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Research Progress on the Regulation of Important
Agronomic Traits in Crops by Non—coding Genetic Resources

YU Yang, ZHU Qingfeng, XUE Jiao, CHEN Pei, FENG Yanzhao

( Agro-biological Gene Research Center, Guangdong Academy of Agricultural Sciences / Guangdong Key Laboratory
for Crop Germplasm Resources Preservation and Utilization, Guangzhou 510640, China )

Abstract: In traditional crop genetics research, protein—coding genes have always been the primary focus. However, recent
scientific advances have revealed the critical role of non—coding genetic resources in regulating key agronomic traits such as
crop yield, quality, and resistance. These non—coding genetic resources include regulatory non-coding RNAs, constitutive non—
coding RNAs, non—coding regions of genes, nucleic acid aptamers, and small peptides derived from non—coding sequences. They
play crucial roles in gene expression regulation, cellular metabolism, genome stability, and biotechnological applications. The
rapid development of high—throughput sequencing technologies, bioinformatics, and functional genomics has provided technical
support for the systematic discovery and functional study of these non—coding genetic resources. In the field of crop breeding,
the precise regulatory features of non—coding genetic elements offer new strategies for improving agronomic traits, surpassing
the limitations of traditional protein—coding gene research. These studies not only reveal the diverse functions and refined
regulatory mechanisms of non—coding sequences in controlling complex crop traits but also demonstrate immense application
potential. This paper comprehensively reviews the progress in research on non—coding genetic resources in regulating agronomic
traits, systematically categorizing these elements and examining their origins and evolutionary background. It discusses in detail
the regulatory mechanisms and networks through which these non—coding elements influence critical agronomic traits in crops.
Finally, the article explores the potential applications of non—coding genetic resources in crop breeding and presents future
directions for their development in genetic improvement. By systematically summarizing current research findings, this review
aims to provide a solid theoretical foundation for future studies and promote the innovative application of non—coding genetic
resources in crop genetic improvement.

Key words: non—coding regulatory sequences; agronomic traits; gene expression regulation; mechanisms of action; crop

genetic improvement
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Fig.1 Classification and overview of non—coding genetic resources
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Table 1 Non—coding genetic resources and their regulatory biological functions

ARG is AL eI HOILIN Yy HRSEAR 2Rk 22 3k
Non—coding genetic resources Target genes / proteins Species Related agronomic traits References
miR160 ARF10/ARF16 EAEE IEFEEMAR A E [44-45]
miPEP165a Pre-MIR165 RIT BN EAR [46]
miPEP171h Pre-MIR171b PR M AR [46]
miPEP156a Pre-MIR156a EAEE SN A [47]
ENOD40 AW PN R A [48]
miPEP172¢ Pre-MIR172¢ PG AR H [49]
miR390 TAS3 PIRIT T ) PR TR [50]
miR397 CKB3 PIREIT R I [42]
miR528 OsRFI2 IKAE TR [27]
lariat41 FT EAE HERFF AL [51-52]
COOLAIR FLC PIREIT {RHIFAE [53]
COLDAIR FLC PRI TREHEFFAE [54]
miR397 OsLAC PRI, KR e [40-41]
miR408 UCLS KA )1 [55]
miR528 UCL23 IKF TE 1] A2 N BETE B [56]
LAIR LRK IKAE KNy [32]
MISSEN HeFP KA TR IRFL AL [57]
phasiTASL1 GIDI P25 TR TR T [58]
miR160 HSP EAE SR F: [59]
miR398 CSDI A INAE GRS A [60]
LncR9A . LncRI117. LncR616 CSD1 LN BT vk [60]
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(k1)
A g fith sk 1 9 U5 HUJED 1 B Yy LB/ SPR LN ESBUN
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ALEXI A IKFE B m A [61]
cireR11208 A PARIIT BURTE [62]
circRNA45 ERLL il BT BRI [63]
circRNA47 ERU] G BT A BRI [63]
Wx5' UTR., #—PHET Wx KRG HEEER A [ 64-65 ]
BADH2 5' UTR BADH?2 KA 2-AP AL [66]
IPAL 330 ¥ IPAI i FERDRLEC S T BERUT A I [67]
Ef-cd 0sSOCI1 KA FLG P i (I [68]
miR168 AGOI IKAE A - BT [69]
OsmiR393a PvAFBI. PvAFB2. PvAFB3. PvTIRI M A - BT [70]
miR398b CSD i A - BT [71]
miR1848 OsCYP51G3 KR A — B AR [72]
IncRNA354 miR160b e B — $hia - [73]

BAMN A, (B HAT AT £ MIRNA FE H
JAE L 8 R e e ME 1T DA A /N IR miPEP, 18 45
H & miRNA A9FE 5% 040 filin, el o,
miPEP165a REHE 5 miR165a (A&, Hhnv) 4
A EE o] 5540 miPEP858a Al 4 miR858
=ERE, dEmHe s & L5

MR RNA TEAE A KRB R R 5 54E H
BAER L7978 cireSEP3 7] 5 DNA 254 0 3k
KRk, S eSS FIEIR L B D ZEplm e,
IR RNA lariatd] HA3 2800, @Gt il .
MeAE B s 5 (2] gbdh, KatdEgais RNA
LAIR fg & 92483 £ [ LRK 11 2H 4 1 H3K4me3
Al HAK 16ac 1641, AN LRK Fik, M #2557k
Fef = 020, IR FLRR 5 3R 3K Y IncRNA MISSEN
5 i HeFP BAE, i 8343k MISSEN 43
SEME RN, BMARESRF T B4
K, Zhang 5 1700 %E th— 2 g 45 5 (1 K g
i RNA (cheRNAs) , 3 &8 OsCHENATI709.
OsCHELIN2084 Wi~ SRR & A

FEAS LR G N & i AR P 81,
XLE B AT e e 4R SE i SR IR, SEBX) 3R A
FIE B TR, BN, JKFRE EULT R —D N
T HPAEAE 8 BRFEAY RY motif ( CATGCATG )
AR SRR 2 A RIS EULT W3Rk, 1%

motif AUFERRR I EUII F3R830% , SBUKRE#R
WA HAR P50, el bh, RS IT FLC 2
R — DN & T HAEAE RY motif, A DIFHZEFH
KT VALL F1 VAL2 IR FLC (335, M
T R AL PR TFAE (31 . BEAb, Zhao 55 1820 7E
WY CRIREEEA 97 B & BL, OsMADSS1 % [
AN TP 9.5 kb i A BENE 5% 5% IncRNA
HEATINR,, @53k B e Be T LABE = K R ) i e
LI AN 5 R A P b DX ) 7K RS i o e 52 81 2k
o AT, ARt el 22k . ZiEk
L, TR AE K AT OB R Al et
S R . SRS HER A 2R ol B R TR
SEHA
4.2 JERADIEER RS EY IR AL
YEREESY), MY mEIGRZAEERRER,
B, BB, HAeJE AR ES. miRNA 7£
[l R A A HGEE 1P o ANEFEI miR160
FEAFSE A rh R PR 2R, filan, 7EHrs
FFRIEK A, miR160 13§80 [7] HSP ¥4 i
8 iy L8 AESE IR ) miR160-MdARF17-
HYPONASTIC LEAVESI FHe GEAR PEA 22 iR 1Y) &
B, DRI 5258 150 1A, 29 miRNA &
% (4 miR397. miR408. miR528 F1 miR857 )
S [) A ) A A AR, X 2L miRNA B N 4
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e AR AL, PR R G T B g e
miR398 U2 TR SFIY miRNA, 8 [a] 4] /
PEEE LIRS, 55k, EEE . T
B3 M 7 L4870 IneRNA 1 HE 5 miRNA 3t
W /EH. #ilan, 4 /N2 i) LncR9A. LncR117
H1 LncR616 7] 354 miR398 MBI, M 4E
YAV R e R L) A, IneRNA ZE 3049
i B AR . KHS IncRNA ALEXT 1E
A PR R G SR s 3Rk, 1 TG S AT iR
WwAR, HEEKRER AR BT Lo

Bt 5 v 3 0 P R AR (5 R 2 e AT BRI
J&, AATEEE e AN [ 35E (Y) cireRNA, A4
i, TR, &R % BEEEMAEYMNE
Lol R X T H, —28 circRNA ) 6E
CpkdE . Ban, IR circR11208 X%
FOAT R R B it ZEF A, circRNA45
Fl circRNAAT JEHUHETS R 1 IE PR R 5 L6

AN, 57 UTR H (%) ORF 3 5 % T I 3244
ORF W BRI . Bilan, 7E45%%, il
LsGGP2 1Y uORF NMUGEHR MK NI 4EE R C &
L, RER TAE N B EAT P L o e R R
T S R I STV RN B LN A ) B PR 7 R
N, DASEHHAR YL H Y. X SR )5 2
TN & M R TG, BRI ST
B W] AR A PUR . B N, E S TALEN
HeR gwt OsSWEETI14 $& 7 8 R0 26 1
S5 G oo T B R OK R BT AR R BE T 1%, R
L FORAE RN T T2 25, MR
J& T AT HE TR B BEAR , B AR
Pras R ARG Tk R AL T AR RS
43 FHEBHAEZESEVRRLR

b5 Al S5 A E AR B &, FRE R
[RpEC SEAfR, RL, YEY BB Tk
B MR IER Br. MFRKMS, S/
b TLFE AR AL HE AR LS . I TR L B SR A
FIZEE R . Waxy FE DR i 1) ks 25 & AU
VEN B B ELEEVERD B . PR . b AR
1V A AR, 3 I g R Wb S FE A
Bl S 871 TATA-box XA, 7] LAFRAR B4 vE
W B IR TR A BT Loo) o A, HEAKRR R
‘“KEB’ W, it Wra 2N 5 UTR NS T

BY %A S5 P R Wxa (SRR N T, S B
mRNA IR, IR Ve R & i 1)
Liu 55 LSRG &I, 76 Wxb 15 50 F MRS —1
N T LA VE A 5 3 N 139%~24% . IR
FERRR 7 — A EE S TR, A A
PS8 2 ( Badh2 ) DIRESIG T R B 2- T -1-
MLk (2-AP ) FREA G, Wang SELCTRIL, ‘B
JF 138 1 Badh2 54 5 UTR 2875 53 2-AP
AR, M= A Ak, k728, FIH
A 4 i 15 A% BT IR XS VR B R A T el B2 T AT AL
AR SR, T IEEAEY & BT miRNA
IncRNA A circRNA 25 i F 8 AT SR A X B = R
KT ZHE A /N RNA gl Fsgdlze . Bl
SR = 2R B, IRAIZE AR 4 e
XSRS IR AL GIR, & BIIE & R EY)
A IEDIREMAE GRS RNA 201
44 IERBBEERBEEHASE. KR, S,
TEEEERZHRFOEZAEN

AR R, ARz 2 5
e, XL Z MIAEEA BAE HBOE DI
SRR e R aMERE S 7 filan, BEEAEY
FE i AT R BB R TR 17, Bk AR
Al RET A RRAEIIR o8, B IOkPRE AT BE A A
BT VR ER AR R Z ] A R C R )
KR T ZHREEA S R B SE, s HIA T
BARCRAIRCR, R Ynrnte A TR E KR
i, DAFRAERRIUSL R IPAT RG], R4S HN P AT
DL o A ek K, EL ) A 4 5 00 BE AR Uik
A MELITE IS Z USSP, SR1M7, Song 55 167
ik g IPAL WY S Bh PR EE A, e —
A IPA1-Prol0 ¥R, PR R B T A 1
An—1 BEEGAOLE, BAR T IPAL IZHEUER AR,
PEE T IPAT AERE T B FRIR KT, DT R i B
FEREAR BRI 3 BER . (R (EK, S al2s i
g KAk, AN, OsSOCI Ft SCA% 5 55 ) IncRNA
Ef-cd ') A SRR S REAS 4 A= 8 AT AN 0] = o
FIE AL S P 2 ] i 2 L6

e 1L IR S 54K - BT,
Wang 55 [0 BF 5% & B, @ {50 ) U 3R 2 A 1K
AGOI %) miR168 AN AT DL = 7= &, A 6E i
AL T 3G R AR ) ek . Tian 55 11000 3l o F
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&% CRISPR 413 H uORF #54u A, ik —4
uORF 844, AR U8 i PR 3 5 B Bk & B 2
B, TEASEIIE G B O B IR )i
ik, FEAEEYIEE T, FIEFEIE OsmiR393a
MR RBEASE N T A, I3 e T RIY) BT
B 00 SR, AT — 2R SRS RNA 23 [FIET
PP AR APTE, ANF A miR398b FI/KAEHY
miR 1848 Y FEHN Tl A= K AR W a bk 772,
KEEIE gt RNA [AAELE AR SR i I b &
HEEZMEN, WAL IncRNA354 Refg
bk AR A N Az L

XEEHFIE I, AR gRhidist fL TR IR e VR T2
A ZVRR BB R DG, RARF Fh
TAERATT 2B EZ TR . BT DoKX sk
AEgmidist (L PR A FH 22 S HAR B AR 2 FE R
KAE SR, s R H AT, B AL
EE L E. R E
45 ETIERBEERENRLEDITARRE
YR E R o

3 4 A 15 4% 55 R AN AAE P 75 T A ) 2 T
RETJT I R4 CEVER, v VB T HAMES Y
H¥ARBIE 0 & E. 7F CRISPR/Cas9 R4, %
WG] RNA 3K H T erRNA | tracrRNA # > 1h
SEY RNA 73 AETHAE, XD RNA #
B A sgRNA, HLLG[ S Cas9 & H 2 HEA 5
AT IR 48, Ot SELEX H AR, WA DLk
HRE S PE RNA SR, X 2bil R RR IS 45 & 4%
R A BB/NF o B, o RNA & EAR MS2
5 PP7 5 sgRNA iy, JF4HZF5 MCP B PCP fil
AP CER T, T LATE A B 20 v S 3 b o
g geah, FERAHE MK B RS
BRIZHRY “BEPBT” , AT AR I, Fim
RN ER, EETUSH5#Y - MEYE
FE D020 D W D RERFIE ET T B, 14N, miPEP
( microRNA B RK BERZ T 5 BE R miRNA B9k,
38 3 AMIR i i miPEP (1) 77 3 0F 58 R K1 miRNA 1)
Uite, FrRl R AR R i R A R A
W, SRR RR AL TR AR L

AL, AR P R 2 FAE RN A
SRILIGE AR, o —Fh g m A PUs T A 250K
W, AN, KRIRAY Xal0 FPd H DB R

A= BN IR, AR TE Xalo BPUEE, BF5T
NG ZAY TALE 800 45600 8 (4N PthXol .
PthXo6. PthXo7. AvrXalO F AvrXa27 ) % & 3|
PUFA ARG 3L Xa 10 FFi s EEHE_FIiF 600 bp
IR ST IX, 345 XaES i 3L, il i = e
5 % B L AR R 1 11 A EZAY 27 At
MiBERRIIA DU, DOARAS 3BT A e 10
FEIR K R AR RR L03) o oAb, 3 ok 4 e i I
FIR S FIX, BFFE N B AT AARASH AT 0 S R R
X ZEAE EBE X (56 FE AR, E— 24 m
JIEY U . X B IXE 5T UTR X7
SR Gk, AT AT RE QT BT Y LU e
HEE, DA TR VR 8055 907 32 I ] S 1 2 1 338
IR 10e ) 2l AATTRT LA IX S8 58 45 i 15 51
Ja k%, g HAYUR IR A EE S, Jf HAEK
Fe LA SN HAt AR B VR A TR vh BEA T RS 1
IS PP N A | B e W N Y€ o AN 1B 7/ B~ 3|
PR Z AL, R A I E AR BHT TR
TR .

5 AEmEIEEHFRIAESIIRERIET A

51 SEENFSEYEEFEAR

e 8 £ I P B R © R R I G B 5t A U 4
FE YOG HE T B, KR J& 7E miRNA . IncRNA |
phasiRNA Fll circRNA 9571 77 i, miRNA fy 48
E T A T SRR SE R S 0 T
{H Bt 25 508 1 A 3G I R R A R R, R EE )T
o FEFEF B, miRBase M F 3 Won, HMR
miRNA 0 M 2001 4F ) 28 N NE0 24177 (2024
A ) 17 48 885 A, I HE SR M Ty i B RS i A
A MTT, miRNA A% E TR AIE R T %)
S5 R AR SE e 80 9 3T BB . small RNA SC
i B DA R e 3 s e L10s-108 0 R B AN
i 3 T miRNA FiF AR 5 45 iE A1 2% 45 4 o 1 0]
miRNA, 32675 7k AR DU T R R S
miRNA, (EAAFAEAR BHAE ()05 e 3 0 e 4 A
PRAE T H AT S E SR, H P miRDeep-P2
F1 sSRNA bench 55 T B4 12 i H T4 miRNA
MRS, XU T HESGF ORI 23 AL
MU, AR T miRNA KEE R ERf P (100
phasiRNA 114 4 7 [R] R AR T i 38 2 00 P B A .
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I AT R /N RNA SO EATINY, 256 R A 41
I 7 3k 8 A miRNA 2% phasiRNA 5| & B9 V) ) 2
4, AL miRNA F phasiRNA BEEI7 5 K
HARFLA . pssRNAMiner fl Phase Tank 45 T. L4
FHF R ) A1 20 B 7T BE A B phasiRNA 8 i A4 3 [A]
(PHAS LR ) tno-md 35l 55 A sRNA £
T JE I siRNA SR B e PHAS 3£

IncRNA 114 %5 W] 32 ZLAK S T X RNA-seq %K
M. ALY IncRNA 1T REEAT FF L
I5e) 52 HE sl Bl R U A A A SE R, ORI
SE0% . WAL R AL 4G N RNA-seq 552 45 H R HUE
TR, EEXHEE (40 Bowtie ) #E47 HUXT,
B AETC S % B A 1S 00 F 2E1T de novo 5540
Hde, RIF, TR IR T 200 MR EY
BESEAS, HEBRIFICRIEAE K B KT 100 2R
()% S A . AR 4 8 i35 4k (i CpC,
CPC2. CPAT) it— 2D Ak SR A i g,
SR J5 38 o INFERNAL 4§ T 5 3550 = 9% 25 44 ¢
TE, HefaHERR S BN gt 5L R A i B B ) 7 o
A bm-nal e — i RR BOAR B — 2 R R,
HE &I EVFZ I REEZL IncRNA,

Xt F cirecRNA B 2858, % 18 3 H A& o0k
SN RN U, RE e, BEL R
7 22BR rRNA JFTH L RNA, IR circRNA
B R, BEE D R &R, Nanopore &
AR AR Y N A AR cireRNA B9 2K 1 3%
W B Ch vl RE,  $R v TR DU IR RN AT
CIRCexplorer2 , CircPlant 1 PCirc 55 T. H.4% )1z
N T cireRNA 258 500 LS )

5.2 IhEemiES ik

T BE 56 TIE S 7 12 A1 2 B 5 91 A= W) 2F Th RE Y
KA, UTAERAE GRS RNA AIBF5E 5 ikt A
— Sl ik 0 sS40 R 6 B 5O T A AR g
fith RNA I fig 0 B 3wt 38 3 98 O R A 24 58
(FISH) #A, ] LIARic I MEEdE 4t RNA 78
YRR . AN SRR A R L, XA B
T B AR B SR L BRI R R R A AN i ol
AP AOFE R ro-200 43 B IR FML BT %) RNA i
17 PCR A il o & —Fhss 7%, BetS Bkl 4
5 RNA B9 40 i 52 f7 110 . RNA- & H A A
YEIFEVEST mRNA F1ESifS RNA DIRe b9 5

HEEME, EARIT R 2R E RNA- 25 AR
AHEAE R R 7 3 181 RNA pulldown 5 A 1) 2
F5¢ RNA 53 (A R A EAE R 005 k. i
AL SEFRICAE M 25 RNA 355, 5 40032 Ok
FRIE A S, R RNA- EARESY,
PR FHEE R L BN C A REER UE T3 4, Il
i Western blot ST S H AR Y E RNA 58T
FIZEAREOL L2 o SR TR RS E R A R Aoy
Mr RNA- A 59, RNA 255 EAREDL
JEHAR (RIP) H TR HA A RNA 43+
ZIRIEE Ao R P UARUTIE RNA- A
Y, fidsrEmait)s, T q-PCR
Foatras S EE A FAY RNA, X — % RAENS
PEALAT JC RNA FER 1 50AH BAE H A 3R 4015 B
TN HEANEL (TrFC ) —FgisiAR,
i 3 MS2 51 I 1Y RNA . MSCP {8 35 DL & 1%
B UF AR I 0 B 2O 1 7 BESCEE RNA- &
R ZEEhRIE . %R GRH MSCP R BI3E45 &
MS2 RNA 31, i f5 10 B8 4 8 1 98 e B 1 A B
FEAS ] AR T ST AL e R R, A
KA S L X TR SO AR N5
IE RNA 58 FURAAHEAER. DL EARZINEER
WE 2 AR GRS RNA A== s o 4248 1
ZMERAITFB, A B TR g i I
SEVE R AL

6 FHES5RE

MRS 0T B MRAR ARG, W
Jee P B [ AR £ 28 e 5 RO A VT A FR Y Bl s A A T
55 o BUUEARL A BORM A R, JEHGER AR
e AL BRI TR ASZ A S, Aol A=
VIR AIBFTE ARG 1. 4Rk, R
BB R AE A AL SR R AR KA A
7 SR G PR A P B SCEEFE T, A
BRI PR B AL RE R i T 2B LA
HABARAO A 70 T B FEAT R 2 % HE
et AL SRR T, OB 4R A
e S 1 L LA NS B BOR TR, HIIE 1 Fif
FREIHTS T B BRI R R, A B TRl
AR R A, DR FE SO R e AR AY
RS AT
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FE T MR A 7T LAl A AR o B A WL SR
“HE G i 35 AL IR S5 1R AR R R
A ) AR 2 J i Il o 2 IR T LA R LA 5 T
(1) FridE gt wIR M A8 5 %5008 . Kok
AT —25 RN 5 R B AR St AL e I,
HREEILHA B b F R SRS
TRTEVRPEVE B 2o 8 e ) e A A A
BEHTARLS G, 298 A HE DR MR - g
5 RNA.  (2) Yo RIEWEEA 2R IESR
s A& IR M AE AL ST . RARFIE AR m i ist
IR KT . AL S iR
H S HL o 3 T RE AL 78 B A I 2 A
LG AT A PR SE R R M 2%, R AR 2
PERITE . (3) AF ih 354 9 IR A 5 S5 AR
SRIEE S IIRE S E . 8 i RO I R 4434 F
FHAR A 220, 3248 500 RARIRARSC AR gRiY
AR S, it H YRR B k. A I RE SR IE
I X A S BRVER,, A i E b
Pt SR EAR , HEShVED) & A Y e A4
o (4) FEZMIS RNA B5 SR DI REFIBLA
W AE SRS RNA ZEAE ] AH -5 A 2R P ik
] () 5 AL AR AL, HEn e E S R g 5 8%
36 S T T R, DL AESRAS RNA 78
AYIRERNE . BURTESEER R R TTER, AR
WA PR TR T B . (5) dRZmidist it
PN FAEY) S A el B S F A Fhisert. FIAEE
i RNA JFRAGHT AL E FiH AR, $2THEY P
PR BRI A R . B R AR GRS
RNA ZHGIAEY A R, FEAEAAE
AP B R, BRI R S 2 2
FTHMGR TR, (6) Lg% fE v iE N H
(K24t . FEARZRAS RNA B T e & Fh
A, RGN IR E S etk, o
TETE R A S XU AL R R s . 8 e ST 2
ik RAEEHEL, BiftdEgmis RNA FEAR %
SR, AR A R R SR AR AR
PR S HE,  (7) RNA A Y98, @
ot & A T AR RNA 201, JT & 377 RNA
TH, mATABAERER AR, JFER RNA
AR REAL RNA 20 745, DASZEL Al A= ) i Hs
YRR, VB B R T 5836 A
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