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Abstract: The induction of adventitious roots (AR) is a key step for successful clonal propagation in plants. Previous
studies have shown that the auxin polar transport carrier MiPIN1 plays an important role in AR formation from mango
cotyledon segments, yet its upstream regulatory mechanisms remain unclear. In this study, a 2 112 bp promoter sequence
of MiPIN1 isolated using FPNI-PCR. Bioinformatic analysis revealed that the promoter region contained various
cis-acting elements, including those involved in light response, MYB binding, abscisic acid response, and
low-temperature stress. A bait vector, pAbAi-MiPIN1, was constructed, and the minimal concentration of Aureobasidin
A (ADbA) required to suppress autoactivation in the yeast system was determined to be 500 ng/mL. Furthermore, a yeast
cDNA library was constructed from mango cotyledon segments during AR formation. Using the yeast one-hybrid (Y 1H)
system, 62 upstream proteins that potentially bind to the MiPIN1 promoter were identified, including auxin-binding
protein ABP19a-like, zinc finger protein CCCH, MYB308, 8-hydroxygeraniol dehydrogenase, and chlorophyll a-b
binding protein LHCII. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analyses indicated that the proteins were mainly involved in biological processes such as cellular processes, metabolism,
response to stimuli, and biological regulation. They were also enriched in metabolic pathways related to secondary me-
tabolite biosynthesis, energy metabolism, and the metabolism of amino acids, lipids, and carbohydrates. The findings
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would lay a foundation for unraveling the molecular regulatory network underlying adventitious root formation in

mango.
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R EWM S R SR EE AR
. Hy A# /K AUXIN-RESISTANTI (AUXI) /
LIKE-AUXI (LAX) i it 2 & PIN-FORMED (PIN)
DL KT A R4 B DO RERY ATP-binding cassette
B (ABCB)ZEE M, Hrd, PIN ZIEE 40
JRURSE - A AN X iR 43 AT Ry A K 3R A S 1) 32 I T
ZERILRY, AP S H MR B & HAT K
PEFEIHRES ), Z R ) E % E ) PIN JEH K
R, HA R E Y RS U FIH CRISPR/
Cas9 4% R %7Kk #5 ( Oryza sativa) OsPIN1b %2
Ja, MEMRZFA ERARKAZ, A e i
N FRFE R LR AN A K RS AR E R
A gy B EEAE AN, BokRESN, PIN JEH
7E#E ( Prunus persica ). 11125 ( Camellia sinensis ).
35 ( Malus domestica ). ##{#i ( Canarium album)
Ak (Mangifera indica) HIPHIESE S 5 K&
WL a5 . Bk PpARF4 T 7% PpPINL 5£ik,
feik A K Fis i 5 A e R &R 25 CdIPING
(T fig 0 IE % B B mi A KR AL B 5 R EMR &
B SR MAFLP 5% 5% 7l i MdPINS
Al MAPINLO f ik, B & g i
i OePIN JE[H Z 0% 1 sl A 815 s HoAE ROS
AT AME AR AR K R Bas i Ao A e A )

REAFIR RS, A= 3R At AU SE K MiPIN
TEA SR T MU B AN E AP it i v HLAA A
FH ., SR b iR 4 DR S AR o HIL T AN B
g8 ARHFSE DL P 1 54 S( Mangifera indica
L. Yuexi 1) FH AiBA B, Tk MiPINL )5
T IFA, PR A S R 2R & cDNA 3¢
e, ik BBk B S8 RS E 5 %05 3 EAE
1) L R, AT AT RS AR B B
Tl X 48 B2 A

1 MR5RFE
1.1 ##E

B 1 S ARSI ) R T R 2 AR R B
HiPbe (RN ), AR L1 2 Oy sk HEA T Y
BEMAERET ., FHUIBKER 2 om, P
HE& 0.7%5 IR -5 1, BT 28 CHE &M
TH:FE, YIH Gold., DH5a JEA2 250 [ - 1 ME Hb,
YR ARA T P BURL/ N 0] 6 R eI
Il ) G R A R A IR A W], BstB
I . BbST PRl P VI [ Biolabs; Sac I . Xho
I . Smal . OK Clon DNA Ligation Kit II It H ]
R A ) TR A BRZA 7] 5 PrimeSTAR® Max
DNA Polymerase Il H TaKaRa /A &] , SuperScript™
Il #1 Advantage 2 Polymerase Mix Il H Thermo
Scientific; 4x#H T & A (AbA ) FIH [ AR, 55 5
i H Coolaber 2] .
12 Hik
1.2.1  MiPIN1 B 3§ /7 89 4 8 ZOR XAF A T
B AT ABEGTLAETE 1 SR R, R
H CTAB 428t DNA, Fifif5 i if FPNI-PCR % 5¢
e sh T st, MR O RS MIPIND JE X 5
FfE BT 3 &4 519 MiPINT-SP1~3 (% 1),
PIATSR DNA WA, K 9 K514 FPn 439
5 MIPIN1-SP1 fiixf, #4745 —4% PCR Y H; LA
WS =W B, 514 FSPL 5 MiPIN1-SP2
HEATEE 48 PCR; PRI 5 58 7= Wi B 50 1546 R
Bt , LA FSP2 Fll MiPIN1-SP3 N5 | ¥ k1745 =4
P XFEE =48 PCR =4 A7 & T /N 1 4 5
PRt AT B IR )
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Tab. 1

Primers used in this study

EIL/Ey i

Primer name

SIYIEFS (5-3") ik

Primer sequence (5'-3")

Application

MiPINL j& 3l 755 — %8 s b

MiPIN1 5 3 45 — 4 sa ke

MiPIN1 j& 3l F & K Kk

MiPIN1-SP1 ATAAGCAGAGGAATCCCCATAACCAGAGTG
MiPIN1-SP2 ACGGAAGTTCATGGCGTAAGGATTGTTAGT
MiPIN1-SP3 ACATACAGAGGAATCACCGCCGTCAAAAC
MiPIN1-SP4 GAGTCGAGCTTAGACCAACTCATGTT
MiPIN1-SP5 TTTGAAGAATCCGGCCAAAAATGAG
MiPIN1-SP6 TTAAACCCAAGCAATTTGAGCGACA
MiPIN1-F TGCGAGTTTTGAGATGGT

MiPIN1-R AAGATGGCGACGAAAC

pAbAi-MIPIN1-F
pAbAI-MIPINI-R
pGADT7-F (T7)

pGADT7-R (3'AD) AGATGGTGCACGATGCACAG

AAAAGCTTGAATTCGTTCAAACCAGATCAAGGGACC
GAGCACATGCCTCGATTTTTTACAGGATTTTGTTGAAGAT
TAATACGACTCACTATAGGGC

MiPINL 515 2 Ak 7

Fi £ BH P T e PCR K

T 1% FPNI-PCR Frifja s 75K EA
JE AR A5 R it 514 MiPINIT-
SP4~6 (£ 1), FHMK Bk AHFIRAIEATE 5P
Mo PR RIHESE, mZE MIPINL 2K
LR TG R, WITFER 5% MiPINI-F
Ml MiPIN1-R #4759F, HH MiPINI-R {7 F
MiPINL F& K I e 2 HE( ORF )N . 1| H Plantcare
(' https://bioinformatics.psb.ugent.be/webtools/plan
tcare/html/ ) 7E£% 53 W uik %11Z 8 3h T 3R 47 i =04
JHICHF, it TBtools 4% T £ e ik
Tl A A B
122 #=% cDNA X EMZE M LI %)
B, MARTFHIESAEREFR 0. 6h AL, 4, 7,
10 d, 764 B[] 55 i U) B il o 2 mm JE V)T
UM RNA, JF R FREERE R RNA #E47 50 B 4l
fbo LAglifbiy mRNA it , i R4 5 A
Yy TR R A B B A% 88 1 R A 2% A2 4 I 3 A
&, UL BRI G cDNA, i F [F) J6 5 41 i
B2 Sma | BVt pGADTT ki 2
cDNA, HH =YL E DHI10B B2 5400,
ARIAFTH cDNA P,

BUEAL G BN LB B FR 3 E 5mL,
37 CREGRIFE 2h J5, IMATCHE H il E LK E
20% (V/V), IR2)IG T-80 CI-AE, BI3RASWIZ K
AT cDNA . A%E KBFFE ¢cDNA
PRI i, AT AR 00T BB T 10° 15
Fe, W01 mL IR AT TEAHNPIAER LB Ak, K
TR REIEE AR SORERE . iHEAX N

R (cfu/mL) =P 7%0/0.1 mLx10%; [HFFE
HLPRHR 20 B Ta e, P2 USRI/ T PCR 9731,
DIAS I 4 A R B B S SCPE B 26

¥ EIR R R SO Bk R s S, #k
& Y187 MrhEERZ AN, TR T SD/-Leu [E{k
Wi sL, 30 CHEFE 3d. B FPHRT 4°CHE 3h
&, BHINA 5 mL WA E R IR, e
b7, BIARASEERE cDNA SO, ¥ Hr 2 5 R A7
T80 CVKAf . feJa XIELE cDNA SCHE S 7 B
R, A RAF B RO RE 100 4%, L 0.1 mL IR A5
T SD/-Leu VA 30 CHrFRAH N B[] )5 et 1 v
B, e BRI SO
123 FHESAMHER agErR (1)FHE
IR pAbAI-MIPINT FJEE ARG 1.2.1 H T4 B
MiPINL Ji s 773, @i TiEHE pAbAL ik
58 (1), DA DNA eil, /&%
H DNA 4 PrimeSTAR® Max ¥ 14 Hbr A B,
By = 5% Sac I A1 Xho T XUEFVIN pAbAi
HERE, 1L E DHSa KIpH# iz S 400,
i 356 BH P s R T

(2) HEERM . K2 BbST MLk tEibm
PAbAI-MiPIN1 it ki 5% 1L % Y1H Gold i HEEAZ
S, JFFE SD/-Ura AR L i BHE FE ke,
Tl £ pAbAI-MiPIN1 FEERERZ 4N, NfiE
AR AR A BRI ADA TR B, B 55 R SR
BEAE 0~500 ng/mL Y AbA ¥k B [X 8] N #1790 5
DUBA 8 A Ol i RS el . Bl S, AR e E
TSR W B ARA, #4 725 3k pGADTT kil
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ANZIFHEZE Y, 430k T SD/-Leu. SD/-
Lew/AbA Al L AT A I0UE . 2, AR
JE R TE ARG, H o R A R B

124 BEERILEHiE M SD/-Ura Pk
B Y1H Gold pAbAi-MiPIN1 A EFE 74, 45837
UM, 25 pg SCPEFTRIA%E AL 600 uL iR )2
Y, L) pAbAi-p53+pGADT7-p53 B X} HE
pAbAi-p53+pGADT7 N HMEXT IR . K HE 4k =ik
i T SD/-Leu/AbA A7, 30 CHiF: 3~4d J5,
TBCBH M 7 e 5 b 2= 370 SD/-Lew/AbA SFH 4742
075 o W S 7 P TR AR B P T A 3 3 B IR 3 35
R, MR e S (ST ) it
JkL . LAFTE ORI BEAR 4T PCR 73, Bhils bl
I HL VKA 15 7 ) o X A U 25 R
ik E S I, I R i NCBI $ds 2E
PEAT EEX 50 HT o

2 HBHR5HH

21 MiPIN1 BahFHI B RIRIERTHES
Z I FPNI-PCR Jy ikt A9 4%, % —% PCR

S NRHEE IR 7 HT, FEZY 1000 bp AU H

25 3 AR S HE ORI R ELT)

Nl M, 1

bp bp
2000 5000
1000 2000 —
500 1000 —
D
MPINI | 11|l 1
promoter
5’I 1 1 1 1 1 1 1 1 1 1 1 J 3’
P P PO OO OSSO O
S S S S S
BB N BN N AN

M1 23

=

SR (B 1A, K 2). IO I,
R —B KN 1106 bp BIFES . RTiZF0ME
B, #t— 22 3it EER R 51 MiPIN1-SP4 |
MiPIN1-SP5 il MiPIN1-SP6, #47 =% PCR %Efif
PR, RO AN SR AT BB ORI, 155
— B KN 1341 bp 19751 (1B, JKiE 6 ).
2 WP FN TP, KBk 2 DMREBZERYS
MiPIN1 ORF &M, R4 EERHENT
B —BEKE N 2112 bp B MIPINL 5 81 T 751,
RIS UE TS, R RS MIPINL-F |
MiPIN1-R #47 PCR ¥ 14, Bl WHEE I v Uk il
ZFIE KT 2000 bp (1 1C ). 20 RN HK B
2474 2268 bp, 5 MiPINL ) ORF A 156 bp EZ,
W &5 R MPHE P8 —380, KRR s 7P 3R
B

& 1D Al AL, MIPINL B8 FHh & A2 500
S I = AE B #1775 o644 Box 4, AE-box | G-box,
Z 5 MYB 256 67 MRE, £ 5 iR

B AR TG ABRE, 2 550 1 1) IRt
[T LTR ., RS S B0 1994 35 o1
ARE %,

56 7 8Y

Cis-acting element involved in the abscisic acid responsiveness
Cisacting regulatory element involved in light responsiveness
Cisacting regulatory element involved in zein metabolism regulation
Light responsive element

MYB binding site involved in flavonoid biosynthetic genes regulation
MYB binding site involved in light responsiveness

part of a conserved DNA module involved in light responsiveness
part of a module for light response

A. B: MIPINLEZ TFESI48; C: MIPINLAKRIE; D: MiPINL &) T o504
M;: DL2000 DNA marker, M,: DL5000 DNA marker,
A and B: Isolation of the MiPIN1 promoter sequence; C: Validation of the full-length MiPIN1 coding sequence;
D: Analysis of cis-acting elements in the MiPIN1 promoter; M;: DL2000 DNA marker, M,: DL5000 DNA marker,
B 1 MIiPINLEFHBERERIRN(ERTES T

Fig. 1 Electrophoretic analysis of isolated MiPIN1 promoter and its Cis-acting elements

22 IREEE cDNA XEME

PRI IR T U1 BE AN RN 2 AR B s 3 11
RNA, ZHURHHEER B Ik 278 RNA i R
W (E 2A), LIgifbiy mRNA KA M A

cDNA, HL YRR 2 75 H 75 o A 24 5) , ok 3 Al
ol FEREAT G R PEEOR (B 2B ). ¥ —fuab 3
JA XU cDNA 542 Sma | Bk :1k ) pGADT?
A 1o [ 5 20 A 1, A )% 4k = DH10B
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A: AT RNA$RE, 1~6 WKIE4 I MK 3R 0. 6 h Al 1, 4. 7. 10d; B: XUk cDNA 4lifk;
C: CFE%5E PCR =YK ; M, : DL2000 DNA marker, M,: DL5000 DNA marker,
A: RNA extraction from mango, lanes 1-6 represent 0 h, 6 h, 1 d, 4 d, 7 d, and 10 d of culture, respectively; B: Purification of double-stranded
cDNA,; C: Electrophoretic analysis of library insert PCR products. M;: DL2000 DNA marker, M,: DL5000 DNA marker,
B 2 FR cDNA XEME

Fig. 2 Construction of a cDNA library from mango

KGR Z g, RIHERI 2 cDNA 3¢
JE , R AT SO T L 4.78x107 cfu/mL.
BEMLPEBCEFE#EAT PCR 8, 4551 8K 80%LA I
PRI AR B BERKTF 750 bp (K 2E), CFE
FRPEZ R T 90%, 3F— 2P0 SCPE Bk i% 1k 22 T 1
T6 3 Y187 BEREEZ AN, RASEERE cDNA 3
P, HREE A 1.72x107 cfu/mL,
23 BHIEEHKMNRKES BEERN

$2: BoST L IEILAY pAbAI-MIPINT i51H
AR FORLEEAL YIH Gold FERFEAZ S 40, PRI
HE R VE T SD/-Ura WAKSE SR AR5, Hil &1

B 0 ng'mL-! AbA

AT AS UM o R R S0 75 VE TR AR 1 T R O
SETHEREE , 258k pGADTT Bkifs A\i%i% i
Ba, I BEMm &4 0. 500 ng/mL AbA 1)
SD/-Leu “FHiEAT80E . 45 B, FEibF7 T
AbA [ SD/-Leu AR L IE#H K, FIHH R
B A B W JCHEEF VR M AE 500 ng/mL
AbA VAR I, WA RS 2EH (B 3), T
P HE cDNA  SCJ% i 16 X 16 5 K 77 #1082 R 5 o ™
¥, B2 ff ] 500 ng/mL [ AbA ¥k EE AT IS
SR, DABAOR O Bk A5 18 0 B P, T
R B BH P e B 1 T4

500 ng'mL™ Ab/éa

A: PAbAI-MiPIN1 FURiEEY), JKkil 1 EEVIBOR, $Kil 2 D9 REEVIBURL, M: DL5000 DNA marker; B: AbA Il B2 %E
A: Restriction enzyme digestion of the pAbAi-MiPIN1 plasmid, lane 1: Digested product, lane 2: Uncut plasmid;
M: DL5000 DNA marker; B: AbA inhibitory concentration assay.

B 3 MiPIN1 BahFEHERAEETFEE B BERN

Fig. 3 Digestion of MiPIN1 promoter plasmid and AbA inhibitory concentration determination
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2.4 3CFERALER K PR 5 E I 1
WSO TR RS AL B pAbAI-MIPINT 17575 B bk
SZ AN 7554 500 ng/mL AbA (1) SD/-Leu
SBa AR B T 2 WkiiaE, RASFFHMERE, BHE
X} R ( pAbAi-p53+pGADT7-p53 ) 7Ei% &M K IE
WK, BAMEXTIR ( pAbAi-p53+pGADT7 ) NIA
AR, ULEHROE TS, A BRI A (K
4A, W 4B ). $RECHME R 2 Y EOR,
514 pGADT7-F ( T7 ) #il pGADT7-R ( 3'AD)

8 9
—w

#EAT PCR RN, Z5H WA R BAARLE 500~
2000 bp Z ], A1) SRz #5175 K 7 BoR /N4
5 (Bl 4C). BT ARG S 18 55 A T
J¥, Jfidat NCBI $d FESEAT LUXT, 5280k
62 NATHES MIPINL J3 8 F HEAEM&E N, 4
KE454 78 11 ABP19a-like, CCCH AU 1
MYB308., M4t % a-b 55 & 1 LHCIL, 8-F23EH
MR A 2 DR, D& 8 AR
EE(£R2)

(4]
©
o
®
®
..,

10 11 12 13 14 15 16 17 18 20 21 22 23 24

"% e

M 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 + —

A: SD/-Leu/AbA (500 ng/mL ) ¥;3% 340 £ (%E 53 5Lke; B: SD/-Leu/AbA (500 ng/mL ) }53% 5 5 i 1) (1) FH 1 5w b 5
C: &R ke PCR P47k A s M: DL2000 DNA marker.
A: Clones from the primary screening on SD/-Leu/AbA (500 ng/mL) medium; B: Positive clones from the rescreening on SD/-Leu/AbA
(500 ng/mL) medium; C: Electrophoretic analysis of PCR products from selected positive clones; M: DL2000 DNA marker.

B 4 TR BURIEE L R PR M T B I ik

Fig. 4 Library transformation and screening of positive clones

R2 BEBEEAIHERSS MIPINLEHFEEHNERD
Tab. 2 MiPIN1 promoter-binding proteins identified by yeast one-hybrid screening

i EHER NCBI &35
No. Protein description NCBI accession number
1 A Z 454 1 ABP19a LOW QUALITY PROTEIN: auxin-binding protein ABP19a-like XP_044464178.1
2 EE CCCH 4538 M 1 zinc finger CCCH domain-containing protein 1-like XP_044491878.1
3 myb 308 # 1 myb-related protein 308 XP_044488236.1
4 LHCII 1 B 4% 3 a-b 4548 H chlorophyll a-b binding protein of LHCII type 1-like XP_044497084.1
5 8-F2 KL A M5 I A i 8-hydroxygeraniol dehydrogenase-like XP_044484784.1
6 40S HZAHHA SR S7 40S ribosomal protein S7 XP_044467396.1
7 40S RZAHA TR S8 408 ribosomal protein S8-like XP_044502964.1
8 40S BB 1 S11 40S ribosomal protein S11-like XP_044471489.1




160 A IR 5 47 %
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Tab. 2 MiPIN1 promoter-binding proteins identified by yeast one-hybrid screening (continued)
hs AT NCBI &35
No. Protein description NCBI accession number
9 60S MR 1 L28-2 60S ribosomal protein L28-2-like XP_044464275.1
10 Zi#E H2B.3 histone H2B.3 XP_044482448.1
11 S m A 5 dirigent protein 5-like XP_044476675.1
12 B¢ I D2 & annexin D2-like XP_044469169.1
13 sk TIP1-1 aquaporin TIP1-1 XP_044507616.1
14  ZZRiZZ 4 polyubiquitin 4 XP_044495953.1
15 fRFEAHICHE A PR-1  pathogenesis-related protein PR-1-like XP_044472451.1
16 il B HE A PHOS32 universal stress protein PHOS32 XP 044473883.1
17 HFRA 25 M 1 iron-sulfur cluster assembly protein 1-like XP_044487686.1
18 BRI 19 90-5 heat shock protein 90-5, chloroplastic-like XP_044493783.1
19  Rac GTP 54 # 11 5 rac-like GTP-binding protein 5 XP_044490365.1
20 2S HEMFMFIE T 2S albumin seed storage protein-like XP_044463967.1
21 WD-40 HE 45488 1 MSI4 WD-40 repeat-containing protein MSI4 XP_044464485.1
22 JHERZFE YR A RING # 4 1 brassinosteroid-responsive RING protein 1-like XP_044504257.1
23 Y iRgE i dFE A 1 structural maintenance of chromosomes protein 1 XP_044492940.1
24 R RS HIKEE F S HE 1 Atdg01030  pentatricopeptide repeat-containing protein At4g01030, XP_044494109.1
mitochondrial-like
25 B emp24 Z5HIFE H p24delta9 transmembrane emp24 domain-containing protein p24deltad-like XP_044490171.1
26 YA 60S A AR M) & AT REN [T 1 cytoplasmic 60S subunit biogenesis factor XP_044463884.1
REII homolog 1-like
27 NTMI1 & 9 FHIR X2 protein NTM1-like 9 isoform X2 XP_044477706.1
28 ki E B FAIEAEE 5 FHK X2 telomere repeat-binding protein 5-like isoform X2 XP_044482755.1
29 BTB/POZ Fll MATH ZtglEH 4 F#K& X1 BTB/POZ and MATH domain-containing protein 4 XP_044506223.1
isoform X1
30 1 ERJ i AR OK AR A LS AR AR 1 At4g01030 Y1 X2 haloacid dehalogenase-like hydrolase do- XP_044477222.1
main-containing protein At4g39970 isoform X2
31 WD40 EHEZEMIREH HOS15 FH{K X2 WDA40 repeat-containing protein HOS15 isoform X2 XP_044470022.1
32 #ZFFRIEERE serine racemase XP_044476383.1
33 AL YIEE 39 peroxidase 39-like XP_044465711.1
34 JEfR ATP BifR{LAEE 1 ATP sulfurylase 1, chloroplastic-like XP_044487110.1
35  WHEBLGEE A RJEES 1 cinnamoyl-CoA reductase 1-like XP_044510773.1
36 MINHEFR ALY K T 2 bifunctional epoxide hydrolase 2-like XP_044503554.1
37 AEBA BRI F T glutamine synthetase nodule isozyme XP_044478717.1
38 AR AL E Fid ALY lignin-forming anionic peroxidase-like XP_044477994.1
39 R o-3 J5IFER 1 AR omega-3 fatty acid desaturase, chloroplastic-like XP_044509553.1
40  3-TEFRZF IR 1-R % FEFE#M 2 3-phosphoshikimate 1-carboxyvinyltransferase 2-like XP_044503673.1
41 JIK-N(4)-(N- 2 Bk -B- 7 %5 ¥ & 3 ) K A Bk I Bk Il peptide-N(4)-(N-acetyl-beta-glucosaminyl) aspara- XP_044483024.1
gine amidase
42 WHIRFRA R 5 SRR X1 callose synthase 5 isoform X1 XP 044469462.1
43 R B-7E % B Al SR X3 lysosomal beta glucosidase-like isoform X3 XP_044461925.1
44 2 E R/ EIRE (LT Aurora-1 S#H#J1A X2 serine/threonine-protein kinase Aurora-1 isoform X2 XP_044463381.1
45 JEARHINEE-3-BERR L AU B F MR X2 glyceraldehyde-3-phosphate dehydrogenase B, chloroplastic XP_044474720.1
isoform X2
46 YGRS 10 L3 photosystem I subunit O XP_044505032.1
47  EE SRR F 1TA W3 2 transcription initiation factor ITA subunit 2 XP_044510278.1
48 DNA #5531 RNA R4 1T W73 4 DNA-directed RNA polymerase II subunit 4 XP_044469091.1
49 kiRl AsZ{R TOM9-2 W% mitochondrial import receptor subunit TOM9-2 XP_044491961.1
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gR2 BEREIHERISE MIPINL B FEEHNERD
Tab. 2 MiPIN1 promoter-binding proteins identified by yeast one-hybrid screening (continued)

hs HEHER NCBI &35
No. Protein description NCBI accession number
50 HEDN A JCIE IR 1 9 probable inactive patatin-like protein 9 XP_044480946.1
51 HEMA A BEH BK S-54%4M probable glutathione S-transferase XP_044497796.1
52 HEMAY A BB &S 1 probable cinnamyl alcohol dehydrogenase 1 XP_044487696.1
53 N ) A A SR PN 5 A 2L i/ K T S probable xyloglucan endotransglucosylase/hydrolase protein 5 XP_044501598.1
54 RFMEM N-LWEF4HE p20 uncharacterized N-acetyltransferase p20 XP_044498314.1
55  KHIFEM uncharacterized protein XP_044478945.1
56  KHIEMH uncharacterized protein XP_044461067.1
57  KRHIEM uncharacterized protein XP_044484263.1
58 AKHIFEM uncharacterized protein XP_044478860.1
59  SKHIFEM uncharacterized protein XP_044484263.1
60 SKHIFE[ uncharacterized protein XP_044500293.1
61 KHIFEM uncharacterized protein XP_044489575.1
62 KHIEM uncharacterized protein XP 044494382.1
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Fig. 5 GO and KEGG enrichment analyses of candidate proteins binding to MiPIN1 promoter
S Ly 2o T 16-18 M2 T
3 ittt FERRAE T — A EAH A SRR R VO AR B AR g

ANEMR R A R IO S A Ol R, IR
TR B AL A ) T I v BOR A i
HAEEMMME. AersRm, 81 5t
RFHUIBAE 0.7% BUIR By Fr ik AR E 3R 4
i, AEMR R AT i Ol IR R, HiZad o
MR MM E IR TR MBS, AR T
Z RN 10, AT AN E AR e A= AL A

& I X PR S8 AR TE 5 A K R W 12 2 DA
SS9 eI R IF it #e ik MIPINL & 3 328 A
SERECHY ) FI0 MIPINL fE WA K E WM iEi
A, fEiZ B PR CEAER, LT
PR N 2% A B RS R X .

ARG MIPINL 0 W EERE T, A0
FER R TR P A ER LA B cDNA 3L



162 o AE A F AR

5475

B, IR R B e s B R AT O 6 o R RE RN
LHAIE—FHFRIEE A S DNA HHEAEH
e, HIEHUEH HA DNA R BfERE
TR B o el FE A ok A b, SO ER
HEF)#ik GAL4 AD [kl — g8k
HAE, BTSSR SR Rk, DA R Y
A RO BT VR L 7E Y DNA 458 ., A
C) iz N H RS Rk i, Blan ety
Jie v %5 HH HbWRKY 1 1 HOMVD1 3 3111
R R R AR B A A P, D R AR
£  % B FaWRK Y48 i 1+ i FaNCED1 5 i 5
AR A L MIPINL J5 3 F F BVE R
W, 530 h it S 1% cDNA 17 BAE
R, L3458 62 A fES MIPINL JE 3 7 HAER
FH, UiEERKRESAEN ABP19a-like, CCCH
RIBEIE R 1 . MYB308 , 8-F8 5L 75 - I i L Jils K -
L E a-b 455 M LHCI 5%,

TE G BE AR AT A M BE R F 1, ABP19a-like J& T
HERRGAEARE, REE 5 5 T8
2B, ARG A WIS S L F R ER
CCCH RBBHEER AT 25U Kk E LMEGES
B, A0 OsC3H10 H S K RGP, BRI
HI1Z1 S AR A #E A, i C3H14 N3 i WRKY33
Z: 549 P02 H 28 ReC3H SR A TEAR 3
EAGA, WRIHHAER R LBl e &A1,
MYB 5k FAERMBER R K E T HA E2E
. HUsesrimat EHE % PIN RiEIH M
FRLPLAERI R TFH, FLP( MYB124 )5 MYBSS
Al 254 PIN3 Al PIN7 ()5 1, 4RI 7
N2 PIN LR (9 25 5 S e e ik, T 5%
M Y, SERL MAFLP a0 30% MdPIN3
1 MdPINL0 Ik A SEAR & 41, 15 48 PFLP
WA 454 POPIN1O J& 8 JF 8 15 AN il i )
Y, R MYB # 3:H T PIN R #5771
INREfRST . Ak, HAl MYB WA )2 B 5
AR B R, 5747 PagMYB180i i ROS/PCD
wREEAER KLY KEH PUMYB4O i)
RS 5 IHMRMIE K R AR BEA BRI P,
A BIF 5T 0 ok R R A SR AR R R R — AT
MiPINL 3 3 7454 1 MIMYB308 &1, T3
£ PIN JER IR RSP DI R, &5 & 4UE S
PRI MIPINL J5 3 F IXfAFE MYB 245610
S, AT MIMYB308 1] fig i oo B4 A% 0
JEEE MiPINL (933X

Zib, AR ARSGET MIPINL 1 7R
BT, AR T L MIPINL R0 AR E
MR A5 F- W4, Jo5 S il SO s i i
A T Re AT A, R R X e A
AFEMIE B BARVE R SHLH, SR
SE R A I R B SR AR 4

Sk

[11 ROUT G R, MOHAPATRA A, JAIN S M. Tissue culture
of ornamental pot plant: a critical review on present scenario
and future prospects[J]. Biotechnology Advances, 2006,
24(6): 531-560.

[21 PUIJUT P M, WOESTE K E, MICHLER C H. Promotion of
adventitious root formation of difficult-to-root hardwood tree
species[J]. Horticultural Reviews, 2011, 38: 213-251.

[31 VERSTRAETEN I, BEECKMAN T, GEELEN D. Adventi-
tious root induction in Arabidopsis thaliana as a model for in
Vitro root organogenesis[J]. Methods in Molecular Biology,
2013, 959: 159-175.

[4] LAKEHAL A, BELLINI C. Control of adventitious root
formation: insights into synergistic and antagonistic hormo-
nal interactions[J]. Physiologia Plantarum, 2019, 165(1):
90-100.

[51 PACURAR D I, PERRONE I, BELLINI C. Auxin is a cen-
tral player in the hormone cross-talks that control adventi-
tious rooting[J]. Physiologia Plantarum, 2014, 151(1): 83-96.

[6] MUHAMED A, LATA S, GYAN S S, MARTIN §, JAN 1J.
Auxin signaling, transport, and regulation during adventi-
tious root formation[J]. Current Plant Biology, 2024, 40:
100385.

[77 HAMMES U Z, MURPHY A S, SCHWECHHEIMER C.
Auxin transporters-a biochemical view[J]. Cold Spring Har-
bor Perspectives in Biology, 2022, 14(2): a039875.

[8] CRISTIAN F, SILVIA F, SERENA V. The maize PIN gene
family of auxin transporters[J]. Frontiers in Plant Science,
2012, 3(16): 16.

[9] MARHAVA P. Recent developments in the understanding of
PIN polarity[J]. The New Phytologist, 2022, 233(2):
624-630.

[10] YANG C H, WANG D D, ZHANG C, KONGNN,MAH L,
CHEN Q. Comparative analysis of the PIN auxin transporter
gene family in different plant species: a focus on structural
and expression profiling of PINs in Solanum tuberosum[J].
International Journal of Molecular Sciences, 2019, 20(13):
3270.

[11] WANG H H, OUYANG Q Q, YANG C, ZHANG Z Y,
HOU D Y, LIU H, XU H W. Mutation of OsPIN1b by

CRISPR/Cas9 reveals a role for auxin transport in modulat-



5514

TRFN 445 AR MIPINL 5 301 Fo e K b i 18 2 IR s ke

163

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ing rice architecture and root gravitropism[J]. International
Journal of Molecular Sciences, 2022, 23(16): 8965.

LIUJJ, GAOLL, ZHANG R X, GAO A Q, ZAMITH K O,
ZHENG B B, HAN Y P. ARF4 acting upstream of LBD16
promotes adventitious root formation in peach[J]. Horticul-
tural Plant Journal, 2025, 11(1): 145-161.

HU S K, LIU X Q, XUAN W, METH L, L1 J J, CHEN X,
ZHAO Z, ZHAO Y X, ANBURA J, RAJIV P, LI X H. Ge-
nome-wide
PIN-FORMED (PIN) and PIN-LIKES (PILS) gene family

reveals their role in adventitious root development in tea

identification  and  characterization  of

nodal cutting (Camellia sinensis)[J]. International Journal of
Biological Macromolecules, 2023, 229: 791-802.

WANG Z H, LIJ L, MAO Y F, ZHANG M M, WANG R,
HU Y L, MAO Z Q, SHEN X. Transcriptional regulation of
MdPIN3 and MdPIN10 by MdFLP during apple self-rooted
stock adventitious root gravitropism[J]. BMC Plant Biology,
2019, 19(1): 1-14.

VELADA I, CARDOSO H, PORFIRIO S, PEIXE A. Ex-
pression profile of PIN -Formed auxin efflux carrier genes
during IBA-Induced in vitro adventitious rooting in Olea
europaea L.[J]. Plants, 2020, 9(2): 185.

LI Y H, ZOU M H, FENG B H, HUANG X, ZHANG
Z, SUN G M. Molecular cloning and characterization of the
genes encoding an auxin efflux carrier and the auxin influx
carriers associated with the adventitious root formation in
mango (Mangifera indica L.) cotyledon segments[J]. Plant
Physiology and Biochemistry, 2012, 55: 33-42.

LI, Y H, ZHANG H N, WU Q S, MUDAY G K. Transcrip-
tional sequencing and analysis of major genes involved in
the adventitious root formation of mango cotyledon seg-
ments[J]. PLANTA, 2017, 245(6): 1193-1213.

LIY H, MO Y W, WANG S B, ZHANG Z. Auxin efflux
carriers, MiPINS, are involved in adventitious root formation
of mango cotyledon segments[J]. Plant Physiology and Bio-
chemistry, 2020, 150: 15-26.

WANG Z, YESF, L1JJ, ZHENG B, BAO M Z, NING G G.

Fusion primer and nested integrated PCR (FPNI-PCR): a
new high-efficiency strategy for rapid chromosome walking
or flanking sequence cloning[J]. BMC Biotechnology, 2011,
11(1): 109-120.
LI Y H, CHEN Q Z, XIAO J N, CHEN Y F, LI X J,
STAEHELIN C, HUANG X L. Characteristics of adventi-
tious root formation in cotyledon segments of mango
(Mangifera indica L. cv. Zihua): two induction patterns, his-
tological origins and the relationship with polar auxin
transport[J]. Plant Growth Regulation, 2008, 54(2): 165-177.
SUNY, LIY, HUANG G P, WU Q, WANG L. Application

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

of the yeast one-hybrid technique to plant functional ge-
nomics studies[J].
Equipment, 2017, 31(6): 1087-1092.

SCEETR, ME G, HEUE, BN, RER. BIRR
HbMVD1 X 5 3l 5 i X e s i 4% D 7 it 0] ity
TEDEAAR, 2025, 46(8): 1785-1794.

WEN L X, YANG S G, SHIM J, DENG X M, CHAO J Q.
Cloning of the HbMVD1 gene promoter and screening of

Biotechnology and Biotechnological

transcription regulatory factors in rubber tree[J]. Chinese
Journal of Tropical Crops, 2025, 46(8): 1785-1794. (in Chi-
nese)

VALENZUELA-RIFFO F, DELGADO C, MORALES-
QUINTANA L, FIGUEROA C R. The strawberry transcrip-
tion factor FaWRKY48 transactivates the FaNCED1 pro-
moter as revealed by yeast-one hybrid and Nicotiana
benthamiana transfection assays[J]. Scientia Horticulturae,
2024, 323: 112545.

OHMIYA A. Characterization of ABP19/20, sequence hom-
ologues of germin-like protein in Prunus persica L[J]. Plant
Science, 2002, 163(4): 683-689.

FEVEAR, AR, SORKIR, 290%, RUBE, X8, EKR.
AZEAKFEGEORRE RcABP19 158 M K FRIBFHE 7
Br[J]. HEA SR, 2019, 55(7): 983-992.
RENHR,FUXD,ZHIQJ, LI H, WUSL, LIUJY,
WANG C Q. Cloning and expression profile analysis of
auxin binding protein gene RCABP19 in Rosa chinensis[J].
Plant Physiology Journal, 2019, 55(7): 983-992. (in Chinese)
SO Y S,JAE S S, SEUNG W B, JU K K. Overexpression of
OsC3H10, a CCCH-Zinc finger, improves drought tolerance
in rice by regulating stress-related genes[J]. Plants, 2020,
9(10): 1298.

ZHANG M, BODI Z, MACKINNON K, ZHONG S L,
ARCHER N, MONGAN N P, SIMPSON G G, FRAY R G.
Two zinc finger proteins with functions in m6A writing in-
teract with HAKAI[J]. Nature Communications, 2022, 13(1):
1127.

WANG D, XU H, HUANG J Y, KONG Y Z, ABUQAMAR
S, YUDQ, LIU S Y, ZHOU G K, CHAI G H. The Ara-
bidopsis CCCH protein C3H14 contributes to basal defense
against Botrytis cinerea mainly through the WRKY33-de-
pendent pathway[J]. Plant, Cell & Environment, 2020, 43(7):
1792-1806.

LI C H, FANG Q X, ZHANG W J, L1 Y H, ZHANG ] Z,
CHENS,YINZG,LIWJ,LIUWD, YIZ, MUZ S, DU J
D. Genome-wide identification of the CCCH gene family in
rose (Rosa chinensis Jacq.) reveals its potential functions[J].
Biotechnology & Bioindustry, 2021, 35(1): 517-526.

WANG H Z, YANG K Z,ZOU J J, ZHU L L, XIE Z D,



164 A IR 547 %
MORITA M T, TASAKA M, FRIML J, GROTEWOLD E, [32] TONG B T,LIU Y L, WANG Y C, LI Q Z. PagMYB180
BEECKMAN T. Transcriptional regulation of PIN genes by regulates adventitious rooting via a ROS/PCD-dependent
FOUR LIPS and MYB88 during Arabidopsis root pathway in poplar[J]. Plant Science, 2024, 346: 112115.
gravitropism[J]. Nature Communications, 2015, 6: 8822. [33] WANG H Z, PAK S, YANG J, WU Y, LI W L, FENG H,

[31]

WANG ZH, L1JJ, WANG C Z, FENG L J, YIN Y L. Mo-
lecular cloning and functional characterization of FOUR
LIPS in pomegranate, a protein involved in regulating the
gravitropic set-point angle of adventitious roots[J]. Journal of
Plant Biology, 2022, 65(5): 377-387.

YANG J L, WEI H R, LI C H. Two high hierarchical regu-
lators, PUMYB40 and PUWRKY?75, control the low phospho-
rus driven adventitious root formation in Populus ussuri-
ensis[J]. Plant Biotechnology Journal, 2022, 20(8): 1561-
1577.



