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Abstract

Stable transformation of perennial ryegrass (Lolium perenne 1..) was achieved by biolistic bombardment
of a non embryogenic cell suspension culture, using the /pt and gusA4 gene. The transformation yielded
on the average 5 callus lines per bombardment (1.4 x 10° cells). Stable integration of the genes into the
plant genome was demonstrated by Southern analysis of DNA, isolated from hygromycin-resistant callus
lines. The gusA reporter gene, which was regulated by the constitutive promoter of the rice gene GOS2,
was expressed in both transient and stable transformation assays, indicating that this promoter is suitable
for expression of a transferred gene in perennial ryegrass. Long-term GUS expression was observed in
ca. 409, of the callus lines, whereas the other callus lines showed instability after 6 months and 1 year

of culture.

Using high-velocity microprojectiles, nucleic
acids can be delivered into plant cells [ 14]. Using
this biolistic method, transgenic plants have been
obtained from soybean [18], maize [9], papaya
[7], cotton [6], rice [2], wheat [22] and sugar-
cane [1]. Biolistic bombardment is with few
modifications applicable to many plant species.
Therefore, this method was used to obtain stable
transformation in perennial ryegrass (Lolium
perenne 1.) to study long term expression of the
gusA gene regulated by the promoter of the con-
stitutive rice gene GOS2 [4].

For transformation experiments, a fast-growing
non-embryogenic cell suspension culture of

perennial ryegrass, a kind gift from Barenbrug
Holland BV (Oosterhout, Netherlands), was
used. It was originally initiated from mature em-
bryos from the cv. Aurora [3] and was over two
years old. The cell suspension was subcultured
weekly and grown in the dark at 25 °C in culture
medium [3]. Three days after subculture, 0.25 ¢
(fresh weight) log-phase cells (1.4 x 10° cells) were
evenly dispersed onto the surface of a 42 mm
diameter Whatman filter disc (Schleicher &
Schuell) [12]. Subsequently, 0.5 ml of fresh me-
dium was added and the filters were placed onto
culture medium solidified with 0.2%, (w/v) gelrite
and left overnight at 25 °C in the dark. The next
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day the filters were used for biolistic bombard-
ment [ 12] with 0.6 pug plasmid DNA of pORCE-
Hyg [12] (Fig. 1). As a control, filters with sus-
pension material were bombarded using particles
without DNA. After bombardment the filters were
incubated on culture medium for 24 h at 25 °Cin
the dark. For histochemical assay of transient
GUS expression, 200 ul X-gluc buffer [21] was
pipetted onto the filter discs 24 h after bombard-
ment and incubated for 2h at 37 °C and 48 h at
25 °C. Subsequently, the tissue was scored for
blue cell clusters, yielding an average of 36 blue
cell clusters per bombarded filter (z =4, SE (stan-
dard error)=15.5), which indicated transient
GUS expression. For stable transformation the
filters were transferred to selection medium, con-
sisting of culture medium solidified with 0.29
(w/v) gelrite containing 80 or 150 mg/l hygromy-
cin, 24 h after bombardment. On selection me-
dium with 150 mg/1 hygromycin growth of control
tissue stopped, although it started to proliferate
again when retransferred to culture medium after
maintenance on selection medium for 4 weeks.
On 80 mg/l hygromycin slow growth of control
tissue was still detected after one week of culture.
Therefore, these cells were transferred to selec-
tion medium with 150 mg/l hygromycin one week
after bombardment. Four and eight weeks after
bombardment, the first and second subculture,
actively growing calli, were isolated and main-
tained separately as hygromycin resistant callus
lines on selection medium. With an average of 5.5
transgenic callus lines per bombardment, a total
of 60 hygromycin resistant callus lines was iso-
lated from 11 bombarded filters (n = 11, SE = 1.5).

GUS expression in selected callus lines was

initially determined approximately 2.5 months
after bombardment on small pieces of callus tis-
sue (diameter 5 mm), using the same X-gluc buffer
and incubation as for the assay of transient GUS
expression, Different patterns of blue staining
were observed in the assayed callus material and
were classified as completely blue ( + +), partially
blue (+—) and no blue staining (- ). From the
total of 60 selected hygromycin-resistant callus
lines, 24 exhibited no blue staining, 26 were par-
tially blue and 10 were totally blue. To analyse the
stability of GUS expression upon further culture,
the GUS assay was repeated 6 months after bom-
bardment; 5 of the 10 callus lines which had a
completely blue GUS phenotype at the first GUS
assay showed a partially blue GUS phenotype.
One year post bombardment a group of 12 callus
lines, consisting of 4 callus lines of each classified
GUS phenotype determined at the first GUS
assay, was assayed again (Table 1). From the 8
callus lines which exhibited blue staining at the
first assay, 5 callus lines showed a decrease of
blue staining at the second assay. The 4 callus
lines with a negative GUS phenotype at the first
X-gluc assay remained negative.

One year after bombardment, stable integra-
tion of the transferred Apt and gusA genes was
confirmed by Southern analysis for the 12 callus
lines, which were also tested for long term GUS
expression. All the 12 callus lines analysed dis-
played individual integration patterns, when the
band patterns visualized by the HPT and GUS
probe are combined, indicating independent
transformation events. Eco RI digestion yielded
the expected bands of 1.0 and 1.8 kb, hybridizing
with the HPT probe, suggesting the presence of
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Fig. 1. The plasmid pORCEHyg contains the Apt gene [ 10], which confers hygromycin resistance, as a selection gene and the gus4
gene [13] as a reporter gene. The Apt gene is under control of the 35S CaMV promoter and the nopaline synthase polyadenylation
signal [11]. The expression of the gus4 gene is regulated by the promoter of the constitutively expressed rice gene GOS2 [4] and
the terminator of the Tr mannopine synthase 0 gene. The chimeric gene construct has been subcloned in pBluescript. Eco RI di-
gestion of pPORCEHyg plasmid DNA yields the fragments as indicated in the physical map. The sequences corresponding to the
hpt and gusA genes that were used as probes in Southern analyses are indicated above the map.
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Table 1. GUS expression in transgenic callus lines of peren- intact apt copies (Fig. 1). Using the GUS probe
nial ryegrass, 2.5 months and 1 year after bombardment. always a 5.6kb band was detected (Fig. 1).
Callus Tines 2.5 months 1 year Figure 2a and ¢ show integration patterns of the
hpt and gusA gene of 2 representatives of each
1 - - classified GUS phenotype (Table 1). Callus
2 - - lines 2 and 3 both show multiple copy integra-
i - ~ tions of both the Apr and the gusA gene. Num-
5 N _ bers 6, 7 and 12 only display the 1.0 and 1.8 kb
6 + + bands of the Apt gene. The integration patterns of
7 + - the gusA gene of these callus lines show the 5.6 kb
8 + - fragment and larger molecular weight fragments.
13 i: : Callus line 11 shows the 1.0 and 1.8 kb fragment
1 it s and a high-molecular-weight band with the HPT
12 iy Ty probe, whereas with the GUS probe, lower-
CClc52 3 6 71112 P 2 4 6 8 9 11
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Fig. 2. Southern blot analysis of Eco RI-digested (a, ¢) and undigested DNA (b, d) from hygromycin-resistant callus lines of
perennial ryegrass, one year after bombardment. Total DNA was isolated from selected hygromycin-resistant and control callus
lines [20]. The control callus originated from bombarded control tissue unable to grow on selection medium and for DNA isolation
subsequently maintained on culture medium. DNA was digested with a five-old excess of Eco RI under conditions recommended
by the supplier (Amersham). 15 ug DNA was size-separated by electrophoresis on a 0.8% (w/v) agarose gel and transferred to
GeneScreen Plus membranes, according to conditions recommended by the supplier (Dupont). Prehybridization was performed
for 1h at 65°C in 1% (w/v) SDS, I M NaCl, 10% (w/v) dextran sulphate and 100 pg/ml sheared herring sperm DNA. The
membranes were hybridized in a hybridization mixture identical to the prehybridization mixture supplemented with a random-
prime-labelled [5]**P-probe at 65 °C for 24-48 hours. The membranes were washed in 2, 0.5 and 0.2 x SSC, 1% (w/v) SDS for
5,15 and 15 min, respectively, at 65 °C. Hybridization patterns were visualized by autoradiography using X-Omat AR film (Kodak).
For rehybridization, the membranes are stripped with 0.1x SSC, 1% (w/v) SDS for 30 min at 100 °C. As probes the 1.0 kb
Bam HI fragment of plasmid pLG90 carrying the Apt gene [10] and the 1.8 kb Bam HI fragment containing the gus4 gene from
the plasmid pCallGa, a kind gift from the Walbot Laboratory (Stanford University), were used (Fig. 1). Lanes of a and b, hy-
bridized with the HPT probe, are the same lanes as in ¢ and d, respectively, hybridized with the GUS probe. C, C1 and CS re-
present control DNA and control DNA mixed with 1 (35 pg) and 5 (175 pg) copy standards of Eco RI-digested plasmid pPORCEHyg
per diploid genome (15 ug). The figures above the lanes correspond to the callus lines in Table 1. The lane indicated with ‘P
represents intact pPORCEHyg plasmid.

1.8—



404

molecular-weight bands are displayed in addition
to the 5.6 kb fragment. In Fig. 2b and d, high-
molecular-weight bands of undigested DNA of
two representatives of each classified GUS phe-
notype (Table 1), hybridized with the two probes,
are displayed, which indicates integration of plas-
mid DNA. The fact that as well as higher and
lower molecular weight bands the 1.0 and 1.8 kb
fragments using the HPT probe, and the 5.6 kb
fragment using the GUS probe, were always ob-
served, possibly indicates multiple insertions of
tandem copies or partial copies. For an estima-
tion of the copy number of the Apt and gusA genes
present in the transgenic callus lines, the band
pattern of the Eco RI digested DNA was used
together with 1 and 5 copy standards per diploid
genome (see legend Fig. 2). In the 4 callus lines
which had a negative GUS phenotype at the first
and second GUS assay, integration patterns of a
very high number of gus4 and Apt copies were
detected, whereas the remaining 8 callus lines had
1 to about 5 gus4 copies, one year after bom-
bardment.

The variation in blue staining patterns of GUS
expression in the selected callus lines of perennial
ryegrass is in agreement with results obtained for
maize [15] and, using the same plasmid under
comparable conditions as used here, for rice [ 12].
For maize and rice, levels of GUS expression,
assayed by quantitative analysis, generally corre-
sponded to the degree of staining from the his-
tochemical GUS assay [12, 15]. Therefore, de-
cline of blue staining in ca. 60% of the tested
callus lines upon further culture could be inter-
preted as a decrease of GUS expression. This
decline is not the result of disappearance of the
gusA gene from the callus DNA, as was proven
by Southern analysis one year after bombard-
ment. A similar decrease of GUS expression was
found in transgenic rice callus lines [12] and cell
suspensions [ 19]. These results show that expres-
sion of a delivered gene can decrease or be sup-
pressed in time. Absence of expression after mul-
tiple copy integration, as was found for the gus4
gene in transgenic callus lines of perennial
ryegrass, has also been reported for, amongst
others, transgenic plants of Petunia [16], and

tobacco after additional integration of a second
gene construct [8, 17]. This suppression of ex-
pression was either caused by methylation of pro-
moter sequences [16,17] or remained unex-
plained [8].

This is the first report on stable transformation
of perennial ryegrass. Earlier stable direct gene
transfer to protoplasts of Italian ryegrass, a spe-
cies of the same genus, has been reported [23].
The promoter from the constitutive rice gene
GOS2 [4], which was active in transient and
stable expression of the gusA gene, will be suitable
for expression of an introduced gene in perennial
ryegrass. In ca. 40% of the callus lines long term
expression of the gusd reporter gene was ob-
served, whereas the other callus lines showed
instability after 6 months and 1 year of culture.
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