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Introduction

A detailed investigation was carried out to study the exact cause and the sequence of events leading to the origin 
of high frequency of haploids in the high haploidy inducer lines (Stock 6 lines) in maize (Zea mays L). Microtome 
sections and isolated embryo sacs were observed to understand the fertilization process in maize. These studies 
helped in understanding the normal fertilization process and also in tracing out a few anomalous fertilization events 
in these ovules. The study indicated that, haploid embryos in these lines arise due to a failure in the fusion of the 
sperm nucleus and the egg cell, after the release of sperm nuclei from synergid into the embryo sac, with the egg 
cell being induced to develop parthenogenetically into a haploid embryo.

Abstract

The potential that the haploids have in devel-
opmental, genetical and evolutionary studies make 
them valuable tools for basic as well as applied re-
search. The low incidence of haploids, the lack of 
effective screening techniques and the difficulties 
encountered in chromosome doubling have how-
ever limited an extensive exploitation of haploids. In 
maize, the “genetic selection technique” has been 
the technique of choice for the production of haploids 
(Sarkar, 1974) since other techniques like anther cul-
ture, chromosome elimination following wide crosses 
etc do not yield desired results. This technique has 
two components - use of haploidy inducer lines (HILs) 
to increase the frequency of maternal haploids and 
application of genetic markers for the early, easy and 
efficient screening. This technique involves the use 
of dominant inhibitor gene CI, which inhibits antho-
cyanin pigmentation in both endosperm and scutel-
lum (Coe and Sarkar, 1964). Female plants with co-
loured scutellum (CC) are crossed with pollen from 
male parents with the dominant inhibitor C-I C-I.  In 
normal fertilization, both endosperm and embryo are 
colourless whereas the haploid kernels can be easily 
identified by the presence of colored embryo against 
a sharply contrasting colourless endosperm (Figure 
1A, B).  

In 1959, Coe discovered a genetic strain `Stock 
6’, which on selfing gave a haploid frequency of 
3.23%.  The high heritability of this trait allowed its 
transfer to other stocks of maize (Sarkar et al, 1972). 
Rigorous selection for this trait over generations led 
to the development of haploidy inducer lines (HILs), 
in which, the haploid frequency was greater than 5% 
(Sarkar et al, 1994). Use of these lines along with C, 

C-I or R-nj markers facilitated detailed investigations 
on the origin of maternal haploids. Though several 
studies have been carried out, the exact sequence 
of events which leads to the induction of haploids in 
these lines has not been traced out yet. The normal 
fertilization process itself raises a few questions for 
which the answers remain elusive.  The pollen-stigma 
interaction, pollen tube guidance, stimuli that helps in 
differentiating the various components of the embryo 
sac, the sperm dimorphism observed in some plants, 
the exact mechanism which determines the fate of 
egg cell and polar nuclei are some of the grey areas in 
the entire fertilization process. Keeping these in mind, 
an attempt was made to study the fertilization pro-
cess in the high haploidy inducer lines.

The materials used in the study were the high 
haploidy inducer lines derived from a  haploidy in-
ducer stock, Stock 6 (Coe, 1959; Coe and Sarkar, 
1964; Sarkar and Coe, 1966). The female parent had 
the anthocyanin pigmentation genes A1, C1 and R1 
(stock designated as ACR) and the male parent had 
the genes A1, C-I and R1 (stock designated as C-I) in 
the homozygous condition. Thus the genetic consti-
tution of the female and male parents was AA CC RR 
and AA C-IC-I RR respectively. Nine haploidy inducer 
lines and two testers were initially tried in the crosses 
(Table 1).  Out of these, a set of three high haploidy 
inducer lines  (HIL1-HIl3) were crossed with the tes-
ters. Cobs from these crosses were used for micro-
tome studies and embryo sac isolation. The silks of 
the testers were covered with butter paper bags to 
prevent contamination with any foreign pollen. After 
pollination, the ears were fixed at 22, 24, 26, 30 and 
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36 hours after pollination (HAP). Along with the HILs, 
a low haploidy breeding inbred line CM 105 also was 
used for comparison.

For microtome studies, the cobs were detached 
from the plant and the outer bracts were removed. 
The ears were cut into longitudinal pieces and fixed 
in formaldehyde: acetic acid: alcohol (1:1: 18) at the 
stipulated intervals, i.e., 22, 24, 26, 30 and 36 HAP. 
The processing of the sections and the subsequent 
staining were done based on the technique proposed 
by Johannsen (1940). The slides with the sections 
were passed through xylene, xylene- alcohol se-
ries (3:1, 1:1, and 1:3), alcohol series (from 90-35%)  
and washed with distilled water. The sections were 
stained with 2% iron-heamatoxylin for 10-15 minutes, 
washed in running water thoroughly and then again 
with distilled water. The sections were differentiated 
in 1% iron-heamatoxylin and again washed in running 
water. The slides were passed through alcohol series 
(35%-90%) and xylene-alcohol series  (1:3, 1:1, 3:1) 
and then placed in 100% xylene. The sections were 
finally mounted in DPX mountant.

Results
Examination of ovule sections revealed that the 

ovules were deeply embedded inside the integu-
ments and the nucellar tissue. Inside the embryo 
sac, the chalazal end pointed towards the silk attach-
ment region and the micropylar end towards the base 
where the ovary was attached to the cob. In the true 
sense, the components inside the embryo sac could 
be visualized by the darkly staining nucleolus (Figures 

Figure 1 - Haploid and diploid kernels from an ACR x C-I 
cross.  A) Cob with haploid kernels retained.  B) Haploid 
and diploid kernals with coloured embryo and colourless 
endosperm (haploid H) and both the components colour-
less (diploid D).

Figure 2 - A, B, C) sections of an unfertilized embryo sac 
showing the polar nuclei (pn), egg cell (en), synergids (sn) 
and dividing antipodals (ant); D, E, F) sections of a fertil-
ized ACR ovary pollinated by C-I pollen 25HAP with fertilized 
polar nuclei, egg nucleus and profusely dividing antipodals 
(ant); G, H) sections of two pollinated ovaries, 31 and 30 
HAP respectively,  showing failure of fusion of egg nucleus 
and sperm nucleus. The arrows show the sperm nucleus 
(sn) lying unfused near the egg nucleus.

Table 1 - Plant material used for crossing 

Stock	 Genetic 	 Haploidy
designation 	 constitution 	 induction potential

HIL 1*	 AA C-IC-I RR	 High
HIL 2*	 AA C-IC-I RR	 High
HIL 3*	 AA C-IC-I RR	 High
HIL 4	 AA C-IC-I RR	 Medium
HIL 5	 AA C-IC-I RR	 Medium
HIL 6	 AA C-IC-I RR	 Medium
HIL 7	 AA C-IC-I RR	 Low
HIL 8	 AA C-IC-I RR	 Low
HIL 9	 AA C-IC-I RR	 Low
Tester1 	 AA CC RR	 High
(7851)	
Tester 2 	 AA CC RR	 Low
(7852) 		  Low haploidy
CM 105		  indred line
		   
*high haploidy inducer lines used as male parents in 
crosses for microtome studies and embryo sac isolation

From a pilot study it was confirmed that under 
normal conditions, fertilization will be effected within 
22-24 HAP. Hence the ovules were fixed at different 
hours after pollination starting from 22 to 36 HAP. For 
observing the embryo sacs after isolation, the proce-
dure proposed by Wagner et al  (1989) was followed, 
with some modifications. Ovules were separated 
from the outer bracts and the nucellar portion along 
with the embryo sac was incubated in cavity slides in 
2% cellulose + 1% pectolyase in equal proportions. 
The incubation was carried out at room temperature 
overnight or alternatively, at 35°C for 5-6 h.The em-
bryo sacs were teased out under the microscope, put 
in clearing solution for 24h and observed after stain-
ing with haematoxylin-erythrosin B stain.
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completed 21-24 HAP. Within 3-5 HAP, the primary 
endosperm nucleus starts dividing. Normally the fer-
tilization of the egg cell would have been completed 
by this time. Thus there is every chance that there 
is a failure of fusion of the egg cell and the sperm 
nucleus, while the endosperm formation and its sub-
sequent divisions are normal. Three more embryo sac 
showing such an anomaly could be traced out.

Thus, even though a failure of fertilization of the 
egg cell could not be traced out in a large number of 
cases, the observations point towards the possibility 
of occurrence of this phenomenon, followed by the 
parthenogenetic development of the egg cell into a 
haploid embryo.

Discussion
Haploids in Stock 6 - a case of sperm attenuation?

The high incidence of haploids in the Stock 6 lines 
of maize has previously been investigated to some 
extent (Sarkar and Coe, 1966; Aman et al, 1978; Aman 
and Sarkar, 1981). Though the process by which they 
are induced have been speculated, the exact cause 
has not been pin pointed. From the present study 
and also from the inferences of the previous workers, 
some conclusions may be drawn regarding the origin 
of haploid embryos in ‘Stock 6’ lines of maize. 

It is possible that there may be an arrest of the 
meiotic/mitotic division at the time of pollen grain 
formation resulting in a single diploid sperm nucleus. 
This diploid sperm nucleus can fuse with the polar 
nuclei alone. This can give rise to a haploid embryo 
along with a tetraploid endosperm. Such a possibil-
ity could be ruled out from the present investigation, 
where binucleate pollen could be detected only in 
0.17% of the high HIL pollen grains, 0.03% of low 
haploid pollen grains and also in 0.39% of the inbred 
pollen grains. These frequencies are too low to ac-
count for the relatively high haploid frequencies ob-
served in these lines. Mahendru (2000) has also come 
to similar conclusions in her studies using the pollen 
grains of haploidy inducer lines. In a detailed investi-
gation by Sarkar and Coe (1966) using crosses involv-
ing Stock 6, the genomic constitution was studied in 

Figure 3 - A)  an isolated embryo sac of an unfertilized ovary 
showing the polar nuclei (pn), egg cell (en), synergids (sn); 
B) a fertilized ovary 30 HAP showing unfused sperm nucleus 
(sn) near the egg nucleus.

2A, B).

Unpollinated embryo sacs	
A typical unpollinated embryo sac (Figures 2A-

C) depicted the two polar nuclei at the centre, with 
round and darkly stained nucleoli. They remained 
partly fused with their membranes just touching or 
partially overlapping each other. The egg apparatus 
was situated towards the micropylar end of the em-
bryo sac. The synergids were seen flanking the egg 
cell. Once pollination was effected one of the syner-
gids was found to display darker staining, showing 
signs of degeneration, into which the sperm nuclei 
was released from the pollen tube.

The group of cells situated at the chalazal end 
is the antipodals. A large number of antipodals both 
before (Figure 2C) and after pollination (Figure 2F) 
were observed. This is the characteristic feature of 
the maize embryo sac (Vollbrecht and Hake, 1995). 
This proliferation in maize, in contrast to the degen-
eration observed in Arabidopsis, which also has a 
Polygonum type of embryo sac, may have important 
implications with respect to the post-fertilization de-
velopment of the embryo sac (Vollbrecht and Hake, 
1998) and endosperm.

Embryo sacs after pollination
 Out of a total of approximately 600 ovules pro-

cessed, about 100 ovules could not be observed due 
to losses at different steps. Since the time taken by 
the pollen tube to reach the embryo sac depends on 
the distance traveled inside the silk, at a given time, 
different ovules within the same cob were found to 
be at different stages of fertilization process. Figures 
2D and 2E show the sections of an ovule at 25 HAP, 
with the endosperm at the bi-nucleate stage. The egg 
nucleus is still to start division. Of the two synergids, 
one is darkly stained. The antipodals are found to 
divide profusely. Figure 2G shows one of the serial 
sections of an ovule fixed 31 HAP. The endosperm 
has started division. The unfused sperm nucleus is 
seen near the egg cell. This is a clear case of failure of 
fertilization of the egg nucleus, while the endosperm 
nucleus has started division. Figure 2H also shows 
the section of another ovule at 30 HAP displaying 
failure of fertilization of egg cell. Three more sections 
could be traced with a similar situation.

Isolated embryo sacs
Figure 3A shows the isolated embryo sac of an 

HIL 21 HAP. The synergids, polar nuclei and egg nu-
cleus are seen at their respective positions. Here also, 
profuse division of antipodals could be observed. 

 The whole mount of an embryo sac at 30 HAP 
is seen in Figure 3B. The endosperm nuclei have 
started dividing, it being at the eight nucleate stage. 
The egg nucleus has not started dividing. But a small 
nuclear structure is seen in the vicinity of the egg cell. 
From its size and shape it appears similar to a sperm 
nucleus. Under normal conditions it is observed that 
the fertilization of the polar nuclei and the egg cell is 
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been reported in some crops like Plumbago zeylanica  
(Russell, 1985; 1986) and  Nicotiana tabacum (Tian et 
al, 2001). It is possible that in maize also, there may be 
some sort of sperm nuclei dimorphism operating, as 
reported in Plumbago (Russell, 1985, 1986), resulting 
in a well programmed fertilization process.	

An anomaly with respect to the functional capac-
ity of the female gametophyte is another possibility. 
During the female gametogenesis, the megaspore 
mother cell gives rise to a linear tetrad, out of which, 
the lower most one alone survives to give rise to an 
embryo sac. Recent studies have also indicated the 
role of calcium dynamics in megaspore degeneration 
(Qiu et al, 2008). An alteration in the nutritional status 
(Haig, 1990) and genetic variation exhibited among 
the tetrads may lead to functional changes. Detailed 
studies are needed to prove or disprove these specu-
lations. It has been reported by Vollbrecht and Hake 
(1998) that maize mutants with morphologically intact 
embryo sacs can show failure of fertilization. Char-
acterization of the male gamete repertoire, thereby 
aiding in  understanding male-female molecule inter-
action during fertilization process is also underway 
(reviewed in Singh et al, 2008). The role of sperm fer-
tilizin and egg integrin in the adhesion, and probably 
in the gametic fusion in mammals has been speculat-
ed (Snell and White, 1996). Similar compounds may 
be present in the case of plants also, which facilitate 
the gametic attraction and fusion. These may also 
have a role to play in the anomalous fertilization ob-
served in the Stock 6 maize.
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