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A B S T R A C T
Indonesia possess one of the largest genetic diversities of banana in the world, both
cultivated and wild. However, the number of disease especially Fusarium wilt has
reduce the production of banana. Parthenocarpy, polyploidy and sterility has also
become a problem for the development of new varieties that resistant to the
diseases. One of the largest plant R-gene families encodes a protein with Nucleotide
Binding Site (NBS) domain. The aim of this study was to identify the candidate
gene of NBS from Musa acuminata var. malaccensis and Musa, AAA, Cavendish
sub-group. In this study, two fragments (P 5-8 and P 5-10) of NBS type gene from
Musa acuminata var. malaccensis and one fragment (P 5-11) from Cavendish were
amplified with degenerate primer, cloned and sequenced. Amino acid sequences
revealed 97-100% similarity with RPM1 (P 5-10 and P 5-11) and RPS2 (P 5-8) from
Musa acuminata var. malaccensis. Contig sequences were deposited in Genbank
and assigned number KP 691062 -KP691064. There were four conserved motif
sequences i.e., P-loop, kinase-2, kinase-3a and hydrophobic domain. All of the
fragments was grouped into non-TIR-NBS-LRR and contained in chromosome
number 9. The conserved sequences of NBS gene can be used as a potential genetic
marker for disease resistant gene in banana.
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INTRODUCTION

Indonesia is one of the centers of banana genetic diversity
in the world, both cultivated and wild. However,
parthenocarpy, polyploidy and sterility has become a problem
for the development of new varieties that resistant to the
diseases, especially Fusarium wilt. The presence of Fusarium
wilt caused 1,300 ha of banana in North Sumatra and 300 ha
of Cavendish banana plantations in Riau were heavily
damaged in 1995 (Nasir and Handayani, 2005). Fusarium wilt
disease is caused by the fungus Fusarium oxysporum f.sp.
cubense. It is able to live in the soil in the form of
chlamydospores and can survive in the soil for long periods,
thus it is difficult to control (Widono et al., 2003). This fungus

will germinate to infect the lateral roots, when it contacts with
the roots of banana and forms colonies that clogged the
vascular system of plants, causing wilting and death of the
banana plant. F. oxysporum f.sp. cubense race 4 become the
most virulent race, therefore, it can infect almost all plants of
banana cultivars, including those which are resistant to other
races of Fusarium wilt (Sun et al., 2010).

In order to develop the disease-resistant banana clones,
conventionally inhibited by along time generation,
parthenocarpy, polyploidy and sterility of the most cultivars.
Musa  acuminata  Colla  is  a  wild seeded banana and diploid.
In  Indonesia,  there  are  15 varieties of Musa acuminata Colla
spread from  Sumatra   to   Papua,   i.e.,   Musa  acuminata
var.  acuminata,   var.  alasensis  Nasution,  var.  bantamensis
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Nasution, var. breviformis Nasution, var. cerifera Back.
Nasution, var. flava (Ridl.) Nasution, var. halabanensis
(Meijer)    Nasution,     var.       longipetiolata      Nasution,
var. malaccensis (Ridl.) Nasution, var. microcarpa (Becc.)
Nasution, var. nakaii nasution, var. rutilifes (Back.) Nasution,
var. sumatrana (Becc. Nasution), var. tomentosa (K.Sch.)
Nasution and var. zebrina (v.Houtte) Nasution (Nasution,
1991). According  to  Kayat et al. (2004), Musa acuminata
var. malaccensis has a high resistance to Fusarium oxysporum
f.sp. cubense race 4. Thus, it can be used as a source of genes
for disease resistance.

The largest class of resistance genes (R) is Nucleotide
Binding Site-Leusine Rich repeat (NBS-LRR). The NBS
regions are important for ATP binding and hydrolysis
function. It is involved in the signal transduction triggered by
pathogen infection. Conserved amino acid motifs in the NBS
region include P-loop (kinase-1), kinase-2, GLPL (kinase-3)
and RNBS A, B, C and D motifs (Meyers et al., 1999). The
LRR region is involved in the interaction of various proteins
and  recognized  the  elicitor   molecules   of  pathogens
(Fluhr, 2001). In this study, only the NBS region was
identified. Sun et al. (2010) obtained 20 analog gene fragments
in 'Goldfinger' banana with size about 530 bp and included to
non-TIR NBS class containing 4 conserved regions of amino
acids P-loop, kinase-2, RNBS-B and GLPL hydrophobic
amino acids. The research NBS-LRR genes related to resistant
has been conducted in tomato and Arabidopsis (Pan et al.,
2000), potatoes (Bendahmaney et al., 2002) and sugarcane
(Glynn et al., 2008). Meanwhile, research on banana consists
of wild banana Musa acuminata Colla (Miller et al., 2008;
Peraza-Echeverria et al., 2008), Cavendish banana (Li et al.,
2012),  Goldfinger banana (Sun et al., 2010) and Musa AAB
cv Nendran (Augustine and Joseph, 2014).

The aim of this study was to identify the gene candidate
of  Nucleotide  Binding  Site  (NBS)  on  the  accession  of
Musa acuminata colla var. malaccensis and Musa, AAA,
Cavendish sub-group.

MATERIALS AND METHODS

Plant materials: The banana cultivars used in this study
consist of a wild banana Musa acuminata var. malaccensis
(LIPI 010) and Musa, AAA, Cavendish sub-group (LIPI 090)
collected from Banana Germplasm Gardens, Research Center
for Biology, Indonesian Institute of Sciences. The DNA
material used was, young leaves of the bananas.

DNA extraction: Total DNA was extracted from young leaves
by using Cetyltrimethyl Ammonium Bromide (CTAB) method 
(Dellaporta et al., 1983; Syamkumar et al., 2003) that has been
modified with the addition of Poly Vinyl Pyrrolidone (PVP) at

the time of grinding and β-Mercaptoethanol on the extraction
buffers.

Amplification of DNA: DNA amplification is conducted
using the degenerate primers based on the conserved region of
the NBS genes. Three pairs of primers, designed by Sun et al.
(2010), were used to isolate an analog R gene from the
genomic DNA of the Fusarium wilt resistant Goldfinger
(AAAB) banana as shown in Table  1.  The  PCR mixture of
15  mL    contained  7.5  mL  GoTaq®  Green  Master Mix 2×,
0.75 mL of 20 pmol forward and reverse primers, 1 µL of
DNA 50 ng mLG1 and Nuclease free water up to 15 mL total
volume. The PCR condition included predenaturation at 95°C
for   3  min,  followed  by  40  cycles  of  denaturation  at 94°C
for 45  sec,  annealing  at  44°C  (F1+F2);  54°C  (F5+F6);
58°C (F9-F10) for 30 seconds respectively and elongation at
72ºC for 60 sec with a post-elongation step at 72°C for 10 min.
The PCR process was carried out using Thermal Cycler Takara
machine. Amplicons were purified from the gel and ligated
with pGEM-T Easy vector (Promega, USA). This mixture
consist of 1 μL PCR results (50 ng), 1 μL 25 ng pGEM-T Easy
vector, 1 μL of 5 U T4 DNA ligase, 5 μL of 2X rapid ligation
buffer and Nuclease Free Water up to 10 mL total volume. The
mixture was incubated at 4°C overnight. The ligation result
was transformed into E. coli JM109 (Promega, USA) by
heatshock method according to Sambrook and Russel (2001).
Plasmid containing recombinant DNA were extracted using
the High Speed Plasmid Mini Kit (GenAid) and sent to the 1st

Base sequencing services company for sequencing process.

DNA sequence analysis: The sequence were done by
comparing the DNA sequences and a predicted amino acid
with the sequence of other plant accessions in the NCBI gene
bank database using a BLASTp algorithm. The contig analysis
of the DNA sequence was done by Chromas Pro program. The
alignment analysis was done with a MUSCLE method and the
phylogenetic tree was constructed by the neighbor-joining
method from Molecular Evolutionary Genetics Analysis
(MEGA5) program (Tamura et al., 2011). A thousand of
bootstrap replications were used to evaluate the degree of
clustering pattern in the phylogenetic tree.

RESULTS

PCR amplification using degenerate primer: The
degenerate primers were designed to amplify region between
P-loop and the GLPL motifs of NBS class of the resistance
gene. Three pairs of degenerate primers were able to produce
11 analogue resistance gene fragments that were isolated from
Musa acuminata var. malaccensis and Musa, AAA, Cavendish
sub-group. The size of the fragments between ~300-1000  bp

Table 1: Degenerate primer that used to isolate gene of NBS
Degenerate primer Peptide Primer sequence Reference
F1 (F) P-loop GGDGTDGGNAARACWAC Deng et al. (2000)
F2 (R) GLPL AANGCHAGNGGYAANCC Deng et al. (2000)
F5 (F) P-loop GGIGGIGTIGGIAAIACIAC Peraza-Echeverria et al. (2008)
F6 (R) GLPL AAGIGCTAAGIGGIAAGICC Peraza-Echeverria et al. (2008)
F9 (F) P-loop GGNGGNRTIGGIAARACIAC Sun et al. (2010)
F10 (R) GLPL GAGGGCNARNGGNAAICC Sun et al. (2010)
Codes for mix bases: R = A/G, W = A/T, Y = C/T, S = C/G, H = A/T/C, D = A/T/G, N = A/G/T/C, I = Hypoxanthine
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as shown in Fig. 1. Primer F5 (F)+F6 (R) produced fragments
with the size of ~300-650 bp. Primer F1 (F)+F2 (R) produced
fragments with the size of ~500-1000 bp while, F9 (F)+F10
(R) produced ~500-1000 bp fragments. The total of eleven
fragments  were  isolated  from  the  gel  and  cloned  into  the
E. coli.

Sequence analysis of DNA fragments of banana: The PCR
product of the 11 fragments have been cloned. All of the
fragments   contained   the    inserted    fragment  between
323-1114 bp in size. Based on the analysis of nucleotide and
the deduced amino acid using BLASTp analysis in Genebank,
it was  found that 3 sequences consisted of P 5-8, P 5-10 and
P 5-11 with the size of 770, 1114 and 791 bp, respectively,
have similarity of homology more than 80% to the disease
resistance protein RPM1 and RPS2 on Musa acuminata subsp.
malaccensis. RPM1 and RPS2 had been deposited in the
Genbank accession that shared 97, 98 and 100% homology
with these fragments, respectively as shown in Table 2. Contig
sequences were deposited in Genbank and assigned number
KP691062-KP691064.

All of three sequences were analyzed on Musa Genome
BLAST. The results showed that all of three sequences have
coverage of 90% and they are located on chromosome number
9 as shown in Table 3. The P 5-8 sequence has similarity to
putative  disease  resistance protein RPS2. While, P 5-10 and
P 5-11 have similarity to putative disease resistance protein
RPM1 with the percentage of coverage of 92.76, 96.68 and
97.11%, respectively.

Sequence alignment and phylogenetic analysis of the
predicted amino acids with protein R-gene and other
plants RGA: Sequence alignment between amino acid of
three fragments, 16 of NBS-LRR protein from bananas,
protein RPM1 and RPS2 of Musa acuminata var. malaccensis
and 13 proteins-R from other plants that have been deposited
in Genbank showed that there were conservative structure of
NB-ARC containing 4 conserved regions of amino acids i.e.,
P-loop/kinase-1a (GGVGKTT), kinase-2 (LVLDDIW),
RNBS-B/kinase-3a (CKVLFTTRS) and hydrophobic amino
acids (hydrophobic domain) (GLPL). These motifs are
characteristic to NBS regions as shown in Fig. 2.  The  length

Table 2: Sequence identity between the predicted amino acid sequences of  Musa acuminata  var. malaccensis, Cavendish and Musa disease resistance protein
that has been deposited in Genbank

Fragment Genebank accession Query coverage (%) E-value Identity (%) Accession
P 5-8 Disease resistant protein RPS2 like 66 3e-108 97 XM009418398
(KP691062) (Musa acuminata subsp. malaccensis)
P 5-10 Predicted: disease resistance protein RPM1 like 98 0.0 99 XM009419073
(KP691063) (Musa acuminata subsp malaccensis)
P 5-11 Predicted: disease resistance protein RPM1 like 99 0.0 100 XM009419073
(KP691064) (Musa acuminata subsp. malaccensis)

Table 3: Sequence identity between the predicted amino acid sequences of Musa acuminata var. malaccensis and Cavendish in Musa Genome
Fragment Coverage (%) Locus ID Chromosome Start End Function
P 5-8 (KP691062) 92.76 GSMUA-Ach 9 1802617 1803091 Putative disease resistance protein
(M. acuminata var. malaccensis) r9P02520-001 RPS2 complete
P 5-10 (KP691063) 96.68 GSMUA-Ach 9 8304222 8305299 Putative disease resistance protein
(M. acuminata var. malaccensis) r9P12800-001 RPM1 complete
P 5-11(KP691064) 97.11 GSMUA-Ach 9 8304527 8305299 Putative disease resistance protein
(Musa, AAA, Cavendish sub-group) r9P12800-001 RPM1 complete

Fig. 1: DNA amplification using the degenerate primer. A: DNA ladder marker 100 bp (Fermentas); M: Musa acuminata var.
malaccensis; C: Musa, AAA, Cavendish sub-group
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of  the  amino acids from P-loop region and GLPL is about
200  amino   acids.  All  of  RGA  bananas  and  other  crop R
proteins have four conserved motifs. These results indicated
the presence of evolutionary conservation of disease resistance
genes. Based on the research by Sutanto et al. (2014), there
were  several  differences  on  the  amino  acid  sequence  in
the  fragments  P  5-8,  P  5-10  and  P  5-11 in the kinase-2
(B)  motif,  especially at the amino acid Lysine (K), Leucine
(L) and Isoleucine  (I).  On  kinase-3a  (C)  motif,  there  were

differences   on    the   amino   acid   Cysteine-Lysine-Leucine- 
Isoleucine-Leucine-Alanine-Serine-Arginine-Serine-
Asparagine   (CKLILASRSN)    and   Serine-Arginine-Valine-
Valine-Threonine-Arginine-Methionine-Gluthamine
(SRVVTTRMQ). Meanwhile, on the hydrophobic region (D)
the  difference was in the  amino acid  Serine  (S) and  Alanine
(A) as shown in Fig. 2. The  differences  of  the amino  acid 
sequences  in this conservative region may allowed the
different    responses      of      different      disease    resistance.

Fig. 2(A-D): Continue
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                                         10        20        30        40        50        60        70              
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
NBS-LRR_Musa_balbisiana         --GGVGKTTLLKTLNNELK-ENTRDYHVVIMI---EVANSETLNVV--DMQKIIA-N------RLGLPWN 55   
NBS-LRR_Musa_AAB_Group          ---GLGKTTLAQQAYNHER--VKDYFQHEVWVCVSDNFNVERLTKE--IIESITE-N------KCDLS-- 54   
NBS-LRR_Musa_laterita           -MGGVGKTTLAQQAYNHER--VQDYFQHEVWVCVSDNFNVERLTKE--IIESITE-N------KCDLS-- 56   
NBS-LRR_Musa_ABB_Group          -MGGVGKTTLAQQAYNPER--VKDYFHHKVWVCVSDNFNVERLSKE--IIESITE-N------KCDLS-- 56   
NBS-LRR_Musa_textilis           GMGGVGKTTLAQQAYNHER--VQDYFHPKVWLCVSDNFNVERLTKD--IIESITE-N------KCDLS-- 57   
NBS-LRR_Musa_schizocarpa        GMGGVGKTTLAQQAYNHER--VKDYFHXKVWVCVSDNFNVERFTKE--IIESLTR-K------RCDLN-- 57   
NBS-LRR_Musa_acuminata_var_mic  GMGGVGKTTLAQQAYNHER--VKDYFHPKVWLCVSDNFNVERLTKD--IVESITE-E------KCDLS-- 57   
NBS-LRR_Musa_acuminata_AAA_Gro  GMGGVGKTTLAQQAYNHAR--VQDCFQLKVWVCVSDNFNVERLTKE--IIESLTR-N------TCDLN-- 57   
NBS-LRR_Musa_banksii            GMGGVGKTTLAQQAYNHER--VKDYFHPKVWLCVSDNFNVERLTKE--IIESLTR-N------KCDLN-- 57   
NBS-LRR_Musa_acuminata_var_sia  GMGGVGKTTLAQQAYNHER--VKDYFHHKVWVCVSDNFNVERLTKE--IIESLTR-N------KCDLN-- 57   
NBS-LRR_Musa_acuminata_var_err  GMGGVGKTTLAQQAYNHES--VKDYFQHEVWVCVSYNFNVERLTKE--IIESITE-N------KCDLS-- 57   
NBS-LRR_Musa_velutina           GMGGVGKTTLAQQAYNNER--VKDYFYHKVWVCVSDNFNVERLTKE--IRESLTR-N------TCDLN-- 57   
NBS-LRR_Musa_ornata             GMGGVGKTTLAQFVYNDAT--VRKHFELKIWVCVSDSFDVKRLTKE--IIESVTNEK------QSDLM-- 58   
NBS-LRR Musa_acuminata_subsp.C  --GGVGKTTLLKTLNNELK-ENTRDYHVVILI---EVANSETLNVV--DMQKIIA-N------RLGLPWN 55   
NBS-LRR Klutuk_Wulung(NBS1)     --GGVGKTTLLKTLNNELK-ENTRDYHVVIMI---EVANSETLNVV--DMQKIIA-N------RLGLPWN 55   
NBS-LRR Musa_acuminata_cult Re  --GGVGKTTLLKTLNNELK-ENTRDYHVVIMI---EVANSETLNVV--DMQKIIA-N------RLGLPWN 55   
P5-11 (KP691064)                --GGVGKTTLVTRVYRDRA--ILSHFSCRAWVFVSQNYNIDDLLRK--ILRALLQ-E------RMEEAAD 57   
P5-10 (KP691063)                --GGVGKTTLVTRVYRDRA--ILSHFSCRAWVFVSQNYNVDDLLRK--ILRALLQ-E------RMEEAAD 57   
P5-8 (KP691062)                 --GGVGKTTLLSRFHNEFL-ADATHLDVVIFMDACRGLGVDRIQRM-------IG-D------RLGLSRK 53   
RPM1_Musa_acuminata_var_malacc  GMGGVGKTTLVTRVYRDRA--ILSHFSCRAWVFVSQNYNIDDLLRK--ILRALLQ-E------RMEEAAD 59   
RPS2_Musa_acuminata_var_malacc  GMGGVGKTALLSRFHNEFL-ADATHLDVVIFIDACRGLGVDRIQRM-------IG-D------RLGLSRK 55   
BS2_Capsicum_chacoense          GMGGIGKTTLAKEVYNDES--ILCRFDVHAWATISQQHNKKEILLG--LLHSTIKMDD-----RVKMIGE 61   
FOM-2_Cucumis_melo              GMGGLGKTTLAKLVFSHEL--VRQHFDKTVWVCVSEPFIVNKILLD--ILQSL----------KGGISNG 56   
I2_Solanum_lycopersicum         GMGGQGKTTLAKAVYNDER--VKNHFDLKAWYCVSEGFDALRITKE--LLQEIGKFD------SKDVHN- 59   
Saccharum_hybrid_N11            --GGVGKTTLTQLIYNDER--VKEHFQLRVWLCVSENFDEMKLTKE--TIESVAS--------GFSSATT 56   
Gpa2_Solanum_tuberosum          GMGGIGKTTLAAKLYSDPY--IMSRFDIRAKATVSQEYCVRNVLLG--LLSL-----------TSDEPDY 55   
Theobroma_cacao                 GRGGVGKTTLAQLVYTDSN--IRDHFDLKAWVCVSHEFDVIKITKT--ILESVTF-L------PCDIT-- 57   
Triticum_aestivum               --GGVGKTTLTQLVYNDTR--IKEHSQLRVWLCVSENFDQMKLTKE--PIESVAS-EFGSTIIGVSSVTT 63   
RXO1_Zea_mays                   GMGGVGKSTLVNNVYKNE----GSNFDCRAWVSISQSYRLEDIWKK--MLTDLIGKD------KIEF--- 55   
N_Nicotiana_glutinosa           GMGGVGKTTIARAIFDTLLGRMDSSYQFDGACFLKDIKENKRGMHS--LQNALLS-E------LLREKA- 60   
RPS4_Arabidopsis_thaliana       GMPGIGKTTLLKELYKTWQGKFSRHALIDQIRVKSKHLELDRLPQM--LLGEL---S------KLNHP-- 57   
RPP4_Arabidopsis_thaliana       GQSGIGKSTIGRALFSQLS----SQFHHRAFITYKSTSGSDVSGMKLSWEKELLS-E------ILGQK-- 57   
P2_Linum_usitatissimum          GMGGVGKTTLAEACYERVT-SSNKGIKHLFVRNVNEICEKHHGVEK--IVHKLYS-K------LLDEN-- 58   
RPP5_Arabidopsis_thaliana       GQSGIGKSTIGRALFSQLS----SQFHHRAFLTYKSTSGSDVSGMKLSWQKELLS-E------ILGQK-- 57   
 
 
 
                                         80        90       100       110       120       130       140         
                                ....|....|....|....|....|....|....|....|....|....|....|....|....|....| 
NBS-LRR_Musa_balbisiana         -ESETERER--STFLRRALRRKKFVVLLDDVWKKF-----QLADV--GIPTPSSD---NGCKLIVASRSN 112  
NBS-LRR_Musa_AAB_Group          -NLDTLQVV-----LKKNLTSKRFLLVLDDVWNEDSL---KWGRF--CAPLRYGE---PGSKILITTRSK 110  
NBS-LRR_Musa_laterita           -NLDTLQVV-----LKKNLTSKRFLLVLDDVWNEDSL---KWERF--CAPLRYGE---PGSKILVTTRSK 112  
NBS-LRR_Musa_ABB_Group          -NLDTLQVV-----VKKKLTSKRFLLVLDDVWNEDSL---KWERF--CAPLRYGE---PGSKILVTTRSK 112  
NBS-LRR_Musa_textilis           -NLDTLQVV-----VKKKLTSKRFLLVLDDVWNEDSL---KWERF--CAPLRYGE---QGSKILVTTRSR 113  
NBS-LRR_Musa_schizocarpa        -NFDTLQVE-----VKEKLTSKRFLLVLDDVWNEDSL---KWERF--CAPLRYGE---PGSKILVTTRSK 113  
NBS-LRR_Musa_acuminata_var_mic  -NLDTLQVV-----VKKKLTSKRFLLVLDDVWNEDGL---KWERF--CASLRYGE---QGSKILVTTRSK 113  
NBS-LRR_Musa_acuminata_AAA_Gro  -NFDTLQVV-----VKEKLTSKRFLPVLDDVWSEDSL---KWERF--CAPLKHGE---PGSKILVTTRSK 113  
NBS-LRR_Musa_banksii            -NFDTLQVI-----VKDMLTSKRFLLVLDDVWDEDGL---KWERF--CASLRYGE---QGSKILVTTRSK 113  
NBS-LRR_Musa_acuminata_var_sia  -NFDTLQVV-----VKEELTSKRFLLVLDDVWNEDSL---KWERF--CAPLRYGV---PGSKILVTTRSE 113  
NBS-LRR_Musa_acuminata_var_err  -NLDTLQVV-----LKKNLTSKRFLLVLDDVWNEDSL---KWERF--CAPLRYGE---PGSKILVTTRSK 113  
NBS-LRR_Musa_velutina           -NFDTLQVE-----VKEALTSKRFLLVLDDVWSEDSL---KWERF--CAPLKYGE---PGSKILVTTRSK 113  
NBS-LRR_Musa_ornata             -NLDTLQVI-----LKVKIASKRFLLVLDDVWSVDTHDMDEWQKL--CAPLRFGA---RGSMVMVTTRDL 117  
NBS-LRR Musa_acuminata_subsp.C  -ESETERER--STFLRRALRRKKFVVLLDDVWKKF-----QLADV--GIPTPSSD---YGCKLILASRSN 112  
NBS-LRR Klutuk_Wulung(NBS1)     -ESETERER--STFLRRALRRKKFVVLLDDVWKKF-----QLADV--GIPTPSSD---NGCKLIVASRSN 112  
NBS-LRR Musa_acuminata_cult Re  -ESETERER--STFLRRALKRKKFVVLLDDVWKKF-----QLADV--GIPTPSSD---NGCKLILASRSN 112  
P5-11(KP691064)                 -DFDSMEYRRLVEALRAHLDRQRYLIVLDDVWQVS-----IWTDI--SYALLANS---CRSRVVITTRMQ 116  
P5-10(KP691063)                 -DFDSMEYRRLVEALRAHLDRQRYLIVLDDVWQVS-----IWTDI--SYALLANS---CRSRVVITTRMQ 116  
P5-8 (KP691062)                 -NRGSQEEK--AATLFRVLNKMRFVLILDGVCRSL-----DLRMV--GVPIPKRR---SKCKIVLATRNE 110  
RPM1_Musa_acuminata_var_malacc  -DFDSMEYRRLVEALRAHLDRQRYLIVLDDVWQVS-----IWTDI--SYALLANS---CRSRVVITTRMQ 118  
RPS2_Musa_acuminata_var_malacc  -NRGSQEEK--AATLFRVLNKMRFVLILDGVCRSL-----DLRTV--GVPIPKRR---SKCKIVLATRNE 112  
BS2_Capsicum_chacoense          AELADM--------LQKSLKRKRYLIVLDDIWSCE-----VWDGVRRCFPTE-DN---AGSRILLTTRND 114  
FOM-2_Cucumis_melo              GDSKEVLLR----ELQKEMLGQTYFLVLDDVWNENSF---LWGELKYCLLKITGN---SKNSIVVTTRSA 116  
I2_Solanum_lycopersicum         -NLNQLQVK-----LKESLKGKKFLIVLDDVWNENYN---EWNDL--RNIFAQGD---IGSKIIVTTRKD 115  
Saccharum_hybrid_N11            -NMNLLQED-----LSKKLQGKRFLLVLDDVWNEDPE---KWDRY--RCALVSGG---KGSKIIITTRNK 112  
Gpa2_Solanum_tuberosum          Q-LADQ--------LQKHLKGRRYLVVIDDIWTTE-----AWDDI--KLCFPDCD---NGSRILLTTRNV 106  
Theobroma_cacao                 -DLNLLQFK-----LKEKLSRKKFLFVLDDVWTENYN---DWMRL--RSPFDAGI---SGSKIIITTRSS 113  
Triticum_aestivum               -NMNLLQED-----LSKKLKDKRFLLVLDDVWNEDPE---KWGTY--RSALLTGG---KGSRIVVTTRNK 119  
RXO1_Zea_mays                   -DLGTMDSAELREQLTKTLDKRQYLIILDDVWMAN-----VFFKI--KEVLVDNG---LGSRVIITTRIE 114  
N_Nicotiana_glutinosa           -NYNNEEDG--KHQMASRLRSKKVLIVLDDIDNKDH----YLEYL--AGDLDWFG---NGSRIIITTRDK 118  
RPS4_Arabidopsis_thaliana       -HVDNLKDP------YSQLHERKVLVVLDDVSKREQI--DALREI--LDWIKEGK---EGSRVVIATSDM 113  
RPP4_Arabidopsis_thaliana       -DIKIDHFG----VVEQRLKHKKVLILLDDVDNLE-----FLKTL--VGKAEWFG---SGSRIIVITQDK 112  
P2_Linum_usitatissimum          -NIDREDLN--IGYRRERLSRSRVFVVLDNVETLE-----QLEQLALGYVFNLSKVFAAGSRIIITTRNK 120  
RPP5_Arabidopsis_thaliana       -DIKIEHFG----VVEQRLNHKKVLILLDDVDNLE-----FLKTL--VGKAEWFG---SGSRIIVITQDR 112  
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Fig. 2(A-D): Alignment  analysis  of  predicted  amino  acid  sequence  with  some  proteins   NBS-LRR  of   Musa   and  other
R-gene  deposited in  the  NCBI  gene  bank.  Conserved  domain  area was marked by a bold box in the sequence
(A: P-loop/kinase-1a, B: Kinase-2, C: Kinase-3a and D: Hydrophobic domain or GLPL). Comparison of amino acid
sequence with RPM1, RPS2 and Sutanto et al. (2014) study was marked by dotted box

The results of phylogenetic analysis of the predicted
amino acid sequence obtained from this study, the banana
protein and protein R from other plants in Genbank as shown
in Fig. 3. The phylogenetic analysis showed that R proteins 
and bananas protein are divided into two groups: TIR-NBS-
LRR and non-TIR-NBS-LRR. Among these proteins, protein
RPP4, RPP5, RPS4, N and P2 were included to the group of
TIR-NBS-LRR while, others were included into the group of
non-TIR-NBS-LRR. P5-8 fragment was grouped in RPS2
protein from Musa acuminata var. malaccensis. Meanwhile,
P 5-10 and P 5-11 fragments were grouped in RPM1 protein
from Musa acuminata var. malaccensis and RX01 protein from
corn, respectively. These fragments with another  banana and
protein in monocotyledonous plant, such as; sugarcane, wheat
and corn were included in the class of non-TIR-NBS-LRR
whereas,  the   dicotyledonous   plant were  included in the
class of non-TIR-NBS-LRR and class TIR-NBS-LRR.

DISCUSSION

We have isolation and identification members of NBS
disease  resistance   gene   family   from   Musa  acuminata
var. malaccensis and Musa acuminata cv. Cavendish (AAA).
Because the NBS domain is conserved and contain easily
identifiable and therefore comparable motifs, The domain is a
tractable region for study of R-gene evolution.

According to Sun et al. (2010), from 20 RGA that were
isolated from Goldfinger banana (AAAB), the predicted amino

acid  shared  28-54% homology with the known genes Fom2,
I2C1,  I2C2 and I2. Agustine and Joseph (2014) isolated 517
bp fragment from banana AAB cv Nendran which showed 97-
99% homology with NBS-LRR proteins in Musa varieties.
While, Sutanto et al. (2014) mentioned that 17 fragments
RGA, which were isolated from three Fusarium resistant
banana cultivars  showed   homology   from   91.7   up   to  
98.8%  with   proteins   from   NBS-LRR   disease   resistance 
 in Musa acuminata var malaccensis, Group AAA, AAB and
ABB and of 19.9 up to 35.5% with protein R which was
already known.

In this study, three fragment showed 66-99% homology
with protein RPS2 and RPM1 from Musa acuminata var.
malaccensis (Table 2). In Li et al. (2012) study, an increase in
the expression of genes in Cavendish cv Nongke no.1 was
occurred in complex protein RPM1/RIN4. In A. thaliana,
RPM1 was associated with resistance to Pseudomonas
syringae expressing avrRPM1 or avrB (Boyes et al., 1998).
AvrB and RPM1 caused a hyperphosphorylation on RPM1 that
interact with protein4 (RIN4) (Torres et al., 2006). Inhibition
of expression of RIN4 by unknown effector of Foc TR4 will
activate the RPS2 pathway. The effector that was secreted by
FOC TR4 and its similarity with the AvrRpt2 effector requires
further research.

The most important class of R genes is Nucleotide
Binding Site Leusine Rich Repeat (NBS-LRR). This R gene
contains an N terminal NBS and a C terminal LRR. NBS
domain  act   as   intramolecular   signal  transducer.  It  is  also
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                                        150       160       170       180       190       200            
                                ....|....|....|....|....|....|....|....|....|....|....|....|....| 
NBS-LRR_Musa_balbisiana         QVCVEMG-DKEPMEMPCLNENESLRLFRSNLMAEVSAAIDHDSDMRESAMDIIQSCGGLPLSP-- 174  
NBS-LRR_Musa_AAB_Group          MIAEMVG---NPIPLGGLDETSYWKLFKKCAF--GSEDEGEFPQLEAIAKKIAGRLKGLPLAAK- 169  
NBS-LRR_Musa_laterita           NVFENGW---NPIPLGGLDEASYWKLFKKCAF--GSEDAGEFPHLE------------------- 153  
NBS-LRR_Musa_ABB_Group          KIAEMVG---NPFPLGGLDEASYWKLFKKCAF--GSEYAGE------------------------ 148  
NBS-LRR_Musa_textilis           KIADMVG---NPIPLDGLDEASYWKLFKKCAF--GSEDVGEFPQLEAIAGMIVGRLKGLPLAAR- 172  
NBS-LRR_Musa_schizocarpa        KIAEMVG---NPIPLGGMAGASYWKLFKKCAF--GSEDAGEFPHLEAIAKKIAGRLKGLPLAAK- 172  
NBS-LRR_Musa_acuminata_var_mic  KIAEMVG---KPIPLGGLDEASYWEFFKKCAF--GSEDAGEFPQLEAIAKKIAGRLKGLPLAAK- 172  
NBS-LRR_Musa_acuminata_AAA_Gro  KIADMFG---NPFPLDGLDDASYWEFFKQCAF--GSEYAGECPQLEAIAKKIAYRLNGLPLAAK- 172  
NBS-LRR_Musa_banksii            KIAEMVG---KPIPLGGLDEASYWEFFKKCAF--GSEDAGEFPQLEAIAKKIAGRLKGLPLAAK- 172  
NBS-LRR_Musa_acuminata_var_sia  KIAEMVG---NRIHLGGLDEASYWKLFKKCAF--GSEDAGEFPQLEAIAKKVVGRLKAFPSLQR- 172  
NBS-LRR_Musa_acuminata_var_err  KIAEMVG---NPIPLGGLDEASYWKLFKECAF--GSEDAGEFPQLEAIAKKIAGRLKGLPLAAK- 172  
NBS-LRR_Musa_velutina           KIADMVG---NPFPLDGLDDASYWEFFKQCAF--GSEYAGECPQLEAIAKKIAYRLNGLPLAAK- 172  
NBS-LRR_Musa_ornata             RIASIVG-TMKEILLEGLEDDDYWELFKKCAF--GSLNPKEHPELEAIGRKIAGKLKAYPSLQR- 178  
NBS-LRR Musa_acuminata_subsp.C  QVCVEMG-DKEPMEMPCLGDNESLRLFRSNLMAEVSAAIDHDSDMRRSAMDIIQSCGGLPLSP-- 174  
NBS-LRR Klutuk_Wulung(NBS1)     QVCVEMG-DKEPMEMPCLNENESLRLFRSNLMAEVSAAIDHDSDMRESAMDIIQSCGGLPLSP-- 174  
NBS-LRR Musa_acuminata_cult Re  QVCVEMG-DKEPMEMPCLGDYESLRLFRSNLMAEVSAAIDHDSDLRGSAMDIIQSCGGLPLSL-- 174  
P5-11 (KP691064)                EVASVAG-GSRVMTVDPLPEEMAWSLFCKKAFPRGEGSV-CPPALEHWARRIVDKCEGLPLAIV- 178  
P5-10 (KP691063)                EVASVAG-GSRVMTVDPLPEEMAWSLFCKKAFPRGEGSV-CPPALEHWARRIVDKCEGLPLAIV- 178  
P5-8 (KP691062)                 DLCDQMG-AKKKVKVEALPWDAAWKLFTETA---GEEMIDSHPGIRRQAEILVRKCGGLPLALN- 170  
RPM1_Musa_acuminata_var_malacc  EVASVAG-GSRVMTVDPLPEEMAWSLFCKKAFPRGEGSV-CPPALEHWARRIVDKCEGLPLAIV- 180  
RPS2_Musa_acuminata_var_malacc  DLCDQMG-AKKKIKVEALPWDAAWKLFTETA---GEEMIDSHPGIRRQAEILVRKCGGLPLVLI- 172  
BS2_Capsicum_chacoense          EVACYAGVENFSLRMSFMDQDESWSLFKSAAF--SSEAL--PYEFETVGKQIADECHGLPLTIV- 174  
FOM-2_Cucumis_melo              EVAKIMG-TCPGHLLSKLSDDHCWSLFKESANVYGLSMT---SNLGIIQKELVKKIGGVPLVAQ- 176  
I2_Solanum_lycopersicum         SVALMMG--NEQIRMGNLSTEASWSLFQRHAF--ENMDPMGHPELEEVGRQIAAKCKGLPLALK- 175  
Saccharum_hybrid_N11            NVGILMG-GMTPYHLKQLSNNDCWLLFKKHAF--VDGDSSSHPELEMIGKDIVKKLKGLPLAAK- 173  
Gpa2_Solanum_tuberosum          EVAEYASSGKPPHHMRLMNFDESWNLLHKKIF--EKEGS-YSPEFENIGKQIALKCGGLPLAIT- 167  
Theobroma_cacao                 NVSSIMR-SVADYLLQSLSEDDSLSLLSHHAL--ARGDFTGHPDLKEIGLEIVKKCGGLPLALS- 174  
Triticum_aestivum               NVGKLMG-GMTPYYLNQLSDDDCWSLFRSYAF--VDGNSNAHPNLEMIGMEIVKKLKGFPLAF-- 179  
RXO1_Zea_mays                   EVASLAK-GSCKIKVEPLGVDDSWHVFCRKAFLKDENHI-CPPELRQCGINIVEKCDGLPLALV- 176  
N_Nicotiana_glutinosa           HLIEKND---IIYEVTALPDHESIQLFKQHAF--GKEVP--NENFEKLSLEVVNYAKGLPLALK- 175  
RPS4_Arabidopsis_thaliana       SLTN--GLVDDTYMVQNLNHRDSLQLFHYHAFI-DDQANPQKKDFMKLSEGFVHYARGHPLALK- 174  
RPP4_Arabidopsis_thaliana       QLLKAHE-IDLVYEVELPSQGLALKMISQYAF--GKDSP--PDDFKELAFEVAELVGSLPLGLS- 171  
P2_Linum_usitatissimum          KVLQNAM--AKIYNVECLNNKESIRLFSLHAF----KQDRPQDNWTDKSHLAISYCKGNPLALK- 178  
RPP5_Arabidopsis_thaliana       QLLKAHE-IDLVYEVKLPSQGLALKMISQYAF--GKDSP--PDDFKELAFEVAELVGSLPLGLSE 172  
 
 

D
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Fig. 3: Phylogenetic tree of the predicted amino acid sequence of a banana and some Musa RGA protein and other plant protein
based on Neighbour Joining method and alignment based on MUSCLE method. Values on the axis of branching are
bootstrap values (1000 replicates). Scale that is under the tree branches represents the length equal to the average amino
acid substitutions persitus

involved  in pathogen recognition and signal transduction
(Ellis  and  Jones,  1998).  The function of the p-loop/kinase-
1a and kinase-2 is to bind phosphate in ATP, while, the
kinases-3  is  to  interact with purine (Traut, 1994). The GLPL
motif  is  involved  in  the binding of ADP. The P-loop motif
is also  required  in  nucleotide  binding  and  the mutations in
this motif will cause a loss of function of the NBS-LRR
proteins. On kinase-2, the last 2 aspartic acid interacts with the
third  phosphate  from ATP and plays a role in the
coordination of divalent metal ions that required in the
phosphate transfer reaction, for example Mg2+ of MgATP
(McHale et al., 2006).

The absence of the TIR region on the protein-R can be
predicted  by  the  presence  of  RNBS-A  motif  close  to  the
P-loop and also by the presence of residues of Tryptophan (W)
at the end of kinase-2 motif (Meyers et al., 1999). In
phylogenetic analysis, an evolutionary hypothesis of the loss
of TIR areas of NBS-LRR in monocots possibly happened
during monocots and dicots divergence (Pan et al., 2000). The

grouping of non-TIR-NBS-LRR in banana possibly encoded
resistance  gene   with  unknown   specificity   of   the  product
(Peraza-Echeverria et al., 2008). Although, other banana
protein did not correlate with the disease resistance of banana
in general, its potential role in disease resistance process can
be tested using the post-genomic era technologies such as,
RNA interference (RNAi). This technology can be used to
silence the target related to disease resistance (Waterhouse and
Helliwell, 2003).

CONCLUSION

We have analyzed three fragments containing four
conserved motifs of Nucleotide Binding Site were obtained
from Musa acuminata var. malaccensis (P 5-8, P 5-10) and
Musa, AAA, Cavendish sub-group (P 5-11). The P 5-8
fragment had similarity with RPS2 protein of Musa acuminata
var malaccensis. The P 5-10 and P 5-11 had similarity with
RPM1 proteins  of  Musa  acuminata  var.   malaccensis.   Our 
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contig sequences were deposited in Genbank and assigned
number KP691062-KP691064. Phylogenetically, all fragments
belong  to  the group of non-TIR-NBS-LRR. This result can be
used  to  identify  the  diversity  of  NBS-LRR gene from other
wild banana. The conserved sequences of NBS-LRR gene can
be used as a potential genetic marker for disease resistant gene
in banana.
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