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ABSTRACT Banana (Musa spp.) is one of the most widely consumed fruits in the world. Unfortunately, the plants are at risk
from many disease problems, which mainly derive from microorganism. It is a little known about the relationship between
disease‐inducing microorganisms and plants, particularly at the molecular level. This research aimed to characterize long
non‐coding RNA (lncRNA) from bananas that may have roles in regulating gene expression related to the disease response
mechanism in banana derived from transcriptomic libraries. Furthermore, the detected transcripts were analyzed to identify
the endogenous target mimics (eTMs) interaction between lncRNA and microRNA (miRNA) using computational approaches.
Data from Cavendish banana (AAA group), Berangan (AAA group), Yunnan Banana (Itinerans), Dajiao (ABB group), and Klutuk
(BB group) were used in this research. We found that lncRNA tends to be unsustainable, and most sizes are below 1000
bp (≥ 75%). Based on this result, we investigated the eTMs to determine lncRNA transcripts and miRNA, such as miR397
in Cavendish and miR444 in Klutuk. This transcript would be regulated following exposure to extreme temperatures and
disease, indicating the possibility of disease‐specific interaction between bananas and their environment at the molecular
level.
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1. Introduction

Bananas (Musa spp.) are one of the widely consumed
commodities in Indonesia. However, these plants are
prone to disease caused by microorganisms attacks, such
as viruses, bacteria, and fungi, resulting in a reduction of
fruit production yield. In banana, blood disease bacte
ria and fusarium affect a massive drop in the fruit pro
duction. Several preventive methods have been applied,
but the mechanisms of infection caused by the disease
causing agent were still not yet well understood at molec
ular level. Fortunately, study on transcriptomic in plant
system is gradually becoming more extensive, particularly
in understanding the role of noncoding RNA in gene reg
ulation mechanisms in plants. It has been reported that
the expression of lncRNAs have positive correlation be
tween pathogen and plant cultivar in transcription expres
sion level (Muthusamy et al. 2019). Therefore, we are in
terested to initiate our study to identify lncRNA from ba
nana transcriptome data and determine their potential role
in gene regulation mechanism.

In general, banana cultivated in different ploidy num
bers, which is mostly triploids AAA, AAB, and ABB

genome. This troploid bananas came from the progeni
tors ofMusa acuminata (AA genome) andMusa balbisiana
(BB genome). Currently, the cultivated bananas are also
found in completely different groups, such as the S or T
genome (Cheesman 1948). These complex genomic back
grounds in cultivated banana showed phenotypic variants
ranged from susceptible to having a certain degree of re
sistance against abiotic and biotic stresses. For example,
banana containing B genome is more tolerance to stress
abiotic than A genome (Ravishankar et al. 2015)—Banana
cv. Saba (ABB group) is more tolerant of the drought
stress than other banana cultivars. While for banana cv.
Grand Naine (AAA group) is susceptible compared to oth
ers (Muthusamy et al. 2016). Therefore, understanding
the reason behind advantages of certain genomes thor
ough analysis using the omics approach would help to un
derstand gene regulation networks and also the metabolic
pathway. To date, there are extensive studies in banana
in order to explore the molecular basis of abiotic and bi
otic stresses tolerant using omics approaches, particularly
in functional genomics analysis (Ravishankar et al. 2015;
Muthusamy et al. 2016). Furthermore, the study has also
extended to the exploration of noncoding RNA, such as
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miRNA and lncRNA, to have deeper understanding of
molecular basis of the gene regulation mechanisms. The
Long lncRNA have been found to have a role in gene reg
ulation mechanisms when exposed to biotic and abiotic
stresses (Yu et al. 2019). The miRNA studies have been
explored in banana, while for lncRNA itself is still limited
(Muthusamy et al. 2019; SampangiRamaiah et al. 2019).
In this study, the molecular basis underlying the banana
disease interaction will be conducted to discover lncRNA
that could bring new perspectives of gene regulationmech
anisms (Kim and Sung 2012).

lncRNAs are transcribed during the transcriptional
process from DNA and part of the noncoding genome.
lncRNA can be distinguished from the other type of non
coding RNAs due to its long base pair size (minimum
length of 200 bp or above) and their lack of open read
ing frame (ORF). Also, lncRNA is known to have an es
sential function in living things, both animals and plants,
since it has role in regulation of gene expression, both tran
scriptional and posttranscriptional regulation (Liu et al.
2015). lncRNAs act as regulator that can do cisacting
mechanism, such as chromatin modification, signals for
gene transcription, interaction with effector molecules or
repressors (Ballantyne et al. 2016).

Several studies on lncRNA (Kang and Liu 2015; Zhao
et al. 2018; Yu et al. 2019) described some of the functions
of lncRNA from the results of identification and charac
terization. In diploid strawberry (Fragaria vesca), regu
latory interactions between lncRNAs and proteincoding
(PC) gene targets showed positive and negative correla
tion on its expression, which can act in cis and trans
actions (Kang and Liu 2015). Moreover, the natural an
tisense transcriptlncRNA (NATlncRNA) is required for
the expression of cognate sense genes in Arabidopsis dur
ing stress and normal conditions (Zhao et al. 2018). On the
other hand, there are extensive interactions between lncR
NAs, MADSbox transcription factor RIPENING FAC
TOR (RIN), and miRNA (Yu et al. 2019). Borah et al.
(2018) demonstrated the role of lncRNA as endogenous
target mimics (eTMs) in soybean seeds, while other stud
ies in maize found the lncRNA which binds explicitly to
miR399miRNA and represses the expression of thePHO2
gene (FrancoZorrilla et al. 2007). These target mimi
cries form a nonproductive interaction between lncRNA
and miRNA to inhibit miRNA activity towards gene ex
pression. Thus, association between miRNA and lncRNA
might play an essential role in genes expression modula
tion, and deeper study of these interactions between two
molecules representing the postgenomic era.

In this study, the lncRNA database is essential to elu
cidate the molecular basis of lncRNA interaction with
miRNA. To accommodate the large quantity of data, sev
eral studies regarding lncRNA need to be stored in inte
grative molecular databases (Lesk 2005). The existence of
this database is crucial for the availability of information,
efficiency of time and cost of analysis since large genome
data stored in database can be used as future references and
can also be used as comparative analysis. These data can

be used for applications in the field of technology, such as
molecular plant breeding in agriculture system (Sampangi
Ramaiah et al. 2019). Moreover, the exploration of en
dogenous target mimic (eTMs) in banana also might open
new perspectives of our understanding about gene reg
ulation mechanism in bananas beyond identification and
characterization. The aims of our research are to identify
and characterize lncRNA coming from the banana tran
scriptomics datasets available; Berangan and Cavendish –
AAAgroup, Yunnan –wild type, Dajiao –ABBgroup, and
Klutuk – BB group. This study might provide a possible
interaction of eTMs between lncRNA and miRNA on A
and B genomes based on bioinformatics analysis. The de
scription of lncRNA from different genomic background
hopefully can give an insight regarding the molecular ba
sis lncRNA as a respond to biotic stress to elucidate the
diseasespecific interaction in banana.

2. Materials and Methods

2.1. Transcriptomics datasets
The transcriptomic datasets were obtained in the form of
raw reads (SRA/FASTQ) from the RNA sequencing of
five banana cultivars, namely Berangan – AAA group
(SRR2132798; University of Malaya), Cavendish – AAA
group (SRR924324; Chinese Academy of Tropical Agri
culture Sciences), Dajiao – ABB group (SRR516083; In
stitute of Fruit Tree Research, Guangdong Academy of
Agricultural Sciences), Klutuk – BB group (Backiyarani
et al. 2015; Dwivany et al. 2021), and Yunnan Bananas –
wild type banana (SRR6894782; Fujian Agriculture and
Forestry University). The banana from each banana cul
tivar was obtained from the different experimental design
and the source of data was from the various parts of organs
and tissues combined in pooled transcript. We obtained
all transcriptomic datasets from the NCBI database (Ben
son et al. 2017), EMBLEBI (Leinonen et al. 2011), then
we analyzed using inhouse pipeline bioinformatics (Fig
ure 1) in the Bioinformatics Laboratory, Biosciences and
Biotechnology Research Center, Institut Teknologi Ban
dung.

2.2. Identification of lncRNA
We started to identify lncRNA in all transcriptomics
datasets using the Tuxedo pipeline (Trapnell et al. 2014),
which include multiple software programs: Tophat2, Cuf
flinks, Cuffcompare, Cuffmerge, and Cuffdiff. First, we
have checked the quality of the RNASeq libraries us
ing FastQC, removed the adapter using Cutadapt version
1.2.1, and filtered low quality reads with ERNEFILTER
version 1.3 for quality control assessment (Figure 1).

The trimmed and clean reads from all libraries mapped
against the genome reference DH Pahang version 2
(GenomeA) for Cavendish, Dajiao, and Berangan (D’hont
et al. 2012; Setiabudi et al. 2021) and the PKWKlutukWu
lung (Genome B) for Klutuk libraries (Davey et al. 2013),
and Musa itinerans genome (Wu et al. 2016) for Yunnan
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FIGURE 1 Long non‐coding (lncRNA) acquisition pipeline (Modified from (Wang et al. 2015)).

libraries using the TopHat2 version 2.0.9 program (Trap
nell et al. 2014). We improved the mappability of the reads
using the second iteration of mapping (Peri et al. 2020).
The mapped reads then reassembled independently using
the Cufflinks version 2.0.9 program (Trapnell et al. 2014),
producing output in the form of transcripts which com
pared with reference genome transcripts using the Cuff
compare program to identify known and annotated tran
scripts. The program will classify transcripts that have
passed the Cufflinks stage. Then, we used Cuffmerge to
obtain nonredundant transcripts, and the transcripts se
quences retrieved using the gffreadtool. The compared
transcript is filtered to get high confidence of lncRNA
(Trapnell et al. 2014). Furthermore, the obtained lncRNA
will be characterized using Cuffdiff for size, classification
based on class code and possible interactionswithmiRNA.

The transcripts output from the Cuffcompare program
(Trapnell et al. 2014) filtered with the parameters as fol
lowing: 1) Size selection to eliminate the transcript size
below 200 bp. 2) Eliminating the transcript with ORF and
translated for more than 100 amino acids. 3) Eliminat
ing the transcripts that have proteincoding regions based
on a list in a protein database (Swiss Protein Database).
4) Transcript elimination using the Coding Potential Cal
culator (CPC) program to remove potentially coding tran
scripts. The CPC will analyze the quality, complexity, and
sequence similarity with the ORF of the protein contained
in the database, displayed in the form of a score. 5) Elim
inating transcripts that have similarities with the sequence
housekeeping genes. 6) Removing transcripts that have
probabilities as small RNA (sRNA) precursors (Li et al.
2014). The output of the filtering results is that the re
maining transcript is a high confidence level of lncRNA
(HClncRNA), which is the result of the identification of
lncRNA in the sample used. We obtained HClncRNA in
the FASTA format.

2.3. LncRNA characterisation based on class code
Based on the position in the genome relative to the coding
gene, we classified the lncRNA transcript into four class
codes: 1) intergenic lncRNA (class code: ”u”), located
between two genes and not overlapping between the two

genes. 2) intronic (Class code: ”i”) lncRNA, located in
the intron of genes. 3) Sense lncRNA (class code: ”o”),
located in the sense part of genes in DNA, and 4) antisense
(class code: ”x”), located in the antisense part of genes in
DNA (Ma et al. 2013).

2.4. Prediction of Interaction of lncRNA with other
molecules

In this study, we sampled the obtained lncRNAs with
the known banana miRNA. The lncRNA sequence is
analyzed, then the psRNATarget program (https://plantg
rn.noble.org/psRNATarget/analysis) (Dai et al. 2018) is
used to predict the bond interaction between lncRNA and
miRNA. The role in metabolic processes in banana plants
was investigated by comparing them to miRNA databases
such as miRBase and TAIR miRNA database (Dai et al.
2018).

2.5. Validation of the existence of lncRNA
We validated the lncRNA using Reverse Transcriptase
PCR (RTPCR) from total RNA in Cavendish – AAA
group and Klutuk – BB group as a representative from
A and B genomes and are available in the field col
lections. We determined the quality of RNA using a
Biospectrophotometer (Eppendorf Inc.) and the integrity

TABLE 1 LncRNA transcript primer design.

Primer Oligonucleotide Size
(bp) Fragment

Size (bp)

MalncRNA_00002261‐F
5’‐ACAAAG
GAAAGGAGGGATGC‐
3’ 125

MalncRNA_00002261‐R
5’‐ ACAGTGTTGGCT‐
CATGAAGG
‐3’

MblncRNA_00057826‐F
5’‐ GGGAACAC‐
CATCGTTTCAGT
‐3’ 100

MblncRNA_00057826‐R
5’‐ CATCGTGTCATCCT‐
GCTCAA
‐3’
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using agarose gel electrophoresis (1.0%). We treated the
RNA using DNase treatment as described in the DNase I
RNasefree kit (Thermo Scientific, #EN0525) following
manufacture protocol. RNA was reverse transcribed
into cDNA using iScript cDNA Synthesis Kit (Biorad)
following the manufacturer’s instructions. We selected
two lncRNA sequences from Cavendish and Klutuk.
The primers used to conducted RTPCR analysis (Table
1) were designed using Primer 3 Plus software (Rozen
and Skaletsky 2000). The PCR amplification reaction
(20 µl) contained GoTaq PCR Mastermix (Promega
Inc.), five ρmole of the forward and five ρmole reverse
primers, 2 µl of cDNA (1:5 diluted) and 0.5 units of Taq
DNA polymerase (Promega Inc.). We performed the
PCR reactions in a thermal cycler using the following
conditions: the initial denaturation at 95 °C for 5 min,
then followed by 40 cycles of 95 °C (30 s) / 59 °C (30
s)/72 °C (60 s) and a final extension step of 10 min at
72 °C, then the amplified PCR products were separated
on an agarose gel (2%) for 25 min 100 V and visualized
under UVtransilluminator. We used positive control
(Actin), negative control (water), MalncRNA_00002261,
and MblncRNA_00057826. MalncRNA_00002261
refers to TCONS_00002261 lncRNA sequence from
Cavendish while MblncRNA_00057826 primers for
TCONS_00057826 lncRNA sequence from Klutuk.

3. Results and Discussion

3.1. Identification of lncRNA
Based on the reads mapping result, Berangan, Cavendish
– AAA group and Klutuk – BB group have a mapping
rate of > 75% onto genome reference. Berangan and
Cavendish were mapped onto DH Pahang reference – A
genome and Klutuk was mapped onto Klutuk Wulung ref
erence – B genome, while for Yunnan (Musa itinerans)
and Dajiao (ABB group) bananas have a mapping rate of
<50% due to different genomic background with both of
the genome references (Table 2). As a wild type banana
(Wu et al. 2016; Liu et al. 2018), Yunnan showed con
served collinearity with the estimation of divergence about
5.8 Mya withM. acuminata, but the mapping rate of Yun
nan banana onto A genome is quite low. In this case, the
genomics evolution between Yunnan andM. acuminata is
interesting to be explored. On the other hand, our mapping
strategy showed an increasing number of mapped reads
compared with other study (Deng et al. 2018).

TABLE 2 Sample mapping to genome reference result.

Cultivar Overall Mapping Rate

Berangan 75.7%
Dajiao 40.8%
Yunnan 49.7%
Cavendish 80.1%
Klutuk 86.8%

On the contrary, Dajiao banana showed different map
ping rate ( 40% vs 60%) compared with another study
(Yang et al. 2015). However, it is important to note that
the bioinformatics pipeline used in this study is different
from the previous research, which still use the M. acumi
nata reference version 1 and TopHat v1.4.0. The genomic
background difference between Dajiao (ABB Group) with
the A genome is quite interesting as this might be caused
by the more dominant influence of the B genome in the
plant. In summary, the low percentage value of mapping
rate onto the genome reference affected the number of
transcripts and types of transcripts (Trapnell et al. 2014).

FIGURE 2 The amount of lncRNA identified for Berangan, Klutuk,
Dajiao, Yunnan, and Cavendish banana cultivar. Different cultivars
were compared based on amount of lncRNA identified in this study.

The transcripts from the results of the mapped reads
were reconstructed using Cufflinks and generated a unique
transcriptome library using Cuffmerge. The transcripts
datasets were then subjected to lncRNAs identification
pipeline. The transcripts were filtered based on length,
ORF length, protein domain, and highsimilarity tran
scripts with housekeeping genes as previously described
in methods. In final selection steps, lncRNA transcripts
identified in this research were found to range from 3,509
to 1,761 of in Cavendish, Yunnan, Klutuk, Dajiao, and Be
rangan, respectively (Figure 2).

3.2. Characterization of lncRNA
The lncRNA transcripts were characterized based on class
code in the genome into four classes (Table 3), then de
fined the distribution of lncRNA based on the genomic
coordinate. The genic class code states the location of
the lncRNA transcript relative to the surrounding genes,
while the intergenic provide information on the existence
of the transcript between two specific genes (Trapnell et al.
2010). In general, the intergenic composition in each
sample has a lower amount compared to the genic re
gion. Cavendish showed the highest abundance of lncR
NAs within a reference intron, Klutuk showed the high
est abundance for intergenic lncRNAs and generic exonic
overlap, Dajiao showed the highest abundance for novel
isoform lncRNAs and Yunnan revealed the most abun
dance lncRNAs at antisense region of reference. lncR
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TABLE 3 Transcript distribution character based on class code.

Class Code
Transcript Amount

Berangan Dajiao Yunnan Cavendish Klutuk

i 341 627 865 1364 23
o 31 21 13 14 45
x 178 185 349 278 70
e 258 734 1003 689 144
j 52 58 29 71 19
u 573 523 326 622 1687

NAs found in in this research, particularly in Cavendish
bananas were quite impressive because usually lncRNAs
are detected within intergenic regions and not many de
tected in the intronic region (Ma et al. 2013). The inter
genic lncRNAs regulation is quite similar to mRNA and
more conserved than others.

From another study, the genetic transcript has a spe
cific role in overlapping genes region, so the lncRNA tran
script quite similar sequence to mRNA. In this case, the
transcript can work direct or indirect role for modification
after the transcription, both attaching complementary to
mRNA aswell as Antisense lncRNAs, or can act as sponge
miRNAs for endogenous competition. Intergenic and in
tronic lncRNAs are thought to be most likely to be reg
ulated by diverse activation mechanisms of transcription,
resulting in different activities depending on cell location.
Even so, the molecular mechanism of intronic lncRNA re
mained questions because not yet explored somuch (Wang
and Chang 2011).

Unlike intronic lncRNA, the intergenic lncRNA
widely explored, both the mechanism of cisacting  the
regulatory mechanism by lncRNA that will modulate the

transcription of adjacent genes, and the transacting mech
anism that will modulate genes that are located relatively
far from lncRNA. All of the lncRNA transcripts detected
in the banana become an exciting thing to explore for
its function, because only based on the genomic coordi
nate can determine the possible mechanism of action, but
not yet determine the role of each lncRNA in biological
systems, especially in banana plants (SampangiRamaiah
et al. 2019). The presence of lncRNA (Table 3) showed
the possibility of various gene regulation in banana plants,
which then needs onebyone analysis to determine its spe
cific role in the biological system.

3.3. Distribution of lncRNA on chromosomes
The distribution of lncRNA in chromosomes were defined
and it was revealed that the distribution of lncRNAs among
banana cultivars is uneven. In the Klutuk Banana (BB
group), lncRNAs were similarly distributed on several
chromosomes (four, eight, and nine), while in Cavendish,
Dajiao, Berangan were concentrated on chromosome six,
and in Yunnan (M. itinerans) is concentrated on chromo
some four (Figure 3). Cavendish and Berangan (AAA

FIGURE 3 The number of lncRNADistribution Based on Chromosome Number. We used 11 chromosomes as baseline reference to highlight
the distribution of lncRNA. Different cultivars were compared based on amount of lncRNA identified in this study.
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group) showed a similar trend with Dajiao (ABB group).
Here, the lncRNAs of each sample were not evenly dis
tributed along banana chromosomes. The distribution of
the lncRNA locus is per its mechanism of action, where it
affects cisacting gene expression by modifying the struc
ture of chromosomes (Clark and Mattick 2011). In gen
eral, the distribution of lncRNA along chromosomes has a
similar trend to the number of lncRNA transcripts detected
(Figure 2).

3.4. lncRNA distribution based on size (bp)
Berangan, Dajiao, Yunnan, and Cavendish bananas ob
served as a whole has long dominated lncRNA types with
the smallest range (200400 bp) and 90% of all lncRNA
consisting of transcripts with sizes below 1000 bp (Fig
ure 4). Dajiao (ABB group) showed the highest amount
of lncRNAs on the smallest range compared with others.
It was suspected that lncRNAs with small size are more
diverse compared to lncRNAs with a longer length. A
smaller size of lncRNA transcript (<1000 bp) ensure the
higher speed of transcription rate compared to lncRNAs
with a length more than 1000 bp and minimize the pos
sibility to be translated into protein. In agreement with
Zhu et al. (2015), lncRNA tomatoes mostly have a small
size of lncRNA where about 78% of the total identified
lncRNA has a size of less than 1000 bp and only has 1 or 2
exons, which differs from the transcript which is encoded
into protein translation (Zhu et al. 2015). In the lncRNAs

on fruit, the composition of lncRNA of each cultivar can
affect the process of fruit ripening to produce fruit with
variations of taste, texture, biotic, and abiotic resistance,
such as disease attack and extreme temperature changes
(Hapsari and Lestari 2016).

3.5. Conservative sequence of lncRNAs in banana tran‐
scriptomic datasets (Musa spp.)

The lncRNA transcript does not have a conserved se
quence relative to mRNA. Most lncRNAs are suscepti
ble to mutations, but some showed to maintain specific
lncRNAs, and the polymorphisms on lncRNA affecting
the binding affinity to miRNA. In gastric cancer (Duan
et al. 2018), SNPs in lncRNA can contribute to the devel
opment of gastric cancer. LikemRNA, conserved lncRNA
thought to have an essential function in living things. Gen
erally, four types of lncRNA conserved among humans
and mice out of a total of 351 lncRNAs that are only sus
tainable in humans and 626 lncRNAs that are sustainable
inmice, all of which interact with 56 genes that affect brain
development (Li and Yang 2017).

Similar to the study, only a small portion of the banana
crop was sustainable, but none of the lncRNAs conserved
among the five banana cultivars, there was only a few spe
cific lncRNAs maximum of four out of five samples (Fig
ure 5). Most of the lncRNAs are specifically expressed in
these cultivars and not found in other cultivars so that in
banana lncRNA, so only a small portion are conserved. We

FIGURE 4 lncRNA distribution in banana cultivars based on the length size (bp). The classification divided into different length classes: 1)
200‐400 bp; 2) 401‐600 bp; 3) 601‐800 bp; 4) 801‐1000 bp; 5) 1001‐1200 bp; 6) > 1200 bp. The amount of lncRNA counted by numbers
that have been identified.
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FIGURE 5 Expressed lncRNA in different banana cultivars: Beran‐
gan, Cavendish, Dajiao, Klutuk, and Yunnan. Venn diagram showed
specific and intersected lncRNA that expressed.

hypothesized the transcribed lncRNA was particular for
each cultivar due to genomic backgroundwhere it contains
different genome groups (AAA, ABB, BB, Wild type).

3.6. Interaction of lncRNA with miRNA
After the lncRNA expression profiling was done, we fo
cused our observation to interaction between lncRNA and
miRNA. Because of limited availability of resources, we
decided to focus our study on analyzing lncRNA from
the representative of A and B genome, which was the
Cavendish and Klutuk banana, respectively. Furthermore,
one of the lncRNA transcripts from both representatives
were picked, TCONS_00057826 (Figure 6) was picked
from klutuk banana, and it can be predicted from compu
tational methods that it potentially has 45 interactions with
miRNA.

FIGURE6 Interaction probability percentage of TCONS_00057826
from Klutuk Banana and the respective miRNAs.

FIGURE7 Interaction probability percentage of TCONS_00002261
from Cavendish Banana and the respective miRNAs.

About 33% of the interactions showed the binding of
lncRNA with the miR444 miRNA family, which hypothe
sized to have a role in the stress response to Fusarium wilt
by FocTR4 in banana plants and responses to low temper
atures (Fei et al. 2019). miR444 in rice plants can increase
defence against RSV virus attacks by increasing the ex
pression of the OsRDR1 (antiviral RNA silencing) gene
(Wang et al. 2016).

For lncRNA representative of Cavendish Banana 
TCONS_00002261 (Figure 7) was picked. Using compu
tational method, it was predicted to have interaction with
miR397. The miR397 has a role in repressing the laccase
gene (LAC), a gene that plays a role in temperature toler
ance to protect the formation of reactive oxygen species
(ROS) (JonesRhoades and Bartel 2004). The binding in
teractions percentage with miR397 about 64% and showed
30 interactions out of 47 possible binding events. Both
lncRNAs are interactive and have a specific specificity to
miRNA, so it is most likely that transcription of lncRNA
will affect the expression of particular genes. The intronic
position indicates that lncRNA will be expressed together
with genes as introns, and inhibit the action of miRNA.

3.7. lncRNA Validation
The two predicted lncRNAs, TCONS_000022261 and
TCONS_00057826 were validated using the Reverse
Transcription PCR (RTPCR) method (Figure 8). A acts
as a negative control of Cavendish bananas and B is a

FIGURE 8 Validation of lncRNA (TCONS_00057826 and
TCONS_00002261) with Reverse Transcription PCR method using
Cavendish and Klutuk Banana as an Example. A for Cavendish
Banana and B for Klutuk Banana. Symbol of (‐) for Negative and
(+) for Positive Control in PCR.

62



Putra et al. Indonesian Journal of Biotechnology 28(1), 2023, 56‐65

negative control of Klutuk bananas, A + as a positive con
trol on Cavendish bananas and B + as a positive control
on Klutuk bananas, with negative and positive controls
according to experimental design. A is the PCR result
on Cavendish banana with MalncRNA_00002261 primer
from TCONS lncRNA _00002261, B is PCR result on
Klutuk banana using MblncRNA_00057826 primer from
TCONS_00057826.

Further analysis is needed to see the overall signifi
cance of lncRNA, both for those that are validated and
those that have not been verified to understand better the
significance of these transcripts which affects expression
of genes in banana plants, especially since all analysis
were still considered putative. In further research to find
out the function of lncRNA, it can be carried out an anal
ysis of lncRNA inhibition with miRNA by analyzing ex
pressions, one of which is transient agroinfiltration assay,
using Agrobacterium tumefaciens which carries the ex
pression factor inserted by the target lncRNA. Then, com
parative study of gene expression can be done between ex
pressions in controls and those treated with lncRNA, with
both upregulated group and downregulated group (Wang
et al. 2015).

4. Conclusions

The lncRNAs were successfully identified and character
ized from different varieties of bananas taken from sev
eral transcriptomics libraries. The number of lncRNAs
identified are different between varieties. Furthermore,
these lncRNAs belonging to their respective plants have
an uneven distribution among chromosomes and were
found to have unsustainable and less conserved char
acteristics. Among all the interactions as eTMs, only
two predicted interactions were analyzed, which are be
tween TCONS_000022261, which has high affinity to
bind with miR397 from Cavendish and might have po
tential role in regulating gene expressions related to en
vironmental stresses. Secondly, the interaction between
TCONS_00057826, which has high affinity to bind with
miR444 from Klutuk that might play an important role
as a response mechanism to react to diseases, particularly
against fusarium. These transcripts expressions were also
able to be validated with RTPCRmethod. Although more
research might be needed to have more conclusive results,
this study could be used as an initial reference for similar
studies in the future with more refined designs and meth
ods.
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