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Abstract. AGLl9 is an important regulator for ﬂowering in plants and critical in controlling the morphogenesis of ﬂower organs. The fulllength cDNAs of AGL19 in conventional Lonicera macranthoides (Lm-AGL19) and the mutant ‘Xianglei’ cultivar (Lm-XL-AGL19) were
obtained using rapid ampliﬁcation of cDNA ends and the expression vectors for Lm-XL-AGL19 were constructed to investigate the roles of
AGL19 in the ‘Xianglei’ cultivar. Lm-AGL19 (GenBank: MK419948) and Lm-XL-AGL19 (GenBank: MK419948) were isolated from the
conventional variety and ‘Xianglei’ cultivar of L. macranthoides, respectively. Lm-AGL19 is 1274 bp in length, whereas Lm-XL-AGL19 is
1264-bp long, and both include a 654 bp open reading frame, encoding 217 amino acids, which has a highly conserved MADS_MEF2_like
domain and a moderately conserved K-box domain, belonging to the type II MADS-box family of genes. Quantitative real-time polymerase
chain reaction indicated that the expression levels of these genes at different ﬂowering stages were signiﬁcantly different, and that the genes
were also expressed in stems and leaves. Lm-XL-AGL19 is underexpressed at ﬂowering period 5 that the key time node for corolla
expansion and nonexpansion, while LM-AGL19 is overexpressed during this ﬂowering period. AGL19 was speculated to be a functional
gene causing different phenotypes in the two L. macranthoides varieties. The successfully constructed plant expression vector provides an
experimental reference for further research on the function of this gene and the basis for the excellent phenotype of L. macranthoides
‘Xianglei’.
Keywords. AGL19 gene; bioinformatics; gene cloning; plant expression vector; quantitative real-time polymerase chain reaction; Lonicera macranthoides Hand. -Mazz.

Introduction
Lonicera macranthoides Hand.-Mazz. is a semi-evergreen
twining vine from the family Caprifoliaceae. Its dry buds and
early ﬂowers are listed by the Chinese Ministry of Health as
having medicinal properties, and these are used for the treatment of sore throats, colds, scabies, erysipelas and poisonous
blood dysentery. L. macranthoides is the main Lonicera species
found in south China. Its buds exhibits high yield, good efﬁcacy
and contains a high level of chlorogenic acid. As the species is
used widely in food, medicine, health care products and

cosmetics, it is of high economic and medicinal values. A natural mutant was discovered during the 1990s and the cultivar
was named (L. macranthoides ‘Xianglei’ Lm-XL) (Wang and
Huang 2004; Sun et al. 2013). The corolla of conventional
varieties spread out and the ﬂowering period is only about one
week. Yet the mutant has neat ﬂower buds, an unexpanded
corolla, a budding period that lasts over 20 days and other good
characteristics which make it convenient for collecting and
processing its medicinal materials and reducing waste (ﬁgure 1
in electronic supplementary material at https://www.ias.ac.in/
jgenet/).

Electronic supplementary material: The online version of this article (https://doi.org/10.1007/s12041-020-01252-4) contains
supplementary material, which is available to authorized users.
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MADS-box proteins play an important role in plant development and are closely related to the origin and evolution of
plant reproductive structures such as ovules. They are expressed to varying degrees in plant roots and leaves (Günter et al.
2000; Aswath and Kim 2005), and their involvement in
ﬂowering time regulation has been a hot topic of the research.
AGLl9 (AGAMOUS-LIKE19) is a type II MADS-box gene,
having ﬁrst determined in Arabidopsis thaliana. It is key to the
regulation of ﬂowering; transgenic plants overexpressing
AGL19 bloom ahead of time (Alexandre and Hennig 2008;
Kim et al. 2013). Cloning and expression analyses of the AP1
and AGL15 genes in the MADS-box gene family of
L. macranthoides were carried out (Peng et al. 2018; Wang
et al. 2018). The overexpression of AGL15 in Arabidopsis
thaliana was found to delay ﬂowering to some extent (Yi et al.
2016), but the basis of the beneﬁcial traits found in the
‘Xianglei’ variety remains unclear. Based on the previous
transcriptional data, 5604 differentially expressed genes were
identiﬁed, among which 29 belonged to MADS-box gene, and
a signiﬁcant difference in the expression of AGL19 between the
two varieties was found. In this study, Unigene15322 fragment,
annotated as ‘agamous-like adds-box protein AGL19-like’ was
selected, and the AGL19 genes of the conventional and
‘Xianglei’ varieties of L. macranthoides were cloned for
bioinformatic and expression analyses. A real-time ﬂuorescence quantitative method was used to compare and analyse the
expression levels of the two varieties. Moreover, an overexpression vector and an inhibitory expression vector for
L. macranthoides were constructed. This research enriches the
clone database of L. macranthoides genes, and provides
experimental references for the subsequent veriﬁcation of
AGL19 gene function and the systematic exploration of the root
causes for the extended bud stage and excellent ﬂower phenotype of ‘Xianglei’.

Extraction kit (Bori Technology, Hangzhou, China) (Liu
et al. 2015). The integrity of the RNA was detected using
1.2% agarose gel electrophoresis, and the purity was
checked using UV light (ﬁgure 2 in electronic supplementary material). The total RNA served as a template to generate the ﬁrst strand total cDNA, using a RevertAid First
Strand cDNA Synthesis kit (Thermo Fisher Scientiﬁc, Vilnius, Lithuania). The synthetic reverse transcription products
were all stored at -20°C.
Core fragment cloning

According to the transcriptome, the Unigene15322 fragment
was annotated as ‘agamous-like MADS-box protein AGL19like’. The speciﬁc primers AGL19-F and AGL19-R (table 1)
were designed for PCR ampliﬁcation. The total PCR system
consisted of 1 lL of each speciﬁc primer, 12.5 lL of 29 Taq
MasterMix (Dye), 9.5 lL of ddH2O and 1 lL of cDNA. The
thermal cycling conditions were as follows: initial denaturation at 94°C for 4 min, followed by 35 cycles at 94°C for
45 s, 60°C for 30 s, 72°C for 60 s, with a ﬁnal extension at
72°C for 10 min. The PCR products were determined using
1.5% agarose gel electrophoresis at 120 V for 30 min. The
target strips were recovered using a Gel Extraction kit
(Kangwei Biotech, Beijing, China). The puriﬁed fragments
were connected and transformed using a pEASYÒ-T1
Cloning kit (TransGen Biotech, Beijing, China). The fragments were then coated on ampicillin, X-gal and IPTG
plates. Positive clones identiﬁed by PCR were cultured
overnight and sent to Boshang Biotechnology (Shanghai,
China) for sequencing the next day.

Ampliﬁcation and sequencing of Lm-AGL19 and Lm-XLAGL19

Materials and methods
Plant material

Samples of inﬂorescences at seven different stages of ﬂowering (Sun et al. 2013; Chen et al. 2019), stems and leaves
were collected from conventional and mutant cultivars of
L. macranthoides in the medicine planting garden of Hunan
University of Chinese Medicine (Changsha, China). The
samples were packed in sealed bags for classiﬁcation and
quickly frozen in liquid nitrogen and stored at -80°C. The
trial samples were identiﬁed as L. macranthoides and
L. macranthoides ‘Xianglei’ by Zhou Ribao, Professor of
Chinese Medicine at Hunan University.
RNA extraction and ﬁrst strand cDNA synthesis

The total RNA from the ﬂowers, stems and leaves of both
cultivars was extracted using a Biospin Plant Total RNA

The design of special rapid ampliﬁcation of the cDNA ends
(RACE) primers AGL19-50 GSP2, AGL19-30 GSP1 and
AGL19-30 NGSP1 (table 1) was based on the core fragment
sequence. The 50 RACE and 30 RACE cDNA ends were
ampliﬁed using a SMARTer RACE 50 /30 kit (Clontech,
California, USA). The 50 RACE PCR solution contained 15.5
lL PCR-grade H2O, 25.0 lL 29 SeqAmp buffer, 1.0 lL
SeqAmp DNA polymerase, 2.5 lL 50 RACE cDNA, 1 lL
special primer and 5 lL 109 universal primer A mix (UPM).
These components were mixed and centrifuged brieﬂy. The
thermal cycling conditions were as follows: 94°C for 30 s,
72°C for 2 min, for ﬁve cycles; 94°C for 30 s, 70°C for 30 s,
72°C for 2 min, cycle ﬁve times; 94°C for 30 s, 68°C for 30 s,
and 72°C for 2 min, for 35 cycles. The puriﬁed fragments
were connected and transformed using a pEASYÒ-Blunt
Cloning kit (TransGen Biotech, Beijing, China). Sequencing
was the same as for the core fragment cloning. Due to dispersion or tailing of the 30 strip, two rounds of PCR were
used; the ﬁrst round was the same as the 50 RACE PCR, and
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Table 1. Primer sequences.
Primer name
AGL19-F
AGL19-R
AGL19-3’ GSP1
AGL19-3’ NGSP1
AGL19-50 GSP2
Y-AGL19FC
Y-AGL19FX
Y-AGL19R
Q-AGL19S
Q-AGL19X
18S-F
18S-R
M-AGL19F
M-AGL19R

Sequences (50 –30 )

Primer use

ATGGTGAGGGGGAAAACTCAGATC
ACGCCTTTCGGGCAGTCCTATG
GAACGGTACAAGAGGAGTGATAGGAAGC
GAGATGGTTTGGAGTGTTCCTCTTTGG
CGTTCAGCCCAAGTCTTCTTCCGCAAT
GAAGCAAAGACAAGGGAAGGGAAAGGAAAAGAAAAAG
GAAGGGAAGGGAAAGGAAAAGAAAAACCCCCATGAA
GATACAAACATAGATAAAATAGAATTGTCTTGTAGA
GTGATGCTGAAGTTGCACTTATT
CACTCCTCTTGTACCGTTCTATG
CTTCGGGATCGGAGTAATGA
GCGGAGTCCTAGAAGCAACA
ATGGTGAGGGGGAAAACTCAGATCAGAA
TTAATGAATAGCACGCCTTTCGGGCAG

Core fragment cloning
Core fragment cloning
30 -RACE (outer primer)
30 -RACE nested (inner primer)
50 -RACE
Veriﬁcation
Veriﬁcation
Veriﬁcation
qRT-PCR
qRT-PCR
Reference gene
Reference gene
Construction of vector
Construction of vector

the second round involved nested PCR (Liu et al. 2019). The
product of the ﬁrst PCR sequence was diluted with TE at a
ratio of 5:1 and used as the nested PCR ampliﬁcation template. The 30 RACE PCR solution contained 15.5 lL PCRgrade H2O, 25.0 lL 29 SeqAmp buffer, 1.0 lL SeqAmp
DNA polymerase, 5.5 lL ampliﬁcation template, 2 lL
special primer and 1 lL 109 universal primer short. The
PCR was performed as follows: denaturing at 94°C for 30 s,
annealing at 68°C for 30 s, and extension at 72°C for 2 min,
for 35 cycles. Transformation and sequencing were the same
for 50 RACE.
The 50 and 30 end nucleic acid sequences were constructed by ContigExpress (http://www.contigexpress.
com/index.html) so that the entire length of the gene
could be obtained. The design of the special veriﬁcation
primers Y-AGL19FC, Y-AGL19FX (table 1) and
Y-AGL19R was based on the entire length of the construct. The veriﬁcation PCR solution contained 1 lL
cDNA, 1 lL each of the gene speciﬁc primers, 12.5 lL 29
Pfu MasterMix and 9.5 lL ddH2O. The PCR was performed as follows: 94°C for 2 min; 94°C for 30 s, 60°C
for 30 s and 72°C for 2 min, for 35 cycles, and ﬁnally
72°C for 10 min. Transformation and sequencing were the
same for 50 RACE.
Bioinformatics analysis

NCBI (https://www.ncbi.nlm.nih.gov/orfﬁnder/) searches
for the open reading frames (ORFs) of AGL19 in the two
L. macranthoides cultivars. ProtParam online software
(https://web.expasy.org/protparam/) predicted the protein
structures of AGL19 including formula, molecular weight,
theoretical isoelctric point and instability index point.
ProtScale (https://web.expasy.org/protscale/) software was
used to predict the protein grand average of hydropathicity.
WoLF PSORT (https://www.genscript.com/tools/wolf-

psort) predicted the subcellular localization of the protein,
TMHMM 2.0 (http://www.cbs.dtu.dk/services/TMHMM/)
analysed the protein transmembrane structure, the SignalP
4.1 (http://www.cbs.dtu.dk/services/SignalP-4.1/) server
predicted the signal peptide and NCBI was used to analyse
the protein domains. The SOPMA (http://npsa-pbil.ibcp.fr/
cgi-bin/npsa_automat.pl?page=/NPSA/npsa_sopama.html)
was used to predict the secondary structure of the protein
encoded by AGL19 in the two varieties, and SWISSMODEL software (https://swissmodel.expasy.org/) was
used to predict the tertiary structure. Amino acid sequences
were uploaded to the NCBI database for BlastP alignment,
screening species with relatively high homology, and
introducing DNAMAN for amino acid multiple sequence
alignment analysis. MEGA 7.0 was used to construct a
phylogenetic tree using the neighbour-joining method.
Quantitative real-time PCR

The expression patterns of AGL19 in the two varieties of
L. macranthoides in samples taken at different ﬂowering
stages and from various organs (ﬂowers, stems and leaves)
were tested using quantitative real-time polymerase chain
reaction (qRT-PCR). The PCR products were ampliﬁed
using 18S rRNA as a reference gene (Cai et al. 2016). The
ﬂuorescent primers were Q-AGL19S, Q-AGL19X, 18S-F
and 18S-R (table 1). Total RNA was extracted from the
stems, leaves and ﬂower organs at seven different ﬂowering
stages. RNA was quantiﬁed at about 100 ng/lL, reverse
transcribed into cDNA, and analysed quantitatively by
ﬂuorescence on a Bio-Rad CFX96 (Bio-Rad, California,
USA). The reaction system contained 1 lL cDNA, 0.4 lL
upstream and downstream primers, respectively, 10 lL 29
TransStart Green qPCR SuperMix UDG and 8.2 lL ultrapure
water. The ampliﬁcation procedure was as follows: 50°C for
2 min, 94°C for 10 min; 94°C for 5 s, 55°C for 15 s, 72°C for
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10 s, for 40 cycles. Each sample was biologically repeated
four times, and, after a group of data with large relative
deviation was eliminated, the relative expression of the genes
was calculated using 2-DDCt methods.

colonies were screened on LB solid medium containing 100
mg/mL kanamycin and the bacterial liquid was identiﬁed by
PCR. Recombinant plasmids were extracted using a TIANprep Mini Plasmid kit (Tiangen, Beijing, China), identiﬁed
by double enzyme digestion and sequenced. Finally, the
plant expression vector was obtained.

Construction of Lm-XL-AGL19 overexpression vector
and inhibitory expression vector

Speciﬁc primers, M-AGL19F and M-AGL19R (table 1),
containing the ORF were designed for PCR ampliﬁcation.
Clone transformation was consistent with the core fragment
cloning. The M13F and M13R primers were used to perform
forward and reverse sequence screening, and the positive
clone strains were selected to extract plasmids after overnight culture. After the obtained plasmid was enzymatically
cut using the restriction endonucleases XbaI and Sacl, small
fragments were recovered from the gel. The PCAMBIA1300
plasmid was cut with the same enzyme and large fragments
were recovered. The enzyme digestion system consisted of
30 lL DNA, 12 lL ddH2O, 5 lL buffer and 1 lL of each
enzyme. Enzyme digestion was carried out for 3 h at 37°C.
The recovered target fragment and expression vector fragment were ligated overnight at 4°C with T4 ligase and
transformed into Trans 10 competent cells. The positive

Results
Full-length acquisition of AGL19 cDNA

RT-PCR ampliﬁcation of both varieties of L. macranthoides
yielded a single band 642 bp in length (ﬁgure 1a). DNAMAN comparison analysis indicated 99% similarity with the
transcriptome data. The primers (table 1) were designed
according to the core fragment of AGL19 obtained from L.
macranthoides, and 50 RACE, 30 RACE and nested PCR were
respectively carried out to obtain about 930 bp of 50 RACE
product (ﬁgure 1b) and 570 bp of 30 RACE (ﬁgure 1c) product from the two varieties. The conventional AGL19 gene
from L. macranthoides was 1274-bp long, whereas AGL19
from ‘Xianglei’ was 1264-bp long. Following PCR ampliﬁcation using veriﬁcation primers, agarose gel

Figure 1. Gel electrophoresis of AGL19 gene cloned from L. macranthoides and L. macranthoides ‘Xianglei’ cultivar. M, marker; (a): 1,
L. macranthoides core fragment; 2, ‘Xianglei’ cultivar core fragment; (b): 1, L. macranthoides 5’RACE fragment; 2, ‘Xianglei’ cultivar
5’RACE fragment; (c): 1, L. macranthoides 3’RACE fragment; 2, ‘Xianglei’ cultivar 3’RACE fragment; (d) 1, L. macranthoides full-length
cDNA; 2, ‘Xianglei’ cultivar full-length cDNA.
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Sequence analysis of Lm-AGL19 and Lm-XL-AGL19

The sequence analysis revealed that the full-length cDNA
for Lm-AGL19 was 1274-bp long and contained a 362 bp
50 untranslated region (5’UTR) and a 258 bp 30 UTR. Its ORF
was 654-bp long and encoded 217 amino acids (GenBank
accession number MK419948; ﬁgure 2a). The full-length
cDNA for Lm-XL-AGL19 was 1264 bp-long and contained a
352 bp 50 UTR and a 258 bp 30 UTR. Its ORF was 654-bp
long and encoded 217 amino acids (GenBank accession
number MK426681; ﬁgure 2b). Comparing the sequences of
the coding regions of the AGL19 genes from the two varieties demonstrated that there was a change in two bases; the
ﬁrst mutated base caused an amino acid change, from S
(proline) to T (threonine).
Basic physical and chemical properties of the AGL19 proteins

According to the software-based analysis, Lm-XL-AGL19
and Lm-AGL19 proteins were similar, with no obvious
differences. The relevant physical and chemical properties
are shown in table 2. According to Guruprasad’s judgment,
the instability index of the two proteins is about 55, which
indicated that the proteins are unstable. The total average
hydrophobic index was –0.677, which predicted the proteins
to be hydrophilic. According to their amino acid compositions, both Lm-XL-AGL19 and Lm-AGL19 are composed of
20 kinds of amino acid. The most prevalent residues were
leucine (13.4%) and glutamic acid (12.0%), while the proportions of histidine and tryptophan were the lowest, at 0.5%
each. In predicting the transmembrane structure, signal
peptide and subcellular localization of the proteins encoded
by Lm-XL-AGL19 and Lm-AGL19, no transmembrane
structure was determined for either protein. The proteins
were found to contain no signal peptide and, as they are
nonsecreted proteins, they may be located in the nucleus.
Domain and structure prediction for the AGL19 protein

Figure 2. cDNA sequences of (a) Lm-AGL19 and (b) Lm-XLAGL19 genes and their deduced amino acid sequences. The initiator
and terminator are provided inside the box and different bases are
underlined.

electrophoresis was performed (ﬁgure 1d) and the fragments
were recovered and sequenced. The DNAMAN comparison
results demonstrated that the sequencing results were consistent with the splicing results.

A conserved domain search in the NCB1 database (https://
www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi)
showed
that the Lm-XL-AGL19 and Lm-AGL19 domains are consistent, both containing a MADS_MEF2_like domain and a
K-box domain (ﬁgure 3), which is a typical structure for the
MADS-box family. It is speculated that both are encoded by
type II (MIKCC type) MADS-box genes. The SOPMA tool
predicted the secondary structures of the proteins encoded by
Lm-XL-AGL19 and Lm-AGL19. For both proteins, the ahelix component accounted for 58.06%, the random coil
accounted for 28.57%, and the b-turn accounted for 2.76%
of the structure. SWISS-MODEL software was used to
predict the tertiary structures of the proteins encoded by LmXL-AGL19 and Lm-AGL19, with only slight differences
found (ﬁgure 4).

13

Page 6 of 10

Yu Qing Long et al.

Table 2. Basic physical and chemical properties of the AGL19 proteins.
Physicochemical property
Formula
Molecular weight
Theoretical pI
Instability index
Grand average of hydropathicity

Lm-XL-AGL19

Lm-AGL19

C1082H1807N317O340S10
25.018 kDa
8.35
54.73
-0.677

C1081H1805N317O340S10
25.004 kDa
8.35
55.43
-0.677

Figure 3. Encoding protein domain of Lm-AGL19 and Lm-XL-AGL19.

Figure 4. Protein tertiary structure prediction chart of (a) LmAGL19 and (b) Lm-XL-AGL19.

and K-box domains. It is speculated that the evolutionary origin
of AGL19 in L. macranthoides and other plants is the same,
further indicating that Lm-XL-AGL19 and Lm-AGL19 are
members of the MADS-box gene family.
To further analyse the evolutionary relationship between
AGL19 in L. macranthoides and other species, the neighbour-joining method was used to construct a phylogenetic
tree of 16 similar AGL19-based amino acid sequences using
MEGA7 software (ﬁgure 6). The tree was divided into three
major branches. Among them, the conventional variety of
L. macranthoides and L. macranthoides ‘Xianglei’ were
classiﬁed into a single group, which was slightly separated
from the other species.

Homology and phylogenetic tree analyses of amino acid
sequences

The amino acid sequences encoded by Lm-XL-AGL19 and LmAGL19 were compared with the AGL19 genes of other plants
known to NCBI, and eight species with high similarities in the
amino acid sequences encoded by the AGL19 gene were
selected: Lycopersicon esculentum Mill. (XP_004245665.1,
60.93%), Nicotiana tabacum L. (XP_009772098.1, 60.37%),
Solanum tuberosum L. (XP_006358849.1, 60.55%), Ricinus
communis L. (XP_015583137.1, 57.94%), Theobroma cacao
(XP_007040082.1, 60.47%), Sesamum indicum Linn.
(XP_011071972.1, 58.26%), Capsicum annuum L.
(XP_016567907.1, 60.47%) and Phyllostachys nigra (Lodd.)
Munro (XP_021275518.1, 59.53%). Using DNAMAN software, the amino acid sequences of AGL19 from both varieties
were subjected to multiple sequence alignment with the above
species (ﬁgure 5), with a total similarity of 71.17%. The results
showed that the amino acid sequences encoded by AGL19 in
different species are highly preserved in the conserved MADS

Lm-AGL19 and Lm-XL-AGL19 expression in different
ﬂowering periods and organs

qRT-PCR was used to determine the expression of AGL19
during different ﬂowering periods and in different organs of
both L. macranthoides ‘Xianglei’ and the conventional
variety, and the gene analysis in CFX_Manager software
was used to compare the two varieties. The results (ﬁgure 7)
showed that the AGL19 gene expression patterns of the two
varieties are signiﬁcantly different. The relative expression
of the AGL19 gene gradually increased and then decreased
during the seven ﬂowering periods in the conventional
variety, with the highest relative expression level occurring
during the ﬁfth (white) ﬂowering period. The relative
expression of the AGL19 gene during the seven ﬂowering
stages in the ‘Xianglei’ cultivars decreased slowly after an
increase during ﬂowering period 2, followed by a sudden
increase in expression (to the highest level) during ﬂowering

Cloning and expression of L. macranthoides AGL19 gene

Page 7 of 10

13

Figure 5. Multiple sequences alignment of Lm-AGL19 and Lm-XL-AGL19 compared with AGL19 protein of other plants.

period 6 (yellow-white ﬂower bud period). The AGL19
genes of both varieties were also expressed in the stems and
leaves, and the expression levels in these tissue types of the
‘Xianglei’ variety were higher than those in the ﬂowers
during all ﬂowering periods.

the same length as the target product segment. The plasmids
with the correct cleavage results were sequenced, and
pCAMBIA1300-XLAGL19(S) (overexpression vector) and
pCAMBIA1300-XLAGL19(A) (inhibitory expression vector) were successfully constructed.

Construction of an Lm-XL-AGL19 vector

Discussion

PCR ampliﬁcation was carried out to obtain a target gene
fragment containing a coding region. The target gene fragment was connected, transformed, forward and reverse
sequenced and screened. The recombinant plasmid was
extracted and named T1-AGL19(S) (forward insertion vector) and T1-AGL19(A) (reverse insertion vector). Small
fragments (about 750 bp) were recovered by double enzyme
digestion of the recombinant plasmid. The recovered small
fragment was linked with the large fragment from the vector
recovered by pCAMBIA1300 enzyme digestion and transformed. Positive clones were identiﬁed by PCR in bacterial
liquid, and the recombinant plasmid was extracted for double enzyme digestion. The double enzyme digestion product
contained a segment of about 750 bp (ﬁgure 8), which was

As important transcription factors in plants, the MADS-box
gene family plays an important role in regulating the morphogenesis of ﬂower organs. AGL19 is a member of the
TM3 subfamily of MADS-box genes (Kang et al. 2015).
Overexpression of AGL19 can cause a sharp upregulation of
the ﬂower integration factor FLOWERINGLOCUS T (FT),
and also regulates deacetylation of HISTONE DEACETYLASE 9 (HDA9) to jointly activate the expression of ﬂower
meristem genes LFY and AP1, thus regulating ﬂowering time
(Kang et al. 2015). The study of an A. thaliana AGL19
mutant revealed that the timing of ﬂower bud appearance
and period of vegetative growth in the mutant were earlier
than those of the wild type (Zhang 2016a, b). Researchers
then cloned and identiﬁed AGL19 from Chinese cabbage—
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Figure 6. Phylogenetic tree of Lm-AGL19 and Lm-XL-AGL19 with AGL19 protein from other plants.

Figure 8. Restriction enzyme digestion of plasmid pCAMBIA1
300-XLAGL19(S) and pCAMBIA1300-XLAGL19(A).

Figure 7. Relative expression of Lm-AGL19 and Lm-XL-AGL19 in
different ﬂowering stages, leaves and stems.

in which it was found to be important in vernalization,
bolting and ﬂowering—(Liu et al. 2011), Dendrobium nobile
(Xiao et al. 2016), Brassica juncea (Jiang 2018), Brassica
oleracea var. italica (Wang 2019) and other plants.
Variation in ﬂowering periods has a large impact on the
amount of medicinal material that accumulates in ﬂowers (Li
et al. 2014; Zhang 2016a, b; Ding et al. 2019; Xin et al.
2019). Further, prolonging the harvest period can effectively
reduce waste and improve the quality of the medicinal

products. Therefore, it is important to investigate the AGL19
gene in relation to ﬂower development and ﬂowering
regulation.
Bioinformatic analysis of AGL19 from the conventional
and mutant (Xianglei) varieties of L. macranthoides revealed
that the basic physical and chemical properties, subcellular
localization, structural domain and secondary structure of the
two encoded proteins were basically the same, although the
tertiary structures were slightly different.
WOLF PSORT predicted that AGL19 may have biological effects in the nucleus, which is consistent with the fact
that MADS-box type II proteins can enter the nucleus under
the action of other transcription factors and regulate the

Cloning and expression of L. macranthoides AGL19 gene

expression of target genes (Jin 2017). According to the
phylogenetic tree, the conventional and mutant varieties of
L. macranthoides separated from other plant species during
evolution.
AGL19 was originally considered to be root-speciﬁc
(Alvarez-Buylla et al. 2000) but was later found to be
expressed in stem leaves and ﬂowers (Xiao et al. 2016; Liu
et al. 2018). Its expression level can increase with plant
growth (Schönrock et al. 2006) and is also related to altitude
(Suter et al. 2014). In this study, qRT-PCR showed that LmXL-AGL19 and Lm-AGL19 were expressed in ﬂowers, leaves
and stems, and the difference in expression between these
tissues was signiﬁcant. Therefore, the gene may participate
in several growth and development processes in
L. macranthoides. Lm-XL-AGL19 and Lm-AGL19 show different patterns of expression. The expression of Lm-AGL19
gradually increases over the ﬂowering period, with the
highest relative expression level occurring during the ﬁfth
(white) ﬂowering period, then decreases, peaking only once.
The expression of Lm-XL-AGL19, however, showed a
bimodal trend, with the highest relative expression at ﬂowering stage 6 (yellow and white bud stages). Flowering
period 5 is the key time node for corolla expansion and
nonexpansion in the two varieties. Lm-XL-AGL19 is underexpressed at this point, while Lm-AGL19 is overexpressed
during this ﬂowering period. It is possible, therefore, that the
low expression of Lm-XL-AGL19 inhibits ﬂowering in the
Xianglei variety. Flowering period 6 is the senescence node
following conventional ﬂowering, and the expression of LmAGL19 decreases rapidly at this point, while the expression
of Lm-XL-AGL19 reaches its peak during this period, which
is consistent with the prolonged ﬂowering period and slow
senescence of the ‘Xianglei’ variety. This provides a possible
basis for the speciﬁc ﬂowering phenotype of the ‘Xianglei’
variety.
pCAMBIA1300-XLAGL19(S) and pCAMBIA1300XLAGL19(A) were successfully constructed using a double
enzyme digestion method, which could be applied to vector
construction and transgene research of other genes in
L. macranthoides. Subsequently, the constructed expression
vector will be used for further functional analysis of the
AGL19 gene in A. thaliana and L. macranthoides.
At present, molecular studies on the different phenotypes
of the two varieties of L. macranthoides mostly focus on
gene cloning and ﬂuorescence quantitative analysis. Some
related functional genes have been identiﬁed, but whether
they are related fundamentally to differences in the conventional and ‘Xianglei’ variety phenotypes and in which
aspect of ﬂowering they play a role remains to be investigated. The plant expression vector successfully constructed
in this study will provide experimental methods that will be
useful for research into these functional genes in A. thaliana
and other species. This research also provides an experimental basis for the next step in exploring the molecular
mechanisms of the particular phenotype of the ‘Xianglei’
cultivar. Further, the work offers a basis for improving
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morphology and ﬂorescence control in L. macranthoides and
other medicinal ﬂowers through genetic engineering.
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