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Abstract: The MADS-box gene family is a very important transcriptional regulator gene, which plays a role in
the whole growth and development process of plants. The APETALAI (API) gene is considered to play an
important regulatory role in the transformation of plant flowering, but also to control the characteristic
development of floral organs. Lonicera macranthoides is used as medicine with dry buds and early flowers.
Therefore, studying the potential mechanism of AP/ gene in regulating flower organ development can provide a
basis for improving its medicinal value by molecular means. To explore the potential mechanism of the AP/ gene
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in the regulation of floral organ development in L. macranthoides, the full-length cDNA of the 4P1 was cloned by
reverse transcription PCR (RT-PCR) and named LmMADS4. The results show that the CDS of the LmMADS4 gene
is 729 bp and encodes 242 amino acids, and the LmMADS4 protein contains no signal peptide and no
transmembrane structure, which is an unstable hydrophilic protein. Through homologous sequence alignment and
phylogenetic analysis, LmMADS4 and L. japonica MADS27 protein cluster into one class and are closely related.
Finally, the expression pattern and protein interaction pattern of LmMADS4 were analyzed by real-time reverse
transcription-PCR (qRT-PCR) and yeast two-hybrid technology. The qRT-PCR showed that LmMADS4 gene was
differentially expressed in the stems, leaves and flower bud at different developmental stages, including bud type
variety Longhua and common variety Baiyun; and LmMADS4 gene was highly expressed in the flower buds, and
with the development of flower buds, LmMADS4 gene was continuously up-regulated in the flower bud variety
Longhua, however, the expression level of LmMADS4 in the Baiyun terminal flower bud was lower than that in the
late flower bud, but the difference was not significant. The yeast two-hybrid results showed that the bait vector
pGBKT7-LmMADS4 was not toxic to yeast strains and had no self-activating activity,. LmMADS4 protein
interacted with LmSVP1, LmSVP3 and LmSOCIs proteins. This study can provide a theoretical basis for
exploring the mechanism of long flower bud stage and corolla non-unfolding at the molecular level and variety
improvement of L. macranthoides.
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b B AE SR A W) B A BR 23 = HiScript 10T 1st Strand
cDNA Synthesis Kit (+gDNA wiper) (Lot: 7E652J2).
Phanta Max Super-Fidelity DNA Polymerase (Lot:
7E691J2). DL2000 Plus DNA Marker (Lot: 027E2213
CA). ChamQ Universal SYBR qPCR Master Mix (Lot:
7E712G3). ClonExpress II One Step Cloning Kit (Lot:
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12§ QuantStudio6 Flex % Y 52 & PCR 1Y (3£
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¥ % 0.4 pL. cDNA 1.0 uL. ddH,0 8.2 pL, & & 1
20.0 pLo AR 224 T B LmMADS4 ik K E A 7] iy
Bl R R B I WIAE RS R ZE b AR R A &, I
F e R 502304 T 22 7 B e AT o

BN AT HAWE GFERENSERNEE
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Table 1 Primers for real-time quantitative PCR

Primer name Sequence (5'-3")

LmMADS4-qF TGCCGAGGTCGCTTTGATTGTTT
LmMADS4-gR GCTCAACGTGTCCAGATCTTCCC
18S rRNA-qF CTTCGGGATCGGAGTAATGA

18S rRNA-qR GCGGAGTCCTAGAAGCAACA

LmFLC) CDS Jv B 4y 7] 7% 2 22 175 1H % /& pGBKT7 (18
YIBL #5. 0 EcoR 1 F1 BamH 1) 3 W) #4K pGADT7 (i V]
{7 550 EcoR 1 F1 Pst 1), ¢ 5 41 7= 4 i 40 2 K W M 4
TransSo J& 52 25, JF0 % PH M 5 v e e o 4005
SR BT AT 5K R IR, IRIUTORL & Y o KB
16 pGBKT7 % UKL A 4k pGBKT7-LmMADS4 Jii £ 1]
Y2HGold B BEHE (100 pL, A, i %5 0.002) 43 5l i A5
7 SD/-Trp [E & 15 77 56 F 4k I, 30 °Cf5 & 1597 3~5 d,
LS P T B AT P A AR 1O DA U 155 R 2 A o 11 o 1
¥k A # . ¥ pGBKT7-LmMADS4 Jii K A1l
pGADT7 & kL IL #4 4k & Y2HGold %52 25, $k BT et
F T % (2~3 mm) 3 T IO K (g, T 2 0.002),
PR EERR EE RN 1021070107107, 6 5 7 B Jm 25 44
U (5 uL) [F B i AR T SD/-Lew/-Trp #1 SD/-Trp/
-Leu/-Ade/-His & 75 Gk f B B 72 B b, 82 JF 10 4 18 V%
ARG DRI i 1 2 e A B B 0SS .

B R WA WIEE(E ¥ pGBKT7-gene Jii Fi il
pGADT7-gene it ¥ #4% 41 & S 7% A 22 % B} Y2HGold &%
%A . VMETE B AE M & H pGBKT7-53 1 pGADT7-T
N B P X R P S A BAE 1 2 9 pGBKT7-Lam Al
pGADT7-T XTI . kA T SD/-Leu/-Trp [l {4 1%
FRHE b, 30 °CREFR 3 do PRI RF 5 B 74 | BH 1 % HEARN
[ 1k 5t L, 32 Rl T SD/-Lew/-Trp Wi 44 55 9% 3£, 30 °C
180 rmin" 4 % 35 9% 2 4, 4 0.2, HLS pL W 10°,
107107, 107 f¥1 15 ¥ 43 %313 T~ SD/-Lew/-Trp F1 SD/-Trp/
-Leu/-Ade/-His/Aba 4R -, 30 °CEI B K577 3 d, W52
BERE AR KR

FERE9H
1 LmMADS4EFH T &

DLJK B B 24 A6 A6 5 cDNA AR, K FH RT-
PCR %%t API [H P55 A [ cDNA 4 K HEAT I 18, 15 3
— % K/INE 1000 bp £ 45 11 467 (B 1) PCR Y177
W22 i IRl W S T 35 28 pTOPO Bk, ¥ 3 7= Wy Ak K
R JEIEN 7, 45 R 57 HMB T 5 —3, a4
N LmMADS4. LmMADS4 3E R 7 5 K FE 9 1 107 bp,
CDS [F 511K 729 bp, 4t 242 MR LR, N & X5 N
PP235953.

2000 bp
1500 bp

1000 bp
750 bp

500 bp

250 bp
100 bp

Figure 1 PCR amplification products of LmMADS4 gene. M:
2 000 bp DNA marker; 1, 2: LmMADS4
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ProtParam T 7E LmMADS4 F R it 3L b, &
BREPNRER, EEH ST 08 CLH 05N50550S
AR 437 R F N 27 980.71, BG5S L AN 7.64; NFaE
FRHUN 66.05, SEIKMEF ) RECN-0.774, AT E 1
SRIKMEE H; LmMADS4 & F 47 IE - AR S (Arg+Lys) N
35, 4 1 HL AR 3L (Asp+Glu) A 34. TMHMM 43 47 & 81l
LmMADS4 & H S 45 #4, ARS8 H . Signal P
TN I LmMADS4 8 AA S5 5K, T4 E A 724
Mut% . FH CD-Search 73 #f LmMADS4 25 [ T g 45
P, 45 R B LmMADS4 & [ B MADS-box 3[R %
AL AT 1) MADS 45 #4380 f1 K-box £5 #4 38, LmMADS4
55 2~79 NEFE R N MADS &5 #)38, 55 84~169 &
F iR A K-box 45 #J 35 ; i iT Netphos 3.1 server 7
LmMADS4 & H B R A AL 5, 45 R 278 LmMADS4
FATWREREBRIASH 214, B4 14425
P& (Ser) £ 55 <4 N FR &R (Thr) 7 253 N Z R (Tyr)
(=

18 ] SOMPA #4475l LmMADS4 25 [ I — 2} 45
Fy, 45 B 7R LmMADS4 25 H 139 /> - 88 iE . 8 A
B-55 £+ 69 AN TC KL =& ih A1 26 A ZE i BE 45 44 28 L,
b7 EE 25N 57.44%.3.31%-28.51% F1 10.74% (& 2A),
o- 15 e 2 FEH otk M H SWISS MODEL #4 %
LmMADS4 5 [ 1 =2 454 (K 2B).
3 LmMADS4EREFFILLxt 5 ARG #H L 77

4 LmMADS4 FE R 9 65 2 HL 1R 7 41 5 H AR AR P (1)
REERR 7 A3k 4T 2 E LT (]3), 45 7R, LmMADS4
F A SRIE LIMADS27 AL 5 =, =ik 98.35%;
1M 5 0 7T AtAP1 AU 9 69.53% . R T ik — 28
fifi 8 LmMADS4 & [H 5 H AL R OE R, B &
FEWR 7 AAE NCBI_E LU, 3% R J5 M = iR R s AP
A Y5 25 (1, FIFH MEGA11.0 4T 2 17 51 L6 4 4 34
. g5 R BN (B 4), w1 LmMADS4 5 4 #i 1t
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Figure 2 Predicted structure of LmMADS4 protein. A: Secondary structure of LmMADS4 protein (blue: o Helix; red: Extended strand;

purple: Random coil; green: f Turn); B: Three tertiary structure of LmMADS4 protein
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BN, RGERAKIT.
4 LmMADS4ERFMFIXER S
A4 18S IRNA NN S B, 34T S i 5%
esE B PCR, LB 7T T LimMADS4 3k PRIE % 75 R i Fil

. NsSPEDE. GQQUPEENI G6. NYQG.

.. NSPSFLL. PQPLBFLNI GAG
.. NSPSFLL. PQPLPFLNI GAG
.. NSSPFLL. QQQLPELNI GG.
.. YVPSELLPDQTLPCLNI GGT
.. NPSPELL. PQQLPCLNI GG.
.. NSSSFLL. PQQLPCLNI GG.
.. NASSFLLAQP. LPCLNI GG.
.. NTSSFLLPQQ. LPCLNNGG.
.. NTSSFLLPQQ. LPCLNNGG.
.. SVSPELLAQPPLPCLNI GG.
.. NVSPELMPQPPLPCLNI GG.
.. NVSPELLQQPPLPCLNI GG.
.. NVSPELLPQPPLPCLNI GG.
.. ASSSELLPQP. LPCLNI GG.
. NGSTSELLPQP. LPCLNI GG.
. STVPTENMLPQP. PPCLNI GG.
GLNTSSELLPQP. PPCLNI GG.
GLNTSSELLPQP. PRCLNI GG.
.. NVPPPLPPQQ. . . . HQI QH.
.. NAPS¥LI . QDQEBELNI GG.

AYQG.
AYQG.
NYQG.
TYQG.
SYQG.
TYQG.
TYQG.
TYQG.
TYQG.
TEPE.
TYQE.
NYQE.
NYQE.

NYQE
SYQE
AYQE
TYQE
TYQE

PYNL. .
AYQG.

EG. . IRR. NE
EEP. ARR. NE|
EEQEGRR. NE
EAPEVRR. NE
EAHGARR. NE
EAHGARR. NE
EAQAARR. NE

VEAPEMRR. NE|
. EAPEVRR. NE|
. EGAEMRR. N

. ETTEMRR. NE|
. EATEVRR. NE|

VQ
[EP

A6 5 38 T 2 RO | R A 2R DL R AR A
[F R & WA RIS &, T T EZ R &% . t
SAB A4, RE T K LmMADS4 3L K £ BAE AL
A=A B P RIE, 178 FR 88 B gt

I8 VAP DS DQS S GNWNLE YAl 100

. DPESQGNWSLEYS 99
. DLNS QENWTLEYN! 99
. DLNS QENWTLEYN! 99
. DLNSQENWTLEYN! 99
. DLI SQENWTLEYN! 99
. VSEPEGNWTLEE S 99

.. TVAQQAEWEQQN. . . NGP 193
. TVAEQAYWMDQQN. . . HAP 192
. TVAEQAYWDQQN. . . HAP 192
. TVAQQAEMEQQN. . . NGP 193
. TKAQQAQWEHQNP. . AGP 194
| ... TLAEHSQWQQQN. . . HAS 191
EKEKTI AEQS QWEQQY. . . HCP 195
| .. TAAQQVHWEQQ. . . NHGP 192
. TVAQQTHWEQQ. . . NHGL 192
.. TVAQQTHWEQQ. . . NHGL 192
.. KVAQQAQWEQQ. . . NHNT 192
. AVAQQALWEQQ. . . NHGN 192
. AVAQQALMEQH. . . NHGT 192
.. AVAQQVLWEQH. . . NHGT 192
.. LVAQQVQWEQQ. . . NHCP 192
. TAAQQVDWEQQ. . . NQGP 192
. TLAQQAQWGQQN. GNAGP 194
. TVAQQQQQQPQW. GQQNH 194
. TVAQQQQQQPQW. GQQDH 194
1 LRAQQEQWDQQN. . . QGH 193
| ... INTQQQQWEQQN. . . HDP 191

. LESCHLGCFA 241
. LVSCHLGCFA 241
. LVSCHLGCEA 241
. LEFSCHLGCFA 241
. VYSCHLGCF A 242
. LESCNLGCFA 238
. I YACDLGCF A 243
. I YSCHLGCFA 240
. IYPSHLGCET 240
. IYPSHLGCET 240
. IYSCHLGCET 241
. IYSCHLGCET 241
. IYSCHLGCET 242
. IYSCHLGCET 241
. LYTCHLGCEA 241
. I YSCHLGCFA 241
. I YSTHLGCFA 243
. I YSCHLGCFA 244
. I YSCHLGCFA 244
. . WSPNEQTY. 234
VVYPCNLRCFA 240

Figure 3 Alignment of AP1 homology sequences in different species
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Figure 4 Phylogenetic evolution of LmMADS4 and other plant AP1 homologous proteins. The accession number for each protein in
phylogenetic tree are as follows: LmMADS4, Lonicera macranthiodes (PP235953); Lm-XL-AP1, L. macranthiodes (ASC49546.1); LmAP1,
L. macranthiodes (ASM90855.1); LiIMADS27, L. japonica (WAO97430.1); PeMADS4, Panax ginseng (BAK20019.1); DIAP1, Diospyros
lotus (XP_052184583.1); CIAP1, Camellia lanceoleosa (KAI8024541.1); MoAP1, Malania oleifera (XP_057961538.1); VvAPI1, Vitis

vinifera (NP_001268210.1); VrAP1, V. riparia (XP_034699499.1);,

PvAP1, Plukenetia volubilis (ANA05340.1); RcAP1, Ricinus communis

(XP_002512051.2); MeAP1, Manihot esculent (XP_021623236.1); HbAP1, Hevea brasiliensis (XP_021684191.2); ZjCAL, Ziziphus jujuba
var. Spinosa (XP_048317859.1); CaAP1, Corylus avellana (XP_059447741.1); CpCAL, Carica papaya (XP_021910321.1); GhMADS23,
Gossypium hirsutum (AET74058.1); GaAPl1, G. arboretum (XP_017618710.1); AtAP1, Arabidopsis thaliana (NC_003070.9); IgAPI,

Impatiens glandulifera (XP_047323111.1)
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