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Bioinformatic prediction of microRNAs in Glycyrrhiza uralensis and their target genes
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Abstract: Objective To provide a good start for understanding the roles of micoRNA in Glycyrrhiza uralensis, the microRNAs and their
target genes were predicted using bioinformatic approach. Methods The deep sequencing data and EST sequences downloaded from
public database were assembled using the Trinity and Assembler softwares to establish the transcriptome database. Since most of the plant
miRNAs were conserved in plant species, all plant miRNAs stem-loop precursors were aligned to the assembled transcriptome database
and the putative miRNA precursors were identified according to a rigorous criterion. psRNATarget was employed to predicted the targets
of miRNA. Results A general transcriptome database with 88 and 263 sequences was obtained. Based on the transcriptomic sequences,
49 miRNA, classified into 17 families, arising from 30 stem-loop precursors, were identified. A total of 172 genes were predicted to be
regulated by these miRNA, and these genes were involved into diversified biological processes including gene transcription regulation,
signal transduction, development regulation, and defense response. Conclusion The miRNAs and the corresponding target genes
identified in this study will provide a solid basis for understanding their biological functions in G. uralensis.
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Table 1 Selected miRNAs and their corresponding primers
miRNAs  miRNA %51 (5-3') WY (5-3) EHE (5-3) R (5-3)
gur-miR159%¢-3p UUUGGAUUGAAGG GTTGGCTCTGGTGCAGGGTCCGAGG GTGGGTTTGGAT GTGCAGGGTCCG
GAGCUCUA TATTCGCACCAGAGCCAACAGAGCT TGAAGGG AGGT
gur-miR390-5p AAGCUCAGGAGGG GTTGGCTCTGGTGCAGGGTCCGAGG GTTGAAGCTCAG GTGCAGGGTCCG
AUAGCG TATTCGCACCAGAGCCAACGGCGCT GAGGGAT AGGT
gur-miR393b-5p UCCAAAGGGAUCG GTTGGCTCTGGTGCAGGGTCCGAGG GTGTTCCAAAGG GTGCAGGGTCCG
CAUUGAUC TATTCGCACCAGAGCCAACAATCAA GATCGCA AGGT
gur-miR482a-3p UUCCCAAAGCCGC GTTGGCTCTGGTGCAGGGTCCGAGG TTGTTCCCAAAG GTGCAGGGTCCG
CCAUUCCGA TATTCGCACCAGAGCCAACTCGGAA CCGCCC AGGT
gur-miR164a-5p UGGAGAAGCAGGG GTTGGCTCTGGTGCAGGGTCCGAGG GTTTTGGAGAAG GTGCAGGGTCCG
CACGUGCA TATTCGCACCAGAGCCAACTGCACG CAGGGCA AGGT
gur-miR396i-5p UUCCACAGCUUUC GTTGGCTCTGGTGCAGGGTCCGAGG GGGGTTCCACAG GTGCAGGGTCCG
UUGAACUG TATTCGCACCAGAGCCAACCAGTTC CTTTCTT AGGT
gur-miR156b-5p UUGACAGAAGAUA GTCGTATCCAGTGCAGGGTCCGAGG CCGCGTTGACAG CAGTGCAGGGTC
GAGAGCAC TATTCGCACTGGATACGACGTGCTC AAGATAGAGA CGAGGTA
gur-miR394b-5p UUUGGAUUGAAGG GTTGGCTCTGGTGCAGGGTCCGAGG GTTGGTTGGCATT GTGCAGGGTCCG
GAGCUCAA TATTCGCACCAGAGCCAACGGAGGT CTGTCC AGGT
gur-miR166g-3p UCGGACCAGGCUU GTCGTATCCAGTGCAGGGTCCGAGG CGGTCGGACCAG CCAGTGCAGGGT
CAUUCCCC TATTCGCACTGGATACGACGGGGAA GCTTCATT CCGAGGTATTC
gur-miR167b-5p UGAAGCUGCCAGC GCGTGGTCCACACCACCTGAGCCGC GAGCCGTGAAGC TCCACACCACCT
AUGAUCUGA CACGACCACGCTCAGATCA TGCCAG GAGCCG
gur-miR168a-5p UCGCUUGGUGCAG CTCAGCGGCTGTCGTGGACTGGGTG CGGTGTGTCGCT GGCTGTCGTGGA
GUCGGGAA CTGCCGCTGAGTTCCCGACTTCCCG TGGTGC CCTGGGTG
gur-miR2118-3p UUGCCGAUUCCAC GTCGTATCCAGTGCAGGGTCCGAGG AAGGCGTTTCCG CAGTGCAGGGTC
CCAUUCCU TATTCGCACTGGATACGACTAGGAA  ATTCCA CGAGGTAT

3 ER59H
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Table 2 Precursors of miRNA newly discovered from G. uralensis

AR ESINIRESa ]l

Rtk E{H  MFE/(kcal'mol ')MFEI

gur-MIR156a
gur-MIR156b
gur-MIR156a

gur-MIR156g

gur-MIR159a

gur-MIR159¢

gur-MIR162

gur-MIR164k
gur-MIR164a
gur-MIR166g

gur-MIR166e

gur-MIR167b

gur-MIR167a

gur-MIR168a

gagagacUGACAGAAGAGAGUGAGCACAugcugcuagugauuguaugaa
ggguauacaauugegggugcguGCUCACUUCUCUUUCUGUCAGCuucuc
ggugaugcugUUGACAGAAGAUAGAGAGCACagaugaugaaaugcauga
aagggaauggcaucucacuccuuuguGCUCUCUAUACUUCUGUCAUCacc
ggugaugcugCUGACAGAAGAUAGAGAGCACagaugaugaaaugcauga
aagggaauggcaucuuacuccuuuGUGCUCUCUAUUCUUCUGUCAucacc
uugggacauagaaalUGACAGAAGAGAGUGAGCACAcagaggcacucga
uauagcuauvauacuguugcuuuuguguGCUCACUUCUCUCUCUGUCACC
uuccagugeccuga
uggagcucucuuuccuccauuucugaaacgaggugauaguagaccuuageugeuaguuca
uggauaccucuggeuucgeuageaaauggaccauacuuaugegaaggucaugggucugea
ugaacuuggagaugagguuaaucaccuucaccguuuugguAUUGGAGUGAAGG
GAGCUCCA
guuauggaguggageuccuugaaguccaaacgaggauguugeuggguuugauagAGCU
GCUGAGCUAUGGAUCCCauagugcuacccuuuaucaugugugguaguccuge
ggcuuccauauccegggageuucauccccuuuugeucuuauccuucUUUGGAUUGA
AGGGAGCUCUAcaccuuaau
ggaaggugaagucacUGGAGGCAGCGGUUCAUCGAUCucuuccugaguuu
ggauguggaagaacacaaagcaugaaucggUCGAUAAACCUCUGCAUCCAG
cgcucacuuugee
ggucuuguUGGAGAAGCAGGGCACGUGCAacacaucaagaucucucucaa
acuaguaguuugucugauuuugceacgugeuccccuuuuccaacaugauu
guUGGAGAAGCAGGGCACGUGCAaauuauaaucuccugguucucucaaug
ccauugaucaaugcuuUGCACGUGCUCCCCUUCUCCAac
guugaggggaaugucgucugguucgagaucauucauaaauagucucaucucagguauaac
ucuucacaugagugautUCGGACCAGGCUUCAUUCCCCucagce
ggaagcuuuguuuuuugaggGGAAUGUUGUCUGGCUCGAGGacccuucu
ccuugauccaguguauuaucccucucuauaguauguagagaguugaggaugugeugugua
cuacuuguggucaaggaauguauaguguugUCGGACCAGGCUUCAUUCCCC
ccaauuauaugcuucc
uaugcaccuucaguaguUGAAGCUGCCAGCAUGAUCUGAgcuuaccuaau
ucuaauucuaauggugagaauagaucaugugguageuucaccucuugaauguaageaua
ggucacaaaggaaaaagUGAAGCUGCCAGCAUGAUCUAgcuuugguuaga

gagcgeugegeuageugaauaaggaguguuageccugaauugaacccugacuaGGUCA
UGCUGUGACAGCCUCACUccuuccuauuuggggacce
cgeggucucuaauUCGCUUGGUGCAGGUCGGGA Accgeuacugeugegau
uuucgegeguaaugacggageggucgecggeggugaauuggauCCCGCCUUGCAU
CAACUGAAUCcggaggccgeg

gma-MIR156a 2X 1075
gma-MIR156e 1X 107
gma-MIR156e 2X 10

tec-MIR156g  1X107%

gma-MIR159f 2X 102!

gma-MIR159% 4X 10~

vun-MIR162  1X107%

gma-MIR164k 3X 102
tcc-MIR164a 2X 10"
gma-MIR166g 3 X 107!
csi-MIR166e  2X 1078
lja-MIR167 3X107%

lja-MIR167a 2X 10

gma-MIR168a 1X 107

52.80

47.90

45.70

55.50

82.30

83.50

44.40

43.30

43.00

55.60

76.30

49.80

58.90

72.20

1.12

1.09

1.04

1.11

0.97

0.93

0.77

0.96

1.00

0.95

1.16

0.81

0.94
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BIAREY)  EA  MFE/(kcal-mol ")MFEI

gur-MIR171¢

gur-MIR171b

gur-MIR172

gur-MIR2118

gur-MIR319a

gur-MIR319e

gur-MIR390

gur-MIR393b

gur-MIR394b

gur-MIR396i

gur-MIR396g

gur-MIR399a

gur-MIR482a

gur-MIR482b

GAUAUUGGUGCGGUUCAAUCAgaaggegguccuuuauaauccaaaaaage  gma-MIR171c 3X 107
ucuguguuauuUGAUUGAGCCGUGCCAAUAUC
agcaaGGUAUUGGCGCGUCUCAAUUUgaagacauggcuauuuaucaugag
aauccagccauguaguuUGAUUGAGCCGCGUCAAUAUCuuguu

agucgcuguuugecgauGGAGCACCAUCAAGAUUCACAaguuuuugggu

lja-MIR171b  3X 102

gma-MIR172¢ 1X 1072
uuuuuuIIIugguUIUggggUggUCcCCUaauugcugeuccaaaucuauuageccuuug
auaUGAGAAUCUUGAUGAUGCUGCAgcggcaauaaaugacu

gagagagaaagggaaagggggaagageuuggggaaguuaugGGAGAUGGGAGG  mtr-MIR2118  5X 107
UUCGGCAAAacagaucugaauccuucauacaaagauucuguauuucuUUGCCG
AUUCCACCCAUUCCUAugauuuccucugguuccucucuuuccacucuccucuc

ggauuuaauUAGCUGCCGACUCAUUCAUCCAaauguugagucaauuaag

auccauacucaccaaaugcgugaaugaugegggagacaaauugaaucu

gma-MIR319a 9X 10
gauugaaggggeucacuucaguccaguucgaggegguggaagauggeugageacageuge  mes-MIR319¢ 3107
ugacucguugguucgagageucaccaugaauuagecucuuuaauuuggugugeuucugau
ccaacgaugegggageugecacucagucguugeugucaugucuuggacugaaggggccucu

ucauuc

aguaugggagaaucuguaAAGCUCAGGAGGGAUAGCGccauggauauugeu  mes-MIR390 3% 107"
ucuccauuuugaugggauuuugcaauauuaauaucauuauucugaucuucucuauagCG
CUAUCCAUCCUGAGUUUCauggguucuucauacu
aggcaUCCAAAGGGAUCGCAUUGAUCCcaaaucucaguaccccuuaauuaa  mir-MIR393b 310717
ucucucuguuuuucaccuuaauucccuuaauucucacaauauuugggAUCAUGCUAU

CCCUUUGGAUUccu

ucaugggggcuucacaaaggguagcuuacagaguuuulUUGGCAUUCUGUCCAC mdm-MIR394b 8 X 107
CUCCcucccucccuccacuucaauaauucauucccaaugucucuauageucuguugegcg

ccgegugg AGGUGGGCAUACUGCCAACUcagcucucuuggeuucucuuugu

aaagccuuccuga

ggeccucuuuguauucUUCCACAGCUUUCUUGAACUGcauucaaagaguuc  gma-MIR3961 7X 107
cuuugcaugcaugcecauggcacucuugeucccaccacaccuuguuuugcaGUUCAAUA
AAGCUGUGGGAAGauacagauaggguc
gucaugcutUUCCACAGCUUUCUUGAACUUcuuauuaugcaucuuaaaage  gma-MIR396g 3 X 1077
ucucuacaggaucaauuaaaagcccuaggeuagcuacuagAAGCUCAAGAAAGCU

GUGGGAgaauaugge

uaagcaaaucagcuaUAGGGCUUCUCUUUCUUGGcaggaaauuaucaugacca pvu-MIR399a 1X107%
uuuccauggugugucuuGCCAAAGGAGAGUUGCCCUGuugcugcuuuageu

ua

ggaaugggagauuggageuaucagaaguugugGGAAUGGGCGGUUUGGGAA mdm-MIR482a2X 107"
GAaaucaugaaauccuuaauuaauuucucuuuuuaguauuuuucUUCCCAAAGCC
GCCCAUUCCGAugauuucuguugguuccucccuuuce
gggaaugggagauuggagaauuuagaaguugugGGAAUGGGUUGGUUGGGA mdm-MIR482a1X 107
UGAaagauuuacuccaacaacaacauaacguuguguguguuuUCUUCCCAAUUC

CGCCCAUUCCUAuuauuucuaauuucuccucccuuucce

gur-MIR 1507b auguuugguA GAGGCGUAUGGAGUGAGAGA Uuggaaagcucuuuccgauu mtr-MIR1507 4X 107

ucuagucauuaaacuuucccucUUUCAUUCCAUAUGUCAUCUA Acgaacgu

gur-MIR 1507a auguuuggcagaggcauauggagugagageuuagaaageauuuuuccgauucuuugucauu - gma-MIR1507a1 X 1072

gaaccuucccccUCUCGUUCCAUACGUCGUCUAAcgaacau

39.10

47.70

62.20

79.00

30.70

101.90

61.45

37.52

63.46

60.49

43.52

55.30

73.50

69.30

43.00

30.40

1.15

1.22

1.22

1.07

0.81

1.03

1.10

0.78

0.71

0.96

0.89

1.20

1.23

1.16

1.08

0.67
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Table 3 miRNAs newly discovered from G. uralensis
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75 Kk E4is izl KEmt [ miRNA 5555 miRNA 12 i L5
1 156 gur-miR156a-5p  UGACAGAAGAGAGUGAGCACA 21 bna-miR156a 0
2 gur-miR156a-3p  GCUCACUUCUCUUUCUGUCAGC 22 zma-miR156d-3p 0
3 gur-miR156b-5p  UUGACAGAAGAUAGAGAGCAC 21 ath-miR157a-5p 0
4 gur-miR156b-3p  GCUCUCUAUACUUCUGUCAUC 21 aly-miR157¢c-3p 1
5 gur-miR156e-5p  CUGACAGAAGAUAGAGAGCAC 21 smo-miR156b 0
6 gur-miR156e-3p  GUGCUCUCUAUUCUUCUGUCA 21 aly-miR157¢c-3p 3
7 gur-miR156g-5p  UGACAGAAGAGAGUGAGCACA 21 bna-miR156a 0
8 gur-miR156g-3p  GCUCACUUCUCUCUCUGUCACC 22 bdi-miR156b-3p 0
9 159 gur-miR159a-3p  AUUGGAGUGAAGGGAGCUCCA 21 gma-miR159b-3p 0
10 gur-miR159¢-3p  UUUGGAUUGAAGGGAGCUCUA 21 ath-miR15% 0
11 gur-miR159%¢-5p  AGCUGCUGAGCUAUGGAUCCC 21 gma-miR159d 1
12 162 gur-miR162-5p UGGAGGCAGCGGUUCAUCGAUC 22 csi-miR162-5p 0
13 gur-miR162-3p UCGAUAAACCUCUGCAUCCAG 21 ath-miR162a-3p 0
14 164 gurmiR164k-5p UGGAGAAGCAGGGCACGUGCA 21  ath-miR164a 0
15 gur-miR164a-5p  UGGAGAAGCAGGGCACGUGCA 21 ath-miR164a 0
16 166 gur-miR166g-3p  UCGGACCAGGCUUCAUUCCCC 21 pvu-miR166a 0
17 gur-miR166e-3p  UCGGACCAGGCUUCAUUCCCC 21 pvu-miR166a 0
18 167 gur-miR167b-5p  UGAAGCUGCCAGCAUGAUCUGA 22 ccl-miR167a 0
19 gur-miR167a-5p  UGAAGCUGCCAGCAUGAUCUA 21 ath-miR167a-5p 0
20 gur-miR167a-3p  GGUCAUGCUGUGACAGCCUCACU 23 aly-miR167b-3p 1
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21 168 gur-miR168a-5p UCGCUUGGUGCAGGUCGGGAA 21 ath-miR168a-5p 0
2 171 guemiR171e-5p AGAUAUUGGUGCGGUUCAAUC 2 gmamiR17Ic-5p 0
23 gur-miR171¢-3p UGAUUGAGCCGUGCCAAUAUC 21 gma-miR171e 0
24 gur-miR171b-3p UGAUUGAGCCGCGUCAAUAUC 21 vvi-miR171b 0
25 172 gurmiR172e-3p UGAGAAUCUUGAUGAUGCUGCA 22 vwvi-miR172d 0
26 2118 gurmiR2118-5p GGAGAUGGGAGGUUCGGCAAA 21 gma-miR2118a-5p 2
27 gur-miR2118-3p UUGCCGAUUCCACCCAUUCCU 21 gma-miR2118a-3p 0
28 159  gurmiR319a-5p UAGCUGCCGACUCAUUCAUCCA 22 ppe-miR319b 1
29 gur-miR319e-5p AGCUGCUGACUCGUUGGUUC 20  mtr-miR4414a-3p 0
30 gur-miR319e-3p AUCCAACGAUGCGGGAGCUGC 21  mtr-miR4414a-3p 0
31 gur-miR319b-3p UUGGACUGAAGGGGCCUCUU 20 gma-miR319f 0
32 390 gur-miR390-5p AAGCUCAGGAGGGAUAGCG 21 ath-miR390a-5p 0
3 qurmiR3903p CGCUAUCCAUCCUGAGUUUCA 21 aly-miR390a-3p 0
34 393 gur-miR393b-5p UCCAAAGGGAUCGCAUUGAUC 21  mtr-miR393b-5p 0
35 gur-miR393b-3p AUCAUGCUAUCCCUUUGGAUU 21  mt-miR393b-3p 0
36 394 gurmiR394b-5p UUGGCAUUCUGUCCACCUCC 20 gma-miR39%4c-5p 0
37 qurmiR39%4b3p AGGUGGGCAUACUGCCAACU 20 gma-miR394b3p |
38 396 gur-miR396i-5p UUCCACAGCUUUCUUGAACUG 21 gma-miR396a-5p 0
39 qurmiR396i3p GUUCAAUAAAGCUGUGGGAAG 2 gma-miR396i3p

40 gumiR3%6g-5p UUCCACAGCUUUCUUGAACUU 2 gmamiR396b-5p 0
M qurmiR3%6g3p AAGAAAGCUGUGGGAGAAUAUGGC 2% gmamiR396d 0
42 399  gur-miR399a-3p UGCCAAAGGAGAGUUGCCCUG 21 pvu-miR399a 0
43 482  gur-miR482a-5p GGGAAUGGGCGGUUUGGGAAGA 22 mdm-miR482a-5p 2
44 gur-miR482a-3p UUCCCAAAGCCGCCCAUUCCGA 21 mdm-miR482a-3p 3
45 gur-miR482b-5p GGGAAUGGGUUGGUUGGGAUGA 22 mdm-miR482a-5p 3
46 gur-miR482b-3p UCUUCCCAAUUCCGCCCAUUCCUA 24 gma-miR482a-3p 0
47 1507 gur-miR1507b-5p AGAGGCGUAUGGAGUGAGAGAU 22 mtr-miR1507-5p 5
48 gur-miR1507b-3p UUUCAUUCCAUAUGUCAUCUAA 22 mtr-miR1507-3p 4
49 gur-miR1507a-3p UCUCGUUCCAUACGUCGUCUAA 22 gma-miR1507a 3

3.3 HEHR$ miRNA BIEIIE
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bp, 596 E 7 PCR ¥ 38 =My i sk b K /h—35 (K
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M12345678910111213 14 M

100 bp
50 bp
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Fig. 2 Electrophoresis of miRNA stem-loop qRT-PCR

products
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Fig. 3 GO classification of predicted miRNA target genes in G. uralensis
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