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Abst rac t  In the fertile rice line IR 36 there are two cop- 
ies of the apocytochrome b (cob) gene: a functional copy, 
cob 1, and a pseudogene, cob 2 (Kaleikau et al. 1992). In 
a survey of diverse rice lines, we found that cob 2 was ab- 
sent in the wild abortive(WA)-type cytoplasmic male-ster- 
ile cytoplasm, but was present in the fertile lines. While 
cob 1 was conserved among all the lines, fertile and ster- 
ile, the cob 2 region was different in the fertile lines tested. 
The 5' regions of most cob 2 loci were similar to cob 1 
(about 4 kb of the flanking region and most of the coding 
region), but the 3' region varied among different fertile 
lines. The point of divergence, the break-point, from the 
cob 1 sequence was conserved in all the cob 2 regions 
tested. In all the cob 2 regions, this break-point seems to 
be linked to the variable region of cob 2 through a con- 
served 192-bp segment, which is not a part of cob 1. It is 
proposed that the cob 2 regions could have been produced 
by recombination or insertion events involving cob 1 and 
the 192-bp segment which is present at different locations 
in the mitochondrial genomes of the various rice lines. 
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Introduction 

Rearranged genetic regions are a common feature of 
higher-plant mitochondrial (mt) genomes (Lonsdale 1989). 
In many instances, sequences of expressed genes are in- 
volved in such rearrangements (Bailey-Serres et al. 1986; 
Schuster and Brennicke 1986; Morikami and Nakamura 
1987; Fragoso et al. 1989). Most of the rearranged, or chi- 

meric, genetic regions are transcriptionally silent; how- 
ever, the chimeric T-urf 13 region in maize (Dewey et al. 
1986) and the S-pcfregion in petunia (Young and Hanson 
1987) are expressed and seem to play a role in cytoplas- 
mic male-sterility (CMS). Homologous recombination 
between sets of repetitive sequences is proposed to be the 
primary cause of the rearrangements that create chimeric 
genes (Lonsdale 1989). All plant mt genomes that have 
been mapped, except that of Brassica hirta (Palmer and 
Herbon 1987), have been found to have recombinogenic 
repeat sequences (Newton 1988). The size of the repeat re- 
gions involved in recombination varies considerably; even 
a region as small as a 7-bp repeat has been implicated in 
the formation of a chimeric atp 6 gene in rice mitochon- 
dria (Kadowaki et al. 1990). Although most of the varia- 
tion in plant mt genomes can be explained by the homol- 
ogous-recombination model, there is only descriptive ev- 
idence for this mechanism (Fauron et al. 1992). Thus, other 
mechanisms may contribute to the complexity of plant mt 
genomes. 

The fertile rice mt genome contains two copies of the 
cob gene, an intact copy, cob 1, and a pseudogene, cob 2 
(Kaleikau et al. 1992). Cob 2 is a chimeric gene which is 
identical to cob I through most of the coding region as well 
as in the 5' flanking region. The point of divergence is in 
the C-terminal region, 63 codons upstream of the cob 1 
translation termination codon. We have examined the or- 
ganization of cob 1 and cob 2 regions in different lines of 
rice, and found that cob 1 organization is highly conserved 
whereas that of cob 2 varied between rice lines. The N-ter- 
minal regions of cob 2 were conserved, but the sequence 
beyond the break-point was characteristic of individual 
lines. 
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Materials and methods 

Plant material 

The male-sterile rice line, IR 62829A, its maintainer, IR 62829B, 
two restorer lines, IR 9761-19-IR (R) and IR 30864, the fertility re- 
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stored line, IR 62829A x IR 9761-19-IR (H line), and cultivars IR 
36 and IR 64, were used in this study. The male-sterile line has the 
wild abortive (WA)-type of cytoplasm while all the other lines have 
the normal or fertile cytoplasm. 

Isolation of mtDNA and restriction digestion 

The crude mt fraction was isolated from a tissue homogenate of 7- 
day-old etiolated shoots in liB buffer [400 mM mannitol, 1 mM EG- 
TA, 0.5% (w/v) cysteine and 10 mM TES, pH 7.2; to which 0.1% 
(w/v) bovine serum albumin and 50 mM ]3-mercaptoethanol were add- 
ed just prior to use] through differential centrifugation as described 
by Kemble and Bedbrook (1980). The crude mt suspension was treat- 
ed with DNaseI to remove contaminating nuclear DNA and intact 
mitochondria were purified on a discontinuous sucrose gradient (Na- 
rayanan et al. 1993). The mitochondria were lysed and the mtDNA 
was isolated according to Mulligan et al. (1991). 

For restriction digestion, approximately 3 g of the mtDNA was 
suspended in the appropriate buffer and incubated with different re- 
striction enzymes, as recommended by the suppliers. 

Gel electrophoresis and Southern hybridization 

Horizontal agarose-gel electrophoresis was carried out using 0.8% 
agarose gels in lxTBE (89 mM Tris-Borate, 1 mM EDTA, pH 8.3) 
at a constant field strength of 2 V/cm until the bromophenol blue 
dye-marker reached the anodic end. The gels were stained with ethid- 
ium bromide (0.1 g/ml) and destained in the electrophoresis buffer 
for about 30 rain prior to visualizing the bands on a UV transillumi- 
nator. 

The DNA resolved by gel-electrophoresis was blotted onto an 
uncharged nylon membrane (Flash TM, Stratagene) by capillary trans- 
fer (Southern, 1975) and fixed either by baking the filter at 80 ~ for 
2 h or by UV cross-linking. The different cob regions indicated in 
Fig. 1 were used as probes for hybridization. 

The probes were labelled by incorporation of biotinylated UTP 
U T M  sing the Flash /Prime-It, Random Primer Labelling Kit (Strata- 
gene); hybridization and chemiluminescent detection of the hybrid- 
ization pattern was carried out using the Flash TM Detection System 
(Stratagene). For labelling and detection the protocol outlined by the 
manufacturer was used. 

Polymerase chain reaction (PCR) analysis 

The three synthetic primers used for PCR amplification reactions 
were: 

a) 5'-G C G G G  G G G T  G T  A GC C-3' 
b) 5 ' - G T A T G T G  C G T  A G T T  C A A  G-3' 
c) 5 ' - C G A A G T A G C A G G G G C - 3 '  

The relative positions of these primers are indicated in the map of 
the cob pseudogene region (Fig. 1B). 

The PCR amplification was performed in a 50-gl reaction mix- 
ture containing 20 mM Tris-HC1 (pH 8.3), 50 mM KC1, 1.5 mM 
MgC12, 50 M each of dATR dGTP, dTTP and dCTR 0.1 mg/ml 
gelatin, 20 p-mole of each primer, 2.5 units of T. aquaticus DNA 
polymerase enzyme and 1-200 ng of template DNA. The template 
DNA was either mtDNA or DNA cloned in the plasmid vector pBlue- 
script SK + (Stratagene). The samples, overlaid with mineral oil, were 
subjected to 40 ampIification cycles in a programmable thermal 
cycler (COY Corporation). Each amplification cycle consisted of a 
denaturing step at 94~ for 1 rain, except for the first cycle when it 
was extended to 3 rain, an annealing step at 60~ for 90 s, and an 
extension step at 72 ~ for 2 min for the first cycle and progressive- 
ly adding 2 s for every subsequent cycle. 

The amplified PCR products were resolved on a 1.5% agarose 
gel and visualized on a UV transilluminator after staining with ethid- 
ium bromide. 

Sequence analysis 

Nucleotide sequencing of the single-stranded plasmid DNA gener- 
ated by the helper phage VCM S13 (Stratagene) (Vieira and Mes- 
sing 1987) was performed by the dideoxy method (Sanger et al. 1977) 
using the Sequenase V.2 kit (United States Biochemicals). The prim- 
ers used in these sequencing reactions were a and b (Fig. 1). Sequence 
analysis was performed on an IBM compatible PC AT computer us- 
ing DNASIS (Hitachi Software Engineering Co., Ltd.). 

Results 

The pseudogene  cob 2 has a different  organiza t ion  
in fert i le  l ines 

Our  ini t ia l  results  ind ica ted  that whi le  the organiza t ion  of  
the funct ional  cob i gene was conserved  in different  r ice 
l ines,  the organiza t ion  of  the cob 2 pseudogene  varied.  This  
observa t ion  was inves t iga ted  in detai l  by  Southern analy-  
sis using IR 36 probes  specif ic  to cob 1 and/or  cob 2. Probe 
1 was a SalI/EcoRI f ragment  that cons is ted  of  reg ions  com- 
mon to the normal  and pseudogene  copies  of  cob, ie. the 
5 '  f lanking region  and most  of  the O R F  (Fig. IA) .  This 
probe  hybr id ized  to at least  two f ragments  in the fert i le  
l ines B and R but  de tec ted  only one band in the male -s te r -  
i le  cy top la sm (Fig. 2A).  This indicates  the presence of  two 
cob analogs in fert i le  l ines (the addi t ional  band in the 
HindIII-digested D N A  was caused by  an internal  HindIII 
si te in the probe) .  S imi la r  results  were  obta ined  with dif-  
ferent  cob regions  as probes  (Table 1). The res t r ic t ion frag- 
ments  car ry ing  the normal  cob copy, the 4 .8-kb EcoRI frag- 
ment,  the 3.4- and 2.0-kb HindIII f ragments ,  and the 13.8- 
kb BamHI f ragment ,  were  all conserved  in the different  
l ines (Fig.  2A, Table 1: probes  1-4).  The cob 1 organiza-  
t ion was also the same in the other  l ines of  r ice,  IR 36, IR  
64 and IR 30864, that were  ana lysed  (data  not  shown).  

Probe 4 der ived  f rom IR 36 encompasses  the region cov-  
ered by  probe  1 ( region c o m m o n  to cob 1 and cob 2) as 
wel l  as the 3 '  reg ion  specif ic  to cob 2. Thus, this probe  was 
expec ted  to detect  all the bands  cor responding  to cob I and 
cob 2 (i.e. the same f ragments  detected by  probe  1 in Fig.  
IA) ;  in addi t ion,  it should also detect  cob 2-speci f ic  se- 
quences  i f  present  e l sewhere  in the genome.  Probe  4, as 
expected ,  de tec ted  all the bands  that were  ident i f ied  by  
probe  1 plus a 1.7-kb EcoRI f ragment ,  a 4 .8-kb HindIII 
f ragment ,  and a 6.5-kb BamHI f ragment  in the B- and H- 
l ine mt genomes  (Fig. 2B). Because  these addi t ional  bands  
represent  another  reg ion  o f  the mt genome with  cob 2-spe-  
cif ic  sequences,  it is pos s ib l e  that  cob 2 might  have ar isen 
by  recombina t ion  o f  this reg ion  with cob 1. No such addi-  
t ional  band  was de tec ted  in the R- l ine  m t D N A  indica t ing  
that the segment  that  r ecombined  with cob I in the R l ine 
is different  f rom that in IR 36 f rom which  probe  4 is de-  
r ived.  Signif icant ly ,  the pseudogene  copy was not found in 
the W A  cy top lasm but  the region  o f  IR 36 that  r ecombined  
with cob 1 to form cob 2 in that l ine is indeed  present.  Thus 
it seems that the r ecombinogen ic  region is present  in the 
male-s te r i le  line, but  that the recombina t ion  event  that re- 
sults in the format ion  of  a chimer ic  gene has not taken place.  



Table 1 Size of the rice mito- 
chondrial DNA restriction frag- 
ments hybridizing to different 
cob probes. See Fig. 1 for de- 
tails of probes 

Probe 
number 

Rice line (s) Size of hybridizing fragment (kb) 

EcoRI HindIII BamHI 

1 A and H 4.8 
B 8.0 4.8 
R 6.5 4.8 

2 A,B 2.3 
R and H 

3 A and H 4.8 2.3 
B 8.0 4.8 2.3 
R 6.5 4.8 2.3 

4 A and H 4.8 1.7 
B 8.0 4.8 1.7 
R 6.5 4.8 

5 A and H 1.7 
B 8.0 1.7 
R - - - -  ND - - -  

4.8 
4.8 

4.8 
4.8 

3.4 
3.4 
3.4 

2.2 
2.4 

2.0 
2.0 
2.0 

2.0 

13.8 
13.8 10.0 
13.8 11.2 

13.8 

2.0 13.8 
2.2 2.0 13.8 10.0 
2.4 2.0 13.8 11.2 

3.4 2.0 13.8 
3.4 2.2 2.0 13.8 10.0 
3.4 2.4 2.0 13.8 11.2 

2.2 
- -  N D  - -  

10.0 
- - - -  ND - -  
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6.5 
6.5 

6.5 
6.5 

Fig. 1A, B Maps of the cob 
regions in the mitochondrial 
genomes of rice line IR 36 
showing the location of differ- 
ent probes (1-5) used for 
Southern analysis and the posi- 
tions of the primers (a, b and c) 
used for PCR analysis of the 
break-point region. The vertical 
lines indicate restriction sites 
for the enzymes EcoRI (E), 
HindIII (H), PstI (P), SalI (S), 
TaqI (T), SmaI (M) and EcoRV 
(R). A apocytochrome b gene, 
cob 1; B pseudogene, cob 2. 
The solid line in B represents 
the region that is colinear with 
cob 1 
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Phys ica l  maps  of  the di f ferent  cob regions  

The phys ica l  maps  of  the cob 2 regions  in the nat ive  B- and 
R- l ine  m t D N A  was deduced  f rom the sizes o f  f ragments  
hybr id iz ing  to different  cob probes  (Table 1). The  maps  of  
three cob 2 regions  are g iven  in Fig.  3. A segment  of  about  
4 kb, be tween  the HindIII  and the TaqI sites, appears  to be 
conse rved  among the di f ferent  cob regions.  The break-  
point  at which  the cob 2 sequence diverges  f rom the cob 1 
sequence (Kale ikau  et al. 1992), immed ia t e ly  downs t r eam 
from the TaqI site, is also conse rved  in the different  r ice 
l ines.  The  3'  cob 2 sequence after the b reak-po in t  is the 
same in IR 36 and the B l ine but  it  is d i f ferent  in the R line. 
In the B l ine there also appears  to be a d ivergence  in the 
cob 2 region  f rom that o f  cob 1 in the 5 '  ups t ream region.  
Whereas  p robe  1 hybr id i zed  to a 8.0-kb EcoRI  f ragment  

f rom the cob 2 reg ion  in the B l ine (Fig. 2, Table  1), it hy-  
b r id ized  to a 6.0-kb f ragment  f rom the cob 2 region  in IR 
36 (Narayanan  et al. 1993). Probes 3, 4 and 5 also gave  a 
s imi lar  resul t  (Table 1) indica t ing  that the cob 2 region  f rom 
the B l ine d iverged  f rom cob 1 in the 5 '  region.  Divergen t  
f lanking  regions  suggest  that  the chimer ic  cob 2 could  have 
resul ted  f rom the inser t ion of  a segment  car ry ing  part  o f  
cob 1 into different  loca t ions  in the r ice mt genome  o f  in- 
d iv idua l  l ines.  

PCR ampl i f ica t ion  across the b reak-po in t  

To de te rmine  i f  the cob 2 break-po in t  in the different  r ice 
l ines is conserved,  a PCR exper imen t  was des igned  (Fig.  
1B). Pr imer  sequences  were  based  on the cob 2 sequence 
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from IR 36 (Kaleikau et al. 1992) and included primers a 
and b upstream of the break-point and c from the down- 
stream region. The PCR products using primers b and c are 
shown in Fig. 4. Primer c anneals in a region repeated three 
times and, therefore, three amplified products are expected 
- a 491-bp, a 453-bp and a 261-bp fragment. The major 
amplification products from IR 36 and the B line were the 
491- and 453-bp fragments; the 261-bp fragment was also 
amplified (Fig. 4, lanes 1 and 4). A similar result was ob- 
tained with primers a and c. This confirms that cob 2 of IR 
36 and the B line starts diverging from the cob 1 sequence 
at the same position. These fragments were also amplified 
from the R-line mtDNA along with two additional frag- 
ments of about 340 and 530 bp. This suggests that the 
primer sequence is repeated in additional regions of the R- 
line mt genomes. There was also weak amplification of the 
expected three bands in the A line (Fig. 4, lane 3). But in 
the H line, which has the same cytoplasm, there was no 
amplification of any band. Therefore, we suspect that there 
could have been a low-level contamination of the A-line 
mtDNA with that of some fertile line, most probably due 
to field admixture of A-line seeds with that of its main- 
tainer, the B line. However, this contamination is not de- 
tected in the Southern analysis. Quite unexpectedly, only 
two amplication products, of about 261- and 300-bp, were 
obtained from the cloned cob 2 region of IR 36 (Fig. 4, lane 
2). This suggests that the clone in E. coli might have under- 
gone a deletion. 

Fig. 2A, B Southern analysis of the mt genomes using cob-region 
probes. Lane B maintainer line, IR 62829B; lane R restorer line, IR 
9761-19-IR; lane H restored line, IR 62829AxIR 9761-19-IR. The 
hybridization pattern for the male-sterile line IR 62829A was exact- 
ly similar to that of H. A hybridization pattern using probe 1 of 
Fig. 1A. B hybridization pattern using probe 4 of Fig. 1B 

A 192-bp sequence, immediately 3' of the cob 2 
break-point is conserved 

Sequencing of the break-point region in the IR 36 cob 2 
clone confirmed that it had indeed undergone a deletion; 

Fig. 3 Physical maps of cob 
regions from the different lines 
of rice. The conserved portion 
between the different cob re- 
gions is boxed by broken lines. 
The vertical lines denote re- 
striction sites for different en- 
zymes; E EcoRI; H HindlII; 
P PstI; S Sal I; T Taq I; M 
Sinai, and R EcoRV 
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AAAATCCTCCTTCCCCGGGTTCCACTAGGATTTATAGGTT 40 

TTTTTTGCCGGATATCCCCGAGCATACTAAGCCTTTTTTT ao 

TTTCATACTAAGTCTTTTTTGTGTGTGTGTGGAATCCGCG ~2o 

CTGCTGCCGACAGGGGGGGACATTGTAATGGCTACTTCGG 16o 

AGCCATCTGTCAATCAGGCCCCTGCTACTTCG 

z "  

J 

Fig. 4 PCR amplification of the break-point region of the cob 2 
pseudogenes from the mt genomes of different lines of rice. Lane M 
marker (X174 DNA-HaeIII digest); lane l IR 36; lane 2 IR 36, cob 
2 clone; lane 3 IR 62829A; lane 4 IR 62829B; lane 5 IR 9761-19- 
IR; lane 6 IR 62829AxIR 9761-19-IR. The molecular sizes are 
marked in kilobases 

cob 1 homologous 192 bp cob 2 variable 

reg ion reg ion 

Fig. g The position and sequence of the 192-bp conserved region 
in relation to the break-point (indicated by arrow) 

one copy of a 192-bp segment, which is present in two cop- 
ies immediately downstream from the break-point in the 
native mtDNA (Kaleikau et al. 1992), has been precisely 
removed. A data-base search for the different rice cob 2 
sequences showed that this region has been sequenced only 
in one other rice line, Chinsurah Boro II (EMBL Acc. No. 
X53711). In this line too one copy of the 192-bp segment 
is conserved in both sequence and position. Interestingly, 
the conserved 192-bp segment of the cob 2 pseudogene 
(Fig. 5) had no homology with the cob 1 sequence. The cob 
2 sequence of Chinsurah Boro II differed from that in IR 
36 further downstream from the 192-bp conserved se- 
quence. Southern hybridization using the 192-bp region as 
a probe confirmed that this sequence was present in the cob 
2 regions of both B and R lines (data not shown). Its posi- 
tion, immediately downstream from the break-point, in at 
least two different rice lines suggests its involvement in 
the formation of the chimeric region. PCR amplification 
of this 192-bp segment using end primers indicated that 
this sequence was present in all the fertile rice lines tested, 
namely IR 36, B line, R line, IR 30864 and IR 64 (data not 
shown)�9 

Discussion 

Many chimeric genetic regions have been discovered in 
plant mt genomes (Lonsdale 1989). At least two such chi- 
meric regions, the T-urf 13 locus in maize (Dewey et al. 
1986) and the S-pcf locus in petunia (Young and Hanson 
1987), are expressed and are associated with CMS. The 

chimeric cob region, or cob 2, was first discovered and 
characterized in rice by Kaleikau et al (1992) in the variety 
IR 36. Rearranged genetic regions involving cob sequences 
have also been reported in other species including Triti- 
cum aestivum (Saalaoui et al. 1990), Phaseolus vulgar& 
(Chase and Ortega 1992), and the liverwort Marchantia 
poIymorpha (Oda et al. 1992). 

We analyzed the physical organization of the chimeric 
cob 2 region in different lines of rice with a view to gain- 
ing some insight into the mechanism that generates such 
regions in plant mt genomes. The pseudogene cob 2 was 
found in different forms in the various lines of rice. All cob 
2 copies appear to diverge from the normal cob 1 region at 
the same break-point, which was the 1003rd base from the 
translation start site of cob 1 (Kaleikau et al. 1992). The 
region downstream from this position was different in the 
several cob 2 sequences analyzed (Fig. 3). There was some 
indication for instability at the 5' flanking region also, be- 
cause we found an EcoRI polymorphism between the B 
line and the other lines at the 5' flanking region. The cob 
2 copy was not detected by Southern hybridization in the 
WA-CMS cytoplasm. 

Chimeric regions in plant mitochondria are believed to 
originate through homologous recombination across sets 
of repeats (Lonodale 1989)�9 Repetitive DNA is ubiquitous 
in plant mt genomes, and there is considerable evidence 
for recombination involving these sequences (Newton 
1988; Lonsdale 1989; Fauron et al. 1992). If homologous 
recombination between repeats is responsible for cob 2 or- 
ganization in the different lines, then a cob 1-homologous 
sequence had to be present in more than one location in the 
genome, these locations being different in the different rice 
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lines. In addition, each cob 2 region has to be a product of 
double recombination to have both flanking regions dif- 
ferent from the cob 1 flanking regions. Southern hybrid- 
ization with probes having the cob 1 sequence immediately 
downstream from the break-point did not detect any other 
region of homology in the IR 36 mt genome. It is notable 
that cob 2 organization is different even between rice lines 
of quite recent origin. This suggests that the creation of 
cob 2 regions is not an early event that occurred during the 
evolution of present-day rice. On the other hand, the rear- 
rangements that produce the different cob 2 regions appear 
to be independent and continuing events. Further, the pres- 
ence of the precursor sequences does not automatically 
lead to the creation of the chimeric region; this is clearly 
demonstrated in the case of the A line where cob 2 was not 
detected by Southern hybridization even though the nor- 
mal cob region and the region that could have recombined 
with cob 1 to produce cob 2 in IR 36 were both present 
(Fig. 2B). Therefore, in addition to homologous recom- 
bination there may be other mechanisms that can pro- 
duce chimeric genetic regions like cob 2 in different rice 
lines. 

There are many instances where direct evidence for ho- 
mologous recombination leading to the creation of gene 
rearrangements in plant mitochondria is wanting. For ex- 
ample, the chimeric S-pcf locus has a portion of the atp 9 
sequence, but there is as yet no evidence that the atp 9-ho- 
mologous sequence serves as a recombination repeat (Han- 
son 1991). Incontrovertible evidence for homologous re- 
combination is the recovery of different genomic environ- 
ments in repeat-containing clones. For instance, recombi- 
nation across a two-copy repeat region should give rise to 
four genomic environments. The CMS-associated chi- 
meric copy of atp 6 in rice may have arisen by recombina- 
tion across a 7-bp repeat region (Kadowaki et al. 1990). 
However, all four genomic environments could not be re- 
covered in clones in spite of extensive screening of the mt 
genomic library. This could have been because of a prob- 
lem in cloning but, again, the existence of alternative mech- 
anisms for the generation of rearranged genetic regions in 
plant nat genomes cannot be ruled out. 

It is note-worthy that a 192-bp sequence (Fig. 5) is con- 
served in the different cob 2 regions, not only in sequence 
but also in location. Since this region is not part of the cob 
1 sequence it is unlikely that it is a recombination repeat. 
Although the mechanism of formation of the different cob 
2 regions is still unclear, the 192-bp sequence seems to play 
a definite role in the process. 

One of the lines used in this study was a CMS line with 
WA cytoplasm. The pseudogene cob 2 is present in all fer- 
tile indica lines that we examined, but was not detected in 
the male-sterile WA cytoplasm. A fertile japonica cultivar, 
Nipponbare, also does not seem to have the pseudogene 
copy (Iwahashi et al. 1992). The cob 2 copy is reported to 
be present in another CMS cytoplasm, the BT cytoplasm 
from Chinsurah Boro II (Yamato et al. 1992). On continu- 
ous tissue culture, the cob 2 copy disappeared in the ster- 
ile line with the BT cytoplasm, A-58CMS, but not in the 
fertile Chinsurah Boro II. It remains to be investigated 

whether the physiological insufficiency of the WA cyto- 
plasm that leads to pollen abortion is also responsible for 
limiting the creation of the chimeric cob 2 region. 
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