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Abstract

The activity of promoter sequences was evaluated
in garlic cells using the f-glucuronidase (GUS)
gene as a reporter. Histochemical GUS assay in-
dicated transient GUS activity in leaf, callus and
root cells 48 hours after particle bombardment
transformation. Quantitative fluorometric assays in
extracts of transformed leaves demonstrated that
the CsVMV promoter induced the highest level of
gene expression, which was, on average, ten fold
the level induced by CaMV35S and by the Ara-
bidopsis Act2 promoters and two fold the level ex-
pression observed with a construct containing a
double CaMV35S plus the untranslated leader se-
quence from AMYV. No activity or very low levels
were observed when cells were transformed with
plasmids containing the typical monocot promoters,
Actl, from rice or the Ubi-1, from maize. The
green fluorescent protein (GFP) was also tested as
a marker gene for garlic transformation. Intense
fluorescence was observed in leaf, callus and root
cells transformed with a construct containing the
gfy gene under control of the CaMV35 promoter.
No fluorescence was detected when the gfp was
under control of the Ubi-1 promoter.

Introduction

Garlic (Allium sativum L.) is an important veget-
able crop grown in many countries, used as con-
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diment and for its therapeutic and medicinal pro-
perties (Sendl, 1995). Garlic plants are usually agam-
ic and are propagated vegetatively either by cloves
or by inflorescence bulbils. Except for a few varieties,
plants do not set flower or the flowers are sterile
(Pooler and Simon, 1994). The variability is restricted
to the available clones and genetic improvement by
sexual crosses is usually not possible. Therefore, ap-
proaches such as somaclonal variation and genetic
transformation are important alternatives for im-
proving the variability in the available clones.

Plant genetic transformation evolves a number of
cellular and molecular events such as DNA transfer,
gene expression, selection of transformed cells and
plant regeneration. Transient gene expression has
been widely used to optimize DNA delivery
parameters and to compare promoter sequences in
fusion with reporter genes. The expression of re-
porter genes and the activity of promoters have been
studied in some species of the order Liliales, in-
cluding tulip, lily, onion and garlic (Wilmink et al,
1995; Eady et al, 1996; Myers and Simon, 1996;
Barandiaran et al., 1998). Difficulties in achieving Al-
lium transformation have been reviewed by Eady
(1995). Among these are the large size of the Allium
genome and the low regeneration rates from transfor-
mation competent cells. In addition, Barandiaran et
al. (1998) did not detect transient gene expression in
garlic cells and showed that the activity of en-
dogenous nucleases was as a limiting factor transfor-
mation of garlic.

In this study, the activity of promoters derived
from monocots, virus and dicots were compared in
different garlic tissues, using the pB-glucuronidase
(GUS) gene as a reporter. The green fluorescent pro-
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tein (GFP) was also tested as a marker gene for garl-
ic transformation.

Materials and Methods

Plant material and culture conditions

Garlic bulbs (cv. Cagador) were stored at 4C for
approximately 3 months to break dormancy. The
cloves were separated from the bulbs and the pro-
tective and storage leaves removed. The stems were
trimmed at the basal part to remove necrotic areas
and were disinfested with 1% (v/v) sodium hy-
pochlorite, pH 7.0, for 15 min. After rinsing with ster-
ile water for 5-6 times, the stems were cultivated on
medium containing half the concentration of MS
salts and organic compounds (Murashige and Skoog,
1962), supplemented with 3% sucrose and 0.6% agar.
Media were adjusted to pH 5.8 before the addition
of agar and autoclaved at 1207 for 15 min. Cultures
were incubated at 25-+27T, 16 h photoperiod, and 40-
45 uEm™s” of light intensity.

After 7 days, young leaves, roots, and the basal
parts of sprouting leaves were excised and placed on
the center of a 9 mm Petri dish with MS medium
supplemented with 0.9 yM 2,4-Dichlorophenoxy a-
cetic acid (2,4-D), 3% sucrose and 0.7% agar.

Leaf, root and callus explants were used as target
for particle bombardment. Callus culture was ob-
tained from leaf explants cultured in MS medium
supplemented with 4.5 uM 2,4-D, 1.0 uM 6-(y-pdi-
methylallylamino) purine (2-ip), 3% sucrose and 0.7%
agar. The cultures were maintained in the dark and
subcultured monthly. The effect of osmotic treatment
on transient expression in callus was evaluated. Calli
were transferred to media containing manitol (0, 0.1

Table 1. Gene constructs utilised and their relevant features.

or 0.5 M) one day before transformation and main-
tained on these media for another 2 days, before as-
saying for GUS activity.

Particle bombardment conditions

DNA was precipitated onto tungsten particles us-
ing the calcium/spermidine method (Klein et al,
1995; Aragao et al., 1996). Plasmid DNA (total of 5
g) was added to 50 pL of tungsten (Sylvania, M10)
particle suspension (60 mg/mL in 50% glycerol).
DNA and particles were precipitated by adding 20 u
L of 0.1 M spermidine and 50 uL of 2.5 M CaCl,.
The preparations were washed two times with ab-
solute ethanol (150 ul) and resuspended in a final
volume of 24 uL. To avoid large particle clumps the
preparations were briefly sonicated (approximately 2
seconds) and distributed in 3 uL aliquots over the
macrocarrier discs.

The DNA-coated particles were accelerated using
a high-pressure helium device (Sanford et al.,, 1991),
under partial vacuum of 25 inches Hg. The helium
pressure used was 900 PSI, and the distance from
the macrocarrier support to the target was ap-
proximately 10 cm. After transformation the explants
were incubated at 25427, under diffused flu-
orescent light (10-15 uEm”s™) with 16 h photoperiod.

Plasmid constructs

Plasmid DNA was isolated using the Qiagen Max-
iprep kit. Relevant features of the constructs utilised
are listed in Table 1. In experiments to compare the
activity of different promoters, DNA preparations
were adjusted to contain equimolar concentrations of
the gus gene. According to the size of each plasmid,

Plasmid Promoter Coding region  Termiantor Size"(Kb) References

pBI221 CaMV 35S gus Nos 5.7 Jefferson et al., 1987

pBI426 CsMV355-355-AMVE? gus:nptll Nos 6.2 Datla et al., 1991
pILTAB308 CsVMV gus Nos 5.3 Verdaguer et al., 1996
pAH27 Ubi-1 gus Nos 7.0 Christiansen and Quail, 1996
pActl-D Actl gus Nos 8.0 McElroy et al., 1990
pBSGUS Act2 Qus Nos 6.5 -

PSGFP CaMV 355 sgfp Nos 4.5 Chiu et al., 1996

PMNG1001 Ubi-1 sgfp Nos 6.4 Upadhyaya et al, 1998

* AMVE = Alfalfa mosaic virus untranslated leader sequence
® Approximate size
¢ F. Arago, personal comunication
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appropriate amounts of plasmid pBSSK- (Stratagene)
was added to the preparation in order to obtain the
same final mass of DNA per preparation (5 ug).

Rice explants

Rice explants were used as a control for transfor-
mation conditions. Rice seeds (cv. Tain) were di-
sinfested in 1% sodium hipochloride for 10 minutes,
washed thoroughly and sown on MS medium sup-
plemented with 2.0 mg/L 2,4-D, 3% sucrose, and 0.
7% agar, pH 5.8. Seeds were maintained in the dark,
at 25¢C. After two days the embryos were removed
and prepared for particle bombardment transfor-
mation as described for garlic explants.

Histochemical and fluorometric GUS assays

Transient GUS activity in leaf, callus and root ex-
plants was assayed two days after particle bom-
bardment. For the histochemical assays, explants
were incubated in 100 mM sodium phosphate buffer
(pH 7.0), 0.1 % Triton, 10 mM Na,EDTA, and 5 mM
potassium ferricyanide, 5 mM potassium fer-
rocyanide and 1 mM 5-bromo-4-chloro-3-indolyl 8-D-
glucuronide (X-Gluc), for 6-8 hours, at 37C. After
staining explants were rinsed in distilled water and
fixed in 70% ethanol.

Quantitative fluorometric GUS assays were done
essentially as described by Jefferson et al. (1987).
Leaf explants were macerated in 400 pL of extraction
buffer (100 mM sodium phosphate buffer (pH 7.0),
Triton® 0.1%, 10 mM Na,EDTA, 1 mM fB-mer-
captoethanol). The extract (20 uL) was mixed with
180uL of reaction buffer (I mM 4-methyl-um-
belliferone-3-D-glucuronide (MUG) in extraction buff-
er). Samples of 20 uL. were taken at 15 min. intervals
and transferred to 1.980 mL of stop buffer (0.2 M
NaCQ,). Fluorescence was measured in a flu-
orometer (DyNAQuant™, BioRad) with an
excitation/emission of 360/460 nm, using 4-Methyl
umbellifone (4-MU) as a standard. Each experiment
consisted of at least five repetitions. Data were sta-
tistically analyzed following the Student t-test. GUS
specific activity expressed in nmol 4-MU/min/mg
protein was determined after measuring protein con-
centrations using the BioRad kit based on the
method of Bradford (1976).

GFP detection

GFP fluorescence was monitored under a Zeiss
Axiovert 100 TV inverted microscope with UV light
and a 450/520 excitation/emission filter set. Leaf ex-
plants were mounted on glass slides with water. Cal-

li and roots were observed directly on the culture
plates.

Results

Promoter activity

The activity of promoter-gene fusion constructs in
extracts of garlic leaves was evaluated using the (-
Glucuronidase (GUS) fluorometric assay. The pro-
moter from the cassava vein mosaic virus (CsVMV)
and the double 355 promoter from the cauliflower
mosaic virus (CaMV-CaMV-AMYV), in plasmid pBI
426, drove the highest levels of gus expression
(Figure 1). GUS activity was barely detectable under
the control of the actin (Act1) or ubiqutin (Ubi-1) pro-
moters isolated from rice and maize, respectively. In-
termediate levels of activity was observed when the
explants were transformed with the CaMV 355
(plasmid pBI221) or the Act2 promoter from Ara-
bidopsis (plasmid pBSGUS) (Table 1, Figure 1).
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Figure 1. f-Glucuronidase activity in extracts of leaf explants
two days after particle bombardment transformation with
different promoter-gus constructs. Bars represent the stan-
dard deviation of the mean values. Means with the same
letter are non-significantly different at P = 0.05.

Histochemical GUS assays in leaf explants
transformed with plasmid pILTAB 308 confirm the
high activity of the CsVMV promoter in this cells. A
large number of intensely stained blue cells could be
observed after two hours in reaction buffer (Figures
2A, 2C). When driven by Ubi-1 or by Actl promoters,
GUS activity was not significantly different from the
non-transformed controls, under the conditions used
in the fluorometric assays. However, in his-
tochemical assays, we could observe 1-2 faint blue
cells per explant transformed with the pAHA 27 con-
structs, containing the Ubi-1 promoter (Figure 2D).
To assure that plasmids and transformation were
working properly, rice escutelum explants were
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Figure 2. (A - D) Histochemical GUS assay in garlic leaf explants (A) and callus (B) two days after particle bombardment with
plasmid pILTAB 308. (C) Leaf explant at higher magnification. (D) Leaf explant transformed with pAH27. (E and F) GFP flu-
orescence in leaf cells (E) and callus (F), two days after transformation with plasmid pSGFP. Bars = 1 mm in A and B and 100

minC, D, E and F.

transformed together with garlic explants and analyz-
ed by the histochemical GUS assay. Explants
transformed with plasmids pAHA27 and pActl
showed intensely stained blue cells and the number
of transformed cells was higher than in explants
transformed with the plasmid pBI221, containing the
CaMV355 promoter (data not shown).

GUS activity in callus and root explants

Plasmid pILTAB 308 was used to transform
callus an roots. Histochemical assays showed that
the CsVMV promoter is also active in these cells
(Figure 2B). The effect of a osmoticum treatment on
callus transformation was also evaluated. The ad-
dition manitol to the culture medium did not in-
crease the number of cells expressing GUS in re-
lation to the calli cultured without the osmoticum
treatment (data not shown).
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Some endogenous GUS activity was observed in
callus tissues. This activity was characterized by a
diffused faint blue color and was easily dis-
tinguished from the exogenous f-glucuronidase ac-
tivity of transformed cells. Moreover, this activity
was negligible when potassium ferricyanide and fer-
rocyanide in concentrations over 2.5 mM were add-
ed to the reaction buffer. Thus, we routinely adopted
a concentration of 5 mM which also reduced the dif-
fusion of the reaction products in both callus and
leaf explants (Figure 2B, 2C). GUS activity in garlic
extracts was not inhibited by the addition of po-
tassium ferricyanide and potassium ferrocyanide at
concentrations up to 10 mM, as determined by flu-
orometric assays (data not shown).

GFP fluorescence

GFP fluorescence was detected in garlic leaf and
callus cells transformed with the CaMV355-¢fp con-
struct (Figures 2C, 2D). The GFP version used (SGFP)
has a single excitation peak at 490 nm and emission
at 510 nm and a green fluorescence 120-fold greater
than the wild-type GFP (Chiu et al,, 1996). A strong
fluorescence was observed in transformed cells and
practically no endogenous fluorescence in leaf tissues
was detected (Figure 2C). Although some explants
showed endogenous red fluorescence from chloro-
phyll, this apparently did not interfere with GFP flu-
orescence.

In callus tissues a pale-green background was
present but fluorescence derived from the GFP-ex-
pressing cells was quite strong and clearly dis-
tinguishable (Figure 2D). Fluorescence could be ob-
served as early as 4-5 hours after particle bom-
bardment transformation and a few fluorescing cells
could be identified for a period of up to four weeks.

No fluorescence was observed in garlic cells
transformed with an Ubi-1-gfp, in either callus, root
or leaf explants. In rice cells, strong fluorescence
could be observed following transient expression of
gfp, under the control of either CaMV35S or Ubi-1 re-
gulatory sequences (data not shown).

Discussion

We have demonstrated the transient expression
of gus and gfp genes in garlic. GUS activity and GFP
fluorecence were detected in leaf, callus and root
cells. Quantitative S-glucuronidase assay was used
to compare the activity of promoter sequences in leaf
explants.

Transient expression of GUS in garlic cells was
described recently by Barandiaran et al. (1998).
These authors reported that GUS activity could only

be detected after the tissues were treated with nu-
clease inhibitors. They found high level of en-
dogenous nuclease activity in garlic extracts and sug-
gested that the lack of transient gus expression was
due to plasmid degradation (Barandiaran et al,
1998). Our results, in contrast, showed transient ex-
pression of both gus and gfp genes, whose products
could be detected at high levels in different tissues
such as leaf, callus and roots, without any treatment
with nucleases inhibitors. Myers and Simon (1996) re-
ported the expression of gus in cell cultures of garlic,
and the addition of nuclease inhibitors was also not
needed. Therefore, nuclease activity does not seem to
be a general limiting factor for transient gene ex-
pression in garlic and the differences observed are
likely to result from the varieties of garlic used.
Transient gene expression analysis has been wide-
ly applied to evaluate promoter activity and to es-
tablish and optimize transformation conditions. Al-
though the expression and stability of a foreign gene
in a transgenic plant probably evolve several factors
such as position effect, gene silencing and other com-
plex and yet unstudied events, transient expression
analysis represents a valuable approach (Warkentin
et al., 1992; Rathus et al., 1993; Schledzewski and
Mendel, 1994; McElroy and Brettell, 1994;
Upadhyaya et al, 1997). High and constitutive ac-
tivity of promoter controlling the appropriate select-
able gene is an important factor to obtain transgenic
plants (McElroy and Brettell, 1994; Li et al., 1997).
Some of the promoters that are reported to drive
constitutive expression in monocots and dicots
where chosen and tested in garlic cells. The con-
structs tested contained virus-derived promoters,
such as the CaMV35S and the CsVMV, the maize u-
biquitin (Ubi-1), and the actin promoters, Actl and
Act2, from rice and Arabidopsis, respectively
(McElroy et al., 1990; Datla et al., 1991; Verdaguer et
al., 1996; Christiansen et al., 1996; An et al., 1996).
Among these promoters, the CaMV35S is the
most common and widely used for driving high and
constitutive expression in transgenic dicot plants
(Rathus et al.,, 1993; Schledzewski and Mendel, 1994;
Wilmink et al, 1995). The activity of the CaMV355
promoter is further enhanced if two copies are plac-
ed in tandem (Datla et al., 1991), such as in plasmid
pBI426. This plasmid also contains an untranslated
leader sequence from the AMV (alfalfa mosaic virus),
that was shown to increase gene expression ap-
proximately 20-fold in tobacco protoplasts (Datla et
al., 1993). The CaMV35S is also functional and wide-
ly used in monocot species. However, the rice Actl
and the maize Ubi-1 promoter sequences have been
reported to induce 10-50 fold the expression level re-
lative to the CaMV35S in transient assays and in
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transgenic plants of a number of monocot species,
such as rice, maize, barley, sugar-cane, wheat, oats
and fescue (reviewed by McElroy and Brettell, 1994
and by Wilmink et al., 1995)

The other virus-derived sequence we tested was
the CsVMV promoter. This promoter was isolated re-
cently from cassava vein mosaic virus (CsVMV) and
characterized (Verdaguer et al, 1996). It presents a
constitutive expression pattern in cassava and rice
plants and its activity in tobacco plants and pro-
toplasts is comparable to the CaMV35S (Verdaguer
et al, 1996). In garlic cells, the CsVMV was the most
active among the promoters tested. GUS expression
under control of CsVMV promoter was ap-
proximately ten fold the observed with the CaMV
355 and two fold the double CaMV35S promoter.
We also showed that this construct is active in leaf,
callus and root cells and can also be considered as
constitutive promoter in garlic.

The promoter sequences Actl and the Ubi-1,
derived from rice or maize, respectively, were not ac-
tive or induced scant levels of expression in garlic
cells. However, when the Act2 promoter sequence
from Arabidopsis was tested (plasmid pBSGUS) the
GUS activity was comparable to the CaMV35S pro-
moter (Figure 1). These results suggests that dicot
promoters are more active in garlic cells than pro-
moter derived from monocots.

Wilmink et al. (1995) compared the activities of
the Actl, Ubi-1 Emu and CaMV35S promoters in leek
(Allium ampeloprasum), lily (Lilium longiflorum), tulip
(Tulipa gesneriana), rice and Nicotiana plumbaginifolia.
The activities of the Ubi-1, Actl and Emu promoters
was much higher in rice cells than in leek, lily, tulip
and N. plumbaginifolia. With the CaMV355 promoter,
in contrary, the activity in rice cell was very low.
Therefore, they concluded that the promoter activity
in lily, leek and tulip resembles the pattern observed
in Nicotiana (Wilmink et al, 1995). Our results and
other reports with species of the Liliales also support
this conclusion. In onion (Allium cepa), GUS activity
was not detected under the control of the rice Actl
promoter and activity under the CaMV355 was 5-10
fold the activity with the Ubi-1 promoter (Eady et al.,
1996). In garlic, results reported by Barandiaran et al.
(1998), after treating the tissues with nuclease in-
hibitors, and by Myers and Simon (1996) in cell
suspension also found that the expression under the
control of the rice Act-1 promoter was very low or
absent and much higher under the control of the
CaMV355 promoter. A direct comparison between
these studies and our results could not be made be-
cause these authors did not quantitatively analyze
GUS activity.

The Actl and Ubi-1 constructs contain an intron

located at the 5 untranslated region. The presence of
these introns enhances gene expression in rice and
maize cells but had an inhibitory effect in Nicotiana
and leek, and sugarcane (Rathus et al,, 1993; Eady et
al., 1996; Christiansen and Quail, 1996). The low ac-
tivity of the Actl and Ubi-1 promoters in dicots and
in some monocots from the Liliales was suggested to
result from misleading of splicing or other diff-
erences in promoter sequence and its recognition by
transcription factors (Rathus et al., 1993; Wilmink et
al., 1995). The species from the Liliales so far studied,
including garlic, may differ from cereal monocots in
relation to intron recognition and splicing and
behave more like a dicot. Our results with the Act2
promoter, from Arabdopisis, corroborates with this hy-
pothesis. The Act2 promoter also harbors an intron
which is probably recognized and processed in garl-
ic cell, in contrary to the Actl promoter from rice.
Differences in the intron recognition sites have been
characterized between mono and dicots. However,
detailed molecular analysis would be necessary to
confirm whether the low activity of monocot pro-
moters among species from the Liliales results from
the regulatory sequence and the interaction with tran-
scriptional factors, from intron recognition and pro-
cessing, or from both. Nevertheless, our resuits are
in accordance with previous studies on the use of ce-
real promoters as for their restrictions as gene ex-
pression vectors in monocot species from the Liliales.

The green fluoresce protein (GFP) was also tested
as a marker for garlic cell transformation. The ex-
pression of GFP have been described in transient as-
says in orange, Arabidopsis, alfalfa, maize, rice, soy-
bean, spruce and pine. Transgenic plant of tobacco
(reviewed by Leffel et al,, 1997). Transgenic plants of
tobacco, Arabidopsis, rice, sugar-cane and maize have
also been reported to express GFP (Leffel et al.,, 1997;
Vain et al, 1998). The GFP is a vital marker, does
not require any substrate or cofactors, can be fused
to proteins and is relatively easy to be detected.
These features make the gfp an attractive reporter
gene with a broad application in cell biology
(Haseloff and Amos, 1995; Cubitt et al., 1995; Leffel
et al,, 1997). The GFP has some disadvantages is re-
lation to the B-glucuronidase, once it is not suitable
for quantitative assays and is not as sensitive. Be-
sides, in Arabidopsis high levels of GFP expression
seemed to interfered in plant regeneration (Haseloff
and Amos, 1995; Chiu et al., 1996).

We have detected strong GFP fluoresce in ex-
plants transformed with plasmid pSGFP, containing
the sgfp gene under control of the CaMV35S pro-
moter (Table 1). The sgfp is a synthetic gene, from
which the cryptic intron sites have been altered and
the cromophrore mutated at the position 65 from ser-
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ine to threonine. The SGFP shows a single excitation
peak at 490 nm and a 120-fold brighter green flu-
oresce than the wild type GFP (Chiu et al, 1996).
Under blue light the endogenous fluoresce from
leaves, callus or root cells was much lesser intense
than if under shorter wave-length (i.e. 405 nm). No
fluorescence was observed when the explants were
transformed with the Ubi-1-sgfp construct (plasmid
pMNG1001) and is in accordance with the results ob-
tained with the Ubi-1-gus fusion (Figure 1).

GFP fluorescence was detected 4-5 hours after
transformation and was still present in a few cells aft-
er four weeks. This suggests integration of the
foreign DNA or that the GFP is very stable in garlic
cells. We did not observe cell division among these
GFP expressing cells. The explants were not cultured
under condition that are optimal for inducing callus
formation and no selection agent nor selection gene
was included. Besides, the transformed cells showing
GFP fluorescence, could possibly be non competent
for division. Further experiments pursuing transform-
ed callus and transgenic plants are undergoing and
would confirm the suitability and value of utilizing
the GFP as a vital marker for garlic transformation.

The results obtained on promoter activity shall be
useful for developing a garlic transformation pro-
tocol. Likewise, the GFP can be used as a vital mark-
er gene to follow transformation events. These fac-
tors, together with an efficient selection for the
transformed cells and for plant regeneration are im-
portant steps towards a garlic transformation pro-
tocol and to ensure high levels of gene expression in
transgenic plants.
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