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Analysis of the Differential Expression of miRNAs Induced by Bacillus velezen-

sis GF-46 and Its Regulatory Functions in Maize
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Abstract: This study employed [llumina high—throughput sequencing technology to investigate the effects of Bacil-
lus velezensis GF—-46 treatment on miRNA expression in maize B73. A total of 37 differentially expressed miRNAs
were identified, including conserved families (such as miR164, miR171, miR166, etc.) and novel miRNAs (such as
8_36419, 3_16586, etc.). KEGG pathway enrichment analysis revealed 135 significantly modulated metabolic path-
ways (Q<0.05), with pronounced representation in: (i) phytohormone signaling (auxin and jasmonic acid signaling
pathways), (ii) phenylpropanoid biosynthesis (PAL, 4CL enzymatic nodes), (iii) plant—pathogen recognition systems
(RLK-mediated signaling pathways). Notably, miRNA—-8_36419 exhibited superior regulatory capacity, targeting ap-
proximately 50% of annotated genes within these key pathways. These findings clarify the mechanisms underlying
GF-46-mediated growth promotion and systemic resistance in maize, and deepen the understanding of microbiome—
regulated transcriptional networks in monocot crops.
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Table 1 gRT-PCR reaction system

Ho /L
Component Volume
2x SYBR qPCR Master Mix 10
Upstream primer (10 wmol/L) 0.4
Downstream primer (10 pwmol/L) 0.4
Template 1
RNase Free Water 8.2
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Table 2 gPCR primer names and sequences

BRIIERN S1WIFFI(3'-5")
Sequence name Primer sequence
U6-F GATAAAATTGGAACGATACAG
U6-R ATTTGGACCATTTCTCGATTT
2_12941-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCCGGAA

zma-miR164a-3p-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGATGGA

zma—miR166n-5p—RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCACCGA

8_36419-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCGAGCC
3_16586-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCCTCGA
10_44628-RT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACCATAAT
miR-R GTGCAGGGTCCGAGGT
2_12941-F GGATCTTCTTCGGGGTTTC
zma-miR 164a-3p-F GCACGTGTTCCTCCTCTC

zma—miR166n-5p—F AGGGATTGTTGTCTGGCT

8_36419-F AGGGGTGGCTGTCCTG
3_16586-F CAGCGGGTGCTGTATC
10_44628-F AGCCCTCGGATGTCTC

I CK3 B A 43 B Fa 34 (H s AT St g v, — B0k
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HREAR [P REAR TR A B EER
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Table 3 Statistical analysis of miRNA sequencing data in the different samples
. JEAZE T read X Ji5 )5 read 51 i K EELE 18~32 nt 7 511/4~
FE Q20 Q30 GC & Ht/%
Number of reads before ~ Number of reads after qual- Number of sequences with length
Sample GC content
quality control ity control 18-32 nt
T46_1 10907 868 7 140 202 99.35  97.16 52.25 6928 758
T46_2 10 493 004 6858319 99.30  96.96 52.88 6 505 805
T46_3 10293 390 6861363 99.33  97.13 52.07 6236970
CK_1 10 258 448 8 131 645 99.30  96.96 54.26 7280017
CK_2 10 274 565 7048 786 99.34  97.06 52.40 6410 540
CK_3 12 356 844 6913 768 99.07  96.30 52.49 6 062 703
10 .
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O ATe6
8
64
44
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~
&
T 1 o)== e 1= = = e e e == = = = = e e =l = = = =l
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2= 5
ATA6:
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6
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PC1(30.76%)

e« B PC1, 28 5 R BN 30.76% ; YA PC2, 28 5 R BCH 25.70% -
Note: The horizontal axis represents PC1 with a variance contribution rate of 30.76%; the vertical axis represents PC2 with a variance contribution

rate of 25.70%.
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Fig.1 Principal component analysis plot

A, LA I 404 458 miRNA o S0k i 37 22 57 5%
ik B miRNA, Horp 224~ B 15 AT (E2) .
W W ¥ 2% 5 (P<0.01) miRNA L4 14 & . 2 57
miRNA 5 9K JE7E 18~24 nt, FEEPLE 21 mi (55
4) , B A K E % miRNA F % 0 5 miR171,
miR164 \miR166 Fl miR395 %5, #7 Wil miRNA %
£1,45 8_38768.8_36419.3_16586.1_2720,10_44628.,
9 40809 %5 . 8_38768 Fll 8_36419 1Y 1 FAK 7 1) |
A 91) LA B 0 i) 5 PR 35— B8, #E AT RE 2 T )%
G AE SR AL B AR PR S SCA ) 8_36419
T M. X8 BAT 25 57 M %35 1Y miRNA 7F £ K
B73 £ DU 3 0 28 KT 1 GF—46 Ab L5 v] BB & 4%
FEE DI RE

24 ERFRZEmRNAKIEERSH

R T RIS B AR GF—-46 A0 HL 5 T OK Hh 22 57 ik
miRNA [ RE , AW 582K H T psRobot 2 J P 95
A 6 A TR B DL R HT TR0 Y miRNA #E47
R DR RO, O XoF ok 4 A R DR R AT T B RE
B CEI3), dm o, U 25 039 M FEEE R 5 0
miRNA AHSCEK , 1T FI A9 miRNA WX R T 39 597
AHEE A . GO T REE B8 7 25 5 miRNA H1 3 [
165 FhAr F I e (MF) .6 Fh 41 i 4143 (CC) Al 9 Fif
A ES R BP) RS T IURe gy E A
i 7E 45 4 (78 4, GO:0005488 ) I il 1% 14 (51 4,
G0:0003824 ) P J7 T o 2 Jfd 40 73 3= 25 46 v 7E 20 i
#B 4 (76 4~ , GO:0044464 ) | 40 il #% (52 4~ , GO:



32 B | | A A 50%:

Significant
®up(22)

' ' nosig(617)
251 : : ©® down(15)

-Log10(Pvalue)
w
1

P
@

2 0 2

0 8 & 4 .
Log2FC

T KO R R T 455 22 57 (P<0.05=-log 10 P>1.301; log2FCI>1) o B A8 b5 Log2FC 7 2271 ik [N 42 TR 7K S A8 A i X 4, S e 1 8 [ 3 3
AR . A BR S ~LoglO (P value) " LB T GEiH A 50 P A, RO BRI A Rk 2 5 MR 35 . P A i RoR B b
P miRNA, 36224, A fill s #0335 F 8 miRNA L 26 154> IR 60 51 3R B0 0 %08 R (1 miRNA L Hk 617 4,

Note: Thevolcano plot shows the expression differences (P < 0.05==log10 P>1.301; llog2FCI>1). The abscissa "Log2FC" represents the logarithm of
the change in gene expression levels, reflecting the degree of up—regulation or down-regulation of gene expression. The ordinate "-Logl0 (P
value)" reflects the P—value of the statistical test, and the larger the value, the more significant the difference in gene expression. In the figure,
the points on the right represent significantly up-regulated miRNAs, totaling 22. The points on the left represent significantly down-regulated
miRNAs, totaling 15. The gray points represent miRNAs with no significant differences, totaling 617.

B2 RZEEZEFNLE

Fig.2 Volcano plot of differential expression levels

K4 ZBmRNAF5IE

Table 4 Sequence table of differentially expressed miRNAs

miRNA £ F% miRNA J75 miRNA £ S /nt Log2FC(T46/CK) P{H
miRNA name miRNA sequence miRNA length P value
zma-miR171g-3p GAGGUGAGCCGAGCCAAUAUC 21 5.645 0.001 432

2_12941 GAUCUUCUUCGGGGUUUCCGG 21 4.823 0.004 628

10_44783 UCUCUCUGUAUUGCUUUAUUGAUG 24 4.647 0.015 593
zma-miR164e-3p CAUGUGUCCGCCCUCUCCACC 21 4.429 0.031 922
zma-miR164a-3p CACGUGUUCUCCUUCUCCAUC 21 4.135 0.034 196
zma—miR166n-5p GGAUUGUUGUCUGGCUCGGUG 21 4.095 7.868 725E7

421397 UGUAGUCUGGGUGGUCAUCUCG 22 3.947 0.020 247
zma-miR395h-5p GUUCCCUUCAAGCACUUCACAU 22 3.397 0.004 807
zma—miR395j-5p GUUCCCUUCAAGCACUUCACAU 22 3.397 0.004 807
zma-miR395p-5p GUUCCCUUCAAGCACUUCACAU 22 3.397 0.004 807
zma-miR395e-5p GUUCCCUUCAAGCACUUCACAU 22 3.397 0.004 807
zma-miR166j-5p GGUUUGUUUGUCUGGUUCAAGG 22 3.268 1.354 103E7°
zma—miR166d-5p GGAAUGUUGUCUGGUUCAAGG 21 2913 2.011 697E®
zma—miR166b-5p GGAAUGUUGUCUGGUUCAAGG 21 2912 2.035 808E™
zma—miR159a-5p GAGCUCCUAUCAUUCCAAUGA 21 2.895 1.550 887E°
zma—miR164e-5p UGGAGAAGCAGGACACGUGAG 21 2.786 5.394 613E~
zma—miR171k-3p GUGAGCCGAACCAAUAUCACU 21 2.357 0.032 483
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k4
Table 4 Continued

miRNA £k miRNA J#3 miRNA K Ji/nt Log2FC(T46/CK) P
miRNA name miRNA sequence miRNA length P value

zma-miR171h-3p GUGAGCCGAACCAAUAUCACU 21 2.357 0.032 483
zma—miR171k-5p UGGUAUUGUUUCGGCUCAUGU 21 1.825 0.013 905
zma—miR171h-5p UGGUAUUGUUUCGGCUCAUGU 21 1.825 0.013 905
zma—miR166g-5p 3GAAUGUUGUCUGGUUGGAGA 21 1.671 0.000 730
zma—miR167c-3p GAUCAUGCUGUGGCAGCCUCACU 23 1.299 0.041 592
8_38768 GGUGGCUGUCCUGGGCUCG 19 -8.492 0.029 852
8_36419 GGUGGCUGUCCUGGGCUCG 19 -8.492 0.029 852
3_16586 AAGUCAGCGGGUGCUGUAUCGAGG 24 -5.689 0.018 748
1.2720 ACGACUAGUGCUGGGAAUUGGGCC 24 -5.560 0.002 722
10_44628 AGCCCUCGGAUGUCUCGCAUUAUG 24 -5.390 0.018 599
9_40809 GUGGGUACGCCGUAUGGAUACUGG 24 -5.318 0.023 826
3_16423 AUGGAUUGUACGAGAUUGAUACGG 24 -4.051 0.037 836
13964 AACUCCGUUGCCCAAUGG 18 -3.673 0.027 728
3_14012 UUGGCUGACGACUACCUUGGAG 22 -3.536 0.013 663
1_760 UUGGCUGACGACUACCUUGGAG 22 -3.536 0.013 663
zma—miR167g-3p GGUCAUGCUGUAGUUUCAUC 20 -2.449 0.000 285
2_10021 AUCAAAAGUUGUAGCGCUAUCGGU 24 -2.311 0.046 572
6_28196 UCGCGGACGAACGGAUAGGAAC 22 -1.757 0.023 428
1.2075 UCGCGGACGAACGGCUAGGAAC 22 -1.757 0.023 428
1_4437 UUGCGUCUGGAUAGAAGGGGA 21 -1.587 0.048 930

M biological process
collular_component

molecular function regulator M molecular_function
transporter activity
transcription regulator aclivity
calalytic aclivity
binding
protein-containing complex
organelle part
membrane
membrane part
organelle
cell part
growth
reproduclive process
developmenlal process
response to simulus
cellular component organizalion or biogenesis
localization
cellular process
melabalic process
biological regulation

(I) 1‘0 éO 3‘0 4‘0 5‘0 6‘0 7‘0 8‘0 9‘0

Number of target genes

% B T46 41 CK 41 H AR L P GO g R Bl . Rl e HARIE R 40, AR 28 GO 4% H .

Note: This figure is a GO secondary annotation analysis chart of target genes in the T46 group and the CK group. The horizontal axis represents the

GO term

number of target genes, and the vertical axis represents the GO terms.
E3 GOEESH
Fig.3 GO annotation analysis
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Environmental adaptation I Metabolism
Transport and catabolism . Genetic Information Processing
Membrane transgort I [l Environmental Information Processing
[ Cellular Processes
Signal transduction Organismal Systems
Information processing in viruses
Replication and repair
Transcription
Folding, sorting and degradation
Translation
Glycan biosynthesis and metabolism
Nucleotide metabalism
Metabolism of other amino acids
Metabolism of cofactors and vitamins
Metabolism of terpenaids and polyk...
Global and overview maps
Energy metabolism
Lipid metabolism
Biosynthesis of other secondary m...
Amino acid metabolism
Carbohydrate metabolism

F T T T
4] 50 100 150

T T T 1
250 300 350 400

Number of target genes

% E R T46 415 CK 41 1 KEGG R BT Il . B e /s H AR L IR 9 80, Il 25 7R KEGG 38 % .

Note: This figure is a KEGG annotation analysis chart comparing the T46 group with the CK group. The horizontal axis represents the number of tar-

get genes, and the vertical axis represents the KEGG pathways.

B4 KEGGEBESH
Fig.4 KEGG annotation analysis
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Table 5 Proportion of target genes regulated by differentially expressed miRNAs in each pathway

miRNA £ Fk YRR e HBEA I L LA~ JE ) AT
miRNA name Plant hormone signal transduction Phenylpropane biosynthesis Plant pathogen interaction
zma—miR171g-3p 4/186 6/104 1/99
212941 9/186 2/104 1/99
10_44783 5/186 0/104 1/99
zma-miR164e-3p 12/186 6/104 4/99
zma—miR 164a-3p 6/186 4/104 2/99
zma—miR166n-5p 7/186 3/104 2/99
421397 11/186 5/104 3/99
zma—miR395h-5p 1/186 1/104 1/99
zma—miR395j-5p 1/186 1/104 1/99
zma—miR395p-5p 1/186 1/104 1/99
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gER5
Table 5 Continued

miRNA £ F MR 5 5w HN eI L - 5 LA
miRNA name Plant hormone signal transduction Phenylpropane biosynthesis Plant pathogen interaction

zma—miR395e-5p 1/186 1/104 1/99
zma—miR166j-5p 2/186 0/104 0/99
zma—miR166d-5p 0/186 0/104 0/99
zma—miR166b-5p 0/186 0/104 0/99
zma—miR159a-5p 1/186 0/104 0/99
zma—miR164e-5p 3/186 0/104 0/99
zma—miR171k-3p 0/186 0/104 0/99
zma—miR171h-3p 0/186 0/104 0/99
zma—miR171k-5p 4/186 0/104 0/99
zma—miR171h-5p 4/186 0/104 0/99
zma—miR 166g-5p 1/186 0/104 0/99
zma—miR167¢-3p 5/186 12/104 0/99
8_38768 104/186 50/104 58/99
836419 104/186 50/104 58/99
3_16586 5/186 2/104 1/99
12720 1/186 0/104 1/99
10_44628 15/186 6/104 10/99
9_40809 9/186 15/104 4/99
3_16423 0/186 0/104 0/99
1_3964 0/186 0/104 0/99
3_14012 13/186 3/104 2/99
1_760 14/186 3/104 1/99
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Fig.7 KEGG pathway diagram of phenylpropanoid biosynthesis
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Table 6 Correlation table between expression levels and TPM

zma—miR164a-3p 212941 zma—miR166n-3p 8_36419 3_16586 10_44628
0.9552
zma-miR164a-3p
0.0448*
0.9501
212941
0.0499*
0.9692
zma-miR166n-3p
0.0308%*
0.9495
836419
0.0505
0.9621
3_16586
0.0379*
0.9992
10_44628
0.0008*

TE BT AR Sk R, T HE IR BT O B 5

Note: The numbers in the upper row are correlation coefficients, and the bold numbers in the lower row indicate significance.



40 B | | A A 50 %

M MYRARERKET AKREWNEG KL A
PR 55 9 B ) A A5 G B AR B . Xie SEPOF S
KB, DUSET ZE AT B FZB42 7T LI S B K RS
Yo (ISR, FF %52 34> miR169 K% % 51 2 5
ISR BLIE 2T B o oK A4 A 0 38 B 5% el 3 L B A )
1Z, FE IR 8_36419 KIGAE £ K 3 45 KEGG i #%
HARA L AR AR, R FOR A K kR4
 HPUR B RE 1. A5 8_36419.10_44628 .
3_14012 . 4_21397 . miR166 . miR171 #l miRNA164
FRGIFZSH T KRNG5 @ K EE I
VB 3 4% e TN Jot 2 0 A i %

TE K N6 HE AR W i 38 1Y 5L #2 b miRNA
RYFEHE FHAVEN . Zma-miR164 BEGE I 1 25 30
T BOH R L K NAC B 5k I 5 8 H NAM
ATAF F1 CUC /9 3R 35 i 3 0™, miR 164 7] fg i
5o 8 ] NAC . MYB F1 MAPK 3 PR 5% % 76 48 W) bt 5
o R R AR Y, WFSE R I, miRNA 164 1] fig
25T T RYERFK Nat /K FE B A5 5 55 S R0 107 AL
H5, 3f H Zma—miR 164s 7] fE 5 £ K 45 6] i1 K 19
Ze RS K miR164 55 1 51 RE i 8 1 5
R AT 5 5 A e 3K A, A2 E T 1) Y I R
o, T R mA R K B AR S AT 4 A, miR171
TEAF ) 07 225 8 Ty 2 0 5506 58 a1 2 A v & 4
FEAE R, a8 1R OG0 e IR T el SR
AR, T B A R A AR AR RS B R B
AE 1™, MR miR166 3 [ 2 S 8 £ oKk i Bl
FERFFAEWF A, BN A S HEE TR SR
AR 25 o A A= 9 W3, O L AE R oKk B il v
Bl N7 AR P R AR Y. miR156 #iE [n] SBP % 5%
IR 7~ 2 1 10 B B, 5% W) 6 K 1 4 BE AR XD i | I
A miR167 J oK A 77 0 i 7 3o 7
HR ) S B R T DR, o e B R R AR K ER e
K ¥~ (ARF ) ZZ 15 1) ¥ 3L X (ZmARF3 Fl ZmARF30)
KL, XBARFIEN S 5ERKRZGFSE
BOERRER AU REFEBFSREPRE
BAERY, EERWAERKRERT SRS, miR167 )
il ARF JE PR 2635, R 40 M A 35 1R OB S & A
MACTY &1, 78 My 38 W B 7 T, miR167 [ %3k
HAE AR 1AV 0 A K 2 R 2 & AR AR
b, 38 3 5 ARF FE RO 5 Bl E K GE R A A1 2R
. miR395 25 E KA |, 0 =2 FE ik 7K
A P AR A O A o i e

T oK R X L AR Y It & A R O Y L 40
BE B 2578 1k AL IF P R 5 miRNA v 5 0 3 (7]
T b U KA Y0 # 3R BR A 5 B R A R G

SEMAVEH . miRNA 7605 XK 25 T28 15 3 £ OK /NG
s TR 1 e M o 2 FEAE ™Y, ZmmiR398b 1 452 K
K HHEAE 5 3 (SCMV) B TP, 2K T e 4R
Y& WG A RERE 3 5 B K BT ME AP bE . %
AR AR K T R R R ) AN 1 OGS 4 A
A3, AT ARG Jn 4 i i v JE R R AE R g Ak A 4 A
FeL . DT 3G SR P HK AR 0 IR B Y A B BE R
miRNAS528 I 5 K 1 3= & ik 42 v 19 ¢ B il Zm-
PAL [/ &3k , 1 T 7 30 45 A0 T 52 ) K i 7 3
ARAE R PES . miR397 . miR408 il miR528 A LA
0 ) S A R A A g S 2R TR R R R R R A
A . 7E E oK IR X 3 A miRNA 7] LLFE
IR il 05 M FOR o 2 B R A R
IF i 35 8 B KO E VS T SR e B T 2 PR
A SE & B, miRNA R RE 38 i 5 i 2K T B 2 0
gl -A RS SO E| X2 =t7/) ) SIER g
MY E G55 S RN YA L K
W55 9% SRR B IX 3 4% B A BOC R HL 1R L
W, TEMYMEG 5SS RN EAEY G laER
MR, S5 5 BB il 5L R i R B Z Y PR 1Y
PR o AN, K A% R R R R 65 R 4 R TR e AR
W B AR 1 T Y OC B L I (PAL L C4H \4CL) &
ko RZ,RWEEEEYEBRGERZET AR EE .
WA RS E, TIERES S T2 53
WY EAG S5 TR b, W TEZ 2%
DA AR 28 B 2 380 9 DR G 43 TS Xk 1) f s
J I (PTL) RGN, T filk %2 6292 (ETL) o £ PTI 2 3%
b AR e, A TR Y A R R T ) AR R A2 AR
(PRR) fig 9% 4 5 M 000 9 I 4K A O 4 F 185 X
(PAMP) , 51 & T U5 5 Gk R N o Horp i 4 3
FAn T S A SO | 2 TR A 2R D e A B B
W CHE G I B Rk . FE ETL 4 938 i bt
s B TN e SRR SO T, 5 A R B e
IVEEES AL RN & S VY SRR I Er
XFR B s A = A AR o TR s 2R P e 2R
Y& BLE A 7 A 1A BT Ak A R S e A 0 A
B SR DL I 1, AT 8 4 K A T TN SR TR A 5
W G SL P 2R GR | i — 2R (R T
FEN B W A A AR X T K 595 D B A LA
AL A FHE R, E K32 B R AR YL RN
ot A ) B LR AR o A TR 2R T S R 25 4k
B WA R AR = W, 3 28 7 g (1 240 R B i 1
[, 7 255 BEL 1k 9 A TR ) AR, A D AR A
B AR B ARG S R 2R E
ZRHB% ., —miRNA HEIE N S 54E K E K



440 R DU 28 FUT T GF-46 155 FoK miRNA 22 57 335 MO #2 D R 3 41

MR 2K FI R %5 M = 1A% 5 7 %, miRNA K3k K
SV 1 S 2 5 e I DR R RO A AR N TR
15 515 S AR, AR K 3h Bl 1 R N HE BT
JR TR AR o PTIHIETI 23 5 M miRNA (1) 38 [ 3 18
A5 A K A 5 PR B R 4 ) 22 S e A DI R AR
S MY AS 5 7 57 A 0K A e A 7%
% , fef% ol 7 AL S P /D i T AR )
WA HL 2, IF 5 5 0 4 7 400 AF O 56 1R A 2% 3k, 3
SR AE PP e Y. R e T O DL S B 2 AT I
GF—-46 It 2 31 B A2 A RN T RO, A 7T e &
P AE oK P TR A 56 miRNA i KA H L, X sk
miRNA VR 2 1T 502 28 b A C i E 215
TE R, o E RS MR T Y
T T ) B AR A % DA S AR T o AR 1

4% B

i 3 X GF-46 i 5 1) £ 2Kk miRNA #4704,
Y 37 22 R KA U miRNA . 3X 28 miRNA £
BAEFE miR164 % .miR171 % . miR166 % Ji
DL K — 265 U A miRNA HF o B miRNA 4+ 519
B EERW T 3ABE - HYBEESHSE
IRt A2 WA B AR LA A W - AR A
YEF AR . XS R 7E ok AP e Pt
HERKMETF A EEE BN, Xk
B, miRNA-8_36419 ¥ #5114 ¥ 5E [ B0 5 i £
A I, miRNA-8_36419 1R 7] & I8 4% £ oKk A K &
B YU PE R P ) S HE miRNA . SR, {UAIA
 miRNA-8_36419 5 2L J& — Fpad 1 & 5 4k 19 UL
A, HiAl miRNA, 20 miR164 F1 miR171, 2 7] BE %
TR YR AR B PR PO FE R TTER

S

[ 1] WANGS, JIN P, ZHENG Y, et al. Bacillus velezensis B105-8, a
potential and efficient biocontrol agent in control of maize stalk
rot caused by Fusarium graminearuml[J]. Front Microbiol, 2024,
15: 1462992.

[ 2] MPANGA I K, LUDEWIG U, DAPAHAH H K, et al. Acquisi-
tion of rock phosphate by combined application of ammonium
fertilizers and Bacillus amyloliquefaciens FZB42 in maize as af-
fected by soil pH[J]. Journal of Applied Microbiology, 2020, 129
(4): 947-957.

[ 3] CAM S, KUCUK ¢, ALMACA A. Bacillus strains exhibit vari-
ous plant growth promoting traits and their biofilm—forming ca-
pability correlates to their salt stress alleviation effect on maize
seedlings|J]. Journal of Biotechnology, 2023; 369:35-42.

[ 41 WANG A, HUA J, WANG Y, et al. Stereoisomers of nonvolatile

acetylbutanediol metabolites produced by Bacillus wvelezensis

[5]

[6]

[7]

[ 8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

WRNO31 improved root elongation of maize and rice[J]. Journal
of Agricultural and Food Chemistry, 2020, 68(23): 6308-6315.
ZHANG Y, ZHANG N, BI X, et al. Growth promotion on maize
and whole—genome sequence analysis of Bacillus velezensis D103
[J]. Microbiology Spectrum, 2024, 12(12): e0114724.

ADEDIRE D E, OWOEYE T E, FARINU O M, et al. Manage-
ment of Fusarium wilt disease of maize(Zea mays L.) with se-
lected antimycotic plant extracts and inhibitory Bacillus strains
[JI. Current Microbiology, 2023, 80(6): 204.

KIM J A, SONG J S, KIM P 1, et al. Bacillus velezensis TSA32—
1 as a promising agent for biocontrol of plant pathogenic fungi
[J]. Journal of Fungi, 2022, 8(10): 1053.

ADENIJI A A, BABALOLA O O. Evaluation of Pseudomonas
Sulva PS9.1 and Bacillus velezensis NWUMFkBS10.5 as candi-
date plant growth promoters during maize Fusarium interaction
[J]. Plants (Basel), 2022, 11(3): 324

LIU Y, TENG K, WANG T, et al. Antimicrobial Bacillus velezen-
sis HC6: production of three kinds of lipopeptides and biocontrol
potential in maize[J]. Journal of Applied Microbiology, 2020, 128
(1): 242-254.

FAN B, WANG C, SONG X, et al. Corrigendum: Bacillus
velezensis FZB42 in 2018: the gram—positive model strain for
plant growth promotion and biocontrol[J]. Frontiers in Microbiol-
ogy, 2018, 9: 2491.

XING L, ZHANG L, ZHENG H, et al. ZmmiR169q/ZmNF-YA8
is a module that homeostatically regulates primary root growth
and salt tolerance in maize[J]. Frontiers in Plant Science, 2023,
14: 1163228.

LUAN M, XU M, LU Y, et al. Expression of zma-miR169 miR-
NAs and their target ZmNF-YA genes in response to abiotic
stress in maize leaves|J]. Gene, 2015, 555(2):178-185.

LI J, GUO G, GUO W, et al. miRNA164~directed cleavage of
ZmNACI confers lateral root development in maize(Zea mays 1..)
[J]. BMC Plant Biology, 2012, 12: 220.

LI N, YANG T, GUO Z, et al. Maize microRNA166 Inactivation
confers plant development and abiotic stress resistance[J]. Inter-
national Journal of Molecular Sciences, 2020, 21(24): 9506.

XIA R, XU J, MEYERS B C. The emergence, evolution, and di-
versification of the miR390-TAS3-ARF pathway in land plants
[J]. Plant Cell, 2017, 29(6): 1232-1247.

ZHANG M, AN P, LI H, et al. The miRNA-Mediated Post—
transcriptional regulation of maize in response to high tempera-
ture[J]. International Journal of Molecular Sciences, 2019, 20(7):
1754.

CHUCK G, MEELEY R, IRISH E, et al. The maize tasselseed4
microRNA controls sex determination and meristem cell fate by
targeting Tasselseed6/indeterminate spikeletl[J]. Nature Genet-
ics, 2007, 39(12): 1517-1521.

CHUCK G, WHIPPLE C, JACKSON D, et al. The maize SBP-
box transcription factor encoded by tasselsheath4 regulates bract
development and the establishment of meristem boundaries|J].
Development, 2010, 137(8): 1243-1250.

SUN Q, LIU X, YANG ], et al. MicroRNAS528 affects lodging re-



42

AoAb A&l B s

504

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

sistance of maize by regulating lignin biosynthesis under
Nitrogen—Luxury conditions[J]. Molecular Plant, 2018, 11(6):
806-814.

ZHOU Z, CAO Y, LI T, et al. MicroRNAs are involved in maize
immunity against Fusarium verticillioides ear rot[J]. Genomics
Proteomics Bioinformatics, 2020, 18(3): 241-255.

WANG S, WANG X, CHEN J. Identification of miRNAs in-
volved in maize—induced systemic resistance primed by Tricho-
derma harzianum T28 against Cochliobolus heterostrophus|J].
Journal of Fungi, 2023, 9(2): 278.

HONG Z, XU H, SHEN Y, et al. Bioengineering for robust toler-
ance against cold and drought stresses via co—overexpressing
three Cu=miRNAs in major food crops[J]. Cell Reports, 2024, 43
(10): 114828.

QIN R, HU Y, CHEN H, et al. MicroRNA408 negatively regu-
lates salt tolerance by affecting secondary cell wall development
in maizelJ]. Plant Physiology, 2023, 192(2): 1569-1583.

LIU H, YU M, ZHOU S, et al. Unveiling novel anti-viral mecha-
nisms of &—poly=I-lysine on tobacco mosaic virus—infected Ni-
cotiana tabacum through microRNA and transcriptome sequenc-
ing[J]. International Journal of Biological Macromolecules, 2024,
268(Pt 1): 131628.

QU Q, LIU N, SU Q, et al. MicroRNAs involved in the trans—
kingdom gene regulation in the interaction of maize kernels and
Fusarium wverticillioides[J]. International Journal of Biological
Macromolecules, 2023, 242(Pt 4):125046.

XIE S, YU H, LI E, et al. Identification of miRNAs involved in
Bacillus velezensis ¥ZB42—Activated induced systemic resis-
tance in maize[J]. International Journal of Molecular Sciences,
2019, 20(20): 5057.

g TR 1) SR T R A A 9 TR R O 2 5 A RICR
WEFEID]. WA 5 P52 Aol K%, 2022.

ZHANG Y R. Screening of biocontrol strains for sunflower
Sclerotinia rot and Verticillium wilt and study on their control
effects|D]. Hohhot:Inner Mongolia Agricultural University, 2022.
(in Chinese)

QIAN Y, REN Q, ZHANG J, et al. Transcriptomic analysis of
the maize(Zea mays 1.) inbred line B73 response to heat stress
at the seedling stage[J]. Gene, 2019, 692: 68-78.

AR T K BT 4 7 T RE TR A 0 A e H ) 8OR B 5T
[D]. WA A« I 5l ARl R, 2022,

BAI J F. Study on the construction of functional microbial com-
munities for lodging resistance and yield increase in maize and
their field effects|[D]. Hohhot: Inner Mongolia Agricultural Uni-
versity, 2022. (in Chinese)

SCHNABLE P S, WARE D, FULTON R S, et al. The B73
maize genome: complexity, diversity, and dynamics[]J]. Science,
2009, 326(5956): 1112-1115.

FRIEDLANDER M R, MACKOWIAK S D, LI N, et al. miRD-
eep2 accurately identifies known and hundreds of novel mi-
croRNA genes in seven animal clades[J]. Nucleic Acids Re-
search, 2012, 40(1): 37-52.

WU H J, MA' Y K, CHEN T, et al. PsRobot: a web—based plant

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

small RNA meta—analysis toolbox[J]. Nucleic Acids Research.
2012, 40(Web Server issue): 22-28.

KANEHISA M, FURUMICHI M, SATO Y, et al. KEGG for
taxonomy—based analysis of pathways and genomes[J]. Nucleic
Acids Research 2023, 51(D1): 587-592.

SHAN T, FU R, XIE Y, et al. Regulatory mechanism of maize
(Zea mays L.) miR164 in salt stress response[J]. Russian Jour-
nal of Genetics, 2020, 56(7): 835-842.

TANG Q, LYU H, LI Q, et al. Characteristics of microRNAs
and target genes in maize root under drought stress[J]. Interna-
tional Journal of Molecular Sciences, 2022, 23(9): 4968.

LI J, ZHOU X, WANG Y, et al. Inhibition of the maize salt
overly sensitive pathway by ZmSK3 and ZmSK4[J]. Journal of
Genetics and Genomics, 2023, 50(12): 960-970.

YANG S, ZHAO D, LI M, et al. Conserved Zma-miR164 family
is responsible for maize heterosis by negatively regulating NAC
transcription factor during internode elongation[J]. South African
Journal of Botany, 2022,150:806-812.

ZHENG L, ZHANG X, ZHANG H, et al. The miR164~depen-
dent regulatory pathway in developing maize seed[J]. Molecular
Genetics and Genomics, 2019, 294(2): 501-517.

KONG Y M, ELLING A, CHEN B. Differential expression of mi-
croRNAs in maize inbred and hybrid lines during salt and
drought stress[J]. American Journal of Plant Sciences, 2010, 1
(2):69-76.

LI N, YANG T, GUO Z, et al. Maize microRNA 166 inactivation
confers plant development and abiotic stress resistance[J]. Inter-
national Journal of Molecular Sciences, 2020, 21(24): 9506.
NOGUEIRA F T, MADI S, CHITWOOD D H, et al. Two small
regulatory RNAs establish opposing fates of a developmental
axis[J]. Genes & Development, 2007, 21(7):750-755.

DONG Z, HU G, CHEN Q, et al. A regulatory network control-
ling developmental boundaries and meristem fates contributed to
maize domestication[J]. Nature Genetics, 2024, 56(11): 2528—
2537.

ZHAO Z, XUE Y, YANG H, et al. Genome—Wide identification
of miRNAs and their targets involved in the developing inter-
nodes under maize ears by responding to hormone signaling[J].
Public Library of Science One,2016, 11(10): e0164026.

LIU X, HUANG 8, XIE H. Advances in the regulation of plant
development and stress response by miR167[J]. Frontiers in Bio-
science(Landmark Ed),2021, 26(9):655-665.

XING H, PUDAKE R N, GUO G, et al. Genome—wide identifi-
cation and expression profiling of auxin response factor(ARF)
gene family in maize[J]. BMC Genomics, 2011, 12(1): 178.

DING D, ZHANG L, WANG H, et al. Differential expression of
miRNAs in response to salt stress in maize roots[J]. Annals Of
Botany, 2009, 103(1): 29-38.

AYDINOGLU F. Elucidating the regulatory roles of microRNAs
in maize(Zea mays L.) leaf growth response to chilling stress[J].

Planta, 2020, 251(2): 38.

(F#% 61 1)



44

TSR A < kg AR AR J B R e R B 5k BR R A 8 s 61

[23]

[24]

[25]

[26]

LI F, ZHANG J, YANG Z, et al. Determination of 17 pesticide
residues in vegetables by QuEChERS/liquid chromatography—
mass spectrometry|J]. Journal of Jilin Agricultural Sciences,
2013, 38(3): 93-96. (in Chinese)

ANASTASSIADES M, LEHOTAY S J, STAJNBAHER D, et al.
Fast and easy multiresidue method employing acetonitrile extrac-
tion/partitioning and “dispersive solid—phase extraction” for the
determination of pesticide residues in produce[J]. Journal of
AOAC International, 2003, 86(2): 412-431.
GONZALEZ-CURBELO M A, SOCAS-RODRIGUEZ B,
HERRERA-HERRERA A V, et al. Evolution and applications
of the QuUEChERS method[J]. Trends in Analytical Chemistry,
2015, 71: 169-185.

R G, R, S EE A L kg SRR B A b gk B
K i sh SR D). A4 2Y , 2014, 13(1): 37-40.

WU X J, MA H, MA J W, et al. Study on residue and degrada-
tion dynamics of pyridaben in cotton and soil[J]. Modern Agro-
chemicals, 2014, 13(1): 37-40.(in Chinese)

LIU CY, LUD H, WANG Y C, et al. Residue and risk assess-
ment of pyridaben in cabbage[J]. Food Chemistry, 2014, 149:

[27]

[28]

[29]

233-236.

TRIGEE . b 30 I B AR AE T 85 XA AL R A T 1 (D).
AR, 2018(21) : 73,

XU X Y. Application of sub—surface drip irrigation technology
in cotton planting in Xinjiang region[J]. Jilin Agriculture, 2018
(21): 73. (in Chinese)

ECH, B, TR L A R TRE 2 ) i AR A EER R
O R TR AR B A AR B S B0 R R S E
2014,35(5) :33-37.

LI W M, WANG L, QIAO C K, et al. Residue dynamics of thidi-
azuron and diuron on cotton leaves under different application
dosesl|J]. Pesticide Science and Administration, 2014, 35(5): 33—
37. (in Chinese)

T UR ROE TR /N P B B Sl A O R AT S B 5
[D]. W5 7K B+ I R I Tl K27, 2012,

WANG P. Residue dynamics of pymetrozine in wheat and its en-
vironmental behavior[D]. Harbin: Harbin Institute of Technol-

ogy, 2012. (in Chinese)
(WHEHE . T 2)

(EEF427)

[48]

[49]

[50]

[51]

MATTS J, JAGADEESWARAN G, ROE B A, et al. Identifica-
tion of microRNAs and their targets in switchgrass, a model bio-
fuel plant species|[J]. Journal of Plant Physiology, 2010, 167(11):
896-904.

GAO X, DU Z, HAO K, et al. ZmmiR398b negatively regulates
maize resistance to sugarcane mosaic virus infection by targeting
ZmCSD2/4/9]]. Molecular Plant Pathology, 2024, 25(5):e13462.
SUN Q, LIU X, YANG J, et al. MicroRNA528 affects lodging re-
sistance of maize by regulating lignin biosynthesis under
Nitrogen—Luxury conditions[J]. Molecular Plant, 2018, 11(6):
806-814.

HONG Z, XU H, SHEN Y, et al. Bioengineering for robust toler-
ance against cold and drought stresses via co—overexpressing

three Cu=miRNAs in major food crops[J]. Cell Reports, 2024, 43

[52]

[53]

[54]

(10): 114828.
DIVEKAR PA, NARAYANA S, DIVEKAR BA, et al. Plant sec-

ondary metabolites as defense tools against herbivores for sus-
tainable crop protection[]]. International Journal of Molecular
Sciences, 2022, 23(5):2690.

WANG H, SONG S, GAO 8, et al. The NLR immune receptor
ADRI and lipase-like proteins EDS1 and PAD4 mediate stoma-
tal immunity in Nicotiana benthamiana and Arabidopsis[J].
Plant Cell, 2024, 36(2):427-446.

WAN D, LI R, ZOU B, et al. Calmodulin—binding protein
CBP60g is a positive regulator of both disease resistance and
drought tolerance in Arabidopsis[J]. Plant Cell Reports, 2012, 31
(7): 1269-1281.

(FAES 4 TE AR FE)



