
The International Journal of Plant Reproductive Biology 11(2) July., 2019, pp.139-144

DOI 10.14787/ijprb.2019 11.2.

Environmental effects on expression of A  type CMS of sorghum 3
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ABSTRACT

A -type CMS of sorghum is one of the most difficult to restore fertility. These difficulties are due to the low frequency of 3

fertility-restoring genes among sorghum accessions, the complex mechanism of fertility restoration that occurs with the 
complementary interaction of two gametophytic genes Rf3 and Rf4, and the sensitivity of their expression to air and soil 
drought. In order to further study the influence of environmental conditions on fertility restoration in A  type CMS and elucidate 3

the mechanisms of such influence, we studied the F  hybrids obtained by crossing the CMS-line A KP-70 with the KVV-96 – a 1 3

line carrying the gametophytic fertility-restoring genes of IS1112C. Cytological analysis of the pollen of F  hybrids grown in 1

the plots with additional irrigation and in the dryland plots revealed a significant amount of degenerating pollen grains (PGs) 
with impaired accumulation of starch, separation of the PG content from the cell wall. The level of seed setting was not 
dependent directly on the level of pollen fertility. MSAP-analysis (Methylation-Sensitive Amplified Polymorphism, MSAP) of 
DNA isolated from anthers of fertile plants grown under additional irrigation and partially-sterile (ps) plants from the same 
hybrid combination grown under field conditions, revealed a number of fragments, whose amplification differed in HpaII/MspI 
spectra and was associated with the level of plant fertility. Perhaps a change in the nature of DNA methylation may be one of the 
mechanisms that regulate the restoration of male fertility in the A  CMS of sorghum.3
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                      epigenetics.
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Among the different types of male-sterility inducing hybrids and contributed to the selection of fertility-restoring 
cytoplasm identified in sorghum (Reddy et al. 2005), A  lines for this CMS type (Kozhemyakin et al. 2017). In order to 3

cytoplasm, the source of which is the line IS1112C, is one of the further study the influence of environmental conditions on the 
most difficult to restore fertility. These difficulties are due to restoration of fertility in the A  CMS and elucidate the 3

the low frequency of fertility-restoring genes among sorghum mechanisms of such influence, we conducted a study of pollen 
accessions (Worstell et al. 1984, Torres-Cardona et al. 1990, fertility and DNA methylation in the F hybrids obtained by 1 

Dahlberg and Madera-Torres 1997) and the sensitivity of their crossing a sterile line with an A -type CMS (A KP-70) with a 3 3

expression to air and soil drought (Kozhemyakin et al. 2017). fertile line in A  cytoplasm – KVV-96, fertility-restorer for A  3 3

Another factor contributing to the difficulty of restoring the CMS. The hybrids were grown in contrasting conditions of 
fertility of CMS A , is the nature of the genetic control of this water availability: in the dryland plots, in the plots with 3

process. Genetic analysis of fertility restoration in hybrid additional irrigation, and in the experimental field with a 
combinations between CMS lines with cytoplasm A  and natural precipitation regime. 3

IS1112C, testified to the functioning of the digenic gameto-
MATERIAL AND METHODS

phytic fertility restoration system, in which complementary 
interaction of two genes (Rf3 and Rf4) is necessary for the Plant material—CMS-line A KP-70 was used as maternal 3

formation of viable pollen (Tang et al. 1998, Pring et al. 1999). parent. This line has A  CMS-inducing cytoplasm derived 3

F  hybrids, heterozygous for the Rf3 or Rf4 genes, have reduced from the line А Тx398, which was generously provided by the 1 3

seed set that limiting the use of A  cytoplasm in sorghum hybrid late Dr. K. F. Schertz (USDA-ARS, College Station, Texas, 3

production. Later, a sporophytic fertility restoration system for USA). The KVV-96 line was created by us as a result of 
A  CMS was found in samples of Sudan grass; however, selection from the hybrid combination A  Karlikovoe beloe / 3 3

fertility restoring alleles had week expression in backcrosses IS1112C (Kozhemyakin et al. 2017), grown in the plot with 
of fertile hybrids to A  CMS lines (Tang et al. 2007). additional irrigation. Genotypes of the donor lines are as 3

Earlier, we have shown that the lack of air humidity during the follows: А Тх398 – rf3rf3rf4rf4 (Tang et al. 1998); IS1112C – 3

flowering period negatively correlates with the fertility level Rf3Rf3Rf4Rf4 (Pring et al. 1999, Kulhman et al. 2006).
of F  hybrids in the A cytoplasm; at the same time, the CMS-line, fertility-restorer line and the F  hybrids were 1 3 1

cultivation of hybrid populations under conditions of artificial grown in experimental field of Agricultural Research Institute 
irrigation significantly increased a proportion of fertile of South-East Region (Saratov, Russia) in 2016 and 2018. The 



F  hybrids were also grown in irrigated plots, in which volume of 10 μl and incubated at 6-8 ° C overnight. Ligase was 1

irrigation started at booting (twice per week, each time at 5–8 denatured at 70 ° C for 20 min. The ligation products were 
2l/m ), and in the dryland plots in which a roof made of diluted 10 times and were used in the subsequent pre-

translucent polycarbonate was constructed to prevent amplification.
irrigation of plants by rain (the roof was placed over the plot at The reaction mixture for pre-amplification contained 2 μl 
the beginning of the boot stage). These plots were located in 10 Χ PCR buffer B305 (SibEnzyme, Russia), 2 μl each of 
the same field, with 50 m between the plots. In each dNTP (2.5 mM), 1 U Taq polymerase (SibEnzyme), 2 μl of the 
experimental variant, F  hybrids were grown in 4 replications. diluted ligase product (as a DNA array), 5 μM primers for pre-1

To evaluate the level of male fertility, the first panicle of amplification (Table 1) and bi-distilled water (total volume - 
each plant was bagged before anthesis. The level of male 20 μl). The reaction was carried out in a thermocycler Terzik 
fertility was estimated at maturity by percent seed set. (DNA Technology, Russia) with the following program: 52° C 
Depending on the percent seed set, the panicles were classified 3 min (filling the ends of adapters), 94° C 2 min (initial 
as sterile (s = 0% or one to two seed), partially sterile (ps = denaturation), then 40 cycles (94° C 45 sec., 52° C 1 min, 72° 

11%–40%; usually no more than basal /3 of the panicle), and C 2 min) and 72° C 10 min (final elongation). The pre-
fertile (f > 40%, usually 80-90%). amplification products were diluted 10 times and used in the 
Cytological analysis of pollen—For cytological analysis of subsequent stage of specific amplification.
pollen fertility the spikelets from different parts of the panicle Specific amplification was carried out with using 
were fixed in acetic alcohol (1:3), and stored in 75% alcohol. four E- and four H/M-primers (Table 1). The reaction mixture 
For pollen analysis the anthers from spikelets from 10-15 contained 2 μl 10 Χ PCR buffer B305 (SibEnzyme), 2 μl each 
fixed branches were placed on a glass slide and macerated. of dNTP (2.5 mM), 1 U Taq polymerase (SibEnzyme), 2 μl of 
Pollen grains (PGs) were stained with 1% iodine–potassium the diluted pre-amplification product (as a DNA matrix), 2 μl 
iodide stain. In some plants, anthers from hermaphrodite and EcoRI selective primer (5 μM), 2 μl H/M selective primer (5 
male flowers were studied separately. In each preparation, 100 μM), and bidistilled water added to 20 μl. The reaction was 
PGs in 4 replications were analyzed. PGs with black carried out according to the following program: 95° C 40 s 
coloration were considered to be fertile. (initial denaturation), then 40 cycles 94° C 40 s, 56° C 40 s, 72° 
MSAP (Methylation Sensitive Amplification Polymor- C 40 s, the final cycle 56°C 40 s and 72° C 5 minutes (final 
phism) analysis— MSAP analysis was based on the work of elongation). The products of the specific PCR step were 
Zheng et al. (2013) with our modifications, consisting in the separated in agarose and stained with ethidium bromide.
modification of the composition of primers for specific PCR Table 1 – Primers and adapters used for MSAP-amplification of 
and PCR regimes. DNA was isolated from anthers of DNA of sorghum hybrids
flowering panicles of F  A KP-70 / KVV-96 using the STAB 1 3 Primer/a.daptor Nucleotide sequence of primers 5'–3'
method with modifications of Shilov et al. (2016). Donor purpose

plants were grown in the plots with additional irrigation and EcoR I F: 5’- CTCGTAGACTGCGTACC-3’ 
in the field plots under natural water-availability conditions. adapter R: 5’-AATTGGTACGCAGTCTAC-3’
In addition, fertile plants of paternal line, KVV-96, which Hpa II /Msp F: 5’-GACGATGAGTCTAGAA-3’
were grown in the field plots, were also included in these I adapter R: 5’-CGTTCTAGACTCATC-3’
experiments.

Pre-ampli- E1: 5’- GACTGCGTACCAATTCA-3’ 
DNA samples were treated separately with two 

fication HM1: 5’-GATGAGTCTAGAACGGT-3’
restrictases, EcoRI/MspI and EcoRI/HpaII. The reaction 

E–primers for E10a: gagtcGACTGCGTACCAATTCACCa solution contained 200-250 ng of total DNA, 2 μl 10 Χ 
specific PCR E10t: gagtcGACTGCGTACCAATTCACCt FastDigest buffer (Thermo Scientific), 1 μl EcoRI, 1 μl MspI 

E13c: gagtcGACTGCGTACCAATTCAAGc (or HpaII) (Thermo Scientific), water to a final volume of 20 
E13g: gagtcGACTGCGTACCAATTCAAGg μl. The reaction was carried out at 37° C for 2 hours. 2 μl of the 

HM-primers for HM35c: gagtcGATGAGTCTAGAACGGTGAc restriction-treated product was tested in a 1% agarose gel for 
specific PCR HM35g: gagtcGATGAGTCTAGAACGGTGAg completeness cleavage. Restriction enzymes were denatured 

HM37a: gagtcGATGAGTCTAGAACGGTGGa at 70° C for 20 min. Before ligation of adapters, the restricted 
HM37t: gagtcGATGAGTCTAGAACGGTGGtDNA was diluted with double-distilled water in an equal 

volume. Statistical methods—Statistical analysis of the results of the 
The ligation reaction was performed in a volume of 10 μl. experiments was carried out using the software package 

5 μl of restricted DNA was mixed with an EcoRI adapter AGROS, version 2.09 (Dr. S.P. Martynov), the ANOVA and 
(Table 1) (5 pmol) , a 50 pmol HpaII/MspI (H/M) adapter correlation analyses were used. The proportions of fertile, 
(Table 1), 5 U T4 DNA ligase and 1 μl of 10 x T4 ligase buffer partially sterile and sterile plants in different experimental 
(Thermo Scientific ). Bidistilled water was added to a final variants were also compared by Fisher’s test (Zaitsev 1984).
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RESULTS AND DISCUSSION fertile plants grown in the plots with additional irrigation was 
again significantly higher than in the field plots (Table 3). It is 

Analysis of seed set in the F  hybrids A  KP-70/KVV-96 1 3 noteworthy that the level of fertility of the paternal line did not 
grown under different water availability regimes showed that 

decrease to the same extent as in the F  hybrids under the 1in conditions of the dryland plots, the proportion of fertile 
deficit of plant water availability. Apparently, drought 

plants among F  hybrids significantly decreased, and the 1 conditions do not suppress fertility restoration if the fertility-
proportion of semi-sterile plants increased, in comparison 

restoring genes are in the homozygous state.
with moisture plots (Table 2). These data confirm our earlier 
observations that the lack of water availability to plants is a Table 3 – Characterization of male fertility of F  sorghum hybrids A  KP-1 3

70/KVV-96 and paternal line KVV-96 grown under different plant water significant factor that violates the fertility restoration of F  1
availability conditions (2018)hybrids with the A -type CMS. Analysis of seed set under 3

Growing Total number Percentage of plants with different levels of vapor pressure deficit (VPD) revealed that 
0conditions of plants different fertility level (%)in conditions of dryland plots, there is a sharp drop in seed set 

with increasing of VPD, while additional irrigation maintains f ps s

a 90% level of seed set even under high level of VPD (19 hPa) F  A  KP-70/KVV-961 3
and compensates for the negative effect of atmospheric 

Plot with irrigation 53 50.9 47.2 1.9
drought (Fig. 1).

Dryland plot 50 34.0 60.0 6.0
Table 2 — Characterization of male fertility of F  sorghum hybrids A  1 3 Natural water- 42 26.2* 64.3 9.5KP-70/KVV-96 grown under different plant water availability conditions 

availability conditions(2016)

KVV-96Growing Total number Percentage of plants with 
aconditions  of plants different fertility level (%) Plot with irrigation 48 100.0 0 0

f ps s Dryland plot 38 100.0 0 0

Plots with irrigation 149 98.0a 1.3 0.7 Natural water- 35 100.0 0 0
availability conditionsDryland plots 145 76.9b 16.9 6.2

* p<0.05, in accordance with F-criterion, in comparison with irrigated F 36.05** 8.80 4.18
plots

 a-average of 4 replications; f - fertile (seed set> 40%, as a rule, 80-
In addition, it was found that the temperature regime 100%), ps - partially-sterile (<40%, as a rule, 10-20%), s - sterile plants 

during the flowering period also affects the fertility level of (0% seed set); data in the column, denoted by different letters, 
significantly differ at p <0.05. ** p <0.01. panicles of the F  hybrids in the A cytoplasm. The correlation 1 3 

of the average daily temperature during 5 days from the 
beginning of flowering and seed set was found: with an 
increase in the average daily temperature from 19-20 °C to 23-
26 °C, the level of seed set increased from 10-20% to 60-100% 
(r=0.72; p<0.01) (Fig. 2). Perhaps, the lower level of seed set 
in the 2018 season may be due to lower temperature at 
flowering, in comparison to 2016.

 Fig. 1— Differences of seed set in the irrigated plots and dryland plots 
under different levels of vapor  pressure deficit.

In the 2018 season, F  A  KP-70/KVV-96 hybrids were 1 3

grown in parallel under the conditions of a dryland plots, plots 
with additional irrigation, and in the plots with natural water 
availability conditions. In the 2018 season, the level of fertility 
restoration was noticeably lower compared to 2016. The 
majority of F  hybrids in both dryland plots, irrigated plots and Fig. 2— Dependence of seed set level of F  hybrids A  KP-70/KVV-96 1 1 3

in the field plots with natural water availability conditions grown in the irrigated plots on the temperature regime during the 
flowering period. were partially sterile (Table 3). However, the proportion of 
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Cytological analysis of the pollen of the F  hybrids grown 1

both in the dryland plots and in the irrigated plots showed the 
presence of a significant amount of defective pollen grains 
(PGs). The proportion of fertile PGs, completely devoid of 
signs of degeneration, was low (3-7%) and did not correspond 
to 25% that was expected according to literature data (Pring et 
al. 1999) (Table 4). A significant part of the PGs, which looked 
fertile at low magnification, showed signs of degeneration at 
high magnifications (Figs. 3 and 4). The following types of 
violations were identified :
(a) Abnormalities in starch synthesis, as indicated by 

anomalous coloration of PGs, brown coloration of starch 
in some PGs (“waxy”-type) suggesting accumulation of 
amylopectin instead of amylose (Fig. 4 b-e, g, h); 

Fig. 3–Pollen of the F  hybrids A  KP-70/KVV-96 with restored male 1 3(b) PGs only partially filled with starch having a black or fertility (90% seed set level). Scale bar 50 µm.
brown color (Fig. 4 f-h); 

(c) PGs with arrested development (at one- or two-nuclear 
stages (Fig. 4 i); 

(d) PGs with normally developed pollen wall and pore but 
with partially or completely degenerated contents
 (Fig. 4 j, k).

PGs of abnormal form, small and large PGs, which are 
usually formed when meiosis is disturbed, were encountered 

Fig. 4–The types of pollen grains of the F  sorghum hybrids A  KP-with a frequency not exceeding their fraction in fertile plants. 1 3
70/KVV-96. a – fertile PG; b, c, g, h – waxy-type PGs; d, e – This shows that the plants had normal meiosis, and pollen 
abnormalities in starch synthesis; f, g, h – PGs, partially filled with 

sterilization took place later–during gametogenesis and/or starch; i – PG with arrested development; j – PG with degenerating 
during the starch accumulation period. contents; k – PG with totally degenerated contents. Scale bar 20 µm.

Table 4 – Cytological analysis of pollen of the F  sorghum hybrids A  KP-70/KVV-96 grown in the dryland plots and in the irrigated plots1 3

Growing Plant No., seed Percentage of fertile pollen grains, %
conditions set level

Hermaphrodite flowers Male flowers
a

1Without signs of Total Without signs of Total 
degeneration degeneration

Irrigated plots 163-3, 100% 7.0 ± 1.7 20.7 ± 0.7 2.3 ± 1.1 33.0 ± 6.7

167-3, 100% 7.5 ± 1.3 20.8 ± 1.9 6.0 ± 1.9 20.7 ± 2.2

175-3, 90% 3.0 ± 0.9 37.7 ± 2.5 Nd Nd

175-7, 80% 4.5 ± 0.6 20.2 ± 1.2 Nd Nd

171-2, 70% 0.0 15.7 ± 1.8 Nd Nd

171-1, 20% 0.0 19.0 ± 1.1 Nd Nd

Dryland plots 167-2, 100% 3.7 ± 0,5 7.6 ± 0.8 0 0

167-7, 100% 3.2 ± 1.2 32.2 ± 1.29 34.3 ± 1.8 16.0 ± 1.7**

167-1, 70% 1.0 ± 0.6 21.3 ± 3.1 3.0 ± 1.5 10.7 ± 0.5*

175-2, 90% 0.0 26.7 ± 3.8 Nd Nd

171-9, 20% 1.5 ± 0.3 23.5 ± 2.2 Nd Nd

171-3, 1% 0.0 11.7 ± 3.6 Nd Nd
a including partially degenerated PGs; *, ** p<0.05 and p<0.01, in comparison with hermaphrodite flowers, according to F-criterion; Nd – not 
determined

142 The International Journal of Plant Reproductive Biology 11(2) July, 2019, pp.139-144



The spectra of disturbances among PGs from fragment was detected in the HpaII-spectra of semi-sterile F  1

hermaphrodite and male flowers coincided. At the same time, hybrids (Fig. 5 B). This fragment was not observed in the 
under the conditions of the dryland plots, in the male flowers, spectra of fertile hybrids and in the fertile paternal plants. In 
the proportion of fertile PGs was significantly lower than in the MspI-spectra, this fragment was absent both in fertile and 
the hermaphrodite flowers (Table 4). These differences semi-sterile plants. Apparently, change in the methylation 
indicate the influence of epigenetic factors on the effect of pattern in this site of nuclear genome affecs the expression of 
fertility-restoring genes. Growing of plants in irrigated plots male fertility in the F  hybrids with A  cytoplasm.1 3

did not affect significantly the frequency and spectrum of 
degenerated PGs. It is possible that reduced seed set in the 
drought conditions was determined by anther indehiscence or 
impaired germination of the PGs on the stigmas.

It should be noted that seed set level was not dependent 
directly on the level of pollen fertility. In some plants, with a 
very low content of PGs, designated above as fertile (0–4%), 
seed set was at the level of 80–100%. It is possible that PGs 
with minor anomalies (Fig. 4 b-g) are also capable of 
fertilization. The cumulative frequency of fertile PGs and PGs 
with minor disturbances in starch accumulation, which may 
also be able to participate in fertilization, ranged from 11 to 
37% (Table 4). In some plants from the irrigated plots, 20% 
fertile PGs was sufficient for 80-90% seed set (Table 4).  At the 
same time, the proportion of fertile PGs in plants with a 20% 
seed set and 70-80% seed set did not differ significantly.

Assuming that the influence of drought on the restoration 
of male fertility in the F  hybrids with A  type CMS may be 1 3

caused by methylation of the nucleotide sequences of fertility-
restoring genes, we have conducted comparative MSAP-

Fig. 5–Results of MSAP-analysis of the DNA of F  hybrids A  KP-1 3analysis of DNA of the F  hybrids with complete fertility 1 70/KVV-96 with different levels of male fertility (percentage of seed set 
(100%) grown in the irrigated plots, and with partially restored is indicated) (6-11, 14-19) and of the paternal line fertility restorer KVV-

96 (Y) (2-5, 12,13) F  hybrids with complete fertility (100%) were male fertility (10-60%) grown in the field plots under natural 1

grown in the irrigated plots; F  hybrids with partially restored male 1water-availability conditions. In this analysis, DNA isolated 
fertility (10-60%) and paternal line with complete fertility (100%) were 

from the anthers was digested by the HpaII and MspI grown in the field plots under natural water-availability conditions. 1 – 
restrictases, after that amplification polymorphism was DNA size markers; 20 – negative control (no DNA). A - primers E10t + 

HM37t; B - primers E10a + HM37a. In the tracks designated H and M, studied using the set of different primers (Table 1). The HpaII 
DNA was digested with HpaII or MspI, respectively. The arrows indicate 

and MspI restrictases are isoshizomers differing in their DNA fragments that differ in hybrids with disturbed restoration of male 
sensitivity to the methylation of the nucleotides of the same fertility.
site (5’-CCGG-3’). DNA of fertile plants of paternal line, These data suggest that modification of the DNA 
KVV-96, which was grown in the field plots, was also methylation pattern under drought conditions may be the 
included in these experiments. cause of a decrease in male fertility of F  hybrids with A  type 1 3

In the experiment with the primer pair E10t + HM37t CMS. Such a change in the nature of DNA methylation under 
(Table 1), a polymorphism associated with the expression of the action of osmotic stress, deficit of water-availability to 
male fertility was detected (Fig. 5 A). In the MspI-spectra of F  1 plants, low relative humidity of air is a well-known 
hybrids with incomplete manifestation of male fertility, there phenomenon described earlier in maize, rice and other species 
were two fragments (»200 and » 800 bp) that were absent from (Tan 2010, Verhoeven et al. 2010, Wang et al. 2011, Tricker et 
the partenal line and the fully fertile F  hybrid. In the HpaII-1 al. 2012, Zheng et al. 2013). We have previously discovered 
spectra, a » 900 bp fragment was observed in all plants, while the different methylation patterns of nucleotide sequences of a 
in the hybrids with incomplete restoration of male fertility, number of genes involved in genetic control of pollen 
a » 200 bp fragment additionally was observed. Obviously, formation in sterile and fertile F  sorghum hybrids in the “9E” 1
these differences in the spectra of the amplified fragments cytoplasm (Elkonin et al. 2015). Apparently, the change in the 
were a consequence of a change in the methylation pattern of nature of methylation is one of the mechanisms that regulate 
some nucleotide sequences involved in the control of male the restoration of male fertility in the A  cytoplasm and, 3
fertility restoration. possibly, some other types of sterile cytoplasms of sorghum. 

In another experiment, with using the pair of primers Remarkably, recently differences in DNA methylation were 
E10a+HM37a (Table 1) an amplification of a » 700 bp found between sterile and fertile F  hybrids in CMS-C maize 1
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(Chen et al. 2016). DNA methylation levels in fertility Reddy BVS, Ramesh S and Ortiz R 2005. Genetic and 
restored hybrids were higher than those in sterility maintained cytoplasmic-nuclear male sterility in Sorghum. In: Janik J 
hybrids. A specific site was discovered in the region of Rf5 (ed.) Plant Breeding Reviews, Vol. 25. Pp. 139-169. 
gene, which is one of the restorer genes of CMS-C. Obviously, Willey & Sons, Inc: Hoboken, New Jersey.
DNA methylation is an important mechanism participating in 

Shilov IA, Kolobova OS, Aniskina YuV, Shalaeva TV, 
regulating the expression of fertility restorer genes in different 

Velishaeva NS, Kostylev PN and Dubina EV 2016. 
CMS types.

Improvement of the method for identification of genes of 
CONCLUSIONS resistance to rice blast Pi-ta and Pi-b. Dostizheniya nauki i 

tekhniki APK. 30 45-48 (in Russ).
The above data demonstrate that the fertility of F  hybrids 1

Tan M-P 2010. Analysis of DNA methylation of maize in in the A  cytoplasm, obtained with the fertility-restorer line 3

response to osmotic and salt stress based on methylation-carrying the Rf3 and Rf4 genes, is significantly reduced under 
sensitive amplified polymorphism. Plant Physiol. drought conditions. The proportion of fertile pollen grains, 
Biochem. 48 21–26.completely devoid of signs of degeneration, does not exceed 

7–10% and does not differ in hybrids grown under conditions Tang HV, Chang R and Pring DR 1998. Co-segregation of 
of additional irrigation or dryland plots. The level of seed set single genes associated with fertility restoration and 
was not directly dependent on the level of pollen fertility. It is transcript processing of sorghum mitochondrial orf107 
possible that reduced seed set in drought conditions is due to and urf209. Genet. 150 383-391.
anther indehiscence or impaired germination of pollen grains. 

Tang HV, Pedersen JF, Chase CD and Pring DR 2007. Fertility For the first time, changes in the DNA methylation pattern in 
restoration of the sorghum A  male-sterile cytoplasm anthers of hybrids with CMS A  under drought conditions 33
through a sporophytic mechanism derived from have been found. We hypothesize that DNA methylation may 
sudangrass. Crop Sci. 47 943–950.be one of the mechanisms regulating fertility restoration in the 

A  type CMS of sorghum.3 Torres-Cardona S, Sotomayor-Rios A, Quiles Belen A and 
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