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1

1.1 miRNA  miRNA
database( http: //microrna. sanger. ac. uk /sequences/index. shiml)
GSS( Genomic Survey Sequence)

Information NCBI)  GenBank

RNA
EST( Expressed Sequence Tag)

miRBase

( National Center for Biotechnology

( http: //banana-genome. cirad. fr/home)

NCBI ( http: //www. ncbi. nlm. nih. gov/) .
(‘http: //banana-genome. cirad. fr/download /musa_cds. fna. gz) .
1.2 BLASTN  BLASTX( http: //www.
ncbi. nlm. nih. gov/BLAST/) . ClustalW ( http: //www. ebi. ac. uk/Tools/msa/
clustalw2/) RNA Mfold 3. 2( http: //mfold. ra. albany. edu/? q = mfold/RNA-¥Folding-
Form) . miRNA o
psRNATarget ( http: //plantgrn. noble. org/psRNATarget/) o
1.3 miRNAs miRNAs miRNA
miRBase miRNA
EST  GSS o 4
miRNA o Mfold 3.2 miRNA 2
. miRNA :Bonnet " miRNA 2 (1)
miRNA miRNA 4;(2) miRNA 2 ;
(3) miRNA ( Negative minimal free energies MFEs) ( Minimal
free energy index MFEIs) ; (4) miRNA (A +U) 30% ~70% ; (5) miRNA 2
6 ; (6) miRNA 2 o
1.4 miRNA miRNA
. miRNA
. o Zhang BH " miRU
( http: //bioinofo3. noble. org/miRU. htm) miRNA o
psRNATarget ( http: //plantgrn. noble. org/psRNATarget) (‘http: //
banana-genome. cirad. fr/download /musa_cds. fna. gz) miRNA o miRNA
mRNA 4 “miRNA - 7
—28.2 kecal * mol ',
2
2.1 miRNA miRNA o miRBase database
( Release 10.1) miRNA miRNA . . .
N o miRNA 2 42 miRNA
(1), 8  miRNA 10 . 12 miRNA
6~10 o 22 miRNA 2~5 o
2.2 miRNA miRNA
miRNA .
. miRBase miRNA “word sequence” miRNA.
EST o
miRNA 42 miRNA “word sequence”
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EST GSS o BLAST 4
BLASTX o
2.3 miRNA 2
16 miRNA(  2) 9 miR156 miR396 2

miR535 6 1 o miRNA 3 miR156a

miR156b miR166 EST 13 miRNA GSS o
1 miRBase (release 10.1) miRNA

Tab.1 The conserved miRNA families of plants in miRBase database ( release 10. 1)

Plant species

miRNA
Conserved miRNA’ s family

11 ~17 miR156/157 miR159 miR160 miR166 miR167 miR171 miR319 miR396

6~10 miR162 miR164 miR168 miR169 miR172 miR390 miR393 miR394 miR395 miR398 miR399 miR408

5.5 miR161 miR397 miR403 miR413 miR414 miR415 miR416 miR417 miR418 miR419 miR420 miR426

miR444 miR472 miR477 miR479 miR482 miR529 miR535 miR536 miR783 miR827
2 miRNA
Tab. 2 The predicted banana miRNA families and numbers
miRNA Cene ID Mature seq site NM LM LP (A+U)/% MFE  MFEI
miR156a ES434836 UGACAGAAGAGAGUGAGCAC ESTS” 0 20 84 45.24 47.90 1.04
miR156b  JK538379 UGACAGAAGAUAGAGAGCAC ESTs5” 2 20 80 52.50 45.10 1.19
miR166  FF558732 UCGGACCAGGCUUCAUUCCCC EST3~” 0 21 77 41.56 41.40 0.92
miR160 HN248011 UGCCUGGCUCCCUGUAUGCCA GSS5° 0 21 82 46.34 41.40 0.94
miR168 HN253213  UCGCUUGGUGCAGGUCGGGAA GSS3- 0 21 70 30.00 40.20 0.82
miR396a DX457510 UUCCACAGCUUUCUUGAACUG GSS5° 0 21 80 55.00 35.30  0.98
miR396b HN260136 UUCCACAGCUUUCUUGAACU GSS3- 1 20 66 60. 61 26.10 1.00
miR162 HN247504  UCGAUAAACCGCUGCGUCCAG GSS3- 2 21 127 49.61 50.90 0.80
miR164  HN246671 UGGAGAAGCAGGGCACGUGCA GSS5° 0 21 74 51.35 32.60 0.91
miR399  HN253203 UGCCAAAGGAGACUUGCCCU GSS5° 2 20 110 47.27 54.80 0.94
miR535a HN242296  UGACAACGAGAGAGAGCACGC GSS5- 0 21 82 40.24 51.10 1.04
miR535b HN242296  UGACGACGAGAAAGAGCACGC GSS3~ 2 21 82 40.24 51.10 1.04
miR535¢ HN241873 ~ UGACAACGAGAGAGAGCACGC GSS5° 0 21 80 50.00 41.80 1.05
miR535d HN241873  UGACAACGAUAGAAAGCACGC GSS3” 2 21 80 50.00 41.80 1.05
miR535e¢  HN260441 UGACAACGAGAAAGAGCACGC GSS5° 1 21 82 39.02 48.40  0.97
miR535f HN260441 UGACGACGAGAGAGAGCACGC GSS3- 1 21 82 39.02 48.40  0.97
: NM ;LM miRNA ; LP i (A+U) % A+U ; MFE
; MFEI

Note: NM: number of mispairing; LM: length of mature miRNA; LP: length of precursor; ( A +U) % the content of precur—

sor, MFE: minimal folding free energies; MFEI: minimal folding free energies index

2.4 miRNAs
miRNA o
70 ~ 130 nt

66 nto 1

16 miRNA 20 ~21 nt
miRNA 16 miRNA 15
N N ;o1 miR396b

miRNA 2
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Fig. 1 The secondary structures of predicted 16 banana miRNA precursors
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Tab. 3 The target genes and their functions of potential miRNAs in banana

miRNA

The site of target genes Target protein

miR156a  GSMUA_Achrl1T19580_001. GSMUA_Achr6T22280_001 . Squamosa promoter-bindingike protein
GSMUA_Achr5T22630_001 .GSMUA_Achi2T06150_001
GSMUA_Achr3T11170_001 .GSMUA_Achr10T02970_001 .
GSMUA_Achr10T23280_001 .GSMUA_Achi3T27750_001 .
GSMUA_Achr9T23140_001 .GSMUA_Achr3T05360_001 «
GSMUA_Achr9T14160_001 .GSMUA_Achi9T27660_001 .
GSMUA_Achr6T36010_001 . GSMUA_Achr5T21990_001
GSMUA_Achr5T25090_001 .GSMUA _AchrUn_randomT08380_001 «
GSMUA_AchrUn_randomT21900_001 .
GSMUA_AchrUn_randomT05850_001

GSMUA_Achr9T29330_001 .GSMUA _Achi9T01380_001 0sSPL16-SBP-box gene family member
GSMUA_Achr8T23820_001 Hypothetical protein
GSMUA_Achr6T06030_001 uncharacterized protein
GSMUA_AchrdT12470_001 uncharacterized protein Sh04g004940

Whole genome shotgun sequence of line
PN40024  scaffold_7. assemblyl2x
miR156b  GSMUA_Achr3T11170_001.GSMUA_Achr10T02970_001 . Squamosa promoter-binding-ike protein
GSMUA_Achr10T23280_001 .GSMUA_Achr3T27750_001 .
GSMUA_Achr3T05360_001GSMUA_Achr9T27660_001 +
GSMUA_Achr9T14160_001 . GSMUA_Achr5T21990_001 .
GSMUA_Achr9T23140_001 .GSMUA_Achr4T05720_001+
GSMUA_Achr5T25090_001GSMUA_Achr2T06150_001 .
GSMUA_Achr6T22280_001 .GSMUA_Achr6T36010_001 .
GSMUA_AchrUn_randomT08380_001 .
GSMUA_AchrUn_randomT21900_001 .
GSMUA_AchrUn_randomT05850_001

GSMUA_Achr4T01450_001

GSMUA_Achr9T29330_001 .GSMUA _Achi9T01380_001 0sSPL16-SBP-box gene family member
GSMUA_Achr8T23820_001 .GSMUA_Achr4T26940_001 Hypothetical protein
GSMUA_Achr6T06030_0011 uncharacterized protein
GSMUA_Achr4T12470_001 uncharacterized protein Sh04¢004940
GSMUA_Achr4T01450_001 Whole genome shotgun sequence of line

PN40024  scaffold_7. assembly12x

miR166  GSMUA_Achr8T02960_001.GSMUA_Achr4T31660_001 Homeobox-eucine zipper protein HOX32
GSMUA_Achr2T13050_001. GSMUA_Achr7T01060_001 «
GSMUA _Achr5T02420_001

GSMUA_Achr5T18530_001 Homeobox-eucine zipper protein HOX9
GSMUA _Achr8T20090_001 Homeobox-eucine zipper protein ATHB5

GSMUA_Achr8T02070_001 2-oxoglutarate dehydrogenase mitochondrial
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3 Continued Tab 3
miRNA
The site of target genes Target protein
miR160 GSMUA_Achr6T18900_001 .GSMUA _Achr5T03960_001 . Auxin response factor
GSMUA_Achr9T29480_001 . GSMUA_Achr8T18930_001
GSMUA _Achr5T18540_001 .GSMUA_Achr4T18240_001
GSMUA_Achr5T14630_001 .GSMUA_Achrl0T04600_001
miR168  GSMUA_Achr1 T07120_001.GSMUA_Achr3T27070_001 « Protein argonaute
GSMUA _Achr1T17950_001 .GSMUA_Achr3T13970_001
GSMUA_Achr9T00190_001 Receptor protein kinase CLAVATAI
GSMUA_Achrl1T14030_001 Stachyose synthase
miR396a  GSMUA_Achr7T00440_001 DNA ( cytosine-5) -methyliransferase 1B
GSMUA_Achr10T18020_001 Putative Protein seld homolog 2
GSMUA_Achr4T09680_001 CAAX amino terminal protease family protein
GSMUA _Achr1T21940_001 Whole genome shotgun sequence of line
PN40024  scaffold_16. assemblyl2x
GSMUA _Achr3T22790_001 Whole genome shotgun sequence of line
PN40024 scaffold _7. assemblyl2x ( Frag-
ment)
GSMUA_Achr8T30640_001 Whole genome shotgun sequence of line
PN40024  scaffold_2. assemblyl2x
GSMUA_Achrl0T06370_001 .GSMUA_Achr1T23840_001 growth—regulating factor
GSMUA_Achi2T04650_001 . GSMUA_Achr6T01270_001
GSMUA _AchrUn_randomT04320_001
GSMUA _Achr6T24050_001 Putative UPF0553 protein
GSMUA _Achr8T07650_001 uncharacterized protein
GSMUA _Achr4T25770_001 heavy metal-associated domain containing
protein
miR396b  GSMUA_Achi7T00440_001 DNA ( cytosine-5) -methyliransferase 1B

GSMUA_Achr10T18020_001

GSMUA_Achr6T24050_001

GSMUA_Achr1T21940_001

GSMUA_Achr3T22790_001

GSMUA_Achr8T30640_001

GSMUA_Achr4T25770_001

GSMUA_Achr8T07650_001

GSMUA_Achr4T17680_001
GSMUA_AchrUn_randomT15490_001

Putative Protein seld homolog 2
Putative UPFO553 protein
Whole genome shotgun sequence of line

PN40024  scaffold_16. assemblyl2x

Whole genome shotgun sequence of line

PN40024  scaffold_7. assemblyl2x

Whole genome shotgun sequence of line

PN40024  scaffold_2. assemblyl12x

heavy metal-associated domain containing
protein

uncharacterized protein

nodulin

Predicted protein
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3 Continued Tab 3

miRNA
The site of target genes Target protein
GSMUA_Achr3T15140_001 growth regulating factor protein
GSMUA_Achrl T23840_001 . GSMUA _Achr8T04970_001 « growth-regulating factor
GSMUA_Achr1 T27000_001 . GSMUA_Achi2T04650_001 .
GSMUA_Achr6T01270_001 . GSMUA_Achr10T06370_001 «
GSMUA_Achr7T27480_001 .
GSMUA_AchrUn_randomT04320_001

miR162  GSMUA_Achr9T07690_001 Anthranilate synthase component 14 chlo—

roplastic

miR535a  GSMUA_Achr10T28970_001 Hypothetical protein
GSMUA_Achr3T06140_001 Potassium transporter 6

miR535b  GSMUA_Achi2T03720_001 Extended synaptotagmin-
GSMUA_Achr10T28970_001 Hypothetical protein

miR535¢c  GSMUA_Achr10T28970_001 Hypothetical protein
GSMUA_Achr3T06140_001 Potassium transporter 6

miR535d  GSMUA_Achr10T28970_001 Hypothetical protein
GSMUA_Achr11T06120_001 expressed protein

miR535¢  GSMUA_Achr10T28970_001 Hypothetical protein

miR535f  GSMUA_Achrl10T28970_001 Hypothetical protein
GSMUA_Achr10T03540_001 Sodium/hydrogen exchanger
GSMUA_Achr8T22130_001 uncharacterized protein

miR164  GSMUA_Achrl0T22350_001 Protein CUP-SHAPED COTYLEDON 2
GSMUA_Achi9T12130_001 disease resistance protein
GSMUA_Achr6T31350_001 .GSMUA_Acht9T10210_001 « NAC domain-containing protein
GSMUA_Achr6T30050_001 . GSMUA_Achr5T26640_001
GSMUA_Achr3T23360_001.GSMUA_Achrl 1T25720_001
GSMUA_Ach19T27530_001 . GSMUA_Achr5ST00500_001 no apical meristem protein
GSMUA_Achr6T30570_001 .GSMUA_Achi7T11500_001
GSMUA_Achr6T28900_001 GDSL esterase/lipase Atlg33811
GSMUA_Achr10T26180_001 NO APICAL MERISTEM
GSMUA_Achi9T22210_001 E3 ubiquitin-protein ligase At4gl1680
GSMUA_Achr9T06850_001 expressed protein
GSMUA_Achr7T15220_001 UDP-glucuronic acid decarboxylase 1
GSMUA_Achr4T26960_001 E3 ubiquitin-protein ligase BRE1dike 1

miR399  GSMUA_Achi9T09130_001 Uncharacterized protein sll1770

GSMUA_Achr4T03580_001

2-oxoglutarate /malate translocator  chloro—

plastic
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microRNA and Target Gene Prediction of
Banana based on Bioinformatics

PENG Yun LONG Haifei HE Rui XU Min ZENG Canbin LUO Juan
QI Zhao YAN Zhen RUAN Yunze HE Chaozu TANG Hua

( Hainan Key Laboratory for Sustainable Utilization of Tropical Bioresources College of Agronomy Hainan University Haikou Hainan 570228 China)

Abstract: microRNAs ( miRNAs) are a class of 21 —23 nucleotides long non-encoding RNA molecules in eukary—

otic organisms which play an important role in gene regulation by translation cutting or inhibition of target mRNA

at the post transcriptional level. The expressions of miRNA are more rapid than those of the coding genes are not

influenced by the translation process and have high regulation efficiency in the expression of target mRNA and

plant miRNAs play key roles in response or tolerance to biotic and abiotic stresses growth and epigenetic inherit—

ance. In this study miRNAs in banana were predicted by using the bio-informatics methods. The BLAST search—

ing between miRNAs of known plants from miRBase database and those of banana from the EST and GSS database

showed that 16 conserved miRNAs in banana were grouped into 9 miRNA families: three from ETS database and

13 miRNAs from GSS database. The target genes were then predicted with online software psRNATarget and 168

target genes were found encoding many proteins and involving many biological processes.

Keywords: banana; miRNA; target gene; bioinformatics analysis



