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Abstract: [Objective]Magnolia sieboldii K. Koch is a rare and endangered wild woody plant resource in China that exhibits
ornamental, aromatic, and medicinal values, and has broad prospects for development and application. The asexual reproduction of this
tree species is challenging, primarily due to the difficulty in sowing propagation. The seeds exhibit deep dormancy characteristics, and
incomplete embryo development impedes seed germination and emergence, significantly constraining the development and application

process. Auxin efflux carrier proteins, which are linked to seed development and germination, are encoded by the PIN gene family and
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carry auxin across the cell membrane. [Methods]By analyzing the structure and function of the PIN gene family, this study explores
the transport regulation mechanism of auxin during seed after—ripening, providing a reference for in—depth research on the regulatory
mechanisms of M. sieboldii K. Koch seed development. Using bioinformatics techniques and based on the genome data of M. sieboldii
K. Koch, a genome—wide identification of the MsPINs gene family was conducted, studying the molecular structure, spatiotemporal
expression during seed germination, and gene functions of the MsPINs gene. [Results]The results indicate: The M. sieboldii K. Koch
genome has 22 MsPINs genes spread across 13 chromosomes, according to bioinformatics and expression research. Nine of these genes
exhibit variable expression throughout the germination process. MsPINIla~1c and MsPIN6 are upregulated during seed germination,
MsPILS3 exhibits variable variations during the dormancy release process, and MsPIL3, MsPILS2, and MsPILS6 are upregulated
during the dormancy release stage. The promoter sequence of MsPINIb contains several MsARFS5 (Auxin Response Factor 5)
recognitions, according to sequence analysis and yeast one—hybrid tests. [Conclusion]These findings suggest that M. sieboldii K. Koch
seed growth and germination are mediated by members of the PIN gene family.
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KA % (Magnolia sieboldii K. Koch) J& A& 2B} (Magnoliaceae ) K *2 J& (Magnolia ) ¥% WM /NFR A, B 28 8 55 =
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28), 1.2% B I WU I i DK RS 3 RNA 58 2 1 , Nanodrop 2000 A5 RNA ¥ B K 43 . DNA $2 BOR R 7 £
(NuClean Plant Genomic DNA Kit, B HH40 ), 18 1< B e vk RS 0 48 2

BT LR H K , FH Primer Premier 5 3631 RNA 986 A 5197, 44> B B9 B =9 K J R 150~
300 bp(F 1), K SYBR Green #8457 )(:1% (SuperReal PreMix Color SYBR Green, KM LR ) #E1T qPCR 2
N 7S UL A, LA Actin7 S 08 20 WL AR &R BT BIO-RAD S i 2 )6 2 # PCR {X (CFX Con-
nect) , BFE L 3IRE M ,#1E A A CORTHE R L AR 22 Fh 1 i 2 v MsPINs AHXF ik 5
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Table 1 qPCR primers for MsPINs

2SR Bl )]l 2SR ElL7/)e2]l
Gene name Primers sequence Gene name Primers sequence
MsPINl1a F: GCTCGCTCCATCGTCTCC MsPIN1b F: CCAAGGACAGCAGGAGCC
evm.model. HIC_ASM_6.1588 R: TCACGCGCAACTTCCCAT evm.model. HIC_ASM_14.1170 R: CTGGTTGGAGGCATGGCA
MsPINIc F: GCCGAGCGCAGGGATATT MsPIN3 F: CGATCTTCGCCGTCCCTC
evm.model. HIC_ASM_14.1677 R: CGCTGGAGCTCCACACAA evm.model. HIC_ASM_18.1844 R: TCTTCTGCAGCGTGTCCG
MsPING6 F: GACCCACTTCGCACCGAA MsPILS2 F: TTCTGGTGCTTCCGCTGG
evm.model. HIC_ASM_1.3205 R: AGAGATTGGATGCGCGGG evm.model. HIC_ASM_1.324 R: CCCCCAACAAAATGGCGC
MsPILS3 F: ACGCACTTCCACCTGCAA MsPILS4 F: CGCCTTGCCTTTGTTGGG
evm.model. HIC_ASM_0.294 R: GCACCAAAGCGTGAGTGC evm.model. HIC_ASM_0.295 R: TGGCCATTGCAGGTGGAA
MsPILS6 F: CAGCGAGTCAGGCAGGAG ACT7 F: TCAACCCCAAAGCAAACAGA
evm.model. HIC_ASM_7.43 R: AAGCTTCCGTCCACTCGC R: CCGCAAGATCCAAACGAA
MsARFS5 F: TTGCCATCATCCGTTCTCTC

evm.model. HIC_ASM_3.2992 R: TCTGCGTTTACCTGACTCCTCT

1.4 PCREMEBIF

HRAE MsPIN1b 13 K 241 44 DNA JF 51 , 3 32 TBtools #X {4 2 A 1317 2 000 bp F 51, {# F PlantCare 54
J% (http://bioin formatics.psb.ugent.be/webtools/plantcare/html/) Fiil MsPIN1b J5 8 B9 =CHE ok . DR %
AR =B DNA St , 38 2o 7 R o = O 2 DNA 545 B[ 2xEasyPfu PCR SuperMix (—dye) , 230 4:] PCR ¥ 3,
PCR 7= 477 38 i< 58 i FL PKORT BE ARSI I, A7 E 00 2% alidk DI, i i ik . AR LK 2% cDNA AR
il MsARFS SER T 51, T A8 iR A 4t
1.5 BHERENEDRENEE

¥ MsPIN1b 3 X J3 31 )3 5 MsPIN1b—pro(1~1 500 bp) F1 MsPIN1b—proJD (1~700 bp) # BE , 43 51 ¥4 2 175 1H
A, #y3 5 Kpnl A Xhol fg Y10 s 7 #2 2 pAbAi 24K 1o 435l 24 8 pAbAi-MsPIN1b—pro .,pAbAi-MsPIN1b—
proJD. i Ndel F1 Xhol BEYI{7 &4 MsARFS Y45 % PGADTT [l 4k b, M8 As Wy 4844 , v 44 4 pGADTT7 -
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W417 1 Tk pAbAi-MsPIN 1b—pro .pAbAi-MsPIN1b—proJD . FHEXT FE FRE pAbAi—pS3 70 5% A BERE B Y1H
P2 S AR AP, T IR AT T BERE SD/-Trp 55353, 30 CREIRMI G 97 4~5 d. PRBURERE BA TR 75 MR MR, 20 91 LA
pAbAIF/R 3 15 #3647 PCR FHPE R ARFSI . 7% PCR L) , 7 B 10, 100, 1 00015, BX 10 WL B & 55 5] 57
Hr SD/-Leu .SD/-Leu/Aba I-,30 ‘CIEFRAHEEFE 3 d, WESREEA KGO, FEATIERE A BOS RS . AR B A 59
g A T RSZ AN, 5B 84K pGADTT-MsARF S 147 3L 45 AL 561>
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R AL A 22 BE 2 rh 35 1 22 /7> PIN B 38 PR 505 i O, AR 4l 1 R 25 SR RN 55 40U O PIN S0 R 51 Eb Xt
gillan s (R2). Hi 14408 944 o MsPIN & 1, 88 1 RUHAS & PIN 85 (1 0 254 3, (H BE R 25 A g Ay
ANTR], FR 40 A B4 SR A 4% A MsPILS1~MsPILS8 ., 224 PIN FE W B 434 T 13 Zc gtk im0 5 Y ik
a1V S R4S g R B 3 (B 1) o XS B0 22 > K2R % PIN Bk B B 1 T o B 3= B (3%
2), AEERBH J 123~638 1, T T/ T i N 13.44~69.25 kD, Hop MsPIN13 431 i 2 f¢ /N, MsPIN2a 43 1
Frat R, S 5 6.0~10.05. ITA PIN % b1 35 s K & H o

£2 REKRZMsPINSEBERikAEU MR
Table 2 Physical and chemical properties of MsPINs gene family in M. sieboldii K. Koch

oKkt
LR Qi JF511D HER A RAEER = FEHESFREAD S5H A Average of
Gene name Chr Sequence ID Genomic location Amino acid number Molecular mass pl hyropathicity
(GRAVY)
MsPINla 6 evm.model. HIC_ASM_6.1588 76779430-76783637 614 66.80 9.24 0.138
MsPINIb 14 evm.model. HIC_ASM_14.1170  50222646-50233489 611 66.75 6.61 0.168
MsPINIc 14 evm.model. HIC_ASM_14.1677  69938333-69946961 624 67.53 9.04 0.144
MsPIN2a 11 evm.model. HIC_ASM_11.151 3637391-3643660 638 69.25 9.52 0.154
MsPIN2b 4 evm.model. HIC_ASM_4.1126 38228295-38230248 129 14.04 10.05 0.229
MsPIN3 18 evm.model. HIC_ASM_18.1844  76117442-76123738 636 69.07 8.11 0.153
MsPINS 2 evm.model. HIC_ASM_2.3496  133165855-133184919 478 52.59 9.75 0.162
MsPING 1 evm.model. HIC_ASM_1.3205  133666320-133675999 549 60.27 9.23 0.313
MsPIN9 2 evm.model. HIC_ASM_2.1675 43362955-43373817 456 51.66 9.05 0.000
MsPINIO 3 evm.model. HIC_ASM_3.2205 87186412-87190566 237 26.21 9.10 0.137
MsPIN11 4 evm.model. HIC_ASM_4.44.3 935245-938587 483 53.97 8.93 0.389
MsPINI2 4 evm.model. HIC_ASM_4.689 20597891-20598805 205 22.41 9.57 0.162
MsPIN13 5 evm.model. HIC_ASM_5.1736 77679411-77723857 123 13.44 9.76 0.491
MsPIN14 9 evm.model. HIC_ASM_9.841 23514031-23518990 253 28.47 9.93 0.057
MsPILS1 12 evm.model. HIC_ASM_12.2388.3  86050670-86070973 448 48.64 9.43 0.566
MsPILS2 1 evm.model. HIC_ASM_1.324 8074219-8101118 449 49.31 6.00 0.668
MsPILS3 0 evm.model. HIC_ASM_0.294 7040527-7057219 422 45.29 8.08 0.672
MsPILS4 0 evm.model. HIC_ASM_0.295 7110949-7120744 420 45.42 9.57 0.634
MsPILSS 1 evm.model. HIC_ASM_1.2487.1  113048638-113067801 466 51.81 8.55 0.395
MsPILS6 7 evm.model. HIC_ASM_7.43 1450009-1487154 413 45.02 8.40 0.699
MsPILS7 0 evm.model. HIC_ASM_0.297 7141878-7160796 441 47.53 9.54 0.721
MsPILSS 0 evm.model. HIC_ASM_0.299 7185113-7195815 417 44.92 9.11 0.642
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Figure 1 The chromosome location of the MsPIN gene family in M. sieboldii K. Koch
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Figure 2 Phylogenetic analysis of PINs protein family in M. sieboldii K. Koch and A. thaliana
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Figure 3 Gene structure of MsPIN gene family in M. sieboldii K. Koch
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I S3 BT, MsPINTb E3i# IR 31 XA &% 24 b 485 420 I8 CAAT—box . TATA-box, 2R W i T
ABRE.CGTCA-motif MYB.TGACG-motif, K55 T I i (#5044 ARE, Y6mm i ot/ ATCT-motif (GT1-
motif 25 (K15) . T IAFF S~ H T MsARFS 2 115 MsPIN 1b BO5E S BEAVE R, 6 T MsPIN b Fi2 53RN ot
PR A, FEAEPTER 211741 500~700 bp, A7 1L HEARR) FEGEBAR , IRl sw b 45 31 MsPIN 1b—pro Fl
BB 1~700 bp 9 MsPIN Ib—proJD F Bt .

>PlantCARE_MsPINIb
+ ACTTTCCGGA TACATAGCTT CGCAAAGTCA TTAGCTGAAT GEGPFIGTACG AATATGAAGG AATCAAGCTT

— TGAAAGGCCT ATGTATCGAA GCGTTTCAGT AATCGACTTA BEEAAEGATGC TTATACTTCC TTAGTTCGAA
+ ATTTTGTCAG TCTGTCAACA TTAACCCAAA TTAACTCATT CTTCCTTTGG GTCCTGGGAA GTTCATATAT
— TAARACAGTC AGACAGTTGT AATTGGGTTT AATTGAGTAA GAAGGAAACC CAGGACCCTT CAAGTATATA
+ GAAATCAGTG GAGGTATTGT CCCACCTCCA TTCTACCAAT GGCARAGGTT GGAARARACC TGCAGACTTG
BIETTTAGTCAC CTCCATAACA GGGTGGAGGT AAGATGGTTA CCGTTTCCAA CCTTTTTTGG ACGTCTGAAC
+ TGACTATCTT TCTAACAARGEASECATTTT GCCACGAAGT CTACTTATGT CCCGCTTCAT ATTGTTCCAC
- ACTGATAGAA AGATTGTTTG GTACGTAAAA CGGTGCTTCA GATGAATACA GGGCGAAGTA TAACAAGGTG
+ CAGTATTCCC TTTTCACGTC CCGATGCATC TAAGTATTTC CATGTGGGAT CCCGGTTATG GGAGTTCAAT
- cTcaTAAGGG AAAAJNEG GGCTACGTAG ATTCATAAAG GTACACCCTA GGGCCAATAC CCTCAAGTTA
+ CCCAACTGTG TGGTCCACTT AAGCCTTGGA TCTAACTCAT CATTGCTGGG CTCGTATCAT TAAAATGAAC
— GGGTTGACAC ACCAGGTGAA TTCGGAACCT AJMMMMA GTAACGACCC GAGCATAGTA ATTTTACTTG
+ TGGCAARATA GATCAATAGC TTAGATGAAA CTCATACATC ATGGTAGGTC CCATAGAGAT CCTACCTAGA
~ ACCGTTTTAT CTAGTTATCG AATCTACTTT GAGTATGTAG TACCATCCAG GGTATCTCTA GGATGGATCT
+ CTGCATAGCA GGACACAAAT GGCTTCCTAA AAAAAAGTGG TTGATCCCCT CTATACAAAC ATGTCTGAGT
~ GACGTATCGT CCTGTGTTTA CCGAAGGATT TTTTTTCHEGNBAGTAGGGGA GATATGTTTG TACAGACTCA
+ TAAATCAACT TGTGAGGCTG CCATCAAGTIT TTAATGGCAT CCATTCTGTC BGEGATCTGT GCCTTTTTTT
- ATTTAGTTGA ACACTCCGAC GGTAGTTCAA AATTACCGTA GGTAAGACAG BEMGEAGACA CGGAAARARA
+ TCTTTTTACC TTGGGTCTAA ACACCAGGCC TATTCAARAC TCAGGTGACC CACACCACTG GAAAAGTCGG
- AGARAAATGG AACCCAGATT TGTGGTCCGG ATAAGTTTTG AGTCCACTGG GTGTGGTGAC CTTTTCAGCC
+ GCCGAGARGC CCATAACTAA AARARACATT TCCCATCACG CTCAGCTTTG TATTTTTCGT ATTACATCTA
~ CGGCTCTTCG GGTATTGATT TTTTTTGTAA AGGGTAGTGC GAGTCGAAAC ATAAAAAGCA TAATGTAGAT
+ ATCCGATEEENEEEEEATCAC TGGACATCCA AAAATTCATC TTGTCCAAAA ACTGCAGTGA GCCTTAACAT
— TAGGCTAGCT GGTCCTACTG ACCTGTAGGT TTTTAAGTAG AACAGGTTTT TGACGTCACT CGGAATTGTA
+ GTGATTTCAA AGGTTTTAGG CATGATTTTT AATGGTTTAG CTAACCTGTG TTATGAATCA ACCTGAGTTT
— CACTARAGTT TCCAARATCC GTACTAAAAA TTAGEABATC GATTGGACAC AATACTTAGT TGGACTCAAA
+ AAGAAAGGAA GGTCTCTACT ATATATGAGG GCCCACATAT GATGGACGGA TCCCATTTCA TTTAAACAGC
— TTCTTTGGTT CCAGAGATGA TATATACTCC CGGGTGTATA CTABGEGEET AGGGTAAAGT ARATTTGTCG
+ ACGATGGCAC TACACATCCA TTTCTACGTT AAGCTTCACT TATAARACATT TGTATTCTAT CTCGCTTARA
- TGCTACCGTG ATGTGTAGGT AAAGATGCAA TTCGAAGTGA ATATTTGTAA ACATAAGATA GAGCGAATTT

+ 'CT TGT CAGCTTAAAA
- TTCTTTCGGA ACAATTATAT ATATATATAT ATATATATAT ATATATATAT ATTATTTTTA GTCGAATTTT

+ AGCTTACTTT CCATTTCACC TCCTTTCTAA AACCCATCTC TACCTCTCCA CCAARACCCA AACCCCAAGA
- TCGAATGAAA GGTAAAGTGG AGGAAAGATT TTGGGTAGAG ATGGAGAGGT GGTTTTGGGT TTGGGGTTCT
+ AGTAGAAAAA TAAAAATAAA AATAAAAAAA ATAAAATAAA ATATATATAG AGAGAGAGGA AGAAACTGEAN
- TCATCTTTTT ATTTTTATTT TTATTTTTTT TATTTTATTT TATATATATC TCTCTCTCCT TCTTTGACGT
FAGERTTGGAC ACTTCCAGCT TAGCTTTGGT TCGCGCTCAT TTCTCAAAGC TCACTTCCTC TCTCTCTCGA
~ TGGTAACCTG TGAAGGTCGA ATCGAAACCA AGCGCGAGTA AAGAGTTTCG AGTGAAGGAG AGAGAGAGCT
+ CTCCCTCAGC AACTATCAAA GTTGTATCCT GGAAARACTC CACTACCACG CAAAACARARNGGAAAACACA
~ GAGGGAGTCG TTGATAGTTT CAACATAGGA CCTTTTTGAG GTGATGGTGC GTTTTGTTTT GGTTTTGIGT
+ TGCTCCTCGA TGCCCTARAA CCTCCTCTTC CTTTTCCACA TCTTCTCCTT TTATCTGTTC CTTATCTTCC
- T AC TTT GAAG GAAAANGGAA AATAGACAAG GAATAGAAGG
+ AAGGAAACCC TTCCGCCAAA GCAAGCAA

- TTCCTTTGGG AAGGCGGTTT CGTTCGTT

IBAE T
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W ABRE CeeTCC motit W MBS Myb WRE3
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Figure 5 The cis-acting element analysis of MsPINIb gene promoter
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Figure 6 Agarose gel electrophoresis of linearized product of bait carrier and prey carrier
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Figure 7 Bait vector self-activation verification
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Figure 9 Yeast one-hybrid verification of MSARFS binding
the promoter of MsPINI1b

Figure 8 Co-transformation verification of bait vector and

prey vector
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