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Introduction 

The intimate relationship between developing pollen grains and tapetum 
has been shown by the work on cytoplasmic male sterility (CMS), the con­
dition expressed in the lack of production of viable pollen grains v . Accord­
ing to them, the abortion of pollen in CMS plants occurred at almost every 
point in development and that probably more than one mechanism is involved. 
Anther ontogeny in an exotic and six indigenous cytoplasmic male sterile 
lines of wheat possessing Triticum timopheevi cytoplasm studied by JAIN 
et aU) has also shown breakdown of microsporogenesis at various stages. 
Present histochemical investigation has, therefore, been undertaken to study 
the nutritive function of tapetum during microsporogenesis in these CMS 
wheat lines along with their fertile counterparts. 

Materials and Methods 

Cytoplasmic male sterility in seven indigenous varieties of wheat namely 
HD1593, HD2009, HD2204, K 7435, UP36S, WH157 and HPU02 was introduced by crossing 
and backcrossing with an exotic CMS line 'Nadadores' obtained from U. S. A. 

The spikes of male-sterile and male-fertile lines at different stages of 
development were fixed in 80% acetone. There were dehydrated, cleared 
and microtomed at 7-16 f1.m and HAUPT'S adhesive was used for fixing the 
sections on the slides. The procedures adopted for various histochemical 
localizations as described by JENSENS) have been briefly described below: 

Total Carbohydrates of Insoluble Polysaccharides 
(Periodic Acid Schiff's (PAS) Reaction): 

Deparaffmised sections were placed in 0.5 % periodic acid for 20 minutes. 
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TABLE l. Distribution pattern of PAS, DNA, his tones and total proteins in the anthers f-' 

of MF and eMS lines in various parts of an anther at different stages of ,j::>. 
,j::>. 

development. The concentration of these substances has been arbitrarily divided 
into four parts viz. low or slight (+), moderate (*), high or intense (ttt) and ?> 
highest or most intense (fltt) :>: 

Stages Cuti- Epider- Endo- Middle Tape- Spore- Micro- Pollen Conne- '-< 
Reaction of devel- Strain mother PMCs Tetrad :> 

opment cle mis thecium layer tum cells spore grains ctive ~52 
MF -It + + + + -It !" a GMS + + + + + + 

b MF 1tt -It -It -It -It -It ~ 
CMS -It + + -It + + Ul 

PAS MF 1tt -It -It 1tt 1tt -It c CMS -It + + -It -It + ~ 

MF 1tt 1tt -It -It + 1tt 1tt :> 
d >-l 

CMS -It + + + -It -It :r: 
MF 1tt 1tt -It 1llf 1tt 0 e CMS -It -It -It -It -It ~ 

MF + + + 1tt -It -It 
J'1 

a CMS + + + + + + Vl 

b MF -It -It -It 1tt 1tt -It -< 
eMS + + + + + + 

DNA and MF -It -It -It 1llf -Itt -It Vl 
Histones c CMS + + + -It + + () 

d MF -It -It -It -It 1tt -It :r: 
CMS + + + + + + :> c MF -It -It 1tt + :r: e CMS + + + + + :> 
MF + + + -Itt 1tt -It Z 

a CMS + + + + + + :> 
b MF + -It -It 1tt -fti- -fti- Z 

CMS + + + + + + 
t:) 

Proteins MF + -It -It 1tt -fti- -fti- ;l 
c CMS + + + + + + :>: 
d MF + -fti- + -It 1tt -It 52 CMS + + + + -It + 0 

MF + -It + 1llf -It Ul 
e CMS + + + + -It + :r: 

::J 
Stages (a) From archesporial initiation to formation of sporogenous tissue (Sporogenous tissue stage). :> 

(b) Beginning of microspore mother cells to the end of meiotic karyokinesis (PMC stage). 
(c) Cytokinesis partitioning the tetra nucleate microspore mother cell into micros pore tetrad (Tetrad stage). 
(d) Liberation of microspores from tetrads (Microspore stage). 
(e) Maturation of pollen grains (Pollen grain stage). 
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After washing in distilled water for 10 minutes, they were stained for 30 
minutes in SCHIFF's reagent. The sections were rinsed in water and placed 
in 2% sodium bisulphite for 1-2 minutes. After washing in water, they 
were dehydrated and mounted in euparal. 

DNA (Fulgen Reaction) : 

Deparaffinised sections were hydrolyzed in 1 N HCl at 58°-62°C for 15 
minutes. After washing in distilled water the slides were placed in Schiff's 
reagent for 30 minutes at room temperature. The sections were rinsed 
in water placed in 2% sodium bisulphite for 1-2 minutes. These were 
washed in water, dehydrated and mounted. For control, alternate slides 
were placed in Schiff's reagent after extraction of nucleic acids in 15% 
trichloro-acetic acid at 100°C for 15 minutes. 

Histones (Alkaline Fast-Green Test): 

Deparaffinised sections were placed III 15% trichloroacetic acid at 100°C 
for 15 minutes to extract the nucleic acids. After washing with three changes 
in 70% ethanol the sections were stained for 30 minutes in a 0.1% Fast 
Green (pH 8.0) at room temperature. The sections were dehydrated and 
mounted. For control alternate slides were kept in stain without extraction. 

Total Proteins (Ninhydrin-Schiff's Reaction): 

After removal of paraffin, the sections were placed in 0.5% ninhydrin 
in absolute alcohol at 37°C for 24 hrs. Then they were rinsed in two changes 
of absolute alcohol and distilled water. After that the sections were placed 
in SCHIFF'S reagent for 10-20 minutes at room temperature. For control, 
deamination and acetylation was done on alternate sections. 

Results and Discussion 

The evaluation of PAS, DNA, histones and total protein in the anthers 
of various stages of development in MF and CMS plants has been presented 
in Table 1. Anther development has been divided into five stages: (a) 
Sporogenous tissue stage, (b) Meiosis I and II stage, (c) Tetrad stage, (d) 
Microspore stage and (e) Pollen grain stage. The intensity of various reac­
tions has been divided arbitrarily into four parts viz. low or slight (+), 
moderate (++), high or intense (ill) and highest or most intense (t+tt). 

PAS test: 

At sporogenous stage a, all the parts of an anther of MF lines exhibited 
slight reaction except epidermis, the cells of which were moderately stained. 
In the subsequent stages band c, the intensity of the reaction gradually 
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increased (Fig. 1). Total carbohydrates of insoluble polysaccharides (TCIP) 
grains appeared in various wall layers including connective parenchyma. 
However, tapetum is devoid of starch at this stage (Fig. 1). On micros pore 
tetrad formation (stage c), cuticle showed most intense, while intense reaction 
shown by the tapetal cells was well marked in their radial and inner tan· 
gential walls. Endothecial cells, however, showed only moderate reaction. 
At stage d, the intensity of the reaction remained more or less the same 
as in the previous stages with some fluctuation. The endotheical cells showed 
an increase from moderate to intense. At vacuolate pollen grain stage e, 
the intensity of the reaction increased further in all the layers except middle 
layer and tapetum degenerated by this stage and the engorged pollen grains 
showed highest concentration of TCIP grains (Fig. 2). The endotheical cells 
in the anthers at this stage also exhibited intense PAS reaction and char· 
acterstic fibrous bands also showed moderate reaction (Fig. 3). 

On the other hand, the intensity of PAS reaction in the anthers of 
CMS plants either remained low or moderate at all stages and fell short 
as compared to those of MF lines (Fig. 4-7). TCIP grains also failed to 
accumulate in various wall layers and anther connective at any stage. How· 
ever, some varietal fluctuations were also recorded in CMS lines. In CMS 
HD1593, WH157 and K U35 , the inner tangential walls of tapetum showed intense 
reaction at PMC and pollen grain stage (Figs. 7, 8). The cells on endothecium 
in the anther of CMS HD1593 showed intense reaction at sporogenous tissue 
stage whereas it was inconspicuous in other lines. A limited number of 
TCIP grains were also seen in the anther connective at PMC stage in CMS 
K 7435 (Fig. 8). 

The description on the localization of total carbohydrates of insoluble 
polysaccharides in anthers of MF and CMS plants indicated inconspicuous 
PAS reaction in sterile lines. These observations lend support to the findings 
of DE FOSSARD6) in the anthers of Chenopodium rubrum. According to 
him, the development of endothecium is controlled by tapetum and only 
after the complete degeneration of tapetum, fibrous bands appear in the 
cells of this layer. In the CMS lines of wheat, the tapetal cells remain 
intact in most of the cases, and seem to inhibit the formation of thickenings 
in the endothecium. This fact is also supported by earlier findings of CHAU· 
HAN3). Inconspicuous PAS reaction as a limiting factor for the growth of 
pollen grains in wheat has also been reported by JOPPA et al.9) and CHAU· 
HAN and RATHORE5). 

DNA and Histones: 

The distribution pattern of histones and DNA III anthers of MF and 
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CMS lines was more or less parallel. The plausible reason for this may be 
due to 1: 1 ratio of these substances lOl . 

At stage a various wall layers except tapetum exhibited low concentra­
tions of DNA and histones, while the cells in tapetal layer showed intense 
reactions (Figs. 9, 12). The sporogenous cells also showed moderate reac­
tion. The concentration of these substances increased with age and at stage 
c, it reached the peak being most intense in tapetum, intense in microspores 
in tetrads, while in the rest of the parts it was moderate or low. On the 
release of microspores from common callose wall, the intensity of the two 
reactions declined. However, with the growth of microspores, the concentra­
tion in them increased gradually with a steady decline in the tapetal cells 
which finally disappeared. The pollen grains exhibited highest concentration 
of DNA and histones (Fig. 11). 

On the other hand, the concentration of these substances in various 
parts of an anther including malformed tapetum and pollen grains in various 
CMS lines failed to accelerate (Figs. 10, 13). These parts exhibited either 
low or moderate concentrations at all stages, indicating marked deficiency of 
DNA and histones. However, CMS HD1593 exhibited some minor difference. 
The tapetal cells in the anthers of this line at stage d showed moderate 
reaction as against low in other CMS lines (Fig. 14). 

Similar observations indicating deficiency of DNA and histones in CMS 
lines have also been recorded by BROOKS2), ALAM and SANDAL J), SAINI and 
DAVIS14) and CHAUHAN and KINOSHITA4). 

Total Proteins: 

The concentrations of proteins III various wall layers and sporogenous 
cells in MF lines was either low or moderate. A gradual increase in the 
concentration of proteins in various parts, tapetum and developing micro­
spores in particular was recorded. The increase was maintained by vacuolate 
pollen grains which on becoming engorged with reserves, showed highest 
protein concentrations (Fig. 15)_ On the other hand, proteins III tapetal 
cells decreased as they were gradually used up. 

Various CMS lines failed to exhibit an appreciable increase in protein 
concentration at any stage in various parts including intact tapetal cells and 
aborting pollen grains (Fig. 16). 

All the CMS lines indicating deficiency of protein contents in the different 
parts of their anthers, which supported earlier findings 12,13,15). 

On the basis of these observations it is concluded that the deficiency 
of the vital substances like DNA, histones and total proteins seems to serve 
as limiting factor for the development of viable pollen grains. This in all 
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probability was caused by the inhibiton of vascular supply in CMS anthers 
as suggested earlier by CHAUHAN and KINOSHITA4) and JAIN et al.7) in several 
cytoplasmic, genic as well as chemically induced male sterile plants including 
present CMS lines of wheat. 

Summary 

A comparative histochemical studies in the anthers of cytoplasmic male­
sterile lines of wheat (Triticum aestivum L.) var. 'Nadadores', HD1593, HD2oo9, 

HD2204, K 7435, UPS68' WH157 and HPl102 and their fertile counterparts showed 
inconspicous PAS reaction reflecting marked deficiency of total carbohydrates 
of insoluble polysaccharides in the CMS lines. Such anthers were also signi­
ficantly deficient in DNA, histones and total proteins. This in the opmlOn 
of the present authors was considered as the limiting factor for the growth 
of pollen grains which consequently aborted. 
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Leged for Plate I 

Figs. 1-8. Transverse part of anthers of MF and CMS lines showing PAS reaction. 

Fig. 1. MF, PMC stage. Note the presence of TCIP grains. 31OX. 

Fig. 2. MF, Engorged pollen stage. 110 x. 

Fig. 3. MF, Magnified view of one of the anther lobes shown in Fig. 2. Note the 

presence of fibrous bands in endothecial cells. 340 X. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Fig. 7. 

Fig. 8. 

CMS, HD2009 sporogenous tissue stage. Note the absence of TCIP grain. 

310x. 

CMS, HD2204 Microspore stage. Note tapetal hypertrophy. 340x. 

CMS, UP368 Pollen grain stage showing poor PAS reaction. 310 x. 

CMS, HD1593 Pollen grain stage. Note intense PAS reaction in the inner 

tangential tapetal walls. 340 x. 

CMS, K7435 PMC stage. Note the presence of few TCIP grains m anther 

connective with poor vascular tissue. 310x. 



A. K. JAIN, et al. PLATE I 



Legend for Plate II 

Figs. 9-14. Transverse part of anthers of MF and eMS strains showing localization 

of DNA and histones. 

'Fig. 9. MF, DNA localization at sporogenous tissue stage. 310x. 

"Fig. 10. eMS, HD2009 DNA localization at sporogenous tissue stage. 310x. 

Fig. 11. MF, Histone localization at pollen grains stage. 310x. 

Fig. 12. MF, Histone localization, at sporogenous tissue stage. 280x. 

Fig. 13. eMS, UP368 Histone localization at microspore stage. 310x. 

Fig. 14. eMS, HD1593 Histone localization at microspore stage. 310x. 

Figs. 15-16. Transverse part of anthers of MF and eMS lines showing protein 

localization. 

Fig. 15. MF, Pollen grain stage. 340 x, 

Fig. 16. eMS, UP368 Pollen grain stage showing low protein contents. 31Ox. 
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