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W OE. EITINEE miR172 BifK (pre-miR172) K A (miR172) X AP2 H: DX 1845 Sh B | iZ 0 9 8 i 2k
PG B2 075 miR172 1 AP2 Ji 8h F AT AR TR0, 2047 6 25038 AP2 JEH b X R K miR172 5
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Abstract; The appropriate flowering time is of great significance for crop yield. In the cropping pattern of “rice-rice-oil”
in southern region, researching on the flowering period of Brassica napus can provide a theoretical basis for the breeding
of early maturing rape varieties. The AP2 family transcription factors in rape are widely involved in the growth and
development and play an important role during flower development. However, there are few studies exploring the
regulation of AP2 at the microRNA level. In order to investigate the regulatory functions of the miR172 precursor (pre-
miR72) and mature body (miR172) on AP2 gene in rape, the regulatory elements of miR172 and AP2 promoters were
predicted based on bioinformatics, then the evolutionary relationship of six rape AP2 genes and the targeting relationship
between miR172 and AP2 were analyzed, and the expression patterns of AP2, miR172 and pre-miR172 in different
tissues of early and late maturing rape were detected by gqRT-PCR. Finally, the correlation between miR172 abundance
and AP2 expression level was studied, as well as the correlation between pre-miR172 and miR172. The results were as
follows: (1) Both miR172 and AP2 promoter regions had cis-elements that regulated flower development. (2) The six
AP2 sequences holded the strong purification selection, and they were the target genes of miR172 based on their binding
sites for miR172. (3) miR172 family could promote the flowering of early maturing rape by increasing AP2 expression
levels, except for miR172d. In late maturing rape, miR172a and miR172¢ performed weakly in flowering, while
miR172b and miR172d worked together to reduce the expression level of AP2 to inhibit flowering. (4) The pre-miR172
family had a promoting effect on the expression level of miR172 family in early maturing rape; in late maturing rape,
pre-miR172a and pre-miR172b exerted positive regulation on the formation of their mature bodies, while pre-miR172¢
and pre-miR172d exerted the opposite effects. After overexpression of pre-miR172, the expression patterns of miR172
and AP2 remained consistent with the above results, confirming the regulatory function of pre-miR172 on miR172 and

AP2. The results of this study enrich the functional regulation pathway of rape AP2 gene, and provide new ideas for the

study of gene regulatory function.
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MicroRNA ( miRNA ) & — & A 8 4 Sl 4 5% /)N
RNA, — K 18 ~36 MR, S 15 3 W e 5
KF B A (K S R AR, 2021) , AT BIF 5T R W,
miRNA A LU i 8 42 B B ROR IR A AR KA E
(Huijser & Schmid, 2011)  FFfEAJ (8] ( Spanudakis &
Jackson, 2014 ) 136 58 38 (Liu & Axtell, 2015),
miRNA (1% B 56 4658 RNA 3R A il 5% S 7= B 4
miRNA Fi{£ ( primary miRNA precusor, pri-miRNA ) ,
FEZ: DCL1 YIEF PR 70 ~ 500 A% BR P 51IE A
2 g ok 7{‘@, B miRNA Rij {& (miRNA precusor,
pre-miRNA) , 5z )55 pre-miRNA 18 53 A L) 55 1) 5 T2 h
B2 miRNA ( Phillips et al., 2007), 7] WL pre-
miRNA X T 8A miRNA JE A TR,

miR172 | ZAATE TAEY T, e AR SR T P
SERE R HAE M A A2 1 R B R BRI E T (Park et
al., 2002) , TEAEY) B A B EE 4R AERE R LB A AL
i 4507 i B A AR (4T A, 20165 88 B I
45,2017) . fURIFH miR172 33 FkH] AP2 2 1
K, R I S AE R 7 TOEL #1 TOE2 , 53440 g
TFERTIFAE ( Aukerman & Sakai, 2003) ., 7E/KFEH
Fe R AR miR172d (935, NI AP2 5%

G OsIDS1 3£ X A SNB %6 X i £ 35, i 5 1 4k
(Lee et al., 2014) . Li 2 (2019) 75 K 44 v & B0
miR172 & K3k FEL SsAP2-like $£[H 3k 7 F F, 2
AR AT A, BEAL, miR172 3@ AL 0[] AP2 53
RIAT AR AL 28 B IR S 09 @ A, ANk 1 4E ( Tsaftaris
et al., 2012) . J¥ % ( Shivaraj & Singh, 2016) , £ K
(Chuck et al., 2007) ,7K#% (Hu et al., 2009) . H Z&
(Frangois et al., 2018) ik ( & 2%,2017) &, 7] L
miR172-AP2 TEAEAS B R T W REE HEAEM (Ji et
al., 2011) .

AP2 WK T & AP2/ERF ¥ 5% IH F K i 51
Z— HE2AEEN AP R, £ S S
T I A & B 32 2 ( Trapiano et al., 2013 ; Zhao
et al., 2015; Neogy et al., 2019) , HF, AP2 451
A T b R B, H 5 46 R B M K (Jofuku et
al., 1994) , It J&, Fifi 22 75 7K 5 ( Nakano et al.,
2006) .jH 3% ( Ghorbani et al., 2020) 3£ ( Cheng
et al., 2020) %% ( Licausi et al., 2010) ZZ )
Fih &8, K2 50k & I REA S A [
AP2 (D BE % ¥ 2 52 #] miRNA A9 895, JLR 45 5
AE ] AL AR R A miR172 193 5350,
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H3E miRNA AYBRFSEAE 20 816, Shen 45 (2015)
IR IE R 4, %55 31 645 > MIR LA, K7
miRNA EA7 B SF M A KRR &
ANTTIE L ALHES S M IR E T REE Y
Joa B ELAE A AR W bk 38 FIAE R RS T ( BR N A
2018), Wang % (2019) 4> #r 5 W 4 3l =%
miR172 8% AP2 &5 5% [ 1 %) 38 a8 B 200 2 e 4+
PRI EMIAALS B R &2 A WAEM, L
BnaAP2-1 BnaAP2-5 Fl BnaTOE1-2 1 fE 2] 47 i
FEIFHIVER] . Shivaraj 1 Singh (2016) 43 #7 [ 3¢ %
WA AP2 ) RIEKT RS 55
B R % miR172 FIEEIE R AP2 575 14
[ 28 2 e AT A0 M7, 2 B — B A7 2 2% ) B A A
Ko RAF miR172 RAF 0 5% 5L R 1 WoR
FFAER LS (Shivaraj et al., 2018) . HHT, KT
S miRNA 58 K 24 H 7E miRNA 4248 5
TN, M B miRNA 5805 R A R4 C R DL K
pre-miRNA X} T miRNA 845 i 4fE 40

A SC LA SETF AL FE ] AP2 1) I8 45 R BF 5% IX.
W ARFEASERMH WP B R B AP2 K A YIA
S AT HEXF IR AR SR B AP2 BE SR AEWIE
B20715 (qRT-PCR J5 ik AH G 43 #7 Sead #e 3k 3%
AR YIS 70 0 5 35 L X AP2 SR AT R B
P R Ge A OC R B R | 3 e S0 A
KRV 2 B 5 % miR172 |, pre-miR172 il AP2
FER MR T miR172 A1 AP2 2 1] }2 pre-miR172 5
miR172 22 [B] (4 A1 5 P4 #F 47 73 1 X i & 3K pre-
miR172 FURR YL 3E T 15 miR172 Fil AP2 ik
IKSEIEATA3HT , AR LR [l 8, (1) Fi miR172
FAP2 ST E B REFR; (2) miR172 X AP2 1)
16 ; (3) pre-miR172 X} miR172 (I DI6E

1 #HE 7 *

1.1 iR 5 4 1

TSR SR R I 420 , 1 28T S S AR R i
15, B i TR Ol R A N B AR RSk
F A0 TR R HAK E 5~7 ] K 34—
H 5 pAE bk, BOR AT W R R IR AF T - 80 C
KA L, FRim R AR K AR, 5 B 1 AR TR
RHIRPRAF T ~80 CUKAR T4 M
1.2 ¥R AP2 EENEE

M TAIR ( http ;//www. arabidopsis. org ) I BRAD

(http://brassicadb.cn) T 2% 3¢ . H ¥ #Y AP2 K&
T H RS, 2853 NCBI LX), 24 E-value <107
FeaVEy B bR e 81, itk — 25 B e ot it =5
AP2 ZJ% A 51, M. miRBase ( http://www. mirbase.
org/ ) FHIMZE miR172 AT 51 (miR172) A
J¥51 ( pre-miR172) , ¥ miR172 BT 51 5 B 361510
e AP2 J¥ %3 i TAPIR ( http://bioinformatics.
psb.ugent.be/webtools/tapir/ ) Pl 3FE 47 0 | 5 B HL
AHLIE SC AR AP2 JF A1 5 [, 2T miRNA FIHL
PRI ] e 2 [R]3R, #1L ] DNAMAN LU X miR172 5595
AP2 DN DR R AL FE IO T 3 19 AP2 PR
EN PN 7S viE
1.3 miR172 K& AP2 EE B3 F 9

43 pre-miR172 F1 AP2 A [ JiF 2 000
bp 1 J 3 31 F X, # iF New PLACE ( htips://
www.dna. affrc.go.jp/PLACE/? action = newplace) ¥
b FEAT IR P T A B0, 0 28 B0 miR172 X% T
ST AERIAEH]
1.4 AP2 RGERE S
1.4.1 i K AP2 e o A TE 2 4t
Expasy ( http : //web. expasy. org/protparam/ ) T il 43
Prigitifi=e AP2 & 17> T & A5 B A (P, dd i
Cell-PLoc P 3l ( http://www. csbio. sjtu. edu. en/
bioinf/ Cell-PLoc/ ) 47 41l i 2 {57 B0 534t
1.4.2 2t An s R A9 FIH MEGALL 4%
FERAR L HEAT AP2 .miR172 FI pre-miR172 A% 1R
Fe 50 /Y AL B o B, K B T O P KRR B
(bootstrap ) , FFEEKEC 1 000( 1 000 replications) , #
FH DnaSp V6 B4 4r#1 AP2 FH B AR [A] X & A48 ¢
(non-synonymous , ka ) Fll ] 3 %€ % 3% ('synonymous,
ks) , T8 AR [F] SCZ8 A8 A [R] S5 78 R O H (ka/
ks) ,kasks <1, A A AL EFAER, ka‘ks >1,7A
MAT IEEBERLN  ka/ks =1, I HAFELE P4
1.4.3 i K AP2 KA R & 5 4 # i# id WebLogo
(http://weblogo. berkeley. edu/logo. cgi) % il i 3¢
AP2 HE IS M e S AR S K il i MEME
(http : //meme suite.org/ ) % E 3% AP2 & NP
M PRSF LT
1.5 qRT-PCR #& ] AP2, miR172 X pre-miR172
FRiLME

K miReute Z2 B2 W A1) miRNA 2 507> 2
) & [ RARAE AR R (b 50) A7 PR ) ] 4 B
SEAR i FIAE 19 miRNA, i ] miRcute 3 58 #!
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miRNA ¢DNA 55 — 8% & sk 7] & [ RARZE LR
(JLE) AR A 1 & AL cDNA, LU ¢DNA AR,
WEE U6 1E N & 5L, >k H miRcute 1§ 38 7Y
miRNA 7% 5 K I3 751 & [ R AR AR AL B (b
50) A BRA F ] #E4T qRT-PCR Kl , miR172 %%
RN SR R/ B W= N N A VA N ]
miRcute 55 7 miRNA 2% Y 5 12 K6 38 551 & 1 B
FibAT, A 3 IRER ,7E CFX96 (BIO-RAD)
JEf PCR X L #4793, B 17 F N 95 € 15
min;94 °C 20 s,60 C 34 s,40 NG ; % ik th 243
il 65 °C 5, 95°C 0.5 s,

KA RNA $2HBURH & (bt 2 XS4 H A
By A5 BRZA F] ) BRI SEAR | i AR 19 5 RNA, IF:
AL cDNA 55 — 4, L cDNA R, UL Actin
NS EA R H TaKaRa 23 7 [ FAEY) TR ( KiE)
HFRZ A ] TB Green Premix Ex Taq i 7l & #E 17
qRT-PCR 325, 40 AP2 JE K Fl pre-miR172 33k
T, BRI 519 W26 1, 2 BRUG I 45 45 B 25
pL AR RFATECOW , B AFEA 3 IRE B, 7E CFX96
(BIO-RAD) iE #& PCR X i A79 3%, #)¥ A 95 C
30 ;95 C 5 5,55 °C 30 s,40 PMEK ; 7 th 25
Bk 65 C 55,95 °C 0.5 s,

1.6 iH3E pre-miR172 K& & Z R EH 53T

i 7 RNAfold ( http://rna.tbi.univie. ac. at// cgi-
bin/RNAWebSuite/RNAfold. cgi ) 75 £k ¥ 3 43 #r i
3 pre-miR172 KGO, £ BIASEAA4 T, F
A5 A mfE.,

1.7 Pre-miR172 i 3R iE Xt B 34 miR172 & AP2 &
ESEspaAl

1.7.1 # 3£ pre-miR172 it & & H Ak Y E pre-
miR172 X miR172 B 2 3K 7K 7 1Y 52 WAl | v [
pre-miR 172 FIA T4 (425 & I KB B R ilE 45 100
bp XIFH) , IAEF 5 5" %5 | A B YIAL 5 Xhol,
335 A EcoRI VI 15, 4853 Xhol Fl EcoRI X
fitg U1 4> % &b B 5T KL pGreen _ GUS _ competitor
(addgene ID 55208 ) Fil {5 pre-miR172 F 5 Y T %%
{ZIKQ{% pre-miR172 % 322 7| pGreen _GUS_ competitor
I M RN R, O Y A SRk AR (5
I 2H) A48 AR pGreen_GUS_competitor ( X AR 2H )
I IEEAL EAR A GV3101 (R 845, 2019)
1.7.2 RAF A BRBHZ 42 o 32 F oF B4R W B9 £ 36
g S 5 2 FROGT R 2L 1 AR AT B 0 ) 1 AT I AR T
KFn, BARINAS BN (2012) , RYE

z1 HHXEEPCREESY
Table 1

Primers required for fluorescence

quantitative PCR

14 %k

Primer name

151 (5'-3")

Primer sequence (5'-3")

Actin-F CTGGTGATGGTGTGTCTCACAC
Actin-R GTTGTCTCATGGATTCCAGGAG
uU6-F CGATAAAATTGGAACGATACAGA
U6-R ATTTGGACCATTTCTCGATTTGT
DLAP2(#)-F CTCACCACACCAAACACTTGTTG

DLAP2(i#)-R GTCTGACCCGGTTAGGCTCAT

DLmiR172d-F GCAGAATCTTGATGATGCTGCAG
DLmiR172b-F GGAATCTTGATGATGCTGCAT

DLmiR172a-F GCAGAATCTTGATGATGCTGCAT
DLmiR172c¢-F GCAGAATCTTGATGATGCTGCAT

DL-pre-miR172¢-F GCCGGTAG TTGCAGATGC

DL-pre-miR172¢-R GCTGATG CAGCATCATCAAG
DL-pre-miR172d-F CCGTAGATTCCCTTCCTCTTTC
DL-pre-miR172d-R GAACGCATCATCACAAACCC
DL-pre-miR172b-F TGGCTTTCTGAATCCTCTTCC
DL-pre-miR172b-R GATGCTGCATCTGCAACTACC
DL-pre-miR172a-F GGATCCGTTGAAGAAAGCTCA

DL-pre-miR172a-R GCCGTCG GTTGTTGATGC

T 25 C /M T ROGE IR, RGHHEE 25 C Ot
JEII 16 h/8 h Z5F F 5537 3 d J5 BURE , %F miR172 Al
AP2 FEH AT qRT-PCR A6 | BAK 7 ) |,

1.8 #iE4b1E

1.8.1 AR X Mo 1L Excel B4 43 5 X6 i 3¢
AP2 FIl miR172 K % LA & miR172 K & Al pre-
miR172 FEIATAH P43 M7, 78 P<0.05 By 514
T AH I R B daXHE R 1 A SRR, 0
Irl <0.5, FAANH LB C;0.5< 171 <0.8,
WEM;0.8<Irl<], WEME; Irl=1,%4%
FHX

1.82 2F 2 F M oM FlFH Microsoft Excel 2010
Xof S0 I A5 R AT B R O 22400 IR AR P
H/NTF 0.05 HEFBE,

2 HEREH A

2.1 i iEh AP EEHLE
TSR R 4H SR TR T A SR AH W B 4438, B
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HEMARE T E Y EMR AP2 FEH |, i BLAST 3
AR I [FIR 7 3, 285 0 v R PR E E ¥ 1, 15
F] 9 L5 24 TAPIR W3k i miR172 F1 AP2 By
HAMECXTA i (3R 2) , B AR FCBE BN T 3 )T
IR AR 6 45 AP2 ik A, Horp | R 4
FI3 AP2 JF 31 FE X453 3] 2 25541 XM_013887071
XM _ 048778068, H: X 1 1 2 H ¥ 51 S XP _
013742525 Fl1 XP_048600981 ; # 4 H 5 AP2 J¥* %)
FExF 15 2 4 45 7 51 HQ637468 . XM _048770445 |
XM_013887073 Fl1 XM_048763426 , F X} i 1) % H
41 5 ADU04499 . CDY29538 . XP _013742527 FiI
XP_048619383,
2.2 iH13E miR172 0 AP2 BRI FRIAX A= TH
T 4 #F

L pre-miR172 F1 AP2 K4 [ 2 000 bp 1F
FIRE T X, 26 NewPLACE R 35 FU 23 47 , 76 pre-
miR172 Hl AP2 Ji 3 F X & B A7 7€ TATA-box

CAAT-box 55 4% 0> Jit 8l F T 4, 6 N 28 7T 14 (G-
box ,AAAC-motif . Box4 . GT-1 &5, F F i b ¢ BR K
RGBT (ABRE | W-box
GARE .CGTCA \ TGACG %, F T Wi i Z ¥ Wi 7%
R RER KR BRI EF R AR ,
R RENETCH (TATTAG, S 54043 2L |,
B2 W36 0 B JC 44 ( MYB2 , UP 1-motif %, 2 5 1 )i
KB E B SEALE) | AN, IS B KGR A TE
H Y 5 M JC F (root-motif , POLLEN-ELEMENT,
PR R I TR ZE AR RN AE X SR e L 2P R )
XYL miR172 1 AP2 Al RES SR IF LS RE
2.3 MK AP2 RHZ X B

2.3.1 AP2 R G Fad R 2 [ H L, AP2 EH
H 357 ~433 N LR ;4 80 39.7~47.9
kDa; %501 250 6.31~6.77, AN, ST 20 Jifd 5 437 6
KI,6 SIS AP2 Y0 F Al MR, BAB X 6 S
AP2 JFHN YR I N | 7R A A N & HE AR TR T i

x2 HMERAPR2ZEAERSH
Table 2 Analysis of AP2 protein properties in rape
R8I 2 Bk HUARAL AT HUAPRZE R K E Vi s SFHLA VA SE 7
Sequence name Target start Target end Amino acid length Molecular weight pl Subcellular location
XP_013742525 1 348 1368 433 47 736.58 6.44 41 A%
Nucleus
XP_048600981 1373 1393 432 47 924.77 6.77 Nucleus
A%
ADU04499 1178 1198 432 47 757.47 6.31 Nucleus
A%
CDY29538 1348 1 368 432 47 924.77 6.77 Nucleus
iR
XP_013742527 1351 1371 357 39 753.86 6.42 Nucleus
AN
XP_048619383 1357 1377 431 47 685.41 6.41 Nucleus
0 M

2.3.2 W E AP2 M BFE S o4 MRS 6 4
AP2 5% 7 51 5 FA 3% ( Bra017809 1 Bra011741) Fil
H ¥ (KC584094) 1 AP2 i#£47 ka ks THE., il i FLAR
ka/ks FATEERE R T 400, HHER 3 AT, 55 & [ JR
SR 7 0, EARFIEIEE 6 %, 49 ka/ks< 1, £ H
AP2 R e ALt R P 207 TR B R Al fb e £
2.3.3 ALt oA hiE— B R AP2
miR172 F1 pre-miR172 % A M i#F 1k X &, Fl H
MEGA6 #X X5 Z Fi A ) i) AP2 K%  .miR172 A%
BIFHIHN pre-miR172 J¥ 51 i A7 AL 53 Hr , 45
78 90 ¥ AP2 J¥ 5 XM _ 013887071, XM _

048770445 . XM_013887073 5 43¢ BraAP2-2 X &R
B, XM_048763426 5 H i BroAP2 &R B (&l
1:A), Pre-miR172 FEAL B AT K B ,bna-miR172a
5 bra-miR172a % & & i ; bna-miR172b #1 bna-
miR172¢ B 28 7 — 4, A bra-miR172d. ath-
miR172e K & % i1 ; bna-miR172d I bra-miR172¢
KRB (K 1:.C), miR172 BEFE 5 1Y ik 1k ks
M, &% B miR172b Fl miR172¢ W A1E—H (H
1:B), % 8 — & nl 68 2 68 A f; miR172a A
miR172d 43l B AEHAMA (B 1:B), /S
miR172b .miR172¢ BN REMFFEZE S,
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Table 3  Selection pressure analysis of rape AP2
x5 FEH 1 FEH 2 , PR
N ka ks ka/ks .

Category Gene 1 Gene 2 Selection pressure
AR AR Bra017809 XM_013887071 0 0 — —
Orthologous

Bra011741 XM_048778068 0.002 0 0.006 6 0.303 0 aifb ik
Purifying selection
KC584094 H()637468 0.013 5 0 — —
KC584094 XM_048770445 0.025 0 0.085 8 0.291 3 Ak
Purifying selection
K(C584094 XM_013887073 0.0250 0.085 8 0.291 3 alifb k%
Purifying selection
KC584094 XM_048763426 0.006 2 0.048 6 0.127 5 aifl e
Purifying selection
55 Z ) I HQ637468 XM_048770445 0.025 0 0.085 8 0.291 3 i
Paralogous Purifying selection

HQ637468 XM_013887073 0.0250 0.085 8 0.291 3 alifb it £
Purifying selection

H(637468 XM_048763426 0.006 2 0.048 6 0.127 5 alifl k4%
Purifying selection

XM_048770445 XM_013887073 0 0 — —

XM_048770445 XM_048763426 0.018 6 0.034 8 0.534 4 alifb kB
Purifying selection

XM_013887073 XM_048763426 0.018 6 0.034 8 0.534 4 afifl k%
Purifying selection

XM_048778068 XM_013887071.3 0.042 1 0.222 9 0.188 8 alifb e £

S .
Purifying selection

23.4 AP2 R GRS o4 WK 2 ATAL AT SR
AP2 B g P 9 4 A AE 3 AR SF R Y (A 2.
A) ,FEJF 1( Motif 1) FIFEF 2 ( Motif 2) & & LRSF,
FETF 3(Motif 3) A 3 N2 IR 0 B RSP R (B
2. B), BEHAATRI ISR AP2 JE R Th e il 25 S m] BB
T RY 3 KK,

2.4 miR172 Rik5 AP2 RixKFR ZEBKXESH

1 & 3 AT, AP2 FEAR T o ) 3R K 7 2 3
i HLEAIR T i 2 (E R A rh D) R BB B R T G
(B 3:A) o XF T R0 3, R A b AP2 3R3K 5
B IS T AR B 23k o 5 X F B T S WA e, 2 81
HRFNI e AP2 ik TAem . 20l 46
AP2 ik W 2 5 T W 2GS A6, W20 HEW AP2
ML A E S R R ST,

i 1+ miRBase T 2452 4 45 WG S miR172
FWEN B, 43 92 bna-miR172a . bna-miR172b  bna-
miR172¢ 1 bna-miR172d, % i £ & H X miR172
KRG AP2 JE N, & B 4 A F 6 B B2 JEE I
SRR 1AL 22 5, AP2 FE R miR172
FRE R AN A 1~3 MR 225 (K 3. F),
WIS HE I X 2L AP2 L& miR172 AR

i qRT-PCR #: miR172 0% A 22k 7K F
SERANE 3. B-F /R, miR172 5% 7F 5L 20 15 20
TSR AR R AL T 4 AT 3k i HAE i 3R A K
S = TR AN, HOA miR172d 7E g2 3248 b
() 2 3k & AR T MR A i, miR172a, miR172b Al
miR172¢ 7B S A ] 2 27 %) 38 3k JLEE Rl AP2
—E, fE R IR EE T AR A, UL miR172a,
miR172b Fl miR172¢ Xf F R 2AGH =% AP2 FE KA fi
AR GE R ML 7E B 2T 32 P, miR172a
miR172¢ TEAETH R IB KT i 5 TARE 4L, H 22
4/, B miR172a Fl miR172¢ X F AP2 FE[H 5
FIA AR ABVE BN ; miR172b fEAE T Rk 5
fm THEAEA L, 5 AP2 Feak A I, 150 78 16 24
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HEGhE T miR172d ZEARRH 2 R R AR E R
ANERZFE TEMEPGHEE R miR172d kR AP2 —
B, AR 2 e ak i W T AR Rk &, Ui
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FERL G AT BEA LR Re sV E S .
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A. Phylogenetic analysis of AP2 gene; B. Phylogenetic analysis of miR172; C. Phylogenetic analysis of pre-miR172.
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Fig. 1
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Phylogenetic analysis of AP2, miR72 and pre-miR172
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DX FIER 4 25 AR SE BT, 80 [ AR T F% 3.1 keal -
mol ™' ; pre-miR172b 7 H 3 Fl H #5 1) — 4544 —
S, AE R 3 28 b ) i 22 5, S O R B
SEBCH AL H B, Rl AR S ASIRIX, (EER I
ISEH A ERE /N R TS5 A RERE N, RRE
PR SR, 5 E A L, BRI SR pre-miR172¢ 2K
BRFEHCE 2  ZE R B H E L, 8 H e &,
TR AR B AR E BN ISR pre-miR172d AHE T
KZIWH T 1 AR, H R REREAL, —Rastiae vt
G — 2 M I SE P pre-miR172a Y F2 a2 M
X, 8k J5 MK IR J& pre-miR172d ., pre-miR172b, pre-
miR172¢ Fo i P ik
2.6 miR172 5 pre-miR172 ThREHIHE LMD
it qRT-PCR Kl pre-miR172 % 1% 4% i f2
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A. Motif prediction; B. Sequence logo view of Motif 3.
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Fig. 2 Prediction of AP2 motif in rape

& 4 miR172 KRS AP2 B XS T
Table 4 Correlation analysis between miR172s and AP2

7-AP2 W-AP2
K
Family r i P{H r{H P1E
r value P value r value P value
miR172a 0.923 0.047 -0.261 0.023
miR172b 0.859 0.045 -0.989 0.048
miR172¢ 0.923 0.047 -0.261 0.023
miR172d 0.743 0.005 0.880 0.045

. P<0.05 FREFBE; Z-AP2. BPGHZE AP2 #H; W-
AP2. WA AP2 SN

Note: P<0.05 indicates significant differences; Z-AP2. AP2 gene
in early maturing rape; W-AP2. AP2 gene in late maturing rape.

FEAE T 2 B d s RIS R (B 5. A), UL pre-
miR172a %f T miR172a #9 I A 12 254 5 {5 78
B2 38 P, miR172a 19 28 1k 0R % B 2 & T pre-
miR172a B9 78 LI BE (B 5. A), BEIABR T pre-
miR172a 3k F X miR172a BB 1 & ¥ 42 3F 1R
LAl i A7 A Hofh o T2 1 A I B 5 pre-
miR172b 5 XF N7 (1) J8 2044 7 1) 3% 58 e 35— 3, R

[F] 20 2L R AR e 51 3 3k o 18 0, BT 91 1 R Gk
EWHEZ (K5 B), Ui pre-miR172b X}
miR172b B M2 A 2 #4E . pre-miR172¢ il
pre-miR172d F#GMSE AL KA & THEEH 2,
miR172c Al miR172d 5 H {44 DR 35 R R 1 35 KL
A, 3 pre-miR172¢ Hl pre-miR172d XF F 5 23
3 miR172¢ Ml miR172d (4% A% [F) B B AT 8 i 1
FH 5 (EAE B 203 3 | pre-miR172¢ Hil pre-miR172d
(1) 32 TR A 5 A N BB R 3k B A I (&1 5
C,D), Ui B 7E g 24 9l 5% P pre-miR172¢ F1 pre-
miR172d X} T H BRI IE 2A e .

Syt — 4 i € miR172 I BE L E 5 pre-
miR172 Y& &, /0 HF miR172 Fl pre-miR172 % ik
IR B] FRAH 56 R B3 6) , 45 31 K BLAE R g
Pt Bporp R B — Eony LA, miR172a 1 pre-
miR172a [ B IEAH &, miR172d 1 pre-miR172d
[i) i 2 AH O, (EFE 5L 280 o 3R B Oy T AH OG  7E 1
B AP FR I OAEOC, BEEA BT 51 miR172a
M miR172d BT 5 AR D FTR 2R 58 F B m IR B A
WA KRR,

i FIRGER  pre-miR172 F 6% T H 280
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A. AP2 expression pattern in rape; B—E. Expression pattern of miR172 family members in rape; F. Comparison map of miR172s and AP2 gene

in rape. ZR, ZL, and ZF represent the roots, leaves, and flowers of early maturing rape; WR, WL, and WF represent the roots, leaves, and

flowers of late maturing rape; * indicate significant differences, the same below.
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Fig. 3 Analysis of AP2 and miR172s expression pattern and sequence alignment
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Fig. 4 Prediction of the secondary structure of pre-miR172s in rape, Chinese cabbage, and cabbage
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pre-miR172d I AP2 ik & & T xf B4, i % 3k
pre-miR172a il pre-miR172¢ i} AP2 335 7K - i fi%
THMA, HESARF (B 6: D), EXRIKF
AP2 [ 3R IX LA 5 TE Il 3 i Rk A — B
FRRAE miR172 $0 45 AP2 KN,

3 it

31AP2 B 5MEREE

TEAF ST AP2 [ T IEAE R B b R rp 3RiK,
TEARAE A 2L 25 A rh A 3k  BAEAR AL H 2L
RIKAV AR, TEALFF 73 HE UM 2 AR 78 vh 3
IRH R (AT EE,2005) . ARWFIE KB, AP2 TE R
R FIAE A ek T R Sy e b AP2 £
ikE R, 52— EGEK AR AR T AP2
FIREEGE  TAL AV, B0 25 4 D AR A 4 30 3
AP2 J¥ A 25548 G T LLOE [ )8 #8 FF AL i R AT,
Wang 55 (2019) A N H L BLAY euAP2 K% A 51
PR FF 91 i 4 B R VR T A B D 7E T S
AR RIKKF-TT B2 57, X EARMRLERA
], 55—, T vk AU e AP2 A AFAE 25 5, Al fig 3

FOGI 25 AR 55— A 9% 2k 5 B A Mk ik AP2
JEHN B RS X 138 FH 5180, I A 43 0l A I 45
ANGEWRE I 53 1) 3R 38 7K | v & 44 TF 1) A7 1] A
FEAER W R 28 A1 G 20T 1E ) 8 48 1 3%
He X AT AR S AT AL AR AR

3.2 miR172 3f AP2 BYAIE

HE R 3K 32 B A 7] K SF- 1 9 4 A 4 G £ 1A
IR e SRV e Sk JE K- R B K -5 BE SR
P FAEFE SR rp R AR, S ok I 1 R 2
i SHIE RS 3 F XA DNA 85 507 5454, %
TG S T U 5 PR 1) B SRk K T T R ) 0 4 I
A 3 3k B9 4E H ( Vaqueizas et al., 2009) , Saito 55
(2009) W3¢ & B, % 5% 7T L5 miRNA 195 3
T4 4, M85 miRNA 3K, miRNA & i 5
ALY 3" UTR X4 S5 MR 45 A, 01 7 5% 5% )5 /K
ST L R PR 2 8 K R R mRNA, IR T
F miRNA 1A HLEE A 380 T 56 PR 3R 3k 8 4 19 246 114
52 2P (REFITIN5F,2014)

AP2 WK G AE b e 5% I F AP2/ERF I %K
WA Z — AL & ANT 1 euAP2 PRFPZE AL Horp
cudP2 FIE N Y& A miR172 &0 M, A
WG ARAF ISR AP2 JP 51, 5 miR172 LX) 5 2 3
1~3 ANREE ST, Y%A miR172 A5G 004,
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Table 5 Secondary structure stability analysis of pre-miR72s in rape, Chinese cabbage and cabbage

P/
Origin

HR

Name

A g
AG (kcal + mol )

e )

Secondary structure

R i 3

Brassica napus

e

B. rapa

Hi

B. oleracea

pre-miR172a

pre-miR172b

pre-miR172¢

pre-miR172d

pre-miR172a

pre-miR172b

pre-miR172¢

pre-miR172d

pre-miR172a

pre-miR172b

-40.3

-53.4

-67.7

-49.4

-43.4

-46.5

-58.6

-53.4

-43.4

-46.5

UUUUGUAGGCGCAGCACCAUCAAGAUUCACAUGGAAAUUGAAAAAUCUCCUAA
UUUUUAAUUAGGGUUUUGAUAUGUAUAUGAGAAUCUUGAUGAUGCUGCAUCAA

( (G CCeeeeeecc e (C..
;g((( 1011202111021
UAGUUGCAGAUGCAGCAUCAUUAAGAUUCACAAGAGAUGUGGUUUUCUUGUUU
UCUCGCCUCUUGGGAAUCUUGAUGAUGCUGCAUCAGCAACUA
(CCeeCc. Ceeeeeeeececcccccecd. CCCCCC
(GG ))-)))))3))-))))))))))))))))))IIIIIIIID)

CAGCCGGUAGUUGCAGAUGCAGCAUCAUCAAGAUUCACAAGUGAAGUGGUUUCC
UUGGUUUUCGCCUCUCCAUCCGAAAACAAAGGGUUCUUCUCGAAUGGGAAUCUU
GAUGAUGCUGCAUCAGCAUAUACAUGGCUA

S CCCCCOCC. (O ceccccccccceeeeed
CCCCG OO0 ))3)))))))))-))-))
))))3))))))-)))))))).

UUUUUGCUAUUGCAUCAUCAUCAAGAUUCAGAAAUCAUAUUCCUUGAUGGGUUC
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AUUAAA
(CCC(
))))

(G GG (G
)N

—~

(
)

o CCCCC. (
CCCCC e CCCCCCCCCnn))))
)))))) D)) ) )

CGUUUUUUGUAGGCGCAGCACCAUCAAGAUUCACAUGGAAAUUGAAAAAUCUCC
UAAUUUUUAAUUAGGGUUUUGAUAUGUAUAUGAGAAUCUUGAUGAUGCUGCAU
CAACAACCGACG

(CCC (G
COCCC ) ))
))))))-))))
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3)))))) e )))):)))))))))))))))))))))))
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OO CCCCCC))))))) D) w000 )20
)))))))))))))- )) )
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(GG )):)))3)))))3))))))))))))))))))))))))))

CGUUUUUUGUAGGCGCAGCACCAUCAAGAUUCACAUGGAAAUUGAAAAAUCUCC
UAAUUUUUAAUUAGGGUUUUGAUAUGUAUAUGAGAAUCUUGAUGAUGCUGCAU
CAACAACCGACG

(CCC (s -«
CCCCC )0 )
)):))))-))))
UGUAGGUGCAGCACCAUUAAGAUUCACAUGGAAAUUGAGAAAACCCUAAUUUAU
AUUAAUUAGGGUUCUGAUAUGUAUAUGAGAAUCUUGAUGAUGCUGCAUCAACA
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))))) ) )))))))))))))))))))))))))))
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))))))) )
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~
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) AP2 B &R euAP2 FJE 5L, Sakai, 2003 ;Chen,2004) . 18 3 43 H7 # 3€ miR172
ARG IT miR172 IR S5 i V) H] euAP2 FUPH] FAP2 SRIX U] B AR G E , A58 & B miR172
BN T R AP2 R AU K (Aukerman &  FEFEAERIGHIEF S AP2 F£1kKF W% 8w
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A. Comparison of expression patterns between miR172a and pre-miR172a; B. Comparison of expression patterns between miR172b and pre-

miR172b; C. Comparison of expression patterns between miR172¢ and pre-miR172¢; D. Comparison of expression patterns between miR172d

and pre-miR172d. ZR, ZL, and ZF represent the roots, leaves, and flowers of early maturing rape; WR, WL, and WF represent the roots,

leaves, and flowers of late maturing rape.
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Fig. 5 Comparative analysis of expression patterns of miR172s and pre-miR172s
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Table 6 Correlation analysis between pre-miR172s and miR172s

pre-miR172a-miR172a

pre-miR172b-miR172b

pre-miR172¢-miR172¢

pre-miR172d-miR172d

il A
Variety il P fii i P fit il P i i P fii
r value P value r value P value r value P value r value P value
Z 0.939 0.029 0.867 0.536 0.876 0.202 0.752 0.046
W 0.889 0.001 0.826 0.375 -0.183 0.109 -0.549 0.021
HE: P<0.05 XRZRRE; 2. BRINE; W. IBBGISE,
Note: P<0.05 indicates significant differences; Z. Early maturing rape; W. Late maturing rape.
A B
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