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Abstract ‘Wisconsin 38’ tobacco Ricotiana tabacumlL.) leaf discs were transformed with the disarmedhgrobacterium
tumefaciensstrain EHA101 carrying the rolC gene fromA. rhizogenegOono et al., 1987) and NPT Il and GUS genes. Shoots
that regenerated on kanamycin-containing medium were confirmed as transgenic through GUS assays, polymerase chain
reaction (PCR), Southern blot analyses, and transmission of the foreign genes through the sexual cylai@nsgenic plants
were as short as half the height of control plants; were earlier flowering by up to 35 days; and had smaller leaves, shorter
internodes, smaller seed capsules, fewer seeds, smaller flowers, and reduced pollen viability. The number of seed capsules,
leaf number, and specific root length were similar between transgenic and control plants. Transgenic clones varied in the
expression of therolC-induced growth alterations as did the first generation of seedlings from these clones. Such
differences suggested the potential for selecting for different levels of expression. Transformation with tt®C gene
presents a potentially useful method of genetically modifying horticultural crops, particularly for flowering date, height,
and leaf and flower size. Chemical names used: neomycin phosphotransferase (NPTBHglucuronidase (GUS).

Altering plant form is a major goal of breeding programs faf leaf morphology, increased stigma and flower size, heterostyly,
horticultural crops. Reduced plant size is useful in crops rangantd increased formation of adventitious roots on the s@B)(
from tree fruit to annual bedding plants. Manipulating flower siznd wrinkled leaves, condensed inflorescences, increased stigma
is an important component of ornamental crop breeding prograsise, and larger flowersqlA) (Schmulling et al., 1988). The gene
Most breeding programs depend on hybridization and selectioptoducts responsible for altered plant morphology have been
alter plant and flower form, although irradiation has been useddentified as -glucosidaserpIB) and a cytokinir3-glucosidase
some cases (Micke et al., 1987). (rolC) (Estruch et al., 1991a). ThelC gene product is cell

Another method available to breeders for manipulating horiutonomous (Spena et al., 1989), located in the cytosol (Estruch et
cultural crops genetically is directed gene transfer. While muah, 1991b), and, under its native promoter, expressed exclusively
work has focused on transferring genes for disease and ingephloem cells (Sugaya et al., 1989). The effectslajenes have
resistance, genes that affect plant form are also currently availdgen studied in tobacco (Schmulling et al., 1988; Spena et al.,
(Fladung, 1990; Oono et al., 1987; Schmulling et al., 1988; SmigotRB7), potato (Fladung, 1990), tomato (van Altvorst et al., 1992),
and Hammerschlag, 1991; Spena et al., 1987; Tepfer, 1984). and other species, yet there is still little detailed quantification of

Agrobacterium rhizogeneis the causal agent of hairy roothe effects of these genes. Such data is necessary to judge the
disease of dicotyledonous plants. The disease results fromptaetical implications of using such genes for altering plant and
incorporation of part of the root-inducing (Ri) plasmid into th#ower form. The purpose of this study was to examine quantita-
plant genome and expression of genes in the TL-DNA segmertiély the effects of thenlC gene on plant growth and to assess the
the transferred DNA. These geneslA, rolB, rolC, androlD) horticultural implications of this gene’s growth-altering effects.
correspond to open reading frames (ORFs) 10, 11, 12, andThB&rolC gene may be particularly useful since plant form seems
(Slightom et al., 1986). Plants naturally arising from hairy rootstorbe substantially affected without evidence of gross abnormali-
plants transformed with specific or a combinatiorrafgenes ties such as leaf and flower deformation or excessive aerial rooting
demonstrate an altered morphology. Tdlé, rolB, androlC loci  that would negatively affect the horticultural value of a crop.
have induced the following characteristic growth alterations: atypi-
cal leaf morphology, reduced flower size and pollen production, Materials and Methods
smaller seed capsules, and increased branctul@)y alteration

‘Wisconsin 38’ tobacco plants were obtained as in vitro shoots

m ublication 5 Apr. 1993. Accepted for publication 13 Jan. 1994. arolina Biological, Bur“ngton’ NC) T-hese shoots were t-rans_
gratefully ack?]owledge A CF;IIahan for adeice andpassistance on the molec gFed o_nto fresh shoot proliferation medl_um (_SPM) conS|$t|ng of
verification of plant transformation and G. An, E. Hood, and Y. Oono for providifgurashige and Skoog (MS) salts and vitamins (Murashige and
plasmid pGA482A. tumefacienstrain EHA 101, and thelC gene, respectively. Skoog, 1962), fim 1H-indole-3-butyric acid (IBA), and 445v N-
The cost of publishing this paper was defrayed in part by the payment of péaranylmethyl)H-purine-6-amine (kinetin). Leaves were excised

charges. Under postal regulations, this paper therefore must be hereby maélﬁ'dl leaf pieces were immersed for 1 minin an overnight culture of
advertisemensgolely to indicate this fact.

1presentaddress: Agriculture Experiment Station, Univ. of the Virgin Islands, R, tumefacienstrain EHA101 (Hood et al., 1986) carrying an
Box 10,000, Kingshill, St. Croix, V.. 00850. engineered plasmid containing either the NPTIIl, GUS,ral@l
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genes, or the NPTII and GUS genes only. Following immersidan,June. This provided a natural daylength1# h at the beginning
leaf pieces were blotted briefly and placed on cocultivation nma-the study and 9 h by the end of the study.
dium for 2 days. Cocultivation medium consisted of SPM plus 100Seed productiarPlants of transgenioIC clones B, E, and F
pm acetosyringone. Nontransformed ‘Wisconsin 38’ controls weaiad two controls (clone 73, which contained plasmid pGA-GUSGF,
not exposed té\grobacterium All cultures were maintained atand untransformed ‘Wisconsin 38’) were used for self-pollination
24C under 45 to 5pmol-nr% st of mixed warm-white fluorescent and seed production. Flower stalks of these plants were bagged
and Vita-lite full-spectrum fluorescent (Duro Test Corp., Bergemntil it was apparent that flowers selected for seed production were
N.J.) lamps with a 16-h photoperiod. After 2 days, leaf pieces wéedilized. Mature seeds were collected and stored at 4C. Seeds
rinsed in sterile water, blotted, and placed on regeneration medimene surface-disinfested for 10 min in 15% commercial bleach
as described by Oono et al. (1987) with 100 mg¥itanamycin (0.8% sodium hypochlorite) with 0.01% Tween-20, rinsed in
(kan), 300 mg-litet cefotaxime, and 300 mg-littcarbenicillin.  sterile deionized water, and planted on agar-solidified (noble agar;
Regenerated shoots were excised and placed on rooting mediug Biochemical Corp., Cleveland) medium containing half-
(half-strength MS salts, MS vitamins, and 20 g-itsucrose). strength MS salts plus 100 mg-litdtan. Seeds of nontransgenic
Each shoot arising from a leaf piece was designated as a sepaaatiols (‘Wisconsin 38’ not exposedAgrobacteriumwere not
clone and subsequently propagated through axillary shoot praditposed to kan. Preliminary trials indicated that control seedlings
eration to provide multiple plants of each clone for study. were killed by 100 mg-litetkan (data not presented). Transgenic
The plasmids used in this study were pGA-GUSGF and pGgeedlings that survived kan selection and nontransgenic controls
GUSGFrolC (Fig. 1). The plasmid pGA-GUSGF was derivesvere transplanted to the greenhouse as previously described.
from pGA482 (An, 1987) and contains the GUS cassette (Jeffer-The following measurements were taken on plants depending
son, 1987). It provides a convenient marker for scoring transfonthe particular trial. a) Plant height at flowering—measured from
mation. The GUS cassette is controlled by the CaMV35S promdtes soil line to the base of the flower stalk. b) Final plant height—
and the 3" untranslated end of the nopaline synthase gene. iflalsiding the flowering stalk, measured at the completion of
GUS cassette was inserted between a Hindlll and an EcoRl sitédnyer stalk elongation. c) Plant dry weight—plants were har-
deleting a 2.5-Kb fragment containing the Ori ColE1 and the lambdgsted at ground level following the maturity of all seed capsules.
Cos sites. The pGA-GUSGF plasmid was used instiiidy as a Dry weight of the flowering stalk was not included. d) Leaf
control for the effects of thelC gene vs. the effects of the plasmichumber—the number of leaves or nodes at the time of flowering
withoutrolC. The plasmid pGA-GUSG#IC was developed by not including leaves or nodes on flowering stalks. e) Leaf area—
excising theolC insert from the plasmid Bin 19-ORF12 suppliedheasured on a sample of three fully expanded leaves from the
by Y. Oono (Oonoetal., 1987) (Fig. 1). To&C insert was ligated middle area of the plant, sampled at flowering initiation. Area was
into pGA-GUSGF to produce pGA-GUSG6IC. measured using a portable area meter (LI 3050A; LI-COR, Lin-
After rooting, plantlets were placed in sterile potting mix inoln, Neb.). f) Photosynthesis rate—measured on an overcast day
Phytatray Il vessels (Sigma Chemical Co., St. Louis). Theseusing a portable photosynthesis system (LI 6250; LI-COR). Three
vitro-grown plants were acclimated to ambient conditions layeas of each of two leaves were measured per plant. g) Stomatal
incrementally venting the vessels for 1 week. Plants w@&m@m conductance—measured at the same time as rate of photosynthesis
high when transferred to the greenhouse. They were placed underg the portable photosynthesis system. h) Specific root length—
a regular schedule of irrigation, fertilization, and insect controheasured by taking a random sampling of roots. These samples
The first set of plants, which included transgenic clones A, B, \lEere then dried at 70C and this dry weight was used to calculate the
and G plus open-pollinated ‘Wisconsin 38’ controls, was placed oot dry weight per unit length (Eissenstat, 1992). This measure-
the greenhouse in December. High-pressure sodium lighting prent was taken after all other measurements had been taken. i)
vided=350um-nT2-s10.5 m from the source and supplemented tlidowering date—the date of anthesis of the first flower. In all
natural daylength from December to February providing a 1&#ases, flowering initiation was followed by a sequential maturation
photoperiod. Atabout 1 Mar., lights were no longer used and plasitall flowers on a plant. j) Length of flowering period—days from
grew under the natural daylength, which ranged ftérto 14 hfor the opening of the first to the last flower. k) Corolla length—length
the rest of the test. The experiment was repeated using tfithe flower from the base to the apex, measured on a random
transgenic clones, F and G, with open-pollinated untransfornszsnple of 20 mature flowers per plant taken at the mid-flowering
‘Wisconsin 38’ controls and controls (clone 73) transgenic for tperiod. I) Corolla diameter—measured across the flower opening
engineered plasmid without thelC gene (pGA-GUSGF). This on a random sample of 20 mature flowers per plant taken at the
set of plants was multiplied in vitro and placed in the greenhousil-flowering period. m) Pollen viability—pollen was germi-
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Fig. 1. Partial map of the pGA-GUSG@IC plasmid containing the NPTII, GUS, aradC cassettes. The pGA-GUSGF plasmid differs only in its lack afilizgene
and associated promoter and terminator.
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nated on the medium described by Werner and Chang (19819se described by Fitch et al. (1992). The thermal sequence for 30
Germination was evaluated at 24 and 48 h (48-h data is presenyetes was 1 min at 94C, 2 min at 60C, and 3 min at 72C. For
in this report). Pollen was considered viable only if the pollen-tuBeuthern analysis, 2(g of genomic DNA was digested with
length was at least twice the diameter of the swollen pollen grdtiicoRI and Hindlll to verify the presence of the 1.9+KI€ insert
n) Capsule number—the total number of seed capsules prodyédgl 1). A Hindlll digest was used to determine the integration of
per plant. 0) Seed capsule length and width—in the first expehierolC insert into the plant genome and the number of insertion
ment, all seed capsules were measured. In subsequent expeents. The digested DNA was run in a 0.7% agarose gel and
ments, a random sample of 20 capsules per plant was measuracap3ferred onto a nylon membrane following the Oncor
Seed weight per capsule—seeds of all capsules were weighg@mithersburg, Md.) protocol. The 514 bp intendC fragment
the first experiment. In subsequent experiments, a random sarapked as a probe was generated through PCR using the previously
of 10 capsules per plant was measured. described primers and thermal cycler conditions. After PCR am-
Analysis of variance was used to determine differences Ipéification, the reaction was ethanol-precipitated, eluted through
tween treatments. In the first set of experiments (Table 1), 10 platselutipD column according to the manufacturer’'s conditions
per clone were used. In the second trial (Table 2), five plants (f&chliecher and Schuell, Keene, N.H.), and ethanol-precipitated
clone were evaluated. In the seedling test (Table 3), 10 seedéingther two times. The fragment was labeled using a random
plants per clone were measured. primer kit (BRL, Gaithersburg) and 32[P]CTP (NEN, Boston).
Confirmation of transformatianAfter being regenerated onMembranes were probed 16 h with the random primw®@
100 mg-litet* kan, shoots were transferred to rooting mediufragment and washed three times with 0.1x SSC (0.88 d-liter
containing the same kan level. At the time of transfer to rootiNgCl, 0.44 g-litet sodium citrate) at room temperature and twice
medium, leaf pieces were evaluated for GUS expression usingwfit 0.1x SSC at 65 C. The blots were exposed to X-ray film with
fluorescent and histochemical assays (Jefferson, 1987). E@ehintensifier screens at —80C.
clone was evaluated further for the presence of foreign genes
through polymerase chain reaction (PCR) (Hamill etal., 1991) and
Southern analysis (Southern, 1975). Genomic DNA was extracted
from leaves of transgenic and untransformed tobacco following aConfirmation of transformatiarPutative transformants were
CTAB protocol (Doyle and Doyle, 1990). PCR reactions were rgelected based on regeneration under kan selection, shoot prolif-
using a gene amplification kit and thermal cycler (Perkin Elmeration, and rooting in the presence of 100 mg-likan. Control
Cetu, Norwalk, Conn.). The oligonucleotide primers for a 514-Bfvisconsin 38’ shoots died at this concentration of kan. Positive
internal fragment of theolC gene were 5° primer, 5-GUS assays also indicated transformation except for clones A and
CGACCTGTGTTCTCTCTTTTTCAAGC and 3" primer, and 5°-G, which grew on kan but were negative for GUS expression. PCR
GCACTCGCCATGCCTCACCAACTCACC. The primers foranalyses confirmed the integration of the GUS, NPT Il ral@l
the GUS and NPTII genes were supplied by J.L. Slightom and wgeses in all clones except A and G in which the GUS gene was not

Results

Table 1. Horticultural characteristics of transgenic tobacco expressing@gene (December planting).

Ht at No. of
Tobacco flowering leaves Leaf area Photosynthesis rate
plant (cm) (nodes) (cf (UM CO/m? per sec)
Control 161.84& 20a 2299a 11.0a
rolC A 102.6 b 20 a 162.2b 115a
rolC B 1423 a 24 a 144.2 b 104 a
rolC E 86.3b 2la 142.2b ND
rolC G 91.0b 2la 166.0 b ND
Stomatal
conductance Specific root Flowering Total no. of
(cm-sY length (g-rm) date seed capsules
Control 0.96 b 1738 a 7 Apr. a 48 ab
rolC A 122 a 152.3 a 11 Mar. b 59 ab
rolC B 117 a 173.7 a 16 Mar. b 71 ab
rolC E ND 164.0 a 2 Mar. b 76 a
rolC G ND 1535a 28 Feb. b 45b
Capsule Capsule Seed wt/ Corolla Pistil
length width capsule length length
(mm) (mm) (mg) (mm) (mm)
Control 21.1a 109a 209.6 a 493 a 46.8 a
rolC A 195D 10.2b 208.1a 48.3 a 44.5 ab
rolC B 16.1d 8.6d 103.2 ¢ 458 a 46.0 a
rolC E 159d 9.2c 104.6 c 40.4 b 38.3¢c
rolC G 16.9c 8.7 cd 137.4 b 455 a 435b

ZMean separation in columns by Duncan’s multiple rangeRes0.05.

YND = no data.
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Table 2. Horticultural characteristics of transgenic tobacco expressimg&hgene (June planting).

Ht at Final Total plant Leaf Specific root
Tobacco flowering ht dry wt area length
plant (cm) (cm) C)] (crh) (g:nT)
Control 12764 146.0 a 84.4a 352.3a 62.7 a
73A 108.8 a 1324 a 722 a 2819b 76.7 a
73B 108.7 a 1303 a 705a 293.2b 78.6 a
rolC F 69.6 b 92.0b 316b 186.0 ¢ 84.7 a
rolC G 67.8b 82.8b 32.0b 177.2 ¢ 96.3a
Flowering Corolla Corolla Pollen
Flowering period length diam germination
date (days) (mm) (mm) (%)
Control 27 Aug. a 35a 48.8 a 18.8 b 67 a
73A 13 Aug. b 24 bc 49.0a 20.6 a 6la
73B 10 Aug. b 19c 493 a 19.2b ND
rolC F 21 July ¢ 29 abc 40.0b 16.4c 49 ab
rolC G 23 July ¢ 34 ab 40.1b 16.7 ¢ 22b
Total no. Capsule Capsule Seed wt/
of seed length width capsule
capsules (mm) (mm) (mg)
Control 85.2a 20.0b 10.8 ¢ 1558 b
73A 514b 221a 11.1b 171.1b
73B 73.3 ab 222a 115a 199.5a
rolC F 66.8 ab 17.1c 105¢c 1740b
rolC G 514b 15.2d 8.2d 86.1c
“Mean separation in columns by Duncan’s multiple rangeRes(.05.

YND = no data.

Table 3. Horticultural characteristics of progeny from self-pollination of tobacco plants expressui@ thene.

Ht at Final Leaf Seed wt/
Tobacco flowering ht area Flowering capsule
plant (cm) (cm) (crh date (mg)
Control 130.83a 1389 a 725.6 a 19 Apr. a 1314 a
73 1294 a 1314 a 655.6 b 18 Apr. a 1436 a
rolC B 102.3 b 115.3 ab 381.0¢c 12 Apr. ab 329c¢
rolC E 723 ¢ 98.1b 375.3¢c 13 Apr. ab 48.8 bc
rolC F 68.8 ¢ 101.0b 372.0c 9 Apr. b 725b

“Mean separation in columns by Duncan’s multiple rangeRes(.05.

detected. Control plants were negative (Fig. 2). Southern analgsimes when self-pollinated produced fewer seeds than the con-
with the combined EcoRI and Hindlll digestion demonstrated thedls. The number of seed capsules, number of leaves (nodes),
all of the transgenic clones contained the 1.9¢®8 fragment. photosynthetic rate, and specific root length did not differ between
(Fig. 3). Using Hindlll alone, the Southern analysis revealedransgenic and control plants. Stomatal conductance was generally
single fragment in transgenic clones A and G at 4.0 and 3.9 Kigher in transgenic clones. Clones E and G demonstrated the most
respectively. Clone B produced a 14.0-Kb fragment. Cloneekireme examples @bIC traits in this trial, with up to a 53%
produced three bands: 7.4, 5.2, and 2.0 Kb. Clone F produceddauction in plant height, twice the number of nodes per unit height
11.0- and 4.8-Kb band (Fig. 3). The presence of multiple bandg¢short internodes), a 62% reduction in leaf area, and a 50%
clones E and F indicates multiple insertions offth€ gene. The reduction in seed weight per capsule.
2.0-Kb fragment in clone E, which closely approximates the 1.9-Transgenic clones F and G, June planti@gntrol plants in this
Kb rolC insert, suggests multiple tandem insertions ofrth@ trial included ‘Wisconsin 38’ and two clones, 73A and 73B, which
gene along with a deletion of the GUS and NPTII genes at tomtained the pGA-GUSGF plasmid insert withoutrth€ gene.
tandem insertion site. Tandem and other complex insertion péttese plasmid controls generally did not differ from untransformed
terns have been previously reported (Rotino et al., 1992). Aviisconsin 38’, although for a few measured traits they were
explanation for the high expressiorrolC traits in clone E (Table midway between control and transgenic plants (Table 2). Asin the
1) may be the multiple insertions of ttdC gene. first trial, rolC transgenic plants were shorter with smaller leaves,
Transgenic clones A, B, E, and G, December planfMants produced smaller seed capsules, and were earlier flowering than
expressing theolC gene were shorter, produced smaller leavexintrol plants. The length of the flowering period did not differ
and were earlier flowering than the ‘Wisconsin 38’ control (Tabletween transgenics and controls. Total above-ground dry weight
1, Figs. 4 and 5). Seed capsules were smaller, and most transgém@C transgenic plants was less than half that of control plants.
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In this trial, clone G produced fewer seeds than controls on seliich may account for the low seed number obtained. Flowers of
pollination, but clone F did not. Pollen germination of clone G wealC transgenic plants were smaller than those of contrb&
less than half that of clone F and about one-third that of contralsorter in length and in the diameter of the corolla.

Analysis of seedlings of transgenic clan8amples of 100

PCR o seeds from each of the self-pollinated clones B, E, and F were
TranBdshic _—— E" o germinated at least twice. Seedling survival rates fit a 3 kan
G1o?1e = = 0g resistant : 1 kan sensitive ratig’(P = 0.01). Seedlings from
e a8 untransformed controls all died after 3 weeks on 100 mg* kear.
A°BE FGT73730 0@~ A The appearance of vigorous and weak transgenic seedlings on kan

led to a germination test of clones B and E and a nontransgenic
control on 0, 25, 50, 100, and 150 mg-titkan. This test revealed
Kb that, atthe 100 to 150 mg-littkan concentrations, ratios of 3 kan
3,0 resistant: 1 kan sensitive were consistgfjif = 0.01), but, at the
25t0 50 mg-litetkan levels, a higher percentage of seedlings from
2.0 clone B died than from clone E (20% vs. 7%). This indicated a
1.5  higher expression of the NPTIlI gene in clone E seedlings and
possibly a higher gene copy number. The higher gene copy
1.0 number, which would result from a tandem insertion event as
suggested by Southern analysis, is consistent with the observed
ratio of 3 kan resistant : 1 kan sensitive seedlings.

WS Ew e
v
NPT ga @@ = @ @ &

‘ . A subsample of 10 kan resistant seedlings from transgenic
RolC o8 - ' o o ® 75  (lonesB, E, and F was analyzed for expression of the GUS gene.
All were positive, while controls were negative. These seedlings

. were transferred into the greenhouse in February with supplemen-

tal lighting as described earlier. Growth parameters that were
Fig. 2. PCR analysis 06l C transgenic clones A, B, E, F, and G and two regeneratéaund to best distinguistolC expression were measured on these
plants following transformation with a plasmid containing the NPTII and GU&ants and they were typ|ca| foolC expression: shorter stature,
but not theolC gene (plasmid pGA-GUSGF). Negative controls are untransforms\ﬁth smaller leaves, fewer seeds, and earlier blooming (Table 3).

tobacco controls. Positive controls @&grobacterium tumefaciersontaining d th I dli f the diff | ied i
the plasmids. Note the absence of the expected GUS gene in clones A and¥¢€ noted that, overall, seedlings of the different clones varied in
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Fig. 3. Southern analysis of rolC transgenic tobacco clones A, B, E, F, and G following restriction digest with EcoRI and Hindlll produced the expemtkll 1.9-Kb
fragment. Southern analysisrofC transgenic tobacco following restriction digest with Hindlll. Clone A produced a single 4.0-Kb fragment. Clone B produced a 14.0-
Kb fragment. Clone E produced three fragments, 7.4, 5.2, and 2.0 Kb, which seem to be the result of multiple, tandem insertions (see text). Clone F produced two ba
11.0 and 4.8 Kb. Clone G produced a 3.9-Kb fragment. Control 1 is tobacco transformed with pPGA-GUSGF and control 2 is untransformed tobacco. The plasmid pG
GUSGFrolC digested with Hindlll and Hindlll/EcoRl is also shown.
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Fig. 4. A) RolCtransgenic tobacco clone [Eff), untransformed ‘Wisconsin 38m(ddle), and transgenic clone 73 without #fC gene (transformed with pGA-
GUSGEF) (ight). (B) Plants of transgenic clone fiight) flowered=35 days before the untransformed contrigii). (C) Seedling of transgenic clone 73 without the
rolC gene (plasmid pGA-GUSGHE(t), rolC transgenic clone (plasmid pGA-GUS@HC) (middle), and untransformed ‘Wisconsin 38ight).

the degree of expressionrolC traits. Seedlings of clones E andransgenic clones, our work with seedlings of these clones indi-
F were more extreme in their expressiomadC traits than clone cated that individual seedlings within a clone differed in their
B seedlings. This also may be evidence of multiple, tandexpression ofolC traits. To study these differences further, an
insertions, which would corroborate the results of kan resistamaailitional 50 clone E seedlings, which survived kan selection and
and Southern analysis. were GUS positive, were planted in the greenhouse in April
Besides differences between expressiakd traits between without supplemental lighting. Along with these, 10 untransformed
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Fig. 5. @A) Flower ofrolC transgenic tobaccdeft) and untransformed control §' X control = 124
(right). (B) Seed capsule abIC transgenic plantlgft) and untransformed g 124 3 rolc = 274
control fight). (C) Flower ofrolC transgenic tobaccaap) and untransformed 4 xrelb =
control pottom). (D) Leaf of untransformed control tobacdef() androlC “5 84
transgenicright). £
. . . e 44
‘Wisconsin 38’ untransformed control seedlings were planted g ] —
having been germinated at the same time, in the absence of kan. 0 80 250 30 0 &%
Height, leaf area, flowering date, and seed production were mea- No. flowers on main stalk
sured as previously described. In addition, the number of lateral _
shoots produced from the soil line to the base of the flowering stalk X control = .183
was recorded at the time of flowering and the total number of | *™¢="08
flowers produced on the main flowering stalk was counted. Since
these seedlings tested positive for kan resistance and since they , |
were GUS positive, we assumed that they carriedai@zgene.
Further, if we assume that three copies of the introduced genes
were inserted in tandem in clone E as suggested by Southern .025 050 .075 A 125
analysis, 3:1 segregation ratios, and extreme expressionaithe Sead weight/capsule (g)

phenotype, then, following the death on kan-containing medium of

seedlings homozygous for the absence of the introduced genedgvé- Cumulative frequency measurements of 50 seedlingd@fransgenic
would expect a ratio of 2 heterozygotes : 1 homozygote for tht@bacco clone E. Seed weight per capsule based on the mean of 10 capsules for
. . ach of 20 plants. Means for untransformed controls@@dtransgenic plants
introduced genes. Cumulative frequency of measurements for tﬁ@ also indicated.

50 seedlings was calculated using SAS’s PROC CHART (SAS,

1979). While these seedlings expressed typidél traits such as sion than those that showed expression of traits above the mean
reduced height and smaller leaves when compared with contr(#gy. 6). Thus, although there was not a 2:1 ratio, there were fewer
aratio of 2 expression : 1 extreme expressioolGftraits was not extreme expressers, as would be expected. The fact that plant-growth
observed (Fig. 6). Using the mean trait expressiorof@plants, regulators interact with each other and the environment in complex

in every case there were fewer plants that showed extreme exprags makes it not surprising that a clear 2:1 ratio washswrved.
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Discussion environmental conditions (van der Salm et al., 1992). Altered
_ growth ofrolC transgenic lines may also indirectly influence scion

TherolC gene has proved to be useful for studytnghizo-  growth. Thus, further investigations are necessary to determine the
genesontrol of hairy root development (Tepfer, 1984). Studies effects ofrolC transgenic rootstocks on fruit, nut, and ornamental
the combined effects of the productsa#, rolB, androlC genes trees.
on plant development are helping to elucidate the general nature of
phytohormone_control of plant growth and development (Fladung, Literature Cited
1990; Schmulling et al., 1988; Spena et al., 1987; Sugaya et al.,

1989; van Altvorst et al., ]_992). Beyond these important baé'iEG.198i7.:i§i::)1:;g/2Ti;’/§;torsforplanttransformation and promoter analysis. Method
; i nifi i ; ; nzymol. :292-305.

StUdI.eS' Slgnlflca_lnt opportunities eXISt. for usmg_rthlé: gene to Doyle, J.J. and J.L. Doyle. 1990. Isolation of plant DNA from fresh tissue. BRL Focus

manipulate horticultural crops genetically. Using tobacco, Wg5.;'3 s

have found thatolC-induced alterations in grQWth WEre CONSISgissenstat, D.M. 1992. Costs and benefits of constructing roots of small diameter. J.

tent, although not always of the same magnitude under differentant Nutr. 15:763-782.

growing conditions of day|ength and ||ght intensﬁ%{ﬂc p|ants Estruch, J.J., D. _Chrique, K.. Grossmann, J. Schell, and A..Spena. 1991a. T‘he plant

were dwarf in stature, but otherwise robust. Flowers were reduc@([))‘;ﬁi%?:rso'gi}ig Cr)ejpfg.sz'ggegf‘;;;ge release of cytokinins from  glucosidase

L 150 : : . 10:2889-2895.

In size by_ 15% bu_t otherwise appeared r_10rr_na|. Seed CapsEEﬁuch,J.J.,A. Parets-Soler, T. Schmulling, and A. Spena. 1991b. Cytosolic location

number did not differ between transgenlc lines ar_‘d _Contmlﬁ transgenic plants of thielC peptide fromAgrobacterium rhizogeneBlant Mol.

(Tables 1 and 2). Due to reduced fertilityroliC transgenic lines, Biol. 17:547-550.

Capsu|e number may not be a good indication of flower num[j’e’](ih,M.M.‘M.,R.M. Manshardt, D. QonsalveSiJ.L. SIightom,andJ.IC.Sanford. 1992:

since some flowers may not set seed. Data taken from seedlingg's resistant papaya pIar_]ts der_|ved from tissues bombarded with the coat protein

(Fig. 6) indicated that flower number on transgenic lines w, ne of papaya ringspot virus. BioTechnology 10:1466-1472.

. g. 9 . . EI dung, M. 1990. Transformation of diploid and tetraploid potato clones with the rolC
higher than On_untranSforme_d contr(_)l_s. These seedlings O”gmat@éi:e ofAgrobacterium rhizogenesnd the characterization of transgenic plants.
from transgenic clone E, which exhibited a more extreme exprestant Breeding 104:295-304.
sion ofrolC-related traits than most other clones. Increased flowkémill, J.D., S. Rounsley, A. Spencer, G. Todd, and M.J.C. Rhodes. 1991. The use of
number seemed to be related to extreme expressimol@f polymerase chain reaction in plant transformation studies. Plant Cell Rpt. 10:221—
mduc_ed growth alterations. The Iength of th.e fI_owerlng perlo_d I od, E.E., G.L. Helmer, R.T. Fraley, and M. Chilton. 1986. The hypervirulence of
not differ between controls and transgenic lines. Interestinglyagrobacterium tumefacierts281 is encoded in a region of pTiBo542 outside of T-
flowering was earlier (by up to 38 days) in transgenic clones. DNA. J. Bacteriol. 168:1291-1301.

TherolC gene used in our studies was controlled by its nativedferson, R.A_. 1987. Assaying chimeric genes in plants: The GUS gene fusion system.
promoter. It has been noted (Schmulling et al., 1988) that m‘ésm X‘O'-BB'CE')- ';Pnti- 53?}?;‘"3 wsavnekl. 1987, Induced mutations for cr
growth-regulating functions of thelC androlB genes were more "¢ o - 5. Donini, and M. Mauszyns«i. -, hduced mutations for crop

. improvement—A review. Trop. Agr. (Trinidad) 64:259-278.
dramatic when C_0ntr0”ed by the CaMV 35S promoter. Th_erefomyrashige, T. and F. Skoog. 1962. A revised medium for rapid growth and bioassays
promoter selection can be used to regulate the expression of thig tobacco tissue cultures. Physiol. Plant. 15:473-497.
rolC gene in transgenic plants. Our work confirms earlier wogleno, Y., T. Handa, J. Kanaya, and H. Uchimiya. 1987. The TL-DNA gene of Ri
(van Altvorst et al., 1992) that, under the control of a giveri’t'?sm'é’erest%”S'b'e foirjd"A"f’iff”essMOf ‘°baCC°dpi'Ea”Lts-Jtpt”- i-g ggn_?‘- 62f1501—t505-
promoter, theolC gene produces a range of alterations in growfRCino: &:L., D- Perrone, P. Aimone-Marsan, and E. Lupotto. 1992. Transformation
. . . . of Solanum integrifoliuniPoir viaAgrobacterium tumefacienBlant regeneration

Thus a great amount of phenotypic variation in gene expressigpg progeny analysis. Plant Cell Rpt. 11:11-15.
can be obtained by using different promoters and furthered 4 institute. 1979. SAS users guide. SAS Inst., Raleigh, N.C. p. 143-155.
selecting individual transgenic clones. We have shown that #semulling, T., J. Schell, and A. Spena. 1988. Single genesAgrobacterium
gene is stably inherited and expressed in the progeny, in Whiiﬁ'ﬁzogenif‘ﬂ“’\jmg p'a”dt Cievg_'?p[“eJm- EMBO 782%21;26?9- 1686, Nudleotid
again variation occurs and selection for gene expression car? [§g™ JL- M. Durand-Tardif, L. Jouanin, and D. Tepfer. - Nucleotide

. . . . . sequence analysis of TL-DNA Afjrobacterium rhizogenegropine type plasmid.
made. Although further investigation is required, we expect that g5 chem. 261:108—121.
selecting for a particular level of expression can result in thRigocki, A.C. and F.A. Hammerschlag,. 1991. Regeneration of plants from peach
establishment of lines homogeneous for that level of expressiogmbryo cells infected with a shooty mutant straifgfobacteriumJ. Amer. Soc.
Our results also indicate that, under different environmental coiort. Sci. 116:1092-1097.

. : : thern, E. 1975. Detection of specific sequences among DNA fragments separated
ditions such as supplemental lighting vs. natural daylength ﬁ’gd gel electrophoresis. J. Mol. Biol. 98:503-517.

other _Condltlons that caused _dlfferences '_n plant Vlg(_)r. betw na, A., T. Schmulling, C. Kincz, and J.S. Schell. 1987. Independent and synergistic
experiments, theolC transgenic lines consistently exhibited the activity of rolA, B and C loci in stimulating abnormal growth in plants. EMBO
described growth alterations. 6:3891-3899.

TherolC gene could significantly affect the development &fena, A., R.B. Aalen, and S.C. Schulze. 1989. Cell autonomous behaviaotCthe
improved ornamental crops. For example, insertingdhbgene gene ofAgrobacteriumrhizogenesduring leaf development: A visual assay for

Id It duci lier fl . t iniat transposon excision in transgenic plants. Plant Cell 1:1157-1164.
could result in proqucing earlier lowering, compact or minia u@lgaya, S., K. Hayakawa, T. Handa, and H. Uchimiya. 1989. Cell-specific expression
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