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Abstract
In Japan, the hybridization method for breeding or apomictic guineagrass has been adopted only 
after the isolation of an obligately sexual accession in the collections introduced from East 
Africa by a joint plant collection mission of the Tropical Agriculture Research Center and the 
National Grassland Research Institute in 1971.  The breeding of apomictic species, such as 
guineagrass, requires identification of reproduction mechanism and establishment of efficient 
crossing procedures.  Two embryo sac analyses, i.e. a paraffin sectioning method and two 
cleaning methods, were applied to guineagrass for comparison.  An efficient Procedure for 
hybridization in the breeding program of apomictic guineagrass is proposed.  The results of the 
present study indicate that the paraffin sectioning method is available for histological studies on 
development of embryo sacs, through it requires a skilled technique and much time, while the 
cleaning methods are quicker and simpler than the paraffin sectioning method.  There are no 
significant differences between the two methods in identifying reproduction methods.  A plastic 
bag method can be effectively used for emasculation and hybridization of guineagrass.  An 
advantage of using apomixes in the breeding program is to provide an efficient method for 
fixing desirable genotypes of F1 hybrids and simplifying commercial seed production.  For 
practical use of apomictic guineagrass, it may be necessary to mix a few apomictic lines with 
diverse cytoplasms and genetic backgrounds for protection from pathogens infecting specific 
cytoplasms.
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Introduction 

Guineagrass (Panicum maximum Jacq.) is one of 
the most important tropical forage grasses native to 
tropical Africa and cultivated widely in tropical, sub
tropical, and even in temperate regions. Its reproduc
tion method is based on aposporous apomix is with 
pseudogamy18>. It produces progenies genet ically the 
same as their mother p lants, though their intra
speci fie variation is greater than colored guincagrass 
(Panicum co/oratum L.)9>, which reproduces 
sexually8>. As a result, breeding of guineagrass was 
more d ifficult than that of colored guineagrass 
because of the difficulty in hybridization. Sexual 
plants or facultative apomicts with high sexua lity 

were found2
•
4

•
17> and the role of sexual embryo sacs 

in the evolution of guineagrass through d iversifica
tion and adaptation to new environments was 
suggested 15>. 

In Japan, exploration for introduction of tropica l 
grasses was made by a plant collect ing mission of 
the Tropical Agriculture Research Center and the 
National Grassland Research Institute in Ethiopia, 
Kenya, Nigeria, Tanzania, and Uganda dur ing the 
period 1971 to 1973, when abou t 140 accessions of 
guineagrass were collccted6>. Among them, one 
diplo id obligate sexual stra in, GR-297, was isolated 
from the collection 10>. This finding opened the way 
to utilize apomictic gene(s) in breeding programs of 
guineagrass in Japan. 

Apomixis, an asexual method of reproduction, 
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provides a method for cloning plants through the 
seed. It can be used for fixing desirable genotypes 
as Fi hybrids and simplifying commercial hybrid seed 
production5>. Therefore, efforts are being made 10 
produce apomictic cult ivars not only in apomictic 
grasses but also in various crops such as rice, wheat, 
maize, sorghum, and pearl millet by introducing 
apomictic gene(s) from their wild apomictic relatives 
or other apomictic species. 

One of 1he most important steps to be taken for 
utilizing apomictic gene(s) is to establish a simple 
method for detecting reproduction methods of plants. 
For this purpose, progeny tests and embryo sac ana
lyses arc most commonly used. The progeny test al
lows one 10 evaluate differences in morphological 
characteristics, iso-enzymic pa11erns etc. between a 
mother plant and its self-, open-, cross-pollinated 
progenies. Embryo sac analyses allow one to iden
tify the morphology of embryo sacs by a cy1ological 
method and to know the real ratio of sexual to 
apomictic embryo sacs. These two methods arc com
plementary and iden tification of sexuality requires 
both of these methods. Another important issue to 
be considered in the breeding of th is forage grass 
relates to the procedures of emasculation and polli
nation. Florets of guineagrass is very small and 
manual emasculation is difficult . 

This report describes two improved techniques of 
embryo sac analyses and a crossing procedure. These 
rechniqucs could be efficient ly used in breeding pro
grams of apomictic guineagrass. 

Reproduction method of guineagrass 

Broad definition of apomixis includes reproduc
tion through purely vcgerative organs. However, this 
term in the present paper is restricted to asexual seed 
formation which includes apospory, diplospory, 
adventitious embryony, and parthenogenesis after the 
classification by Bashaw•>. 

The reproduction method of guineagrass is 
apospory. In apospory , the embryo and endosperm 
develop in unreduced embryo sacs derived from so

matic cells at various locations in the ovule. Usual
ly, a megasporc or a young sexual embryo sac aborts 
and one or more 4-nucleatcd aposporous embryo sacs 
develop. In guineagrass, ovules with only one sexual 
embryo sac or with some apomictic and one sexual 
embr)'O sacs occasionally appear in an apomictic 
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plant, which is called racu ltative apomict. The ratio 
in appearance of sexual embryo sacs differs in vari
ous apomictic lines and obligately sexual plants also 
exist in nature. This 4-nucleated aposporous embryo 
sac can be easily distinguished from 8-nucleated 
sexual one by the paraffin sectioning method or ovule 
clearing methods. 

Paraffin sectioning method 

A procedure of the paraffin sectioning method is 
explained hereafter. lnOorescences are fixed at 
anthesis in FAA solution (700/o ethanol: acetic acid : 
formaldehide = 90 : 5 : 5) for at least 24 hr. Pistils 
are d issected from the inflorescences under a binocu
lar stereo microscope, p.laced in a specimen carrier, 
and kept in 700/o ethanol saturated with crythiosin 
B. The pistils contained in the specimen carriers are 
dehydrated with tertiary butyl alcohol and transferred 
to pure paraffin kept at 58°C. The pistils are a ligned 
in mold and cooled on ice cubes. The cooled 
paraffin blocks are sectioned at 10-12 microns and 
stained. The specimen is stained with safranin -
fast green and mounted in Permo11n1 (solid resin dis
solved in oi l of turpentine). 

Plates I A and I 8 show a sexual and an apomict ic 
embryo sacs prepared by this method, respectively. 

Clearing methods 

Clearing methods are to make ovules transparent 
by the use of clearing solutions and observe nuclei 
and tissues under a phase contrast microscope. 
Several techniques have been proposed for clearing 
plant tissues. Among them, the following two clear
ing techniques have given a good result with 
guineagrass: 

(I) Florets at anthesis are fixed in Navashin's 
solution for 24 hr. The florets are trans

ferred to 700/o ethanol and stored until use . 
They are t ransfcrred to a clearing solution; 
i.e. lactic acid : chloral hydrate : phenol : 
eugenol: xylene = 10: 10: 10: 10: 5 (by 
weight) for 48 hr13>. 

(2) Whole inflorescences at anthesis arc fixed in 
FAA solution (700/o ethanol : acetic acid : 
forma ldehyde = 90 : 5 : 5) for at least 24 
hr. The inflorescences are dehydrated and 
cleared by the procedures of Young ct al. 19

' 



Pla1e I. A sexual embryo sac (A) and an apomictic embryo sac (Bl of guincagrnss observed by 
a paraffin sectioning method 

s: a part or stigma, c : an egg, p: polar nuclei, a: an antipodal cell. 

Plate 2. A sexual embryo sac (A) and an apomictic embryo sac (Bl of guincagrass cleared with 
methyl salicylate and observed wilh a differential interference contrast microscope 

s: a part of s1igma, e: an e.gg, p: polar nuclei, a: amipodal cells. 
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with some modifications. The specimens are: 
placed successively for at least 2 hr in 50010 
ethanol; 70% ethanol; 850/o ethanol; I 000/o 
ethanol (two changes); e thanol : methyl 
salicylate = I : I ; ethanol : methyl salicy
late = I : 3; ethanol : methyl salicylate = 
15 : 85; I 000/o methyl salicylate. 

The cleared pistils are dissected from florets under 
a binocular slereo microscope and aligned bet ween 
two 18 x 18 mm cover-slips stuck upon a slide at 
an interval of ca. 12 mm. Another cover-slip is 
placed on the two cover-slips to make a bridge and 
the clearing solution is slowly poured to the space 
(Plate 3). The cleared pistils are observed with a 
differential interference contras t microscope 
(Nomarski). 

Plates 2A and 28 show a sexual and an apomictic 
embryo sacs observed by this method, respectively. 

Comparison of the two clearing methods and 
the paraffin sectioning method 

The above-mentioned two clearing solutions have 
essentially the same effect, thereby the nuclei andl 
cells are clearly identified. The pistils cleared in 
methyl salicylate, however, are more fragile than 
those cleared in the other clearing mixture7>. On the 
other hand, the clearing mixture is very toxic ancl 
the dissection must be done in a draft room. The 
advantage of clearing technique by methyl salicylate 
is that samples can be preserved at any step of the 
procedure and a large number of samples, e.g. more 
than 500 samples, could be cleared, preserved for 
a long time, and subjecled to investigation at any 
time, though the clearing requires many steps. 011 
the contrary, the other clearing mixture turns dark 
quickly in color and the cleared samples have to be 
observed within a few days, though the clearing 
procedure is very simple. The methyl salicylate 
method is preferable lO the other method when more 
than I 00 samples have to be observed. 

Advantages and disadvantages of the two methods, 
i.e. the paraffin sectioning method and the clearing 
method, have been discussed by a number of authors. 
lt is generally concluded that the clearing method 
is technically easier than the sect ioning method for 
routine examination. That is, more than 1,000 pistils 
can be treated by the clearing technique without seri
ous difficulties since an average of 5-6 min is only 

'·. . , .. 
. .. ..,.,. 
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Plate 3. A preparation or pistils aligned on a slide 

needed for the preparation of each pisti l, whi le the 
sectioning technique requires an average o f approxi
mately 40-60 min per pisti119>. As suggested by 
Young et a l. 19>, however, users should be familier 
with nature of the sectioned materials, prior to the 
first application of clearing method to any species. 
Histological and morphological srndies on nuclei 
usually require treatments by paraffin sectioning and 
staining. For example, cytoplasms and fibers are 
stained green or blue, and nuclei and lignfied or dead 
tissues are stained red with the safranin - fast green 
(Plates Al and A2). Therefore, the paraffin section
ing is indispensable for the study of origin and de
velopment of embryo sacs in ovule of sexual and 
apomictic p lants. However, there are no significant 
differences between the two methods in identifying 
reproduction methods (Plates I A, I B, 2A, and 28). 
Both methods should be used in the study, accord
ingly, depending on the purpose. Recently, another 
clearing mixrnre has been developed for the study 
on megasporogenesis of Ely11111s3>. 

Morphological differences between sexual and 
apomictic embryo sacs in guincagrass 

As in the case of buffelgrass (Cenchrus ciliaris L.) 
and dallisgrass (Paspalum dilatatum Poir.) in which 
apospory is easy to distinguish from sexual develop
ment because of the absence of antipodal cells present 
in sexual embryo sacs1>, aposporous sacs in guinea
grass have no antipodal cells''> (Plates I B and 2B) 
and ident ified easily. During the development of 
maturing embryo sacs, there arc eight nuclei, viz. one 
egg, two synergids', two polar, and three antipodal 



cells' nuclei. However, matured embryo sacs have 
one egg, two polar nuclei, three or more antipodal 
cells, and no synergids' nuclei (Plates IA and 2A). 
On the other hand, matured apomictic sacs have one 
egg and one polar nucleus (Plates I 8 and 28), and 
occasionally two or more embryo sacs are observed 
in one ovule, which is called polyembryony. 

Procedures of artificial hybridazation 

There are two methods for artificia l hybridization 
of guineagrass: one with emasculation and the on her 
without emasculation. Usually, sexual plants are 
mostly self-sterile and exceptional self-fertilized 
progenies a re morphologically distinguished from 
hybrids1•>. Therefore, Savidan 14> bagged inflores
cences of a sexual female and an apomictic plant 
together and collected the seed only from the inflores
cences of the sexual female plam. Nakaj ima and 
Mochizuki1 •> placed a sexual female plant among 
vegetatively propagated plants of a male parent in 
a separated greenhouse and collected the seed from 
the sexual one. Hanna et a1.•> modified a plastic 
bag method that had been improved for emascula
tion of sorghum 16>. This emasculation method is as 
follows: (I) an inflorescence is put in a plastic bag 
sealed with a paper clip before anthesis (P late 4A) ; 
(2) the plastic bag is removed when all the florets 
finish an thesis; and (3) che inflorescence is pollinated 
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with a glassine bag which contains collected pollens 
(Plate 48). This method is very simple but complete
ly comrols dehiscences by heat and moisture. One 
problem of this technique is that early flowered 
florets become aged and may get fungi infected when 
the last floret finishes anthesis because it takes more 
than a week for all the florets in one inflorescence 
to finish anthesis. Since this method prevents self
pollination and all the seeds obtained arc the hybrids, 
this method is preferable to the other mechods for 
hybridization of guineagrass. 

Apomixis breeding of guineagrass 

Apomixis breeding of guineagrass requires collec
tion and improvement of sexual plants, crossings be
tween selected sexual plants and apomictic plants with 
promising characteristics, selections of progenies, and 
ditection of their reproduction methods. 

Pernes ct a1. 12> proposed a breeding scheme o f 
guineagrass. Basically, his scheme is acceptable for 
practical use. However, diversity of characteristics 
in diploid and tetraploid sexual plants in nature is 
generally smaller than that in apomictic tetraploids. 
Therefore, it might be more effective to undertake 
a chromosome doubling of diploid scxuals to develop 
tetraploid sexuals by colchicine treatment and to 
produce new sexual lines by hybridization. 

One poten tial problem in apomixis breeding is 

Plate 4. A: Emascula1ion of guincasrass by a plastic bag method 
8: Hybridization of guineagrass wich a glassinc bag afccr chc emasculation 
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similar to that encountered when male-steri le 
cytoplasms are used. As the proge11ies have the same 
cytoplasm of their mother plant, pathogens that in
fect the cytoplasm may destroy all the plants wi1h 
this cytoplasm io the field . Furthermore, the si tua
tion might be more serious in the case of apomixis 
breeding, because not only cytoplasms but also 
genetic backgrounds of plants in a cultivar are com
pletely the same. Such a serious problem has not 
taken place so far with an apomictic cultivar in 
Japan. However, in the breeding program of 
guineagrass, it may be necessary to mix two or more 
apomictic lines with diverse cytoplasms and genet ic 
backgrounds. 

The breeding program of apomictic guineagrass 
has just started in Japan and studies are required 
10 elucidate cytological and genet ical facets of the 
apomixis. But, it is clear that various kinds of proge
nies with new genotypes will be obtained from the 
crosses bet ween sexual and apomictic plants. There
fore, additional information on heritability, genetic 
correlaion, and combining ability of those materials 
will have to be accumulated in the future. 

A number of researchers are engaging in che 
manipulation of apomictic gene(s) by biotechnology 
in not only apomictic species but a lso r ice, wheal , 
maize and other crops. However , it would be most 
irnportalll to identify genetic and cytological mechan
ism of apomixis for better use of apomixis before 
i~s manipulation. 

The author thanks Dr. W. W. Hanna, Researc:11 
Geneticist of USDA, ARS, SAA, Coastal Plah1 
Experiment Station, for his critical reading of the 
manuscript. 

References 

I) Bashaw, E. C. (1980): Hybridization of crop plants. 
eds . Fehr, W. R. & Hadley, H. H., American Society 
of Agronomy, Madjson, Wis., 44-63. 

2) Combes, 0. & Pcrnes, J. (1970) : Variation dans les 
nombres chromosomiques du Pa11ic11111 maximum Jacq. 
en relation avec le mode de reproduc1ion . C. R. Acad. 
Sci. (Paris), ser. 0270, 782-785. 

3) Crane, C. F. & Carmen. J. G. (1987): Mechanism of 

JARQ 24(2) 1990 

apomixis in Elymus rec1isc1us from eastern Aus1ralia 
and New Zealand. Amer. J. Bot., 74, 477- 496. 

4) Hanna, W. W. ec al. (1973): Cytology of obligate sex
ual plants in Pa11icum maximum Jacq. and I heir use 
in con1rolled hybrids. Crop Sci., 13, 695-697. 

5) Hanna, W. W. & Bashaw, E. C. (1987): Apomixis: 
ils iden1ifica1ion and use in plant breeding. Crop Sci., 
27, J 136-t 139. 

6) Hojito, S. & Horibata, T . (1982): Plant explora1ion, 
collection and introduc1ion from Africa. Nekken 
Shiryo, 58, pp. 120 [In Japanese) . 

7) Nakagawa. H., Shimizu, N. & Sato, H. (1987): Chro
mosome number, reproductive method and morpho
logical charac1eristics of Chloris species. J. Jpn. Grassl. 
Sci., 33, 191 -205. 

8) Nakagawa, H., Shimizu, N. & Sato, H. (1988): 
Reproductive met hods of 4 related species of 
guineagrass (Pankwn 111axi11111111 Jacq.). Ky11shy11 
Agr. Res. , 50, I 57 [In Japanese I. 

9) Nakajima, K. (1978) : Comparison of major agronomic 
charac1crs in guincagrass and colored guincagrass. 
JARQ, 12, 145-151. 

10) Nakajima, K. er al. (1979): lsolacion of diploid aud 
tctraploid sexual planes in guineagrass (Panic11111 max
/11111111 Jacq.). Jp11. J. Breed., 29, 228-238. 

11) Nakajima, K. & Mochizuki, N. (1985): lnhericancc of 
apomixis in guincagrass (Panic11111 111axi11111111 Jacq.). 
Jpn . .I. Breed., 3S (ext. 2), 282-283 [In Japanese). 

12) Pernes, J. cl al. (1975) : Schema d'amcliration gcnc-
1iques des complexes agamiqucs du type Pa11ic11m. Cah. 
ORSTOM, ser. Biol. 10, 67-75. 

13) Savidan, Y. (1975): Hcredicc! de l'apomixic concribu-
1ion a l'ewdc de l'hcrc!dice de l'apomixic sur Panic11111 
maxi11111111 Jacq. (analyse des sacs cmbryonnaires). Cah. 
ORSTOM, sc!r. Biol. 10, 91 - 95. 

14) Savidan, Y. (1980): Chromosomal and embryological 
analyses in sexual " apomiccic hybrids of Panic11111 
maximum Jacq. Theor. Appl. Genet., 57, I 53-156. 

15) Savidan, Y. & Pcrnes J . (1982): Oiploid- 1ccraploid
di haploid cycles and the evohuion of Pa11ic11111 maxi-
11111111 Jacq. Evo/111io11, 36, 596-600. 

16) Schenz, K. R. & Clark, L. E. (1967) : Comrolling de
hiscence with plastic bags for hand crosses in sorghum. 
Crop Sci. , 1, 540-542. 

17) Smith, R. L. (1972): Sexual reproduction in Po11icw11 
maxi11111111 Jacq. Crop Sci., 12, 624-627. 

18) Warmke, H. E. (1954) : Apomixis in Pr111ic11111 maxi-
11111m. Am. J. Bot., 41, 5- 11. 

19) Young, B. A., Sherwood, R. T . & Bashaw, E. C. 
( I 979): Cleared-pistil and 1hick sectioning 1cchniques 
for cleteccing aposporous apomixis in grasses. Ca,1. J. 
Bot., S7, 1668-1672. 

(Received for publicalion, Dec. 25, 1989) 


	24-2-163
	24-2-164
	24-2-165
	24-2-166
	24-2-167
	24-2-168

