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ABSTRACT

The work was mainly focused on in vitro somatic and gametic embryogenesis for crop
improvement, application of various stress pre-treatments factors to enhance androgenetic
responses and increasing chromosome doubling efficiency in rice. Anther and microspore
derived embryoids were used for Agrobacterium-mediated transformation system. For somatic
embryogenesis mature seeds of a total number of twenty indica rice genotypes were considered
out of twenty three and cultured them in four different media (MS, N6, SK3 and B5). Out of
four media, N6 along with 3.0 mg/l 2,4-D + BAP 1.5 mg/l + Kin 1.0 mg/l showed best
callusing in BRRI dhan29. The variety BRRI dhan29 showed maximum rooting (64-90.67%)
in RRM (rice rooting medium). For anther culture we evaluated twenty three rice cultivars with
four induction media where almost genotypes showed more or less callusing in all media but
the SK3 showed better than others. An experiment was conducted for suitable regeneration
system and reducing albino plant production by early transferring methods. Results indicated
that transfer of anthers with or without embryo like structure (ELS) from induction to
regeneration medium posed a significant impact on improving regeneration potentiality and

reducing albinisms.

Another experiment was conducted to evaluate the effect of cold pre-treatment duration (4°C)
to harvested spikes (1-15 days). It was observed that three days cold pre-treatment showed
highest ELS, GPR (green plant regeneration) and reducing albinisms. Besides cold pre-
treatment as physical stress pre-treatment factors drought was applied to excised anthers. Here
three hours drought stress pre-treatment proved to be the more suitable for ELS and GRP. It
may be concluded that application of drought stress pre-treatment for three hours to excised
anthers prior to culture in liquid medium is very effective for embryoids induction as well as
green plant regeneration. Combined effects with drought and heat stress pre-treatments were
also found and interesting results obtained with 3h drought + 1h heat stress at 27°C anthers that

enhanced embryo yield and GRP in rice.

Three antimitotic agents (azetidine, colchicine and pronamide) was considered in addition to
the induction medium and observed that out of three dosages 150 mg/l azetidine and colchicine
showed better performance on chromosome doubling efficiency. But the colchicine showed the

most effective chemicals for chromosome doubling than azetidine and pronamide. For

Xiii



chemical stress pre-treatments factors as osmoticum agent e.g sorbitol, PEG and mannitol with
different dosages were applied to anther culture medium. Results indicated that 0.3 mM
mannitol showed highest embryo vyield (43.06%). An interesting experiment was also
conducted using liquid and semi-solid induction medium. Here we found three days incubation
period of anthers with mannitol showed best for both induction and regeneration of rice anther
culture. For overall mean value on ELS and GRP the 60 g/l mannitol showed best performance
than others. In other study different dosages of mannitol + heat pre-treatment at 30°C-33°C
was also applied. It was observed that pre-treatment at 33°C showed the best results on ELS
(43.12%) and GRP (22.86%) that was 2-3 times higher than control.

For isolated microspore culture six isolation procedures were evaluated on the basis of embryo
yield and regeneration. Out of six isolation procedure the glass rod was much easier and
simplest where 65-123% of embryoids were found from 100 anthers. In another study excised
anthers were pre-treated by different dosages of mannitol before microspore isolation. The 0.4
M mannitol showed best results on embryoids induction, green plant regeneration and reducing
albino plants. For another study various concentration of mannitol (0.2 M - 0.8 M) was directly
used in addition to the induction medium (AMC) of microspore culture and incubated them for
2, 4 and 6 days. It was observed that the incubation period at 4 days to rice floret showed

significantly higher embryo yield than Control and others durations.

The transformation work was done using anther and microspore derived-embryoids using
Bangladeshi rice genotype of BRRI dhan29. Out of 17 plants only two showed positive
response on putatively transgenic plants. Those plants were analyzed by PCR with gene
specific primers. The transgenics (To) showed tolerance to NaCl stress at 200 mM level with
leaf disk senescence assay. Agrobacterium-mediated transformation was attempted and
regeneration of stable green haploid plants obtained that was confirmed by flow cytometry
analysis. Under this study we have standardized the anther and isolated microspore culture
procedure, optimized suitable media for both anther and microspore culture, plant growth
regulators for somatic and gametic embryogenesis, culture conditions, etc. We have
standardized the transformation protocol for rapid development of drought and salinity stress
tolerant DHs transgenics that is very important methods to develop transgenic homozygous

lines shortly to mitigate the challenges of climate change for sustainable crop development.
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Chapter |
General Introduction




1. General Introduction

Rice (Oryza sativa L.) is a staple and major food crop and according to IRRI, Bangladesh
is the fourth largets rice producing country in the world (IRRI 2016). Its cultivation playes
a vital role in livelihood and maintenance of the huge population in Bangladesh. Rice is
grown in three distinct seasons in Bangladesh: Aus (spring-summer), Aman (summer-fall),
and Boro (winter-spring). A stable rice cultivation practice can ensure the food security for
135 million peoples in Bangladesh. More than 95% of population consumes rice and it
alone provides 76% of calorie requirement of daily food intake in Bangladesh (Bhuiyan et
al. 2002). In South-East Asia rice provides about 60% and in East and South Asia is about
35%. Peoples from Bangladesh, Cambodia, Indonesia, Laos, Myanmar, Thailand and
Vietnam are taken highest calorie (55-80%) from rice and here yearly the highest level of
consumption per capita is 130 - 180 kg. Rice contains low fat and protein compared with
maize, wheat, barley and other cereal crops. Brown rice has a greater food value than white
and it is a source of magnesium, thiamine, phosphorus, copper, zinc and vitamin-B6 and

some varieties having iron, potassium and folic acid.

The most important sector of Bangladeshi economy in agriculture which contributes
19.60% to the national GDP and provides enrolement for 63% of the residents and the total
arable land in Bangladesh is 61.2%. The United Nation’s Population Division has
estimated that the total population of Bangladesh will be 194.353 million in 2050 and the
demand of rice will be 49.07 million tons which is about more than 30% compared to
present rice production (Basak 2011). For rice production almost 10.5 million hectares
land of this country are occupied which was stable over the past three decades
(http://knowledgebank-brri.org). Three major types of rice varieties are cutivated

traditionally by farmers in Bangladesh, those are Aman, Aus and Boro.

Bangladesh is a densely populated country and here the probability of increasing cultivable
land is nearly zero. So, agricultural genetics is one of the easier parts for production of high

yielding varieties and stress tolerant rice plants. The occurrence in rice sector happened
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mainly due to genetic improvement in terms of high yielding rice varieties. But to cope up
with the increasing population rate, rice production needs to be accelerated at a certain rate
for ensuring food security in this country near future. In many countries rice production
area is threatened due to high salinity and drought stress factors resulting in the failure to
achieve self-sufficiency in food (Boyer 1982). Major biotic and abiotic stresses are
adversely affect plant growth and productivity and trigger a series of morphological,
physiological and biochemical changes in plants. However, there is a great need to exploit
all genetic variability that can be used for stressful environments. Since plants are sessile,
they have to perceive the changes in the environmental condition to survive and grow
under stress conditions (Oleszczuk et al. 2006, Ochatt et al. 2009, Banu et al. 2014, Kalhori
etal. 2017).

Global warming leads to various climate changes resulting in new abiotic stresses
(drought, soil salinity, heat or high temperature, cold, heavy metal, water logging,
wounding, ozone, etc) in many agriculturally used regions. In many countries, drought and
soil salinity are the main contributors to food insecurity and poverty. Drought and salinity
are becoming increasingly prevalent such that e.g. severe salinization is predicted to
encompass more than 50% of all cultivable land by 2050 (Kasuga et al. 1999, Wang et al.
2003). To develop a suitable technology like biotechnology and genetic engineering that
could be help to increase yield and productivity for sustainable agricultural and
environmental development (Mahajan and Tuteja 2005, Purwoko et al. 2010, Kalhori et al.
2017). The application of biotechnology in combination with conventional breeding
methods such as androgenetic technology for DHs production may help to increase food
development and security in the world (Weeks et al. 1993, Otani et al. 2005, Shariatpanahi
20064, Islam et al. 2013a).

It is to be mentioned that sustainable agricultural development and food security will not
be achievable without new technologies for agricultural improvement such as genetic
engineering and biotechnology. Plant embryogenesis is a process for the production of a

fully developed embryo from a zygote after the fertilization of an ovule. Then the zygote
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undergo various cellular divisions and differentiations to become a mature embryo and
finally developed different organs of a plants e.g. shoot apical and root meristem,
hypocotyl, root cap and cotyledons (Goldberg et al. 1994, Laux and Jirgens 1997, George
et al. 2007). Asexual reproduction through in vivo methods like parthenogenesis,
adventitious embryos, somatic embryogenesis is also important for crop development. In
vitro techniques like embryo culture (mature and immature) and gametic embryogenesis
(DHs production) are also very efficient techniques for crop improvement. It’s happen in
plants in two important phases like morphogenesis and maturation. Somatic or gametic
cells are able to differentiate into embryos in vitro following the application of plant

growth regulators (PGRs) or various physical and chemical stress pre-treatment factors.

The in vitro somatic embryogenesis (SE) is the process where a plant embryo is developed
from somatic cells (George et al. 2007). Major advances of somatic embryogenesis are-
clonal propagation, elimination viruses causing diseases from plants, suitable explants
source for advance biotechnological research, whole plants can be developed from single
cells (e.g. protoplasts, microspores) and synthetic seed technology. A disadvantage of
somatic embryogenesis is mutations, albino plant production. The in vitro production of
doubled haploids through androgenesis (anther and microspore culture) is a powerful tool
to generate homozygous lines much faster than conventional breeding methods. In case of
conventional inbreeding procedures take 6-8 generations to achieve approximately
complete homozygocity, whereas doubled haploidy it is one generation. Till now there are
more than 200 species of angiosperms that produce haploid plants through in vitro
androgenesis (Maluszynski et al. 2003, Dunwell 2010). In addition to crop improvement,
DHs are an excellent source for gene mapping, cytogenetic research, and evolutionary
studies (Campos et al. 2004). Evaluation of the DH lines and their hybrid products can
provide an excellent opportunity to link phenotypic performance with the genotype. It has
been reported that various abiotic stress pre-treatment factors may enhance somatic and

gametic embryogenesis in cereal and higher crops also.
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Haploid plants have the gametophyte number of chromosomes that is a single set of
chromosomes in sporophyte. Niizeki and Oono (1968) was the first reporter who has done
very successful in rice and culture and haploid plant production. Duncan and Heberle Bors
(1976) reported that cold pre-treatment showed lows down degradation processes in the anther

tissues thus protecting microspores from toxic compounds released in the decaying anthers.

Several researchers recognized the great advantage that a functional microspore
transformation system would offer, and tried to transform microspores in several species
such as barley (Jahne et al. 1994, Yao et al. 1997), tobacco (Stoger et al. 1995), and oil
seed rape (Dormann et al. 1995 and 1998, Fukuoka et al. 1998) by micro-projectile
bombardment and or A. tumefaciens-mediated methods. In this process, microspores
become embryogenic by changing from the programmed gametophytic (pollen
development) to sporophytic pathway (embryo development) and plant regeneration

through in vitro culture.

Albinism is a great problem in androgenetic study by anther and microspore culture and
for that some physiological factors may influence that need to be identified. To overcome
the problem microspores needed a better environment so that the physiological limitations
could be partially compensated for with readily available nutrient resources (Islam and
Tuteja 2012). While stresses including reduced nutrient availability may be beneficial for
the induction of androgenesis, some nutrients are needed for normal green plant formation

at the very beginning of androgenesis induction (Islam 2013a).

Microspore embryogenesis is the most commonly used method and it is based on the
ability of a single haploid cells. To dedifferentiate and regenerate microspore after being
exposed to stresses like low (cold) or high temperatures (heat, starvation, drought), carbon
starvation (osmotic stress) and as chemical (colchicines) may enhanced embryogenesis as
well as regeneration (Islam 2010b, Islam and Tuteja 2012). Some stresses such as
temperature treatments and carbon starvation have been used with success in many plant
species whereas others such as colchicine had limited application in a few species
(Saisingtong et al. 1996, Maraschin et al 2006, Islam 2010b).
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Widely used stresses are cold, heat, carbon starvation and colchicine for the induction of
microspore embryogenesis. As stress heat pre-treatment is usually carried out at 33°C to
37°C for a duration varying from several hours to several days, whereas cold treatment is
carried out at 4°C - 10°C from some days to several weeks (Khatun et al. 2010 and 2012,
Rukmini et al. 2013). Touraev et al. (2001) mentioned that incubation of microspores in
media containing non-metabolisable carbon sources, i.e. in mannitol containing media
enhanced gametic embryogenesis. Blakeslee and Avery (1937) were the first who made the
sensational discovery of the induction of chromosome doubling by colchicine. The
application of other antimitotic agents (trifuralin, nitrous oxide and oryzalin) in induction
medium with various doses also showed very effective results on doubled haploid
production. Colchicine is a commonly used microtubule-depolymerizing agent which
actively binds to alpha and beta tubulin subunits of tubulin heterodimers of microtubules,
thus, blocking the active sites of microtubules for binding to kinetochore protein
(Shariatpanahi et al. 2006). Barnabas et al. (1996) reported the direct effect of colchicine
on the mitotic divisions of microspores in culture by transmission electron microscopy and
they found significant increase in the frequency of symmetrical divisions, induced by in
vitro colchicine treatment. In addition, colchicine, a microtubule-depolymerizing agent, is
being used as a stress pretreatment (Simmonds 1989, Zhao and Simmonds 1995,
Saisingtong 1998). In maize colchicine pretreatment (250 mg/l) for 3-6 days produced the
highest number of ELS-embryo like structures reported by Saisingtong et al. (1996). Burun
and Emiroglu (2008) found that pretreatment of tobacco anther to 0.2% colchicine for one
day resulted in the 60% diploidization of chromosomes. In maize the application of
colchicine in the pretreatment media increased the number of fertile DH plants
(Saisingtong et al. 1996, Antonie-Michard and Beckert 1997). As chemical stress pre-
treatments factors by colchicine (250 mg/l) for 72 hrs in combination with physical stress
factors as cold at 4°C duration was effective in the production of doubled haploids

(Motallebi-Azar and Panahadeh 2010).
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Application of different stress pre-treatments factors may increase induction and
regeneration efficiency in cereal crops (Touraev et al. 1997). Star-like microspores seem to
be very effective on gametic embryogenesis reported in wheat and tobacco (Touraev et al.
1996 a and b, Touraev et al. 1997, Shariatpanahi et al. 2006). However, it was shown that
depending upon the type of stress pre-treatment to explants (spikes, anthers or
microspores) that showed symmetric and asymmetric first cell division that enhanced
embryogenic development in wheat microspore culture (Hu and Kasha 1999). They also
reported that the first division in embryogenic wheat microspores is usually symmetric
when D-mannitol pre-treatment is used while it is asymmetric after cold pretreatment.
Mannitol is the most suitable osmoticum for subsequent embryo development.
Wojnarowiez et al. (2004) tested various dosages of sugars and mannitol at different steps
on anther culture in barley to elucidate their influence on both the overall embryo yield and
the structure of plastids in relation to albinism. They obtained best results using mannitol
(364 mOsm/kg) and found 139.7 percentages of green plants per 100 plated anthers. Pre-
treatment stresses with mannitol showed significant progress for microspore development
in durum wheat (Slama-Ayed et al. 2010), rice (Raina and Irfan 1998) and maize (Pescitelli
et al. 1990). Maraschin et al. (2005) reported that some genes are specifically expressed

during embryogenic induction of microspores.

Microspore embryogenesis is an elegant system for genetic transformation and could
provide a practical alternative for the production of transgenic doubled haploid plant
species in which regeneration from somatic cells is difficult, especially in the recalcitrant
cereals (Snape et al. 1986, Datta et al. 1990, Bikash and Mandal 2001, Kumlehn et al.
2004 and 2006, Karasawa et al. 2016). For genetic transformation of cereal crops have
recalcitrant to recombinant techniques mainly because of problems in establishing
regenerable cell and tissue cultures as well as efficient DNA delivery systems (Stdger et
al. 1995, Obert et al. 2008, Shim et al. 2009, Chauhan and Khurana 2010 and 2011). This
protocol may be used to overcome genotypic limitations of doubled haploid formation in
cultivars that had previously been found to be recalcitrant in anther culture (Sopory and
Munshi 1996, Zapata-Arias 1983a, Cegielska-Taras et al. 2008 and 2015).
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Chapter 1 General Introduction

Drought and high salinity stress causes the adverse effects on the plants growth and the
development that resulted in significant economic losses worldwide and minimizing these
losses is a major area of concern now. The responses to abiotic stresses are multigenic and
the molecular mechanisms underlying these are not very well understood. Once the stress
condition has been perceived, and signal transduction has been activated, downstream
genes involved in response and tolerance mechanisms become activated. Overall, the
physiologic response to the stress arises due to changes in cellular gene expression.
Induction and repression of a number of genes are likely to play an integral role in stress

acclimation or tolerance.

The RNA helicases are ubiquitous enzymes that catalyse the unwinding of energetically
stable duplex RNA secondary structures. They play an essential role in basic cellular
processes regulating plant growth and development, such as DNA replication, repair,
recombination, transcription and translation (Tuteja 2003, Owttrim 2006, Vashist and
Tuteja 2006). It seems therefore that helicase might be playing an important role in
stabilizing growth in plants under stress by regulating stress-induced transcription and
translation. A hallmark of most of the helicases (but not for all) is the existence of a set of
highly conserved amino acid sequences called ‘helicase motifs’, which are clustered
together for helicase function. Because of the presence of a DEAD motif, the family of
these proteins is also called as DEAD box family of proteins. The p68 (Ddx5) gene are one
of the prototypic members of the DEAD box family of proteins and were one of the first
proteins to be shown to exhibit RNA helicase activity in vitro. Expression of p68 was
shown to be growth and developmentally regulated and to correlate with organ maturation
and differentiation. Overall, p68 is a multifunctional protein involved in RNA splicing,
pre-rRNA processing, RNA-induced silencing, transcription initiation, transcriptional
repressor, etc. However, very little is known about p68 protein in plant system. The role of
p68 in stress tolerance has not been reported so far for other crops. In an attempt to permit
growth of plants in drought and/or high salinity stress, genetic transformation will be

carried out with stress-induced p68 gene(s) using Bangladeshi rice cultivars combination
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with androgenetic study. Under this study biotechnological approaches such as
androgenesis and transgenic techniques have applied to ensure sustainable development
and eco-friendly sustainable agriculture crops. An important strategy have been undertaken
to develop homozygous fertile transgenic plants rapidly with enhance tolerant to drought
and salinity. To resolve the urgent global issues, biotechnological research and the
development of abiotic stress tolerant crops are very important for agricultural
development. Here the targeted gene were transformd using callus derived from seeds and
also anther and microspore derived-embryoids using Bangladeshi rice cultivars. The work

mainl