¢ %% Chinese Traditional and Herbal Drugs 38 48 % 25 13 201741 A +155 .

« BMEFTR o
HE miRNA B9FN R EFR2EREERX S

FhE, Hat, & W, 4=, 5 U, AnE
o [ A SRR S4B, db5T 100081

W E. B FIHAEYIE BATBONN R C Astragalus membranaceus ] miRNA K& HARFEDH, N €& PCR 0 # T 2
R IER, T miRNA (T BE Rl FiE T ERA IR AR b 2 B sl = P 3 41, A8 Trinity AFHHE
RAFFSEAEA . R ADE B 2F T J7 725847 55 B miRNA R FCRUIE BRI T, et SR AT Th B oy 50 bro R 2838
199t 52 B PCR JiikHiE miRNA [KAFAE, FE0HT miRNA 6T RIE FRIEAB, R JFHIPHER 88 263 &N
BESR BT o A XSS B T 2 50 )8 T 17 ANFEI 17 4> miRNA 751 LLR AR R I ZEIR S5 F A . 1K 48 miRNA S8 i (1) 145
NN EES 5ERNE . YR, F5%S. Mo NERE SRS e maE Y #d . BEPLEE 8 > miRNA M
T2 5P g & PCR i, HT R RABIA TR B miR2118 Al miR166 M AES 5 T KM T AN g . &
W A miIRNA L SEIED DL T 52 2 miRNA, S PLF miRNA 765 1 2Ry ohfigde it 1 B B8k

KHEA: R miRNA; EYfEE%: & PCR; TR

hESES: R282.12 XERFRERD: A NEMHS: 0253 -2670(2017)01 - 0155 - 10

DOI: 10.7501/j.issn.0253-2670.2017.01.022

Prediction of microRNAs and drought expression pattern analysis in Astragalus
membranaceus
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Abstract: Objective To provide a good start for the study of miRNA in Astragalus membranaceus, the miRNAs and their targets
were predicted using bioinformatics approach, then the drought-induced expression pattern was analyzed using quantitative RT-PCR.
Methods The deep sequencing data downloaded from public database were assembled using Trinity to establish the transcriptome
database. Bioinformatics method was employed to predict miRNAs and their targets, functional classification analyses of targets were
conducted. Stem-loop fluorescence quantitative PCR method was used to validate miRNAs, and the drought-induced expression
patterns of miRNA were also determined. Results A transcriptome database with 88 263 sequences was obtained. Based on the
transcriptomic sequences, 17 miRNA, classified into 17 families, generated from 17 stem-loop precursors, were identified. A total of
145 genes were predicted to be regulated by these miRNAs, and these genes were involved into diversified biological processes
including gene transcription regulation, substance metabolism, signal transduction, stress response, and post translational modification
of protein. Eight miRNAs were randomly selected for expression analysis and the results indicated that miR2118 and miR166 might be
involved in drought stress response. Conclusion The miRNAs, the corresponding targets and the drought response miRNAs
identified in this study will provide a solid basis for understanding the biological functions of miRNAs in A. membranaceus.
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#1 FATXWRIER miRNA RH3|Y
Table 1 miRNAs used for experimental validation and their primers
miRNA  miRNA J#41] (5°-3") WHSRG1H (5°-37) EmGY (5-37) &G (5-3)

ame-miR1 UGCUCACUCUCUA- GTTGGCTCTGGTGCAGGGTCCGAGGTATTC- GGGTGCTCACT- GTGCAGGGTCCGA-

56b-3p UCUGUCACC

GCACCAGAGCCAACGGTGAC

CTCTATCT GGT

ame-miR1 AGCUGCUAAGCUA- GTTGGCTCTGGTGCAGGGTCCGAGGTATTC- GTGGAGCTGCT- GTGCAGGGTCCGA-

59e-3p  UGGAUCCC

GCACCAGAGCCAACGGGATC

AAGCTATG GGT

ame-miR1 CCCGCCUUGCAUC- GTTGGCTCTGGTGCAGGGTCCGAGGTATTC- GTTTCCCGCCTT- GTGCAGGGTCCGA-

68a-3p AACUGAAU

GCACCAGAGCCAACATTCAG

GCATCAA GGT

ame-miR2 UUACCGAUUCCAC- GTTGGCTCTGGTGCAGGGTCCGAGGTATTC- GTTGTTACCGAT- GTGCAGGGTCCGA-

118-3p CCAUGCCU

GCACCAGAGCCAACAGGCAT

TCCACCC GGT

ame-miR3 UUGGGAAUCUCUC- GTTGGCTCTGGTGCAGGGTCCGAGGTATTC- GTGGGTTGGGA- GTGCAGGGTCCGA-

630-3p UGAUGCA

GCACCAGAGCCAACTGCATC

ATCTCTCT GGT

ame-miR1 UUGACAGAAGAUA- GTTGGCTCTGGTGCAGGGTCCGAGGTATTC- GTTGGTTGGCAT- GTGCAGGGTCCGA-

56a-5p  GAGAGCAC

GCACCAGAGCCAACGGAGGT

TCTGTCC GGT

ame-miR1 UCGGACCAGGCUU- GTCGTATCCAGTGCAGGGTCCGAGGTATTCG-CGGTCGGACCA- CCAGTGCAGGGTC-

661-3p  CAUUCCCC

CACTGGATACGACGGGGAA

GGCTTCATT CGAGGTATTC

ame-miR1 UGAAGCUGCCAGC- GCGTGGTCCACACCACCTGAGCCGCCACGA-GAGCCGTGAAG- TCCACACCACCTG-

67a-5p AUGAUCUGA CCACGCTCAGATCA

CTGCCAG AGCCG

MyiQ2 %) f# PCR X (Bio-Rad) FizfT, 1%
M4 FastFire 3 2%¢ %6 & & PCR ¥ & ik 7l
(TIANGEN, CHINA) i 15D B4R UK Rl 5 WY
fA%&: 2 X FastFire gPCR PreMix 10 pL, PCR IF [i] 5]
) (10 umol/L) 0.6 uL, PCR [ 514 (10 pmol/L)
0.6 uL, cDNA 2.0 uL, ddH,O CKEZEMAK) M e
220 pL, WERBAEIE PCR Al KA,
A E N 5Ky 95 CTIARYE 1 min, 95 CAR
PESs, 56 CIBKIEM 15s, 40 MEF, T
WEAE S, 56 CHI 95 C, AMERIE N 0.5 C,
FFEE 0.05 s SRAFAARHEIR B2, SRR th 2005 5 .
SN 25 G A SE I 98 i PCR R4 1 it 22 A
Wafiihge, W C M. BRI 3.5%TIEHE LR
VIO 2R R 5 |4 5 I 98 ' 58 1t PCR =047 BIE
R PCR ML U6 1EAAZ, HIESITS1N
5-GAGTTGAGCAACATGGAAACC-3’, XI5 1HF
5114 - TGGATTTGTGCAGCTTCTTTT-3 . FAN
WHE 3APAT, AL RE 3 MY ER.
K 27k BT S AL BT IS miRNA (RIAT X 2
ik,
3 #ER59H
3.1 EERRAKIELSHHE

T 5 H Trimmomatic #4251 35 1 =il 544

PEAT RIS, IR LBRIF Sk L BRI
ZBRICRIFHIN AT TP EdE . 485 H Trinity
Prz. PG RN FESHNE 2.
3.2 FNEAYEE miRNA. BIARH R4
PLOVAIFEY) miRNA HTAR)7 910 G5 S PF R
1311 86 647 2% 1 [ kAP HEAT BLASTN LEXT
AT, Bkt 546 KRR BRI THEA
i RER 5, 152 109 40 7E M miRNA BT&)741,
P 0 IR S SR PEAT F A0 iRk, e T R
% F Mfold {47 & T8 ide e M 2E3R g by, IR &
AN GRS AR AL IR 5L 17 4%, AR 17 2858
ARSI (3 K 1). fEREEHTARE 51 Loy fi s
S ET 17 AR FER 17 A miRNA R BT 471
FT2 HERSHNEERIRABEEKRER

Table 2 Statistics of assembled transcripts of A.

membranaceus
IiH o
PHESRA 3 oA B i 86 647
MK /bp 70 565 316.8
VK /bp 814.4
B /op 201
K FF/op 12 112
GC /% 40.4

N50/bp 1350
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3 HEERHHAI miRNA G
Table 3 Stem-loop precursors of predicted miRNA from A. membranaceus
Ak R AFES(5-3) (RGNS Efi  MFE/(kI'mol)  MFEI

ame-MIR167a  agcaguUGAAGCUGCCAGCAUGAUCUGAgcuuuaccuucuaauaggaacaacagaucau  gso-MIR167a 6x107 34.40 1.01
guggeaguuucaccuucy

ame-MIR5287b  uacuccauccggeccacuuuauaagagacaaaucacuuuuuuagauucauucaauaaauganavaucuag  mtr-MIR5287b 8x107% 74.00 1.68
uauauaaguauagacuauauacaucauuuauagaaugaacuuaaaaagugauuuuucUCUUAUAA
AGUGGACCGGAGGUAGua

ame-MIR482  gggaauggaagauaagageaguuagaaguugugggaaugggaugguuggaaagaaauuaucacugeuuu  mdo-MIR482 2X107" 51.30 0.99
guguuuUCUUUCCAAUUCCGCCCAUGCCUA cuauuucuaauuucuccucccuuuce

ame-MIR166l  uuguggggaaugcuaccugguccaaggagaugaagaugauacuaccacuaccuuucagaaaauuuuguuu - puc-MIR1661 9x10°8 57.50 1.01
aucagauuauucagauuguguuugugaguaguuuaguuavavaugucuccUCGGACCAGGCUU
CAUUCCCCucaa

ame-MIR2118  gagagagaaacggaaagguugaaaageuugaggaaauuauggguuaugggaggauugguaaageagauc  mtr-MIR2118 3X107% 61.22 0.97
uuaguugauucaagculUACCGAUUCCACCCAUGCCUcaugauuuccauuccuuccucuc
uuuccacucuccucuccau

ame-MIR156b  ggaggugacagaagagagugageacagaugguauuuucuuguaugauguuucauucuugaaacuaucug  mtr-MIR156b 1X107 57.90 1.45
UGCUCACUCUCUAUCUGUCACCccau

ame-MIR159  gguuugugguguggageuccuuuuaguccaaaugaagaucugacuguguugauagAGCUGCUAA  pvu-MIR159 1X107% 20.90 0.57
GCUAUGGAUCCCa

ame-MIR3630  uuugcaagugacgauaacagacagggacaucaguacucuaaauuagaggauguugauuugucalUUGG  vvi-MIR3630 5X107 18.80 0.57
GAAUCUCUCUGAUGCA

ame-MIR168  gucucuaauucgeuuggugeaggucgggagecguugeugegguuuuccegeguaaugauaaagegguug  gma-MIR168 4X107% 59.00 0.89
ccggeggegaaaauuggauCCCGCCUUGCAUCAACUGAAUcggagge

ame-MIR169c.3  aagaggcagaaaguggaaugCAGCCAAGGGUGAUUUGCCGGceauuuuguauuucucaua  vun-MIR169¢.3 1x107"° 55.50 1.09
gauauugugauacuaguguccugucggeaaguuucucuuggeuauauuucgeuuucuucuuc

ame-MIR166b  ugaugggaauguuguuuggeucgagguugaauaaauaacuucauuauuguuugecauugaageuageua  csi-MIR166b 3X107 54.90 1.12
geuucaaagguuugauauugaagaugugauclUCGGACCAGGCUUCAUUCCCGUua

ame-MIR319c  ggaagggaaagagagugaaggageuuccuacageccaaccaugaauaugagaaaauacuacuugguugen  pvu-MIR319¢ 6X107% 76.94 1.05
aaauuaacuacuucuuauaucugaageucucuuuauucuaauuauguuaauauaaugaaauggaagauau
uuugcaccauavavauuuuucucuauggUUGGACUGAAGGGAGCUCCUUCuuucuguu
gecuuce

ame-MIR896  gagugguuaaggagagagacucgaaaucuguugggcuuugecugegcaGGUUCGAAUCCUGC — ppt-MIR896 3X107° 23.70 0.61
UGUCGACGacuu

ame-MIR1S6f  UUGACAGAAGAUAGAGAGCACagcugaacauauacaaaaaggcuuuguguuugageaga  tee-MIR156f 3X107% 40.20 1.36
uuugugcuuucuuuucuucuguCcaa

ame-MIRS291a  ggauccaauccaauccauuaauuuauuuauuuuUGUAACGGAUGGAUUGGAUGGAUuu  mitr-MIRS5291a 2X1072 2420 1.34

ame-MIR2118  gagagagaaacggaaagguggaaaageuugaggaaauuauggguuauuggaggauugguaaageagauc  mtr-MIR2118 2107 58.40 0.94
uuaguugauucaagculUACCGAUUCCACCCAUGCCUcaugauuuccauuccuuccucuc
uuuccacucucaucuc

ame-MIR482  gggaauggaagauaagagcaguuagaaguugugggaaugggaugguuggaaagaaauuaucacugeuun  mdo-MIR482 2X10™ 49.90 0.98

guguuuUCUUUCCAAUUCCGCCCAUGCCUAuuauuucuaauuucuccucccuuuce

(. Wb, FHEWR B2 12 miR156 Kk, 11
3 AN H o miR159.miR166 Al miR482 ik,
A2 N

TER P TIRME) 17 45508 miRNA [PHCSEEE
H20~24 nt, Hrp 21 nt KL miRNA &% (7/17,
41%), HCh 22 nt 1 miRNA (5/17, 29%), HAlk:
FER) miRNA HHob. Tl 17 DS ZEAHARF41
KREST 58~211 nt, XEEHTIAHREYT S ke e 1) 2
gity, f/NEAHAE (MFE) /T 76.94~18.8 KJ/moL,
/N A HBEREE. (MFED AT 0.57~1.68 (3£ 3).

KBTS T 17 AT 2 B miRNA 5 o AAE
PIRIEMIFIJE miRNA (PP (R 4). 59%

(10/17) 1) miRNA 5 HAWAEA (P06 miRNA 17
H5e4MIE, 12% (2/17) 1 miRNA I 1 2500
5, HILZT 1A EREEN miRNA 254 54,
29% o X UL AT SN 1) miRNA 2 0N {7
miRNA. HEANEFELZE T 17 A3 miRNA i
PG AR RIS miRNA RIS IAPE (R 3D,
PRIV A A S AR miRNA G AT
ARFIRIARNE, E AN R 3X 1075, 5kl 9X10°%,
XA, SEAIDIERIL, Y miRNA
(1) TR 2R ZE IR SR T AAALE P81 LAl FAT PR
3.3 EE miRNA BYI8IE

T Hf AR B A T R ) miRNA HL A7
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Fig.1 Secondary structures of four predicted stem-loop precursors

F4 HEPFH AU miRNA

Table 4 Novel miRNAs predicted from A. membranaceus

5 FJH miRNA

J¥%5 miR ey i J¥4 (5°-37) K&mt  [7J miRNA 2 R
B 2
1 156 ame-miR156a-5p UUGACAGAAGAUAGAGAGCAC 21 ath-miR157a-5p 0
2 ame-miR156b-3p UGCUCACUCUCUAUCUGUCACC 22 mtr-miR156b-3p 0
3 ame-miR156c-5p UGACAGAAGAGAGUGAGCACA 21 bna-miR156a 0
4 159 ame-miR15%-5p AGCUGCUAAGCUAUGGAUCCC 21 gma-miR159d 1
5 ame-miR319¢-3p  UUGGACUGAAGGGAGCUCCUUC 22 gma-miR319g 0
6 166 ame-miR166b-3p UCGGACCAGGCUUCAUUCCCGU 22 csi-miR166b 0
7 ame-mil661-3p UCGGACCAGGCUUCAUUCCCC 21 bdi-miR166a-3p 0
8 167 ame-miR167a-5p UGAAGCUGCCAGCAUGAUCUGA 22 ccl-miR167a 0
9 168 ame-miR168a-5p CCCGCCUUGCAUCAACUGAAU 21 aly-miR168a-3p 0
10 169 ame-miR169¢c-5p CAGCCAAGGGUGAUUUGCCGG 21 mtr-miR169¢ 0
11 2118 ame-miR2118-3p UUACCGAUUCCACCCAUGCCU 21 mtr-miR2118 1
12 482 ame-miR482a-3p UCUUUCCAAUUCCGCCCAUGCCUA 24 gma-miR482a-3p 2
13 ame-miR482a-5p AGUUGUGGGAAUGGGAUGGUUGG 24 gma-miR482c-5p 3
14 5291 ame-miR5291a-3p  UGUAACGGAUGGAUUGGAUGGAU 23 mtr-miR5291a 3
15 896 ame-miR896-3p  GGUUCGAAUCCUGCUGUCGACG 22 efu-miR-9277 3
16 3630 ame-miR3630-3p UUGGGAAUCUCUCUGAUGCA 20 vvi-miR3630-3p 0
17 5287 ame-miR5287b-3p  UCUUAUAAAGUGGACCGGAGGUAG 24 mtr-miR5281b 3

76, AWHBENLIEI T 8 258 R UL miRNA, i
LIRS ¢ E B PCR S HEATE0AIE . 45 1 2
7, 8 4% miRNA 586 5 g B = i) s At il 2 450

FLE, R 8 46 miRNA 5265 it PCR )it 1 3l

B SAEA

ST

BB LYK, 8 46 miRNA LI W — 45417, K
/N 60 bp, HUOGE R PCR 41 W) SE bR/
—H (K 2), WEIEYIE R

DT miRNA 73
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100 bp
50 bp
M-Marker 1-miR156b-3p 2-miR159¢-3p 3-miR168a-3p
4-miR156a-5p  5-miR1661-3p  6-miR167a-5p  7-miR2118-3p

8-miR3630-3p 9-U6

2 miRNA ZIR5|HLAEEE PCR =4 Ik E
Fig. 2 Electrophoresis of miRNA stem-loop qRT-PCR

products

3.4 K miRNA $EF A TN K& Ih 885 H

FRE P F) 17 2535 5 miRNA J37 41 DL K Hf3k
PR A A, T ARG 0 4 psRNATarget
ST IRAFI B AR S miRNA V8 7 40 R34 T 7 7
W, LR 17 A miRNA [F) 145 DMEEEEA,

K H Blast Fix SEE L PR 7400 e 1k DR 20 H LT
T8 I A S DR 40 B 1 1 [ 9050 35 DR R A Ay L 1y
A8 (R 5D 25 LR W) Z AL DR A S IR 1 g JE A,
o S DR S AT O, WL IR, SRR
JTAREAH DGR 531 LA S 7 40 s 3 R fp 28 v 37 45 AH
KA X2 miRNA 7EH ARG h IR 22 2 B
B miRNA LA R SEDR, BB IXYE miRNA 75
AR D e B — e RS . AR IR B

#5 HEEMRST miRNAs #ERFE TN R

Table 5 Novel miRNA targets predicted from A. membranaceus

miRNAs 0 DR DL v [ 5 R R e 37 BO DA B T e ] 5 R R hhesrak
miR156a-5p AT1G14670 WIBEE A 70 8 A KR I3 35 %
AT1G48090 PR R T4 5 SR A 59T
AT3G25070 RPM1 HAEH&H 4 RIN4 740 5 )&,
AT3G56940 TR &M (Crdl). CHL27. ACSF W A
AT4G18250 AR L2 A IR S I P B 1
AT4G39090 AR TICER PG 0 1 1 e 2 % 2 A il RD19 CHSPIN I
AT5G28010 IR WA M 7K AT IR B s 2 B 5K ISER )N
AT5G64440 I T R 1 e /K i iy FAAH i AR
miR156b-3p AT1G17500 E1-E2 Y ATP 55 J 8 A/ 1 1 i 1 25 7K AR g e e 1 5 I8 B
AT2G02800 HE N APK2B Ed=k- 1
AT2G37430 C2H2 1l C2HC BRI E AT
miR156¢-5p AT2G37170 PIP2B. PIP 5 I8 By
AT3G21510 AHP1 et
miR319¢-3p AT1G30210 TCP24 kN T
AT1G53230 TCP3 AT
AT3G11440 MYB &5t 5 5 1 MYB65 AT
ATS5G09880 Splicing factor. CCl-like RNA T
AT5G66530 - FUBHAR e g e K HE 1 YA
miR 166b-3p AT1G52150 R R R P B F EE A ATHB15. CAN. ICU4 Fesk T
AT1G73590 AR W IMTAAR B 1 5% PINL. ATPINI HERKEH
AT2G34710 R BRP BE R I 1/ IG 4 & R 3tk PHB. ATHB14 %45 [RF
AT5G19400 SMG7. i Fur BRSO £ 11 Estl 740 S
miR167a-5p AT3G23730 AR SEHE P e B NG / /K % B XTHI16 ARKRH
miR 168a-5p AT1G72930 toll/ A 40 L 25-1 524k 197 750 S ¥
AT5G09220 AAP2 P 2
miR169¢c-5p AT1G72830 HAP2C. ATHAP2C. NF-YA3 AT
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e ]
miRNAs B DAL v [ U5 R R e 375 RO DRI R T o (g [R5 RE R hResr
miR2118-3p AT1G27170 kT ATP 454 T
AT1G56720 HABEHER R EA CHENT
AT1G63860 TIR-NBS-LRR 21555 8 H K% Uik
AT5G17680 TIR-NBS-LRR 2155 & H K% O TE
AT5G36930 TIR-NBS-LRR 5155 8 H Kk Ui TE
miR3630-3p AT2G46020 CHR2, BRM, CHA2, ¥ if#81 SNF2 AT
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3.5 HE miRNA BIREER S

M 17 4 miRNA FPEEHLEER 8 A4
miRNA JEATSEH 3 PCR, A0 TSt 11X i
miRNA Fk 1% (& 3 FIE 4D, 8 3 1% Bor,
Tl )5 3 B miR156b-3p. miR159e-3p .
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