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Abstract

One hundred strains of actinomycetes were isolated from rice paddy field
soils at Nong Bua, Nakonsawan, and “Happy Rice Organic Farm” at Nong sua,
Pathumthani. All isolates were preliminary screened for antimicrobial properties and
antifungal activities against Pyricularia sp. CRI60007 that caused rice blast disease.
Sixteen isolates that showed the inhibitory against the tested microorganisms and rice
blast disease were secondary screened by agar disc diffusion method. Sixteen isolates
with antimicrobial and antifungal ability on rice blast disease were analysed for 16S
rRNA genes sequences. Strain NK08203 was selected to be a potential strain. This strain
showed 90.51% against Pyricularia sp. CRI60007, presented ability to grow in sodium
chloride 0-8%, temperature at 28-40 °C, pH 5-11, tolerance to agriculture chemical
products, and produced 4.44 x10'* spore/mL in submerged culture at 96 hrs.
Identification of 16S rRNA gene tend to be Streptomyces hydrojenans with 100%
similarity. Whole genome sequencing was used to analysed secondary metabolite gene
cluster of strain NK08203 that showed revealed antifungal gene expression.
Development biocontrol agent of strain  NK08203 was performed by
microencapsulation techniques. The results of yield production presented 20.43 %

and cell survival as 4.73 x 10° CFU/mL.
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Chapter 1

Introduction

1.1  Research Motivation

Rice (Oryza sativa) is a majority cereal crop, and rice is the main food of people
around the world, specifically in Asia. Nevertheless, rice is infeceted by pathogenic
fungi that causing of crop yield drecrease or losses (Chaiharn et al., 2009 ; Asibi et al.,
2019). The rice blast disease causing Pyricularia spp. is one of the most damaging
airborne pathogens (Kato, 2001). Rice plants can be infected by this fungal at any
growth stage (Asibi et al., 2019). The yield of rice could be loosed 10 to 30% in various
rice-producing countries and can raise by up to 50% during blast disease pandemic
(Asibi et al., 2019 ; Wilson and Talbot, 2009 ; Ashkani et al., 2015). Many synthetic
chemicals were used against blast disease for instance carbendazim, carpropamid,
tricyclazole, and pyroquilon (Kato, 2001 ; Pooja and Katoch, 2014). However, the
synthetic chemicals that used in agriculture to control pests and disease were
produced pollution in environmental, reduced soil quality, damaged ecosystems, and
developmented of pesticide resistance (Pooja and Katoch, 2014 ; Law et al., 2017). To
control rice blast disease by using fungicide could be effected to the environment and
soil microorganism (Yoon et al., 2013) and human risk to pesticides that could be
harmful to human health.

Biological control can be one of alternative way that is an environment friendly
approach. A definition of biological control is biological agent that used for managed
pests or disease in environment permanently or over the long term (Kenis et al., 2017).
Biological agent applied can be a parasitoid, a pathogen or a predator of enemy
organism that is causing yield of production losses (Hajek et al., 2007).

Many strains of actinomycetes are considered to be biocontrol agents because
of their abilities in antifungal and antimicrobial production as well as plant growth-
promoting (PGP). It also efficiently colonises the rhizosphere of different plant species
including rice (Patel et al., 2018). Many Streptomyces strains had been studied in
several laboratories to control bacterial and fungal diseases of rice such as rice blast
disease fungus caused by Pyricularia sp. (Hastuti et al., 2012 ; Law et al., 2017 ;

Chaiharn et al., 2020), but there is poorly found to improve the actinomycetes as



biocontrol products for agicultures (Suarez-Moreno et al., 2020). Shelf-stable of
biocontrol development is one of the major bottle necks for commercial biocontrol
products (Droby et al., 2009 ; Navatar et al., 2011). Biological control product should
be contain enough colony forming units (CFU) to inhibit phytopathogens, low cost to
produce, and provide a long shelf-life (Melin et al. 2007 ; Teixido'et al., 2011).
Eventually, biological products should be showed the ability to control
phytopathogenic plant like fresh cells. Biological formulations could be accomplished
by various appoarchs including liquid or dry preparations (Gotor et al., 2017).
Microencapsulation technique could be protected sensitive substances or
microorganism from the external environment (Ghosh, 2006) by the addition of certain
carriers to the formulation medium for providng a dry particle and also to maintain
and against cell damage during the drying process, this technique will be used in this

research (Abadias et al., 2001 ; Sabugquillo et al., 2010 ; Melin et al., 2011).

1.2 Objectives of the study

1) Isolation and screening of antimicrobial activity and searching for potential strains
to control rice blast disease of actinomycete from rice rhizospheric soil and rice field
soil.

2) Identification of potential strains based on phenotypic and genotypic
characterisation.

3) To develop spore formation of the potential strain in submerged cultivation.

4) To study of biocontrol against properties of the potential strain include plant
growth promoting and hydrolytic enzyme to fungal cell wall.

5) Immobilize the potential strain with encapsulated formulation by using spray-

drying technique.

1.3 Scopes of the study

1) Isolation actinomycetes from rice rhizosphere soil that can produce antimicrobial
and potential strains to control rice blast disease on rice leaves.

2) Preliminary screening of antimicrobial activity to test microorganisms by “T-
streak” method and antifungal activity by dual culture method.

3) Screening for secondary metabolite by crude extracts preparation by agar disc

diffusion to test microorganisms.



4) In vitro screening hydrolytic enzyme production of the potential actinomycete
strains that can produce strong antifungal activity to Pyricularia sp. CRI60007.

5) Characterisation of the potential strains based on morphological, biochemical,
physiological properties and identification analysis of 16S rRNA gene sequencing.

6) Improving spore formation of the potential strain in submerged cultivation
conducted by comparing the effect of two differences medium on spore formation
including of International Streptomyces Project No.2 (ISP2) and modified ISP2.

7) To develop spore formation of the potential strain in submerged cultivation.

8) Immobilize the potential strain with encapsulation technique by using spray-

drying technique.

1.4 Benefit of this study

1) Actinomycetes can produce antimicrobial activity to microorganism test and
showed good inhibition to rice blast disease fungus caused by Pyricularia sp.

2) The potential strain will be identified based on phenotypic and genotypic
characterisation.

3) The potential strain can be produced spore in submerged cultivation.

4) The potential strain had a great potential to be used as biocontrol against.

5) Encapsulated formulation of the potential strain is performed by using spray-

drying technique.



Chapter 2

Theory and literature reviews

2.1 Actinomycetes

2.1.1 The general classification of actinomycetes

Actinomycetes are gram-positive filamentous bacteria with high G+C content
approximately 57-75% (Lo et al, 2002). Actinobacteria displays the differential
morphology from gram-positive bacteria by performed aerial mycelium, substrate
mycelium, absent of nucleus and mitochondria. Actinomycetes are classified into class
Actinobacteria, subclass Actinobacteridae, and order Actinomycetales. The cell wall of
actinomycetes compose of mucorpeptide (N-acetyl slucosamine links with N-acetyl
muramicacid), 2,6-diaminopimeric acid, glutamic acid, glycine, and alanine (Witt and
Stackebrandt, 1990). Actinobacteria represent one of the largest taxonomic units in
Domain Bacteria among the 18 major lineages currently recognised (Ventura et al,,
2007). Actinomycete shows differential morphology among gram-positive bacteria.
However, actinobacteria displays typical prokaryote and produce mycelia like fungi but
totally different with fungi. The differential of morphology and function, mycelium of
actinomycete could be divided into aerial and substrate mycelium. Some actinomycete
could be performed complex structures for instance type of spore, spore chain (short
or long chains), sporangia, or sporangiospore. The position, number, and surfaces
structure of spore, the shape of sporangia, and present or absent flagella on
sporangiospore. All above data are important to classify morphological characteristics of
actinomycetes. Actinobacteria are widely distributed environments such as water, sea
water, hot spring, rhizosphere, endophytic in plants, desert, and mainly in soil.
Actinomycetes produced a variety of secondary metabolites or bioactive compounds
for instance antibiotics, degraded enzyme, anti-parasitic, plant growth promoting,
herbicides, and pesticides. Especially, Streptomyces is a majority genus for antibiotics
production in the microbial world. More than 80 % of all antibiotics produce by
Streptomyces genus (Goodfellow and Williams 1983 ; McCarthy and Williams 1992
Stach and Bull, 2005 ; Girish and Lakshmi, 2012). Actinomycetes could performed various

volatile matters such as geosmin of the characteristic “wet earth odor” (Wilkins, 1996).



2.1.2 lIsolation of actinomycetes from soil

Isolation of actinomycetes from soil depending on the abundant of an
environment around that soil sample, the composition of isolating medium, and
preparing soil sample (Poter et al., 1960). Major composition of a medium is nitrogen
sources and carbon sources. Actinomycetes could be grown in complex carbon source
such as casein, chitin, dextran, D-glucose, D-mannose, and humic acid.

Preparing soil sample to isolate actinomycetes is one of a methodology to
reduce the number of other bacteria and fungi. It could be induced spore in a dormant
spore state. The preparing soil sample methodologies for instance using high
temperature, using chemicals, or mixing antibiotic to the medium as shown in table

2.1.

Table 2.1 Preparing soil sample to isolate actinomycetes.

Preparing methodology Reference
Mixing 50 mg/L of nystatin into the isolation medium. Porter et al. (1960)
Centrifugation at 4500 rpm/1 min. Porter et al. (1960)
Heating soil sample at 100 °C for 15 mins. Athalye et al. (1960)

Drying soil sample at room temperature until the soil | Xu et al. (1996)

completely dry.

Heating soil sample at 70 °C for 15 mins. Seong et al. (2001)
Heating soil sample at 55 °C for 15 mins. Sirivibool et al. (1960)
Dilution soil sample with 0.9% sodium chloride (NaCl). Thakur et al. (1960)

2.2 Development of actinomycete classification

Actinomycetes are prokaryotic cells that characterized by using a simple cell
structure. In the past, prokaryotic classification was clearly demonstrated that newly
discovered techniques (Schleifer, 2009). The classification of prokaryotic was

developed different stages.



2.2.1 Phenotypic characteristics

Normally, the classical or traditional classification method were determined by
using microbial morphological attributes, growth requisitions, physiological
characterisation and biochemical characterisation. Morphological characteristics were
determined by using colour of substrate mycelium, aerial mycelium, and types of
spores. The colour of substrate mycelium, aerial mycelium and soluble pigments
diffusion are compared by using the ISCC-NBS colour charts (Centore, 2016). Spores
need to observe by using long working distance lens and scanning electron microscope

(SEM).
2.2.1.1 Morphological characteristics of actinomycetes
2.2.1.1.1 Actinomycetes mycelium
- Substrate mycelium

The substrate or vegetative mycelium could be grown on the surface of
the agar medium cultivation or into the agar culture medium (Figure 2.1 (2)). Some
substrate mycelium could be produced solubilised water pigment or solubilised fat
pigment (non-water-soluble). Water soluble pigments could be diffused into the
medium cultivation and provide important information to determine a novel species

(Buchanan, 1955).
- Aerial mycelium

Aerial mycelium is the hyphae that developing form the vegetative
mycelium (Figure 2.1 (3)). Sometimes, actinomycetes are hard to distinguish by
observing aerial and substrate mycelium. The easy approach to distinguish by using
slide culture technique with a light microscope. The hyphae of the aerial mycelium
are characterised by a fibrous sheath, excepted from Pseudonocardia genus and
Amycolata genus (Warwick et al., 1994). Ultramicroscopic was used for observing a
characteristic pattern of formed fibrillar components and short rodlets. The fibrous
sheath was appeared in aerial hyphae sporulation, causing the various type of the
spore surface (Wildermuth et al., 1994 ; Kalakoutski and Agre, 1976). The aerial hyphae
of all actinobacteria were depended upon nutritional conditions (carbon source or

nitrogen source), environmental factor (pH or temperature) or species characterisation.



Some genus, aerial mycelium developed a certain stage in the top form spore chain,

which is a reproductive hypha spore formation.

Figure 2.1 Actinomycetes mycelium ; (1) spore germination, (2) development of

vegetative mycelium, (3) formation of sporulating aerial mycelium (Vobis, 1997).

2.2.1.1.2 Actinomycetes spore

At a certain stage of actinomycete growth, differentiated of aerial
hyphae could be reproduced spore-bearing mycelium. Truly, spore-bearing mycelium
was appeared in most genus of actinobacteria. According to the observation by
Lechevalier and Lechevalier (1989), spore chains could be determined their length
(spore chain) and amount of spore for instance two spores can be called di- or
bisporous, a few spores call oligosporous, and poly-sporous with many spores as
shown in Figure 2.2. The basic classification of actinomycete spore chain including of

length, appearance, position, and colour.
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Figure 2.2 Single spore formation and short chain of spores in differences genus:
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(1) Micromonospora, (2) Thermomonospora, (3) Saccharomonospora, (4)
Thermoactinomyces. Disporous: (5) Microbispora Oligosporous: (6) Nocardia

brevicatena, (7) Catellatospora (Qinyuan et al., 2016).

Monosporous or single spore formulation presents in  genera
Micromonospora, Thermomonospora, Saccharomonospora, and Thermoactinomyces.
Almost of them were developed single spore form at the end of a hyphal branch as

shown in Figure 2.2 (1-4).

Disporous chain contains a longitudinal pair of spores. The species of
Microbispora genera were represented this type of spore formulation as shown in

Figure 2.2 (5).

Oligosporous chain forms short chain of spores. Normally, oligosporous
present 7 to 20 spores/chain and the lowest is three spores. The chains can be
presented open loop, hooked, straight, or arranged in irregular spirals one. The spore
chains in Nocardia brevicatena genera were performed branched or short chains of 2

to 7 spores as shown in Figure 2.2 (6).

Polysporous also found in Streptomyces genus which produce more than

50 spores in long chains. Cross (1970) described the arthrosporous is spores of



Streptomyces genus and other polysporous in actinomycetes genera. Spore chains of
Streptomyces can be described the differentiated of spore chains into the following

main types (Figure 2.3):

(1) Rectiflexibiles or flexuous type, straight (rectus) or flexuous (flexibilis)

spore chains, partly in clusters as shown in Figure 2.3 (1).

(2) Retinaculiaperti or retinaculum type, spore chains with hooks, open

loops or short, irregular spirals having 1 to 4 turns as shown in Figure 2.3 (2).

(3) Spira or spiral type, spiral spore chains divided into two subtypes:
Closed spiral may be compact or open, extended, and simple spiral (stretched spirals)

as shown in Figure 2.3 (3).

(4) Verticillati or verticillate type, main axis of true verticillate presented
wider diameter than branching hypha and verticillate could be divided into four
subtypes: monoverticillate (no spirals), monoverticillate (elements of verticils spiraled),
biverticillate (no spirals), biverticillate (secondary verticils spiraled) as Figure 2.3 (4).
Moreover, Nocardiopsis genera could be performed spore in long chains with zigzag
shape, has well-developed aerial hyphae, which may either be straight-flexuous or
zigzag shaped, straight — flexuous chains or fragmented spores in several lengths

(Meyer, 1989) as shown in Figure 2.3 (5).

An important basis for classification of actinomycetes is length, type, or

shape of spore and colour.
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Figure 2.3 Long chain sporulation of actinomycetes. Streptomyces ; (1)
Rectiflexibiles type, (2) Retinaculum type, (3) Spiral type, and (4) or Verticillate
type. Nocardiopsis: (5) fragmenting branched aerial hyphae (Qinyuan et al.,
2016).

2.2.1.2 Cultural characteristics of actinobacteria

The cultural characterisatics are refer to the growth properties (such as
source of isolation or actinomycete habits) and morphological characterisation in
differential culture media according to the method that used in the International

Streptomyces Project (ISP) (Shirling and Gottlied, 1966).
2.2.1.2.1 Actinomycetes isolation culture medium

The selective isolation medium should be promoting the growth of
actinomycetes and inhibit another microorganism. The culture should be selected
based on actinomycete target genus, habitat of actinomycetes, medium
composition, and inhibitors (Li et al., 2016). For instance, to isolate alkalophilic the
pH of the media should be adjusted pH 10 to pH 12 or to isolate halophilic

actinomycetes, the isolation culture  medium should be contained salt
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concentration 15% to 25%. Typically, isolation culture mediums were found to be
soil extracts medium, starch-casein medium, and humic vitamin (HV) medium
supplemented with chemicals or antibiotic for selective specific genus as presented

in Table 2.2 (Hayakawa and Nonomura, 1987 ; Connon and Giovannoni, 2002).

Table 2.2 Chemicals or antibiotics used for the selective isolation of different

genus actinomycetes (Jiang et al., 2016).

Chemicals Target genera
Breuneomycin Actinomodura
Benzoate Micromonospora
Fradiomycin Actinokineospora
Gentamycin Actinomodura and Streptosporangium
Kanamycin Actinokineospora, Thermomonospora, and

Microtetraspora

Strptomycin Actinomodura and Glycomyces
Neomycin sulfate Amycolatopsis
Polymyxin Streptomyces
Nalidixic acid Actinokineospora

2.2.1.2.2 International Streptomyces Project (ISP) medium

The standard culture medium of ISP media for morphological
characterisation will determine on ISP2 (yeast extract-malt extract medium), ISP3
(oatmeal agar medium), ISP4 (inorganic salts-starch agar medium), and ISP5 (glycerol-
asparagine agar medium). Physiological characterization by using ISP6 (peptone iron
agar) for observe melanoid pigment and ISP7 (tyrosine agar) for observe other organic
medium (peptones). Carbon source utilisation used ISP9 (Pridham and Gottlieb carbon

source utilisation medium) as basal medium.
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2.2.1.2.3 Spore formulation of actinomycetes in submerged cultivation

Most of actinomycetes do not sporulate in submerged cultivation but
industrial secondary metabolite production is mostly produced in flasks and
bioreactors (submerged culture). In solid medium, development starts from spore
germination and performed substrate mycelium into the medium (early MI).
Programmed cell death (PCD) appears (red cellular segments in Figure 2.4) after hyphae
develop into the culture which induces the variation of the multinucleated (MII)
antibiotic-producing hyphae (late substrate mycelium, early MIl). Then, the aerial

mycelium begins to grow (late M) and spore formation at the end of the process.

Figure 2.4 Spore formulation of actinomycetes in submerged cultivation (Manteca
and Yagle, 2018) : mycelium stage (MI), programmed cell death (PCD),
multinucleated (MII).

In submerged cultivation, development starts from mycelium stage or MI with
programmed cell death (PCD). After that, the mycelium transformed to be pellets and
clumps (Manteca et al, 2008) . Formation of pellets and clumps with secondary
metabolite production are incomprehensible. Some authors have reported that pellets
and clumps are basal on antibiotic production such as nikkomycins in Streptomyces
tendae (Vecht et al., 1992) and hybrid antibiotics in Streptomyces lividans (Sarra et al.,

1997). While some authors have reported that formation of pellets and clumps are
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reduced secondary metabolite production such as nystatin in Streptomyces noursei
(Jonsbu et al., 2002) and tylosin in Streptomyces fradiae (Park et al., 1997). However,
some strain of actinomycetes could be performed spore in submerged cultivation with
nutrient induction. Daza and collaboration (1989) affirmed that sporulation of several
species of Streptomyces in liquid culture by using complex R2YE medium with high

concentration of Ca?* (20 mM) and using sonication to release spores from mycelium.
2.2.1.3 Physiological and biochemical characteristics
2.2.1.3.1 Carbon source utilisation

Carbon source utilisation is one of the basic classification of bacteria
nutrient tests. Variation carbon source utilisation of actinomycetes cloud be classified
in different species of actinomycetes (Geraldine and Klaus, 1979).

2.2.1.3.2 Nitrogen source utilisation

Nitrogen source utilisation is one of the basic classification of bacteria
nutrient tests. Variation nitrogen source utilisation of actinomycetes cloud be classified

different species of actinomycetes (Pelezar et al., 1993).

2.2.1.3.3 Determination of temperature on actinomycetes growth

(Waksman and Henrici, 1943)
Microorganism could be classified by the optimal growth temperature.
The optimal growth temperature for cloud be divided five classifications into
hyperthermophile (60 °C and more than 60 °C), thermophile (55 and 110 °C), mesophile
(25 and 40 °C), psychrotrophs (mesophilic temperature is essential to grow but could

be survive at 0 °C), and psychrophiles (growing between lower -15 and 10 °C)

2.2.1.3.4 Determination of sodium chloride concentration on
actinomycetes growth (Bernard et al., 1994)

Halophile characterisation could divide into three groups based on their
grow on culture medium that contained sodium chloride. Slight halophiles (optimally
growth at 0.34 to 0.85 M or between 2 and 5% NaCl), moderate halophiles (optimally
growth at 0.85 to 3.4 M or between 5 to 20% NaCl), and extreme halophiles (optimally
growth at 3.4 to 5.1 M or 20 to 30% NaCl).
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2.2.1.3.5 Determination of pH on actinomycetes growth
Microorganism or actinomycetes could be grown in differential pH
values. Actinomycetes that could be grown at a pH less than 5 called acidophile. The
neutrophile was determined by optimising actinomycetes that could be grown at pH
values 5.4-8.0 and alkaliphiles could be optimally grown at pH value more than 8.0

(Krap, 2010).

2.3 Genotypic characteristic of actinobacteria

The genotypic characterisation based on genetic relatedness of microorganism.
The genetic of bacteria including of DNA and RNA. RNA could be separated in to 3
types of constituent mRNA, tRNA and rRNA. In the present, rRNA plays an importance
role to identify microorganism base on like or unlike of sequencing. The sequencing
analysis of DNA could solve the differential by comprising of base adenine (A), tyrosine
(T), cysteine (O), and guanine (G) (Takamustsu et al., 1999). Sequencing analysis of DNA
was used for identification and phylogenetic tree relatedness, and it could be indicated
microorganism in genus, family, and order level. The other supported information is
DNA-DNA  hybridization (DDH) by comprising genome sequencing analysis of
homologous base (Stackebrandt and Goebel, 1994 ; Goris et al., 2007). At present, the
actinobacteria classification was comprised more and more genotypic approaches such
as average nucleotide identity (ANI) (Rossello, 2003 ; Kim et al.,, 2014), multilocus
sequence analyses (MLSA) (Serrano et al., 2009), and whole genome analysis (Kim et
al,, 2014 ; Meijer et al., 2014). Polyphasic approach describe by Vandamme and
colleagues (1996) is the most widely accepted system. The approach combines various

differential results such as phenotypic, chemotypic, and genotypic data.

2.3.1 Polymerase Chain Reaction (PCR)

Polymerase chain reaction (PCR) is used in genome sequencing based on DNA
polymerization reaction and including the Human genome project. A piece of genome
could be amplified by using the random primers, dNTPs, DNA template, and DNA
polymerase (Tag polymerase) (Lawyer, 1989). The main component of polymerase
chain reaction including of template, primers, DNA polymerase, dNTPs, and magnesium

chloride concentration.
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2.3.1.1 Template

DNA or RNA template can be extracted in several available methods. A
template strand was referred to the strand used by DNA polymerase during DNA
replication or RNA polymerase during RNA transcription to attach complementary
bases. Either molecule moves along 3' to 5' direction. Each subsequent base was

complementary bind to the current DNA base in the 5' to 3' direction.
2.3.1.2 Primers

Typically, length of oligonucleotide primers is 15-25 nucleotides with 40
to 60% of GC and a Tm that is similar for each member of the pair. During sequencing,
denatured DNA template was annealed with primers and formed initiation site for
elongation of the new DNA molecule. Universal primers are complementary to
nucleotide sequences. This is specific to conservative region to DNA molecules and
cloning vectors. Primers can either be specific to a particular DNA nucleotide sequence

“specific primer” or they can be “Universal” (Green and Sambrook, 2019).
2.3.1.3 DNA Polymerase

DNA polymerase enzymes were selected depended on experimentation.
Some DNA polymerase enzymes were required hot start and inactive at low
temperature to reduce nonspecific, low error rate, and specific fragments for

amplification (Gelfand and White, 1990 ; Lubin et al., 1991).
2.3.1.4 dNTPs

dNTPs are including of dATP, dCTP, dGTP, and dTTP. However, the dNTPs
are essential for long fragments amplification or highly abundant targets (Green and

Sambrook, 2019).
2.3.1.5 Magnesium chloride concentration

Free magnesium ions play role as a co-factor for DNA polymerase activity.
Varying concentration of magnesium chloride (1-8 mM) is essential for optimising in
each experiment. Typically, magnesium chloride concentration is between 1.5- and

5.5-mM for each experiment.
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2.3.1.6 Polymerase Chain Reaction (PCR) Cycling Process (Wetmur, 1991)

A typical polymerase chain reaction (PCR) consists of five stages as

following:

Initial denaturation stage: Complex or double-stranded DNA (dsDNA)
molecules are degraded into single strands. Degrading temperature is required an

incubation at 95 °C for 2-5 mins to hydrolyse double stand DNA.

Denaturation stage: The temperature is increased to 95 °C to hydrolyse
all double stand DNA into single-stranded DNA (ssDNA) by disrupting hydrogen bonds

between complementary bases.

Annealing stage: In this stage, primers were bind to DNA template and
the temperature was set up lower (approximately 5 °C) than primers melting

temperature (often 45-60 °C).

Extension stage: Hybidisation of primer to DNA template is required DNA
polymerase enzyme activity to be extended. The temperature in this stage is increased

to 72 °C.

Repeat: Seps 1 to 3 were repeated in a cyclical manner, resulting in

exponential amplification of the amplicon.
2.3.1.7 Electrophoresis

After using polymerase chain reaction amplification, the PCR product was
determined quality by using gel electrophoresis observation. Electrophoresis is one of
laboratory technique that used for separating molecule of DNA, RNA, or protein by
determining size and electrical charge. Molecules could be moved through a gel pore.
Larger molecules could be moved slower than small molecules. Dyes such as ethidium
bromide or SYBR Green Il was added to the gel and used to visualise band under

fluorescent (Scull, 2014).
2.3.1.8 16S rRNA gene

16S rRNA gene sequencing is highly useful about bacterial classification.
Nowadays, a systematic classification divided into eight ranks from general to specific
including of domain, kingdom, phylum, class, order, family, genus, and species. 16S

rRNA gene contained the small ribosomal subunit of RNA molecules that used to
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convert genetic message to functional cell and translated mRNA to proteins. All self-
replicating system of ribosomal RNA are included conservative region that is readily
isolated, its sequence does not variation to changes or slowly change and permitting

detection of relatedness taxonomy among the distant species (Woese and Fox, 1977).
2.3.1.9 Phylogenetic tree

Studying of phylogenetics is study of individual relatedness genetic
between the same or different species. The phylogenetic tree was presented to be
rooted (known ancestral root) or unrooted (unknown ancestral root) and individual
studied of a phylogenetic tree’s root is the origin of evolution. Branches between
leaves represent the evolutionary relationships between sequences, individuals, or
species, and branch length display evolutionary time. Several approach can be used

for constructing a phylogenetic tree (Xiong, 2018).

2.3.2 Bioinformatic
2.3.2.1 Whole Genome Sequencing (WGS)

Revolution of DNA sequencing of the biological sciences could be
discovered gene functions. In 1980s, the Sanger sequencing method was used for DNA
sequencing (Sanger et al., 1977 ; Slatko et al., 2001). In 1990s, DNA sequencing
techniques made it possible for automated sequencing which allowed the sequencing
of whole genomes (Heather and Chain, 2016). Whole genome sequencing (WGS) is a
laboratory process that determined an organism’s genome sequence at once. It
involves uncovering the order of bases in a complete genome of an organism, which
is backed by automatic DNA sequencing methods and de novo techniques to assemble
the enormous biological sequence data (Saraswathy and Ramalingam, 2011). In 1979,
whole genome shotgun sequencing was developed for small genomes ranging from
4000 to 7000 base pairs (Staden, 1979). Nevertheless, early techniques for whole
genome sequencing were slow, labor-intensive, and expensive. Specially, in the era of

enormous genomic data growth (Kwong et al., 2015).
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2.3.2.2 Next-Generation Sequencing

In 2005, next-generation sequencing (NGS) technologies were started.
The emanation and widely used next generation sequencing (NGS) techniques for
whole genome analysis and significantly enhanced the capacity to perform efficient
and low-cost whole genome sequencing. Generally, next generation sequencing
processes contain parallel sequencing, where millions of DNA fragments from a single
sample are sequenced (Moorthie et al., 2011). Among the new sequencing
technologies that have been released over the last 10 years, the most used are the
454 GS FLX (Roche), HiSeq (Illumina), SOLID (Sequencing by Oligonucleotide Ligation
and Detection; Thermo Fisher Scientific), lon Torrent (Thermo Fisher Scientific), and
PacBio (Pacific Biosciences) platforms (Pareek et al., 2011 ; Liu et al., 2012 ; Rhoads
and Au, 2015).

2.3.2.3 G+C content

Taxonomy: description of G+C content in genome is used to indicate
species and genera. In the past, G+C content was determined by using conventional

methods. Nowadays, G+C content could be calculated by using genome sequencer.
2.3.2.4 antiSMASH database

The antiSMASH database is one of a de novo computing database that

available at http://antismash-db.secondarymetabolites.org/. The antiSMASH used to

determine secondary metabolite or bioactive compounds in genome sequencing. The
identification of biosynthetic gene clusters (BGCs) of in silico was reported gene cluster
and similarity of known cluster. The antiSMASH is limited for registered user who

submitted genomes and could be only analysed individual genomes (Kai et al., 2016).


http://antismash-db.secondarymetabolites.org/

19

2.4 Substances producing actinomycete

Actinomycetes have ability to produce a variety secondary metabolite substance
such as hydrolytic enzyme to against plant pathogen or plant growth-promoting (PGP)

substances to protect plants.

2.4.1 Hydrolytic enzyme production
2.4.1.1 Starch hydrolysis

Some actinomycetes could be produced extracellular enzymes and
released outside of cell. In this case, medium contained starch, the starch molecule is
too large to be transported through membrane cell. Starch molecule can be
hydrolysed into smaller molecules and adsorbed into cell membrane via diffusion.
Growth of actinomycetes on International Streptomyces Project No.4 (ISP4) were
added iodine solution to indicate starch hydrolysis by a transparent clear zone around

the colonies (Tille, 2014).

2.4.1.2 Gelatin liquefaction
Gelatin liquefaction was used for determination the ability of
actinomycetes to perform proteolytic enzyme or gelatinase that liquefy gelatin. Gelatin
liquefied process divided into two stages of reaction. The first reaction, gelatinases
hydrolyse gelatin to polypeptides. After that, polypeptides form was changed into

amino acids. Metabolic processes of actinomycetes could be used these amino acids.

2.4.1.3 Protease
Protein matrix plays embedded role of chitin and g-gclucan in fungal cell
wall. Proteases could be hydrolyse the protein matrix into peptide chains or amino
acids (Elad and Kapat, 1999). Protease test could be determined on skim milk medium.
If the actinomyces can be digested casein to soluble nitrogenous form, a clear zone

around the colonies was produced (Wehr and Frank, 2004).

2.4.1.4 Lipase
Lipases are ubiquitous enzymes performed by plants, animals and
microorganisms belonging to sub class 1 of hydrolytic enzymes class 3 (Pahojar et al.,

2001). Lipase test could be determined by using rhodamine B agar medium (shows
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pink colour around colonies under UV 254 nm.), phenol red agar medium contained
olive oil or tributyrin, and tween 80 or tween 20 agar medium.

2.4.1.5 Chitinase

Chitinase is an enzyme that plays role to hydrolyse fungal cell wall

composition (chitin polymer). Chitin hydrolysed related to digest chitin polymer into
monomer, random breakage at internal micro-fibril, of chitin or more releasing
diacetylchitobiose without discharging monosaccharide or oligosaccharides (Harmen et
al., 1993 ; Sahai and Manocha, 1993).

2.4.1.6 Glucanase

B-1,3-Glucans are one of a composition of yeast and fungal cell wall and
higher plants (Simmon, 1994). B-1,3-Glucanases is an enzyme that displays functional
to hydrolyse yeasts and fungal cell wall. B-1,3-Glucanases could be divided into exo
or endo-B-1,3-glucanases. Glucanase causes, hydrolysation of fungal cell wall and
adsorbed into the host mycelium (Fridlender et al., 1993). Two possible mechanism
that B-1,3-Glucanases could be hydrolysed the substrate are cleaving glucose residues
at the end of non-reducing and cleaving random sites of cross linkages (Noronha and
Ulhoa, 1996).

2.4.1.7 Cellulase

The function of cellulase enzyme is hydrolyse the 1,4- B -D-glucosidic
linkages in cellulose. Cellulose chains form many inter and intramolecular of hydrogen
bonds, which formation of crystalline micro-fibrils and insoluble compound. Complete
hydrolysation of cellulose needs a complex interaction between different cellulolytic
enzymes such as cellulose and exo or endo-glucanases, exo-cellobiohydrolase and B-

glucosidases transform cellulose into B-glucose (Lee et al., 2002).

2.4.2 Plant growth-promoting (PGP) activities
2.4.2.1 Hydrogen cyanide (HCN) production
Hydrogen cyanide production play an importance role to control fungal
disease by producing cyanide. Cyanide presents metabolic inhibitor to escape
predation or competition. HCN production of microorganism was suggested as a control

root fungal pathogen (Banchio et al., 2008 ; Hata et al., 2015).
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2.4.2.2 Phosphate solubilisation

Phosphorus (P) is one of phospholipids, adenosine triphosphate (ATP),
and nucleic acid components that are required nutrient for plants (Khan et al., 2009 ;
Richardson and Simpson, 2011). Plants can be absorbed phosphorus in two soluble
forms, the monobasic (H,PO,) and the dibasic (HPO,*). Microorganism can be
solubilised an inorganic soil phosphate, such as calcium phosphate (Cas(POy),), iron(lll)
phosphate (FePQy,), and aluminum phosphate (AlPO,), through the organic acids
production. However, plants can utillise phosphorus from soil only in the free available

form (Rodriguez et al., 2006, Sharma et al., 2013).

2.4.2.3 Ammonia production
Biomolecule synthesis of all microorganisms required nitrogen (N) to
grow, and nitrogen fixation process is essential for transform nitrogen (N,) to ammonia

(NH5) (Newton, 2000 ; Franche et al., 2009) .
2.4.2.4 Siderophore production

Plants and microorganism are required micronutrient for growth. One of an
essential micronutrient for plant is iron (Fe) that plants could not be directly adsorbed.
Their need chelator agents or siderophore to bind Fe>* and transported within bacterial
(Schwyn and Neilands, 1987 ; Krewulak and Vogel, 2008). The direct effect of
siderophores from rhizospheric bacteria could be improved essential nutrition for plant
growth. An indirect effect is presented the ability of inhibition to phytopathogens

through the sequestration of iron from the environment.

2.4.2.5 Indole acetic acid (IAA) production

Indolic compounds (ICs) could be synthesis in several rhizospheric bacteria
that produced auxin phytohormone or indole-3-acetic acid (IAA). The ability of indolic
compounds  production was distributed several plant-associated bacteria.
Approximately 80% of bacteria that isolated from rice rhizospheric could be produced
indolic compounds. L-tryptophan was determined to be a main precursor for indolic
compound biosynthesis of rhizospheric bacteria. Intermediate compounds were
characterised based on different pathway that utilise L-tryptophane (Spaepen et al.,
2007 ; Souza et al., 2013).
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2.5 Growth stages and disease of rice

Rice is the world's staple food source, with more than 958 million hectares of rice
cultivation area spread across the world. Especially, in the Asian continent. Rice is one
of majority of cereal crops that supply the main of the global daily carbohydrate intake
as energy source. Rice is a primary carbohydrate source for 2.5 to 3.5 billion people
that largely located in rapidly growing low-income countries (LICs) (Maclean et al.,
2013) . In 2008, approximately 685 million tons of rice were cultivated around 160
million ha. Nowadays, the number population is increasing and the requirement of rice
production in 2020 is increasing too. (Chauhan et al., 2017). In Thailand, rice has been
cultivated for more than 5,000 years, so rice has become a part of the tradition, culture,
and way of life of Thai people. In addition, the domestic consumption of rice is
approximately 21 million tons per year. Rice exports are considered to be the main
export of Thailand, with ranked as one in five of the world. Although, Thailand exports
rice product about 45 percent of rice yield (Saruda et al., 2017). Fungal diseases to
rice are reduced 14 % globally of annual rice production (Agrios, 2005). The climate
change of air temperature increased and raised carbon dioxide concentration in

atmosphere was promoted rice disease to new areas (Anderson et al., 2004).

2.5.1 Growth phases and stages of rice plant

The growth phases and stages of rice plants take around 3 to 6 months and it
could be divided in to 4 growth phases including of germination phase, vegetative

phase, reproductive phase, and ripening phase as presented in Figure 2.5.
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Figure 2.5 Growth phases and stages of rice plant (International Rice Research

Institute (IRRI), 2007).

Germination phase: In this phase, root will develop depending on soil humidity.
When planted into high humidity soil, the roots were emerged after the first shoot
raised to the air. If the seeds are planted into low humidity soil, the roots were
emerged before the first shoot.

Vegetative phase: characterisation of this phase based on more leaves
production, tillers development, and a gradual rise in plant height. Typically, this phase
takes between 55 and 85 days. In this phase could be divided into 3 stages including
of early vegetative, newly planted, and late vegetative stage. The early vegetative stage
starts from germinates into a seeding stage begins after the shoot and root emerge up
to five leaves develop. Newly planted stage, leaves continue to develop every 3 to 4
days during the initiated stage. Late vegetative stage begins while tillering and panicle
formation. This stage extends from the presented of the first tiller to the maximum
number of tillers. Generally, this stage happens 40 days after sowing. The final of
vegetative phase stem starts, and height of growing is stopped.

Reproductive phase: The reproductive phase takes approximately 45 days
started from panicle initiation. While the panicle changes to be a visible naked eye,
the booting stage is already started. This phase takes approximately 15-20 days and
farmer also called “rice pregnant” in this phase. The booting stage was followed after

the heading stage that takes about 10 days . 90% of the panicle from the covering flag
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leaf sheath development in late heading stage. Flowering stage starts from the
appearance of the first anthers form the uppermost spikelets on each panicle and

continues for approximately 15 days.

Ripening phase: the ripening phase lasts approximately 25-35 days. This phase
occurs when fertilisation and continue, through grain filling and ripening stages. First is
the milk stage, the first endosperm produces a milky liquid. Second stage is the dough
stage, the milky liquid performs solidify into a sticky. Third is the maturity stage started
when the grains were ripened more than 90%. Mature grains could be indicated by

transforming to a golden brown colour under wet climeate conditions.

2.5.2 Disease of rice

Disease consideration was examined based on the host plant, pathogen (pest or
phytopathogen) and environment occurs together. These three components also

called disease triangle as presented in Figure 2.6.

Figure 2.6 Disease triangle of rice plant.

Rice blast disease is one of the most serious cereal crops disease that causing
Pyricularia oryzae (Magnaporthe oryzae) negative effects to globally rice production
including lowland and upland around the world (Kato, 2001 ; Talbot, 2003 ; Dean et
al., 2005 ; Wilson and Talbot, 2009 ; Mathurot et al., 2019). Yield loss causing rice blast
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disease about 10% to 30% annually. During the disease outbreak, yield loss could be
up to 50% (Wilson and Talbot, 2009 ; Ashkani et al., 2015 ; Asibi et al., 2019).
Pyricularia sp. (Figure 2.7) could be infected at any growth phases and stages of rice
plants (Figure 2.9). It could be infected and displayed the symptoms every part of rice
plants even leaves (leaf blast), nodes (node blast), stems (node and collar blast) and
panicles (panicle blast) (Kato, 2001 ; Talbot, 2003 ; Dean et al, 2005 ; Wilson and
Talbot, 2009).

Figure 2.7 Pyricularia sp. on agar plate and conidia under light microscopic.

2.5.3 The symptom of r