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Abstract. Patterns of organelle inheritance were 
examined among fertile somatic hybrids between al- 
lotetraploid Nicotiana tabacum L. (2n = 4x = 48) and a 
diploid wild relative N. 91utinosa L. (2n = 2x = 24). 
Seventy somatic hybrids resistant to methotrexate and 
kanamycin were recovered following fusion of leaf 
mesophyll protoplasts of transgenic rnethotrexate-re- 
sistant N. tabacum and kanamycin-resistant N. 91uti- 
nosa. Evidence for hybridization of nuclear genomes 
was obtained by analysis of glutamate oxaloacetate 
transaminase and peroxidase isoenzymes and by re- 
striction fragment length polymorphism (RFLP) 
analysis using a heterologous nuclear ribosomal DNA 
probe. Analysis of chloroplast genomes in a population 
of 41 hybrids revealed a random segregation of chloro- 
plasts since 25 possessed N. glutinosa chloroplasts and 
16 possessed N. tabacum chloroplasts. This contrasts 
with the markedly non-random segregation of plastids 
in N. tabacum (+) N. rustica and N. tabacum (+) N. 
debneyi somatic hybrids which we described previously 
and which were recovered using the same conditions 
for fusion and selection. The organization of the 
mitochondrial DNA (mtDNA) in 40 individuals was 
examined by RFLP analysis with a heterologous cyto- 
chrome B gene. Thirty-eight somatic hybrids possessed 
mitochondrial genomes which were rearranged with 
respect to the parental genomes, two carried mtDNA 
similar to N. tabacum, while none had mtDNA identical 
to N. glutinosa. The somatic hybrids were self-fertile 
and fertile in backcrosses with the tobacco parent. 
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Introduction 

Somatic hybridization is used to combine the nuclear 
and cytoplasmic genomes of sexually-incompatible 
plants and may facilitate the transfer of agronomi- 
cally-useful germplasm from wild plants to crop spe- 
cies. Since both. parents of a somatic hybrid may 
contribute cytoplasmic genomes, novel nuclear-cyto- 
plasmic interactions may arise which are not usually 
evident in sexual hybrids (due to maternal cytoplasm 
transmission). These interactions affect the expression 
of cytoplasmic determinants of agronomic fitness such 
as herbicide resistance, photosynthetic efficiency, and 
cytoplasmic male sterility (see Pelletier et al. 1988). 
Since somatic hybrids originate from heteroplasmic 
cells the nuclear-cytoplasmic combinations present de- 
pend upon mechanisms of organelle segregation and 
recombination. 

Recombination between parental mitochondrial 
DNAs (mtDNA), as a consequence of somatic hybrid- 
ization (Belliard et al. 1979; Nagy et al. 1983), is seen in 
many, but not all, somatic hybrids (see review by Rose 
et al. 1990). Recombination between parental chloro- 
plast (cpDNA) genomes is only observed using strong 
selective pressure (Medgyesy et al. 1985; Thanh and 
Medgyesy 1989). Typically, segregation of chloroplasts 
results in hybrids with only one parental chloroplast 
DNA type. Segregation is often random, especially 
among somatic hybrids between close relatives (Nico- 
tiana: Chert etal. 1977; Brassica: Landg~en and 



Glimelius 1990; Sundberg and Glimelius 1991; Citrus: 
Kobayash i  et al. 1991; Solanum: Pehu et al, 1989), but  
selection for chloroplast-encoded resistance can lead to 
unilateral chloroplast  inheritance (Medgyesy et al. 
1980; Moll  et al. 1990; Malone  et al. 1992). However,  
for hybridizations between distant relatives, non-ran-  
dom segregation often occurs in the absence of selec- 
t ion (Nicotiana: Douglas  et al. 1981; Flick and Evans 
1982; Dona ldson  et al. 1993; Solanum: Perl et al. 1991; 
Brassica: Landgren  and Glimelius 1990; Lycopersicon: 
Bonnema  et al. 1992). A direct link has been shown 
between nuclear-plastome incompatibil i ty and non- 
r andom inheritance in some cases (Thanh et al. 1988; 
Kushnir  et al. 1991) while in others extenuating factors, 
such as donor  tissue type (Glimelius et al. 1981) or the 
selection system used (Douglas et al. !981), were im- 
plicated. There is also evidence for the involvement of 
other genetic factors, including parental  ploidy level 
(Sundberg and Glimelius 1991; Sundberg et al. 1991) 
and preferential elimination of parental  species' chro- 
mosomes  (Sundberg and Glimelius 1991; Derks et al. 
1992). We previously reported biased chloroplast  seg- 
regation a m o n g  somatic hybrids between N. tabacum 
(2n = 4x = 48) and two different distantly-related wild 
species, N. rustica (2n = 4x = 48) (Donaldson et al. 
1993) and N. debneyi ( 2 n = 4 x = 4 8 )  (Sproule etal .  
1991), which were selected in the absence of  extenuat- 
ing factors which might  influence segregation patterns. 
In  the present study we use identical fusion and selec- 
t ion conditions to produce somatic hybrids between N. 
tabacum (2n = 4x = 48) and N. 91utinosa (2n = 2x = 24), 
a diploid species and a member  of the same subgenus as 
tobacco  (subgenus: Tabacum). To determine correla- 
tions between chloroplast  segregation and both  the 
genetic relatedness and ploidy level of the parental  
species in Nicotiana, results are compared  to our  previ- 
ous observations of non-random chloroplast segregation. 

Mitochondr ia l  inheritance is also examined since 
little da ta  is available for interspecific hybridizat ion in 
Nicotiana and none in the case of hybrids between N. 
tabacum and N. glutinosa. Also, since our  protocols 
exclude the use of long-term suspension cultures im- 
plicated in reductions of  fertility in somatic hybrids 
(Hamill et al. 1985), we compare  levels of fertility ob- 
tained in the hybrids to those described previously 
(Nagao 1979; Uchimiya 1982; H o r n  et al. 1983). Fertile 
somatic hybrids between these species will be useful for 
renewed attempts to exploit N. #1utinosa germplasm 
for the creation of improved tobacco breeding lines. 

Materials and methods 

Plant material 

Parental genotypes used for fusion were transgenic N. tabacum 
cv Delgold, carrying a chimaeric dihydrofolate reductase gene 
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(dhfr) as described by Dijak et al. (1991), and transgenic N. 
glutinosa (the race with yellow corolla was used) carrying a 
chimaeric neomycin phosphotransferase (nptII) gene under the 
control of the nopaline synthase gene promoter, N. glutinosa 
(nptlI) was produced by Agrobacterium-mediated transforma- 
tion of leaf discs with A. tumefaciens carrying the Ti plasmid 
pGV3850 and the binary vector pBCAT (Charest et al. 1988) 
essentially as described previously (Dijak et al. 1991). Hetero- 
zygous resistant progeny (BCI) from backcrosses of transgenic 
N. glutinosa (nptlI) with a control, untransformed, N. 9lutinosa 
plant were germinated in vitro in the presence of 150 mg/1 of 
kanamycin as described previously (Sproule et al. 1991). Resis- 
tant progeny comprised approximately 50% of the backcross 
progeny (i.e., 608 resistant: 573 susceptible). Similarly, hetero- 
zygous methotrexate-resistant BC1 progeny form transgenic N. 
tabacum (dhfr) were selected in vitro and BC1 progeny were 
maintained in vitro as leaf mesophyll protoplast donors. 

Isolation/fitsion of protoplasts and recovery of double-resistant 
colonies 

Isolation of leaf mesophyll protoplasts from young back-cross 
progeny of N. glutinosa (nptlI) and N. tabacum (dhfr) and PEG- 
mediated protoplast fusion were both performed as described 
(Dijak et al. 1991; Sproule et al. 1991). Hybrid calli resistant to 
methotrexate and kanamycin were selected in a step-wise man- 
ner on underlayer medium with a single selective agent followed 
by transfer to regeneration medium with both selective agents as 
described by Donaldson et al. (1993). Some fusions were also 
plated initially on control medium with hybrid calli subsequently 
selected on regeneration medium with one or other selective 
agent, followed by exposure to both. To verify stability of the 
dual-resistance phenotype, leaf explants from rooted hybrids 
were re-tested for the ability to regenerate shoots in the presence 
of both selective agents. 

RFLP/isoenzyme analysis and organellar DNA analysis 

Isolation of total cellular DNA, restriction enzyme digestions, 
and Southern-blot hybridizations were performed as described 
(Donaldson et al. 1993). Total cellular DNA of the parental 
species and the somatic hybrids was restricted with EcoRI and 
hybridized with heterologous wheat ribosomal DNA (rDNA) 
sequences (pTA71; Gerlach and Bedbrook 1979). The patterns of 
chloroplast inheritance were analysed with total cellular DNA 
restricted with either BglI or XhoI and hybridized with cloned 
fragments ofN. tabacum cpDNA (pBal-9; Aviv et al. 1984) kindly 
provided by E. Galun. For analysis of the mitochondrial genome 
in the somatic hybrids, total cellular DNA was restricted with 
PvuII, BamHI, or Pstl and Southern blots were hybridized with 
a cloned 5.6-kb sequence containing the heterologous wheat 
cytochrome B gene (Boer et al. 1985) kindly provided by L. 
Bonen (U. of Ottawa). 

Non-denaturing polyacrylamide gel electrophoresis of leaf 
glutamate oxaloacetate transaminases (GOT) and peroxidases 
and detection of GOT activity was as described (Donaldson et al. 
1993). Peroxidase activity was detected following incubation of 
gels in a solution of 42 mM sodium acetate/0.5 mg/ml 4-chloro- 
1-naphthol/0.0375% H20 2. 

Fertility 

Pollen from fleshly-dehisced anthers was stained in 1% aeetocar- 
mine. Percent viable pollen was determined by counting stained 
pollen from three individual flowers per somatic hybrid (1000 
grains from one anther per flower were scored). 
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Results 

Selection of methotrexate + kanamycin-resistant 
somatic hybrids 

Heterofusions (but not control parental cultures or 
homofusions) gave rise to microcolonies on control 
medium on both types of selective underlayer medium 
and many of these produced calli resistant to both 
selective agents. In total, 98 independent double-resist- 
ant calli regenerated on double-selection. Fifty were 
derived from fusions plated initially on methotrexate- 
containing underlayer medium, 26 were from kanamy- 
cin underlayer plates, and 22 were from cultures 91ated 
initially on control medium. There was no apparent 
correlation between the order of exposure to the selec- 
tive agent and the characteristics of the individual 
somatic hybrids obtained with respect to morphology, 
fertility, or organelle content. Sixteen regenerating 
shoots failed to reach maturity and 70 of the remaining 
82 plantlets, were grown to maturity and confirmed as 
somatic hybrids. 

Morphology and fertility 

The majority of the somatic hybrids were morphologi- 
cally similar to one another. They were generally inter- 
mediate to the parental species in height but with a 
growth habit and influoresence form more similar to 
N. tabacum (however a few hybrids were severely 
stunted and senesced quickly after flowering). Flower- 
ing time resembled that of the N. tabacum parent in 
contrast to the lengthy vegetative phase ofN. glutinosa. 
Hybrid flower shape, size, and color were intermediate 
to the parental types (Fig. la), as were the hybrid leaves 
which were large and ovate with narrowly-winged 
petioles (Fig. Ib). Somatic hybrids HDg-9, HDg-102, 
and HDg-107 were stunted, slow to flower, and bore 
crinkled deformed leaves. Overall, levels of pollen 
stainability and self-fertility were high and the hybrids 
were fertile as female parents in backcrosses to tobacco 
(reciprocal backcrosses were not tested). Exceptions to 
the high male-fertility levels (shown in Table 1) were 
HDg-9, HDg-50 (not shown in Table 1 since organelle 
analysis was not done), and HDg-102 with 0.7, 11 and 
32% viable pollen respectively; selfed-seed was never- 
theless obtained from these three hybrids. 

Nuclear RFLP and isoenzyme analysis 

Hybridization of a heterologous wheat nuclear rDNA 
probe (in pTa71) with EcoRl-digested total cellular 
DNA of N. tabacum (dhfr) and N. glutinosa (nptlI) 
produced species-specific patterns of hybridization. 
Hybridization to DNA isolated from the somatic hy- 
brids revealed the presence of species-specific hybridiz- 
ing bands from both parents (Fig. 2). 

Fig. la, k N. tabacum(+)N.glutinosasomatichybridmorphol- 
ogy a upper and lower: flowers of N. tabacum (dhfr) (left), N. 
glutinosa (nptIl) (right), and a somatic hybrid (centre). b Leaves of 
somatic hybrid (in centre) with parental N. tabacum (dhfr) (left) 
and N. glutinosa (nptl l) (right) 

Analysis of glutamate-oxaloacetate-transaminases 
(GOT) revealed two anodal GOT bands in extracts 
prepared from N. tabacum (dirt), while three anodal 
bands, one of which was common to an N. tabacum 
GOT band, were detected in N. glutinosa (nptIl) leaf 
extracts (Fig. 3). All the somatic hybrids possessed the 
Common GOT band, one N. glutinosa (nptlI)-specific 
band, and a unique band not present in either parental 
extract, or in a mixture of parental extracts (lane 3, 
Fig. 3). One N. tabacum (dhJ?)-specific band and two 
N. glutinosa (nptII)-specific bands were apparently 
absent from all somatic hybrids examined. Peroxidase 



Table 1, Male-fertility levels and organelle content ofselectedN. 
tabacura (dhfi ~) (+) N. glutinosa (nptI1) somatic hybrids 

Hybrid # Male-fertility a ~o Chloroplast Mitochondrial 
genome b genome e 

HDg-1 91 +__ 7.1 T R1 
HDg-2 87 +_ 5.0 G R1 
HDg-3 88 +_ 2.5 T R 
HDg-4 79 + 6.8 - R 
HDg-5 88 +__ 1.5 G R 
HDg-6 84 + 0.6 T RI 
HDg-7 85 • 1.5 G R1 
HDg-9 0.7 + 0.23 G R 
HDg-10 73 + 9.6 T R3 
HDg-ll 97_+0.6 G R 
HDg-22 93 + 3.9 G R1 
HDg-24 76 + 8.1 G R 
HDg-26 92 + 1.5 T - 
HDg-34 94 +_ 1.5 G R1 
HDg-37 83 + 10.0 G R 
HDg-39 94 +__ 1.5 T R3 
HDg-41 89 + 3.0 T T 
HDg-46 85 + 11.6 G R1 
HDg-48 87 _+ L1 G R1 
HDg-53 nd T R1 
HDg-57 89 + 4.0 G R 
HDg-61 65 +_ 4.6 T R1 
HDg-64 86 _+ 6.4 G R 1 
HDg-68 92 +_. 4.2 T R1 
HDg-71 85 _. 7.9 T R1 
HDg-73 67 -+ 9.5 G R1 
HDg-77 88 _+_ 1.t G R 
HDg-83 88 _ 5.1 G R2 
HDg-84 95 + 3.0 T T 
HDg-87 82 + 6.8 G R2 
HDg-88 95 _ 2.6 G R2 
HDg~90 76 _+ 7.8 G R1 
HDg-91 91 __. 4.9 T R3 
HDg-94 96 + 0.6 G R2 
HDg-95 86 +_ 7.3 G R1 
HDg-96 88 _ 1.7 T RI 
HDg-97 nd G R2 
HDg-98 92 _ 2.9 G R2 
HDg-102 32 _ 19.7 T - 
HDg-104 95 _+ 1.6 G R1 
HDg-105 64 +_ 4.6 G R1 
HDg-106 90 _+ 1.9 T R1 

~0 pollen stained as described in Materials and methods. 
Values for parental N. tabacum and N. glutinosa were 92 _+ 8.0 
and 93 + 5.3 respectively 
b N. tabacum chloroplasts (T) or N. olutinosa chloroplasts (G) 

Rearranged mtDNA type (R, R1, R2, or R3) as described in the 
text or mtDNA similar to parental N. tabacum (T) 

isozyme analysis was also performed but peroxidase 
activity could not  be detected in leaf extracts f rom 
leaves of  young,  immature  N. glutinosa. In  contrast,  
peroxidases were readily detected in leaf extracts of  
young  plants of  N. tabaeum and the somatic  hybrids 
(data not  shown). Of  the four anodal  bands detected in 
somatic hybrids, two corresponded with parental  N. 
tabaeum peroxidases, one appeared to be unique to the 
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Fig. 2. Hybridization of a heterologous wheat nuclear ribo- 
somal DNA (in pTa71) with total cellular DNA isolated from N. 
tabacum (dhfr), N. glutinosa (npt l I), and selected somatic hybrids, 
digested with EcoR1. Lanes from left to right are: (I) N. tabacum 
(dhfr) (2) N. glutinosa (nptlI), (3) HDg-84, (4) HDg-68, (5) HDg- 
91, (6) HDg-105, (7) HDg-73, (8) HDg-39, (9) HDg-57, (10) 
HDg-96, (I1) HDg-88, (12) HDg-10. All of the somatic hybrid 
lanes show species-specific hybridizing bands from both parents. 
Size markers in kitobases are shown on the fight 

Fig. 3. Native potyacrylamide-gel electrophoresis (5~ acrylam- 
ide) of leaf glutamate-oxaloacetate transaminases of N. tabacum 
(dhfr), N. glutinosa (nptII), and selected somatic hybrids. Lanes 
from left to right are: (1) N. tabacum (dhfr), (2) N. glutinosa (nptl I), 
(3) a 1:1 mixture of leaf extracts of N. tabacum (dhfr) and N. 
91utinosa (nptlI), (4) somatic hybrid HDg-1, (5) HDg-2, (6) HDg- 
3, (7) HDg-4 (8) HDg-5. A unique GOT isoenzyme band detected 
in all somatic hybrids examined is indicated by the arrow at the 
right of the figure. The direction of migration is towards the 
anode indicated at the lower right of the figure 

hybrids, and a faint band  detected in some hybrids 
appeared to correspond with a peroxidase isozyme 
observed only in extracts of older N. glutinosa plants. 

Chloroplast segregation patterns 

Using the c p D N A  probe, species-specific Southern-  
hybridizat ion patterns were obtained with total cellu- 
lar D N A  digested with X h o I  or  BgII. Analysis of  
genomic D N A  of 41 N. tabacum (+)  N. glutinosa 
somatic hybrids using pBat-9, summarized in Table 1, 
revealed that  t6  of the 41 possessed chloroplasts de- 
rived from N. tabacum while 25 possessed chloroplasts 
f rom N. glutinosa. Using the chi-square test, these 
results are not  significantly different from a r andom 
1 : 1 segregation (Z 2 = 2.95, P < 0.05). Thir ty- two of  the 
hybrids were screened using both  types of  D N A  digests 
and results for bo th  types of  analysis were always in 
agreement. Hybridizat ion results for parental  species 
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Fig. 4 a, b. Chloroplast inheritance: hybridiz- 
ation of the cpDNA probe (in pBal-9) to total 
cellular DNA of the parental species and somatic 
hybrids digested with either Xhol or Bgll a 
Hybridization to Xhol-digested DNA. Lanes are 
(1) N. tabacum (dhfr), (2) Iv'. glutinosa (nptlI), (3) 
HDg-3, (4) HDg-5, (5) HDg-6, (6) HDg-9, (7) 
HDg-22, (8) HDg-24, (9) HDg-34, (I0,11) HDg- 
41, (12) HDg-46, (13,14) HDg-48, (15,16) HDg- 
53. b Hybridization to Bgll-digested DNA. Lanes 
are (1) N. tabacum (dhfr), (2) N. glutinosa (nptlI), 
(3) HDg-3, (4) HDg-5, (5) HDg-6, (6) HDg-9, (7) 
HDg-71, (8) HDg-102. Size markers in kilohases 
are shown on the right of each figure 

and selected somatic hybrids are shown in Fig. 4a for 
XhoI digests and Fig. 4b for Bgll digests. The faint 
upper band visible for hybridization to Xhol  digests of 
HDg-53 in lane 15, Fig. 4a, but not for another digest of 
the same DNA sample in lane 16, Fig. 4a (and also 
other data not shown), is the result of a partial digest 
rather than to the presence of N. glutinosa cpDNA. 

Analysis of mitochondrial genomes 

Several heterologous mtDNA probes were tested in 
hybridization experiments with parental genomic 
DNA. Hybridization of the heterologous mtDNA 
probe (cyt B) to total cellular DNA digested with 
BamH1, PvuII, or PstI produced species-specific pat- 
terns of hybridization. A population of somatic hybrids 
(40 individuals) was analysed and the results are also 
shown in Table 1. Patterns of hybridization for pa- 
rental DNA and DNA of selected hybrids are illustrated 
in Fig. 5a, b for BamH1 digests and Fig. 5c, d for PvuII 
digests. Thirty-eight hybrids showed patterns of hy- 
bridization consistent with the presence of rearranged 
mtDNA. Results for the other two hybrids, HDg-41 
(see Fig. 5b, lane 11) and HDg-84 (Fig. 5c, lane 13), 
were identical to N. tabacum in the case of both BamH 1 
and PvuII digests. HDg-41 was also analysed with 
Pstl-digested DNA and the pattern of hybridization 
was the same as for N. tabacum (data not shown). None 
of the somatic hybrids appeared to have mtDNA 
identical to N. glutinosa. The 38 somatic hybrids with 
rearranged mtDNA were further classified as one of 
three rearranged mtDNA types. Type R1 and type R2 
plants shared the same pattern of BamH1 hybridiz- 
ation, in which both parental-specific bands were de- 
tected (Fig. 5a, lanes 3-14; Fig. 5b lanes 3-10 and 12). 
Rl-type plants all showed the same rearranged non- 

parental pattern of hybridization for PvuII-digested 
DNA (example Fig. 5d, lanes 6, 7, 8, 10). Six somatic 
hybrids with R2-type mtDNA showed a different, 
unique, pattern of hybridization when PvulI digests 
were probed (example Fig. 5c, lanes 3, 4, 5, 9). Three 
somatic hybrids, designated as type, R3 showed, a 
pattern identical to N. tabacum for BamH1 digests but 
hybridizing bands corresponding to both parental 
types were observed for PvuII digests (see Fig. 5c, 
lanes 6, 9). Ten additional hybrids showed the same 
pattern of BamH1 hybridization as type R1 and 
type R2 hybrids, but since the PvulI hybridization 
patterns were not tested they were not classified as 
rearranged mtDNA type R1, R2, or R3 but rather only 
as R. 

Discussion 

Seventy N. tabacum (+) N. glutinosa hybrids resistant 
to kanamycin and methotrexate were recovered from 
fusions of leaf mesophyll protoplasts of methotrexate- 
resistant N. tabacum and kanamycin-resistant N. gluti- 
nosa. Only fusion cultures produced double-resistant 
calli and these were recovered from fusions plated 
initially on control medium or those plated immediate- 
ly after fusion on kanamycin- or methotrexate-con- 
taining medium. There was no apparent correlation 
between the order of exposure to the selective agent 
and the type of somatic hybrid obtained using the 
different treatments with regard to hybrid morpho- 
logy, fertility, or the pattern of organelle inheritance. 

Prior to this study, chloroplast inheritance among 
N. tabacum (+) N. glutinosa somatic hybrids had been 
examined in only a few plants, including a single sterile 
somatic hybrid described by Uchimiya (1982) and five 
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Fig. 5a-d. Mitochondrial genome analysis: total cellular DNA digested with either BamH1 (a, b) or PvuII (e, d) and hybridized with a 
heterologous cytB probe, a BarnH 1-digested DNA. Lanes are (i) N. tabacum (dhfr), (2) N. glutinosa (nptII), (3) HDg-11, (4) HDg-6, (5) 
HDg-2, (6) HDG-37, (7) HDG-3, (8) HDG-34. (9) HDg- 1, (I 0) HDg-4, (11) HDg-95, (12) HDg-94, (13) HDg- 106, (14) HDg-7. b Lanes are 
(1) N. tabacum (dhfr), (2) g. glutinosa (nptlI), (3) HDg-5, (4) Hdg-9, (5) HDg-24, (6) HDg-77, (7) HDg-104, (8) HDg-22, (9) HDg-97, (I0) 
HDg-90, (11) HDg-41, (12) HDg-46. e PvuII-digested DNA. Lanes are (1) N. tabacum (dhfr), (2) N. glutinosa (nptlI), (3) HDg-87, (4) 
HDg-83, (5) HDg-53, (6) HDg-10, (7) HDg-88, (8) HDg-95, (9) HDg-39, (I0) HDg-57, (11) HDg-48, (12) HDg-34, (13) HDg-84. d Lanes 
are (1) N. tabacum (dhfr), (2) N. glutinosa (nptII), (3) HDg-83, (4) HDg-88, (5) HDg-97, (6) HDg-7, (7) HDg-61, (8) HDg-71, (9) HDg-98, 
(10) HDg-106. Size markers in kilobases are shown on the right of each figure 

somatic hybrids described by Horn et al. (1983), four of 
which derived from the same callus. In the present 
study chloroplast inheritance was examined in a popu- 
lation of 41 N. tabacum (+) N. glutinosa somatic 
hybrids. The results showed that more hybrids inherit- 
ed N. glutinosa chloroplasts (G) than inherited N. 
tabacum chloroplasts (T) (25G:16T). However, the 
segregation ratio is not significantly different from a 
random 1:1 segregation pattern, according to the 
chi-square test. This is in contrast to the markedly 
non-random pattern of chloroplast segregation which 
we previously obtained for N. tabacum (dhfr) (+)  N. 
debneyi (nptlI) somatic hybrids, where 11/12 had only 
N. debneyi cpDNA (Sproule etal. 1991), and N. 
tabacum (dhfr) (+)  N. rustica (nptII) somatic hybrids, 
where 20/21 had N. rustica cpDNA (Donaldson et al. 
1993), using identical conditions for fusion and selec- 
tion. In the present study, the more random chloro- 
plast segregation most likely reflects the closer genetic 

relatedness of the parental species, i.e., N. tabacum and 
N. glutinosa, which are both members of the same 
Nicotiana subgenus, Tabacum, compared with the 
greater phylogenetic distance between the Nicotiana 
species in the previous somatic hybridizations between 
N. tabacum (subgenus: Tabacum) and either N. debneyi 
(subgenus: Petunioides) or N. rustica (subgenus: Rus- 
tica). In addition, we recently obtained a non-random 
pattern of inheritance among somatic hybrids between 
N. tabacum (dhfr) and the distantly-related species, N. 
megalosiphon (subgenus: Petunioides) using the same 
selection conditions (P. A. Donaldson, E. Bevis, R. 
Pandeya, and S. Gleddie, in preparation). In all these 
studies the potential influence of plastid input bias 
caused by the different donor tissues (see Rose et al. 
1990) was eliminated since leaf mesophyll protoplasts 
were used for both parents. 

Interestingly, biased inheritance of wild species chloroplasts 
in N. tabacum (+) N. rustica (Donaldson et al. 1993), and N. 
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tabacum (+) N. nesophila (Evans et al. 1982), somatic hybrids 
reflects the cytoplasmic composition of the respective sexual 
hybrids which can only be recovered using the wild species as 
the maternal parent (Evans et aL 1982; Douglas et al. 1983). 
Thus, limits to the range of nuclear-cytoplasmic combinations 
which are stable exist even for somatic hybrids. Somatic hybrids 
with rare plastid types should therefore be used with caution 
since both direct (Moll etal. 1990; Malone etal. 1992) 
and indirect (Iwai et al. 1981) evidence shows that seemingly 
homoplastidic hybrids sometimes carry the undetected plastid 
type as a small fraction of the population which may increase 
following selection pressure, meiosis, or a change in nuclear 
background after backcrossing. In Brassica interspecific hybrid- 
izations and related intergeneric hybridizations, a direct 
correlation is observed between the degree of chromosome 
elimination and the genetic distance of the parental species 
(Sundberg and Glimelius 1991). In Lycopersion increases 
in donor protoplast irradiation dose, which correlated with 
preferential elimination of donor chromosomes, was also cor- 
related with preferential loss of donor plastids in the hybrids 
(Bonnema et al. 1992). 

Higher plastid number due to a higher nuclear 
DNA content (Butterfass 1988) has been claimed to 
mediate a biased segregation of chloroplasts favoring 
those from the species with a higher ploidy level (see 
review by Rose et al. 1990). The chloroplast segrega- 
tion data in the present study, however, shows no 
evidence for such a biased segregation since, in spite of 
the ploidy differences between the allotetraploid N. 
tabacum (2n = 4x = 48) parent and diploid N. glutinosa 
(2n = 2x = 24), segregation was not biased towards N. 
tabacum chloroplasts. Further evidence for a lack of 
this type of correlation between ploidy levels and 
biased segregation in Nicotiana interspecific hybridiz- 
ations, was the biased segregation we observed previ- 
ously for N. tabacum (+) N. debneyi and N. tabacum 
(+) N. rustica hybrids (Sproule etal. 1991; Donaldson 
et al. 1993) (obtained using the same protocols de- 
scribed in the present study) in spite of the similar 
ploidy levels of the parental species (Goodspeed 1954). 
Taken together these results imply that for interspecific 
hybridizations in Nicotiana, genetic distance may be 
more significant than parental ploidy-level differences 
in determining chloroplast inheritance. In Brassica, 
somatic hybridization of species with different ploidy 
levels in some cases showed a bias towards the inherit- 
ance of chloroplasts from the species with the higher 
ploidy level (Landgren and Glimelius 1990). Contra- 
dictory evidence which was obtained for B. napus (+) 
B. juncea hybridizations (i.e., biased segregation fol- 
lowing fusion of parents with similar ploidy levels) was 
attributed to the small sample size of only six hybrids 
(Sundberg and Glimelius 1991). 

The results of mtDNA analysis of the N. tabacum 
(+) N. glutinosa somatic hybrids showed that 
mitochondrial rearrangement was a common occur- 
rence. Similarly, rearrangements in mtDNA following 
somatic hybridization, first reported in Nicotiana (Be- 
lliard et al. 1979; Nagy et al. 1983), are common in 

many genera including Brassica (Morgan and Maliga 
1987), Petunia (Boeshore et al. 1983), and Solanum 
(Kemble et al. 1986). Our recent report of N. tabacum 
(+) N. rustica somatic hybrids also provides evidence 
for frequent mtDNA rearrangements in interspecific 
Nicotiana hybrids (Donaldson et al. 1993). There are, 
however, examples where somatic hybridization does 
not result in rearrangements between the parental 
mtDNAs (Kobayashi etal. 1991). Mitochondrial 
genome inheritance patterns, as in the case of cpDNA, 
appear to be affected by the genetic relatedness of the 
species being fused (Bonnet and Glimelius 1990; Land- 
gren and Glimelius 1990; Bonnema et al. 1992). In the 
present study 38 of 40 somatic hybrids had rearranged 
mtDNA, two possessed mtDNA similar to tobacco, 
while none possessed mtDNA identical to parental N. 
flutinosa (based on RFLP data). These results do not 
necessarily indicate an overall bias towards tobacco 
mtDNA sequences since a detailed restriction analysis 
of the mtDNA was not done. Analysis of the RFLP 
data indicated some of the N. tabacum (+) N. glutinosa 
somatic hybrids shared similar, if not identical, types 
(e.g., type R1, R2, R3 etc.) of mtDNA rearrangements. 
A detailed restriction analysis of these mtDNAs will be 
required to determine if the mitochondrial genome 
rearrangements are indeed identical. Common types of 
mtDNA rearrangements for independent somatic hy- 
brids are frequently observed following somatic hy- 
bridization (Kemble et al. 1986; Kothari et al. 1986; 
Bonnet and Glimelius 1990; Landgren and Glimelius 
1990; Donaldson et al. 1993) and are considered as 
evidence for rearrangement hot-spots (Rothenberg and 
Hanson 1987). 

The hybrids obtained were fertile, in contrast to 
other N. tabacum (+) N. glutinosa hybrids reported in 
the literature which were either sterile (Uchimiya 1982; 
Horn et al. 1983) or partially fertile (Nagao 1979) 
presumably due to the use of long-term suspension 
cultures or non-regenerating or mutant genotypes for 
fusion. A fertile amphidiploid hybrid recovered from a 
N. tabacum x N. glutinosa sexual hybrid (Clausen and 
Goodspeed 1925) was used in backcrosses to produce 
tobacco with enhanced viral resistance (Holmes 1938) 
but the N gene responsible for this trait has also been 
associated with significant undesirable traits (Chaplin 
et al. 1961; Nielson et al. 1985). Therefore, somatic 
hybrids from this study will be used in renewed at- 
tempts to exploit this wild species germplasm for to- 
bacco improvement and for a study of the genetic 
determinants of disease resistance by the creation of 
isogenic lines in tobacco. 
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