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Abstract: MADS-box protein family are important transcriptional regulatory factors in plant growth and
development. The AGAMOUS 12 (AGL12) subfamily is believed to play an important regulatory role in the process
of plant flowering transition. To explore the potential mechanism of AGL12 subfamily involved in regulating the
flower development of Lonicera macranthoides, quantitative real-time polymerase chain reaction (qQRT-PCR),
prokaryotic expression and yeast two-hybrid techniques were used to analyze the expression pattern, protein
expression, and protein-protein interaction pattern of LmAGL12 based on transcriptome data. The results showed
that the LmAGLI2 gene contains a 603 bp open reading frame (ORF), encoding 200 amino acids, and the encoded

protein was stable and hydrophilic without a transmembrane region and signal peptide. Through homologous
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sequence alignment and phylogenetic analysis, it was confirmed that LmAGL12 protein belongs to the MADS-box

protein family and is closely related to the AGL12 protein of Heracleum sosnowskyi and Daucus carota subsp.

sativus. The LmAGLI12 gene was cloned into prokaryotic expression vector pET-28a and the recombinant

constructs were transformed into Escherichia coli BL21 (DE3), which inducing the target protein successfully. The

yeast two-hybrid results showed that LmAGLI12 protein interacts with LmSVP protein, LmSOCI1 protein and

LmAP1 protein, respectively. The qRT-PCR results showed that LmAGL12 gene were differentially expressed in

different development stages of flower bud, stem, and leaves of 'Longhua' and 'Baiyun' in L. macranthoides. The

LmAGLI12 gene showed the highest expression level in the middle stage of the 'Longhua' floral bud; For the

'‘Baiyun' variety, the relative expression level of LmAGLI2 gene is the highest in the stem. This study cloned the

LmAGLI12 gene in L. macranthoides and analyzed it expression for the first time, enriching the research on flower

organ development and providing a research basis for further exploring the molecular mechanisms of long bud

stage and non-unfolded corolla in L. macranthoides, as well as for variety improvement.
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%y A]); Veriti 96 Well Thermal Cycler PCR X (3
Themo Fisher Scientific /A 7); Centrifuge 5424R ## %
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6.0 B AF L it 4K cDNA F 34 519, 5l ¥ 7 %1 N F:
5-TGGAAGGACACAGAGAGGGAGAAAT-3' F1 R:
5-TGTTAAGCGGCCACATTTCACAATG-3'. DAt
cDNA MM, #E4T PCR 1Y . PCR [ R4k 5204 2%
Phanta Max Buffer 12.5 uL, dNTP Mix 0.5 uL, 5| ¥ %
1.0 pL, Phanta Max Super-Fidelity DNA Polymerase
0.5 uL, cDNA #E 4 1.5 uL, #b ddH,0 % 25.0 pL. PCR
S 4 95 °C 3 min; 95 °C 15 s, 60 °C 15 s, 72 °C
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LB [ {55 752 B2 AR b, 37 cCEI B8R . PhHCE
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healthtech.dtu.dk/service.php? TMHMM-2.0) . SignalP 4.1
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vices/NetPhos-3.1/) 1 47 fiff Bg o2 = LI ; {FF A CDD
tools (https://www. ncbi. nlm. nih. gov/Structure/cdd/
wrpsb. cgi) 7> M 8 1 i fR 57 45 #4380 @ ik SOPMA
(https://npsa-prabi. ibep. fr/cgi-bin/npsa_automat. pl? page
=npsa_sopma. html) I SWISS-MODEL (https://swiss-
model. expasy. org/) M 2K H K — = HK 450 F
ClustalW Xf LmAGL12 & H & 21 5 51 5 H [ & A
HEAT b X ; 48 B MEGA-X 1 ) Neighbor-Joining 2 14
# R G HELRE, bootstrap {5 v 1 00017,

LmAGLI2ERRFRIBER M %1t qRT-PCRF
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GATCGGAGTAATGA-3' fil R: 5-GCGGAGTCCTAGA
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#1843 Hr, qRT-PCR 1k & 4 : 2xChamQ Universal
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TAAGGTTCAAATGA-3" 1 5-GTGCTCGAGTGCG
GCCGCTCAGAATTGGTAGATTTCGTTTTGG-3'. K
FAXUEG V)6 LmAGL12 3R 5 41 3 R 1A 44k pET-28a
() Nhe 1F1 Not 1 5t A 55, 383k #Gsdofs S =9k N
Trans5a /& 5245, P13 KIBHAK pET-28a-LmAGL12. ¥
P 0 1 FE 4 R pET-28a-LmAGL12 % A BL21 (DE3)
JRSZ 25 A M v, B ERLER v B ) A AR . 2 i 0.6
0.8.1.0 mmol-L" [J IPTG 7E 37 °Cifs 555 (1 & Jik, [Fli}
PAAR S pET-28a-LmAGL12 X I8, 54 h)G, B
ORI EE T EE R MR T, KB &4 T
R P B4 T 445 20 min, 4 °C <12 000 r-min™ (> 20 min.
K 12% SDS-PAGE % HL KA I LmAGL12 £ [ 3%
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pGADT7-T 1 pGBKT7-Lam 1 Ay [} 14 %} #l, pGADT7-
T A1 pGBKT7-53 1 4 B P % H], ¥ 4 T SD/-Leu/-Trp
[ A 973 B, 30 °CHE 37 3 K. PRI RE AR UK, $hh
T SD/-Leu/-Trp i /A K5 77 3, 30 °C 200 r-min™ 7 ¥ £
FEE Ay /90.8, LS pnLKE4 10°. 107107107 ) B K
I35 54T SD/-Leu/-Trp A1 SD/-Trp/-Leu/-Ade/-His/Aba
SR L, 30 °CTRIE R % 3 K, WS B 1 AR Kot

ERE D
1 LmAGLI2 ZH 5[

DL 1.0% B N5 W 458 e L vk RSl PCR 47384 7=, 45 2R
AEZRAE 1000 bp FHITA — 2%iF M W 521 217, 5 UK
ANFRFE, W 1. W45 RE W, LmAGL12 2K cDNA
4=K: 1 007 bp, ORF ¥ 603 bp, 4mf 200 MR LR, 55
SEALINAS R A AL S N 100%, 1% K 51 B b =
NCBI (%35 : OR689838).
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ExPASy ProtParam Fiiill LmAGL12 & H 4> F 30N
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Figure 1 PCR amplification products of LmAGLI2 gene. M:
2 000 bp DNA marker; 1, 2: Amplification products of LmAGLI12

gene

1E R 2 (ArgtLys) N 29, 5 71 LR 3 (Asp+Glu) A
28, R Wi & %098.50. 15 5 45 K35k 43 #7 S8, LmAGL12
HEAMTEAS, AE TEREA. &5 Ko 2w,
LmAGLI2 EHARAFE ST Y, BT IE5 A&
Fo 24 5E A7 43T 278 LmAGL12 £ F 52 AL T 2R okiL
. B IR ST A ik 45 R B, LmAGLI12 85
H A MADS-box 5 Jif (1) #it 1 25 ¥ 35 MADS 5 F1 K-box
1. BiL Netphos 3.1 server Filill LmAGL12 & [ 1) 1
FRAGA 1, 45 R B 7R LmSVP 25 [ A] it R A BERR AL i 47
MA 124 B 22 %18 (Ser) AL 54, TR &R
(Thr) A7 554, BE R (Tyr) A7 524

SOPMA A4 il LmAGL12 8 [ 1) — 2% 45 ¥ i
o-12 i€ (alpha helix). LH & # (random coil) & fi 55
(extended strand) Al B-%% ffi (beta turn) 2 1% (K 2A), H
EE A5 43 531 N 58%+26.5% 11.5% K 4%. i Fil SWISS-
MODEL 7 £k % 13 i [7] U5 2 A4 2 LmAGL12 =4
SER, i 2B. 3P AOA2G2WXX3.1.A 1F ] i &
B 2 LmAGLI12 87, Fp FI AL O 72.5%, %
VES 9 0.82.
3 LmAGLI2 EFERWBERAFIILLX S REHNL TR

FF A HE X 45 B 5o (B3), LmAGLI12 & (45 H A
5 3 TR A B 65.02% ~74.87%, Heh 5 70] 32 76 &
Vitis riparia (XP_034676832.1) AL B i, 5325
Chenopodium quinoa (XP_021729537.1) 3 4l P &A% -
N T — B A LmAGLI2 B (A 31k 55 &,
MEGA11.0 #1 [f] Neighbor-Joining ¥ #J ## LmAGL12 (¥
ARG RKEM (K4). ERER, LmAGL12 EH S K4
¥ Heracleum sosnowskyi (KAK1403705.1). B #H 25 b
Daucus carota subsp. Sativus (XP_017240619.1) [13E %
KA IR, 5% Vitis vinifera (XP_002278239.1)Ji]
& Vitis riparia (XP_034676832.1) [f) 35 % X% AT,
5B AWM Actinidia eriantha (XP_057469981.1) %
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Figure 2 Predicted structure of LmAGL12 protein. A: Secondary structure of LmAGL12 protein (blue: Alpha helix; red: Extended strand;

purple: Random coil; green: Beta turn); B: Three tertiary structure of LmAGL12 protein

% Chenopodium quinoa (XP_021729537.1). & i& F
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5 LmAGLI2 EREHMIFESTFRIL

R 1) B 4H TR pET-28a-LmAGL 12 #4k K
FFHERIEH PR BL21 (DE3), &K TPTG 37 °Ci5
S anh)E, W HE AT SDS-PAGE LKA . &5
RER (K 6), K& IPTG 15 F 1 pET-28a-LmAGL12 H
R GRS A 4R . 7£0.6.0.8. 1.0 mmol-L”
IPTG i%5 534 h )5, B 7EPTUE H 7= 4 — 55 £ 23 kDa [f4F

AL T A Bl B (. LmAGLI2 EREARLL  FUEERAKE, SHNEA D TEAD B, W EA
LmAGLI2 S AHSUFENKETNEOIVERE TKCTREAE. . 78
InAGLI2 sy cm'lanfq,\eLq CIREAL.. 78
NtAGLI2 maLmQ\eLq STREAE. . 78
SSAGL12 ) eVG.. 78
VrAGLI2 esG.. 78
VVAGLI2 €sC.. 78
DcAGL12 €ACPD 80
HsAGL12 €ACPD 80
CaAGLI2 E ) €RA.. 78
QsAGLI2 \J_,\ HRGVTFCKRRAGLLKKAKEL SVLCLART KleNCGlI =R €4C.. 78
CqAGL12 N{VHRCVTFCKRRAGLLKKAKEL SVLCCABI KeTNCal! EX EFH.P 79
LmAGL12 PVERKEK. . QVEES icK 153
InAGL12 . .CQVATEANINGL EVIIGR 156
NtAGLI2  .... VAEEAKLKGQT EVIIGR 154
SSAGL12 ... VAEVAKCTGAL CVCK 154
VrAGLI2 .. CCGAKEA. .. GQLE! ELICK 153
VAGL12  ..TCGAKEA...GQLEL ELICK: 153
DcAGLI2 ~ VECCGATEK...QV CL¥CK: 157
HAGLI2  VELRQUTEK. . JVe CLicK 157
CaAGLI2 . PAEGAKEKEP EVIIGK 154
QsAGL12  ..PEPLIET... QPLE: 11CK 153
CqAGL12  AECCSVIGK. .. HLLES KL 156
LmAGLI2 I....EBVMINLP. . 199
InAGLI2 1....ABMINICC. . 202
NtAGLI2 N. ... TSTLACFCC. . 200
SSAGL12 - TonjorCe. 200
VIAGLI12 I... APMT..P. 197
VVAGL12 1.... ARMN..P.. 197
DcAGL12 ICTPVMINI A. 204
HsAGL12 NICGLVANLVA. . . . . 204
CaAGLI2 NVPLLTAAATNIGY. . 204
QsAGLI2 IEENTGMEF. . . . TRNTI. . NFAY] 199
CqAGL12 AV. ... EBLTINIP. . ¥ 202

Figure 3 Multiple sequence alignment of AGL12 in different species
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Figure 4 Phylogenetic evolution of LmAGL12 and other plant AGL12 proteins
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Figure 5 Expression patterns of LmAGLI12 at different stages of M: Marker; 1: No IPTG induction; 2, 3: Supernatant and precipa-

'Longhua' and 'Baiyun' of L. macranthoides. B1: Early bud stage;
B2: Middle bud stage; B3: Middle late bud stage; B4: Late bud

stage; TL: Tender leaves; ML: Mature leaves; S: Stem
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Figure 7 Yeast two-hybrid verification
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