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Summary

Three sorghum cytoplasmic male sterile lines CSV4 A(V), CSV4 A(G;) and CSV4 A(M), grouped as A4, were
comparedwithamilo (A1) and two other non-milo (A, and A3) cytoplasmsfor their RFL P patterns of mitochondrial
DNA (mtDNA). A 9.7 kb clone from pearl millet mtDNA discriminated each of the three A4 entries whereas other
maize and pearl millet mtDNA clones used could not distinguish this group completely. The molecular differences
within the A, cytoplasmic group offer some explanation for the inconsistency in the fertility restoration behaviour
of these A4 lines obtained with a definite set of testersin the field.

Introduction

Cytoplasmic diversity isimportant in any commercial
hybrid breeding program and it is necessary to have an
efficient and rapid method to characterize the diversity
of cytoplasm. The conventional method of using fer-
tility restorer genes for the identification of different
cytoplasms can be tedious and time-consuming and so
alternate molecular approaches like isozymes, protein
markersand restriction fragment length polymorphism
(RFLP) have been employed for this purpose (Pring
and Levings, 1978; Forde et al., 1980; Kemble et al.,
1980). Cytoplasmic factorsassociated with male steril-
ity have been shown to be encoded by the mitochon-
drial genome (Hanson and Conde, 1985), and RFLP
of mitochondrial DNA (mtDNA) has been shown to
provide arapid procedureto classify male sterile cyto-
plasms in maize (Pring and Levings, 1978), sorghum
(Pring et al., 1982; Bailey-Serres et a., 1986) and
pearl millet (Smith and Chowdhury, 1989; Rajeshwari
et al., 1994). Cytoplasms of sorghum have been dis-
tinguished based on RFLP of mtDNA, the presence of
plasmid-like structures in mitochondrial DNA and the
synthesis of variant mitochondrial trandational prod-
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ucts (Pring et al., 1982; Conde et al., 1982; Dixon
and Leaver, 1982; Bailey-Serres et al., 1986). Xu et
al. (1995) identified mitochondria-specific probesfrom
the genomic library that could distinguish a range of
cytoplasmic male-sterile lines.

Many of the sorghum male-sterilelineswith differ-
ent cytoplasms have been developed from germplasm
collections. Sometimes, it is rather difficult to get
testers that can differentiate the various cytoplasms
based on consistent fertility restoration reaction across
crop-growing seasons. Three male-sterile lines des-
ignated as CSV4 A (Madandi), CSV4 A (Viziana
garam), and CSV4 A (Guntur) were grouped together
as A4 cytoplasm based on their similar fertility restora-
tion reaction against the minimum testers, TAM 428
B, CK 60 B, IS 84 B(M) and IS 5757 R (Maldandi)
during one crop-growing season. Thetesters could dif-
ferentiate all the milo- and non-milo cytoplasms that
are widely used at ICRISAT namely A1, Az and Az
but not within the A4 cytoplasm. The lines within the
A4 group did not show a consistent fertility restora-
tion reaction across all crop growing seasons for the
same set of testers (Reddy and Rao, 1991). To under-
stand this differential reaction of the cytoplasm in the
field it was necessary to carry out the molecular char-
acterization of these lines by RFLP of mtDNA. The
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main objective of this study is to compare the known
cytoplasmic sourceswiththethreelinesinthe A4 cyto-
plasmic group for their RFLP of mtDNA using maize
and pearl millet mtDNA specific clones.

Materials and methods
Plant material

We used one milo cytoplasm, ICSA;, 26 and five non-
milo cytoplasms, TAM 428 A,, 1S1112C A3 and three
belonging to the A4 type, CSV4 A (Madandi), CSV4
A(VZM), CSV4 A(Gy).

Clones used

The maize atp6 clone (ATPase subunit 6, Dewey et
al., 1986), was supplied by C.S. Levings1Il, Genetics
Department, North Carolina State University, Raleigh,
NC, USA. Maize clones coxl (Cytochrome oxidase
subunit I, Isaac et al., 1985), coxll (Cytochrome oxi-
dase subunit 11, Fox and L eaver, 1981) and atpa(lsaac
et al., 1985) were gifts from C.J. Leaver, Department
of Plant Science, University of Oxford, Oxford, U.K.
Pearl millet Pstl mtDNA fragments (10.9, 9.7, and
4.7 kb) were used as probesand two of these contained
the coxl and rrn18-rrn5 gene fragments and the other
(9.7 kb) was associated with reversion from sterility
to fertility in Ay pearl millet cytoplasm (Smith et al.,
1987).

DNA analysis

Mitochondrial DNA was extracted from 5-6 day old
seedlings grown in the dark according to Chase and
Pring (1986). MtDNA was digested with several
restriction enzymesaccording to the supplier’sinstruc-
tions in the presence of RNase | (50 pg/ml) and the
fragments were separated on 0.8% agarose gel using
TAE (0.04 M Tris-acetate, 0.001 M EDTA, pH 7.8)
buffer. Southern transfer of DNA fragmentsonto Nylon
membrane (Hybond N, Amersham, U.K.) was per-
formed by capillary method. Blots were washed in
3xSSC (0.45 M Sodium chloride, 0.045 M Sodium
citrate, pH 7.0) after transfer and UV-crossinked as
described by Smith et al. (1987).

The random primed labeling method of Feinberg
and Vogelstein (1983) was used for the prepara-
tion of *?P-labeled probes. Southern blots were pre-
hybridized with 30 mL of pre-hybridization solution

Figure 1. Autoradiogram of the maize atp6 gene clone hybridized
to sorghum mtDNA. BamHI: Lanes 1. ICSA 1 26: 2. TAM 428 A,: 3.
IS 1112C A3z: 4. CSV4 A(M): 5. CSV4 A(V): and 6. CSV4 A(Gy).

Figure2. Autoradiogram of the maize cox| gene clone hybridized to
BamHI digested sorghum mtDNA. Lanes 1. ICSA; 26: 2. TAM 428
Az: 3.1S1112C A3: 4. CSV4 A(M): 5. CSV4 A(V): and 6. CSV4
A(Gy).

containing 7% SDS, 1% BSA, 0.5 M NaHPO, and
20 pg/mL sheared and denatured salmon sperm DNA
per two blots (20 x 15 cm) size. Hybridization was
carried out by adding the labeled probe to the prehy-
bridization solution and incubating for 16 h at 65 °C
in standard bottles (30 x 3.5cm, | x d) inahybridiza-
tion oven (Hybaid, U.K.). The blotswere washed three
times in 3xSSC containing 0.1% SDS at 65 °C for
30 min each. Autoradiography of the blots was con-
ducted at - 70 °C for varying periods using X-AR
(Kodak) films. The fragment sizes were determined
using lambda DNA cut with Hindll1 and ¢X 174 cut
with Haelll standard markers.



Figure 3. Southern blot hybridization of sorghum mtDNA digested
with Pstl and probed with pearl millet 10.9 clone. Lanes 1. ICSA;
26: 2. TAM 428 A,: 3. IS 1112C A3: 4. CSV4 A(M): 5. CSVA(V)
and 6. CSV4 A(Gy).

Results and discussion

Southern blots of mtDNA from male-sterile lines of
sorghum digested with BamHI and probed with maize
atp6 clone identified only two groups of cytoplasms
based on their hybridization pattern (Figure 1). All
sorghum lines gave two fragments of 6.4 and 5.2 kb
except CSV4 A(V) which showed only the 5.2 kb frag-
ment (Figure 1, lane 5). Southern blots of Xhol and
Pstl digested mtDNA were not able to distinguish the
lines in the A4 group when probed with atp6 (data
not shown). Maize mitochondrial gene probe, atp6
has been known to distinguish the various cytoplasmic
systems in pearl millet in several restriction enzyme
combinations (Rajeshwari et al., 1994).

Southern blots of mtDNA digested with BamH|I
and probed with maize coxl gene probe showed two
hybridizing fragments of 8 and 7.0 kb in CSV4 A(V)
(Figure 2, lane5) whereasall other lines showed only a
strong hybridizing band of 7.0 kb. Our resultsare sim-
ilar to those of Bailey-Serres (1986) who reported that
coxl could distinguish only the 9E cytoplasm from the
othersin EcoRI digested mtDNA where only astrongly
hybridizing band was seen with al other cytoplasms.
In the case of pearl millet, coxl could only distinguish
mainly the A; group of cytoplasmsfrom others (Sujata
et al., 1994).

Sincepearl millet 10.9 and 4.7 kb probesgaveiden-
tical results, datais given only for the 10.9 kb probe.
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Figure 4. Southern blot hybridization of sorghum mtDNA digested
with BamHI and probed with pearl millet 10.9 kb clone. Lanes 1.
ICSA; 26: 2. TAM 428 A,: 3. 1S 1112C A3: 4. CSV4 A(M): 5.
CSV4 A(V) and 6. CSV4 A(Gy).

Pstl digested mtDNA showed two distinct hybridiza-
tion patternswhen probed with the 10.9 kb pearl millet
clone (Figure 3). ICSA 26, 1S 1112C A and CSV4
A(Gy) (Figure 3, lanes 1, 3 and 6) showed eight
hybridizing bands of 16, 14.4, 13.6, 8.3, 7.0, 6.3, 6.0
and 5.0 kb whereasTAM 428 A, CSV A(M) and CSV4
A(V) (Figure 3, lanes 2, 4 and 5) had only three frag-
ments of 13.6, 6.3 and 5.0 kb. With BamHI digested
mtDNA, the pearl millet 10.9 kb probe showed three
different hybridization patterns (Figure 4). ICSA 26
with A; cytoplasm showed a unique hybridization pat-
tern with six hybridizing fragments of 7.3, 6.4, 5.6,
4.3,3.9and 1.3 kb (Figure 4, lane 1). CSV4 A(V) and
CSV4 A(G;) showed hybridization patterns similar to
A, and Az cytoplasms with four hybridization frag-
ments of 7.3, 4.3, 3.9 and 1.3 kb (Figure 4, lanes 5, 6,
2 and 3 respectively) whereas CSV4 A(M) was distin-
guished by afaintly hybridizing band of 5.6 kb (Figure
4, lane 4) that was also present in the A; cytoplasm
(Figure 4, lane 1).

Southern blot hybridization of BamHI digested
MtDNA could distinguish the three lines in the A4
cytoplasmic group when probed with the pearl mil-
let 9.7 kb clone. This enzyme-probe combination gave
fivedistinct hybridization patternsin which each of the
A4 cytoplasms showed a characteristic pattern (Figure
5). ICSA 26 and TAM 428 A, representing the A; and
A, cytoplasms respectively, showed identical RFLP
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Figure 5. Southern blot hybridization of sorghum mtDNA digested
with EcoRI and probed with pearl millet 9.7 kb clone. Lanes 1.
ICSA; 26: 2. TAM 428 A;: 3. 1S 1112C A3: 4. CSV4 A(M): 5.
CSV4 A (V) and 6. CSV4 A(Gy).

patterns (Figure 5, lanes 1 and 2) with five hybridiza-
tion fragments of 16, 14.4, 11, 6.4 and 3.3 kb. The
14.4 kb fragment was present only in these two cyto-
plasms. IS1112C A and CSV4 A (G;) showed similar
hybridization patterns (Figure 5, lanes 3 and 6) except
for a minor 4.3 kb fragment that was present only in
the former CSV4 A(M) (Figure 5, lane 4) was differ-
ent from Az and CSV4 A(G;) (Figure 5, lanes 3 and
6) by the absence of the 4.3 kb fragment and presence
of a 3.0 kb fragment. CSV4 A(V) (Figure 5, lane 5)
was unique compared to the other cytoplasm in the
A4 group by the presence of the 10.3 kb and 7.3 kb
size fragments which were absent in al other sorghum
lines. The 9.7 pearl millet clone thus separated the
A4 cytoplasmsinto three separate groups. The A; and
A, cytoplasms formed a single group with identical
hybridization patterns.

Our results show that A4 group indeed consists of
cytoplasms with differing mtDNA characteristics as
seen from the hybridization data. In the present study
we have not identified a single enzyme-probe combi-
nation that could distinguish all the cytoplasms. The
differentiation of cytoplasmswithin the A4 group was
possible only with BamHI digested mtDNA suggest-
ing that there is a high degree of homology among the
lines within the A4 group for the fragments hybridiz-
ing with pearl millet 9.7 kb clone. The present study
suggests that among the A4 lines studied CSV4 A(Gy)

could possibly beincludedinthe Az cytoplasmic group
with 1S1112C A whereas CSV4 A(M) and CSV4 (V)
could be considered as distinct cytoplasmic groups.
Theinconsistent fertility restoration reaction observed
in the field with the three differential testers (Reddy
and Rao, 1991) can be explained on the basis of the
differential hybridization data obtained with the three
linesinthe A4 group. Xuet al. (1995) could distinguish
five cytoplasmic groups using their organellar probes.
However, one of the groups included the A1, A2, A5,
and A6 cytoplasms suggesting that a unique enzyme-
probe combination may not be available to distinguish
all the cytoplasmic groups. The only A4 line used by
Xu et al. (1995) was from Nigeria whereas those used
in the present study are from India. It is important to
have group specific probes so that cytoplasms can be
distinguished by simpler methods like RAPDs from a
germplasm collection.

Our studies on pearl millet indicated the involve-
ment of coxl and atp6 in the mitochondrial rearrange-
mentsin the different cytoplasmic male sterile systems
(Sujataetal., 1994). In sorghum, therearrangementsin
the coxl generesulted in altered gene product in the 9E
cytoplasm (Leaver et al., 1988). further study is need-
ed to detect the mitochondrial genomic rearrangements
that may bedeterminingthedifferent malesterility sys-
tems in sorghum.
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