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Fig.1 Biogenesis and mode of action of miRNA
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Fig. 2 Distribution of maize DCL, AGO and HEN1 gene family members on chromosomes
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Table 1 Location of maize DCL, AGO and HEN1 gene family members on chromosomes

#1 EXKAGO. DCL. HENIERERBELHGE

2023; 50 (2)

R AR RS SR E
ZmAGOla GRMZM2G441583 Chr 6: 44780803-44789355
ZmAGOI1b AC209206.3_FGO11 Chr 10: 138699397-138708217
ZmAGOlc GRMZM2G039455 Chr2: 18176301-18185185
ZmAGOld GRMZM2G361518 Chr 5: 66763342-66769045
ZmAGO2a GRMZM2G007791 Chr2: 10157520-10164911
ZmAGO2b GRMZM2G354867 Chr 10: 143197942-143203163
ZmAGO4 GRMZM2G589579 Chr 8: 2667303-2674772
ZmAGO5a GRMZM2G461936 Chr 5: 13953891-13960814
ZmAGOS5b GRMZM2G059033 Chr2: 239622069-239628992
ZmAGO5c¢ GRMZM2G123063 Chr 5: 4109487-4117972
ZmAGO6 GRMZM2G347402 Chr 7: 74375269-74402681
ZmAGO7 GRMZM5G892991 Chr 1: 76277152-76282210
ZmAGO9 GRMZM2G141818 Chr 6: 172672133-172683962
ZmAGOI10a AC189879.3 FG003 Chr 9: 89734202-89740800
ZmAGOI10b GRMZM2G079080 Chr 6: 106360618-106367670
ZmAGOI18a GRMZM2G105250 Chr2: 205398373-205404779
ZmAGOI18b/c GRMZM2G457370 Chr 1: 254172779-254178271
ZmDCLI1 GRMZM2G040762_P01 Chr 1: 4724456-4736832
ZmDCL2 GRMZM2G301405_P01 Chr 5: 20375070-20392119
ZmDCL3a GRMZM5G814985 P01 Chr 3: 167033044-167043664
ZmDCL3b GRMZM2G413853 P01 Chr 1: 233262795-233282063
ZmDCL4 GRMZM2G160473 P01 Chr 10: 131181940-131237004
ZmHEN1 LOC103631972 Chr 7: 7668569-7673701
22 AGOEAR (K3b), AGOMTERR3 S . 4 Stk IaY £ 5

miRNA i i 5 AGO & H 45 5 I 1 RNA i
DU AR, TER: SR KO R4 TR Th g .
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SRS ST PAT AR T fE, MID Z5 R 3 61 3¢ &
miRNA [ 5' Vi 8 B2 Jk 1 45 4, PAZ 45 #y 3 0] &5
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454 1 H I I mRNA (I4E A, JF 38 % 24 DDH
(RAHR-REAAR-NAR) Fy . TR
FEAE 171 AGO B[, T 53 4t 18 1~ AGO & 1,
Hd ZmAGO18b Fil ZmAGO18¢ Hi [a] — > F A 1y A
[ SEAR GG =4, XEAGOEH B T34 E
AL AL, 4 5 AGO1/5/10, AGO2/3/7 Al
AGO4/6/8/9, Hd AGO1/5/10 43 £, & B R A Y
— A~ 2K AGO18 ™', E oKk AGO # H Kk 7
AGO1/5/10 43 AT 124 W51, 7 AGO2/3/7 5 3%
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T K ZmAGO18 b 7EHERE WAL T 53 AL SV A
A AU e B R, TR DT TE 4 A e A
¥, KB ZmAGO18b fif i T 45 & 5" i A Hf WEE 4 1)
24 nt phasiRNA LI K 5 % A JR W& BE A9 21 nt
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A REFE . 3 ZmAGO18b 15 53 miR166 1)
SRILP HD-ZIP I s N KRB R, 5HEEKR/N
BECHE I, £ ZmAGO18b i i 4% miR166-
HD-ZIP NI 1% 5 5107 A 43 B 200 Kk & it
i B0 98] AGOSce 7E B KRAEZS K B R K m ik,
WF 58 & MK R b 5 £ K AGOSc [R] 5 M & = 19
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Fig. 3 Phylogenetic analyses of DCL and AGO family members
E3 DCL. AGORWRH BRI RGN 27
i FIMEGA7H BIAS B A R SL  (maximum likelihood) #ELRY, bootstraps{EiE 1000, T, /KFE. #RGFFUDCL, AGOE T4
VR FNCBIEHEJE . (a) DCLEAM ARG MR, EARKR S U T ADCIl (FAHQG6) . AtDCI2 (Q3EBCS-1) . AtDCI3

(QILXW7-1) .

AtDCI4 (P84634-1), OsDCLIa (QS8LMR2.1). OsDCLIb (XP_015641965.1) . OsDCLIc (Q6ATG6.2)

. OsDCL2a (NP_

001389112.1) . OsDCL2b (XP_015611517.1) . OsDCL3a (XP_015621462.1) . OsDCL3b (Q7XD96.2) . OsDCL4 (NP_001389326.1) .
ZmDCL1 (DAA43005) . ZmDCL2 (AFW68290) . ZmDCL3a (DAA56229) . ZmDCL3b (DAA49563) . ZmDCL4 (AFW58817) ;
(b) AGOEHM ARG ML LR, EHMKME T W T AtAGOL (004379-2) . AtAGO2 (Q9SHF3) . AtAGO3 (Q9SHF2) . AtAGO4
(Q9ZVD5). AtAGO5 (Q9SJK3). AtAGO6 (048771)., AtAGO7 (Q9C793). AtAGO8 (AOA1PSBDIO). AtAGO9 (Q84VQO0). AtAGOI10

(Q9XGW1) . OsAGOla (XP_015626096.1) . OsAGOIlb

(NP_001391827.1) .

OsAGOlc (XP_015626468.1) . OsAGOld (NP_

001389896.1) . OsAGO2a (XP_015636011.1) , OsAGO2b (Q7XTS3.2) . OsAGO4a (XP_015621073.1) . OsAGO4b (XP_015636673.1) .
OsAGOS5a (Q10F39.2) . OsAGO5b (XP_015645442.1) . OsAGOSc (XP_015629235.1) . OsAGO5d (Q852N2.1), OsAGOS5e (Q7Y001.2) .
0sAGO6 (Q6YSJ5.2) . 0saAGO7 (XP_015629412.1) , OsAGO9 (XP_015636673.1) . OsAGO10 (XP_025882034.1) . OsAGO17 (XP_
015624008.1) . OsAGOI18 (XP_015644916.2) . ZmAGOla (AFW75071) . ZmAGOIb (AQK45505.1) . ZmAGOlc (DAA36422) .

ZmAGO1d (AFW69616)

. ZmAGO2a (DAA36016) . ZmAGO2b (AFW59452) . ZmAGO4 (AFW79548) . ZmAGO5a (AFW67977) .

ZmAGO5b (DAA42502) . ZmAGO5c (AFW67327) . ZmAGO6 (DAA60814) . ZmAGO7 (DAA45871) . ZmAGO9 (AFW79427) .
ZmAGO10a (AQL04260). ZmAGO10b (AFW76442). ZmAGO18a (DAA40786). ZmAGO18b/c (DAAS50279).
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1 BRI miRNA 4 PR LR BE 38 i adk ifif &
R, AR RREMR R N A B G, ABEIE
BCAEH B T s AR 2L, B0 HENT HA TIRe R
P, PR ER R B R HEREREER O

25 FTR, E K miRNA W)k A s AR %
D44y DCL RN VIEE . AGO % FH M HEN1 H 3t
SRSl 28 A8 1) 8 B ORI N miRNA AN REIEH &
PRI & FETI RS, DT A5 ik A2 A 7 17 3 A Gl
[, I miRNAVE N KRENEHEN T 2355
KAERK KB EEAYFIR .

3 miRNAZEEREREZEHRITIEE

miRNA &b 47 3 PR 3 35 1 42 I 2% 119 L i A%
O, SE AR R Rk R, FEAEE KR
HHIZA 7 IR AR, QR e o
oo MRPEEERL . BPARFE L SE 2 AERIAE Y UL R
FHUKRES, EAKERXTmRNASSEREF
PAFE A AR SCHRIE =, SR H AT K miRNA (1)
DIREWFIASRANNT D, R RARR T . 7
C RIS 5IE FRAE KA F M mRNA f, Hr
— o B m RS, FEANRI A ) R ] 2
AN FEE T RE, I A — 2 B
() miRNA 7EE K A& & i L EHEAEM . XF
T 2 miRNA K H T 37 0 S5 PR 8 92 19X 285 1 43 T4
FHML] AR B It £k AR K R B
TR PR A
3.1 AEERRIBEZ T HImMIRNA

R ELA WS BB K 4y . 3753 DA SRR [
FYITIRE, MIARIES & & TR E B A AR 1L
fRSEHE ™S BFE &, miR164 18 i i 425 #0354
ZmNACI 52 £ KRR & & . NAC &—24d
YRR R S R, FOKT ZmNACT 9 2R
MRA AR . E ARG IT 19 NACT 5 R fig 98 1%
miR 164 #1[5], FH miR164 JE# AR % 75 B hfefE
YIRRIRLEA — 2 AR ST B

PIRIFH, miR165/166-HD-ZIP I 5
PR AR BY, R AR S A T oK
. & K miR165/166 ¥ [a] HD-ZIP 1T %% Ji% i i
ROLLED (RLD). RLDIIIRESASNESRANKRIAI-O
T T miR165/166 T s 58745, il RLDI ANGE
B miR165/166 YW FY)H] 1 2 8K F- T &
SEGA RN KA 2 T AR, i
MRARSG . AR BRI/ . A A TR A 1 K 2 4
BOH WA, W E KT miR165/166-RLD 1 T8 BETE

PR AR R P L 0
3.2 FAEERMHFZEHFHmMIRNA

miRNA 78 F KM 5w i 43 HAG 25 [l Ry b
miR160, miR166. miR168 % 3= BAE M F 1434k X
F ik, miR167. miR396 % 7E i 24 X ik, 1M
miR156, miR399 F/EMHK X ik i ', £
MR AR R SR K2R miRNA S S, X
L8 miRNA FIUE G il A2 2 R i 4%, S 2
Lt RIE g

T K miR166 5 miR390 [ 2 HiHf H ik
P 4 8 . miR390 A8 1% I [n] TAS3 K& K DA 1T 7= A
tasiR-ARF, X — i [ AE AR ) 2 e B AR ST IR o
tasiR-ARF £ ZJHE W) it o3 A= 2R A B 1L 72
miR390 i 1 I 4 ta-siRNA 1 4E i I A &% &,
A FE KT miR166 (I8 372 5] tasiR-ARF WP, 1€
I SR SRy e o (T4 Sl S S LD |
R R BOAR AR AL (short tandem target mimic,
STTM) & AR FAAR 2K miR 166 )36 ik 23 5 20k
AR s 1, miR166 75 K A5 1 T 1Y ik
FERRRE PR E 7 HAOSE ] RLD T 823 18] 50415, ShfiEdR
FRVEZR AR K Rld 1-O AL B H AR % 8 A
() s PP R W Pt & A AR T rgd2 (ago7) 1 IbI
(sgs3) R B KN R ) 47 i s 300 ] 1 2 A
XN AR PR miR166 B A Al & A= T kA, 3%
B miR166 AN IE T F kMR I, [FREE
Z 5t R el b ] P A AR R

miR156 1 miR 172 Z 5 45 F K4l m) s 2t
W5 AR . K Corngrassl (Cgl) ‘o1 AZ (K
miR156 i fE ik, AHPRIM 5 R B 4 =450 D |
R AR /N . b AR R A I R R Y 2 R
AT miR172 L2 YR E] £R 57 ) miRNA, ]
STTM ;A PR £ K miR172 (ki H 4R
] JAF S0 R G AR B A R T2, miR 172 AL [y
PRSP AP2 8565 A glossyls (gll5) JE—>
TR AP2ZKEN, H7 gl15 HYFIA/K R L g 24
IERL M ECH , miR172 @1 T8 gl15 Bk
& E &y i g B B 4 3k U 5T, miR156 AT LA i
miR172 355, 1E Cgl 78R, miR156 ()i &
FIEFEmiRI72 W F B TREAL, 51 gl15 %
KR T, LR R TR &l ) - () e s
12 3 miR 156 Al miR 172 WORS AR A .
33 AEEXREELEFHMIRNA

FOREAWRAE AT BT REPELE
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Fig. 4 Key miRNAs and their target genes involved in regulating maize development and abiotic stress responses
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Table 2 Key miRNAs regulating maize development and abiotic stress responses
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Regulatory Roles of MicroRNAs in Maize Growth, Development and Abiotic
Stress Responses”
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Abstract MicroRNAs (miRNAs) are a class of endogenous non-coding small RNAs with a length of 20-24
nucleotides that present widely in eukaryotes. miRNAs regulate the expression of their target genes post-
transcriptionally through transcript cleavage or translation inhibition. Recent studies have shown that miRNAs are
involved in a wide variety of biological processes of plant growth, development and stress responses, and play
essential roles in regulating agronomic traits of crops. Maize is an important staple food, feed and industrial raw
material, and thus it is crucial to improve maize yield and quality to ensure world food security. Compared to
model plants Arabidopsis and rice, the studies on maize miRNAs are still relatively limited. The understanding of
functions and regulatory mechanisms of miRNAs in maize is essential for engineering important agronomic traits
genetically through molecular breeding. In this article, we review the discovery and identification of maize
miRNAs, most of which are tissue-specific and spatiotemporally expressed. Up to now, a total of 325 mature
miRNAs from 174 precursors were identified in maize genome, belonging to 29 miRNA families. We also
systematically summarize the functions of key components in maize miRNA biogenesis pathways, including
DCL, AGO and HENI. Mutations in these miRNA processing proteins result in pleiotropic developmental
phenotypes, suggesting the important regulatory roles for miRNAs in maize development. MiRNAs whose
functions have been characterized in maize growth and development are discussed, including those involved in
root formation, leaf morphogenesis, grain maturation and reproductive development. Furthermore, function of
miRNAs in responses to abiotic stresses, such as salt stress, drought stress, temperature stress and nutrition stress
are elaborated, with the highlight on miR169-NF-Y4, miR399-PHO?2, and miR528-LAC3 regulatory modules. We
also discuss the current existed issues and future perspectives in maize miRNA study. Despite the identification of
a large number of maize miRNAs, research on the functions and regulatory mechanisms of miRNAs in maize is
still very limited, and it is still required to generate essential genetic materials and take advantage of multiple
experimental strategies to perform in-depth and systematic studies on miRNA and their target genes. It is believed
that miRNAs are valuable gene resources and a better understanding of miRNA-mediated regulatory network

would be beneficial for engineering maize varieties with improved agronomic traits.
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