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 Indigenous actinomycetes are known to have high biodiversity and chance to acquire a 
novel species.  Molecular identification and the role of rice endophytic actinomycetes 

need to be studied.  The research aimed to identify endophytic actinomycetes from 

Indonesian rice plant based on 16S rRNA and nifH genes properties.  DNA genome 
from the seven isolates of endophytic actinomycetes was isolated using Genomic DNA 

Mini Kit followed by PCR amplification of 16S rRNA and nifH genes.  Indication of 

their nitrogen fixing activities was conducted based on their capability to grow in N-
free medium, ammonia production, and presence of nifH gene.  PCR products were 

sequenced and analyzed by bioinformatics software to construct phylogenetic tree.  An 

analysis of 16S rRNA gene sequences demonstrated that the seven isolates are most 
closely related to Streptomyces spp.  The 16S rRNA gene sequences of the six isolates 

were closed related with S. albolongus, S. cavourensis subsp. cavourensis, S. anulatus, 

and S. bungoensis with < 97% maximum identity, and another isolate was closed 
related with S. misionensis, with 99% maximum identity. Based on nifH gene sequences 

analysis, three isolates of endophytic actinomycetes showed that they were closely 
related to nifH from Herbaspirillum sp., the similarity was 93 to 99%. Data derived 

from the phylogenetic tree with p-distance analysis which showed diversity of genetic 

distances between three isolates of endophytic actinomycetes compared with Frankia 
sp., Rhizobium sp., L. ferrooxidans, also K. pneumonia, were about 18-28%, and more 

than 59% when compared with B. japonicum. Those differences indicated diversity of 

rice endophytic actinomycetes nifH gene. Based on in vitro assay, IPBCC.b.13.1530, 
IPBCC.b.14.1531, and IPBCC.b.14.1536 isolates were also capable to grow in N-free 

medium and produced 0.065 ppm, 0.014 ppm, and 0.076 ppm ammonia in N-free 

medium, respectively.  The results indicated that the three isolates had promising role as 
a N2 fixing bacteria on rice plant. 
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INTRODUCTION 

 

 Almost all vascular plant species examined to date were found to be associated with endophytic microbes, 

which may produce various bioactive compounds related to the host [25]. Endophytic microbes live in and 

colonize plant tissues during some periods and usually obtain nutrition and protection from the host plants [8].  

These microbe are known as potential sources of natural products for agriculture, medicine, and industrial 

exploitation [22]. In agriculture, endophytic microbe is considered as agents to stimulate plant growth, for 

management of soil and plant health [4] including fixing N2 [15].  Various kinds of microorganisms, including 

actinomycetes, fungi, and other bacteria, have been found inside plants and designated as endophytes [13].  

 Actinomycetes are Gram-positive bacteria with high G+C% and known to have high biodiversity and 

chance to acquire a novel species [14]. Several members of actinomycetes produce important secondary 

metabolites, including antibiotics, siderophore, enzyme, and plant growth-promoting substances which may 

contribute to their host plant by promoting growth and enhancing their ability of with standing the 

environmental stressing [10,17].  Actinomycetes play a vital role in the soil such as immobilization of nutrient, 

antibiosis, mineralization of organic matters, and production of plant promoters [2,20]. Endophytic 

actinomycetes are also well known as producer of various bioactive secondary metabolites which include 

antibiotics, antimicrobes, phytohormones, and enzymes inhibitor [8,12].  In addition,  Streptomyces spp. from 

endophytic rice plant was reported to controll Bacterial Leaf Blight (BLB) disease during dry and wet season 
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trials [9].  A high diversity of actinomycetes has been reported from Indonesian tropical soils [18]. Our previous 

work showed that several endophytic actinomycetes were successfully isolated from roots, stems, and leaves 

from five rice plant varieties, e.g. IR64, Inpago4, Inpari 9 Elo, Ciherang, and Inpara 2.  

 Endophytic actinomycetes have been reported to fix N2 in rice plant, previously.  The interactions between 

actinomycetes of the genus Frankia and  25 different genera of woody dicots result in the development of 

nitrogen-fixing root nodules and the transfer of fixed nitrogen from the microsymbiont to the plant.  Their 

phylogenetic lineages derived from combined nifH-D intergence and partial nifD and 16S rRNA sequences are 

useful for investigating evolutionary relationships of the genus and symbiotic properties of that microorganism 

[5].  Non-Frankia actinomycetes isolated from surface sterilized roots of Casuarina equisetifolia were capable 

of fixing nitrogen, based on their ability to growth on an N-deficient medium, reduce acetylene to ethylene, 
15

N 

isotopic dilution assays, and the presence of the nifH gene [27].  The recent study examined that Actinobacteria 

being the most predominant from roots and rhizosfer soils of Lasiurus sindicus, based on analysis of nifH 

sequences showed close similarity to cultivated diazotrophs like Azospirillum brasilense and Rhizobium sp. [3].  

Our previous in planta study showed that endophytic actinomycetes were able to fix N2 in rice plant.  However, 

their identity and nitrogen fixation gene have not ben explored. 

 Criteria for the identification of actinomycetes consist of morphological, physiological, ecological, and 

molecular characterization [1]. So far, the diversity of rice endophytic actinomycetes has not been well studied 

in Indonesia.  Thus, molecular identification and the role of rice endophytic actinomycetes need to be studied.  

Our research goal was to identify the seven isolates of endophytic actinomycetes from Indonesian rice plant 

based on their morphological characteristics and 16S rRNA gene analysis.  In this report, identification of 

nitrogen fixing (nifH) gene of endophytic actinomycetes from rice plant was also conducted as well as their 

ability to grow and produce ammonia in N-free medium. 

 

MATERIALS AND METHODS 

 

Morphological observation of actinomycetes isolates: 

 The seven isolates of endophytic actinomycetes from rice plant used were Inpara 2 (IPBCC.b.14.1531), 

IR64 (IPBCC.b.14.1532, IPBCC.b.14.1533, IPBCC.b.14.1534), Inpago 4 (IPBCC.b.14.1535), Ciherang 

(IPBCC.b.14.1536), and Inpari 9 Elo (IPBCC.b.13.1530). These isolates were cultured on Yeast Starch Agar 

(YSA) supplemented with antibiotics nalidixic acid (1 mgmL
-1

) and griseofulvin (5 mgmL
-1

).  The culture was 

incubated for 10 days at room temperature.  Microscopic observation of their morphology and spores chain of 

endophytic actinomycetes were conducted using light microscope (Olympus with Optilab, 400x magnifications). 

 

DNA isolation: 

 Total genomic DNA from the various bacteria was isolated by using a modified Genomic DNA Mini Kit 

(Blood/Cultured Cell) Geneaid protocol.  The concentration and purity of the DNA were evaluated with a Nano 

drop 2000 spectrophotometer (Thermo Scientific, USA).  

 

PCR amplification of 16S rRNA and nifH genes: 

 The DNA amplification was performed via Polymerase Chain Reaction (PCR) by PCR Thermal 

SWIFT
TM

MAXI Cycler (ESCO).  An analysis of 16S rRNA gene was conducted as follow:  the DNA template 

of 100 ng endophytic actinomycetes was added to amplification mixture contained 5 U/µL ex taq DNA 

polymerase, primer 20F (5’-GATTTTGATCCTGGCTCAG-3’) and primer 1500R (5’-GTTACCTT 

GTTACGACTT-3’) [28], 10 pmol of each primer, 10 mM dNTP mix, 5x PCR buffer, 25 mM MgCl2, 5x 

enhancer buffer, and ddH2O.  The amplification was done with an initial denaturation step at 95
o
C for 2 min, 

followed by 30 cycles of amplification [23] at 95
o
C for 30 s denaturation, 55

o
C annealing for 30 s, and 72 

o
C 

extension for 1 min with a final extension step at 72 
o
C for 7 min.  The ~1480 bp PCR products were separated 

on a 1% (wt/vol) agarose gel and observed with UV transilluminator, also documented with Geldoc 1000 (BIO 

RAD). Two steps of PCR were used to amplify the nifH gene from the seven isolates of endophytic 

actinomycetes, B. japonicum USDA-110 used as a positive control, and E. coli as a negative control.  The first 

amplification was done using IGK (5’-TACGGYAARGCBGGYATCGG-3’) primer [16] and the reverse primer 

was NDR-1 (5’-TTGGAGCCGGCRTANGCRCA-3’) [27].  The second amplification was done using PoL-F 

(5’-TGCGAYCCSAARGCBGACTC-3’) primer [16] and the reverse primer was AQER (5’-

GACGATGTAGATYTCCTG-3’) [16].  The PCR mix comprised of 100 ng of genomic DNA,  5 U/µL ex taq 

DNA polymerase, 10 pmol of each primer, 10 mM dNTP mix, 5x PCR buffer, 25 mM MgCl2, 5x enhancer 

buffer, and ddH2O.  DNA template for the second step of amplification was from the first PCR product.  The 

first amplification was done with initial denaturation at 95
o
C for 2 min, 94 

o
C denaturation for 1 min, 55

o
C 

annealing for 1 min, and 72 
o
C extension for 1 min, with a final extension step at 72 

o
C for 7 min.  The second 

step amplified an internal nifH fragment of ~320 bp with initial denaturation step at 94 
o
C for 3 min, followed 
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by 35 cycles [27] at denaturation 94
o
C for 1 min, annealing 50

o
C for 1 min, and extension 72 

o
C for 45 s with a 

final extension step at 72 
o
C for 5 min.  The PCR products were separated on a 1.5% (wt/vol) agarose gel. 

 

16S rRNA and nifH genes sequencing, bioinformatics analysis and phylogenetic tree construction: 

 The PCR product was directly sequenced using DNA sequencer (ABI PRISM 3100) in First Base Co.  The 

16S rRNA and nifH genes sequences data from each isolate were compared to the available database at 

GenBank by using the BLAST software (blastn) on National Center Biotechnology Information (NCBI) 

(http://www.ncbi.nlm.nih.gov/).   The 16S rRNA and nifH genes sequences were aligned and the phylogenetic 

tree was constructed using the MEGA 5.05 software [24], based on neighbor-joining tree (NJT) method and 

refers to the best model tree TN93+G (Tamura-Nei) for 16S rRNA analysis and T92 (Tamura-3 parameter) for 

nifH analysis, with bootstrap 1000x. 

 

In vitro Analysis of Nitrogen Fixing Activity: 

 Nitrogen fixing activity was assayed by growing the culture in N-free medium (Biological N2 fixation or 

BNF) agar, based on Phillips method [15].  Nitrogen fixing responses were also assayed based on ammonia 

produced in N-free medium using Penat method [6].  An analysis of nitrogen fixing activity, B. japonicum used 

as a positive control and E. coli used as a negative control. 

 

Results: 

Morphological characteristics of rice endophytic actinomycetes: 

 The seven isolates of rice endophytic actinomycetes showed various morphological colony (Fig. 1).  The 

IPBCC.b.14.1531, IPBC.b.14.1532, IPBCC.b.14.1533, IPBCC.b.14.1534, IPBCC.b.14.1535, IPBCC.b.14.1536, 

and IPBCC.b.13.1530 isolates examined formed aerial hyphae in agar medium with various colour from white, 

less-brown, brown, until grey. The tested isolates were also produced various of spores chain type e.g. spirales 

(S), rectiflexibiles (RF), and retinaculiaperti (RA) (Fig. 1). These morphological observation indicated that most 

of the tested actinomycetes isolates belonged to Streptomyces spp. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: Colony of endophytic Streptomyces spp. isolated from rice plant grown in YSA media, after 10 days 

incubation (above), and microscopic of spores chain type of endophytic Streptomyces spp., with 400x 

magnification (below). A= IPBCC.b.14.1531, B= IPBCC.b.14.1532, C= IPBCC.b.14.1533, D= 

IPBCC.b.14.1534, E= IPBCC.b.14.1535, F= IPBCC.b.14.1536, G= IPBCC.b.13.1530. 

 

Molecular identity of rice endophytic actinomycetes: 

 The 16S rRNA gene of the seven isolates of rice endophytic actinomycetes with the expected size of 

fragment DNA ~ 1480 bp (Fig. 2) was compared with 16S rRNA gene sequences in the GenBank database. The 

IPBCC.b.14.1531(1320 bp), IPBCC.b.14.1532 (1424 bp), IPBCC.b.14.1533 (1398 bp), and IPBCC.b.14.1536 

(1386 bp) were closed related with S. albolongus strain NBRC 13465 and S. cavourensis subsp. cavourensis 

strain NRRL 2740 with 94%, 92%, 94%, and 95% maximum identity, respectively.  In addition, 

IPBCC.b.14.1534 (1478 bp) was closed related sequences with S. anulatus strain NBRC 12755 with 92% 

maximum identity, and IPBCC.b.14.1535 (1118 bp) was closed related sequences with S. bungoensis with 92% 

maximum identity.  Whereas, IPBCC.b.13.1530 (1410 bp) was closed related sequences with S. misionensis 

strain NRRL B-3230 with 99% maximum identity (Table 1).  

 The phylogenetic dendogram was showed that IPBCC.b.14.1531, IPBC.b.14.1532, IPBCC.b.14.1533, 

IPBCC.b.14.1534, IPBCC.b.14.1535, and IPBCC.b.14.1536 were clustered together (cluster I) and were closely 

related with S. albolongus, S. cavourensis subsp. cavourensis, S. anulatus, and S. bungoensis.  The 

IPBCC.b.13.1530 was separated from another and it clustered together (cluster II) with S. misionensis.  Both of 

cluster I and cluster II were separated from outgroup cluster (Micromonospora sp. and Pseudomonas 

A B C D E F G 

RF 
RF 

RF 

RA 

RF 
S 

S 

http://www.ncbi.nlm.nih.gov/
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aeruginosa) (Fig. 3). Based on p-distances analysis, the sequences of IPBCC.b.14.1536 related with 

IPBCC.b.14.1533, IPBCC.b.14.1535 related with IPBCC.b.14.1532, while the sequences of IPBCC.b.14.1531 

and IPBCC.b.14.1534 were showed the monophyletic tree, both separated from them (Fig.4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: PCR amplification of 16S rRNA gene from rice endophytic actinomycetes (~1480bp) using primer 20F 

and 1500R. Marker 1 Kb; Lane 1 to 7, IPBCC.b.14.1531, IPBCC.b.14.1532, IPBCC.b.14.1533, 

IPBCC.b.14.1534, IPBCC.b.14.1535, IPBCC.b.14.1536, and IPBCC.b.13.1530. 

 
Table 1: Percent similarity the sequences of 16S rRNA gene from rice endophytic actinomycetes. 

Isolates References strain (GenBank) % Similarity Accession no. 

IPBCC.b.14.1531 S. cavourensis subsp. cavourensis NRRL 2740 94% NR. 043851.1 

S. albolongus NBRC 13465 94% NR. 041144.1 

IPBCC.b.14.1532 S. cavourensis subsp. cavourensis NRRL 2740 92% NR. 043851.1 

S. albolongus NBRC 13465 92% NR. 041144.1 

IPBCC.b.14.1533 S. cavourensis subsp. cavourensis NRRL 2740 94% NR. 043851.1 

S. albolongus NBRC 13465 94% NR. 041144.1 

IPBCC.b.14.1534 S. anulatus NBRC 12755 92% NR. 043851.1 

IPBCC.b.14.1535 S. bungoensis NBRC 15711 92% NR. 041191.1 

IPBCC.b.14.1536 S. cavourensis subsp. cavourensis  NRRL 2740 95% NR. 043851.1 

S. albolongus NBRC 13465 95% NR. 041144.1 

IPBCC.b.13.1530 S. misionensis NRRL B-3230 99% NR. 044138.1  

 

 
 

Fig. 3: Genetic relationships among 16S rRNA gene sequences of rice endophytic actinomycetes, with length 

1532 nucleotide. 

 

nifH gene in rice endophytic actinomycetes: 

 At the first PCR amplification, several bands with a molecular mass similar to the expected size of the nifH-

nifD region (1200 bp) were observed in lanes containing DNA of IPBCC.b.13.1530, IPBCC.b.14.1531, 

IPBCC.b.14.1536, and the similar band was also observed from the positive control.  The second PCR products 

of IPBCC.b.13.1530, IPBCC.b.14.1531, IPBCC.b.14.1536 containing nifH gene, include B. japonicum USDA 

110 as the positive control which expected size of ~320 bp of a single band (Fig. 5).  The  partial nifH nucleotide 

sequences (320 bp) of IPBCC.b.13.1530, IPBCC.b.14.1531, and IPBCC.b.14.1536 were found similar to nifH 
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(bp) 
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http://www.ncbi.nlm.nih.gov/nucleotide/343205036?report=genbank&log$=nucltop&blast_rank=1&RID=8HT95AY501R
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sequences from Herbaspirillum sp. strain B501 with 95 to 99% maximum identity, 95 to 98% maximum 

identity with uncultured bacterium clone BN-A6, 94 to 99% maximum identity with uncultured bacterium clone 

IPA64, and 93 to 98% maximum identity with uncultured bacterium clone IPA100 (Table 2).   

 

 
 

Fig. 4: Phylogenetic tree based on matrix of genetic distances (p-distance) among 16S rRNA gene sequences of 

six isolates of rice endophytic actinomycetes. 

 

 
 

Fig. 5: PCR amplification of nifH gene from rice endophytic actinomycetes (~320 bp) using primer PolF and 

AQER. (Left): marker 100 bp,  lane 1 to 7: IPBCC.b.14.1531,IPBCC.b.14.1532, IPBCC.b.14.1533, 

IPBCC.b.14.1534, IPBCC.b.14.1535,IPBCC.b.14.1536, and IPBCC.b.13.1530; (Right), marker 1 Kb, 

lane 1: B.japonicum as positive control, lane 2: E.coli as negative control. 

 
Table 2: Percent similarity the sequences of a nifH gene from rice endophytic actinomycetes. 

References (GenBank) % Similarity Accession no. 

IPBCC.b.13.1530 IPBCC.b.14.1531 IPBCC.b.14.1536 

Herbaspirillum sp. B501 nifH 95 95 99 AB196476.1 

Uncultured bacterium clone 

BN-A6  nifH 

95 95 98 HQ335398.1 

Uncultured bacterium clone 

IPA64 nifH 

94 94 99 EU048006.1 

Uncultured bacterium clone 

IPA100 nifH 

93 93 98 EU048040.1 

 

 Based on phylogenetic tree of the nifH gene, the result showed that IPBCC.b.13.1530, IPBCC.b.14.1531, 

and IPBCC.b.14.1536 were clustered together with Herbaspirillum sp. (cluster I).  But when compared with out-

group cluster, the result clearly showed that the IPBCC.b.13.1530, IPBCC.b.14.1531, and IPBCC.b.14.1536 

were separated from them (Fig. 6). An analysis of phylogenetic tree based on matrix genetic distances (p-

distance), which indicate the diversity of genetic distances (336 nucleotide length) between three isolates and 

Frankia sp., Rhizobium sp., L. ferrooxidans, also K. pneumonia showed the sequence differences of nifH gene 

which were 18-28% and more than 59% when compared with B. japonicum (Fig. 6). 

 

Nitrogen fixing activities of rice endophytic actinomycetes: 

 The data examined in this report showed that from the seven isolates of endophytic actinomycetes, 

IPBCC.b.13.1530, IPBCC.b.14.1531, and IPBCC.b.14.1536 were capable of fixing nitrogen. They produced 

ammonia which the concentration ranging from 0.065 ppm, 0.014 ppm, 0.076 ppm, respectively (Fig. 7).  They 

(a) 

(b) 

(bp) 

 

bp 

bp 

 (bp) 

http://www.ncbi.nlm.nih.gov/nucleotide/56565276?report=genbank&log$=nucltop&blast_rank=1&RID=8EW6142301R
http://www.ncbi.nlm.nih.gov/nucleotide/329669969?report=genbank&log$=nucltop&blast_rank=2&RID=8KHVR9H901R
http://www.ncbi.nlm.nih.gov/nucleotide/158999525?report=genbank&log$=nucltop&blast_rank=3&RID=8KHVR9H901R
http://www.ncbi.nlm.nih.gov/nucleotide/158999590?report=genbank&log$=nucltop&blast_rank=5&RID=8EW6142301R
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were also capable to grow in N-free medium.   Production of ammonia from B. japonicum was 0.061 ppm, while 

for E. coli was no ammonia produced.   

 

 
Fig. 6: Genetic relationships among partial nifH gene sequences of rice endophytic actinomycetes. 

 
Fig. 7: Production of ammonia from rice endophytic actinomycetes after incubation 10 days. B. japonicum as 

positive control and E. coli as negative control. 

 

Discussions: 

 Endophytic actinomycetes has been isolated from roots, stems, and leaves of five rice cultivars in West 

Java, Indonesia and based on morphological characteristics, most of them were belong to Streptomyces spp.  In 

China, endophytic actinomycetes were also successfully isolated from roots and leaves of four rice cultivars, and 

similarly most of them also belong to Streptomyces spp. [26]. The characterization of Streptomyces spp. species 

is mainly based on their aerial and substrate mycelia colour, soluble pigment production, the shape, and 

ornamentation of spore surface.  The aerial formation of Streptomyces spp. in agar medium was white in colour 

then gradually changed into grey [7]. The spore’s chain of Streptomyces spp. consist of a spirales (S), 

rectiflexibiles (RF), and retinaculiaperti (RA) types [19]. Based on morphological and microscopic 

characterization, the seven isolates of endophytic actinomycetes from five rice cultivars examined in this work 

showed that all isolates were belong to the genus of Streptomyces. 

 The 16S rRNA gene are commonly used in molecular characterization and determination of phylogenetic 

relationship among prokaryote.  Phylogenies and species identification are now commonly derived from 16S 

rRNA and the use of polymerase chain reactions (PCR) for sequence analyses.  Modern techniques are applied 

to actinomycetes taxonomy, comparisons of the 16S rRNA sequences have proven valuable [30].  In addition, 

the homologous sequences of 16S rRNA gene < 97.5% indicated as a novel species [20].  Primer 20F was 

designed to amplify 16S rRNA gene of almost Gram-positive bacteria, including Streptomyces. While primer 

1500R was designed to amplify 16S rRNA gene of all domain of bacteria [28].  The phylogenetic relations of 

taxa in the trees constructed from the largely conserved 16S rRNA gene sequences confirmed that the classic 

phenotypic, and largely morphological, characteristics used for classification schemes for species of the genus 
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Streptomyces are generally quite useful for species identification and grouping of similar taxa, including spore 

colour and spore surface ornamentation [11]. Based on 16S rRNA gene analysis, reported here that 

IPBCC.b.14.1531, IPBCC.b.14.1532, IPBCC.b.14.1533, IPBCC.b.14.1534, IPBCC.b.14.1535, and 

IPBCC.b.14.1536, have an indication as a novel species with <97% maximum identity, E. value 0.0, and they 

were belong to Streptomyces spp. They clustered together with S. albolongus, S. cavourensis subsp. 

cavourensis, S. anulatus, and S. bungoensis.  Based on p-distances analysis were known that the six isolates 

have a difference sequences of nucleotide. These internal comparation indicate a diversity of species among 

them. In other side, the IPBCC.b.13.1530 was closely related with S. misionensis strain NRRL B-3230 with 

99% maximum identity. S. misionensis commonly produced aerial mass in grey series with spirales or 

retinaculiaperti spores chain type. This result indicated that based on morphological characteristics and 

phylogenetic analysis, IPBCC.b.13.1530 belong to S. misionensis. 

  This study is considered as the first work which use molecular data to show that endophytic actinomycetes 

isolated from rice plant varieties in Indonesia, have nifH gene sequences. In addition, the international 

information of nifH gene sequences in endophytic actinomycetes was still poorly studies. Actinobacteria, 

especially genus Micromonospora and Thermonospora were successfully isolated from roots of Casuarina 

equisetifolia, they have nifH gene sequences which were closely related with Frankia sp. [27].  An phylogenetic 

tree analysis in this report showed that the internal nifH gene of IPBCC.b.13.1530, IPBCC.b.14.1531, and 

IPBCC.b.14.1536 were closely related with nifH gene from Herbaspirillum sp. strain B501 (cluster I).  In this 

cluster, the position of IPBCC.b.13.1530 was closer with IPBCC.b.14.1531 compared with IPBCC.b.14.1536.  

Both IPBCC.b.13.1530 and IPBCC.b.14.1531 have less than 97% sequences similarity compared with the 

available nifH gene sequences data from GenBank, meanwhile, IPBCC.b.14.1536 has more than 97% sequences 

similarity.  These data indicated that IPBCC.b.13.1530 and IPBCC.b.14.1531 have more sequences diversity of 

their nifH gene. The presence of 3% nucleotide differences are indicate certain hyper-variable regions.  The 

positions of the hyper-variable regions are taxon specific and need to be determined for novel organisms by 

sequences analysis of the complete molecule [21]. Different strain of endophytic Streptomyces may cause 

diversity of their nifH gene sequences, and that phenomenon may also be influenced by different varieties of 

rice cultivars.  The diversity of genetic distances between three isolates (IPBCC.b.13.1530, IPBCC.b.14.1531, 

and IPBCC.b.14.1536) and Frankia sp., Rhizobium sp., L. ferroxidans, also K. pneumonia indicated high 

diversity of endophytic actinomycetes nifH gene (Fig.6).  Herbaspirillum sp. isolated from wild rice that known 

capable of colonizing of roots and stems of rice plant, fixed nitrogen, also increased growth of rice plant [29].  

Based on in vitro assayed, the three Streptomyces spp. (IPBCC.b.13.1530, IPBCC.b.14.1531, and 

IPBCC.b.14.1536) isolated from rice plant are potential to promote rice plant growth through their capability in 

producing ammonia and growth in N-free medium.  Previously, IPBCC.b.13.1530 was reported to be able to fix 

nitrogen via their activity to grow in N-free medium, reduced acetylene, and produced ammonia.  The capability 

to grow on an N-deficient medium, positive acetylene reduction and 
15

N isotopic dilution assays, as well as 

possessing nifH gene gives strong support to the conclusion that the Actinobacteria fix atmospheric N to 

ammonia [27].   

 

Conclusion: 

 Based on morphological characteristics and 16S rRNA gene analysis, the seven isolates of rice endophytic 

actinomycetes were belong to Streptomyces spp. The IPBCC.b.14.1531, IPBCC.b.14.1532, IPBCC.b.14.1533, 

IPBCC.b.14.1534, IPBCC.b.14.1535, and IPBCC.b.14.1536 have an indication as a novel species with <97% 

maximum identity, and they clustered together with S. albolongus, S. cavourensis subsp. cavourensis, S. 

anulatus, and S. bungoensis.  While, the IPBCC.b.13.1530 was closely related with S. misionensis with 99% 

maximum identity.  The internal nifH gene of IPBCC.b.13.1530, IPBCC.b.14.1531, and IPBCC.b.14.1536 were 

closely related with nifH gene from Herbaspirillum sp.  Based on in vitro assayed and nifH gene analysis, the 

three Streptomyces spp. isolated from rice plant are potential to promote rice plant growth through their 

capability in fixing nitrogen.   
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