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T i ZEAR L AR IR 2 v A 1A 4% P i R LARIE o I 9T LoAS1 Al LoAS2 5 1% ZE AR AR AR ik 72 ]
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LoAS1 and LoAS?2 genes in Lilium oriental hybrids
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Abstract: AS1 and AS2 genes have critical roles in plant leaf development, however, whether Oriental
lily LoAS1 and LoAS?2 play a regulatory role in bulb low-temperature dormancy has not been reported.
In order to investigate the correlation between LoAS1 and LoAS2 and the development of lateral
primordia during bulb low-temperature dormancy, we obtained the 'Sorbonne' lily MYB transcription
factor LoAS1 and the LBD family gene LoAS2 by homologous cloning, constructed a phylogenetic tree,
and analyzed their expression characteristics by RT-qPCR and subcellular localization. The results were
as follows: (1) The coding sequence length of LoAS1 was 1 035 bp, encoding a total of 344 amino acids,
while the coding sequence length of LoAS2 was 717 bp, encoding a total of 238 amino acids. (2)
Phylogenetic analysis revealed that LoAS1 was more closely related to homologous proteins in Amana
edulis and Lilium lancifolium, and most distantly related to Arabidopsis thaliana, Oryza sativa and Zea
may; LoAS2 was more closely related to homologous proteins in Elaeis guineensis and Cocos nucifera,

and more distantly related to Oryza sativa and Zea may. (3) Conserved motifs and structural domains
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analysis revealed that LoAS1 and LoAS2 share conserved motifs and N-terminal domains with their
homologous proteins in other plants. (4) The results of subcellular localization revealed that LoASI
protein was localized in the nucleus and LoAS2 protein in the cytoplasm and nucleus. (5) The overall
expression levels of LoAS1 and LoAS2 were significantly higher than those in the control group stored at
room temperature., and both of them were up-regulated in the shoot apex in response to the cold
temperature, with their expression peaking at 30~40 days of storage. (6) The results of paraffin sections
revealed that the lateral primordia of lily bulbs were significantly enlarged at 45 days of low-temperature
storage, which was consistent with the expression patterns of Lo4S1 and LoAS2. The study indicates that
LoAS1 and LoAS2 may play an important role in the development of lateral primordia during the
dormancy release process of lily bulbs, which provides a molecular basis for further research into the
dormancy release mechanism of lily bulbs.
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R EERKEH, F5EEM, R eTgh SA EEMA, Hh ‘R (Lilium orential
‘Sorbonne’) ZHAMAMNRENE M2 —. BT, Z2HEA AR B AR B F
K, A 5 ZEARIR N ARER AR B AR o ARIRIC B0 B A AR = RO 7 Hh B AN S A 8 F T AR HIR
P77 (e, 20100

AN FEAEYIEAR RIS 2 A [ e B SR ms, i i ia . ik RIEEFR . IRERSE (Ding et
al., 2020) o X TARZ AT ARAEY), AR5 H AR BT B2 E 2 RIR I AR, RER AT 281
TR B H#H L TER (Azeez et al.,, 2021) , ARARIFE b 28 N 1 40 A2 20 23R i iR 6 A K45
(Anderson, 2015) , RHRMRER EI o] et FF 16 (HAG LERE ) I ARAR 28 1) K B 202 sha& 284k i) o 51l
A F A ETARR R LR P AR[ LS 5E 4 (Canton et al., 2022) ; HEPH T FFAKIRFT A
WA ZE PRI A T & C Jin et al. 2006; Hao et al., 2014) . {E ALY, A& BEYKM LA
SUEMKERZE TR, MR85 250 N NIRERVIRES ;. AR HARRARRR, M fER T IR H KA.
AL THE (EIS3RSE, 2006) o HABEZERIRG, VIEARI KA CHTEER (Fan etal., 2021),
R IEAS BT N ZE DR A H LU R (X955, 2015; Pan et al., 2023) o IRHRMRER 5 0% 227 455
K, MRS —. £ 8 GRIRMERRAE ST, RIRZEI SR T AESS B Cann
JRESE) KB MIAENHIEANE R, ERRATIT.

iR R R S 1 T 0 A L 2L (SAMD Hh i) “ 2 4R 41 ” (Founder cell) #E A il 11 [X. (Peripheral
zone, PZ) , Hit—F%. HMLIRIKAHLY (Scanlon, 2000; X5 4%%E, 2017) » MEEEAEN
WA B8 B = AR A JE-T0h, -, aT-milh B, 2024) o FESEM R RER
RAK LM MVE A . Hor, AS1 (ASYMMETRIC LEAVES 1) 1 AS2 (ASYMMETRIC
LEAVES 2) jeM JEIS A B R B RS, eiEmt Rt b m iRk, R
FE AN ZER A H A R R F KNOX (Knottedl-like homeobox) WIFiA, M F
JiZE “H41” (identity) (Chuck et al., 1996; Timmermans et al., 1999; Byrne et al., 2000; Matsumura
etal., 2009) .

AS1 ZEH G —Fh &4 R2-R3 MYB S5 B H, /245 PHAN (PHANTASTICA) (Waites
& Hudson, 1995) F1EK RS2 (ROUGHSHEATH2) (Schneeberger et al., 1998) [[EJAFEERH .
REY, AS1 25 7T MR, AST AL S 5848 a] S0 5 M- A0 2548 A8 5 FLRE 4,
RAFPR R K ARG (Serrano-Cartagena et al., 1999) ; 7E AR =y R FE A P R BL AS1
KPR, IR E— 0 3R B A 4 M 2 240 B A0 B oA )R FEAE A (Sun et al., 2002) o 4
R I+ AS2 F#E:[H & LBD[Lateral organ boundaries (LOB) domain] X% f— i, LBD HEHHATH N
i LOB 45 My AN ] A5 ) C i X B4 Al (Matsumura et al., 2009; Machida et al., 2022) , AMMYAERE
P AE 2B R B RSB R E ] (Majer & Hochholdinger, 2011; Ando et al., 2023) , &7 LLTE



HMAEKME B b RIEZ R ThEE (Xuetal, 2016) . AS2 7] 5 AS1 JERE &4, #i 5 H3K9
HL# R KYP/SUVHS/6 (KRYPTONITE/SUPPRESSOR OF VARIEGATION 3-9 HOMOLOGS5/6)
ERMIBEFRFAHEANEH (Hungetal, 2023) , A4 % PRC2 (Polycomb Repressive Complex2)
HE4T DNA H %4k (Machida et al., 2015; Vial-Pradel et al., 2018) , 2 5 iz %h % K ETT/ARF3
(ETTIN/AUXIN RESPONSE FACTOR3)  ARF4 F1 1 2% KNOX [R5 FE R () 5% e fnk), M i 42 -
AR BAIEE RN (kezaki et al., 2010; Iwasaki et al., 2013) . AS2-AS1 & AJ i i 245 Yufh Jii %)
A HIRA JER S AMEPIR S, DBk KNOX JER N2 E T F 4346 (Guo et al., 2008) .
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R RIABBEAT o, HXRIEIE R OGS i B 1) 2L R AT A b U Fr %%, FOER T i 1)
(1) 2387 LoAS1 1 LoAS2 & A MIARAE, ThE —FH MR RIAME,  (2) MRIEMH IR
MR, TRIL LoAST Fl LoAS2 DA TE i 25 285 (R FRIKRFAE , J9 b — 3 16 6% 25 AR IG5 1R 98 7E 1)
Aeo AR AANCNIRANENT LoAS1 Fl LoAS2 HRIEARIRARIRARBR 0 ThaE 85 e T 25Al, AR
R A o 08 25 ORBIR I A2 H I A2 i 1 R B LR 3t TR R

1 MRS THE

1.1 %

L2021 4F 12 HJEAEIL s i SCEEAE ISR SR A T B & R NIk, 2 5HUe
R RER, TSR TR, UM RS G R S S BN -80 °CUKA -
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Fig. 1 Schematic diagram of lily stem apex extraction
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/INERZEDR 153 4
1.2 ik
1.2.1 it RNA #2HU & cDNA & ik

KR E T AP 7 0TS, 18 EASY Spin Plus #%) RNA Pus 2 BUR ) & (b5t S 38)
PEHUFE i &L RNA, W58 W FE 5 B T-80 °CUKAR TR A7 - 18] Rever Tra Ace qPCR RT Master Mix ixff
B (EREYIEMEHE R AT XHEES RNA #HT S, #1158 cDNA B T-20 °CIR-1% .
1.2.2 AS1. AS2 R gt 5 41 (1) e B

EREHCH MR T AE B g E PRI AST 1 AS2 34T Blast 4347, 1
IRIRAF TN LoAS1. LoAS2 NP3, Wit mebEsI¥ F1. RIMF2, R2 (R 1), UKRITHA

CEF AR AR I ) cDNA FCE IR A AR, 8 H Prime STAR Max (TaKaRa) , %f LoAS1
A LoAS2 BRI gt X 7 53 T4 1 .
1 R 51751

Table 1 Sequences of primers used in the test

Gl Tae) GlEEZR N 1) (57-37
Primer number Primer name Primer Sequence (5-3")

F1 LoAS1-clone-F ATGAAGGAAAGACAGCGGTGGGGAT

R1 LoAS1-clone-R TCACCGTCCATTCGCCTCAGACGAT

F2 LoAS2-clone-F ATGGCATCGTCTTCAGCCTCAATGA

R2 LoAS2-clone-R TCACGACGGCCCGATGCCCGACCT

F3 LoActin-qPCR-F CCCATTGAGCACGGCATTGTC

R3 LoActin-qPCR-R GGATTGAGAGGAGCTTCGGTGAGA

F4 LoAS1-qPCR-F AGCGAAGCACGGTAACAAGTG

R4 LoAS1-qPCR-R GATCGTACTTGCCAGGCTCAA

F5 LoAS2-qPCR-F CAACGTGACAAAGCTGCTGAA

R5 LoAS2-qPCR-R GATACAGCCCCAAGATGAGCA

Fo6 LoAS1-eGFP-F TTACAACCTCACTCAAGTCCGTTAGAGCCCATGAAGGAAAG
ACAGCGGTGGGGAT

R6 LoAS1-eGFP-R GAGTATTCTTAGGTGGCAGCGAACGAGCCCCCGTCCATTCG

CCTCAGACGAT

F7 LoAS2-eGFP-F TTACAACCTCACTCAAGTCCGTTAGAGCCCATGGCATCGTC
TTCAGCCTCAATGA

R7 LoAS2-eGFP-R GAGTATTCTTAGGTGGCAGCGAACGAGCCCCGACGGCCCGA

TGCCCGACCT

1.2.3 S ZOLE &

DAETTHE BRI KPR . W IR T ARG 12528 cDNA Uik, LA
LoActin {ENFERIFRIEH— KNS, Bt IEsIY (R 1D« Lodctin 51%) F3. R3, LoAS1 5l
W) F4. R4 F1 LoAS2 5|4 F5. RS, ffi %% )2 & PCR 1 (qTOWER3G, f#[EHSE) 34T RT-qPCR
SEIOAT M JE R B /K, RVARZWTR: SYBR Green Pro Taq HS (GEEYt) 10 pL+ 10xPrimer 8 uL+
10xTemp 2 pL  (Total 20 pL) , AR Jy: FlAEE 95 °C, 30 s; A2k 95 °C, 555 1BK 55 °C, 30 s;
IEAH 72 °C, 30's, fEFF 40 I, BEAMFEMESR 3 K. 4R qPCR soft 4.0 BAFHEATALEE, JF
i Graphpad prism 9.5 # A4 H#E474:

1.2.4 W5 B 00

FIF SOPMA (https://npsa.lyon.inserm.fr/cgi-bin/npsa_automat.pl?page=/NPSA/npsa_sopma.htm

D #HATEA RGN, FIH https:/web.expasy.org/protparam/ W vk AT 8 [ 5 AL M5BT



7E NCBI L (https://blast.ncbi.nlm.nih.gov/Blast.cgi) #2133 LoAS1 F LoAS2 HIFIVEIE, 15
DNAMAN BT A[FE PR AST. AS2 HIZZERRFHI LS, FH8 F MEGA-X K ARaER: (ND 5
593 K LoAS1 F1 LoAS2 I RGEK B R FIH NCBI 73 5lI38HL LoAST. LoAS2 K [k
F IR &5 3k, f#H MEME (https://meme-suite.org/meme/tools/meme) BH4T P57 57707, I
F|H Tbtools #4724 (Chen et al., 2023) .
1.2.5 V.28 Hi e 107 25 1 1) ) 2 R N 0k

& AioFFP #iA T A4 1] (Hanetal., 2022) , it LodS1. LoAS2 (V.55 [% 514 F6. R6
A F7. R7 (1), PCR ¥ )5, HR4#E Uniclone One Step Seamless Cloning Kit (£ V> EW)) 1A
FiFATERE, 133 pYL1300-LoAS1-eGFP Hil pYL1300-LoAS2-eGFP B ik, FALRAT
EHA105 (b itiiafd) . fid & H AW (10 mmoL-L! MES+100 umoL-L! AS+10 mmoL-L-! MgCla,
pH=5.8) WG FAE &, BWEAMHEE 2~3 h G WA RME (Nicotiana benthamiana) W5 EH i3k
ITBRI R Gy, (EREFRAP RS 2d )5, EROLLERAERMEL (Leica TCS SP8, #E[ED ULl
HERIAREME R .
1.2.6 AV A

KIEEE “FHA RIKTIEFEIAE, SOEBARIERI B 2 (0 R BR 22 AT A ) g2
HRVIEL 7~ 8 mm ZERH L, BT FAA [ W o IRl 6 [ o BE S A HEAT 6 FE U BEIB K
TRORGE B AL B R AR A A A T IAAL . A B3R ) L (Leica RM2245, fE[H) 1)
F, TV G A AL R e s, DR ER RS . BRI M (Leica DMS00, i)
AR SN [ Ab FE A 2R AR AR T S EAE , R LAS V4.4 BUE REE RS RAETR .
2 R 50
2.1 ‘K LoAS1 A LoAS2 FEH K7 [E

DIARTTEA R LR cDNA NIEAHHR, PCR ¥ 18 3kA1EM 0 H 1 H B Ay

(E2) . @4, EEFEANT R, 152) AS1 M AS2 FER B9 X T, AS1 ditd 751

KN 1035bp, H4hD 344 MR, AS2 dmtd/FHIKESR 717 bp, FL4mis 238 MEERR . o
BIFE NCBI % AS1. AS2 ZJEMRT HIHEAT blastn 1%, &I AS1 5 H AWM Y) - CHRIE K] AST. RS2
FPHAN & A BB B E AN AS2 H5HAMMEY + L IE 1) AS2. LOB Fk & AR ¢ i
R AT E — B NE T E S CRIL AS1. AS2 #:[H, 75ldr4 N LoAS1. LoAS2.

bp M LoAS1 LoAS2

—1035
—717

K 2 LoAS1 5 LoAS2 [f] PCR ¥ 3
Fig. 2 PCR amplification of LoAS1 and LoAS2

2.2 LoAS1 1 LoAS2 B HFE{E BT
LoAS1 3:5&F 344 MERER, HA7T 30N Ci7aaH270aN5340511S15; LoAS2 5 F 238 N %
12, FAD TN CrossHi60aN3160333815. FRALPE MR (2 3) , LoAS1 1 LoAS2 # A Fa



SE R FAMSEKPE S (. A SPOMA Xf LoAS1.LoAS2 25 [ /) &5 /AT 007, 45 R 27, LoASI
W 43.90%[1a-12E Calpha helix) + 0.58% L5 (extended strand) F1 55.52% 1) ToHi 45
Y% (random coil) 41k ; LoAS2 2 H 39.92%K]a-#2iE (alpha helix) - 0.84%[K]ZEMH%5E (extended
strand) F1 59.24%F1 TG4 M (random coil) ZHAK. #4T LoAS1 5 LoAS2 & H 1) =245 #a T,
[FIFE s 3 g5t Lha- 8T S5 oG oy 3 (3D .
% 3 LoAS1 1 LoAS2 F H HIHEAL 447
Table 3 Physicochemical analysis of LoAS1 and LoAS2 protein
EE O OREMEE HTHRE O RTAN FREAK BERSH RIWARK  EAKMTHE

J5 Amount of  Molecular Total Coefficient )=} Aliphatic Grand average
Protein  amino acids mass atoms of Theoretical index of
(kDa) instability pl hydropathicity
LoASI 344 39.875 5596 59.21 9.51 71.25 -0.899
LoAS2 238 24.974 3443 47.68 8.29 69.41 -0.136

200

A. LoAST B H 4T B. LoAS2 B H AT C. LoAST B H =4 T D. LoAS2 & 1 =245
FF -
A. LoAS1 protein secondary structure prediction; B. LoAS2 protein secondary structure prediction; C. LoAS1 protein
tertiary structure prediction; D. LoAS2 protein tertiary structure prediction.
& 3 LoAS1 5 LoAS2 E AL T
Fig. 3 LoAS1 and LoAS?2 protein structure prediction
2.3 LoAS1 A LoAS2 FI¥RELXT R R G #EAL 247
il DNAMAN #f%F LoAS1 & F /741 5 NCBI S4B [ HABAE Y AS1. RS2 Fl PHAN
BT AR (H4: A, RIVENHEA R MYB 45498k, RS, HA LoAS]
HH 3-107 aa 2V MYB S5#438 . HE— 4R T LoAST 5 HAlE Y AST [RJRER A HISRZ K R,
HBEAT DR S50 DRAF I RIEEE 4R a2 (B 4: B) , SRR, EATHA B AidH
[EF 3 A motif ANEREAL T N 3T MYB Z5K438, LoAS1 i EL&MAEST ZHIMEA ) ATP 454
TFEE ClpA S5t3l. X e Jyk—BUE B T LoAST FIHABAIFE AST A RIVEME, JFr e K% 5 HoAh
Yk AS1 ML ZhRE . fESRE KR b, LoASl 5RINEGRHNG . 2R FEVREE S R,
AR B4 B VISR GO RARTBOE, MEoK. KRG, EETT. SRRSO R

Bz .
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A.LoAS1 SR AS1 HIERR TN B. LoAS1 [F)J5 8 [ 1) SR GEHE A S A~y 38 7 RS s o0
A. Comparison of amino acid sequences of LoAS1 with those of different plants; B. Phylogenetic tree and analysis of
conserved motifs and structural domains of LoAS1 homologous proteins.
Bl 4 LoAS1 AEW1f5 BT
Fig. 4 Bioinformatics analysis of LoAS1

¥ LoAS2 #H5 NCBI CURE i H AR T AS2 Al LBD Z & I #EAT P41 Lext, RILEA]
HRA LRI LOB &84 4k, R TERLE, For LoAS2 214 24-120 aa 474 LOB 45443 (/&1 5: A).
BEATORSF A5 A0 DR B P B 2R S 2z B (K 5: B) , £55R IR, LoAS2 5B AS2
R A AR AT P S AH R DR 7 28 2 AT F N 3 ) LOB 454k X B85 RAEW] 1 LoAS2 A1t
YikP AS2 [RIEME . FAMESEL K R I, LoAS2 Silits. M1 ME &R R KR, 5EXK,
USRS S 5
2.4 LoAS1 Al LoAS2 £ A I .40 fl & hr

NHiE LoAST. LoAS2 SREEAN M I RIAALE, FIFHBOGIE IR A A WS AR A IR =
b RIAAE (K 6) « AR, FEPTKZOUE 5 M IEA B 5% T, LoASI
FEEAAEMMAZ T, SEFE TR E CREAHRT & . 5306, 1R 40 LS H) LoAST 7E/%
R E S A, R TAZA . 1 LoAS2 RPN . N, 5 IHARHE T+ A% i r
GERATH . HEM AS2 HE A TTHEAE T & T RIEAFKAEH .
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A. Comparison of amino acid sequences of LoAS2 with those of different plants; B. Phylogenetic tree and analysis of
conserved motifs and structural domains of LoAS2 homologous proteins.
B 5 LoAS2 AWf5 B4
Fig. 5 Bioinformatics analysis of LoAS2
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Note: Scale bar = 10 um, the same below.
Bl 6 MHERFAMT LoAST A LoAS2 & F I TE4H & fr
Fig. 6 Subcellular localization of LoAS1 and LoAS2 protein in tobacco epidermal cells
2.5 B RENBRIEEF LoAS1 5 LoAS2 HIZRIEM
A SIS 9O 2 B PCR, X i 2RI B 2 1 1K) LoAST M1 LoAS2 HEAT FRIKRFAL 70T o FEAS
FIRURE <2 Fhekep, ARIREUS LoaS1 Y15 L&A, £ 30~40 d RIL RIS G, 105



B FFs MR LR E TR (B 7) o LoAS2 f£ ‘&I KRt e RiAEHE T
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A-C. Changes in expression of LoAS1 during cold and ambient storage of large, medium and small lily bulbs; D-F.
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Changes in expression of LoAS2 during cold and ambient storage of large, medium and small lily bulbs. The error line
indicates the standard deviation of three biological replicates. Significance analyses were performed using t-tests, and the
low-temperature and room-temperature groups were labeled using *, *0.05>P= 0.01; **0.01> P= 0.001; ***0.001> P;
ns: no significance. The analysis of significance within cold-temperature groups was performed using letter markers;
differences between groups with one of the same marker letter were considered not significant, and differences between
groups with different marker letters were considered significant.
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Fig. 7 Expression of LoAS1 and LoAS2 in lily stem apex after different times of room temperature and
low temperature treatments
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Fig. 8 Paraffin sections of oriental lily bulbs during cold temperature storage
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B, BRGNS FARE GRS, 2017) o RIEET, LoASl B S5HLAMEY+H AS1 #& 4
N 3R 5F 0 MYB 450938, 555, ZHMM AS1 X ARARIE. HIREY, BFF LI4S1 7] fEfe SR
A EHANRE, NTREEERZERE R (Quetal, 2024) , EILHEN LodS1 ta] GELE 7 & M4
WEMKE IR ERIFEER . LoAS2 B H & A RFM LOB 45M3, Sl Ir LA HER . T
LRI AS2 R G K R . ERFEIT T, LBD KR K A UE I 2 5 s 5T
RE, FHESLEHLR ML B 2 (B 45 (Rong etal., 2024) , IX$HEIR LoAS2 FIRELE
B AR A3 TR B TR A ER] .

BTN FE ORI, FoK AS1 AR RS2 @A T4iMui%+ (Theodoris et al., 2003) , #AFFIFH
AS1 F1 AS2 W Fh R (1R B A T 4K (Ueno etal., 2007) , TMHLEG T+ AS1 7E [ HA4H f b 240 2%
ENTHAT, AS2 WAL BT T (Zhu et al., 2008) . AS2 i85 AS1 7ER%AZ A Bl /M b3t
SENL, H AS2 IMAITE S HAE R B R 1 Thae B @A (Luo et al., 2020) o AHFFE



H, A EE B B LoAS] FE M TAMkxT, Sar NG REN—8. RIMEGSERZ,
e, I TG SHER T AN SE (B 6) , HEM LoAS1 nf 58 & # HAh 5%
AZAH G EE AR, WA A B AR B AR B | SLURS LA 40 3% 47 i 55 (Raska et al., 2006;
Luo et al., 2022; Lee et al., 2024) . LoAS2 & T4 A4 p i b, 5 ILABAE Y 1 2 AL
AN, A E A ) AS2 R AT B DAAS R IHLH R VR o S AMEARBT FE, B R B 5 2] LoAS2
WARIITE R, G 8 mT A8 FRS R T8 v I R A B b AT 8%

AS1 ARG AT B B A Wi N R EE I T g, AS1 A1 PIFACPHYTOCHROME INTERCTING FACTOR
4 N FWERKRABIZ R, JEE R 78 SR T A, I 7 e iR v
(Park etal., 2019) o FIFITT asl Fl as2 A 22 HILES 73 0 il — e b AR P P B, T sl
AR AST R AS2 BIER K 2 FEUX PRI I LA &, st I IEH K E (Qietal, 2004) .
AT E BRI E R D LoAS1 Al LoAS2 WA ER L, ST PAE, LodS1 Fl
LoAS2 AT BRI FiAZRIA, AR K 30~40 d Rk Eik B &

H AT, X1 AS1 A AS2 FE[R K D) REMIT 78 32 B4 b T ik - iR Bk B Ay #8257 (Byrne et
al., 2000; Matsumura et al., 2009, #XJ5 %%, 2017) , KT & R EAEE A B 2R R IR S
HrR RO AR JFE R B MR RE . AT TR, B EARIRINES, LoAS1 5 LoAS2 WZFRILEL & T
TR ZH e SRR F AR . AR A AR e O AR R S A ) SR, IR 0~48 d
SRR A JEBEEAE AR WG K (XTS5 48, 2015) , MAEARFAXN TRAEE S KRB AREIEIK 45 d (1)
ST g, [EIAE R I TR I R RGBT LoAS1 A1 LoAS2 1 figh 25 A1 Ak B AiT S me R A%
B ERERE, RRFEE I FEF, LoAST Fl LoAS2 HIRIANEE M FEEN K & HRAT A,
HEW 35 T X B A % 2R ARBR AR BRI A2 R AR 28 5 R B B HEAEA . X% I B HLAE A
ZEAR IR AR 30 1) 00 A S 35 P 0 BT % B S R b VR B L ) B S i, oh T P 2 4R A A D R R A
o LA B AN () A 3 SR A7 R K U i 7 55 S 1) 22 REVE SR fIE 255



SE R

ANDERSON JV, 2015. Advances in plant dormancy [M]. Fargo: Springer International.

ANDO S, NOMOTO M, IWAKAWA H, et al., 2023. Arabidopsis ASYMMETRIC LEAVES2 and
nucleolar factors are coordinately involved in the perinucleolar patterning of AS2 bodies and leaf
development [J]. Plants, 12(20): 3621.

AZEEZ A, ZHAO Y, SINGH R, et al., 2021. EARLY BUD-BREAK 1 and EARLY BUD-BREAK 3
control resumption of poplar growth after winter dormancy [J]. Nature Communications, 12(1):
1123.

BYRNE ME, BARLEY R, CURTIS M, et al., 2000. Asymmetric leaves] mediates leaf patterning and
stem cell function in Arabidopsis [J]. Nature, 408(6815): 967-971.

CANTON M, FORESTAN C, MARCONI G, et al., 2022. Evidence of chromatin and transcriptional
dynamics for cold development in peach flower bud [J]. New Phytologist, 236(3): 974-988.

CHEN CJ, WU Y, LI JW, et al., 2023. TBtools-II: A "one for all, all for one" bioinformatics platform for
biological big-data mining [J]. Molecular Plant, 16(11): 1733-1742.

CHUCK G, LINCOLN C, HAKE S, 1996. KNAT1 induces lobed leaves with ectopic meristems when
overexpressed in Arabidopsis [J]. Plant Cell, 8(8): 1277-1289.

DING YL, SHI YT, YANG SH, 2020. Molecular regulation of plant responses to environmental
temperatures [J]. Molecular Plant, 13(4): 544-564.

FAN XY, YANG Y, LI M, et al., 2021. Transcriptomics and targeted metabolomics reveal the regulatory
network of Lilium davidii var. unicolor during bulb dormancy release [J]. Planta, 254(3): 59.

GUO MJ, THOMAS J, COLLINS G, et al,, 2008. Direct repression of KNOX loci by the
ASYMMETRIC LEAVESI complex of Arabidopsis [J]. Plant Cell, 20(1): 48-58.

HAN JL, MA K, LI HL, et al., 2022. All-in-one: a robust fluorescent fusion protein vector toolbox for
protein localization and BiFC analyses in plants [J]. Plant Biotechnology Journal, 20(6):
1098-1109.

HAO HP, HE Z, LI H, et al., 2014. Effect of root length on epicotyl dormancy release in seeds of
Paeonia ludlowii, Tibetan peony [J]. Annals of Botany, 113(3): 443-452.

HOU LL, XIA YP, HE GF, 2006. Advances in effects of low temperature on bulb dormancy in Lilium
spp. [J]. Journal of Qinghai University, 24(5): 60-62. [#£¥ ¥, E & T, MH:75, 2006. {KHE1FEH
o AW RIR BT A HERE (7], F il REER, 24(5): 60-62.]

HUNG FY, FENG YR, HSIN KT, et al., 2023. Arabidopsis histone H3 lysine 9 methyltransferases
KYP/SUVHS5/6 are involved in leaf development by interacting with AS1-AS2 to repress KNATI
and KNAT?2 [J]. Communications Biology, 6(1): 219.

IKEZAKI M, KOJIMA M, SAKAKIBARA H, et al., 2010. Genetic networks regulated by
ASYMMETRIC LEAVESI1 (AS1) and AS2 in leaf development in Arabidopsis thaliana: KNOX
genes control five morphological events [J]. Plant Journal, 61(1): 70-82.

IWASAKI M, TAKAHASHI H, IWAKAWA H, et al., 2013. Dual regulation of ETTIN (ARF3) gene
expression by AS1-AS2, which maintains the DNA methylation level, is involved in stabilization of
leaf adaxial-abaxial partitioning in Arabidopsis [J]. Development, 140(9): 1958-1969.

JIN B, DING L, HE XD, et al., 2006. Changes of endogenous hormones during outdoor sowing and cold
storage of Paeonia lactiflora seeds [J]. Journal of Nanjing Forestry University, (1): 45-48. [ &,
T, N, 2, 2006, A 2GR e AR AR I E0d R N TR S R AR U]
MR 2254, (1): 45-48.]



LEE S, SEO Y, CHOI J, et al., 2024. Nucleolar actions in plant development and stress responses [J].
Plant, Cell & Environment, 47(12): 5189-5204.

LI'YH, 2010. Studies on endogenous hormones changes of lily bulb stored at different cold temperatures
for breaking dormancy [D]. Lanzhou: Gansu Agricultural University. [Z2314E, 2010. H & 522K
TR PR AR AR I AR b R AR FE (D] =M HOR RO R %]

LI ZF, LI B, LIU J, et al., 2016. Transcription factors AS1 and AS2 interact with LHP1 to repress KNOX
genes in Arabidopsis [J]. Journal of Integrative Plant Biology, 58(12): 959-970.

LIU F, TIAN ZP, CAI YJ, et al., 2015. Change in starch grains and flower bud differentiation of Lilium
pumilum bulbs during breaking of dormancy under refrigerated conditions [J]. Acta Prataculturae
Sinica, 24(9): 154-162. [XII75, HES, ZIEA, 55, 2015, M ARG BR AR I 2 b %
RN TE R KL R A BRI ARAE 7], B AR, 24(9): 154-162.]

LIU T, WANG ZQ, WU WB, et al., 2024. Leaf morphogenesis and its effect on crop yield [J]. Molecular
Plant Breeding, 1-9. [XI¥%, T&EHE, 3¢, %5, 2024, HIES@E M IEY = &5 []].
T HEYER, 1-9.]

LIU YP, 2007. Studies on physiological mechanisms of lily bulb stored at different cold temperatures for
breaking dormancy [D]. Harbin: Northeast Forestry University. [XI#i3%, 2007. H 5§ 22K 15 fi#
BRAORBRAGL AR A FAAL AL BT T [D]. MR /RTE: ZRAbMRL R ]

LUO LL, ANDO S, SAKAMOTOYY, et al., 2020. The formation of perinucleolar bodies is important for
normal leaf development and requires the zinc-finger DNA-binding motif in Arabidopsis
ASYMMETRIC LEAVES?2 [J]. Plant Journal, 101(5): 1118-1134.

LUQY, SHI DQ, JIA PF, et al., 2022. Nucleolar histone deacetylases HDT1, HDT2, and HDT3 regulate
plant reproductive development [J]. Genetics and Genomics, 49(1): 30-39.

MACHIDA C, NAKAGAWA A, KOJIMA S, et al., 2015. The complex of ASYMMETRIC LEAVES
(AS) proteins plays a central role in antagonistic interactions of genes for leaf polarity specification
in Arabidopsis [J]. Wiley Interdisciplinary Reviews: Developmental Biology, 4(6): 655-671.

MACHIDA Y, SUZUKI T, SASABE M, et al., 2022. Arabidopsis ASYMMETRIC LEAVES2 (AS2):
Roles in plant morphogenesis, cell division, and pathogenesis [J]. Journal of Plant Research, 135(1):
3-14.

MAJER C, HOCHHOLDINGER F, 2011. Defining the boundaries: structure and function of LOB
domain proteins[J]. Trends in Plant Science, 16(1): 47-52.

MATSUMURA Y, IWAKAWA H, MACHIDA Y, et al., 2009. Characterization of genes in the
ASYMMETRIC LEAVES2/LATERAL ORGAN BOUNDARIES (AS2/LOB) family in
Arabidopsis thaliana, and functional and molecular comparisons between AS2 and other family
members [J]. Plant Journal, 58(3): 525-537.

PAN WQ, LI JR, DU YP, et al., 2023. Epigenetic silencing of callose synthase by VIL1 promotes
bud-growth transition in lily bulbs [J]. Nature Plants, 9(9): 1451-1467.

PARK Y, LEE H, GIL K, et al., 2019. Developmental programming of thermonastic leaf movement [J].
Plant Physiology, 180(2): 1185-1197.

QI YP, SUN Y, XU L, et al,, 2004. ERECTA is required for protection against heat-stress in the
AS1/AS2 pathway to regulate adaxial-abaxial leaf polarity in Arabidopsis [J]. Planta, 219(2):
270-276.

QU Y, YANG P, BI M, et al., 2024. Cloning and Functional Characterization of LIAS1 in Lilium
lancifolium[J]. Journal of Plant Growth Regulation, 43: 4161-4170.

RASKA I, SHAW P J, CMARKO D, 2006. New insights into nucleolar architecture and activity [J].



International Review of Cytology, 255: 177-235.

RONG M, GAO SX, WEN D, et al., 2024. The LOB domain protein, a novel transcription factor with
multiple functions: A review[J]. Plant Physiology and Biochemistry, 214: 108922.

SCANLON MIJ, 2000. Developmental complexities of simple leaves [J]. Current Opinion in Plant
Biology, 3(1): 31-36.

SCHNEEBERGER R, TSIANTIS M, FREELING M, et al., 1998. The rough sheath2 gene negatively
regulates homeobox gene expression during maize leaf development [J]. Development, 125(15):
2857-2865.

SERRANO-CARTAGENA J, ROBLES P, PONCE MR, et al., 1999. Genetic analysis of leaf form
mutants from the Arabidopsis information service collection [J]. Molecular and General Genetics,
261(4-5): 725-739.

SUN Y, ZHOU Q, ZHANG W, et al., 2002. ASYMMETRIC LEAVESI, an Arabidopsis gene that is
involved in the control of cell differentiation in leaves [J]. Planta, 214(5): 694-702.

THEODORIS G, INADA N, FREELING M, 2003. Conservation and molecular dissection of ROUGH
SHEATH2 and ASYMMETRIC LEAVESI function in leaf development [J]. Proceedings of the
National Academy of Sciences of the United States of America, 100(11): 6837-6842.

TIMMERMANS MCP, HUDSON A, BECRAFT PW, et al., 1999. ROUGH SHEATH2: A Myb protein
that represses knox homeobox genes in maize lateral organ primordia [J]. Science, 284(5411):
151-153.

UENO Y, ISHIKAWA T, WATANABE K, et al., 2007. Histone deacetylases and ASYMMETRIC
LEAVES?2 are involved in the establishment of polarity in leaves of Arabidopsis [J]. Plant Cell,
19(2): 445-457.

VIAL-PRADEL S, KETA S, NOMOTO M, et al., 2018. Arabidopsis zinc-finger-like protein
ASYMMETRIC LEAVES2 (AS2) and two nucleolar proteins maintain gene body DNA
methylation in the leaf polarity gene ETTIN (ARF3) [J]. Plant and Cell Physiology, 59(7):
1385-1397.

WAITES R, HUDSON A, 1995. PHANTASTICA: a gene required for dorsoventrality of leaves in
Antirrhinum majus [J]. Development, 121(7): 2143-2154.

XU C, LUO F, HOCHHOLDINGER F, 2016. LOB domain proteins: beyond lateral organ boundaries[J].
Trends in Plant Science, 21(2): 159-167.

ZHAO FD, LI LK, HE X8, et al., 2017. Roles of key genes and relevant plant hormones in the early and
late stages of plant embryogenesis [J]. Biotechnology Bulletin, 33(12): 30-36. [IX 5 4%, Z=Midd,
BT, &5, 2017, SSHREEFI ARSI ALY IR IR AR AT e WIRIPE ] (], AR EoRiE R,
33(12): 30-36.]

ZHU Y, L1 ZY, XU B, et al., 2008. Subcellular localizations of AS1 and AS2 suggest their common and
distinct roles in plant development [J]. Journal of Integrative Plant Biology, 50(7): 897-905.



