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Efficient Microspore Isolation Methods for High
Yield Embryoids and Regeneration in Rice (Oryza
sativa L.)
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Abstract—Through anther and microspore culture methods,
complete homozygous plants can be produced within a year as
compared to the long inbreeding method. Isolated microspore culture
is one of the most important techniques for rapid development of
haploid plants. The efficiency of this method is influenced by several
factors such as cultural conditions, growth regulators, plant media,
pretreatments, physical and growth conditions of the donor plants,
pollen isolation procedure, etc. The main purpose of this study was to
improve the isolated microspore culture protocol in order to increase
the efficiency of embryoids, its regeneration and reducing albinisms.
Under this study we have tested mainly three different microspore
isolation procedures by glass rod, homozeniger and by blending and
found the efficiency on gametic embryogenesis. There are three types
of media viz. washing, pre-culture and induction was used. The
induction medium as AMC (modified MS) supplemented by 2, 4-D
(2.5 mg/l), kinetin (0.5 mg/l) and higher amount of D-Manitol (90
g/1) instead of sucrose and two types of amino acids (L-glutamine and
L-serine) were used. Out of three main microspore isolation
procedure by homogenizer isolation (P,) showed best performance on
ELS induction (177%) and green plantlets (104%) compared with
other techniques. For all cases albinisims occurred but microspore
isolation from excised anthers by glass rod and homogenizer showed
lesser numbers of albino plants that was also one of the important
findings in this study.

Keywords—Androgenesis, pretreatment, microspore culture,
regeneration, albino plants, Oryza sativa.

I. INTRODUCTION

ICE (Oryza sativa L.) is one of the most important cereals

crop in Bangladesh and also in the world. The population
of rice eaters are increasing day by day and the number of rice
consumers will probably two fold by the year of 2020 [1].
Agricultural genetics is one of the easier parts of the solution.
Use of unconventional techniques such as doubled haploids
breeding through anther and microspore culture is becoming
more useful in the speeding up of the application of
conventional plant breeding methods [2]. The main advantage
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of using doubled haploid techniques is the rapid homozygosity
of the descendants, results a time saving procedure for the
development of new varieties [3], [4]. But for advance
biotechnological work to cereal crops have recalcitrant to
recombinant techniques mainly because of problems in
establishing regenerable cell and tissue cultures systems [5],
[6]. Isoalted microspore culture is an important and useful tool
in plant breeding for production of homozygous line and
combined study with genetic transformation fertile
homozygous plants can be produced rapidly [7], [8]. To
overcome the high reactivity of somatic tissues such as anther
wall, multicellular hair-type structures, anther connective and
parenchymatous vascular bundle microspore culture is an
important technique [9], [10]. Microspore embryogenesis is an
elegant system also for genetic transformation and could
provide a practical alternative for the production of doubled
haploid plant species in which regeneration from somatic cells
is difficult, especially in the recalcitrant cereals [11]. It has
been reported that most of the genotypes, the production of
embryos per anther obtained in isolated microspore culture is
generally higher than in anther culture [12]. In certain plant
species such as Hordium vulgare the isolated microspore
culture procedure has produced five fold green plants
compared to anther culture [13], [14]. Till there are some
reports on isolated microspore culture in cereal and other
crops with success, e.g. barley [15]-[17]; durum wheat [18],
rice [19], [20]; rye [21], maize [22], [23], wheat [24]-[28],
Brassica napus [29], [30], carrot [31], chickpea [32],
Corchorus [33]; horse chestnut [34], Medicago [35], pepper
[36]-[38], For androgenetic research still a great lacking of
embryo induction and high percentage of albinos among
regenerated plants [39]. Albino plants are very often produced
during the regeneration of microspore-derived plants in cereals
[40]. The frequency of albinos may vary from 5 -100% in rice
anther culture [41]. Till many researches have been done on
several experiments in different aspects for influencing of
androgenesis. But there is not enough report on rice and some
other crops about the suitable microspore isolation procedure.
Under this circumstance this research project has been
undertaken to develop an efficient embryoids induction and
regeneration methods using different isolation techniques of
microspore using Bangladeshi rice cultivars.
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II. MATERIALS AND METHODS

A. Microspore Donor Plants and Different Steps for
Production of Doubled Haploids in Rice

To optimize different microspore isolated procedure in rice,
IR 34 variety were used as plant material that showed good
androgenetic performance previously reported by [42] Seeds
were grown in the experimental field at the Institute of
Biological Sciences during the rice cultivation period (2012-
2013). Spikes were harvested and subjected to cold pre-
treatment at 4°C~5°C for 3-15 days in dark. Anthers
containing microspores at the late uninucleated to early
binucleate stage were excised from the central part of the
spikes. Microspore conditions were observed by 1% aceto-
carmine staining under microscope prior to culture. Different
steps of microspore isolation and subsequent procedure of
doubled haploids (DH) production are shown in Fig. 1.

Harvested rice spikes

l

Excisedrice floret/ anthers

Isolation of microspores

Microsporesat early to mid uni-nucleate stage (culture
to induction medium)

Multicellular embryogenic microspores (3-7 days)

\

Microsporederived embryos/callus (3-4 weeks)

|

Microspor e derived plants

/ Amnalysis of ploidy levels by karyotypic
method or by flow cytometry

Haploid plants (n) ==  Homozygous
doubled haploids

(2m)
Colchicine treatment

Acclimation of plantsin growth
room/greenhouse

Confirmation of DHs
(17t generation)

Homozygous doubled haploid
seeds obtained in - 10 months

Fig. 1 A flow chart showing on different steps of rice microspore
culture for doubled haploid production

B. Culture Media

Three types of media viz. PC (pre-culture), WM (washing)
and induction (AMC) were used for this study [24] that is
shown in Table I. The WM and AMC were modified by AM
[43]. The pH of media was adjusted at 5.8 before autoclaving.

C. Methods for Different Microspore Isolation Procedure

Squeezed of Rice Floret by Glass Rod (Py)

Cold pretreated spikes were surface sterilized with 70%
ethanol and anthers were removed with a fine tweezers
(forceps) and kept in sterile petri dishes with 4-ml washing
medium. In this case microspores were released from rice
floret (along with anthers lemma and palea were closed) by
squeezing with a sterile glass rod. The suspension was diluted
with 15ml WM and filtered through a sieve with a 100um
mesh and centrifuged for 4 minutes with 750rpm. Then the
sediment was carefully resuspended in 3ml induction medium
and transferred to a sterile petri dish (35 x 10mm). Petri dishes
were sealed with parafilm and incubated at 28+2°C in dark for
embryo induction. After 3-4 weeks the targeted embryos and
calli, those were around 1-3mm in diameter, were removed
weekly and transferred to the regeneration medium. Then
regenerated plantlets were transferred to plant medium [43]
for root and shoot development.

Squeezed of Excised Anther by Glass Rod (P5)

In this case microspores were released in the medium from
excised anther by squeezing with a sterile glass rod. The
subsequent procedure was followed as described previously in
Pi.

Squeezed of Rice Floret by Homogenizer (P3)

Microspore isolation by homogenizer, sterilized rice floret
was placed in a 50ml tube with 20-25ml washing medium
(WM). Rice floret was squeezed by polytron (PT-1200C,
Kinematica AG, Switzerland) at medium speed for 45-60
seconds. The anthers and debris were removed by passing a
100pum stainless steel mesh sieve and the microspores were
collected and the solution was washed by WM and further
centrifuged with 750 rpm for 3 minutes. The debris was
removed through a 100um stainless steel mesh sieve and the
microspores were collected. The subsequent procedure was
followed as described previously in P;.

Microspore Isolation from Anthers by Homogenizer (P,)

In this case microspores were released in the medium from
excised anther by squeezing with homogenizer (polytron). The
subsequent procedure was followed as described previously in
P; and P.

Squeezed of Rice Floret by Blender (Ps)

Rice floret placed in a sterilized microblender chamber
containing 20-30ml liquid WM. The microblender chamber
covered with aluminum foil during blending and anthers were
blended with low speed for few seconds. Then the debris was
removed through a 100pum stainless steel mesh sieve and
microspores were collected following the subsequent
procedure as described previously P;.

Microspore Isolation from Anthers by Blender (Pg)

In this case microspores were released in the medium from
excised anther by squeezing with a blender. The subsequent
procedure was followed as described previously in P; and Ps.
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TABLEI
CHEMICAL COMPOSITION OF PRECULTURE (PC), WASHING (WM) AND INDUCTION (AMC) MEDIA FOR RICE MICROSPORE CULTURE

Media composition PC- Preculture medium

WM- Washing medium (mg/1)

AMC- Induction medium (mg/l)

KNO; - 500 1000
(NH4),SO4 - 50 100
Ca(NO;),. 4H,0O - 50 100
KH,PO, - 100 200
MgSO, 7H,O - 62.5 125
KCl1 - 17.5 35
MnSO,. 4H,0 - 4.4 44
ZnSO,, TH,O - 1.5 1.5
H;BO; - 1.6 1.6
KI - 0.8 0.8
FeCls - 27.0 27.0
Na,EDTA - 373 373
Thiamin HC1 - 1.0 1.0
2,4-D - 2.5 2.5
Kinetin - 0.5 0.5
Sucrose - 60 g/l -
D-Manitol 80.0 g/l - 90 g/l
L-glutamine - 1000 1000
L-serine - 100 100
L-ascorbic acid 50 mg/1 - -
L-proline 150 mg/1 - -

pH of all media was: 5.8.

D. Data Recording

Data were recorded on the basis of embryo yield and its
regeneration potentials from three major microspore isolation
methods. For Control, excised anthers were directly cultured
in induction medium (AMC). For microspore isolation
procedure data were recorded on the basis embryogenesis
(number of regenerated embryoids, embryoids per 10°
microspores from 100 anthers) and for regeneration e.g. total
regenerated plantlets (TRP), green (GRP) and albino plants
(ARP) per 100 embryos. Five replications were considered
and 5 x 10° microspores were used from 500 anthers for all
cases. In case of control 500 anthers were inoculated in
induction medium.

III. RESULTS AND DISCUSSION

Through isolated microspore culture methods it may
possible to overcome the production of embryoids from
somatic tissues such as anther wall, multicellular hair-type
structures, anther connective and parenchymatous vascular
bundle. To found the embryo yield and its regeneration
potentials from six microspore isolation methods e.g. P, =
squeezed of rice floret by glass rod, P, = squeezed of excised
anthers by glass rod, P; = squeezed of rice floret by
homogenizer, P, = squeezed of excised anther by
homogenizer, Ps = squeezed of rice floret by blender, Py =
squeezed of excised anther by blender were considered for this
study. The percentage of embryo induction was recorded from
different isolation methods of rice are shown in Table II. The
developmental stages of microspore and subsequent formation
of embryoids from different isolation procedures are shown in
Figs. 2 (A)-(D) and Figs. 3 (A)-(C).

TABLEII
INDUCTION OF EMBRYOIDS AND REGENERATION EFFICIENCY OF RICE ANTHER CULTURE BY DIFFRENT MICROSPORE ISOLATION PROCEDURE

Embryo like structures (ELS)

Regenerated embryos

Regeneration (per 100 embryos)

Procedure per 10° microspores/ 100 anthers (%) TRP (%) GRP (%) ARP (%)

Control 28.00 17.00 23.00 16.00 7.00
P 65.00 44.00 55.00 47.00 8.00

P, 123.00 110.00 102.00 91.00 11.00

P; 103.00 78.00 65.00 53.00 12.00

Py 177.00 136.00 125.00 109.00 16.00

Ps 99.00 83.00 58.00 43.00 15.00

Ps 137.00 97.00 94.00 69.00 25.00
Mean 104.57 80.71 74.57 61.14 13.43

Control = Excised anthers (100) directly cultured in liquid AMC [24], P = Procedure, P, = squeezed of rice floret by glass rod, P, = squeezed of excised
anthers by glass rod, P; = squeezed of rice floret by homogenizer, P, = squeezed of excised anther by homogenizer, Ps = squeezed of rice floret by blender, Ps =
squeezed of excised anther by blender, 10° microspores = 100 anthers, TRP= Total regenerated plants, GRP = Green regenerated plants, ARP = Albino

regenerated plants.
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Fig. 2 Stages of isolated microspore culture and its subsequent
regeneration of rice (A) Microspore isolation after 3 days of culture
initiation (B) Embryoids formation after 2-3 weeks of culture (C)
Microspore-derived embryoids transferred to regeneration medium
(D) Embryoids showing good regeneration in RRG medium

- A

Fig. 3 Green and albino plant regeneration from microspore-derived
embryoids in rice (A) Green and albino plants development with
good root and shoot (B) Plants were transferred to test shoot
elongation and root development (C) Microspore-derived plants were
transferred to pot for doubled heploids seed collection

Fully formed embryoids were observed within 4-5 weeks of
culture initiation. It was observed that out of three major
methods, microspore isolation procedure by glass rod (P,) was
much easier and simplest and less expensive because for that
sophisticated equipments are not required. However, lower
percentage of embryoids (65% from 100 anthers) were
recorded by glass rod isolation procedure where green plants
were recorded (47%) and less number of albino plants (8%) in
P;. Highest percentage of embryoids (177%) were recorded in
P4 where anthers were squeezed by homogenizer (Polytron)
are shown in Table II. Out of the mentioned microspore
isolation procedure the best performance found in P, where
anther were squeezed by homogenizer and in this case excised
anthers were used as explants. The efficiency of isolated
microspore culture technique of rice has been studied by major
three methods and successfully standardized suitable isolation

techniques. It was observed that better embryo yields of
microspores isolation by homogenizer showed the best than
glass rod and blender isolation. But on that case regeneration
was lesser and albino plants obtained little higher that other
two procedures of glass and polytron isolation. In Brassica
napus the technique of pestle maceration by which the anthers
are pressed through a sieve with a certain mesh size by using a
teflon rod [44]. This technique also successfully adapted for
wheat [45], barley [46], [13] and maize [47]. In maize and
barley the microblending technique was found to be superior
for isolation of microspores compared to the maceration
method with respect to yield of microspores [48]. Similar
observation was done by Gustafson et al. [49]. They compared
four isolation methods of microspore and obtained highest
initial microspore viability (75%) with blending isolation
technique. Our system for homogenizer (polytron) and
blending isolation technique gave a very high number of
embryoids per 100 anthers. However, for isolation technique
of microspores by homogenizer and blender also gave quite
similar results with the system [48]. By using a microblender
the rapid isolation of large number of microspores free from
tissue and cellular debris is possible. For microspore isolation,
a series of sieve were used with different pore sizes in order to
separate microspores of different stages (e.g. non-vacuolated
early microspores and vacuolated microspores or bi-cellular
pollen grains) before centrifugation, or to eliminate the sub-
cellular components [50]. Regeneration from microspores
obtained by microblending was described for wheat [51],
barley [48] and maize [47]. Gustafson et al. [49] compared
four microspore isolation methods e.g. blending, stirring,
maceration and floating and obtained highest initial
microspore viability (75%) with blending isolation technique.
They reported that blender isolation without mannitol
conditioning and an initial density 2 x 10° microspore ml™ was
best for continued microspore viability. Those techniques are
as follows: isolation of microspores by sterile glass rod, by
homogenizer from anthers and by blender from anthers.
Albinisms still have a great problem for mainly in cereals
crops for androgenetic study and it has no agronomical value.
However, under this study we found that the microspore
isolation by sterile glass rod and homogenizer showed quite
better performance and reducing albino plants compared with
control and other isolation procedures.

IV. CONCLUSIONS

Rapid production of doubled haploids through anther and
isolated microspore culture is very efficient and useful
methods. Under this study six microspore isolation procedures
(P1-Pg) from three major groups e.g. squeezed of rice floret
and excised anthers by glass rod, rice floret and excised anther
by homogenizer, rice floret and excised anther by blender
isolation techniques were used. Microspore isolation
procedure by glass rod (P;) was much easier and simplest
methods. Less number of embryoids (65% from 100 anthers)
were recorded when rice floret squeezed by glass rod whereas
with same procedure but isolation form anthers showed good
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embryo yield (123%). For Control, around two to four fold
less embryoids (28%) were recorded when anther were
directly cultured in the same induction medium (AMC). In this
case, all microspore isolation methods showed good
performance on embryo yield and total plant regeneration. But
higher frequency of embryoids yield (177%) and green
plantlets (109%) were recorded when anthers were squeezed
by homogenizer and albino plants reduced compared to
control. It may conclude that for production of high yield
embryos and reducing albinisims microspore isolation
procedure is very much important besides other factors of
androgenetic study.
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