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Summary. Mitochondrial and chloroplast DNA was iso- 
lated from fertile and cytoplasmic male sterile cultivars of 
cultivated onions. Restriction fragment length polymor- 
phism led to the distinction between cytoplasms S and M. 
Mitochondrial D N A  patterns from S cytoplasms ap- 
peared identical and characterized mostly male sterile 
lines. An open-pollinated variety was found to bear this 
cytoplasm and thought to be the origin of S types. Mito- 
chondrial DNA patterns from M cytoplasms were subdi- 
vided into four types, M 1 and M z corresponding to nor- 
mal N cytoplasm, M 3 and M 4 probably corresponding to 
T cytoplasms. S and M cytoplasms were also distin- 
guished by chloroplast DNA restriction patterns. Our 
results confirm previous genetic distinction between S, N 
and T cytoplasms. 
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Introduction 

Although onions are the second most important vegeta- 
ble crop in the world, after tomatoes, very little genetic 
data is available. The cross-pollinating nature of Allium, 
their strong inbreeding depression and their long genera- 
tion time are responsible for this lack of knowledge 
(Rabinowitch 1988). The result is that the breeding of 
onions is very backwards compared with many other less 
important vegetables. 

The discovery of a cytoplasmic male sterile (cms) 
onion by Jones in 1925 was certainly the main event in 
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modern breeding. He showed how to transfer the cyto- 
plasm to inbred parent lines and proposed a system for 
commercial production of hybrid seed (Jones and Clarke 
t943; Jones and Mann 1963). U.S. male sterile lines used 
in commerical seed production derive their sterile cyto- 
plasm from Jones' original plant and are, therefore, often 
closely related. In a number of countries, although onion 
breeding was initially based on the U.S. male sterile ma- 
terial, local male steriles are now being used (McCollum 
1976). 

Cms has arisen either spontaneously in natural popu- 
lations, following mutagenic treatment of seeds (Hanson 
and Conde 1985), or in plants regenerated from proto- 
plast culture (Li et al. 1988), or also from intergeneric, 
interspecific or intraspecific crosses (Hanson and Conde 
1985). It is well established that the maternally inherited 
male sterile phenotype is caused by interactions between 
nuclear and cytoplasmic factors (Clayton 1950). Sub- 
stantial evidence indicates that the cms trait is encoded 
by the mitochondrial genome. Plant mitochondrial ge- 
nomes are generally large and multicircular, containing 
sequences of different stoichiometry. Evolution of these 
complex genomes appears to occur via reorganization of 
sequences rather than by point mutation. Mitochondrial 
DNA (mtDNA) restriction analysis showed specific 
modifications in male sterile cytoplasms of maize, wheat, 
tobacco, sorghum, bean, rapeseed, sugar beet, sunflower, 
petunia, rye and rice (see the reviews by Leaver and Gray 
1982; Levings 1983; Hanson and Conde 1985; Pring and 
Londsale 1985). While many of these differences proba- 
bly have no phenotypic effect in cms lines, some have 
been shown to be due to the modification of existing 
genes or the creation of novel mitochondrial genes by 
recombination (Leaver et al. 1985; Dewey et al. 1986; 
Young and Hanson 1987). These chimeric genes are ex- 
pressed as variant polypeptides which appear to be cau- 
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sally re la ted to the cms p h e n o t y p e  (Forde  and  Leaver  
1980; Bou t ry  et al. 1984; Dewey  et al. 1987). 

In this s tudy we analysed  several cul t iva ted  on ion  
cul t ivars  wi th  fertile or  male  sterile cy top lasms  which are 

used in the p r o d u c t i o n  o f  hybr id  seeds. The  purpose  o f  

this w o r k  is to c o m p a r e  mt  rest r ic t ion f r agment  pat terns  
so as to charac ter ize  different  cul t ivars  and a t t empt  to 

es tabl ish re la t ionships  be tween  them which  cou ld  be use- 

ful to breeders.  

Materia ls  and methods  

Plant materials 

The different onion cultivars with fertile or male sterile cyto- 
plasms we have analysed are presented in Table 1. 

Isolation of  chloroplast DNA (ctDNA) 

Bulbs were germinated in the dark before being placed in the 
light (16 h photoperiod at 18~ for 3 - 4  weeks. Chloroplasts 
were isolated in a medium of high ionic strength (Bookjans et al. 
1984). Green shoots were homogenized at 4~ in a Waring 
blender 5 s 3 times at low speed in 10 ml/g fresh weight NaC1 
buffer (50mM TRIS-HCI, pH 8.0, 1.25 M NaC1, 25 mM 

Table 1. Description and origin of the genotypes used 

Genotype Description and origin 

a 

b 

(2 

d 
e 

f 

g 
h 
i 

J 

k 

1 

m 

O 

p 

q 

r 

s 

cms line on unknown Italian cytoplasm, distrib- 
uted by INRA (France) 
cms line found in a cultivar of open-pollinated 
variety Dorata di Parma from Italy 
cms line on S cytoplasm (Jones). Line W 202 A 
released by the University of Wisconsin, USA 
F I hybrid on cms line c cytoplasm (S cytoplasm) 
F~ hybrid on cms line a cytoplasm 
Commercial F x hybrid Copra on cms cytoplasm 
of unknown origin 
F~ hybrid on cms line b cytoplasm 
F1 hybrid on cms line c cytoplasm (S cytoplasm) 
cms line on T cytoplasm. Strigunowskij line from 
USSR, distributed by INRA (France) 
Maintainer line of cms line a. Cultivar of German 
variety Stuttgarter Riesen, distributed by INRA 
(France) 
Maintainer line of cms line c. Line W 202 B 
released by the University of Wisconsin, USA 
F x hybrid on cms line Rff cytoplasm found in a 
cultivar of open pollinated variety Ros6 de 
Roscoff distributed by INRA (France) 
Fertile line on unknown cms cytoplasm of Polish 
origin 
Cultivar of open-pollinated variety Dorata 
di Parma from Italy 
Cultivar of open-pollinated variety Jaune paille 
des Vertus from France 
Cultivar of open-pollinated variety Valenciana 
Grano from Spain 
Fertile line on unknown cytoplasm from Italy 
Maintainer line of a cms S line, selected in 
variety q 

EDTA, 0.1% BSA, 7 mM fl-mercaptoethanol). The homogenate 
was filtered through a 35 gm nylon net and the filtrate centrifu- 
ged at 900 g, 10 min (Sorvall, GSA rotor). The pellet was dis- 
carded and the supernatant centrifuged at 4,000 g, 10 min (Sor- 
vall, GSA rotor). The pellet (corresponding to 10 g fresh mate- 
rial) was lysed with 3 ml buffer containing 50 mM TRIS-HCI 
pH 8.0, 20 mM EDTA; 2% laurylsarcosinate and I mg/ml pro- 
nase (Boehringer Mannheim) for 1 h at 20 ~ To 1.3 ml aliquots 
of lysate were added 1.7 g Cscl and 20 gl of an ethidium bromide 
solution at 10 mg/ml. After careful mixing the solution was 
poured in a quickseal tube (Beckman, TLV rotor, TL100 ultra- 
centrifuge). Each tube was filled with buffer 50 mM TRIS-HC1 
pH 8.0, 20 mM EDTA, sealed and centrifuged at 90,000 rpm for 
3 h at 18 ~ ctDNA band was collected at 360 nm, diluted with 
TE buffer (10 mM TRIS, pH 8, 1 mM EDTA) and spun at 
100,000 rpm, 90 min at 18~ (Beckman, TLA 100.2 rotor, TL 
100 ultracentrifuge). The ctDNA pellet was dissolved in 
30-100 lal of TE. 

Isolation of  mtDNA 

Mitochondria were prepared as described previously (Vedel and 
Mathieu 1982), using deoxyribonuclease treatment and centrifu- 
gation in four-step discontinuous sucrose gradients. MtDNA 
was isolated from the last mitochondrial pellet as indicated with 
ctDNA and it was purified by Cscl centrifugation in the same 
manner as ctDNA. 

ct and mtDNA restriction analysis 

One to 3 gg of ct or mtDNA was digested in 30 gl reaction with 
sufficient enzyme to give complete digestion. The restriction 
fragments were separated by electrophoresis in 0.7% agarose 
gels (Vedel et al. 1976; Qu&ier and Vedel 1977). The 1-kb ladder 
(Bethesda Research Laboratories) and Hind III fragments from 
Lambda DNA (Boehringer Mannheim) were used as molecular 
weight standards. 

In some instances, mtDNA restriction fragments were 
transferred from agarose to Pall biodyne A membranes accord- 
ing to the manufacturer's procedure. 

Hybridization 

Total Bam HI restricted mtDNA was denatured at 95 ~ in a 
boiling water bath, chilled quickly at 0 ~ and labelled according 
to the Chemiprobe procedure (Orgenics Ltd). Hybridization 
was carried out in buffer containing 45% formamide for one 
night at 42 ~ after 2 h of prehybridization with heterologous 
DNA. Detection of hybridization bands was according to the 
Chemiprobe procedure. 

Results  

O n i o n  m t D N A s  show two very dist inct ive types o f  re- 
s tr ict ion pat terns,  wha tever  the enzyme used. The  mos t  

widespread  a m o n g  fertile lines and open-po l l ina ted  vari-  
eties we called type M (Figs. 1 and  2, lanes i - m ) .  Wi th in  
type M we observed four  pat terns  showing a few restric- 
t ion f ragment  differences wi th  enzyme B a m  HI  (Fig. 1, 

lanes i - m ) .  M 1 (j) and M 2 (k) are similar  except  for one  
4-kb f ragment  which is no t  found  in M 2. M 3 (1) shows 
several var ia t ions  for f ragments  at 6.5, 7.2, 8 and 9 kb. 
M4 (i, m) has a 12-kb f ragment  missing when  c o m p a r e d  
to o ther  M types. Res t r ic t ion  pat terns  wi th  enzyme Bcl I 
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Fig. 1. Bam HI restriction patterns of mt DNAs from various 
cms or fertile cultivars of cultivated onion; lanes a -m are de- 
scribed in Table I. n, Bam HI restriction pattern of ct DNA 
from line a (Table 1) indicating that mt DNA diagrams are not 
contaminated by ct DNA and vice versa. Lambda, molecular 
weight standard (Marker II, Boehringer Mannheim) 

Fig. 3. Bam HI restriction patterns of mt DNAs from various 
cms or fertile lines of cultivated onion; lanes a - j  as described in 
Table 1 

(Fig. 2) show the same type of variations, except that M 1 
and M 2 appear identical. 

The second type includes mostly cms cytoplasms 
(Figs. 1 and 2, lanes a - h ) ,  amongst  them line c bearing 
Jones' cytoplasm (Jones and Mann  1963). It was, there- 
fore, called type S. Unlike type M, no variability was 
detected within S for enzymes Bam HI, Bcl I (Figs. 1 and 2) 
Eco RI, Bgl II, Eco RV, Pvu II and Hae III (results not 
shown). 

Barn HI patterns of five fertile lines (Fig. 3, lanes 
o - s )  confirm the presence of two m t D N A  types in 
onions. Genotypes p, q, r and s have M-type patterns 
like control j, whereas genotype o is characterized by an 
S-type pattern identical to cms lines a, b and c. Compari-  
son with lines i to m show that q and s have an M 1 
cytoplasm type, p an M 3 cytoplasm type and r an M 4 
cytoplasm type. The presence of an S-type cytoplasm in 
an open-pollinated variety such as Dorata di Parma 
(genotype o) was unexpected. Its m t D N A  was further 

4 
Fig. 2. BclI restriction patterns of nat D N A s  from various cms 
or fertile lines of cultivated onion; lanes as in Fig. 1. L, 1-kb 
ladder (Bethesda Research Laboratory) was used as a molecular 
weight standard 
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Fig. 4. Sal I (S/), Sac I (Sc), Dra I (D), Hind III (H), Pst I (P) 
and Bgl II (B) restriction patterns of mt DNA from: s, cms line 
a and f, fertile line o. L, molecular weight standard as in Fig. 2 

Table2. Summary of results showing relationship between 
mitochondrial type and genotype 

Mitochondrial type Genotype 
(Bam HI patterns) 

S a cms S-like 
b cms S-like 
c cms S (Jones) 
d cms S (Jones) 
e cms S-like 
f cms S-like 
g cms S-like 
h cms S (Jones) 
o open-pollinated variety 

M 1 j a maintainer line 
q open-pollinated variety 
s maintainer line of a cms S 

line 

M 2 k c maintainer line 

M 3 1 cms T-like 
p open-pollinated variety 

M 4 i cms T- (Berninger) 
m fertile line on cms T-like 
r fertile line 

Fig. 5. Hybridization of total Bam HI restricted mt DNA iso- 
lated from line a (Table 1) and used as a non-radioactive probe 
('Materials and methods') with Barn HI digests of mt DNAs 
from Fig. 1. The lane corresponding to Lambda marker in Fig. 1 
was cut away before gel blotting. The arrow indicates the posi- 
tion of an 8-kb fragment, normally present in mt DNA digests 
from M cytoplasm (Fig. I, lanes i m), which did not hybridize 
with mt DNA probe from S cytoplasm 

c o m p a r e d  to cms line a. Res t r ic t ion  pat terns  for  Sal I, 
Sac I, D r a  I, H ind  III ,  Pst I and Bgl II are shown in 

Fig. 4. N o  differences appear  be tween fertile geno type  o 

and sterile line a. 
S-type pat terns,  with a total  molecu la r  weight  be- 

tween 250 and 300 kbp, seem less complex  than  M-types .  
Total  m t D N A  of  g was used as a p robe  and hybr id ized  

with restr ict ion pat terns  in Fig. 1. An  8-kbp f ragment  
(Fig. 5) did not  hybridize in any M-types .  This  f r agment  

must ,  therefore,  be missing in S-type m t D N A ,  which  
conf i rms the lesser complexi ty  o f  these m t D N A s .  

c t D N A s  of  S- and M- type  lines were c o m p a r e d  using 
genotypes  a and j wi th  several different  restr ict ion en- 

zymes (Fig. 6). A l t h o u g h  bo th  c t D N A s  are very similar,  
they can easily be dis t inguished by enzymes Barn H I  and  

Eco RV, as well as Eco RI  and D r a  I. H ind  III  and Bgl ! 
did not  show any differences. 

Thus,  m t D N A  and c t D N A  restr ict ion pa t te rns  ap- 
pear  to be useful molecu la r  markers  to dis t inguish M-  
and S-types o f  on ion  cytoplasms.  
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Fig. 6. Bam HI, Hind III, Eco RI, Eco RV, Bgl I and Dra I re- 
striction patterns of ct DNA from: s, cms line a (S cytoplasm) 
and f, fertile line j (M cytoplasm). L, as in Fig. 2 

Discussion 

Table 2, in which results are summarized,  shows that  all 
S cytoplasms observed belong to cms lines or F1 hybrids 
on cms cytoplasms,  except a cultivar of  the open- 
pol l inated variety Dorata di Parma (genotype o). It is 
interesting to note that  cms line b was found by French 
breeders in another  cultivar ofDorata di Parma. It is also 
known that  Jones '  cms occurred in an impor ted  popula-  
tion of  Italian red, in the United States. Moreover ,  cms 
line a was found in France  by Berninger in a commercial  
lot of  onions from Rovigo (Italy). Several open-pol-  
l inated varieties from Italy must,  therefore, bear the S 
cytoplasm. As these varieties are normal ly  fertile, the Ms 
nuclear  restorer allele must be present at  a high alMic 
frequency. Sterility could be the result of  accidental or 
voluntary crosses with onions of  a different origin, bear- 
ing the recessive allele ms. This would account  for the 
spontaneous occurrence both in the U . S . A .  and in 
France of  cms plants  within these I tal ian populat ions.  

Differences in both m t D N A  and c t D N A  between 
S-type lines and M-type  lines bring us to the question of  
the origin of  these I tal ian varieties. McCol lum (1976) 
refers to Central  Asia as the pr imary  center of  origin for 
onions, followed by the Near  East  and the Medi terra-  
nean as secondary centers of  origin. The da ta  shown here 

suggest that  two distinct species could be at the origin of  
cult ivated onions '  cytoplasms, one of  which could be 
par t icular  to the Medi ter ranean centre and could have 
led to the I tal ian varieties, as an example Dorata di Par- 
ma. An extensive survey o f  related species from the Medi-  
terranean area should allow this hypothesis  to be con- 
firmed and the original species to be identified. 

Unlike S cytoplasm patterns,  M pat terns  can be 
divided into several types. I t  seems that  M 1 and M 2, 
which have only been found in S sterility mainta iner  lines 
(j, k, s) or in a Spanish open-pol l inated variety (q), are 
characterist ic of  fertile type N cytoplasms recently de- 
scribed (Holford e ta l .  1988). M 3 includes open-polli-  
nated variety Jaune paille des Vertus (p), within which 
Berninger (1965) described a new T cms plant  and an F1 
hybrid (1) bearing a cms cytoplasm distr ibuted by I N R A  
in France.  M 4 includes a fertile line (r) and two cms lines 
(i, m) of  Eastern European origin, one of  which bears a 
T cytoplasm. 

These results confirm previous genetical analyses 
(Schweisguth 1973; Hol ford  et al. 1988) describing at 
least three types of  cytoplasms in onions, namely N, S 
and T. They also bring addi t ional  informat ion to recently 
published results by Holford  et al. (1988), who could not  
detect any differences within the N-group  and did not  
precisely distinguish cms T and N cytoplasms. 

Differences shown here within the M-type  require 
further studies on a larger number  o f  genotypes to reach 
a proper  classification of  these cytoplasms. It must  be 
emphasized that when two restriction pat terns  show no 
differences, this does not  prove that  the two cytoplasms 
are identical. 

Conclusion 

Cultivated onion cytoplasmic D N A s  show a high degree 
of  polymorphism.  Differences between S, T and N lines 
have been clearly shown, as have differences within the 
N-type.  

The hypothesis of  two distinct cytoplasmic origins 
must  be checked and could lead to a better unders tanding 
of  nuclear-cytoplasmic interactions in the appearance  of  
cms. Female-mainta iner  couples a - j  and c - k  are partic- 
ularly interesting. These isogenic lines bear  the two types 
of  cytoplasms. A comparat ive  molecular  study including 
op variety Dorata di Parma could provide a valuable 
approach  to the mechanisms of  cms. 

References 

Berninger E (1965) Contribution il l'6tude de la st6rilit6 mille de 
l'oignon (Allium cepa L.) Ann Am61 Plant 15:183-199 

Bookjans G, Stummann BM, Henningsen KW (1984) Prepara- 
tion of chloroplast DNA from pea plastids isolated in a 
medium of high ionic strength. Anal Biochem 141:244-247 



798 

Boutry M, Faber AM, Charbonnier M, Briquet M (1984) Mi- 
croanalysis of plant mitochondrial protein synthesis prod- 
ucts. Plant Mol Biol 3:445 452 

Clayton EE (1950) Male sterile tobacco. J Hered 41:171 175 
Dewey RE, Levings CS, Timothy DH (1986) Novel recombina- 

tions in the maize mitochondrial genome produce a unique 
transcriptional unit in the Texas male-sterile cytoplasm Cell 
44:439-449 

Dewey RE, Timothy DH, Levings CS (1987) A mitochondrial 
protein associated with cytoplasmic male sterility in the T 
cytoplasm of maize. Proc Natl Acad Sci USA 84:5374 5378 

Forde BG, Leaver CJ (1980) Nuclear and cytoplasmic genes 
controlling synthesis of variant mitochondrial polypeptides 
in male-sterile maize. Proc Natl Acad Sci USA 77:418-422 

Hanson MR, Conde MF (1985) Functioning and variation of 
cytoplasmic genomes: Lessons from cytoplasmic-nuclear in- 
teractions affecting male fertility in plants. Int Rev Cytol 
94:213 267 

Holford F, Newbury HJ, Croft JH (1988) Differences in the 
mitochondrial DNA of male-fertile, cms S and cms T onions. 
Proc 4th Eucarpia Allium Symp, pp 205 211 

Jones HA, Clarke AE (1943) Inheritance of male sterility in the 
onion and the production of hybrid seed. Proc Am Soc 
Hortic Sci 43:189 194 

Jones HA, Mann LK (1963) Onions and their allies. Botany, 
cultivation and utilization. Interscience, New York, 286 pp 

Leaver C J, Gray MW (1982) Mitochondrial genome organiza- 
tion and expression in higher plants. Ann Rev Plant Physiol 
33:373-402 

Leaver C J, Isaac PG, Bailey-Serres J, Small ID, Hanson DK, 
Fox TD (1985) Recombination events associated with the 
cytochrome c oxydase subunit I gene in fertile and cyto- 

plasmic male sterile maize and sorghum, in: Quagliarello E, 
Slater EC, Palmieri F, Saccone C, Kroon AM (eds) Achieve- 
ments and perspectives of mitochondrial research, vol 2. 
Elsevier, Amsterdam New York Oxford, pp 111 122 

Levings CS (1983) The plant mitochondrial genome and its 
mutants. Cell 32:659 661 

Li XQ, Ch6trit P, Mathieu C, Vedel F, De Paepe R, Remy R, 
Ambard-Bretevitle F (1988) Regeneration of cytoplasmic 
male sterile protoclones of Nicotiana sylvestris with mito- 
chondrial variations. Curr Genet 13:261-266 

McCollum GD (1976) Onions and allies. In: Simmonds NW (ed) 
Evolution of crop plants. Longman, London New York, 
pp 186 190 

Pring DR, Lonsdale DM (1985) Molecular biology of higher 
plant mitochondrial DNA. Int Rev Cytol 97:1-46 

Qu6tier F, Vedel F (1977) Heterogeneous population of mito- 
chondrial DNA molecules in higher plants. Nature 268: 
365 368 

Rabinowitch HD (1988) Genetics and breeding: state of the art 
or too slow but not too late. Proc 4th Eucarpia AUium Syrup, 
pp 57 69 

Schweisguth B (1973) Etude d'un nouveau type de st6rilit6 m~le 
chez l'oignon, Allium cepa L. Ann Am61 Plant 23:221-233 

Vedel F, Mathieu C (1982) Isolation of purified mitochondrial 
DNA from Brassicae. Anal Biochem 127:1-8 

Vedel F, Qu6tier F, Bayen M (1976) Specific cleavage of chloro- 
plast DNA from higher plants by Eco RI restriction nu- 
clease. Nature 263:440-442 

Young EG, Hanson MR (1987) A fused mitochondrial gene 
associated with cytoplasmic male sterility is developmentally 
regulated. Cell 50:41-49 


