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Abstract. We describe a method for the isolation of
spontaneous haploid tomato plants from greenhouse-
grown seedlings obtained from crosses involving a
transgenic parental line in which a counter-selectionable
chimeric gene has been introduced. Transgenic seeds
transformed with the aux2 gene, a gene of Agrobac-
terium rhizogenes that transforms naphthalene acetam-
ide (NAM) into naphthalene acetic acid (NAA), did not
develop roots in the presence of NAM, whereas wild-
type tomato seeds developed a normal rooting system
in its presence. Transgenic plants homozygous for aux2
(cv ‘UC82b’) were used to pollinate male-sterile (ms322)
tomato plants {cv ‘Apedice’). Using NAM as a toxic
substrate to kill heterozygous diploid plants carrying
aux2, we selected for three maternal haploid plants
resulting from the development of the female nucleus
without fertilization. Maternal haploid selection using
the aux2 marker was less efficient than the visual
screening of haploid plants displaying recessive mor-
phological markers of the female parent, but provided
evidence for the feasibility of haploid selection in spe-
cies for which no morphological markers are available.
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Introduction

Haploid plants are useful for the creation of inbred
lines (Gallais 1986; Fouroughi-Wehr and Wenzel 1990)
and for the selection of recessive mutations at the cell
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level (Grafe et al. 1986; Marion-Poll et al. 1988). While
tomato haploid plants can be obtained by anther
culture (Greshoff and Doy 1972; Sharp et al. 1972;
Zagorska et al. 1982; Zamir et al. 1980, 1981), this
method is not reproducible, and in most cases leads to
diploid and polyploid plants regenerating from micro-
spore and anther-wall cells. Tomato haploids can also
be recovered by in vivo gynogenesis (Ecochard et al.
1969; Al Yasiri et Rogers 1971; Koornneef et al. 1989),
and by this method several gynogenetic haploid plants
were obtained from different genotypes (Koornneef
et al. 1989). The most serious limitation to the selection
of spontaneous haploid plants is the low frequency at
which haploid plants occur, about 2 x 10~ *(Hille et al.
1989). Screening for spontaneous haploids has been
improved by the utilization of mutant lines carrying
recessive morphological markers. The restriction to
lines containing such recessive markers, however,
limits the method to species for which these markers
are available. Moreover, screening a large number of
plantlets by such a method is a fastidious enterprise.
The use of a selectable marker at an early stage of
development would greatly simplify the recovery of
haploid plants. A dominant lethal gene, Rac-, present
in a rootless Nicotiana tabacum mutant (Muller et al.
1985), could be used for haploid selection at the seed-
ling level (Pelletier et al. 1987). Diploid plants resulting
from a cross between a homozygous mutant Rac- used
as female and a wild-type plant used as male did not
develop roots and subsequently died. Normal plants
were obtained at a low frequency (107*) and were
shown to be androgenetic haploids. The reciprocal
cross led to the selection of gynogenetic haploids.
However, this method ¢an not be transposed to tomato
because such Rac- mutants are not available in this
species.
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The introduction into tomato by gene transfer of a
lethal conditional marker whose expression occurs
early at the seedling stage could constitute a valuable
alternative. Two genes, tms2 and aux2, present in the
T-DNA of Agrobacterium tumefaciens and A. rhizo-
genes, respectively, encode an indolacetamide hydro-
lase (iaaH) that converts indole-3-acetamide (IAM) of
naphtalene acetamide (NAM) into indole-3 acetic acid
(IAA) and naphtalene acetic acid (NAA). Transgenic
tobacco and petunia plants harboring tms2 were able
to transfrom IAM/NAM into JAA/NAA and were
more sensitive to IAM/NAM than wild-type plants
(Budaret al. 1986; Klee et al. 1987). This sensitivity was
characterized by an inhibition of root development. In
preliminary germination tests wild-type tomato seeds
were germinated in the presence of IAM/NAM: no
morphological changes occurred. The effects of
IAM/NAM on the germination of aux2 transgenic
tomato plants were then studied. In the present report
we show that aux2 can be used as a counter-selectable
marker for the selection of tomato haploid plants at the
seedling level under greenhouse conditions.

Materials and methods

Plant material

Wild-type tomato (cv ‘UC82b’) and a male-sterile mutant (ms32)
homozygous for two recessive morphological mutations, with-
out anthocyanine (a,) and potato leaf (c) (cv ‘Apedice’), were
provided by the Station d’Amélioration des plantes maraichéres
(INRA, Monfavet).

Transformation vector

The Accl-BamHI fragment (nucleotide 1156-3236) of the Sall
6-kb fragment of the pRiA4 TR-DNA (Camilleri and Jouanin
1991) contains the entire aux2 gene with its promoter and
polyadenylation signal. This AccI-BamHI fragment was blunt-
ended by treatment with the Klenow polymerase and cloned in
the blunt-ended X bal site of the binary vector pMRK 62 (Vilaine
et al. 1987) to create plasmid pCC23 (Fig. 1A). This plasmid was
introduced in the Agrobacterium tumefaciens strain GV3101
(pMP90) (Koncz and Schell 1986) according to Holsters et al.
(1978), and the resulting strain was used for plant transform-
ation.

Plant transformation

Our procedure for plant transformation was essentially that
described by Fillati et al. (1987), except for the following modifi-
cations. Eight- to ten-day-old ‘UC82b’ cotyledons of asceptically
germinated seedlings were used for co-cultivation with Agrobac-
terium. Medium for preculture and co-cultivation with Agro-
bacterium consisted of Murashige and Skoog (MS) basal salts
(1962), Morel and Wetmore’s vitamins (1951), 30 g/l sucrose, 7 g/1
agar (Biomar), and 0.1 mg/l NAA, 1 mg/l BA. Medium for shoot
induction from the tomato explants consisted of Murashige and
Skoog’s basal salts (1962), Linsmaier and Skoog’s vitamins
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Fig. 1. A Physical map of the T-DNA of plasmid pCC23. The
PRiA4 Accl-BamHI fragment containing aux2 (nt 11563236 of
the 6-kb Sall fragment of the TR-DNA) was cloned beside a
chimeric p19S-npt I1-3' CaMV gene between left (LB) and right
(RB) borders of the T-DNA of the binary vector pMRK62.
B Detection of aux2 sequences inserted in the genome of tomato
transformants. Genomic DNA of an untransformed plant (W T)
and six transformants (C5, C7, Cl1, C21, C14, C16) was cut by
Dral and hybridized with an aux2 internal 1-kb Dral fragment

(1965), 0.5g/1 polyvinylpyrolidone 40000 (Prolabo), 100 mg/l
kanamycin, 400 mg/l cefotaxime, 30g/l glucose, 5g/1 agarose
(Litex), and 0.5mg/l IAA and zeatin. Kanamycin-resistant
shoots were transferred to the root-inducing medium [MS/2
salts, Morel and Wetmore’s vitamins (1951), 30 g/l sucrose, 7 g/
agar, and 100mg/l kanamycin]. The transformed plants were
examined for the presence of aux2 by molecular hybridization
with an aux2 probe (Southern 1975).

RO transformants containing the aux2 gene were transferred
in the greenhouse and selfed. R1 and R2 seedlings were sown in
vitro on tomato germination medium [MS/2 salts, Morel and
Wetmore vitamins (1951), 10 g/l sucrose, 7g/1 agar] supplement-
ed with the appropriate concentration of IAM, NAM or NAA, or
100mg/l kanamycin. The NAM (Sigma) was purified by first
being dissolved in 1009, ethanol. The solution was evaporated to
one-third of the original volume, and the NAM was crystallized
at 4 °C. The process was then repeated. IAM and purified NAM
were dissolved in dimethylsulfoxide (DMSO) in order to prepare
concentrated solutions of 10 and 20 mg/ml.

Crossing

Flowers of male-sterile (ms32) greenhouse-grown plants {(cv
‘Apedice’) were pollinated with pollen from plants homozygous
for the aux2 transgene (C21/C21) transgenic line derived from cv
‘UC82b’. The resulting plants were grown to maturity in the
greenhouse, and heterozygous (C21/+) seeds from 1400 fruits
were extracted by an overnight treatment with a solution of
0.05%, HCl and 0.075% enzyme (Rapidase CX) and rinsed before



drying. Seeds were screened through a sieve and two classes of
seeds were separated out: class 1 seeds had a diameter greater
than 2.5 mm, and class 2 seeds had a diameter less than 2.5 mm.
About 180 000 and 17 000 seeds of class 1 and class 2, respective-
ly, were harvested.

Sowing

Seeds of wild-type and transgenic plants were sown in vitro
independently in glass tubes or mixed together at different
densities in boxes (175 x 115 mm), the distance between seeds
ranging from 7 to 15 mm. In the greenhouse 400 seeds were sown
in 30 x 30 cm earthenware vessels containing planting mix and
watered with a nutrient solution (Coic and Lesaint 1961) con-
taining the appropriate concentrations of NAM until the plant-
ing medium was saturated. Earthenware vessels were placed in
the greenhouse under conditions of a 16-h photoperiod, 70%,
humidity and 120 uE m~2s™* lighting. Nutrient solution with-
out NAM was supplied as the planting medium began to dried.

Chromosome counting

Chromosome counts were performed on root tips of putative
haploid plants by staining with Schiff reagent after fixation in
909 acetic acid and hydrolysis by 1IN HCl for 10 min at 65 °C.

DN A analysis

DNA of transgenic plants was isolated from young expand-
ing leaves according to Dellaporta et al. (1983). Aliquots of 10 pg
DNA were digested with restriction endonuclease Dral
(Bethseda Research Lab, UK), separated by electrophoresis
in a 0.8 agarose gel, and then blotted to a nylon membrane
(Biodyne, Pall, France). Probes were labelled using random
oligonucieotide primers (Feinberg and Volgestein 1983). Hybrid-
ization were performed according to Maniatis et al. (1982).
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Results

Introduction of aux2 into tomato plants

Tomato cotyledons (cv ‘UC82b’) inoculated with the
Agrobacterium tumefaciens strain GV3101 harboring
the plasmid pCC23 developed shoots after 4 weeks of
culture on the selection medium containing kanamy-
cin. Transgenic shoots were normal in appearance and
developed roots, suggesting that the presence of aux2
in transformed shoots of tomato does not cause auxin-
induced morphological changes nor prevents rooting.

Seeds obtained by self-pollination of ten indepen-
dent kanamycin-resistant transformants were sown
individually in vitro on medium containing NAM
(3 mg/1}. Three, C5, C16, and C21, segregated approxi-
matively 75%; rootless plants to 25% normal plants on
medium containing NAM, suggesting the integration
of a T-DNA carrying a functional aux2 gene at a single
locus, whereas two others, C14, and C6, segregated
approximatively 94% rootless plants to 6%, normal
plants, indicating the integration of two T-DNAs car-
rying a functional aux2 gene at two independent loci.
The progeny of the remaining five plants, C7,C11,C12,
C8, and C3, were insensitive to NAM, suggesting that
these plants did not carry a functional aux2 gene. We
confirmed by Southern blot experiments that in plants
C7 and C11, the aux?2 internal 1-kb probe hybridized
with a rearranged fragment (Fig. 1B), which implies a
non-functional insertion of aux2. Conversely, for the
NAM-sensitive plants, C5, C14, C16, and C21, hybrid-
ization clearly showed the presence of the 1-kb frag-

20 30

Fig. 2. Effect of NAM and NAA on
wild-type and aux2 transgenic seed-
lings. Seeds were sown individually in
vitro on medium containing increasing
concentrations of NAM (0-30mg/1)
(A) or NAA (5-30mg/l) (B). Lanes !
and 3 wild-type, lane 2 aux2 transgenic
plants
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ment, indicating a correct integration of the aux2 gene
(Fig. 1B).

Transformant C21, which segregated aux? at a
single locus, was retained for further experiments.
Tewnty R1 kanamycin-resistant plants obtained by
self-pollination of transformant C21 were transferred
into the greenhouse and selfed. All of the R2 progeny
from five different R1 plants were completely rootless
on medium containing NAM, indicating that these
plants (C21/C21) were homozygous for the aux2 gene.

Effect of NAM on germination and growth
of wild-type and aux?2 transgenic
tomato plants sown in vitro

Wild-type (cv ‘Apedice’) and hybrid seeds (C21/+)
resulting from a cross between the homozygous
C21/C21 transgenic line (cv ‘UC82b’) and the male-
sterile line (cv ‘Apedice’) were sown independently in
vitro on media containing NAM at concentrations
ranging from 5 to 30mg/l. As shown on Fig. 2A
wild-type seeds germinated and grew normally on
medium containing 5mg/l NAM, whereas C21/+
seeds germinated, but did not grow (radicles did not
develop). Increasing the concentration of NAM to
20mg/1 had no significant effect on either seed germi-
nation or plant growth of the wild-type, whereas
30 mg/l NAM inhibited the growth of wild-type plants
but not germination. Wild-type seeds sown on medium
containing NAA concentrations ranging from 5 to
30mg/l showed the same changes as C21/+ seeds
sown on medium supplemented with NAM (Fig. 2B).
This observation indicated that qux2 is actually re-
sponsible for the transformation of NAM into NAA in
transgenic tomato plants. Consequently, we tested if
the inhibition of growth of aux2 transgenic tomato
plants on medium containing NAM was compatible
with the development of wild-type plants sown in the
same medium. Wild-type seeds were mixed with
C21/+ seeds (1:9), and the mixture was sown at differ-
ent densities on medium containing NAM (0-30 mg/1).
When seeds were sown 15 mm from each other, wild-
type seeds germinated, but did not develop roots and
stopped growing, as did the C21/+ plants. This inhibi-
tion probably resulted from the release of NAA by
transgenic seedlings into the medium. When IAM was
used instead of NAM (assuming that excreted IAA
would be less stable than NAA), wild-type plants grew,
although C21/+ plants did not grow. However, when
the seeds were sown 7mm from each other, wild-type
plants did not grow because of the release of IAA by
neighboring C21/+ seedlings. Thus, a minimal dis-
tance of 10mm between two seeds was required to
permit the development of wild-type plants sown in the
presence of C21/+ plants on medium containing JAM.
Such a procedure, however, was not compatible with

the selection of haploid plants, which should occur at a
low frequency and require the sowing of several thou-
sand seeds.

Effect of NAM on the germination and growth
of wild-type and aux?2 transgenic tomato plants
sown under greenhouse conditions

Wild-type and hybrid (C21/+) seeds were sown to-
gether in a planting mix and watered with NAM at
concentrations ranging from 10 to 50 mg/l. The germi-
nation rate of the wild-type seeds was not affected
significantly by the proximity of C21/+ seedlings when
watered with a nutrient solution containing up to
40mg/1 NAM:(Fig. 3). However, a germination delay of
3 days was observed as compared to the control treat-
ment. The death of C21/+ seedlings did not affect the
survival of wild-type plants. Thus, the development of
wild-type diploid ‘plants was preserved under green-
house conditions when up to 40 mg/l NAM was used in
the nutrient solution. Since the behavior of haploid
plants under such conditions was unknown, and as-
suming that they should be less vigorous than diploid
ones, we looked for the minimal concentration of
NAM required to inhibit the growth of C21/+ seed-
lings of both class 1 (large seed fraction) and class 2
(small seed fraction). In the presence of 20 mg/l NAM
the development of approximately 98%, of class 2 hy-
brid seeds was inhibited, whereas a concentration of
40 mg/l NAM was required to inhibit the development
of approximately 989 class 1 hybrid seeds.
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Fig. 3. Germination rate of wild-type and aux2 transgenic seeds
sown under greenhouse conditions in the presence of NAM.
Wild-type seeds (13) were sown with aux2 transgenic seeds (200)
and watered with a nutrient solution containing increasing
concentrations of NAM (0-50 mg/1). The number of germinating
seedlings of each type was scored 30 days after sowing
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Table 1. Selection of tomato haploid seedlings

Seed size* Percentage Morphological markers Conditional lethal marker

(mm) germination
Total Number of Number of  Total Number of Number of
number of seedlings plants number of seedlings plant confirmed
seeds sown with maternal  confirmed seeds growing in as haploid

phenotype as haploid presence of
NAM

Class 1 86 15000 4 26000 0 -

>25

Class 2 78 1500 3 7500 10 3

<25

2 Class 1 and class 2 seeds were screened for morphological markers of the female parent or treated with 20 and 40 mg/l NAM,
respectively. Plants displaying the maternal phenotype had hypocotyls without anthocyanine and potato leaf morphology

Fig. 4. Chromosome counting of haploid plants. The number of
chromosomes was determined in root-tip cells at the metaphase
stage

Maternal haploid selection

Two types of selection were performed. The first selec-
tion was based on the visual screening of plants dis-
playing recessive morphological markers, and the
second on the counter-selection of heterozygous
C21/+ seedlings. Among 15000 class | seeds sown in
the absence of NAM, four plants were of the maternal
type with respect to leaf morphology and hypocotyl
pigmentation. Among 1500 class 2 seeds sown under
the same conditions, three other maternal type plants
were identified (Table 1). These plants are probably
gynogenetic haploids. The haploidy was confirmed by
chromosome counting (Fig. 4). Thus, the frequency of
gynogenetic haploids was sevenfold higher using class
2 seeds than class 1 seeds (Table 1). In a second
experiment, class 2 and class 1 seeds were sown and
watered with a nutrient solution containing 20 mg/1
and 40 mg/l NAM, respectively. From the 26 000 class
1 seeds sown, not one plant developed on the selective
medium; from a total of 7500 class 2 seeds sown, ten
plants developed normally. Three of these exhibited
the recessive morphological markers of the female
parent (Fig. 5) and are presumed to be haploid plants,

Fig. 5. Maternal haploid selection. Seeds of class 2 were sown
under greenhouse conditions (400 seeds per earthenware) and
watered with a nutrient solution containing 20 mg/l NAM. The
photograph was taken 1 month later

whereas the seven other plants displayed the mor-
phological phenotype of the male parent and are pre-
sumed to be diploid plants that escaped the selection
(Table 1). The haploid status of the three plants exhibit-
ing the female phenotype was confirmed by chromo-
some counting.

Discussion
Attempts were made to select for tomato maternal

haploid plants (which result from the development of
the haploid female nucleus without fertilization) by
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crossing a male-sterile plant with a homozygous aux?2
transgenic plant and then sowing the resulting seeds in
the presence of NAM. The growth of diploid hetero-
zygous aux2 transgenic plants was expected to be
inhibited on medium containing NAM, whereas hap-
loid wild-type tomato plants were expected to be insen-
sitive to NAM and to develop normally. In fact, hetero-
zygous aux2 transgenic seeds sown in vitro on medium
containing up to 20 mg/l NAM were able to germinate
but not grow, whereas wild-type seeds were able to
grow. However, 30 mg/l NAM strongly inhibited wild-
type plant growth in vitro, although germination was
not affected. We also observed that under greenhouse
conditions the development of 14-day-old wild-type
plants which had germinated in the absence of NAM
was strongly inhibited when NAM was present in the
nutrient solution at concentrations as low as 3mg/l,
although wild-type seeds were able to germinate in the
presence of NAM at concentrations up to 30 mg/l and
to grow if supplied with a standard nutrient solution
that no longer contained NAM (data not shown).
These latter results indicated that the germination of
wild-type tomato plants was not sensitive to NAM and
also suggested that the expression of aspecific hy-
drolases able to transform NAM into NAA seemed to
be turned on immediately after germination. Thus, it
was decided to select for -haploids at the germination
level. Reconstruction experiments in which wild-type
and transgenic seedlings were mixed and sown to-
gether in vitro showed that the release of NAA by
transgenic plants in the agar medium inhibited the
development of wild-type seedlings. The use of IAM
instead of NAM overcame these cross-feeding prob-
lems when a minimal spacing of 10 mm between seeds
was respected. However, selecting for haploids at this
density would be difficult since a large number of seeds
have to be sown. Under greenhouse conditions the use
of compost avoided the cross-feeding problems ob-
served in vitro. The diffusion of molecular compounds
such as NAA produced by transgenic seedlings might
be more limited in compost that in agar, and NAM or
NAA might be more rapidly degraded in this kind of
substrate than in agarose medium.

The identification of monoploids at the seed stage
on the basis of the floating density of the relatively
smaller monoploid embryos (Aalders 1958) or by X-ray
radiography (Sauton et al. 1989) has been described in
cucumber species. Thus, we tried to improve the re-
covery of tomato haploids by screening seeds through
a sieve. Two classes of seeds were determined: class 1,
with seeds of a diameter greater than 2.5 mm; class 2,
with seeds less than 2.5 mm in diameter. The percen-
tage of gynogenetic haploids selected by the visual
screening of recessive morphological markers was
sevenfold higher among small seeds (class 2) than
among large seeds (class 1), suggesting that haploid

plants should be easier to obtain by screening only
small seeds. In fact, with NAM as a selective agent
under greenhouse conditions, haploid plants were iso-
lated from class 2, but not from class 1. Thus, the
mechanical screening of small seeds should reduce the
number of seeds needed to be analyzed and thus im-
prove the efficiency of haploid selection.

The efficiency of haploid plant selection from class
2 seeds was fivefold less using aux2 as the counter-
selectable marker than that obtained by the visual
screening of recessive morphological markers of the
female parent. Thus, aux2 seems to be an effective but
not ideal marker for the selection of tomato haploid
plants for several reasons, including the following. (1)
NAM may be metabolized by endogenous hydrolases
expressed at the early developmental stages of wild-
type tomato plants immediately after germination.
This would lead to endogenous concentrations that are
not compatible with the normal development of plants
(Wightmans 1962). Moreover, the toxic effect of NAA
may be more pronounced on fragile haploid plants
than on vigorous diploid plants for which a 3-day delay
in germination has been observed when watered with a
nutrient solution containing NAM. (2) The level of
expression of aux2 in transgenic plants may be insuffi-
cient to promote a high sensitivity to the low concen-
trations of NAM that should be required to recover
normally developing wild-type plants. Indeed, in con-
trast to results obtained with tobacco and cabbage
transgenic plants (Camilleri and Jouanin 1991; Beclin
etal. 1992), all five independent transgenic tomato
plants which were analyzed exhibited the same level of
sensitivity to NAM, suggesting that the level of ex-
pression of aux2 may always be low in transgenic
tomato plants or that tomato cells have a lower sensi-
tivity to NAM than tobacco and cabbage tissue. Thus,
expressing the aux2 coding sequence under the control
of a strong promoter might allow one to perform
haploid selection with a lower concentration of NAM.
(3) Methylation may affect the expression of aux2,
thereby allowing the development of transgenic plants
in the presence of NAM. In fact, in our study diploid
plants escaped from the selection by NAM at a rate of
approximatively 10™*. This result is in agreement with
that of a previous report showing that tms2, the Agro-
bacterium tumefaciens gene encoding iaaH, was inac-
tivated by methylation in the progeny of transgenic
Petunia plants at a rate of 1.5 x 107> (Renckens et al.
1992).

Despite these problems, the aux2 gene is to our
knowledge the first counter-selectionable marker that
allows the identification of tomato haploids. Com-
pared to the counter-selection system based on the use
of the dominant lethal marker Rac- in tobacco, aux2
has several advantages: (1) it does not require the
isolation of mutants (such as Rac-) of the species of



interest; (2) aux2 can be transferred to several geno-
types and transformation-competent species; (3) it be-
haves as a dominant conditional lethal marker that
permits the normal development of the plant in the
absence of selection pressure, whereas Rac- mutants
need to be grafted onto wild-type stocks. Nussaume
et al. (1991) showed that plants expressing a constitut-
ive nitrate reductase gene (35S-NR) which converts
chlorate into chlorite, a toxic compound, could be used
as a counter-selectionable marker at the seedling stage
on medium that does not contain nitrate, the inducer of
the endogenous NR gene. This marker may be more
useful than aux2 for the selection of haploids in vitro,
since it does not display cross-feeding problems. How-
ever, it can not be used in species in which NR is
expressed constitutively at a basal level in the absence
of nitrate.

Acknowledgements. We are indebted to J. Philouze for provid-
ing seeds. We wish to thank A. Vermeulen, B. Desprez and K.
Schnorr for correction of the manuscript. S. Hamza was sup-
ported by fellowships from the Tunisian government and the
Institut National de la Recherche Agronomique.

References

Aalders LE (1958) Monoploidy in cucumbers. J Hered 49:41-44

Al Yasiri S, Rogers OM (1971) Attempting chemical induction of
haploidy using toluidine blue. J Am Soc Hortic Sci 96:
126-127

Beclin C, Charlot F, Botton E, Jouanin L, Doré C (1992)
Potential use of the aux2 gene from Agrobacteriumrhizogenes
as a conditional negative marker in transgenic cabbage.
Trans Res (in press)

Budar F, Deboeck F, Van Montagu M, Hernalsteens JP (1986)
Introduction and expression of the octopine T-DNA on-
cogenes in tobacco plants and their progeny. Plant Sci
46:195-206

Camilleri C, Jouanin L (1991) The TR-DNA region carrying the
auxin synthesis genes of Agrobacterium rhizogenes agropine-
type plasmid pRiA4: nucleotide sequence analysis and intro-
duction into tobacco plants. Mol Plant-Microbe Interact
4:155-162

Coic Y, Lesaint C (1961) Comment assurer une bonne nutrition
en eau et ions minéraux en horticulture. Hortic Fr 8:11-14

Dellaporta SL, Wood J, Hicks JB (1983} A plant DNA mini-
preparation: version II. Plant Mol Biol Rep 1:19-21

Ecochard R, Ramanna MS, De Nettancourt D (1969) Detection
analysis of tomato haploids. Genetica 40:181-190

Feinberg AP, Volgestein B (1983) A technique for radiolabeling
DNA restriction fragment to high specific activity. Anal
Biochem 132:6-13

Fillati JJ, Kiser J, Ronald R, Comai L (1987) Efficient transfer of
glyphosate tolerance gene into tomato using a binary Agro-
bacterium tumefaciens vector. Biotechnology 5:726-730

Fouroughi-Wehr B, Wenzel G (1990) Recurrent selection alter-
nating with haploids steps — a rapid breeding procedure for
combining agronomic traits in inbreeders. Theor Appl Genet
80:564-568

Gallais A (1986) Place de I'haploidisation dans les schemas de
sélection. Selectionneur Fr 36:47--58

663

Grafe R, Marion-Poll A, Caboche M (1986) Improved in vitro
selection of nitrate reductase-deficient mutants of Nicotiana
plumbaginifolia. Theor Appl Genet 73:299-304

Gresshoff PM, Doy CH (1972) Development and differentiation
of haploid Lycopersicon esculentum (tomato). Planta
107:161-170

Hille J, Koorneef M, Ramanna MS, Zabel P (1989) Tomato: a
crop amenable to improvement by cellular and molecular
methods. Euphytica 42:1-23

Holsters M, Waele D, Depicker A, Messens E, Van Montagu M,
Schell J (1978) Transfection and transformation of Agrobac-
terium tumefaciens. Mol Gen Genet 163:181-187

Klee HJ, Horsch RB, Hinchee MA, Hein MB, Hoffmann NL
(1987) The effects of overproducing of two Agrobacterium
tumefaciens T-DNA auxin biosynthesis gene products in
transgenic petunia plants. Genes Dev 1:86-96

Koncz C, Schell J (1986) The promoter of TL-DNA gene 5
controls the tissue specific expression of chimaeric genes
carried by a novel type of Agrobacterium binary vector. Mol
Gen Genet 204:383-396

Koornneef M, van Diepen JAM, Hanhart CJ, CK-dWA, Marti-
nelli L, Schoenmarkers HCH, Wijbrandi J (1989) Chromo-
somal instability in cell and tissue cultures of tomato haploids
and diploids. Euphytica 43:179-186

Linsmaier EM, Skoog F (1965) Organic growth factor require-
ments of tobacco tissue cultures. Physiol Plant 18:100-127

Maniatis T Fritish EF, Sambrook J (1982) Molecular cloning: a
laboratory manual. Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y.

Marion-Poll A, Missonier C, Goujaud J, Caboche M (1988)
Isolation and characterization of valine-resistant mutants of
Nicotiana plumbaginifolia. Theor Appl Genet 75:272-277

Morel G, Wetmore RH (1951) Fern callus tissue culture. Ann Bot
38:141-143

Muller DT, Goujaud J, Caboche M (1985) Isolation in vitro of
naphthalneacetic acid-tolerant mutants of Nicotiana tab-
acum, which are impaired in root morphogenesis. Mol Gen
Genet 199:194-200

Murashige T, Skoog F (1962) A revised medium for rapid growth
and bio-assays with tobacco tissue cultures. Physiol Plant
15:473-497

Nussaume L, Vincentz M, Caboche M (1991). Constitutive
nitrate reductase: a dominant conditional marker for plant
genetics. Plant J 1:267-274

Pelletier G, Férault M, Goujaud J, Vedel F, Caboche M (1987)
The use of rootless mutants for the screening of spontaneous
androgenetic and gynogenetic haploids in Nicotiana tab-
acum: evidence for direct transfer of cytoplasm. Theor Appl
Genet 75:13-15

Renckens S, De Greve H, Van Montagu M, Hernalsteens JP
(1992) Petunia plants escape from negative against a trans-
gene by silencing the foreign DNA via methylation. Mol Gen
Genet 233:53-60

Sauton A, Olivier C, Chavagnat A (1989) Use of soft X-ray
technique to detect haploid embryos in immature seeds of
melon. Acta Hortic 253:131-135

Sharp WR, Raskin RS, Sommer HE (1972) The use of nurse
cultures in the development of haploid clones in tomato.
Planta 104:357-361

Southern EM (1975) Detection of specific sequences among
DNA fragments separated by gel electrophoresis. J Mol Biol
98:503-517

Vilaine F, Charbonnier C, Casse-Delbart F (1987) Further in-
sight concerning the TL region of the Ri plasmid of 4grobac-
terium rhizogenes strain A4: Transfer of a 1.9-kb fragment is
sufficient to induce transformed roots on tobacco leaf frag-
ments. Mol Gen Genet 210:111-115



664

Wightmans F (1962) Metabolism and biosynthesis of 3-indol-
acetic acid and related indole compounds in plants. Can J Bot
40:689-718

Zagorska N, Abadjieva M, Georgiev C, Georgieva R (1982)
Morphogenesis and plant differentiation in anther cultures of
the genus Lycopersicon Mill. In: Fujiwara A (ed) Plant tissue
culture. Maruzen, Tokyo, pp 539-540

Zamir D, Jones RA, Kedar N (1980). Anther culture of male-
sterile tomato (L ycopersicon esculentum Mill) mutants. Plant
Sci Lett 21:223-227

Zamir D, Tanksley SD, Jones RA (1981) Genetic analysis of the
origin of plants regenerated from anther tissues of L ycopersi-
con esculentum Mill. Plant Sci Lett 21: 223-227



