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AssTrACT. A protocol was developed for production of transgenic iris plantslifs germanicalL. ‘Skating Party’) from
regenerable suspension cultures viAgrobacteriummediated transformation. We tested a series of selection agents, and
identified hygromycin and geneticin as the most suitable for selecting transformed iris cells. Suspension cultures of iris were
cocultured for 3 days withA. tumefaciend. BA 4404(pTOK233) carrying an intron-interrupted uidA (GUS) gene encoding
B-glucuronidase, and hpt (hygromycin) and nptll (geneticin) selectable marker genes. Hygromycin- or geneticin-resistant
calli having GUS enzyme activity were identified and used to induce plant regeneration. More than 300 morphologically
normal transgenic iris plants were obtained ir6 months. About 80% of the transformants were GUS-positive and NPTII-
positive (paromomycin-resistant). Integration of transgenes into the nuclear genome of iris plants was confirmed by Southern
blot analysis. We have, therefore, developed an efficieAit tumefacienamediated transformation system forris germanica
which will allow future improvement of this horticulturally important ornamental monocot via genetic engineering.

Iris germanicais one of the most horticulturally important tallmation) Microprojectile bombardment and direct gene transfer to
bearded irises (Waddick and Zhao, 1992). Hundreds of valugietoplasts are used commonly to transform a variety of monocoty-
cultivars of this species have been developed and cultivated ctedenous plants (Vain et al., 1995). However, stable (integrative)
mercially as perennial ornamental plants. In addition to their orti@nsformation of only two horticulturally important ornamental
mental value, rhizomes of someermanicacultivars contain an monocotsPendrobiumSwartz orchiqKuehnle and Sugii, 1992)
essential oil composed partly of irones (Jéhan et al., 1994; KohlaimjGladiolusL. (Kamo et al., 1995), by microprojectile bombard-
1987). These violet-scented ketonic compounds are expensiant have been reported.
materials commonly used in cosmetics and perfumes (Gozu et alAgrobacteriuramediatedransformation has significant advan-
1993). tages over other approaches such as integrating a few copies of T-

Strong consumer demand means increased challenges in d®XA with defined border sequences and minimal rearrangementin
oping new iris cultivars with novel characteristidafortunately, the plant genome, preferential integration into transcriptionally
most efforts in iris breeding have been primarily intraspecifictive regions of the chromosome, high quality and fertility of
because of the high degree of incompatibility between specresultant transgenic plants, and easy manipulation (Komari et al.,
Thus, the search for an alternativeeding method is imperative.1998; Tingay et al., 1997).

Genetic transformation offers an alternative approach for introduc-Methods for transforming dicotyledonous species Vitjno-
ing desirable traits, such as resistance to herbicides, diseaseshartdriumare well established. In contrast, until recently monocoty-
insects; or developing new floral colors (van Marrewijk, 1994). ledons were considered beyond the rangetoimefaciensansfor-

Plant regeneration from somatic tissues is generally considaretion methods. Various attempts to infect monocots Awgto-

a prerequisite for genetic transformation. Unfortunately, low effiacteriumwere made in the 1970s and 1980s, but no conclusive
ciency of plant regeneration ingermanicaand othelris species evidence of integrative transformation was reported (Conner and
has hindered development of a suitable transformation system.Mdenmisse, 1992; Smith and Hood, 1995). Successftimefa-
recently established a stable suspension cultures@fermanica ciensmediated transformation, however, is now possible in several
‘Skating Party’ and developed an efficient system for plant regexgronomically important monocots including caZied mayd..),
eration (Wang et al. 1999a, 1999b). wheat {riticum aestivuni_.), rice Oryza sativd..), barley Hor-

Three major approaches for plant transformation indgite- deum vulgare..), and sugar can&éaccharunspp. L.) (Arencibia
bacterium tumefaciermediatedtransformation, microprojectile et al., 1998; Cheng et al., 1997; Hiei et al., 1994, Ishida et al., 1996;
bombardment (biolistic method), and direct gene transfer to profingay et al., 1997). The utility of Atumefaciendor stable
plasts (electroporation and polyethylene glycol-mediated transf(ntegrative) transformation of ornamental monocots was demon-
_— strated only inAnthurium scherzerianurBchott ‘Rudolph’ and
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shaker (120 rpm), and were subcultured every 3 to 4 weeks. cells were collected with a spatula and rinsed thoroughly with 250
EVALUATION OF SELECTION AGENTS. There is no information mg-L cefotaxime (Claforan; Hechet-Roussel Pharmaceuticals,
available on agents that are suitable for selection of stable linis., Somerville, N.J.) dissolved in sterile water. Half the washed

transformants. To determine the efficacy of several commonly usetls were spread on MS-C medium containing 250 mg-L
agents for selecting transformed iris cells, we tested five antibiotiosfotaxime and 50 mg-Lhygromycin, the other half on MS-C
methotrexate, hygromycin, geneticin (G418), gentamycin, amgkdium containing 250 mg-icefotaxime and 50 mg1G418,
phleomycin; three herbicides: glyphosate [N-(phosphontiien cultured in the dark at 26 for 3 weeks. The cell clumps that
methyl)glycine] (Monsanto, St. Louis, Mo.), chlorsulfuron [2proliferated on these selection media were transferred to the second
chloro-N-[[(methoxy-6-methyl-,3,5-triazin-2-yl)amino] carbonyl]selection media (MS-C containing 250 mg-tefotaxime and
benzenesulfonamide] (E.l. Du Pont de Nemours & Co., Ineither 100 mg-tthygromycin or 100 mg-£G418) and cultured for
Agricultural Products Dept., Wilmington, Del.) and glufosinateanother 3 weeks under the same conditi2ons.

ammonium (Basta; Hoechst Canada, Inc., Regina, Saskatchewaithe cell clumps that continued to grow on the second selection
Canada); and one amino acid analog (4-methyl-tryptophane) (Signealia were assayed for expression of the GUS gene as described
Chemical Co., St. Louis, Mo.). These agents were chosen becéesay. Only those clumps that tested GUS-positive were transferred
genes conferring resistance to those compounds have been cltdddually to small culture plates containing 10 mL MS-I media
(reviewed by Schrott, 1995). The efficacy of each selection agpvis basal medium (Murashige and Skoog, 1962), with 5¢ g-L
was evaluated by its ability to suppress growth of nontransfornsetrose, 10 mg-Lpantothenic acid, 4.5 mgniacin, 1.9 mg-t*

iris cells on media containing increasing levels of the selectittiamin, 250 mg-t! casein hydrolysate, 250 mg*proline, 0.5um

agent. 1-naphthaleneacetic acid (NAA), 12u& Kin, 2.0 g-L* Phytagel;

The liquid MS-L medium was removed from a 3-week-old irigH 5.7 (Wang etal., 1999a, 1999b)] containing 250 ricefotaxime
suspension culture and the cells were spread on Whatman Nand.either 50 mg-thygromycin or 50 mg-£ G418 to induce plant
filter papers (42.5 mm diameter) in small culture platesx(@6 regeneration. They were cultured in the dark &Cfor 3 weeks.
mm), over MS-C medium [MS-L medium with 3 g:Phytagel The cell clumps that displayed typical morphogenic changes were
(Sigma) (Wang etal., 1999a, 1999b)] containing increasing amousgiected and transferred to MS-D medium [MS-I medium without
of the selection agent. Plates were incubated for 3 weeks in the 88%R and Kin but supplemented with 1.2fv 6-benzyladenine
at 25°C. In preliminary experiments, five concentrations of ea¢BA) (Wang etal., 1999a, 1999b)] containing 250 migdfotaxime
selection agent were tested and inhibition of cell growth was scoaad either 50 mg-£hygromycin or 50 mg-£ G418, in Magenta
visually. Among the nine compoundstested, 4-methyl-tryptopha@-7 vessels (Sigma) and cultured for 2 to 3 weeks &C28ith
gentamycin, phleomycin, and glyphosate did not clearly inhikit16 h photoperiod of 5amol-m2s?! provided by cool-white
growth, and were excluded from further testing. fluorescent lamps. Irradiance was measured on the tops of Magenta

The five most effective selection agents from preliminary expe@A-7 vessels with a quantum-radiometer—photometer (LI-189; LI-
ments were reassayed. This time, fresh weights were measured#i, Inc., Lincoln, Nebr.).
mean values expressed as a percentage of growth by controls (r&hoots and plantlets (rooted shoots) were transferred to MS-D
selection agent). At least five plates were used for each concemtradium without selection agents to facilitate growth and develop-
tion of selection agent. ment for another 2 to 3 weeks. Both shoots and plantlets were then

BACTERIAL STRAIN AND PLASMID VECTOR. In preliminary studies, transferred to MS-R medium [MS-I medium without NAA and Kin
threeA. tumefacienstrains were tested to identify the one giving th@Vang et al., 1999a, 1999b)] in Magenta GA-7 vessels for root
highest transient transformation rates. The strains tested were: lilBuction and development. They were subcultured every other
4404 (pTOK233), LBA4404(pCAMBIA1201), and EHA105week on this medium.

(pCAMBIA1201). TheA. tumefacienstrain LBA4404 harboring ~ Well-rooted plantlets (4 to 6 cm shoot length) were transferred to
the superbinary vector, pTOK233, was obtained from Japan &agrowing medium 3 peat : 2 pumice : 1 sandy loam (v/v) in 250-mL
bacco, Inc., Shizuoka, Japan (Hiei et al., 1994). pCAMBIA12@bts and acclimatized on a mist bench (relative humidity = 95%
binary vector (CAMBIA, Canberra City, Australia) was trango 98%) in a greenhouse maintained at 16 h days/8 h nights of 25
formed intoA. tumefaciens BA4404 (Hoekema et al., 1983) andt 3/20+ 3 °C with a 16 h photoperiod. Light was supplemented
EHA105 (Hood et al., 1993) according to the procedure descrittgdhigh-pressure sodium lamps (Energy Technics, York, Pa.)
by Walkerpeach and Velten (1994). All strains containedpaoviding photosynthetically active radiatid®XR) of 400 to 500
hygromycin resistance gene (PCaMV34&-T35S) and anintron- pmol-nt2s? at the surface of growing medium. Four to five weeks
interrupted GUS gene (PCaMV3B®IA-TNOS) within the T- later the plants were moved to a nonmisted bench and fertilized with
DNA borders. pTOK233 also contained a geneticin resistance gaxentrolled-release fertilize [Nutricot-Type 100 (16N—4.4P-8.3K);
(PNOSHptlI-TNOS). They were grown on solid AB mediumChisso-Asahi,, Fertilizer Co., Ltd., Tokyo, Japan).

(Chiltonetal., 1974), containing appropriate antibiotics, &CA8r AsSAYFOR GUSACTIVITY . To determine transient transformation
3d. The bacteria were harvested and resuspended in AAM mediates, a few cells were collected with a spatula 3 d after cocultivation
(Hiei et al., 1994) to give an absorbanceb8 at 600 nm. with A. tumefaciensand washed thoroughly with a 0.1 M sodium-

TRANSFORMATION . Three-week-old iris suspension cultures growphosphate buffer (pH 7.2) to remove surface bacteria. Cells were
in MS-L medium were used for transformation experiments. Thgread on filter paper in a small culture plate and 1 mL of the GUS-
MS-L medium was removed from the culture @ndumefaciens staining solution [0.v sodium phosphate buffer pH 7.2, mm
suspension (25 mL) was added, the flask was gently shaken, an&igfte(CN)g], 5 nv K, [Fe(CN)s], 10 nm EDTA, 20% methanol (v/
to stand for 5 min. The liquid phase was removed and cells wexe.01% Triton X-100 (v/v), and 1 mg-nil5-bromo-4-chloro-3-
spread onto MS-C-AS medium (MS-C medium with 10-g-Lindolyl glucuronide] was added. Plate was then sealed with Parafilm
glucose, 10 acetosyringone; pH 5.2), then incubated in the daaikd incubated overnight at 3C.
at 25°C for 3 d. To identify GUS-positive cell clumps from the second selection

SELECTION OF TRANSFORMANTS. After 3 d cocultivation, the media, a small piece (3 to 4 mm diameter) of each clump was placed
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B solution containing 25 mg-thenomyl fungi-
cide [methyl 1-(butylcarbamoyl)-2 benzimid-
azolecarbamate] (Hi-Yield Chem. Co.,
Bonham, Texas) and 0.01% Triton X-100
(Sigma), in 24-well culture plates, as a con-
trol. Each of the remaining three pieces were
placedin 1 mL ofthe same solution with either
50, 100, or 200 mg-Eparomomycin (Sigma).
Leaf samples from the nontransformed iris
plants at a similar developmental stage were
used as a negative control. The samples were
vacuum-infiltrated for 10 min. The plates
were then sealed with Parafilm and incubated
for 5 d at 23C with a 16 h photoperiod of 50
pumol-nr2s? provided by cool-white fluores-
cent lamps. In preliminary assays we also
0 10 50 100 150 200 ¢ 005 05 1 5 10 tested G418 and hygromycin, the latter one
for the functional expression of thptgene.
D The response to all three antibiotics was very
similar (data not shown), so we chose paro-
momycin to assay the rest of the putative
transgenic iris plants because it was least
expensive.
DNA ISOLATION AND SOUTHERN HYBRIDIZA -
TION ANALYsIS . DNA was extracted from 4 g of
young leaves using the protocol of Rawson et
al. (1982) modified by Davis etal. (1998). The
leaf tissue was homogenized in 40 mL grind-
ing buffer (100 nu Tris, 25 mu EDTA, 0.35
M sucrose, 50 mKCl, 5% polyvinylpyrroli-
done, 10 m diethyldithiocarbamic acid, and
0.2% mercaptoethanol), using a Waring 250-
mL stainless steel blender for 15 s. The homo-
7 genate was filtered through cheesecloth and
centrifuged at 12,008, for 20 min (4°C).
The pellet was resuspended in 6 mL lysis
buffer (100 nm EDTA,; 50 mu Tris-HCI, pH
Fig. 1. Effect of three antibiotic&4) hygromycin and geneticin (G418), ai@) ~ 8.0; 2.5% Triton X-100; 2% sarkosyl; §-mL* Proteinase K) and
methotrexate] and two herbicidg€] Basta andD) chlorsulfuron] on growth - incubated at 37C in a shaking incubator for 2 h. The lysate was then
of nontransformed iris suspension-cultured cells. Each data point represe"&%?ﬂrifuged at 15,00, for 10 min (4°C), and the supernatant was
least five replicates. precipitated witt2/3 volume isopropanol at—2@ for 30 min. The
precipitate was pelleted at 20,0f)dor 15 min at £C. Afterward,
on filter paper in small culture plates. One milliliter of staininthe pellet was resuspended in TE buffer (30 Tnis-HCI, 1 nm
solution was added to each plate; then the plates were sealedBithA; pH 8.0) and the DNA was purified further through a CsCl
Parafilm and incubated overnight at°&7. gradientas described by Rawson etal. (1982). The DNA sample was
Regenerated structures (globular embryo-like structures gmecipitated, washed with 70% ethanol, and resuspended in TE
shoot primordia) were excised and stained for GUS activity in 100ffer at a concentration of(guL™
UL staining solution in microcentrifuge tubes. The samples wereSouthern blot analysis was performed as described by Sambrook
infiltrated with staining solution under vacuum for 10 min anet al. (1989). Briefly, the method involved digesting 20 mg
incubated overnight at 3T. genomic DNA withHindlll, resolving on a 0.8% agarose gel,
Slices of green leaves (2-mm) and roots (5-mm) were placethian blotting onto a nylon membrane (Zetaprobe, Bio-Rad, Rich-
microcentrifuge tubes with 1QQ of staining solution. They were mond, Calif.). Identically prepared blots were probed with radio-
infiltrated with staining solution under vacuum for 10 min andbelled GUS ohpt DNA fragments. A 250-bp fragment in the
stained overnight at 37C. Chlorophyll from green leaves wasGUS coding region and a 608 bp fragment imgiteoding region
bleached out with several changes of 95% ethanol before resuitsee PCR-amplified accordingto Gould etal. (1991) and Abedinia
were scored. et al. (1997), respectively. PCR-amplified fragments were la-
FUNCTIONAL AssSAYOF NPTII GENES. To testthe NPT Il expressionbelled with f2P]JdCTP by random priming (Feinberg and
in transformed iris plants, the leaf-bleach assay was carried \dogelstein, 1983) and used as probes. The blots were first washed
according to Cheng et al. (1997), with minor modifications dat low stringency ( SSC, 0.1% SDS) twice at 8& (30 min
scribed below. Four pieces?® mm) were cut from the secondeach) followed by two washes (30 min each) at moderate strin-
youngest leaf of each plarit month after establishmentin growinggency (0.% SSC, 0.1% SDS) at 86. Blots were autoradiographed
medium in the greenhouse. One leaf piece was placed in 1 mwith an intensifying screen at —86€ for 5 d.
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Results and Discussion media=300 independent clumps were selected from each medium
and transferred to the second two selection media, which contained
EVALUATION OF SELECTION AGENTS. Increasing the concentrationan increased concentration of selection agents. Most calli trans-
of hygromycin and geneticin (G418) resulted in a gradual decrefgeed to a medium containing G418 continued to grow much more
in the percentage of iris cell growth. We chose to use hygromysiowly than those transferred to a medium containing hygromycin.
and geneticin separately for our transformation experiments he slower growth of transformed callus tissue on G418-containing
cause pTOK233 contains bdtbtandnptll selectable marker genesmedia may be due, at least in part, to the difference in promoter
for plant cells, rendering them resistant to either hygromycin girength. In pTOK233, thapt and nptll genes are driven by
geneticin. Both hygromycin and geneticin at concentrations of 5@amMVv35S and NOS promoters, respectively. In our preliminary
100 mg-L* caused 40% to 50% growth inhibition (Fig. 1A). Wexperiments using microprojectile bombardment, we found that
chose to apply a two-step selection, first 50 nigahd then 100
mg-L? for both selection agents. The two-step selection (3 +Fi8. 2. Transientexpression of the GUS gereinmefaciendnfected suspension-
weeks) allowed recovery of a large enough mass of each indepér\nured iris cells, stable GUS expression in various tissues from transgenic
plants, and steps in the regeneration of transgenic pflap&ssay for expression

dent callus line for efficient induction of multlple shoots in SUbseE)f the GUS gene immediately after 3 d cocultivation. Many iris cells and small

quent r_egeneration experiments. Higher concentrations Pf_ _eith%gregates were stained dark b{@.a cell clump that proliferated on the first
antibiotic were not used because there was the possibility eélection media 10 d after cocultivatioi€) the majority of clumps that

inhibiting plant regeneration from transgenic callus tissue. proliferated on the first selection media tested GUS-positive. Most of clumps

inhihi .| Wwere stained dark blue indicating very strong expression of the GUSDgne.
Cell grOWth’ however, was greatly inhibited at 0.05 r’rig L independent callus lines obtained through two-step selection were assayed for

methOtrexate:(SO%)= 1_0 mg-Ll Basta {:70%)= a.nd_ 0.5 mgi expression of the GUS gene before transfer to shoot induction media (B5-1).
chlorsulfuron€£90%) (Fig. 1B, C, and D). In a preliminary study on hygromycin-resistant, GUS-positive callus line with numerous shoot primordia
the use of microparticle bombardment for iris transformationpresent after 3 weeks on the MS-I medi(#) a number of the shoot primordia
wansgenic call selected on 10 mg-Basta showed very low \1ie Sesee o7 Sanes b e e o e 205 e, o o
regeneration potential (Jeknic and Chen, unpublished results). weeks on thg MS-R mepdiurﬂ-.l) transgenic plantspin the greenhouse 1 week

TRANSFORMATION AND REGENERATION OF TRANSGENIC IRIS PLANTS. after acclimatization on the mist ben¢f.assay for the functional expression
Agrobacteriunstrain LBA4404 (pTOK233) gave remarkably higher of NPTII gene (leaf-bleach assay). 0, 50, 100, and 200 = 0, 50, 100, and 200
transient transformation rates than either LBA4404(pCAMBIA1201)ng-L™*paromomycin, respectively; WT = wild type (nontransformed) plant;
or EHAlOS(pCAMBIAlZOl) (data not ShOWh), and was therefonghéz* and L3_= Iea_lfsamplz_asfrom three mdependenttransforr(ﬂa)raad(K_) .

. . . . expression in leaf tissue from a greenhouse-grown transgenic plant;
used for the stable transformation experiments. This plasmid b&jtace and cross-section, respectivitly.GUS expression in root tissue of a
longsto aclass called superbinary vectors because it carkigBthe young, in vitro-grown transgenic plant.
virC, andvirG genes of A281, a highly effi -
cient strain for transforming higher plal
(Komari, 1990). Introduction of a DNA frag
ment from the virulence region of Ti-plasm
into a binary vector or into a separate plas
has been shown to lead to the increased
lence of A. tumefacienand much highe
transformation rates in several plant sped
(Arias-Garzon and Sarria, 1995; Hiei et &
1994; Lietal., 1996; Liu et al., 1992; Wen
et al., 1999).

After 3 d cocultivation on MS-C-AS mef 4
dium with A. tumefacienghe infected cellsj§
were transferred to the first two selecti
media (MS-C containing 250 mg-L
cefotaxime and either 50 mgthygromycin
or 50 mg-E£ G418). At that time a sample ¢
cells was stained for expression of the G
gene. Many cells and small cell aggrega
stained dark blue (Fig. 2A), confirming th
T-DNA transfer occurred. GUS expressi
most likely occurred in the transformed ce
and not in pTOK233-containinggrobacte-
rium because the presence of an intron in
GUS coding region efficiently prevented i
expressionin bacterial cells (Ohtaetal., 199
After 10 d, several of the cell clumps t
proliferated on the first selection media (F
2B) were stained for GUS activity. Mot
clumps were stained uniformly dark blue (Fi
2C), but some clumps also contained 1
stained patches.

After 3 weeks on the first two selectic
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Table 1. Expression of the GUS and NPTII genes in hygromycin (Hyg) and geneticin (G418) llesigtiants as determined by the histochemical
staining and the leaf-bleach assay, respectively.

GUS NPTII Coexpression of GUS and NPTII
No. plants No. Plants No. plants
Selection (lines) (lines) (lines) GUS GUS GUS GUS
agent assayed GUS GUS assayed NPTII NPTI- assayed NPTIl NPTIF NPTI*  NPTI"
Hyg 72 (30) 61 11 51 (27) 45 6 50 (23) 40 1 4 5
G418 20 (6) 13 7 9 (6) 6 3 8 (3) 5 0 0 3
Total 92 (36) 74 18 60 (33) 51 9 58 (26) 45 1 4 8
Percent 80 20 85 15 78 2 7 14

transient expression of PCaMV3b®A- TNOS was much higher to the left border of the T-DNA region. The fikdindlll site inside
than that of PNOSHJA-TNOS (Jeknic and Chen, unpublishedhe T-DNA from the left border cuts at the 3’-end of the ohibte
results). cassette. Digestion of genomic DNA witimdlll, and subsequent

Independent callus lines obtained through the two-step selectighridization with thénpt probe for the coding sequence identifies
(175-hygromycin resistant, 50-G418 resistant) were then assayeudler fragments between the integrated T-DNA and plant DNA,
for expression of GUS. About 61% of hygromycin-resistant attils giving rise to different fragment lengths, depending on location
46% of the G418-resistant callus lines tested GUS-positive. Aftérinsertion in the genomelindlll also cleaves the entire GUS
overnight incubation in the GUS-staining solution, most of tlweding region from the T-DNA as a 3.1 kb fragment. DNA blot
GUS-positive cell clumps were stained dark blue, indicating veagalysis oHindllI-digested genomic DNA from our GUS-positive/
strong expression of the GUS gene (Fig. 2D). All callus lines tlgigromycin-resistant plants, using the GUS probe, identified sev-
tested GUS-negative were discarded; only GUS-positive lines weral banding patterns (Fig. 3A). Some of the samples (Fig. 3A, lanes
transferred to MS-I media to induce plant regeneration. A total of®8nd 4) indicate the presence of atruncated GUS insert (i.e., inserted
hygromycin-resistant, GUS-positive callus lines were transferred3t)S cassette slightly smaller than expected). Additional bands with
MS-I medium containing 250 mg.cefotaxime and 50 mg-L larger sizes may be due to incomplete digestion of genomic DNA or
hygromycin. Twenty-two G418-resistant, GUS-positive callus ling®ssibly deletion of the flankingindlll site(s). Despite the GUS
were transferred to MS-I medium containing 250 migéfotaxime gene size polymorphismg:glucuronidase activity was readily
and 50 mg-t* G418. Some globular embryo-like structures apletectable. The GUS probe did not hybridize to any DNA from
peared i1 week. After 3 weeks, 50 hygromycin-resistant and H@ntransformed plants.
G418-resistant, GUS-positive, independent transgenic callus lineStable integration of thapt gene into the iris genome was
had developed numerous shoot primordia (Fig. 2E). Upon higtected by &P-labeled DNA fragment from the coding region of
tochemical assay for expression of the GUS ge®@% stained thehptgene. Figure 3 (Panel B) illustrates examples of both single
dark blue (Fig. 2F) indicating that GUS activity was not affected apd multiplehptcopy insertion into different loci of the iris nuclear
shoot morphogenesis.

Green shoots and plantlets (10 to 20 from each transgenic line)
that developed on MS-D media were transferred to MS-R medi A B
to induce and facilitate root development. More than 90% of 1

shoots rooted readily and were transferred eventually to grow 12345 4 12345 &
medium (Fig. 2G). About 80% to 90% of plants survived transfer ™ ;
the greenhouse and developed into morphologically normal ple kb
(Fig. 2H). -

ANALYSES OF TRANSGENIC PLANTS. Putative transgenic plants 8.0-
were assayed for expression of the GUS and NPTl genes. At 6.0 -
of 92 plants from 36 independent lines were assayed for G gg. -
activity. About 80% of those plants were GUS-positive (Table : y - -
Expression of the GUS gene was very strong in both leaves 4.0 - o

roots, as judged by the intensity of staining in those tissues (Fig
K, and L).

Expression of the NPTII gene was assessed by a leaf-ble
assay in 60 transgenic plants from 33 independent lines. About ¢
of those plants were resistant to paromomycin (NP{Table 1).
Leaf samples from resistant transgenic plants remained gre
except on the cut edges at higher paromomycin concentrations |
21). The leaf samples from control (nontransgenic) plants, howey
were almost completely bleached at 200 rmigohromomycin.

30- W e

N
i Y=
[}

In total, 58 plants from 26 independent lines were assayed tor
coexpression of the GUS and NPTII genes. About 78% of them _ _ _ _
coexpressed both genes (Table 1). Fig. 3. Southern blot analysis idfndlll-digested genomic DNA from wild type

. . . (nontransformed) and transgenic iris plants. DNA blot probed (#}2P-
To demonstrate St?‘ble transformation of ]I’IS plants Wlth[ﬂl]e. labelled GUS o(B) hpt DNA fragment. Lane: 1, positive contrdiiadill-
and GUS genes, four independent transgenic plants were subjecigdsted pTOK233); 2, nontransformed; 3 to 6, transgenic plants: H177-1,

to Southern blot analysis. In pTOK233, liptgene is located next H206-2, H231-05, and H244-1.
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genome. Some insertadtfragments (Fig. 3, Panel B, lanes 3 andthe Agrobacterium tumefacieris-plasmid. Nature 303:179-180.
4) were smaller than the minimum expected size (4.8 kb; FigH®od, E.E., S.B. Gelvin, L.S. Melchers, and A. Hoekema. 1993. New
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mentinthe integrated genes but none of the tested plants showe
g;m:zrnasr;g?nt]z dhgg:ggl]gcm' Npt sequence was detected in th High efficiency transformation of maiz&€ga mayd..) mediated by

. : . . . Agrobacterium tumefacienlature Biotechnol. 14:745-750.
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