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M iscanthus X giganteus Greef et Deu. (Poaceae), a  hybrid of M iscanthus sinensis  and  M. saccharifo rus  native 
to  Jap an , is an  ornam ental and  a  highly lignocellulosic bioenergy crop, cultivated in the E uropean Union as an 
alternative source of energy. This grass reproduces exclusively vegetatively, by rhizom es or via expensive in  vitro 
m icropropagation. The p resen t study was aim ed at finding the b arrie rs  tha t prevent sexual seed production, 
based  on detailed embryological analyses of the whole generative cycle, including m icrosporogenesis, pollen via
bility, m egasporogenesis, female gametophyte development, and embryo and  endosperm  form ation. Sterility of 
M. X giganteus  resu lts from  abnorm al developm ent of both  male and  female gametophytes. D isturbed 
m icrosporogenesis (laggard chrom osom es, univalents, micronuclei) was fu rther highlighted by low pollen sta in 
ing. The frequency of stainable pollen ranged from  13.9% to 55.3% depending on the pollen staining test, and 
no pollen germ ination was observed either in vitro or in planta. The wide range of pollen sizes (25 .5-47.6  pm) 
clearly indicated unbalanced pollen grain cytology, which evidently affected pollen germ ination. Only 9.7% of the 
ovules developed normally. No zygotes no r em bryos were found in any analyzed ovules. Sexual reproduction  of 
M. X giganteus  is severely ham pered by its allotriploid (2n=3x=57) nature. Hybrid sterility, a  strong postzygot- 
ic barrier, prevents sexual reproduction  and, therefore, seed form ation in th is taxon.

Key words: Miscanthus Xgiganteus, allotriploid, pollen viability, female gametophyte development, 
sterility.

INTRODUCTION

M iscanthus xg igan teus  (= M. ogiformis Honda; 
Poaceae, tribe Andropogoneae, subtribe Saccharineae), 
a grass and a highly lignocellulosic bioenergy peren
nial crop with a C4 photosynthetic system, is culti
vated all over the world as an ornamental plant and 
also as an alternative source of energy. The grass is 
a natural interspecific triploid hybrid (2n=3x=57) 
originated from crosses between diploid M. sinen
sis  (2n=2x=38) and allotetraploid M. saccachri- 
florus  (2n=4x=76). The allotriploid origin of this 
grass has been confirmed based on characters 
including micromorphological (stomata cell size),
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cytogenetic (genome size, chromosome num ber and 
structure) and molecular (DNA sequencing, AFLP) 
traits (Linde-Laursen, 1993; Lafferty and Lelley, 
1994; Hodkinson et al., 2002; Rayburn et al., 
2009). Its potential as an economically im portant 
crop has not been fully harnessed due to infertility 
(Chou, 2009).

Commercially available plants are M. Xgigan
teus clones sharing the same haplotype, as con
firmed by chloroplast DNA m arkers (de Cesare et 
al., 2010), and are partly or totally sterile due to dis
turbed microsporogenesis (Adati and Mitsuishi, 
1955; Linde-Laursen, 1993; Lafferty and Lelley, 
1994). The lack of regular chromosome pairing in
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m eiosis led  to red u ced  po llen  sta inab ility  ranging  
from  0% sta in in g  p o llen  (L inde-L aursen , 1993) to 
~ 5 0 .6 %  sta in ab le  p o llen  g ra in s  (Adati, 1958; the 
a u th o r  n a m e d  th is  a llo trip lo id  M. sa cch a riflo ru s). 
The p la n ts  a re  to tally  (Lafferty a n d  Lelley, 1994) or 
p a rtly  in fertile , p ro d u c in g  se e d s  w ith  very  low  fre 
quency  (L inde-L aursen , 1993). T he genetic  iden tity  
o f c lones o b ta in ed  m ain ly  v ia  rh izo m es tra n s la te s  
to  h igh un ifo rm ity  o f m orpho log ica l, physio logical 
a n d  an a to m ica l c h a ra c te rs , w h ich  p re se n ts  a  r is k  
for ag ricu ltu re , hence  the  im pera tive  to  c rea te  
o th e r so u rc e s  o f p la n t d iversity  (L ew andow ski et 
a l., 2 0 03). In the  la s t  d ecade , recen tly  e s tab lish ed  
p o p u la tio n s  o f M. X g ig a n te u s  th a t  cou ld  serve  a s  a  
new  gene so u rce  have b een  fo u n d  in  sy m p a tric  
p o p u la tio n s  o f its  p a re n ts  in  J a p a n  (N ishiw aki et 
a l., 2011). An a lte rn a tiv e  pa th w ay  for o b ta in ing  
genetic  d iffe ren tia tio n  em ploys b io tech n o lo g ica l 
m e th o d s  to  m odify  ex isting  genotypes by tra n s fo r 
m a tio n  o r by p la n t m u ltip lica tio n  in  v itro  v ia  
o rg a n o g e n e s is  o r  so m a tic  e m b ry o g e n e s is  
(L ew andow ski, 1999; P łażek  a n d  D ubert, 2010  
a n d  lit. c ite d  th e re in ) . S o m a c lo n a l v a r ia tio n  
in d u ced  in  reg en e ra ted  M. X g ig a n te u s  p la n ts  by 
cu ltu re  co n d itio n s  cou ld  re p re s e n t new  genotypes 
(Seok  Kim e t a l., 2010). M isc a n th u s  X g ig a n te u s  
p la n t fertility  is  in c re a se d  by d o u b lin g  th e  ch ro m o 
som e n u m b e r in  v itro  an d  ex v itro  to o b ta in  stab le  
hexaplo id  p lan ts  (G łow acka e t al., 2009 , 2010 ; Yeon 
Yu e t al., 2009). The o b ta in ed  derivatives have h igh
er po llen  viability a n d  p ro d u ce  m ore  seed s th a n  the 
p a re n ts  (G łow acka et al., 2010). The u sefu lness of 
newly ob ta in ed  genotypes as b iofuel m a te ria l is now  
being  investigated. A nother techn ique th a t cou ld  be 
ap p lied  to  in crease  the  genetic diversity  o f M. 
X g ig a n teu s  is po lyploid-to-m onoploid  red u c tio n  by 
hap lo id iza tion  followed by b reed in g  am ong  m o n o 
p lo id  p lan ts  in  w hich it is s im p le r to  analyze segre
gation  ra tio s  a n d  in h eritan ce  of d esirab le  q u a n tita 
tive tra its . Finally, a  polyploid cond ition  can  be 
re s to re d  th ro u g h  sex u a l p o ly p lo id iza tio n  o r  
colchicine trea tm en t. T h is techn ique gives good 
re su lts  m ainly  in  au topo lyp lo ids b u t  is a lso  possib le  
in  allopolyploids p ro d u cin g  eup lo id  gam etes (Khan 
et al., 2009  a n d  lit. c ited  there in ). Potentially, in 
a llo trip lo id  M. X g ig a n te u s  b o th  a n e u p o id  a n d  
eup lo id  ( 1x ,  2 x ,  3 x )  gam etes can  be form ed. 
R educed  p lo idy  level (h ap lo id iza tion ) co u ld  be 
o b ta in ed  by b ack c ro ss in g  o r by in  v itro  and ro - o r 
gynogenesis in  cu ltu re  of m ic ro sp o res  (or u n in u c le 
ate po llen  grains) a n d  unfertilized  ovules (or ovaries, 
p is tils ) , resp ec tiv e ly . B o th  in  v itro  te c h n iq u e s  
req u ire  p ro d u c tio n  of viable po llen  a n d  fem ale 
gam etophytes w ith  function ing  h ap lo id  e lem ents 
(egg, synerg ids, an tipodes). A detailed  a sse ssm e n t of 
M. X g ig a n teu s  fertility is in d isp en sab le  to  any 
a ttem p ts  a t  an d rogenesis , gynogenesis o r  b ack cro ss- 
ing. A llo trip lo id  M. X g ig a n teu s  m ight prove as u se 

ful for crop  im provem en t p rov ided  th a t it can  be 
b ro u g h t to  a n  ad eq u a te  level o f fertility.

in  th is  w o rk  we (i) re a s s e s s e d  p rev io u s d iver
g en t re su lts  o n  p o llen  v iab ility  b a se d  on  h isto - 
chem ica l te s ts  ad d in g  m o re  sensitive  v iability  te s ts , 
a n d  g e rm in a tio n  o f p o llen  g ra in s  o n  s tig m as  a n d  on  
artific ia l m e d ia  in  o rd e r  to  d e te rm in e  the  p o ssib le  
ro le  o f p o llen  a s  th e  m ale  genom e d o n o r in  re p ro 
d u c tio n ; a n d  (ii) an a ly zed  fem ale gam etophy te  
d eve lopm en t a n d  em bryo  fo rm atio n , n o t previously  
investigated  in  M. X g ig a n teu s  a n d  o th e r M isca n th u s  
species. B oth ta sk s  y ielded  in fo rm ation  a b o u t M. 
X g ig a n teu s  fertility  a n d  consequen tly  ab o u t its 
po ten tia l in  an d ro - a n d  gynogenesis o r  b ack cro ssin g  
a n d  a s  a  bridge genotype for o th e r b reed in g  p u rp o s 
es in  the genus M isc a n th u s .

m a t e r ia l s  a n d  m e t h o d s

pl a n t  m a ter ia l

M isca n th u s  X g ig a n teu s  rh izo m es w ere o b ta ined  
fro m  th e  In s titu te  o f  P la n t B reed in g  a n d  
A cclim atization  in  R adzików  n e a r W arsaw  (Poland). 
The p la n ts  w ere cu ltiva ted  from  S ep tem b er to 
A ugust in  a  g lassh o u se  in  15 d m 3 p o ts  filled w ith 
com m ercia l so il (pH = 5.8 ) a t  25°C a n d  65% h u m id i
ty in  daylight su p p lem en ted  acco rd ing  to need  w ith 
light a t 400  pm ol m -2 s -1 from  A groPhilips lam p s. In 
the  w in ter a  12 h  p h o to p erio d  w as kep t, w hile from  
the sp rin g  only n a tu ra l light length w as m ain ta ined . 
F re sh  a n d  fixed inflorescences a t d ifferent develop
m en ta l stages w ere analyzed.

p o l l e n  c h a r a c t e r is t ic s

Pollen  size a n d  sta inab ility

F or ace to ca rm in e , la c to p h en o l b lu e  a n d  A lexander 
po llen  s ta in a b ility  te s ts , six  in flo re scen ces  (one 
fro m  six  d iffe ren t p la n ts )  w ith  fresh ly  o p en ed  
flow ers w ere fixed in  acetic  a lcoho l (glacial acetic  
ac id  a n d  96%  e th an o l, v/v 1:3). Seven th o u sa n d  
po llen  g ra in s  iso la te d  from  14 flow ers w ere a n a 
lyzed. T he p o llen  s ta in a b ility  o f each  flow er w as 
e s tim a te d  from  th re e  a p p lie d  te s ts . A n th e rs  from  
each  flow er w ere s e p a ra te d  o n to  th re e  g lass  slid es , 
a n d  th e ir  p o llen  g ra in s  w ere s ta in e d  se p a ra te ly  
w ith  ac e to c a rm in e , A lexander dye o r  lac to p h en o l 
b lu e . F o r flu o re sce in  d iace ta te  (FDA) s ta in ing , 
po llen  from  non-fixed , new ly o p en ed  flow ers (from  
th e  sam e  p la n ts  a s  fo r th e  o th e r  te s ts )  w as u se d  
im m ed ia te ly .

A cetocarm ine s ta in  (1%) w as u se d  for the aceto
carm in e  te s t (Singh, 2003). C ytoplasm  o f viable 
po llen  s ta in s  red , a n d  nonviable po llen  rem ain s 
tra n sp a re n t.



Alexander's dye is a mixture of malachite green 
staining the cellulose of pollen walls green, and acid 
fuchsin staining the pollen protoplast red (Singh, 
2003). Viable pollen grains appear purple, and non- 
viable pollen are green.

FDA dye was prepared according to Dafni 
(1992) [2 ml 20% saccharose in distilled water with 
several drops of FDA stock solution (2 mg FDA/1 ml 
acetone)]. Stained pollen was kept in a humid cham
ber for 0.5 h at 24°C. This technique is based on 
FDA entering the vegetative cell where it is hydrol
ysed by esterase to a fluorescein. Viable pollen fluo
resces yellow-green.

Pollen stainability results were compared with 
ANOVA and the Tukey post hoc test in Statistica 7.0.

Pollen size was m easured from 500 stainable 
(acetocarmine test) pollen grains with a calibrated 
eyepiece micrometer.

Pollen germination

Sixty opened flowers were cross-pollinated by hand. 
Pistils were fixed in acetic alcohol (v/v 1:3) 1, 3, 8 
and 24 h after pollination. For clearing, pistils were 
placed in 0.1 M NaOH for 0.5 h at 40°C and after 
rinsing with distilled water were stained with 0.01% 
toluidine blue for 15 min to suppress autofluores
cence, then stained with 0.1% aniline blue diluted in 
0.15 M K2HPO4 for 1 h (Wędzony, 1996). Pollen 
tubes exhibit light blue fluorescence.

For pollen germination on medium, the micro- 
and macroelement content of the medium followed 
Yuanjie et al. (2009), who applied it for Miscanthus 
sinensis (one of the parental species of M. Xgigan
teus). The medium contained 10 pg H3BO3, 30 pg 
Ca(NO3)2-4H2O, 20 pg MgSO4-7H2O and 10 pg 
KNO3, dissolved in 1 ml distilled water. Different 
sucrose concentrations were tested, adjusted to 
15%, 20%, 25% or 30% by adding the amount 
required to the 1 ml water solution of micro-and 
macroelements. Pollen isolated from 40 flowers was 
tested for germinability in a humid chamber at 
23/24°C and 18/19°C for 3 h, as recommended by 
Yuanjie et al. (2009).

f e m a l e  g a m e t o p h y t e  d e v e l o p m e n t  and  
em b r y o  fo r m a t io n

Paraffin method

83 flowers at different stages of development collect
ed from six plants were fixed in FAA (ethyl alcohol, 
glacial acetic acid, formaldehyde, distilled water, 
10:1:2:7 v/v) for 24-48 h and then stored in 70% 
ethanol at 4°C until used. Fixed flowers were dehy
drated in a graded ethanol series (30%, 50%, 70%, 
96%, 100%, 100%, 100%), embedded in paraffin 
and sectioned 10 pm thick on a rotary microtome

(Reichert), transferred to glass slides, stained with 
Heidenhain's hematoxylin combined with alcian 
blue, and mounted in Entellan (Aldrich).

Clearing method

63 flowers at different stages of development were 
fixed in FAA (as above) and stored in 70% ethanol at 
4°C until use. Ovules dissected from the pistils 
(mature stages) and whole pistils (young stages) 
were dehydrated in 70%, 96% and 100% ethanol for 
1 h each, and cleared in methyl salicylate by placing 
them in increasing concentrations of methyl salicy
late diluted in 100% ethanol (1:3, 1:1, 3:1 v/v) for 
1.5 h each. Cleared ovules were stored in methyl sal
icylate in vials. The preparations were made accord
ing to Herr (1971).

MICROSCOPY

All examinations were made with a Nikon E80i 
microscope with bright-field illumination (ovule sec
tions, pollen stained with acetocarmine, Alexander 
dye, lactophenol blue), Nomarski interference con
tras t (cleared ovules), fluorescence filter B-2A 
(pollen stained with FDA) or filter UV-2A (pollen ger
mination on stigma and on medium). Photographs 
were taken with a Zeiss Axio Cam MRe digital cam
era coupled with Zeiss Axio Vision 3.0 software.

RESULTS

MICROSPOROGENESIS, POLLEN STAINABILITY 
AND GERMINATION, DEVELOPMENT 

OF MALE GAMETOPHYTE

Microsporogenesis was disturbed in 12.5% of 127 
analyzed microsporocytes. Laggard chromosomes 
and micronuclei occured at the first and second mei- 
otic divisions (Fig. 1a-f), leading to abnormal tetrad 
formation and finally to reduced pollen stainability, to 
formation of cytologically unbalanced pollen grains 
differing in size, and to lack of pollen germination.

Pollen stainability was test-dependent. 55% of 
the pollen grains stained in acetocarmine, Alexander 
dye and lactophenol blue, reagents which detect only 
the presence of cytoplasm in cells (Tab. 1, Fig. 1g-i). 
Staining with FDA, a reagent detecting the enzymat
ic activity of pollen grains, the results were signifi
cantly different (p<0.05); the mean value of pollen 
stainability in FDA did not exceed 13.9% (Tab. 1). 
Significant variation of pollen size resulting from 
disturbed meiosis was clearly visible in all tests 
(Fig. 1 g—i). Pollen diameter ranged from 25.5 to 
47.6 pm; 34 pm was the most frequent diameter 
(21.4%) (Fig. 2). Giant pollen reaching 42.5 pm were 
fairly frequent (7.1%). Normal development of the



Fig. 1. Miscanthus xgiganteus. Microsporogenesis and microspore (a-f), pollen viability (g-i), male gametophyte devel
opment (j - l). (a ) Metaphase I with univalents scattered along the spindle, (b ) Telophase I with laggard chromosomes 
(arrow), (c) Diad with micronucleus (arrow) and single chromosome (arrowhead), (d ) Metaphase II with chromosomes 
located behind metaphase plate (arrow), (e) Telophase II with chromatids scattered along the spindle, (f) Microspore 
with micronucleus (arrow), (g-i) Viable (stainable) and non-viable (non-stainable) empty pollen grains differing in size, 
treated with acetocarmine (g), Alexander dye (h ), lactophenol blue (i ), (j ) Normal microspore, (k ) 2-nucleate pollen grain 
with vegetative (arrow) and generative (arrowhead) nuclei, (l) 3-nucleate pollen grain with vegetative nucleus (arrowhead) 
and two sperm cells (arrows). Bars in a-f, j- l  = 10 pm, in g-i = 100 pm.



m ale gam etophyte s ta rtin g  from  the un inuclea te  
m ic ro sp o re  an d  lead ing  to  3-celled pollen  g ra in s  
(Fig. 1j-l) occured  in 10% of ace tocarm ine-sta ined  
pollen.

Pollen viability w as n o t co rre la ted  w ith pollen  
germ ination . None of the po llen  g ra in s  germ inated  
e ither on any  artificial m ed ia  u sed  o r on stigm as 
after cross-po llina tion  by h and .

MEGASPOROGENESIS, FEMALE GAMETOPHYTE 
DEVELOPMENT

R eg u lar m e g a sp o ro g e n e s is  a n d  n o rm a l fem ale 
gam etophyte developm ent accord ing  to  the m ono- 
sp o ro u s  Polygonum  type w ere found  in only 9.7%  of 
the analyzed ovules (Fig. 3 a-d ). One m egaspore 
m o th e r cell (Fig. 3a) u n d erw en t m eiotic  d ivision and  
gave rise  to a  linear m egaspore  te trad . T hree  of the 
four m eg asp o res  degenera ted , an d  the chalazal 
m egaspore  developed in to  a  1-nucleate fem ale gam e
tophyte (Fig. 3b). T hree successive m ito ses led to the 
fo rm ation  of a  2-nucleate (Fig. 3c), 4 -nucleate and  
finally 8-nucleate  fem ale gam etophyte. The 7-celled 
(8-nucleate) fem ale gam etophyte consisted  of two 
synergids, an  egg cell, th ree  an tip o d es an d  the cen 
tra l cell w ith 2  p o la r nuclei, the  la tte r  fused, form ing 
a  secondary  nu c leu s (Fig. 3d).

In 90.3%  of the ovules, m egasporogenesis and  
fem ale gam etophyte developm ent w ere severely d is 
tu rb e d  o r else deviated  from  w h at is d esc rib ed  as 
typical for g ra sse s  (Fig. 3e-k ). A bnorm al develop
m en t w as u su a lly  a sso c ia ted  w ith  d egenera tion  
p ro cesses  observed  in the  early  stages of ovule devel
opm ent, before m egasporogenesis (Fig. 3e), shortly  
after fem ale m eiosis, an d  in m ore  advanced  stages of 
fem ale gam etophyte developm ent, lead ing  to degen
era tion  of young a n d  o lder gam etophytes an d  cells in 
the m a tu re  fem ale gam etophyte (Fig. 3f-h). E nlarged  
som atic  cells of the  n u ce llu s w ere observed  in sever
al ovules. They accom pan ied  the ab n o rm al and  
degenerating  sexual fem ale gam etophytes (3i-k).

Values with different letters differ significantly at p<0.05 by 
ANOVA followed by the Tukey post hoc test

M ultiple fem ale gam etophyte-like s tru c tu re s  p ro b a 
bly o rig inated  from  enlarged  n u ce llu s cells and  
therefo re  cou ld  be identified  a s  ap o sp o ro u s  fem ale 
gam etophyte in itia ls (Fig. 3 i-k ). The stage of the ir 
developm ent w as difficult to de te rm in e  because  they 
began to degenerate  very early. Single uno rgan ized  
fem ale gam etophy tes an d  also  incom pletely  devel
oped  ones form ing  only two p o la r nuclei o r else an  
egg cell w ith  synerg ids an d  one p o la r n u c leu s w ere 
observed . No em bryos o r e n d o sp e rm  w ere no ted  in 
any of the analyzed ovules. P lan ts  d id  n o t se t seeds 
a t all.



Fig. 3 . Miscanthus Xgiganteus. Processes in ovules. (a-d ) Normal development of female gametophyte: (a) One mega -  
spore mother cell, (b ) 1-nucleate female gametophyte with remnants of degenerated megaspores (arrow), (c) 2-nucleate 
female gametophyte, (d ) 7-celled mature female gametophyte; one antipodal cell (a) secondary nucleus (sn) and synergid 
(s) visible, (e-h ) Degeneration at different stages of female gametophyte development: (e ) Degenerated megaspore moth
er cell, (f) Degenerated elements of female gametophyte, (g ) Degenerated elements of egg apparatus, (h ) Remnants of 
mature female gametophyte, (i-k ) Enlarged somatic cells (arrows) accompanying abnormal and degenerating sexual 
female gametophytes. Bars in a-e = 50 pm, in f-k = 100 pm.

DISCUSSION due to a genetic imbalance and disturbed chromo
some pairing in male and female meiosis. Usually

Triploids with an odd-numbered chromosome com- they reproduce clonally by rhizomes or micro-
plement are sterile or their fertility is highly reduced propagules and are characterized by low genetic



diversity. However, triploids could produce some 
fertile gametes which might allow these cytotypes to 
be used to produce higher polyploids (tetraploids, 
pentaploids, hexaploids) or aneuploids in economical
ly important plants such as M. sinensis (Rounsaville et 
al., 2011), melon, blueberry, elm, aspen and poplar 
(Wang et al., 2010 and lit. cited therein).

The wide range of pollen sizes in M. xgigan- 
teus  may indicate that the pollen grains represent 
different levels of ploidy (euploid and aneuploid). 
This is supported by the finding that when a plant 
produces mainly reduced pollen grains, the diame
ter distribution curve usually resembles a normal 
distribution (Tondini et al., 1993) unlike the curve 
obtained for M. xgiganteus. The stainability of 
pollen (despite their size) estimated by the aceto
carmine test was moderate (54.9%) as compared 
with the pollen viability resu lts  for other 
allotriploids, ranging from  10% in Cucum is  
hytivus  up to 90.3% in Populus trem ula  (Wang et 
el., 2010), and is in accord with results reported 
for M. xgiganteus  by Adati (1958). In our study 
the pollen stainability did not differ significantly 
between the acetocarmine test and the other two 
tests that stain pollen grain cytoplasm (~55%), but 
differed significantly from the FDA test (13.9%). 
The latter is the m ost sensitive of the four tests 
used, and showed the m ost significant reduction of 
pollen stainability. These data make it evident that 
the frequency of stainable pollen strongly depends 
on the test applied, so caution is required in its 
assessm ent (Słomka et al., 2010). Furthermore, 
pollen stainability is not an indication of pollen’s 
potential for germination or cytologically balanced 
pollen, as pollen grains in different size are also 
stainable. The pollen of M. xgiganteus  showed no 
germinability, neither on media nor in planta (on 
stigmas after artificial cross-pollination), dram ati
cally reducing the usefulness of this taxon as 
a donor plant in various crossing experiments. 
However, there is an opportunity to use it for fur
ther m anipulations with the help of in vitro culture. 
13.9% of the stainable, regular-shaped pollen cul
tured on m edia supplem ented with growth regula
tors and under special conditions could switch 
from the gametophytic to the sporophytic pathway 
and developed androgenic embryos, being a source 
for production of viable homozygous, doubled hap- 
loids.

Triploid sterility, with some exceptions such 
as the female-fertile allotriploid Lilium lankon- 
gense  (Proscevicius et al., 2007), results also from 
abnorm al female gametophyte developm ent 
(Rousaville et al., 2011). In M. xgiganteus  the 
female gam etophytes sporadically  reach the 
m ature, properly organized stage. Usually they 
were abnormally organized and began to degener
ate very early. This pattern is a typical phenome

non in hybrids, segmental allopolyploids arising 
from interspecific crosses between closely related 
species, resulting from intragenomic conflicts -  
hybrid incom patibility (Moyle and Nakazato, 
2008). In M. xgiganteus  such interaction of genes 
arises from the close relationship between its par
ents as M iscanthus sinensis  (diploid) and M. sac- 
chariflorus (allotetraploid containing the M. sinen
sis  genome) share a common genome (Hodkinson 
et al., 2002; Rayburn et al., 2009). Ovules with nor
mal m ature female gametophytes might serve as a 
source for production of haploids by way of gyno- 
genesis in culture. The unreduced female gameto- 
phytes that accompanied the sexual ones also 
potentially can undergo development. These struc
tures resembling unorganized aposporous and also 
incomplete m onopolar female gametophytes with
out antipodes, with polar nuclei and an egg cell and 
a synergid, or with polar nuclei only (Bhanwra, 
1988; Ma and Huang, 2007; Guohua et al., 2009) 
observed in M. xgiganteus  may be interpreted as 
a tendency toward apomixis (apospory). Although 
apomixis could have been inherited from M. sinen
sis (Chou et al., 2000), apomictic female gameto- 
phytes were arrested  at an early stage of develop
ment or else degenerated and did not develop 
embryos. The tendency probably is blocked by the 
triploid and hybrid nature of M. xgiganteus, as in 
the triploid hybrid Paspalum  in which apospory 
was inherited from the apomictic 4x parent but 
was not strong enough to prevent seed sterility 
(Carlos et al., 2004).

It is evident from the present embryological 
study that (1) M. xgiganteus  is sterile due to 
hybrid incompatibility, resulting in the failure of 
normal male and female gametophyte development 
and embryo formation, and therefore is not good 
material for crossing experiments; (2) New geno
types might be produced by way of andro- and 
gynogenesis using in vitro techniques to culture 
viable m icrospores, uninucleate pollen, or unpolli
nated ovules even if they arise with very low fre
quency.
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