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Summary. Mitochondrial DNA from three somatic 
hybrid cell lines of Pennisetum americanum +Panicum 
maximum was compared with mitochondrial DNA of 
the parents. Gel electrophoresis of BamHI-restricted 
mitochondrial DNA indicated that extensive rearrange- 
ments had occurred in each of the three hybrid lines. 
The hybrid restriction patterns showed a combination 
of some bands from each parent plus novel fragments 
not present in either parent. Additional evidence for 
rearrangements was obtained by hybridization of eight 
DNA probes, carrying sequences of known coding 
regions, to Southern blots. Each of the somatic hybrids 
exhibited a partial combination of the parental mito- 
chondrial genomes. These data suggest recombination 
or amplification of the mitochondrial genomes in the 
somatic hybrids. 
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Introduction 

Mitochondrial recombination in somatic hybrids of 
higher plants was first suggested by Belliard et al. 
(1979). In this case two varieties of Nicotiana tabacum 
L. (var. Xanthi and var. Techne) with different cy- 
toplasms displayed distinctly different mitochondrial 
DNA (mtDNA) restriction patterns. Restriction digests 
of mtDNA from somatic hybrid plants revealed new 
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bands which could not be attributed to either parent. 
Subsequently, mitochondrial recombination has been 
proposed as the process responsible for altered mtDNA 
restriction patterns in other somatic hybrids or cybrids 
within various genera including Nicotiana (Nagy et al. 
1981 ; Galun et al. 1982), Petunia (Boeshore et al. 1983), 
and Daucus (Matthews and Widholm 1985). 

Most investigations of mtDNA rearrangements 
have dealt with solanaceous species and intrageneric 
somatic hybrids or cybrids. The only intergeneric cy- 
brids analyzed thus far have been between the dico- 
tyledonous plants, Brassica napus or B. campestris and 
Raphanus sativus (Chetrit et al. 1985). As somatic 
hybrid calli within the Gramineae recently have been 
recovered (Ozias-Akins et al. 1986; Tabaeizadeh et al. 
1986), it is possible now to determine the occurrence or 
extent of genetic recombination when mitochondria 
from two grass genera become mixed after protoplast 
fusion. This paper presents evidence for the presence of 
mtDNA rearrangements in three somatic hybrid cell 
lines of  Pennisetum americanum + Panicum maximum. 

Materials and methods 

Cell lines 

The culture background of the parental cell lines used and 
results of the somatic hybridization experiments have been 
published previously (Ozias-Akins et al. 1986). Somatic hybrid 
cell lines first were recovered and identified in December 1984 
(SH 2 and SH 3) and February 1985 (SH 67). Somatic hybrid 
calli were subcultured at 4-week intervals on medium con- 
taining S-2-aminoethyl-L-cysteine (AEC) (300 mg/1) for 4-6 
months before cell suspension cultures were initiated. 

DNA isolation, restriction, and blotting 

Mitochondrial DNA was isolated from suspension cultures 5 
months after initiation by the procedure of McNay et al. 
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(1984) (first isolation). After 5 additional months of growth in 
suspension culture with weekly subcultures on medium lack- 
ing AEC, mtDNA again was isolated (second isolation). DNA 
was restricted with BamHI according to supplier's recommen- 
dations and run on 0.8% agarose gels in 36 mM Tris base 
30 mM NaHzPO4 " H20 - 1 mM Na2EDTA, pH 7.8 at 2 V/cm 
for 16 h. Gels were stained for 1 h with 0.4 ~tg/ml ethidium 
bromide in H20 and photographed on a 302 nm UV transillu- 
minator. Sandwich blots on nitrocellulose were prepared from 
gels after depurinating 10min in 0.25 N HC1, denaturing 
30 rain in 0.6 M NaCI - 0.2 M NaOH, and neutralizing 30 min 
in 3 M NaCI - 94 mM Tris, pH 7.5. Molecular size markers 
were PstI plus HindIII-digested bacteriophage lambda DNA. 

Nick translation and I~vbridization 

Probes for selected mitochondrial coding sequences were 
labelled by nick translation as described by Rigby et al. (1977). 
Labelled DNA was separated from nucleotides on a Sephadex 
G-50 column prepared with a 1 ml disposable syringe. Probes 
included clones of maize mtDNA sequences coding for sub- 
units 6 (atp6) (Dewey et al. 1985a), 9 (atp9) (Dewey et al. 
1985b), and alpha (atpa) (Braun and Levings 1985) of F1-F0 
ATPase; subunits I (COI) (Isaac et al. 1985) and II (COII) 
(Fox and Leaver 1981) of cytochrome c oxidase; 18s and 26s 
rDNA (Pring et al., unpublished); and sorghum chloroplast 
DNA coding for the large subunit of ribulose-l,5-bisphosphate 
carboxylase (rbcL) (Dang and Pring 1986). Clones of the F1-F0 
ATPase subunits were provided by C.S. Levings III, and 
cytochrome c oxidase clones were provided by C.J. Leaver. 
Procedures for hybridization and washing of blots were 
carried out as described by McNay et al. (1984) except that 
the DNA was denatured by boiling for 10 min. Probed blots 
were autoradiographed on Kodak XAR-5 X-ray film with two 
intensifying screens at -80 ~ 

R e su l t s  

Restricted mtDNA from the three somatic hybrid cell 
lines showed banding patterns which differed from one 
another as well as from both parents (Fig. 1). Combina-  
tions of bands unique to one or the other of the parents 
were seen in the somatic hybrids. In addition, novel 
bands which were not detected in either of the parental 
cell lines also were observed. A few differences could 
be detected in restriction patterns of mtDNA from the 
first and second isolations which were separated by 
about 5 months. No qualitative changes were observed 
in the parental lines over this period; however, the 
stoichiometry of at least one fragment ofP.  americanum 
was altered. In SH 3, one band  of approximately 11 kb 
disappeared, and in SH 67, two bands (ca. 17 and 6 kb) 
disappeared. 

More specific rearrangements could be identified 
after hybridization with nick-translated probes of 
known mitochondrial genes. These data were obtained 
only with mtDNA from the first isolation. Mitochon- 
drial DNA fragments from the somatic hybrids which 
hybridized strongly with the eight probes have been 
tabulated (Table 1). 

The 26s ribosomal gene probe hybridized to two P. 
maximum fragments, 8.9 and 6.4 kb in size, and one 
P. americanum fragment of about 22 kb (Fig. 2). None 
of the somatic hybrids contained the P. maximum 

Table 1. Molecular sizes (kb) and probable parental origin of major hybridizing fragments in BamHI restricted mtDNA from the 
somatic hybrids. Prn: Panicurn maximum; Pa: Penniseturn arnericanurn 

26s atp6 COI 18s atp9 COII rbcL atp a 

SH2 27.5 27.5 7.1 (Prn) 7.1 (Pm) 8.6 4.4 (Pa) 5.1 7.2 (Prn) 
23 23 5.0 (Prn, Pa) 5.0 (Pm, Pa) 8.2 1.6 (Pro) 3.3 (Pm) 5.6 (Pa) 

4.4 (Pm) 7.4 (Prn) 2.0 (Pa) 5.1 
4.5 (Pa) 0.9 (Pm, Pa) 
1.7 (Prn) 

SH3 27.5 27.5 7.1 (Pm) 7.1 (Pm) 7.4 (Prn) 4.4 (Pa) 5.1 7.2 (Pm) 
23 23 6.5 1.6 (Pm) 3.3 (Pro) 5.6 (Pa) 

2.6 (Pm) 4.5 (Pa) 2.0 (Pa) 5.1 
1.7 (Pm) 0.9 (Pm, Pa) 

SH67 22 (Pa) 22 (Pa) 6.5 (Pa) 6.5 (Pa) 4.5 (Pa) 4.4 (Pa) 2.0 (Pa) 7.2 (Pm) 
5.0 (Pm, Pa) 5.0 (Pro, Pa) 1.7 (Prn) 3.6 (Pa) 5.6 (Pa) 

1.6 (Prn) 0.9 (Pro, Pa) 

Pm 8.9 4.7 7.1 7.1 7.4 4.0 7.2 
6.4 4.4 5.0 5.0 1.7 1.6 0.9 

3.0 
2.6 

Pa 22 22 

3.3 

6.5 6.5 4.5 4.4 2.0 5.6 
6.2 6.2 2.9 3.6 0.9 
5.0 5.0 
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Fig. 1. Ethidium bromide stained gel of BamHI-restricted mitochondrial DNA from Panicum maximum (Pro), Pennisetum ameri- 
canum (Pa), and somatic hybrid cell lines 2, 3, and 67 
Figs. 2 and 3. Hybridization of various DNA probes to Southern blots of mitochondrial DNA from Panicum maximum (Pro), Penni- 
serum americanum (Pa), and somatic hybrid cell lines 2, 3, and 67. Numbers are kb values of hybridizing fragments. 2 26s ribosomal 
DNA; 3 F1-ATPase subunit 6 

bands. However, hybridization of  the probe to at least 
one (27.5 kb) and possibly a second (23 kb) novel high 
molecular weight band was observed in SH 2 and SH 3. 

Probes for atp6 hybridized to the same high mole- 
cular weight fragments in P. amerieanum and SH 2, 3, 
and 67 as did the 26s rDNA probe (Fig. 3). Additional 
bands in SH 3 (2.6 kb) and SH2 (4.4 kb) apparently 

originated from P. m a x i m u m  in which four major  
bands were observed of  4.7, 4.4, 3.0, and 2.3 kb. 

Fragments with strong homology to the CO1 gene 
probe and a probe for 18s ribosomal genes were of  
similar molecular weights. One fragment o f  about 5 kb, 
which was shared by both parents, was also present in 
SH 2 and 67 but only weakly detectable in SH 3. Two 
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Hybridization to the rbcL probe was observed in 
one major band in P. m a x i m u m  (3.3 kb) and one in 
P. amer icanum (2.0 kb). All of the somatic hybrids 
showed hybridization to the P. amer icanum band. The 
P. m a x i m u m  band was present in only SH 2 and 3. 
These two hybrid lines also contained a common band 
(5.1 kb) not present in either of the parents but with 
major homology to the probe. All three hybrids exhib- 
ited novel weakly hybridizing bands. 

A probe for atpa revealed one major fragment 
(0.9 kb) common to both parents and all three hybrids 
(Fig. 4). In addition, each parent contained one unique 
band with major homology to the probe (/3. m a x i m u m  - 

7.2 kb; P. amer icanum - 5.6 kb). All three somatic hy- 
brids contained both fragments unique to each parent. 
A distinct, strongly hybridizing novel band of 5.1 kb 
was detected in SH 2 and 3. A novel fragment of similar 
size in SH 2 and 3 also was observed to hybridize to the 
rbcL probe. 

In only one instance (SH 67 probed with atpa) did 
any of the somatic hybrids show simple addition of 
parental bands. In no case did the hybridization pat- 
terns of the somatic hybrids exactly mimic either 
parent. Somatic hybrid specific fragments were ob- 
served to have major homologies to the 26s rDNA, 
atp6, atp9, atpa, and rbcL probes. 

Fig. 4. Hybridization of F1-ATPase subunit alpha probe to 
Southern blots of mitochondrial DNA from Panicum maximum 
(Pm), Pennisetum americanum (Pa), and somatic hybrid cell 
lines 2, 3, and 67. Numbers are kb values of hybridizing frag- 
ments 

bands (6.5, 6.2 kb) were unique to P. amer icanum.  A 

unique P. m a x i m u m  fragment (7.1 kb) was present in 
SH2 and 3 but missing from 67. A 1Akb band 
hybridizing weakly to COI was common to P. ameri -  

canum and all of  the somatic hybrids. 
Two unique bands with major homologies to the 

atp9 probe were found in P. m a x i m u m  (7.4, 1.7 kb) and 
P. a m e r i c a n u m  (4.5, 2.9 kb). All three hybrids contained 
the 1.7 kb hybridizing fragment from P. m a x i m u m  and 
the 4.5 kb fragment from P amer icanum.  Somatic hy- 
brids 2 and 3 also contained the 7.4 kb P. m a x i m u m  

band. Additionally, novel hybridizing bands were ob- 
served in SH 3 (6.5 kb) and SH 2 (8.6, 8.2 kb). 

The COII probe hybridized to two unique bands in 
P. m a x i m u m  (4.0, 1.6 kb) and two unique P. america-  

hum bands (4.4, 3.6 kb). One P. m a x i m u m  band and 
one P. a m e r i c a n u m  band were represented in SH 2 and 
3. Somatic hybrid 67 contained both of these bands 
plus the other P. a m e r i c a n u m  band. 

Discussion 

Alterations in mtDNA restriction patterns of somatic 
hybrids appear to occur frequently. Quantitative 
changes or the disappearance of bands might be at- 
tributed, at least in part, to variation in intramolecular 
recombinational events. However, in many somatic 
hybrids, the magnitude of qualitative changes impli- 
cates intergenomic recombination rather than intra- 
molecular variation. This is particularly evident in the 
present study, where the three somatic hybrid cell lines 
showed extensive changes (most noticeable in high 
molecular weight fragments) when compared to each 
other and parental cell lines. 

In tissue cultured cells of maize, stoichiometric 
changes have been observed in specific mtDNA frag- 
ments (McNay et al. 1984). More extensive rearrange- 
ments have been detected in T-cytoplasm maize plants 
regenerated from H e l m i n t h o s p o r i u m  ma)'dis toxin-resis- 
tant cell lines selected through tissue culture. The toxin- 
resistant plants had mtDNA restriction patterns that 
were altered from the original T-cytoplasm mtDNA 
and varied from one regenerant to another (Gengen- 
bach et al. 1981; Kemble et al. 1982). In contrast to the 
observations with maize, no mtDNA rearrangements 
were detected in antibiotic resistant Nicot iana p l u m -  
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baginifolia and N. tabacum protoplast and callus cul- 
ture regenerants or intraspecific somatic hybrids of  N. 
plumbaginifofia. Rearrangements were evident, how- 
ever, in ten N. plumbaginifolia cybrids selected for N. 
tabacum chloroplasts (Nagy et al. 1983). These authors 
proposed that the Nicotiana mitochondrial genome 
may be more stable than the Zea genome, although this 
proposal was qualified with the observation that the 
maize plants studied were selected for a resistence trait 
residing in the mitochondria. Recombination of mtDNA 
and maintenance of certain populations of subgenomic 
circles may be dependent upon nuclear background 
and thus could be expected to vary from genotype to 
genotype. After several months of cell culture, some 
restriction fragments became undetectable in two of the 
somatic hybrid cell lines from the present study, but the 
only obvious change in one of the parents was quanti- 
tative. More subtle alterations might be observed with 
more extensive use of  DNA probes. The changes which 
have occurred in the hybrids following extended cul- 
ture could be a consequence of tissue culture-induced 
variation or continued rearrangement among the two 
combined parental genomes. 

Although mitochondrial recombination was sug- 
gested as the explanation for novel restriction fragment 
patterns in Nicotiana somatic hybrids or cybrids, two 
processes were proposed by Boeshore et al. (1983) to 
account for the same phenomenon in Petunia hybrida + 
P. parodii somatic hybrids. They suggested that in 
addition to possible recombination, amplification of 
certain sequences not detectable in low copy number 
by ethidium bromide staining might occur. Direct 
evidence for recombination has come from subsequent 
analysis of a cosmid clone of Petunia somatic hybrid 
DNA (Rothenberg et al. 1985). The restriction site 
polymorphisms between the two parental species al- 
lowed assignment of specific restriction fragments 
within the clone to either of the parents. 

The probes utilized in these experiments carry 
coding and flanking sequences, and thus may hybridize 
to non-coding fragments in the mtDNAs examined 
here. Both maize (Pring and Lonsdale, unpublished) 
and sorghum (Ferguson et al., unpublished) mtDNAs 
may display variation in hybridization to these probes 
depending on presence or absence of repeated se- 
quences represented in the probes. Pennisetum and 
Panicum hybridization patterns also indicate presence 
of repeated sequences homologous to the probes. Ho- 
mology to the probe carrying subunit 6 of ATPase in 
Panicum (Fig. 3) is suggestive of a recombinationally 
active repeat, generating four fragments carrying ho- 
mology to the probe. Most of  the probes utilized 
hybridized to more than one fragment, indicating 
BamHI sites in regions of mtDNAs corresponding to 
the particular probe. 

This study is significant since the first somatic 
hybrid cells of the Gramineae were analyzed for 
mtDNA rearrangements, previously reported only in 
dicotyledonous plants. A companion study with two 
somatic hybrid cell lines of P. americanum + Saccharum 
officinarum (Tabaeizadeh et al. 1987) has shown slight- 
ly different results. Mitochondrial DNA from one 
hybrid line (H2) totally resembled the P. americanum 
parent after restriction with PstI, BamHI, and XhoI 
endonucleases and hybridization with eight different 
cosmid clones. A second somatic hybrid cell line (H1) 
showed novel restriction fragments with PstI and after 
hybridization with several cosmid probes. It is not 
possible at this time to assign the primary cause of 
mtDNA variation in the P. americanum + P. max imum 
somatic hybrids to either of the phenomena discussed. 
Recently, the novel 5.1 kb BamHI restriction fragment 
which was identified from mtDNA of SH 3 with the 
a tpa  probe has been cloned (Ozias-Akins et al., un- 
published). Approximately 90% of this clone is ho- 
mologous with a portion of an 11 kb clone obtained 
from the P. max imum parent. It has yet to be deter- 
mined if the 5.1 kb fragment resulted from recombina- 
tion between P. max imum and P. americanum mtDNA. 
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