A). 

To determine the co-integration frequency of the non- 
selected marker gene, the Southern blot shown in 
Fig. 5A was washed and probed again with the gene 
encoding GUS. The restriction enzymes used to excise 
the intact 1.9-kb bar expression unit also released a 2.1- 
kb fragment, which did not contain the entire expression 
unit but did contain the entire structural gene for GUS 
and approximately 300 bp of the Adhl intron. Ten of the 
16 bar transformants (BI, B2, B4, B5, BS, B11, B12, B14, 
B15, and B16) contained sequences that hybridized to the 
gene encoding GUS (Fig. 5C); most contained intact 
copies as well as higher molecular weight fragments. In 
these experiments, co-transformation frequency was 
> 50% using an independent plasmid to introduce a 
second gene for a nonselectable marker. The range in 
copy number of the 2.1-kb fragment was 1 to approxi- 
mately 20; however, in this case we cannot make conclu- 
sions about the integrity of the expression unit since the 
digest does not release the intact expression unit. In those 
isolates containing sequences hybridizing to the GUS 
probe, the relative copy numbers of these sequences were 
similar to the copy numbers of the sequences hybridizing 
to the bar probe in that same isolate (Fig. 5 A and C). 
This similarity in integration patterns has been noted 
previously (Lyznik et al. 1989) and may be related to the 
competency state of the cell to be transformed. For ex- 
ample, there may be a particular phase of the cell cycle in 
which DNA is delivered more efficiently to the nucleus 
(Okada et al. 1986). Alternatively, the similar copy num- 
ber of the genes encoding PAT and GUS in an individual 
transformant may be due to the fact that ptasmids form 
eoncatemers by homologous recombination prior to in- 
sertion into the host genome, as has been observed in 
other systems (Folger et al. 1982). 

The frequency of expression of GUS was determined 
by testing a small amount of tissue from each of the 
transformants for histochemically detectable GUS activ- 
ity. Eight of the 16 transformants (BI, B2, B4, B5, Bl l ,  
BI3, BI4, and B16) had GUS activity at 11 weeks post- 
bombardment, giving a co-expression frequency of 50%. 
Two of the transformants expressed GUS uniformly in 
all tissue tested (B5, B11). Other transformants exhibited 
GUS expression in approximately half of the cells tested 
(B1, BI4, B16), and two of the transformants had detect- 
able GUS expression in approximately 10% of the cells 
(B2, B4). With the exception of B13, all transformants 
that expressed GUS contained sequences that hybridized 
to the GUS probe. GUS expression in B13 was limited to 
a few cells in the sample tested (<  1%), and may have 
resulted from contamination of the tissue with tissue 
from another transformant during culture maintenance, 
or may be due to the chimeric nature of this isolate. 
Tissue was tested again 6 months later, and patterns and 
levels of expression were similar in all isolates except for 
B13, which contained no cells expressing GUS. Three of 
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Fig. 6 AandB. Relationship between the level of PAT expres- 
sion and the fresh weight increase of BMS bar transformants 
grown on a range of bialaphos concentrations. A Growth of 
transformants with relatively high (B5) and low (B6) levels of 
PAT expression after 4 weeks on a range ofbialaphos concentra- 
tions. B0 is a nonselected control. B Graphic representation of 
fresh weight increase oftransformants B5, B12, B14, B6, B9, and 
B10 cultured for 5 weeks on 0, 1, 10, 100, and 250 rag/1 biala- 
phos. Hatched boxes at top of figure show the patterns used for 
the various bialaphos concentrations 

the transformants (B8, B I2, B 15) contained intact 2.1-kb 
fragments but did not express GUS; these isolates may 
not contain intact expression units. 

Transformants were analyzed to determine if higher 
levels of PAT expression supported faster growth rates on 
medium containing bialaphos. Six transformants were 
analyzed: three with high levels of PAT expression (B5, 
B12, and B14) and three with relatively low expression 
levels (B6, B9 and BI0) (Fig. 6). Approximately 150 mg 
of each transformant and a nontransformed control was 
cultured on filters overlaying media containing 0, 1, 10, 
100, and 250 mg/1 bialaphos. After 5 weeks, the tissue 
was removed from the filters and weighed. Fresh weight 
increase of each of the transformants, as a percent of its 
0 mg/1 bialaphos control, was determined at all bialaphos 
concentrations (Fig. 6 A and B). All six transformants, 
regardless of PAT expression levels, were not inhibited at 

I and 10mg/1 bialaphos. Growth of low-expressing 
transformants was inhibited at 100 and 250mg/1 
bialaphos, while the growth of the high-expressing trans- 
formants was relatively unaffected, The 100- and 250- 
rag/1 levels of bialaphos are much higher than those used 
for the initial selection of transformants (1-3 mg/1). 

Discussion 

Our results demonstrate that the bar gene is an effective 
selectable marker for intact BMS maize cells transformed 
by microprojectile bombardment. Estimating the fre- 
quency of stable transformation using this system can be 
accomplished in at least two ways. It is difficult to esti- 
mate the total number of cells on a bombardment filter 
because maize suspension culture cells often grow in 
large clusters, containing many cells. Therefore, transfor- 
mation frequency can be expressed as the number of 
stable transformants per bombarded filter; this number 
represents an estimation of the ability to recover 
bialaphos-resistant transformants from a population of 
bombarded cells. In the experiments described in this 
paper, 0.5 ml PCV of cells was plated on each filter for 
bombardment. From the total number of transformants, 
we can estimate that approximately 10-20 bialaphos- 
resistant colonies were recovered per original bombarded 
filter. This estimation of transformation frequency, how- 
ever, does not take into account the frequency with which 
DNA is introduced into cells. In these experiments we 
can estimate the number of cells (or groups of cells) 
initially receiving DNA by determining the number of 
cells transiently expressing GUS. The transformation fre- 
quency can then be expressed as the efficiency with which 
stable transformants arise from a population of cells 
transiently expressing DNA. The number of cell clusters 
(foci) expressing GUS at 48 h post-bombardment aver- 
aged approximately 200 per bombarded filter (with a 
range of 1 to 20 expressing cells per focus). From the 
total number of transformants recovered, we can esti- 
mate that about I bar transformant was recovered for 
each 10-20 transiently expressing GUS foci observed. 
Because there were often multiple cells per focus, the 
transformation frequency on a per cell basis would be 
lower than on a per focus basis. Estimation of transfor- 
mation frequency by this method was based on the as- 
sumption that all cells that transiently expressed GUS 
received DNA-coated tungsten particles and remained 
viable. 

BMS maize suspension cultures have been used as a 
model system for studying maize transformation. Stable 
kanamycin-resistant transformants have been recovered 
from BMS suspension culture cells bombarded with the 
neo gene (Klein et al. (1989); present authors' unpub- 
lished results). Our results demonstrate that bialaphos 
can be used to select transformed BMS cells from a pop- 
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ulat ion of  nont ransformed cells. Addi t ional ly ,  we have 
demonst ra ted  that  co- t ransformat ion  and co-expression 
frequency was 50% or greater in BMS using independent  
plasmids to introduce a nonselectable marker.  The util i ty 
of  any selection scheme for introducing traits into corn, 
however, will depend upon  its effectiveness as a selective 
agent in regenerable maize cell cultures. Nonembryo-  
genic BMS cells differ f rom many  embryogenic maize cell 
cultures in their sensitivity to kanamycin.  H a u p t m a n n  
et al. (1988) described insensitivity to kanamycin  of  cell 
cultures from numerous  monocot  species. We have been 
unsuccessful in our l abora to ry  in reproducibly selecting 
t ransformed kanamycin-  or G418-resistant cells from 
embryogenic  maize cell cultures bombarded  with the neo 
gene. We recently repeated bia laphos selection of  bar 
t ransformants  using regenerable embryogenic  maize cell 
cultures. These da ta  will be presented in a subsequent 
paper .  
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