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Abstract

Background and Objective: Ginkgo biloba is an important medicinal plant but the transitional period from the sowing to the flowering
of G. biloba istoo long, which severely limits its reproduction and application. The CONSTANS (CO), is one of the important transcription
factors in the transition from vegetative growth to reproductive growth. The CO plays a central role in photoperiodic flowering control.
The aim of this study was to clone and characterize a CONSTANS-like 6 (GbCOL-6) gene from G. biloba. Materials and Methods: A pair
of specific primers were designed based on the data of the G. biloba transcriptome. The full-length cDNA of the CO gene was amplified
fromthe total RNA of G. biloba leaves by RT-PCR, named GHCOL-6 (GenBank Accession No.MG251395). The expression of GbCOL-6 gene
in different tissues was studied by quantitative RT-PCR. Results: Sequence analysis results showed that the cDNA of GbCOL-6 contained
a 1479 bp open reading frame (ORF), which encodes a 492 amino-acid protein. The theoretical molecular weight and pl of the GbCOL-6
are 54.65 kDa and 5.08, respectively. Similar to other CO proteins, GbCOL-6 contains two conserved domains (B-box and CCT domain)
and the amino acid sequence showed high similarity to other plant CO proteins. Phylogenetic tree analysis revealed that GbCOL-6
belonged to the second group members of the CONSTANS gene family, which has aB-box domain and a CCT conserved domain. These
resultsindicated that GbCOL-6 isa member of the CONSTANS family and belongs to CONSTANS-LIKE 6. Tissue expression profile analysis
showed that GbCOL-6 was expressed in all tissues, the highest expression level was detected in the female strobili and the lowest in the
roots. Conclusion: This study found that GbCOL-6 isolated from G. biloba was specifically expressed in the female strobili of G. biloba.
However, GbCOL-6 rarely was expressed in roots of G. biloba. This laid the foundation for further understanding of the molecular
regulation mechanism of the flowering of G. biloba and shortening the juvenile phase of woody plant through the transgenic technology
and providing genetic resources for promoting early flowering.
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INTRODUCTION

Ginkgo biloba also known as ‘gongsun tree’. Ginkgo
biloba is a relict plant from the Cenozoic Quaternary glacial
period, which has a long juvenile phase. Ginkgo biloba is a
unique peculiar species in China, the general seedling planting
15-20yearsto blossomresults'. Ginkgo biloba is a subtropical,
temperate deciduous tree species and one of the major
economic tree species in China?. Its fruits are rich in flavonoids
and terpene lactones, which improve cognitive expression,
the brain function, antagonize platelet activation factor,
scavenging free radicals, inhibition of lipid peroxidation and
other effects?.

As the juvenile phase of G. biloba is particularly long, the
selection of fine varieties of G. biloba has brought serious
obstacles, making the G. biloba many economic and social
values are subject to a large extent. Although traditional
breeding methods such as seedling propagation, grafted
seedling propagation, cutting propagation, root tiller and
micropropagation?, shorten the ginkgo juvenile phase to some
extent, it is still relatively longer, therefore, finding new ways
to shorten the ginkgo juvenile phase is an urgent problem to
be solved.

Flowering is an important signal before plant fruit. The
process of plant flowering mainly involves the following
regulatory pathways: autonomous pathway, photoperiod
pathway, vernalization pathway, gibberellin pathway,
carbohydrate induction and flowering inhibition pathway>.
These regulatory pathways are independent of each otherand
interact, together constitute plant cell within the precise
regulatory network®. The CONSTANS (CO) gene is one of
important regulatory genein the photoperiod pathway and its
expression is affected by the photoperiod pathway Circadian
Clock-associated 1 (CCA1), Late Elongated Hypocotyl (LHY),
Zeitlure (ZTL), Timing of Cab Expression 1 (TOC1), Gigantea
(Gl)and F Lavin Binding Kelch-repeat f-box 1 (FKF1)” and other
upstream genes. The CO gene control Flower Locus T (FT)
gene synthesis, F7 as CO target gene, together constitute the
CO/FT regulatory elements, regulate the flowering time of
plants®. The results showed that the up-regulation of CO
gene promoted the expression of FT in the long daylight
condition and promoted the flowering® and the promoting
effect was not obvious under the condition of short
daylight'®12,

At present, the homologous genes of CO were obtained
in the Nicotiana tabacum', Agapanthus africanus Hoffmgg'*,
Fragariaananassa duch.”, Vitis vinifera's, Malus pumila Mil"’,
Festuca elata'®, Pyruspyrifolia nakai'®, Solanum lycopersicun?®
and G. bilob&', but their functions were different. The control
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route of the CO homologous gene W CO from V. vinifera is
similar to that of Arabidopsis thaliana. However, there gulation
pathway of MdCOLT and MdCOL2 in M. pumila Mil is
different from that of A. thaliana, which shows organ
specificity and plays an important role in growth and
development of reproductive organs. Based on the data of
G. biloba transcriptome, the GbCOL-6 ¢cDNA of G. biloba was
cloned and the bioinformatics analysis was carried out to
predict its function. In addition, the expression of GbCOL-6
genein G. biloba was analyzed.

MATERIALS AND METHODS

Materials: The materials were taken from 31 years old trees of
the G. biloba cultivar 'Jiafoshou’, in the Ginkgo Science and
Technology Garden, Yangtze University. The tree was in good
condition and normal growth. From February, 2017, the
materials of G. biloba were collected and the recovered
material was stored after liquid nitrogen in a -80°C
refrigerator.

PrimeScript™ 1st Strand cDNA Synthesis Kit, Agarose Gel
DNA Purification Kit Ver.4.0, MiniBEST Plant RNA Extraction kit,
Taq DNA polymerase RNase, dNTP, pMD18-T vector were
purchased from Takara Company (Dalian, China). In this
experiment, both the primers synthesis and DNA sequencing
were completed by Shanghai Sangon Biotechnology
Company, China.

Cloning of GbCOL-6: Total RNA was isolated from frozen
leaves of G. biloba using MiniBEST Plant RNA Extraction kit.
The extracted RNA was reverse transcribed into cDNA using
PrimeScript™ 1st Strand ¢cDNA Synthesis Kit. The Specific
Primers C1 and C2 were designed based on the C(COL-6
unigene sequence of G. biloba transcriptome data (Table 1).
The GbCOL-6 gene was amplified by reverse transcription
polymerase chain reaction (RT-PCR) using cDNA obtained by
RNA reverse transcription. The PCR reaction system was 1 uL
upstream of the primer (10 umol L"), Exug polymerase
(5U pL™") 0.5 pL, TOXPCR buffer 2.5 L, PCR Enhancer 4 L,
dNTP (2.5 mmol L") 2 uL, total cDNA (1 ug pL=") 1 uL, ddH,0
make up 25 pL. The reaction procedure is: Pre-denaturation at
94°C for 3 min, denaturation at 94°C for 30 sec, annealing at
64.5°C for 30 sec, extension at 72°C for 90 sec, a total of
35 cycles, finally at 72°C for 10 min. The amplified products
were detected by 1% gel electrophoresis and the PCR
products were recovered by Agarose Gel DNA Purification Kit
Ver.4.0. The purified product was cloned into the pMD18-T
vector, then transformed into £scherichia coli DH5a strain.
Positive clones were selected and sent to Shanghai
Biotechnology Biology Company for sequencing.
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Table 1: Primer sequences used in this study

Primers Sequence (5'-3)

GbCOL-6-up C1 TGAAGAAGATGGAGGGTAGTGAA
GbCOL-6-down C2 TGCGTGAGTTCATTCAAGAGAC
gRT-PCR upstream primer P1 ATGAAGATGTTGTAATGGCCTGGTC
gRT-PCR downstream primer P2 ACTCTTGAAAACCTTCTGTTCCATC
18S upstream primer H1 TTGGTCTCCCGTGCTAATGG

18S downstream primer H2 CGAAGCGTCATCCTAAGACAACA

Bioinformatics analysis: Using the BLAST tool on the NCBI
website to find the sequence with the highest similarity to the
nucleotide and deduced amino acid sequences obtained in
this experiment. Sequence splicing, protein translation and
amino acid sequence multiple comparisons were performed
using Vector NTI 11.5 and DNAMAN. The deduced amino acid
sequence was analyzed by CLUSTAL X 2 and MEGAG6 software.
The Neighbor-Joining (NJ) method was used to construct
phylogenetic tree and the ExPASy online server
ProtParampredicts the molecular weight and theoretical
isoelectric point of the protein.

Quantitative real-time PCR analysis: The RNA was extracted
from samples including root, stem, leaf, female strobili, male
strobiliand fruitand cDNA was reverse transcribed. According
tothe known sequence, real-time quantitative primers P1 and
P2 (Table 1) were designed to amplify the GbCOL-6 gene
fragment. Reverse transcribed cDNA was used as a template
and 18S was selected as an internal reference gene for
gRT-PCR amplification??. The upstream and downstream
primers of 185 were H1 and H2, respectively (Table 1).
Reaction system 25 pL, the reaction program with
reference TaKaRa real-time quantitative instructions
(PrimeScriptTM RT reagent Kit Perfect Real Time) was carried
out. Each sample was set up three times to repeat the
ultrapure water as the negative control, 18S to do the
internal reference gene. Data processing using the relative
quantitative method, concerning 2-22““method for the results
of analysis?.

RESULTS

Analysis of the GHCOL-6 gene sequence: Ginkgo cDNA was
used as a template for PCR amplification of the GbCOL-6
gene. The specific primers C1 and C2 (Table 1) were designed
and the PCR product was subjected to electrophoresis in 1%
agarose gel to obtain a DNA fragment of about 1500 bp
(Fig. 1). The product was purified and sent to Shanghai
Biotechnology Company for sequencing. The sequencing
results showed that the cDNA of GbCOL-6 was 1594 bp in

200 bp
GbCOL-6

1500 bp
100 bp

Fig. 1: Electrophoresis of RT-PCR of ORF in GbCOL-6 gene:
M, DL2000 marker

Table 2: Similarity comparison of GbCOL-6-coding protein and other known CO

proteins
Species Accession number Homology (%) E value
Populuseuphratica XP_011016373.1 48 3e-24
Vitis vinifera CBI27020.3 34 3e-46
Nicotiana tabacum XP_016463604.1 33 Te-41
Herraniaumbratica XP_021298869.1 33 Te-46
Ricinus communis EEF30756.1 33 4e-36
Sesamumindicum XP_020547025.1 33 3e-41
Pyrus x bretschneideri XP_009356747.1 32 6e-40
Dorcocerashygrometricum KZV40687.1 32 4e-40

length. The results of Vector NTI 11.5 showed that GbCOL-6
contained a 1476 bp ORF encoding 492 amino acids
(Fig. 2, GenBank accession number MG251395). The on-line
analysis of ExPASy-ProtParam showed that the theoretical
molecular weight and Pi of the GbCOL-6 protein were
54.65 kDa and 5.08, respectively.

Analysis of GbCOL-6 protein: The amino acid sequence of
GbCOL-6 was compared on NCBI website to obtain protein
sequences with high similarity. The homologous alignment
results of the deduced amino acid sequence of GbCOL-6 with
BLAST-protein on NCBI site showed that the GbCOL-6 protein
sequence had high homology with the COL protein sequences
of other plants and their similarities ranged from 32-48%.
The sequence similarities of GbCOL6 protein and other
COL proteins were as follows: Populus euphratica, V. vinifera,
N. tabacum, Herrania umbratica, Ricinus communis,
Sesamum indicum, Pyrus x bretschneideri and Dorcoceras
hygrometricum were 48, 34, 33, 33, 33, 33, 32 and 32%,
respectively (Table 2). In addition, the GbCOL-6 protein has a
conserved B-box structure and a CCT domain of the CO
protein family Fig. 3.
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TGAAGAA AGGETAGTGAAGAT GCAGA TGGEGT CCA TGO AACAGE TAARAA TAGTAATAAAATGACAA

MEGSEDAD GS ¥XRKETAKNSNEKNT
TGCECCATAGGCEEAACAAGAGCTCET CCATCTCA TCTCT GCGRAGAACAGCTCGCTCGATCCTACTCTGGTECAG

ETFDF¥ST

DLCDF

S8 FS§KPYADLDABHBRDOGTY GFFUDS S QR

KIKL

L IA

A FTDDTSZSSDG

MXGGGDHEGRHEGEG GREA AT RKT

RKLNA

2a MAIGGRRARPCDYCGEQLARTEKETYCGA
13l ACCAAGCAAACCTATGCGACT CCTGCGACEGAT COGTICACAC TGLCAATTCAGTCGCCTGCAGACACGAAAGAG
a0 DQANLCDSCDGS YHTAXZSTACRHTETR
226 TCAGACTGACGOCGACGCAGE TTCGA TCCECAFGAGCACCATTAACAAA TCATICT ICCGCCCTTCTAACAGCTA
73 YTRLTPTIQQYVYRSAGAPLTXHS SALTLTA
301 CTCGAAGCTCCATATGEOGCCACGCT TCTOGAA AACGAAGTCEGCC TICCAGTCGACCCCATCCGGACTACCAGA
100 TRSSEIWNRHASEBEEKERS REPSSEPHPDYDQ Q
378 GACAGACAGACGAAATTATAACGAAGC TCHGTC GAC TCAAACCCTCCATCAAAGT CTTCGACT TCATGTCGACTA
123 RQTDEIITEHKLGRLIEKTPSTI

431 CTCCAGAAAGTAATGCCGACCACGAC TATCCGC TGCACCAAGT GCCAATTITCGCCGACGAATTCGACTTTATGA
130 TAESXYXGDDDTYPLEQTYPILADETFTUDTFHMUH
326 ATCGGCEGACTGCCTACTCTACGCTCCCATCRT CGACOGCTCC TAA TGAGAA T TCCAG TGCCGGTCCTATGEGOS
173 NEPTAYSTLPSSTAPXENYNS S SAGPINYG
601 GCACGGET AGAGCCTCATGCEAAGAGC TGOCAGTGEAGT TTCTAGAGTCGAAGGCTGI CGATCTGIGTGATIT TG
200 ¢ TGRASCEELPTYETFLES STEKA AT

676 AACTGCAGATCAGT TTGGECTCTAGC TTCAT TCEOCCEGATCOCCA TGTCACCGTCGACGACT TGEGAGGCETAG
223 EVEMSLGCSFIGEDARYITVDDLGG GTL
7al GCTTGTATAGT TTCAGTAAACCCTACGCCEACC TAGATGC TCA TGA TGGCGT CGEGTT CTT TGAT TCTCAGAGAC
230 G LY

826 ACACTGCEGT TGT TCTGAGA OGGAT CATT COGAGG GLT CGAG TCOCATEGA TGAAAM GAATGGGGAAAT TCCAC
273 HNXCGCSETDHCEGSSPMDETEKNYNGCGETTP
901 TTAGCTGGCTT TGCAATCGGG TTAAAGTCEAGHAAA COGAGGACGT CGACCATGTGTTCGGTAGCAGT GACAT CA
300 LSWLCNRVKVEESETLDTYDHRTFGS STDI
976 AAGTCGAGGAGCAAGAGGATA TAGACCTGT CTGACATAACTCTGAACGAAGA TGTGGAGGT GAAGATTAAGCT GG
32a KVEEQEDIDLCDITTYXNETDTETFVW

1021 ATTTTGATGAT TAT TTCCAACACEAACAGAAGA AAA TAT G TC T CAC AT TCCAT TATGAAGA TG TG TTAAT TECCT
330 DFDDYFQEEEEKEKICLRLTDTETET DT

1128 GGTCTGATCGAGGT TCICTTTOGGUGEATAATAAGACTATACA AGCCT TTGT GGATGACACCAGC TCCGATGGAA
i TSDRGSLWADXNEKTTIZQ

1201 CAGAAGET TTTCAAGAGTATGGAATT GT TCCTGATT TGAGCTTAGGAAT TGCACGCGGEGCCTOCGEAGATCANG
400 TEGFQETYGIVPDLSTILCGTIARTGA ASGDAQ
1276 GGEAGCAAGTGCCTGT GATCAATGEC CRARGAGATCATGAAGEGARGATGEAGAA GG ANGAGAGGCTCGCET TA
423 GEQVETV

1331 TGAGGTACCSTGAGAAACGTCGAAGCAGACT TT TCT CAAAGAAGATCAGA TACGAAGT TCGCAAACTCAACGCAG
430 MRYREEKRRSRLFSEKTZ EXTIRTETESFT

1426 AMAACCGACIGOCCATCAAGCCTCRATT T TCAAAA GAACGCCAGE TCTEIC TT TR ATeAACT CACECA
LYE] EKRPRUEKGRFYERTZPOGLSLE

Fig.2: Nucleotide sequence and deduced amino acid sequence of GbCOL-6. The start codon and termination codon are indicated

by the box, the primers are indicated by the underline

Phylogenetic analysis of GbCOL-6: In order to understand
the molecular evolution of GbCOL-6 and other plant CO
proteins, the GbCOL-6 protein sequence was analyzed by
CLUSTAL X 2 and MEGA6 software. The GbCOL-6 protein
sequence was homologous analysis with the CO
protein of other species on GenBank and the
phylogenetic tree was constructed by NJ method
(The accession numbers are shown in Table 3). The
CONSTANS gene is a multi-copy gene family in the plant
genome, 17 members in A. thaliana* and 16 members in
Oryza sativa®. As Fig.4 shown, the phylogenetic tree is divided
into three major branches, one for CONSTANS LIKE 6-8 and
CONSTANS LIKE16, one for CONSTANS LIKE 1-5 and
CONSTANS and one for CONSTANS LIKE 9-15.This is consistent
with the results of the CO gene family classification in
A. thaliana.

Genetic studies of A. thaliana CO show that the CO gene
family is divided into three major categories?*. Class | contains
CO and COL1-COL5 (Fig. 4, Group1) and Class | can be further
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divided into class la (CO, COLT and COL2) and class I,
(COL3-COL5), Class Il contains COL6-COL8 and COL16
(Fig. 4, Group 2), Class Ill contains COL9-COL15 (Fig. 4,
Group 3).1ts classification is mainly N-terminal B-box structural
features. The N-terminus of Group 1 has two B-boxes, the
N-terminus of Group 2 has only one B-box, the N-terminus
of Group 3 has a normal B-box and a secondary
structure-modified B-box zinc finger structure?*. The GbCOL-6
has a normal B-box structure and a CCT conserved domain
and it shows that GbCOL-6 is a Class || member of the CO
family.

Expression pattern of GbCOL-6 in different tissues: As
shown in Fig. 5, GbCOL-6 was expressed in roots, stems,
leaves, male strobilis, female strobilis and fruits, but the
expression of GbCOL-6 was various in different tissues. It was
the highest expression in female strobilis, followed by stems,
leaves, fruits, male strobilis and the lowest level of expression
in roots.
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Sequence multi-alignment of the deduced GbCOL-6 protein with other plant CO proteins. The completely identical amino

acids are indicated with red foreground and yellow background, the conservative amino acids are indicated with yellow
foreground and cyan background, the block of similar amino acids are indicated with blue foreground and yellow
background, the weakly similar amino acids are indicated with gray foreground and white background, the non-similar
amino acids are indicated with black foreground and white background

DISCUSSION

Ginkgo biloba is a perennial woody plant with a long
juvenile phase. The transformation from vegetative growth to

reproductive growth is regulated by complex gene network.
The CO plays a key role in the plant photoperiod pathway and
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its expression is precisely regulated by the biological clock. In
this study, the full-length cDNA of the CO homologous gene
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Fig.4: Phylogenetic tree of CONSTANS from different plants. The numbers of nodes represent the percentage of boot strap value

obtained from 1000 sampling

was cloned from G. biloba leaves and named as GbCOL-6. The
full length cDNA of GbCOL-6 was 1479 bp and encodes 492
amino acids. Protein analysis showed that GbCOL-6 contained
one B-box structure and one CCT motif structure (Fig. 3).
Tissue expression profile analysis showed that the GbCOL-6
gene was expressed in all tissues of G. biloba. However, the
expression level of GbCOL-6 was different and GbCOL-6 was
highest expressed in female strobili.

Phytochrome (PhyA, PhyB, PhyC, PhyD, PhyE) and
Cryptochrome (Cryl, Cry2) are the photosynthetic receptor for
CO gene of plant. This photosynthetic receptor mainly used

to accept the light signal. It affects the stability of protein
encoded by CO gene to control the expression of CO gene, so
that the abundance of CO protein in the day showed a
rhythmic change.

The CO protein regulates the expression of downstream
genes £7 and SOCT to control flowering time, which reflects
the biological clock rhythm of CO gene expression?-2,

The CO homologous genes have been cloned in many
species, most of which contain conserved B-box structures
and CCT domains?3°. B-box was a zinc finger protein that
could bind to DNA or protein-protein interaction3'-3, B-box
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Fig. 5: qRT-PCR relative expression of GbCOL-6 gene in different tissues

Table 3: Sequence accession numbers of Gene

Gene Species Accession number
PaCOL1 Piceaabies CAK26109.1
PpCOL1 Pinus pinaster AFV79556.1
CaCoL2 Capsficum annuum XP_016561206.1
SpCOL2 Solanum pennellii XP_015065855.1
TpCOL3 Thespesia populneoides AJR28758.1
GhCOL3 Gossypium hirsutum AJR28713.1
PdCOL4 Phoenix dactylifera XP_008789698.1
AtCOL4 Amborella trichopoda XP_006845571.1
RsCOL5 Raphanus sativus XP_018452091.1
BnCOL5 Brassica napus XP_013683363.1
RcCOL6 Ricinus communis XP_002533412.1
CsCOL6 Camelina sativa XP_010470801.1
GbCOL-6 Ginkgo biloba MG251395
AtCOL7 Arabidopsis thaliana NP_177528.1
GhCOL7 Erycinapusilla AGI62031.1
CsCOL8 Camelina sativa XP_010479338.1
RsCOL8 Raphanus sativus XP_018490515.1
AtCOL9 Arabidopsis thaliana NP_001118599.1
CsCOL9 Camelina sativa XP_010486334.1
CsCOL10 Camelina sativa XP_010493639.1
BrCOL10 Brassica rapa XP_009151626.1
GaCOL11 Gossypium arboretum KHG29511.1
GarCOL11 Gossypium arboretum KHG24248.1
GaCOL12 Gossypium arboretum KHG03964.1
GhCOL12 Gossypium hirsutum XP_016666417.1
GaCOL13 Gossypium arboretum KHG14594.1
GhCOL13 Gossypium hirsutum XP_016737926.1
GaCOL14 Gossypium arboretum KHG22096.1
GhCOL14 Gossypium hirsutum XP_016727140.1
PeCOL15 Populus euphratica XP_011020834.1
CmCOL15 Cucumismelo XP_008454034.1
GrCOL16 Gossypium raimondi XP_012467882.1
GhCOL16 Gossypium hirsutum XP_016706545.1
AtCOL Arabidopsis thaliana CAA71587.1
StCOL Solanum tuberosum NP_001274795.1
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domain has two conserved amino acid residues (Cys and His)
that bind to the zinc atom to tightly fold the entire zinc finger
protein, indicating that GbCOL-6 has similar characteristics as
the class Il CO gene of the CO family of A. thaliana and has a
normal B-box structure and a CCT conserved domain, which
belongs to the CO homologous gene (Fig. 3). Therefore, it is
presumed that the main function of the B-box structure of
GbCOL-6 is to maintain the stability of the protein.

The number of members of the CO gene family is
also divers in different plants. There are 17 members of
A. thaliana*, 16 members of O. sativa® and 14 inferred CO
members in V. vinifera'®*34, According to Yan et a/?', the CO
gene also contains multiple members in G. biloba. The CO
genes have been cloned from A. thaliana®, O. sativa®* and
Triticum aestivun?® and they have been found to have similar
photoperiod regulation and transcription patterns, but the
function of plants is different. Therefore, the structure,
regulation and function of CO genes in each plant need to be
further studied.

This study found that GbCOL-6 isolated from G. biloba
was specifically expressed in the female strobilis of G. biloba.
However, GbCOL-6 rarely was expressed in roots of
G. biloba. In V. vinifera, the expression of WCOand WCOLT
are also the lowest in roots'®. According to Ye et a/ in the
study of S lycopersicum CONSTANS homologous gene
expression in different tissues and organs found that SLCOL7
in roots, stems and leaves are also expressed, but the highest
expression of leaves of S. lycopersicum. The reason may be
due to the ecological habits and developmental status of
different plants.
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In this study, the cloning and expression analysis of
GbCOL-6 will contribute to the development of flowering
gene networks of G. biloba. Nevertheless, the flowering
regulatory mechanism of GbCOL-6 only stays at the theoretical
stage and lacks specific verification. In the following
experiment, the specific role of GbCOL-6 gene can be further
verified by transgenic technology.

CONCLUSION

In conclusion, a CO family gene (GbCOL-6) in the
photoperiod pathway from G. biloba was cloned for the first
time. The full length ¢cDNA of GbCOL-6 was 1479 bp and
encodes 492 amino acids. The GbCOL-6 protein contains two
conserved domains (B-box and CCT domain) and the amino
acid sequence showed high similarity to other plant CO
proteins. Phylogenetic analysis classified GbCOL-6 as Classll of
the CO gene family. The GbCOL-6 is specifically expressed in
female strobilis. The flowering regulatory mechanism of
GbCOL-6 was elucidated. This finding can provide genetic
resources for shortening the juvenile phase of G. biloba and
otherwoody plantsand it can also lay a theoretical foundation
forfurther study on the molecular mechanism of the flowering
pathway of G. biloba.

SIGNIFICANCE STATEMENT

This study discovers a CO family gene (GbCOL-6) from
G. biloba that can be beneficial for shortening the juvenile
phase of woody plants. The GbCOL-6 is a key flowering gene
in the photoperiod pathway of plants and can be used to
regulate the flowering time of G. biloba to obtain terpenoids
in fruits. This study will help the researcher to uncover the
critical areas of key flowering genes in the flowering pathway
from G. biloba that many researchers were not able to
explore. The study may be helpful the extraction of natural
terpenoids in G. biloba.
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