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Summary. Microspore protoplasts (n) isolated at the te- 
trad stage from plants of Nicotiana tabacum Km + 
( 2 n = 4 x = 4 8 )  were fused with somatic cell protoplasts 
(2n) of WT N. rustica (2n = 4x = 48) to produce triploid 
plants. A total of 21.2 • 10 6 microspore protoplasts were 
fused with l l . 2x106  somatic cell protoplasts using 
the high pH/Ca § + method. Microspore protoplasts did 
not divide and WT N. rustica protoplasts stopped divid- 
ing when the protoplast-derived colonies were transfer- 
red to a selection medium containing kanamycin. A total 
of 104 actively growing green colonies were recovered on 
the selection medium. Ninety-six of these colonies were 
tested for their hybrid nature by PAGE of peroxidases 
and were found to contain bands characteristic of  both 
parents. Hybrid nature of  the plants regenerated from 
some of the selected colonies was confirmed by IEF of 
leaf esterases, by NPT II activity assay and by hybridiz- 
ing total DNAs restricted with EcoR I to a cloned 18s 
rDNA fragment. Root tip squashes of  six of the hybrid 
plants revealed chromosome numbers ranging from 
58-72. From chromosomal and biochemical analysis, it 
can be concluded that the procedure of  fusing micro- 
spore protoplasts (n) of species A carrying a dominant 
selection marker with WT somatic cell protoplasts (2n) 
of species B can be a convenient selection method for the 
synthesis of  triploid plants. The significance of triploids 
lies in their subsequent use for transferring alien chromo- 
somes and genes of  species A to species B. 
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Introduction 

Transfer of  genetic information from wild to crop species 
is of  considerable significance in crop improvement. This 
could be achieved through the production of alien addi- 
tion and substitution lines by synthesizing triploids. 
O'Mara (1940) first proposed combining one set of chro- 
mosomes (n) of  an alien parent A (genome designated as 
AA) with two full sets of  chromosomes (2n) of  a crop 
parent B (genome designated as BB) for synthesizing 
triploid hybrids (ABB). Savitsky (1975) produced tri- 
ploid hybrids by crossing a tetraploid Beta vulgaris 
(2n = 4x = 36) with diploid B. procumbens (2n = 2x = 18). 
In the triploid hybrids, during meiosis, usually nine 
B. vulgaris bivalents and nine B. procumbens univalents 
were observed. B. vulgaris lines with chromosome addi- 
tions of B. procumbens were recovered and were used for 
the transfer of  nematode resistance from B. procumbens 
to B. vulgaris due to occasional trivalent associations in 
monosomic-addition plants. More recently, Rick et al. 
(1986) crossed Lycopersicon esculentum (LL) with Sola- 
num lycopersicoides (SS) and doubled the chromosome 
number to produce an allotetraploid (LLSS). The allote- 
traploids were backcrossed to L. esculenturn (LL) to pro- 
duce allotriploids (LLS). In the allotriploids, during 
meiosis, LL chromosomes pair preferentially and S chro- 
mosomes segregate as univalents. These plants are being 
used for the production of alien addition and substi- 
tution lines that could be further used for introgression of 
important agronomic traits from S. lycopersicoides to 
L. esculentum. 

Pental and Cocking (1985) proposed that triploid 
plants (ABB) could be produced by fusing protoplasts 
isolated from microspores at the tetrad stage (n) of spe- 
cies A with protoplasts isolated from the somatic cells 
(2n) of species B. Synthesis of triploids through gameto- 
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somat ic  fus ions  has an  advan tage  over  the conven t iona l  

sexual  crosses in bypass ing pre-  and pos t -zygot ic  sexual  
incompat ib i l i ty  barr iers  and  also in avo id ing  extensive 

po l l ina t ion  and  e m b r y o  rescue. Pirr ie  and  P o w e r  (1986) 
synthesized t r iploids  by fusing mic rospore  pro top las t s  o f  

Nicotiana glutinosa (2n = 2 x  = 24) wi th  somat ic  cell pro-  

toplas ts  o f  N. tabaeum (2 n -- 4 x  = 48). M i c r o s p o r e  p ro to-  
plasts  were  isolated at the te t rad  stage and  fused wi th  leaf  

mesophy l l  p ro top las t s  o f  n i t ra te  reductase  deficient  

N. tabacum. Only one  co lony  was recovered  in a selection 

m e d i u m  tha t  con ta ined  ni t ra te  as the sole source  o f  ni t ro-  

gen. Plants  regenera ted  f rom this co lony  were found  to 
be t r ip lo id  hybr ids  (2n = 5x  = 60). 

We repor t  a select ion m e t h o d  for  p roduc ing  a large 

n u m b e r  o f  g a m e t o - s o m a t i c  hybrids.  The  m e t h o d  in- 
volves  fusing mic rospo re  p ro top las t s  o f  pa ren t  A,  carry-  

ing a d o m i n a n t  resis tance m a r k e r  (e.g. k a n a m y c i n  resis- 
tance)  in the nuclear  genome,  wi th  W T  somat ic  cell 

p ro top las t s  o f  pa ren t  B. As mic rospore  pro top las t s  do  
no t  divide in cul ture  (Bho jwani  and  Cock ing  1972), only  

t r ip lo id  hybr ids  wou ld  be able to g row on a selection 

m e d i u m  con ta in ing  kanamyc in .  To  test the efficiency o f  
this select ion me thod ,  N. tabacum K m  + (Hain  et al. 

1985) was used for  the i so la t ion  o f  mic rospore  p ro to-  

plasts. N. tabacum carries a k a n a m y c i n  resistance con-  
ferr ing ch imaer ic  gene,  c o m b i n i n g  nopa l ine  synthase 

p r o m o t e r  reg ion  with  cod ing  region o f  neomyc in  phos-  
pho t rans fe rase  gene ( N P T  II) o f  Tn5. Somat ic  cell p ro to -  

plasts  o f  W T  N. rustica were used as the o ther  fus ion 
par tner .  

Materials and methods 

Isolation of microspore protoplasts from Nicotiana tabacum 

Nicotiana tabacum Km § (PT2) plants were grown in pots under 
natural conditions. Young buds, measuring around 7 mm, were 
surface sterilized with 0.1%0 mercuric chloride and washed thrice 
in autoclaved water. After surface sterilization, each bud was 
dissected and one of the anthers was crushed to ascertain the 
stage of meiosis. Only buds containing microspores at the tetrad 
stage (radial quartet cell stage), before any sporopollenin is laid 
down, were used for isolation ofprotoplasts. Anthers were sepa- 
rated from the filament tissue, cut into two halves and gently 
squeezed into an enzyme solution containing 2 0  Driselase 
(Kyowa Hakko Kogyo, Tokyo), CPW salts (Frearson et al. 
1973) and 9% mannitol (CPW 9M), pH 5.8. Protoplasts were 
released after 15-30 min incubation in the enzyme solution at 
25 ~ on a shaker set at 50 rev/min. The protoplast suspension 
was sieved through a 45 # stainless steel mesh to remove debris. 

Isolation of cell suspension protoplasts of Nicotiana rustica 

Nicotiana rustica V12 seeds sterilized with 95% ethanol for 
3 - 5  rain were germinated on MS medium (Murashige and 
Skoog 1962) solidified with 0.8% Agar (HiMedia, Bombay). 
Hypocotyl explants from 10 to 15-day-old seedlings were put on 
MS1 medium containing 2 mg/1 NAA (naphthalene acetic acid) 
and 0.5 mg/l BAP (6-benzyl amino purine) for development of 
callus tissue that was transferred to liquid UM medium (Uchi- 

miya and Murashige 1974) to raise cell suspension cultures. Cell 
suspensions were grown at 25 ~ on a shaker set at 150 rev/min. 
For isolation of protoplasts, cells from 6-day-old suspension 
cultures were incubated in a solution containing 2% Cellulasc 
R-10 (Yakult Honsha, Nishinomiya), 0.5% Macerozyme R-10 
(Yakult Honsha) and 0.5% Driselase, in CPW 13M. Cells were 
incubated for 16-20 h at 20 ~ on a shaker set at 50 rev/min. 
Enzyme solution with protoplasts was passed through a 45/1 
steel sieve to remove macrodebris and centrifuged at 80 x g for 
5 min to remove the enzyme solution. The pellet was suspended 
in a solution of CPW salts with 21% sucrose and centrifuged at 
100 x g for 10 min. Viable, intact protoplasts were collected 
from the surface and suspended in CPW 9M. 

Fusion and culture of protoplasts 

Fusions were carried out between cell suspension and micro- 
spore protoplasts following the high pH/Ca ++ method (Keller 
and Melchers 1973). A mixture of N. tabacum and N. rustica 
protoplasts was pelleted by centrifugation. After removing the 
supernatant, fusion-inducing solution was gently added to the 
protoplast pellet and tubes were incubated at 30 ~ for 20 min. 
Following incubation, a CPW 13M solution containing an addi- 
tional amount of CaC1 z �9 2 H20 (0.74%) was added to stabilize 
the protoptasts. After one wash in stabilizing solution, protoplasts 
were suspended in MS1 9M medium, counted and cultured in 
liquid medium at a density of 5 x 104/ml in sterile 3.5 cm diame- 
ter petridishes (Laxbro, Pune) and kept in dark for 4 days at 
25 ~ Plating efficiency (considered as the no. of protoplasts 
that had undergone at least one division as a percentage of the 
number originally plated) was counted 5 days after culture of 
protoplasts. 

After 12 days, dividing cell colonies were transferred to 
selection medium MS2 containing 0.1 mg/1 NAA, 0.5 rag/1 BAP, 
100 ~tg/ml kanamycin sulfate. Cell colonies were cultured in liq- 
uid MS2 9M medium over solidified (0.8% Agar) MS2 4.5M 
medium. Contents of each 3.5 cm dish were transferred to a 9 cm 
diameter dish (Steriware, Faridabad). Subsequently, osmotic 
concentration of the medium was lowered by addition of fresh 
MS2 medium at 15 day intervals. Macroscopic green colonies 
growing on the selection medium were recovered from fusion 
dishes 45 days after initiation of the experiments. Throughput of 
colonies was calculated as the percentage of N. rustica somatic 
cell protoplasts that divided after fusogen treatment. Selected 
cell lines were grown on MS1 medium (0.8% agar) containing 
50 ~tg/ml kanamycin sulfate. For regeneration of shoots, callus 
tissues were transferred to MS2 medium containing 50 Ixg/ml 
kanamycin sulfate or MS3 medium containing 2 mg/1 IAA (In- 
dole acetic acid) and 1 mg/l BAP. Regenerated shoots were 
maintained on MS medium with 50 ~tg/ml kanamycin sulfate 
and transferred to hydroponics to induce roots. For biochemical 
analysis, regenerated shoots were re-callused on MS1 medium. 

Biochemical analysis of cell lines and regenerated plants 

Selected callus lines, plants and callus tissues induced from se- 
lected plants were used for biochemical characterization. For 
analysis of peroxidases, callus tissues of the two parents and 
selected lines were used. Protein extracts were made with a 
buffer used for Fraction 1 protein analysis (Cammaerts and 
Jacob 1980). For 1 g callus tissue, 0.25 ml of extraction buffer 
was used. Extracts containing 70 pg protein (measured by the 
method of Lowry et al. 1951) for each tissue were loaded on a 
discontinuous polyacrylamide gel (vertical electrophoresis, Bio- 
rad Protean II) and run at a constant current of 2.5 mamp/ 
channel at 4 ~ Gels were stained for peroxidase bands accord- 
ing to Lagrimini and Rothstein (1987). 



For esterase analysis, extracts were made from shoots grow- 
ing in vitro using the same buffer as was used for peroxidase 
analysis. For 1 g leaf tissue, 1 ml of extraction buffer was used. 
Isoelectric focusing of the soluble proteins was done using 
3.5-10 pH range gel (cast in Ultramould LKB apparatus). Gels 
were run and stained as per Pental et al. (1984). 

Assay for neomycin phosphotransferase (NPTII) was per- 
formed as described by Reiss et al. (1984) and modified by 
Schreier et al. (1985). 

DNA from both parents and the selected lines was isolated 
from freeze-dried callus tissues by the method of Murray and 
Thompson (1980) and digested with various restriction endonu- 
cleases under conditions recommended by the suppliers (BRL, 
Bethesda). Electrophoresis was performed in the horizontal 
mode as described earlier (Pental et al. 1986). An 18s rDNA 
sequence cloned from wheat nuclear genome (Gerlach and Bed- 
brook 1979), carried on plasmid pTA71, was used.as a probe. 
Nick translation of pTA71 and DNA/DNA hybridization was 
carried out as described by Evans et al. (1983). 

Root-tips of plants grown in hydroponics were fixed in a 
solution containing 0.03% hydroxyquinoline and 0.05% col- 
chicine for 5 - 6 h  at 15~ and then for 2h  at 4~ Roots were 
hydrolyzed in 1N HC1 and squashed in 2% acetocarimine for 
visualizing chromosomes. 

Results 

Recovery o f  colonies on selection medium 

Nicotiana tabacum K m  § protoplas ts  isolated f rom mi- 
crospores at  the tetrad stage were densely cytoplasmic 
and uniform in size. Protoplas ts  isolated f rom the cell 
suspension of  N. rustica were variable in size and had  
vacuoles. A total  of  12 fusion experiments were per- 
formed, of  which 6, namely 4, 7, 9, 10, 11 and 12, were 
carried through for the isolat ion o f  'hybr id '  cell colonies 
(Table 1). On an average 75% of  somatic  cell protoplas ts  
survived fusogen t reatment  and  65% of  these divided in 
MS1 9M medium by the 5th day. Actively growing green 
colonies were visible among pale yellow ones 2 0 - 3 0  days 
after transfer to the selection medium (MS2). A total  of  
104 green colonies were scored in the fusion dishes 
(Table 1). The frequency of  'hybr id '  p roduct ion  thus 
turns out  to be one per 5.25 x 104 dividing protoplas ts  of  
N. rustica. In control  experiments a total  of  3 x 106 
N. rustica protoplas ts  were co-cultured with 2.8 x 106 mi- 
crospore  protoplas ts  without  any fusogen treatment.  N o  
green colonies appeared  in such cultures upon  transfer to 
the selection medium. The green colonies mainta ined  on 
MS1 medium for biochemical  analysis were designated 
by the serial number  of  the experiment,  followed by the 
number  of  the selection dish and lastly by the number  of  
colonies selected in each dish. F o r  example,  in experi- 
ment  4, fusogen treated protoplas ts  were plated in five 
dishes designated as 4.1, 4 . 2 . . .  4.5. The colonies in each 
dish were referred to as 4.1A, 4.1B, 4.2A, etc. Whereas  
the colonies 4.1A, 4.1B could result f rom the breaking up 
of  one hybr id  colony during the first transfer from MS1 
to MS2 medium, colonies 4.1A and 4.2A were certainly 
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Fig. 1. Polyacrylamide gel electrophoresis of peroxidases ex- 
tracted from callus tissues of Nicotiana tabacum, N. rustica and 
selected hybrid cell lines. Lanes from left to right are: (1) Cell 
line 10.4A, (2) 10.5A, (3) 10.6A, (4) 10.7A, (5) 10.8A, (6) 10.9A, 
(7) N. tabacum, (8) N. rustica, (9) 1:1 mixture ofN. tabacum and 
N. rustica proteins, (10) 10.10A, ( t l )  I I . IA,  (12) I1.2A, (13) 
l l .3A, (14) 11.4A, (15) 11.5A 

Table 1. Details of the no. of protoplasts fused and the no. of 
green colonies recovered on the selection medium in six different 
fusion experiments 

Experi- No. of No. of No. of 
ment no. N. rustica somatic N. tabacum Km + Km + 

cell protoplasts microspore colonies 
protoplasts 

4 10 6 2 x 106 7 
7 2 x 106 2.8 X 10 6 8 
9 2.2X 106 3.9 • 10 6 5 

I0 2 X 106 1.4 X 106 50 
11 106 2.7 X 106 26 
12 3 X 106 8.4 X 106 8 

o f  independent  origin as these came from two different 
culture dishes. 

Analysis o f  selected cell lines 

Ninety-six of  the 104 selected cell lines grew well on MS1 
medium and were analyzed for their  peroxidase pat tern.  
N. tabacum K m  + and N. rustica showed distinct peroxi-  
dase pat terns  (Fig. 1). All  96 green colonies had  peroxi-  
dase bands characterist ic of  both  parents  (Fig. 1). 

D N A s  isolated from callues tissues of  N. tabacum 
and N. rustica were restricted with seven different restric- 
t ion endonucleases,  namely Alu I, Cfo I, EcoR I, Hae III ,  
Hind I I l ,  Sal I and Sma I, and hybridized to nick trans- 
lated 18s r D N A  probe to generate species-specific pat-  
terns. In EcoR I digests distinct pat terns  were identified 
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Fig. 2, Hybridization of 32p-labelled 18s rDNA clone (pTA71) with DNAs isolated from callus tissues of Nicotiana tabacum, 
N. rustica and hybrid plants. DNAs were digested with EcoR I. Fragment length (kb) was calculated by running )~ DNA digested with 
Hind III. Lanes from left to right are : (1) N. tabacurn, (2) N. rustica, (3) 1.1 mixture of parental DNA, (4) 1:2 mix, (5) 1:4 mix, (6) 
hybrid 10.9C3, (7) 10.10B1, (8) 7.1A4, (9) 10.2C5, (10) 11.7A4, (11) 10.3A3, (12) 10.10B2, (13) 7.1A7, (14) 10AF. Out of the four 
bands present in the physical mixtures of the parental DNAs (lanes 3--5), a 7.5 kb band is specific to N. tabacum, a 5.9 kb band is 
common to N. tabacum and N. rustica and the two other bands, 5.4 and 5.1kb, are unique to N. rustica 

Fig. 3. Isoelectric focusing of leaf esterases of Nicotiana taba- 
cure, N. rustica and hybrid plants. Lanes from left to right are: 
(1) hybrid 7.1A4, (2) 7.1A7, (3) 10.1F2, (4) 10.2C4, (5) N. taba- 
cum, (6) N. rustica, (7) 1 : 1 mixture of N. tabacum and N. rustica 
proteins, (8) 10.3A3, (9) 10.6C5, (10) 10.9H5 

focusing. The two parents showed distinctive esterase 
patterns (Fig. 3). Plants regenerated from the selected 
lines showed bands characteristic of  both parents 
(Fig. 3). NPT II assay was done on leaf tissue of  the two 
parents and five selected plants, namely 7.1A4, 10.1F2, 
10.3A3, I0.6C3 and 10.9H1. N. tabacurn Km + and the 
five selected plants showed NPT II specific band. No  
NPT II specific band was visible in N. rustica. 

DNAs isolated from the callus tissues induced from 
the two parents and nine selected plants were digested 
with E c o R  I and hybridized to 18s r D N A  probe (Fig. 2). 
All the hybrids showed bands characteristic of  both pa- 
rents (Fig. 2). Preliminary studies of  root  tip squashes of  
a few of  the hybrids, namely 7.3A7, 10.3A3, 10.6D6, 
10.6C3, 10.1FI, 11.4B1, 10.1G1 and 10.6A4, revealed 
that these plants have chromosome numbers ranging 
from 58-72.  Detailed analysis of  mitotic chromosomes 
will be reported elsewhere. 

for the two parental species (Fig. 2). DNAs extracted 
from 30 selected cell lines were hybridized with 18s 
r D N A  probe. Band characteristic of  both parents were 
observed in all the analysed lines, confirming their hybrid 
nature (Figure not shown). 

Plant  regeneration and characterization 
o f  regenerated plants 

All 96 selected callus lines regenerated shoots on transfer 
to MS2 and MS3 medium. Shoot cultures were main- 
tained on MS medium with 50 #g/ml of  kanamycin sul- 
fate. In cases where more than one plant was regenerated 
from a callus line, plants were numbered as 1 ,2 ,3 . . .  
following the number o f  the cell line. For  example, plants 
7.1A4 and 7.1A7 are two independent plants that were 
regenerated from cell line 7.1A. Leaf tissue of  parental 
material and some of  the selected shoot cultures growing 
in vitro were used for analysis o f  esterases by isoelectric 

Discussion 

All the selected colonies and regenerated plants that were 
tested for isozyme and r D N A  profiles showed hybrid 
characteristics. The selection procedure of  fusing micro- 
spore protoplasts (n) of  parent A carrying dominant  se- 
lection marker with WT somatic protoplasts (2n) of  pa- 
rent B can be used for the recovery of  gameto-somatic 
hybrids. In the present study, hybrid colonies were re- 
covered in the selection medium at a frequency of  1 in 
5.25 x 104 dividing protoplasts of  N. rustica. This fre- 
quency is lower than that reported for the fusion of  leaf 
mesophyll protoplasts of  N. tabaeum N R - S R  + with 
N. rustica cell suspension protoplasts (Pental et al. 1984) 
using a fusion method similar to the one used in this 
study. Protoplasts isolated from the microspore ceils at 
the tetrad stage were found to be highly susceptible to 
fusogen treatment. After high pH/Ca + + treatment, very 
few microspore protoplasts survived. In preliminary in- 
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vestigations (data not reported in this paper) it was found 
that polyethyleneglycol treatment at various concentra- 
tions causes immediate lysis of microspore protoplasts. 
Perhaps electrofusion methods (Zimmermann and 
Scheurich 1981; Watts and King 1984; Bates 1985) could 
give a higher number of viable fusions and hybrids. Fur- 
ther work would be needed to improve fusion frequen- 
cies. 

Although rDNA and isozyme profile studies of hy- 
brid plants showed the presence of bands characteristic 
of  both the parents, chromosomal analysis of  some of the 
plants revealed numbers varying from 58-72. In an 
earlier study (Hamill et al. 1985), it has been shown 
that somatic hybrids of  N. rustica ( 2 n = 4 x = 4 8 )  and 
N. tabacum ( 2 n = 4 x = 4 8 )  have chromosome numbers 
varying from 63-87. The loss of  chromosomes seems to 
be a peculiar feature of N. rustica + N. tabacum hybrids. 
Contrary to this, fusion of N. glutinosa ( 2 n = 2 x = 2 4 )  
microspore protoplasts with N. tabacum somatic cell 
protoplasts produced triploids with 72 chromosomes 
(Pirrie and Power 1986). 

In many studies, irradiated (X or v-irradiation) diplo- 
id protoplasts of  parent A were fused with normal proto- 
plasts of parent B to bring about limited gene transfer 
from parent A to parent B (Dudits et al. 1980; Gupta 
et al. 1982, 1984; Bates et al. 1987; Imamura et al. 1987; 
Muller-Gensert and Schieder 1987; Sidorov et al. 1987). 
While this method may be useful in cases where only 
organelle genome is to be transferred from parent A to 
parent B (Zelcer et al. 1978; Menczel et al. 1983; Aviv 
et al. 1984), its utility in transfer of  nuclear genes from 
parent A to parent B is suspect. X or y-irradiation would 
create lesions in the genome of the alien parent, leading 
to breakage of chromosomes and their premature elimi- 
nation during the somatic phase. There could also be 
deleterious mutations at the loci to be transferred. In 
wide hybrids (genomic allopolyploids following the ter- 
minology of Stebbins 1950), the limiting factor to gene 
transfer would be the inability to retain alien chromo- 
somes and lack of  pairing of alien chromosomes of pa- 
rent A with the homoeologous chromosomes of the crop 
parent B. In such a situation, weakening of the alien 
chromosomes with irradiations will even further lower 
the chances of their being transmitted through mitotic 
and meiotic divisions. A better strategy would be to irra- 
diate the triploid (sesquidiploid) hybrids to bring about 
introgression in the generative phase of the hybrid plants. 

Triploids could also be produced by fusing somatic 
cell protoplasts of species A and B. The resulting hybrid 
(AABB) could be sexually crossed with one of the pa- 
rents, e.g. BB to produce sesquidiploid plants (ABB). 
However, to select hybrids of somatic cells, genetic 
markers will be needed in both the parents (Melchers and 
Labib 1974; Douglas et al. 1981) or a double mutant 
approach will have to be used (Pental et al. 1984; Bru- 

nold et al. 1987; Toriyama et al. 1987; Ye et al. 1987). 
Direct triploid synthesis is possible by fusing microspore 
protoplasts with somatic cell protoplasts. As microspore 
protoplasts do not divide, only one parent needs to have 
a marker gene for the selection of hybrids. Earlier, Pirrie 
and Power (1986) fused WT N. glutinosa microspore pro- 
toplasts with nitrate reductase deficient N. tabacum so- 
matic cell protoplasts and recovered a hybrid colony on 
selection medium that had nitrate as the sole source of 
nitrogen. In comparison to the above method, we suggest 
the use of microspore protoplasts of  species A trans- 
formed for a drug resistance marker for fusions with WT 
somatic cell protoplasts of species B. A large number of 
plant species belonging to dicotyledonae, e.g.N, tabacum 
(Herrera-Estrella et al. 1983; An et al. 1985), Lycopersi- 
con esculentum (McCormick et al. 1986; Shahin et al. 
1986; Chyi and Phillips 1987), Medicago varia (Deak 
et al. 1986), Linum usitatissimum (Basiran et al. 1987), 
Gossypium hirsutum (Umbeck etal. 1987), Hetianthus 
annuus (Everett et al. 1987), Brassica napus (Fry et al. 
1987; Pua et al. 1987), Populus deltoides (Fillati et al. 
1987) have been transformed with chimaeric genes carry- 
ing drug-resistance markers using Agrobacterium medi- 
ated transformation (Horsch et al. 1985). Thus, it should 
be possible to introduce drug-resistance markers into 
wild species and use these for isolation of microspore 
protoplasts (n). A successful hybridization program us- 
ing the selection procedure outlined in this communica- 
tion would also require regeneration capability from cal- 
lus to plant in a least one of the two parent species. 
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