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[ Abstract] Objiective: In the process of microRNA expression analysis by quantitative Real-time
polymerase chain reaction (Real-time PCR) , the selection of miRNA plays an important role in data
standardization. Method: In this paper, 13 Armillaria gallica. Candidate miRNAs were selected for
bioinformatics analysis of their precursors, and the PMRD was used to predict similar sequences of their
precursors, and the RNAfold was used to predict the secondary structure of the candidate miRNAs and their

similar sequences. Real-time PCR was used to detect miRNAs expression in two genotypes of Armillaria gallica
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(genotype A, genotype B) before and after salt stress, and geNorm, NormFinder and BestKeeper were used to
analyze the stability of miRNAs expression. Result: Secondary structure prediction and characterization of 9
candidate miRNA precursors showed that the miRNA predicted belonged to the miR family with typical stem-
loop structure and the mature miRNAs were at the 5' or 3' end of the miRNA precursors.geNorm analysis showed
that genotype A Armillaria gallica could select Novel-4* and Novel-9 as reference gene, genotype B could select
Novel-9 and Novel-16 as its reference gene. NormFinder analysis showed that Novel-9 was stable in both
genotype A and B Armillaria gallica. BestKeeper analysis showed that Novel-12* was stable in genotype A
Armillaria gallica and Novel-2* was stable in genotype B Armillaria gallica. Conclusion: miRNA Novel-9 is

the best stable reference gene, which lays a foundation for further research on the regulation mechanism of

miRNA in Armillaria gallica.
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Prediction of secondary structure of 9 candidate miRNA precursors and their similar sequences by PMRD
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Table 1 characterization of candidate miRNAs and similar ; &
=] 1 i P
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1
. . o (G+ MFEs 151 Q
M miRNA miRNA i LP/nt
A i )%  /kI-mol”
10 v
Novel-1* novel 1 50 50 84.43 S
B 30
Novel-2/Novel-2* novel_2 50 40 92.34 H
25 58 TEr
Novel-3/Novel-3* novel 3 49 51.02 123.01 - ! g ﬁ 00 - e H
Novel-4* novel 4 50 48 108.37 12 I |
Novel-9 novel 9 C49  46.94 83.14 10 g
Novel-10 novel 10 42 47.62 91.42 o 5
C 251 I
Novel-12* novel 12 42 45.24 128.11 g & g i i
J 8 1 g d
Novel-16 novel 16 290 4828 317.19 20 o Bhg b
T I
Novel-37 novel 37 99 55.56 21531 157 7
Zma-miR 166k zma-MIR166k 168 5595  372.59 10+ B
Mtr-miR166d mtr-MIR166d 91 47.25 222.13 51
30
Sbi-miR5387b sbi-MIR5387b 109 57.8 263.28 b H I . it
251 1 1 H [l =
Mtr-miR169g mtr-MIR169g 211 42.18 345.60 = 1l H ! i x H il I
201 1 u iHl Y
Mtr-miR2675 mtr-MIR2675 173 22.75 226.15 15 ’ » 7
Ghr-miR5139e ghr-MIR5139¢ 110 42.73 90.42 10 H
Mdm-miR162a mdm-MIR162a 93 46.24  179.83 s«
Gma-miR5668 gma-MIR5668 113 39.82  104.56 S28IR¥3IqASREE
SPTETTET LS
Gba-miR166q gba-MIR166q 101 4455  233.51 PZZZZZ 22 E 22

LR TR K B 5 (G+C) %. B R A9 G+C i I & & ; MFE. it /Mt
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Fig. 2
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Table 2 Primer sequences and amplification characteristics of

genes in samples
candidate miRNA reference genes

(SD), A2 5% RE(CV) , X {5 % miRNA F & 5 P gk

miRNA . PCR
P SFERN(S-3) e F P § A i

(RE s ZER G IR IEREFA A BN EH P E
Novel-1*  ATGGGCTGACCGGTGCTGT 0.98 0.9993 ﬁ%%ﬁ% E(J miRNA 7\!5]1:‘ Novel-12%* 57 A %u’:l\‘ﬂjj 8 ): Ei*u\
Novel-2 ATGGCCCTATCTACTATGAGT 1.14 0.996 7 ﬁ—'z E/‘J miRNA ﬁ ﬂ‘] Novel-16 , Novel-12%* E/‘J i%\ % {E \{j—»\
Novel-2* TCATAGGCAGATAGTTCCATC 0.91 09949 Zo %I%%E/‘J% 18S ,U6 E%ﬁﬂﬂjﬁﬁﬁﬁiﬁ%,@i@
Novel-3 TATGGCGCTGGTTAGTTCATC 0.90 09812 ?)JE % , m % 5 . Z'j—:‘ % EQ B ‘,ﬁ:’ ﬂ: jl%l‘ EF‘ EEli *ﬂ%\ % E/‘J IEILZ
Novel-3*  ATGGGCTGACCGGTGCTGTATT 0.86 0.9949 Novel- 3 ﬁ!ﬁ?’—‘ =2+ ﬂj] Jﬁ }: Novel-3 {&ﬁ %‘%})L LILL_II 1& ﬁ}
Novel-4* GGATGGGCTGACCGATGGC 1.14 09958 E/‘J i ré 18S E/J im ‘ré ?j ;/Z% , E‘i Z( i%]'\ % E/‘J IEIL._.‘ ué ,
Novel-9 GGATGGGCTGGCCGATGG 0.93 09998 U_[L%% 6,
Novel-10 ACGGGCTGTACTGTTGTGTGGTTC 0.99 0.9998 4 E\ZE
Novel-12* CGCTATGGTTTTGGCGAGTTCA 0.95 09959 Real-time PCR /H\:ﬁﬁ ‘{E ﬁﬁ . ,H% i;E . i ﬁi E]/(J fl;%‘:
Novel-16 ACGGTGATCTGTATGTCGCTGCT 0.92 09975 ““ , T miRNA i’% Eﬂ:ﬁ"t |:F| ﬁ %Eg E(] :Hﬁ,fj R E;FZ
Novel-37 AGGATGGGCTGACCGATGG 1.06 0.996 9 tt%XTjEi%ﬂj] S ,f+ E]/J ﬁ’-‘* §ug;ﬁ;,{%‘%@%
ue CTCGCTTCGGCAGCACA 1.10 09832 E/J %ﬁ ﬂ@ , iﬁ ﬁE ;H\: *H ?é miRNA %\2‘_{ ii % /’I'? E % %‘ R
18S rRNA GACTAGGGATCGGGCAACCT 0.88 0.9932

miRNA ¥ # 3% i5 13 — 1k , 75 B F 1% #% Real-time
PCR 73 #7 H A A 0] B9 28 5% RNA T8 1) A2 7,
-39.

1 : Novel 7 T B 19 1 4 miRNA
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Fig. 3 Expression stability(M) and paired variation analysis (V,/V,.,,) of candidate miRNA reference genes based on geNorm analysis
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Table 3  Stability of candidate miRNA reference genes of Table 4  Stability of candidate miRNA reference genes of

genotype A Armillaria gallica based on NormFinder analysis genotype A Armillaria gallica based on NormFinder analysis

PDA Hhria PDA Hhhia
FasE TEHE T s MEHIE Y
HE R 44 B T 5E (8 HE R 44 Fr FaE1E LN 24 Pk FaEE HE R 44 B Fe e 18
1 Novel-3* 0.038 Novel-2* 0.071 1 Novel-1* 0.039 Novel-16 0.073
2 Novel-9 0.043 Novel-1* 0.116 2 Novel-2* 0.083 Novel-9 0.113
3 Novel-4* 0.052 Novel-9 0.147 3 Novel-16 0.093 Novel-12* 0.161
4 Novel-1* 0.099 Novel-4* 0.188 4 Novel-9 0.149 Novel-1* 0.174
5 Novel-37 0.107 Novel-12* 0.278 5 Novel-10 0.188 Novel-2 0.249
6 Novel-3 0.127 Novel-37 0.333 6 Novel-2 0.232 Novel-37 0.383
7 18S 0.128 Novel-2 0.368 7 Novel-4* 0.242 Novel-4* 0.421
8 Novel-2 0.171 Novel-10 0.385 8 Novel-12* 0.259 Novel-3 0.465
9 Novel-2* 0.195 Novel-3 0.510 9 Novel-3* 0.282 Novel-10 0.500
10 Novel-10 0.390 Novel-3* 0.563 10 Novel-37 0.287 U6 0.644
11 Novel-12* 0.418 U6 0.734 11 Novel-3 0.430 Novel-2* 0.776
12 U6 0.548 Novel-16 0.810 12 U6 0.491 Novel-3* 1.183
13 Novel-16 0.563 18S 0.914 13 18S 1.689 18S 1.553

PCRZLR AL 57 LA S cDNA B i Y 22 57, T4 BEZ A9 SCIIEW] , N2 miRNA F25E P AE A [A] (9 55 56

% Real-time PCR SE g 45 R A MEA 12 . (H2 MOk R/ T A7 —Em 2R, e IR PHE T PC-3-
.40.
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*5 H T BestKeeper 7T EREE A ZHE miRNABERNSE
Table 5  Stability of candidate miRNA reference genes of

genotype A Armillaria gallica based on BestKeeper analysis

PDA EUSEEl
PRk Jic X A% e X A%
. X A X A
miRNA gp(c) H4  sD(C) He#
YORRK YRR
Novel-1* 0.70 2.79 7 1.31 5.00 5
Novel-2* 0.92 4.01 12 1.54 6.41 9
Novel-16 0.56 2.71 2 0.97 4.52 1
Novel-9 0.60 3.06 3 1.35 6.48 7
Novel-10 0.78 3.76 10 1.82 8.19 10
Novel-2 0.73 331 8 1.18 5.18 3
Novel-4* 0.67 3.38 6 1.35 6.46 6
Novel-12* 0.34 1.52 1 1.39 5.98 8
Novel-3* 0.76 3.82 9 1.87 8.68 11
Novel-37 0.62 3.01 4 1.23 5.72 4
Novel-3 0.68 3.22 5 1.13 5.12 2
U6 1.21 7.20 13 2.14  11.60 12
18S 0.78 7.81 11 222 1870 13

T B XL 5 R BT % CIH 5

F 6 ETF BestKeeper 7 HIEFE BEIRE miRNARIENSE
Table 6  Stability of candidate miRNA reference genes of

genotype B Armillaria gallica based on BestKeeper analysis

PDA b an
A ggi‘; #4 sp(c) E?; H4
Novel-1* 0.84 3.66 4 2.54 10.1 10
Novel-2* 0.61 2.74 2 1.72 7.25 3
Novel-16 0.87 4.10 5 2.27 9.78 5
Novel-9 0.96 5.14 7 2.37 11.4 8
Novel-10 0.99 431 8 1.71 6.99 2
Novel-2 0.66 3.25 3 1.99 9.01 4
Novel-4* 1.02 5.44 10 2.74 13.1 12
Novel-12%* 1.05 4.96 11 2.37 10.3 7
Novel-3* 1.01 5.17 9 2.30 10.8 6
Novel-37 1.08 5.70 12 2.44 11.7 9
Novel-3 0.56 3.25 1 2.67 13.8 11
1819 1.25 7.96 13 2.84 15.7 13
18S 0.93 9.99 6 1.40 13.4 1

3p-222 (W FaEPE I 18S A U6 52 M 7E #i 2 AE 4 Wy
30 BB, U6 BY B2 5E PE A i miR160e® 5 #% Bk
miR394a fil miR159a 1Y) N S 41 & L 5.8S rRNA 1 U6

FoE U6 fE IR h i RR e M de 22

H i X+ 2 3 i N 2 miRNA B 55 8¢ /0, % F U6
ERPW S ARHE5E R H Real-time PCR 2047 T 13
ANFE SRR BT A A5 BE miRNA, H 2k 1 ik f A [R) 8144
A AT fE 5 3003 M 45 R A7 76 I 25, R ] geNorm,
NormFinder Al BestKeeper X 4 43 51| %} H: £ & 4 7k
17 PR G55, U6 Al 18S R M 25, Rid
HTAENEHE NS miRNA, 254 351 43
Brat R, &k AR E M J A 9 N 2 miRNA i Novel-9,
JL 4% geNorm, NormFinder, BestKeeper 43 H7 45 S %
A A HJE Novel-9 # B A B4 iy e e Mo A F
5% M iE— 5 T J% % PR B miRNA 8 35 AL ] 0F 97 25 5
T EE

(&% k]

[1] CHEN L, REN Y, ZHANG Y, et al. Genome-wide
identification and expression analysis of heat-
responsive and novel microRNAs in Populus tomentosa
[J]. Gene,2012,504(2):160-165.

[2] RUI L, BIAO L, BING H, et al. Identification of
microRNAs and their target genes related to the
accumulation of anthocyanins in Litchi chinensis by
high-throughput sequencing and degradome analysis
[J]. Front Plant Sci,2016,7:2059.

[3] NAING A H, LEE J H, PARK K I, et al
Transcriptional control of anthocyanin biosynthesis
genes and transcription factors associated with flower
coloration patterns in Gerbera hybridalJ]. 3 Biotech,
2018,8(1):65-75.

[ 4] B, W, SR MS , 45 . B BR B 0 R 1 R Xt R
AR T, T E RS ,2016,36(6) :57-59.

[5] BUSTIN S A, BENES V, GARSON J A, et al. The
MIQE information  for
publication  of Real-Time  PCR
experiments [J]. Clinical Chem, 2009, 55 (4) :
611-622.

[6] BRI, 52, FM, 55 . miRNA E 2K i N 23 HE 1
BERE[T]. [ PR K 6 PE 2% 2% 7, 2012,33(11) £ 1338-
1340.

[ 7] SONG H, ZHANGX, SHI C, et al. Selection and

guidelines:  minimum

quantitative

verification of candidate reference genes for mature
MicroRNA expression by quantitative RT-PCR in the
tea plant (Camellia sinensis) [J]. Genes, 2016,
7(6):25.

[ 8] JAIN M,NIJHAWAN A,UYAGI A K, et al. Validation
of housekeeping genes as internal control for studying
gene expression in rice by quantitative real-time PCR

« 4] -



26 55 194
20204F 10 A

[ 5238 75

Chinese Journal of Experimental Traditional Medical Formulae

"
FAE

Vol. 26,No. 19
Oct. ,2020

[10]

[J]. Biochem Biophysic Res Commun, 2006, 345(2) :
646-651.

MAROUFI A, BOCKSTAELE E V, LOOSE M D.
Validation of reference genes for gene expression
analysis in (Cichorium intybus)
quantitative real-time PCR[J]. BMC Mol Biol, 2010,
11(15):1-12.

JEN L A3, B, 5. BBk (Juglans regia L. )
MicroRNA 5 i ¢ ) 5 fit RT-PCR P 2 3[4 1) fifi 1k
(I, 4y FHIPIE FI,2019,17(7):2070-2278.

TR0k . AR AL M % miRNA J SNP 7 i (14 i 1
[D]. W] RWIH T K% ,2016.

LUO M, GAO Z, LI H, et al. Selection of reference

chicory using

genes for miRNA qRT-PCR under abiotic stress in
grapevine[ J]. Sci Rep,2018,8(1):4444.
EBLLERRENL L, B R R B A R B A W
ot (7], hF25,2016,47(11):1992-1999.
AR E RS A (ML Jeat e BE R R
RPN BE R 2 645 AL, 19932 54-1006.

R WM JF B 0 5 . 055 % IR B PCR-RFLP
PRI AR (], P E R 2 2R, 2019,44(17) -
3622-3626.

VANDESOMPELE J, DE PRETER K, PATTYN F, et
al. Accurate normalization of real-time quantitative RT-
PCR data by geometric averaging of multiple internal
control genes[J]. Genome Biol,2002,3(7):0034. 1.

- 42 -

[17]

[18]

[19]

[20]

TONG Z,GAO Z,WANG F, et al. Selection of reliable
reference genes for gene expression studies in peach
using real-time PCR[J]. BMC Mol Biol,2009,10:71.
TAKLE G W, TOTH I K, BRURBERG M B.
Evaluation of reference genes for real-time RT-PCR
studies  in  the

expression plant

BMC Plant Biol,

pathogen
Pectobacterium atrosepticum [J].
2007,7(1):50-60.
T, Bt L BT IR IR PR R
microRNA A 5 # PCR N & 3L R W i e [T]. 4> F
Y E,2018,16(14):4696-4704.

ZHANG Y,CHEN Y T,CHEN R H, et al. Selection of
reference genes in quantitative real-time PCR analysis
of Chinese fir[ J]. J Forestry Sci,2019,32(2):65-72.
WY IR R B R, S AR ME T
microRNA 5% fif 2 & PCR 2 56 K (9 ik (7). Zmb
Bh2#,2015,35(6) : 596-604.

LIN Y L, LAI Z X. Evaluation of suitable reference
genes for normalization of microRNA expression by
real-time reverse transcription PCR analysis during
longan somatic embryogenesis [J].
Biochem,2013,66:20-25.

Tl S0, B R BB B BN 5 ORI A 4 T L
il 5 S o A (0], P RE 2, 2018, 49(17) : 4125-
4130.

Plant Physiol

[REHRE MEM]



