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Abstract

Background The circadian clock, also known as the circadian rhythm, is responsible for predicting daily and seasonal
changes in the environment, and adjusting various physiological and developmental processes to the appropriate
times during plant growth and development. The circadian clock controls the expression of the Lhcb gene, which
encodes the chlorophyll a/b binding protein. However, the roles of the Lhcb gene in tea plant remain unclear.

Results In this study, a total of 16 CsLhcb genes were identified based on the tea plant genome, which were
distributed on 8 chromosomes of the tea plant. The promoter regions of CsLhcb genes have a variety of cis-acting
elements including hormonal, abiotic stress responses and light response elements. The CsLhcb family genes are
involved in the light response process in tea plant. The photosynthetic parameter of tea leaves showed rhythmic
changes during the two photoperiod periods (48 h). Stomata are basically open during the day and closed at night.
Real-time quantitative PCR results showed that most of the CsLhcb family genes were highly expressed during the
day, but were less expressed at night.

Conclusions Results indicated that CsLhcb genes were involved in the circadian clock process of tea plant, it also
provided potential references for further understanding of the function of CsLhcb gene family in tea plant.
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Background

The circadian rhythm, also known as the circadian clock,
is an endogenous timekeeping mechanism with a cycle
of about 24 h (the relative length of day and night) [1].
In most plants, it’s able to predict daily and seasonal
changes in the surrounding environment and adjust vari-
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tea plant mainly focus on secondary metabolism, such as
theanine and lignin synthesis etc [9-11], and relatively
few researches about circadian rhythm in tea plant.

The tea plant [Camellia sinensis (L.) O. Kuntze] is an
evergreen woody plant in the genus Camellia L. in the
Theaceae family that is widely grown worldwide, espe-
cially in China. According to statistics of tea association,
tea planting area in China has reached 3.1 million hm?
As one of the most important factors for plant growth
and development, light can affect plant photosynthesis,
morphological construction and accumulation of sec-
ondary metabolite in the plant [12]. The utilization effi-
ciency of photosynthesis is an important factor affecting
the growth and development of tea plant. During pho-
tosynthesis, photosynthetic parameters and stomatal
opening of leaves will reflect the photosynthetic capac-
ity of tea plant. Du et al. analyzed the transcriptome of
2 poplar progeny (2T4, ZT16, ZT22) with different pho-
tosynthetic rates at 3 time points, and found that plant
hormone signal transduction and transcription factors-
related genes increased leaf size and stomatal movement,
indicating that many potential key regulatory factors
were closely related to chlorophyll content and photosyn-
thesis [13].

Circadian clocks are regulated by several genes. Key
genes controlling circadian clocks include Circadian
clocks-associated 1 (CCAl), Late elongated hypocotyl
(LHY), and Pseudo response regulators (PRRs) etc [14].
Initially, studies confirmed that CCAL1 is a transcription
factor binding to the promoter region of Lhcbl.3 gene
of A. thaliana. CCAl protein is a key element in the
function of the photo pigmentation signal transduction
pathway, leading to increased transcription of this Lhch
gene in A. thaliana [15]. Photosynthesis is also regu-
lated by circadian rhythms, and proper circadian rhythm
is beneficial to plant growth and development [16]. The
expression of the genes involved in the light-harvesting
chlorophyll-protein complex is also regulated by the cir-
cadian clock [17, 18]. In A. thaliana, phytochrome is the
main light signal receptor, which is an important compo-
nent of light signal input to the circadian clock. Under
different light conditions, Lhcbh and LHY showed obvious
circadian rhythm expression pattern. LHY is considered
to be a transcription factor regulating the Lhch gene, act-
ing in or near the vibrator center of A. thaliana [19].

The light-harvesting chlorophyll a/b-binding proteins
of photosystem II (LHCIIb, formerly CAB2) were regu-
lated by photoreceptors at the transcriptional level. The
Lhcb gene was one of the fastest light-responsive genes
in the model system. In terms of rapid response time and
sensitivity to light, both provide the most reliable indica-
tors of the transcriptional capacity of plant systems [20].
Kellmann et al. used potatoes as test materials and found
that the expression of Lhch gene increased significantly
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at around noon, but decreased to an almost undetect-
able level at midnight [21]. In A. thaliana plants grow-
ing under various photoperiodic conditions, Lhcb gene
expression levels declined from peak levels before dusk
and increased from trough levels before dawn [22]. Cir-
cadian rhythms provided a higher competitive advantage
for both plant growth and photosynthesis [23]. Stoma-
tal opening and closing, which were mainly affected by
light, was an important gateway for plants to exchange
gas with the outside world. Stomatal opening was also
another kind of circadian rhythm regulation to observe
cellular level processes. Somers et al. found that the sto-
matal conductance of A. thaliana was higher during the
day than at night [24]. Li et al. discovered and revealed
the evolution and phylogeny of the Lhcb gene in Rosaceae
and highlighted the key role of Licb in the pear cryogenic
response [25]. At present, the molecular mechanism and
action mechanism of Lhch gene family in tea plant are
still unclear.

Here, the members of CsLhcb gene family were identi-
fied based on genomic data of tea plant, and then, chro-
mosome localization, evolutionary tree and conserved
domain were analyzed. The transcriptome data of tea
plants were used to analyze the gene expression profiles
in different tissues and abiotic stress treatments. In order
to study the change of circadian rhythm of ‘Baiyeyihao’ at
intervals of 4 h within two photoperiod (48 h), we started
lighting at 9:00 (the initial time was recorded as 0 h),
took the first sample, sustained light for 12 h, and then
darkness for 12 h, where time is the variable. Fluores-
cence quantitative PCR was used to detect the circadian
rhythms response of CsLhch gene family in ‘Baiyeyi-
hao’ during the two photoperiod periods (48 h). At the
same time, the photosynthetic parameters and stomatal
opening of tea leaves at different time points were also
detected and analyzed. This study provided reference for
further research on the circadian rhythm mechanism and
function of CsLhcb gene family in tea plant.

Results

Systematic evolution and gene structure analysis of CsLhcb
gene family in tea plant

According to the reported nucleotide sequences of Lhch
genes in A. thaliana and rice, a total of 16 CsLhcb fam-
ily genes were identified and obtained. The phylogenetic
tree analysis of LHCB protein sequences of tea plant, A.
thaliana and rice showed that CsLHCB proteins could
be divided into 7 subgroups with homologous genes of A.
thaliana and rice. They were CsLHCB1, CsLHCB2, CsL-
HCB3, CsLHCB4, CsLHCB5, CsLHCB6 and CsLHCB?,
respectively. Each subpopulation contained 1~7 CsLH-
CBs. LHCB1, LHCB2 and LHCB3 were the main body
LHCII (or LHCIIb), accounting for 11/16 (Fig. 1).
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Fig. 1 Phylogenetic analysis of CsLHCBs in C. sinensis

Analysis of gene structure and protein conserved motifs of
tea plant

MEME was used to predict and analyze the con-
served motifs of CsSLHCB protein in tea plant. A total
of 10 conserved motifs were identified (Fig. 2). Motif 1,
Motif 5 and Motif 7 appeared in CsSLHCB family mem-
bers in tea plant, indicating that these motifs were
relatively conserved in the evolutionary process. CsL-
HCB1.1~CsLHCB1.7 had the same conservative motif,
and CsLHCB4.1 and CsLHCB4.2 also had the same
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conservative motif. Motif 3 and Motif 6 were only found
in three family members of LHCII b, suggesting that
LHCII b was composed of similar conserved domains
and might play a key role in evolution. In order to further
understand the function of CsLhch family genes of tea
plant, TBtools was used to draw the gene structure map
of CsLhcb for analysis (Fig. 3). The results showed that
some regions of CsLhcb2, CsLhcb3.1, CsLhcb4.1, CsL-
hcb4.2, CsLhcb5, CsLhcb6 and CsLhcb7 could not trans-
late proteins. The CsLhcb gene in the same subfamily was
composed of similar gene structure and might be derived
from the same gene.

Chromosome mapping of CsLhcb family genes in tea plant
According to the chromosomal localization analysis of
Shuchazao database [26], the results showed that 16 CsL-
hcb family genes were distributed on 8 chromosomes of
tea plant, which were located on chromosomes 1, 3, 4,
5, 7,9, 10 and 12, respectively. Three homologous gene
clusters of CsLhch gene were analyzed, namely CsLhcbl1.1
and CsLhcbl1.2, which were located on chromosome 5;
CsLhcbl1.3, CsLhcbi.4, CsLhcbl.5, CsLhcbl.6 and CsL-
hcbl1.7; CsLhcb3.2 and CsLhcb3.3 were located on chro-
mosome 9 (Fig. 4).

Analysis of cis-acting elements of CsLhcb family genes in
tea plant

The prediction analysis of cis-acting elements in the pro-
moter region of CsLhcb genes in tea plant showed that
Light Response Elements were all present in CsLhch
genes (Table 1). The results indicated that all members of
CsLhcb family genes may be involved in the light reaction
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Fig.2 Conserved motif analysis of CsSLHCBs in C. sinensis heights of residues within a stack indicate the relative frequency of each residue at that position
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Fig. 3 Structure and Conservative motifs of CsLhcb family genes of C. sinensis A: Conserved motifs of CsLHCB protein, Motif 1 to 10 represented differ-
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Fig.4 Chromosomal locations of CsLhcb family genes in C. sinensis

process. The circadian clock response elements were dis-
tributed in CsLhcbl1.1, CsLhcbl1.2, CsLhcb3.2, CsLhcb3.3,
CsLhcb6 and CsLhcb7, indicating that these 6 genes
might be involved in the photoperiod of tea plant. At the
same time, CsLhcb family genes was also may be involved
in abiotic stress response and hormone response related
cis-acting elements.
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Analysis of CsLhcb family genes expression pattern in tea
plant

In order to further understand the expression profiles of
CsLhch family genes in tea plant, TBtools software was
used to make heat maps of the expression levels based on
the transcriptome data (Fig. 5). The results showed that
the expression levels of CsLhcb1.7, CsLhcb2 and CsLhcb5
were high in all tissues of tea plant. The expression levels
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Table 1 Primers for RT-qPCR of CsLhcbs genes
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Gene Gene ID Forward primer sequence (5’-3’) Reverse primer sequence (5'—3’)
CsLhcb1.1 TEA001868.1 GGCAGAGGAAGGATCAGCAT CACGGTTCTTGGCGAATGTT
CsLheb1.2 TEA001864.1 CGTTGGCAGAGGAAGGATCA CGAACTTGACACCATTGCGG
CsLhcb1.3 TEA019232.1 ATTGTCCCGGAGGTTCTTGG GGGCTCACCGGATAATGGAC
CsLhcb1.4 TEA030366.1 GGTTCTTGGTGGTGGAAGGA ATTGCCCAGTGAGGTAGGATG
CsLhcb1.5 TEA009770.1 GGTTCTTGGTGGTGGAAGGA ATTGCCCAGTGAGGTAGGATG
CsLhcb1.6 TEA030368.1 GCCTAGCCGATGATCCAGAG GGTCAGCCAGGTTCTCCAAT
CsLhcb1.7 TEA009793.1 GGACGGATCAGTATGAGGAAGA GGAAGACGCAACCCAAAGC
CsLhcb2 TEA028092.1 GGCAGTTTGGTTCAAGGCTG CCCATGAGCACTACTTGGCA
CsLhcb3.1 TEA017256.1 CAGACTCCGTCGTACCTCAC GCCTCAGGATCAGCAGACAA
CsLhcb3.2 TEA001060.1 TGAGGGCTTTCGCATTAACG TCAAGGTGGTCCAACAGGTT
CsLhcb3.3 TEA021966.1 GAGGGCTTCCGCATTAACG GGTCCAACAGGTTCTCAAGTG
CsLhcb4.1 TEA026680.1 CTGCCGCCACATCATCATT CGCCGAGTTCTTAGCCAAG
CsLhcb4.2 TEA032678.1 GCCGCCACTTCATCCTTCA CAATGTTCCGTCCAACCACTC
CsLhcb5 TEA023017.1 ATCGCTGAAGTTGTTCTTGTTG AGTCTACCGTTCTTGATCTCCT
CsLhcb6 TEA030284.1 TGCTGGCTGCTGCTCTTAA CTCTGTACCACTTGAGGAATGC
CsLhcb7 TEA008963.1 CGTCAGTCCTTTCCTCTTCCA GCATCCAGTCAGCCGTCAT
GAPDH TTGGCATCGTTGAGGGTCT CAGTGGGAACACGGAAAGC
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Fig. 5 Expression profiles of CsLhcb family genes in different tissues of C.
sinensis

of CsLhcb3.2 and CsLhcb3.3 were low in all tissues. In
roots and flowers, the expression levels of CsLhch gene
family in tea plant was higher than that in other tissues,
especially CsLhcb2 gene. The expression levels of dif-
ferent genes in different tissues of tea plant were differ-
ent, indicating that CsLhcb gene maybe involved in the
growth process of different tissues of tea plant.

The CsLhcb genes profiles under abiotic stress treat-
ments were also analyzed and heat maps were made
(Fig. 6). Under cold stress, the expressions levels of CsL-
hcb1.4, CsLhcbl1.6 and CsLhcbl.7 were decreased, while
the expressions levels of the other 13 CsLkcb genes were

increased. The expression levels of CsLhch family genes
decreased with the increase of time under drought
stress and salt stress. The gene expression levels of CsL-
hcb genes were upregulated after 12 h methyl jasmonate
treatment, and then, the levels decreased gradually with
the increase of time.

Analysis of photosynthetic parameters of circadian rhythm
during two photoperiods in tea plants

Net photosynthetic rate (Pn), stomatal conductance
(Gs), intercellular CO, concentration (Ci) and transpira-
tion rate (7r) were important parameters reflecting the
photosynthesis of plant leaves. The circadian rhythm
photosynthetic parameters of tea leaves were detected
Interval of 4 h in two photoperiod periods (48 h) time
periods (Fig. 7). The net photosynthetic rate (Pn) reached
the peak at 4 h and 28 h, reaching the highest of 4.27
umol-m~2s~1, and then gradually decreased and reached
the low point at night. The variation trends of stomatal
conductance (Gs) and transpiration rate (7r) were simi-
lar, and were significantly higher in daytime than at night.
Intercellular CO, concentration (Ci) decreased gradu-
ally from O h to 4 h, and then increased slowly, reaching
the highest values at 20 h and 32 h, which were 423.96
mmol-mol~! and 449.35 mmol-mol~?, respectively. The
photosynthetic parameters of tea plant had little differ-
ence between the two photoperiods, which was in accor-
dance with the rule of circadian clock.

Analysis on the circadian rhythm of stomatal opening in
tea leaves

As shown in Fig. 8, stomatal openings of tea leaves were
different at different time points. From 0 h to 4 h, the sto-
mata opened slowly, and the opening gradually increased,
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Fig. 6 CsLhcb family genes expression profiles under different stresses in C. sinensis A. Cold treatment; B. Drought treatment; C. Methyl jasmonate treat-

ment; D. Salt treatment

1.24 times of the initial value; At the 28 h, or the 4 h of
the second photoperiod periods, the stomatal conduc-
tance of tea plant reached the peak of 61.95 um?® Then
the tea plant underwent a short ‘lunch break’ phenom-
enon, and the stomata slightly contracted compared
with the previous stage. Stomatal conductance decreased
gradually at night, and reached its lowest level of 33.69
um? at 20 h (44 h, second photoperiod periods) the next
day (Table 2).

Changes in circadian rhythm of CsLhcb family genes
expression in tea plant

The expression levels of CsLhch genes increased first
and then decreased during the two photoperiod periods,
and were highly expressed during the daytime, especially
at 1 pm and 5 pm during the two periods (0-24 h and
24—-48 h), with the highest value reaching 12.05, which
was CsLhcbl.3 at 28 h. In the first photoperiod, some

of the genes reached their maximum value after 8 h of
continuous light, and only CsLhcbl1.2, CsLhcb1.7, CsL-
hcb2 and CsLhcb6 reached their maximum value at 4 h.
At night (1 am, 5 am), the expression levels were lower
than that in day. The expression of some genes was trace
expressed (Fig. 9). The trends of CsLkcb genes expression
were consistent with circadian rhythm in tea plant.

Discussion

In nature, the growth and development of plants are
inseparable from light, light too strong or weak will have
more or less influence on it. In the process of adapta-
tion to the light environment, circadian clock genes play
important roles in the adaptation of plants to the external
light environment [4]. In previous studies, clock genes,
such as CCA1, LHY and TOCI, have been reported in
Arabidopsis, tobacco and Phaseolus vulgaris [27, 28], but
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Fig. 7 Analysis of photosynthetic parameters during the two photoperiod periods in C. sinensis

there are few reports on circadian clock gene in tea plant
[29, 30].

In this study, the CsLhcb family genes involved in cir-
cadian rhythm of tea plant was identified and analyzed
in detail. The results showed that a total of 16 CsLkcb
family genes were identified, while the number of fam-
ily genes in rice and A. thaliana were 9 and 15, respec-
tively. This suggests that members of the CsLhcb family
have been Increased during the evolutionary process [31,
32]. Sixteen CsLhcb genes were distributed on 8 chromo-
somes of tea plant, which were located on chromosomes
1, 3,4, 5, 7,9, 10 and 12, respectively. Three homolo-
gous gene clusters were formed on the chromosomes of
each CsLhcb member, indicating that there was a cer-
tain evolutionary relationship between the members.
As an important functional gene in the optical system,
Lhcb gene plays an important role in both light capture
and transmission [33]. Through the prediction analysis

of cis-acting elements in the promoter region of CsLhch
gene in tea plant, the results showed that light response
elements were all present in CsLhch gene, indicating
that all members of CsLhcb family genes were involved
in the light reaction process. There were also six genes
involved in the photoperiod phase of the tea plant. This
result was also consistent with effects of light and tem-
perature on the expression of the Lhch2 gene in pea [34].
In addition to the widespread presence of Lhch gene in
light response, almost all genes also have anaerobically
induced cis-acting elements. Deng et al. transferred the
LeLhcb2 gene into tobacco and overexpressed it, and
found that the overexpression of LeLhcb2 played a key
role in reducing PSII photooxidation and enhancing the
tolerance of transgenic tobacco to low temperature stress.
These findings further confirm the role of this gene fam-
ily in adaptation to environmental stress [35].
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Fig. 8 Analysis on the circadian rhythm of stomatal aperture in tea leaves

Table 2 Cis-acting element analysis of CsLhcb family genes in C. sinensis
GeneID Cis acting element
Light Circadian TGA-element
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Fig. 9 Circadian rhythm variation of CsLhcb family genes expression profiles in C. sinensis

In higher plants, the content of chlorophyll in green
plants is closely related to plant photosynthesis. The
decrease of chlorophyll content will lead to the decrease
of the photosynthetic rate, and even affect the yield of
crops in severe cases [36]. The CsLhcb gene family plays
a key role in chloroplasts [37]. Tea leaves growing under
shady conditions contain higher chlorophyll content
[38, 39]. Liu et al. found that two central signal integra-
tors (GLK1 and LHCB) respond significantly to shade in
‘Shuchazao; indicating that light played important roles
in regulating chloroplast development in tea leaves,
which is similar to A. thaliana [40]. By silencing the
AtLHCBI gene, Pietrzykowska et al. resulted in slower
growth of A. thaliana, smaller leaves, and reduced chlo-
rophyll content [41].

Photosynthesis has a direct impact on the growth
and development of tea plant. Here, the photosynthetic
parameters of ‘Baiyeyihao’ were measured during the two
photoperiod periods (48 h). The results showed that the
values of Pn, Gs and Tr were higher in the daytime than

at night, and the photosynthetic parameters of tea plant
had little difference between the two photoperiods. which
was in accordance with the rule of circadian rhythm.
Meanwhile, the circadian rhythm of stomatal opening in
tea leaves was also analyzed, and it was found that stoma-
tal opening in daytime was significantly higher than that
at night, and the variation of stomatal opening was also
consistent with the expression level of CsLhcb gene fam-
ily members. The changes of stomatal opening and Gs are
similar, and the increase of stomatal opening plays a key
role in improving the photosynthetic characteristics of
plants [42]. In higher plants, stomatal pore size was one
of many processes that regulate circadian rhythms. The
opening and closing of stomata were driven by changes
in the inflationary pressure of the guard cells. In Arabi-
dopsis, stomata open early in the morning when ambient
temperatures were low. Under field conditions, the circa-
dian rhythm has a significant effect on the gas exchange
at the leaf-canopy scale [43]. At the same time, several
key genes in the circadian control pathway that regulates
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photoperiodic flowering have also been shown to influ-
ence stomatal aperture. Among them, GI (GIGANTEA)
and CO (CONSTANS) up-regulated FT (FLOWERING
LOCUS T) level leading to stomatal opening, while ELF3
(EARLY FLOWERINGS3) inhibited FT leading to stoma-
tal closing [44, 45]. Hassidim et al. proved that photope-
riodic pathway components CO and FT, which regulate
flowering time, also regulate stomatal aperture in a way
dependent on day length [46].

The expression level of CsLhch genes increased first
and then decreased during the two photoperiods, with
high expression in daytime and low expression at night,
suggesting that the CsLhcb genes were related to the
circadian clock [47]. Millar et al. found that the expres-
sion of the Lhcb gene in Arabidopsis usually oscillates
robustly during each daylight and dark cycle, with peaks
and troughs observed during the light and dark phases,
respectively. Rapid and brief ‘acute responses’ to light
can be distinguished from peak clock regulation at dawn
by good temporal resolution [22]. Setsuyuki Aoki et al.
showed by Northern blotting that Lhch mRNA levels in
Protosemitic cells had a steady daily oscillation during the
light-dark period (12:12 LD), and rapidly decreased dur-
ing continuous darkness (DD) [48]. The CmLhcb1 expres-
sion was higher in leaves than in stems, flowers, and
roots. Low light and GA; treatment increased the expres-
sion of CmLhcbhl. In chrysanthemum, the expression of
CmLhcbl is regulated by circadian rhythm, and the gene
expression in daytime is significantly higher than that at
night [49].

Conclusions

In this study, members of the CsLhch family genes of tea
plant were identified and analyzed, the classification and
evolutionary relationship were also determined. A total
of 16 CsLhcbs genes were distributed on 8 chromosomes
based on the genome database of tea plants. CsLhch
members formed three homologous genes clusters in the
chromosome of tea plant, indicating that there was a cer-
tain evolutionary relationship between the members. At
the same time, the response of CsLhch genes to circadian
rhythm of tea plant were detected and analyzed, and the
results indicated that CsLkchb genes were involved in the
circadian clock process of tea plant. It was found that the
expression levels of CsLhcb genes in tea plant within 24 h
was related to the trend of photosynthetic parameters,
and was basically consistent with stomatal opening state.
The results provided a potential research direction and
basis for further study on the function of CsLhch gene
family and response to circadian rhythm in tea plant.
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Methods

Plant materials and growth conditions

The cutting seedlings of two-year-old ‘Baiyeyihao’ were
cultivated in State Key Laboratory of Crop Genetics &
Germplasm Enhancement and Utilization (32° 04’ N,
118° 85’ E, Nanjing, China). The ‘Baiyeyihao’ were pro-
vided by the Tea Science Research Institute of Horti-
culture College, Nanjing Agricultural University. As an
albino variant tea variety, ‘Baiyeyihao’ was often used in
genetic breeding research. Healthy tea seedlings were
selected and placed in the artificial climate chamber
(RXZ-380, Jiangnan, Ningbo, China) for pre-culture for
2 days (temperature 25 °C, photocycle 12 h /12 h, light
intensity 320 umol-m™2 s™!, humidity 70-80%). The sam-
pling was started at 9:00, and healthy tea seedlings were
selected every 4 h within 48 h, and one bud and two
leaves were picked, wrapped in tin foil and quickly fro-
zen in liquid nitrogen for subsequent quantitative experi-
ments. The second leaf at the top of the tea seedling was
picked at each time point for the determination of sto-
mata later. The freshly prepared 1 mmol- L™ methyl jas-
monate solution was sprayed on the leaves of different
treated plants for hormone treatment, and the leaves
were collected after treatment (0, 12, 24, 48 h). The tea
plants were watered with 20% sodium chloride solution
and 20% PEG-6000 solution respectively (500 mL solu-
tion), and the leaves were collected after the two treat-
ments (0, 24, 48, 72 h). Leaves were treated at 4 ‘C (0, 12,
24, 48 h) in a light incubator. At the same time, 5 plants
with the same growth were randomly selected for the
determination of photosynthetic parameters, and each
plant was repeated for 3 times.

Screening and identification of Lhcb gene family in tea
plant

The TPIA database (http://tpia.teaplant.org/) was used to
download tea protein group and the genome data. TAIR
database (www.arabidopsis.org/index.jsp) was used to
download Arabidopsis AtLHCB amino acid sequence.
Then, the identified AtLHCB sequences were submit-
ted to the Pfam database (http://pfam.sanger.ac.uk) and
the resulting LHCB domain was represented by the
Pfam entry number PF00504.24. The specific conserved
domain of Lhch gene was used for BLASTP alignment
and the threshold was set as (E-value<107°) to obtain
the amino acid sequence of CsSLHCB in tea plant. CDD
with NCBI database (https://www.ncbi.nlm.nih.gov/
Structure/cdd/wrpsb.cgi) domain analysis verify CsL-
HCB protein structure, eliminate does not include the
Chloroa-b-bind domain of protein structure.

Construction of CsLhcb gene family phylogenetic tree
According to ClustalW, the LHCB protein sequences of
A. thaliana, rice (O. sativa) and tea plant (C. sinensis)
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were submitted to MEGA7.0 software (version: 7.0.26)
for sequence alignment, and then the evolutionary
tree model was constructed using the software. The
sequences of the OsLHCB family were downloaded from
a database published by the Joint Genomics Institute.
The specific method was neighbor joining analysis, the
Boostrap parameter was set to 1000, and the remaining
parameters were the default of the system to construct
the complete phylogenetic tree [50]. Finally, iTOL online
software (iTOL: Interactive Tree of Life (embl.de)) beau-
tifies the evolutionary tree.

Analysis of CsLhcb gene structure and protein conserved
motifs of tea plant

The CsLhcb genomic DNA sequence and cDNA sequence
of tea plant was submitted to the online software TBtools
(version: 1.045) to draw the gene structure map. MEME
(http://memesuite.org/) was used for conservative
domain analysis, and the number of motifs was set to 10,
and the width range was set to 6-50AA. The conserved
motifs of LCHB protein were mapped using TBtools [51].

Analysis of cis-acting elements of CsLhcb family genes in
tea plant

The upstream 2000 bp sequence of CsLhch gene start
codon was obtained by TBtools software according to tea
plant genome data. Then use the plant CARE software
(https://bioinformatics.psb.ugent.be/webtools/plantcare/
html/) to forecast the original cis elements CsLhcb gene
family role, Finally, use Excel 2010 to make tables and
analyze relevant data.

Analysis of tissue pattern expression profiles of CsLhcb
family genes in tea plant

The expression level of CsLhcbh gene in different tissues of
tea plant and the expression level of CsLhch gene in tea
plant under abiotic stress were downloaded from TPIA
database (http://tpia.teaplant.org/). TBtools was used to
map the expression of Lichb family genes under different
tissue and abiotic stress.

RNA extraction and cDNA synthesis

The extraction of total RNA from tea plant samples was
completed using the RNA Isolation Kit (Huayueyang,
Beijing, China). The concentration of RNA samples was
determined by micro ultraviolet detector Nanodrop
ND-1000. The RNA quality was detected by 1.2% aga-
rose gel electrophoresis. Total RNA extracted from tea
leaves was reversely transcribed into cDNA using reverse
transcription kit (TaKaRa, Dalian, China). The Primers
for reverse transcription were Oligo (dT) Primer. The
steps were 1 pL Oligo (dT) and 1 pL RNA were added,
and the rest was filled with RNase-free water for a total
of 12 pL in a water bath at 65°C for 5 min. Then reverse
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transcription reagent was added into the reaction tube
of the first step. The amplification program was set at
Oligo (dT): 42 ‘C for 60 min, reverse transcription: 70
‘C for 5 min, termination: 4 C. Store at -20 ‘C for later
use. Three biological replicates were performed for each
sample.

Detection of leaf photosynthetic parameters

The leaf photosynthetic parameters were determined by
LI-6400XT portable photosynthetic apparatus (LI-COR,
Lincoln, Nebraska, USA). Net photosynthetic rate (Pn),
stomatal conductance (Gs), intercellular CO, concentra-
tion (Ci) and transpiration rate (7r) of leaves were mea-
sured. The air velocity was 500 pmol:s™}, light intensity
was 600 umol-m~2 s~ !, temperature was (20+1) C, rela-
tive humidity was 70 —75%, and CO, concentration was
400 pmol-mol ™.

Leaf stomatal section detection

While the light and parameters were measured, the sec-
ond leaf on the top of the tea seedling was picked, the
dust on the leaf surface was wiped off, and the transpar-
ent nail polish was evenly applied on the back. The leaf
was dried for about 5 min, and then glued with transpar-
ent tape on the slide, samples were made and stored. A
total of 3 biological replicates were performed. The pre-
served samples were observed with optical microscope
Olympus BX-53 (Olympus, Japan) and measured their
length and width. Finally, the stomatal opening of leaves
was calculated. Stomatal opening (c)=mab, where a rep-
resents 1/2 pore length and b represents 1/2 pore width
[52].

RT-gPCR analysis

We conducted a comprehensive analysis on the circa-
dian rhythm changes of all 16 Licbh family genes expres-
sion profiles, and detected the expression level every 4 h
in tea plants during two photoperiods (48 h). RT-qPCR
primers were designed using Primer Premier6.0 software.
Real-time fluorescent quantitative PCR was based on the
SYBR Premix Ex Taq Kit specification (TaKaRa, Dalian,
China) and on the ABI7500 (Applied Biosystems, Foster
city, USA). Tea plant GAPDH gene was selected as the
internal reference gene, and the amplification primers
were CsGAPDH-F and CsGAPDH-R [53]. The systems
used for amplification were 20 pL: 10 uL SYBR Green I
mix, 0.4 puL positive and negative fluorescent quantitative
primers, 2.0 uL cDNA, 7.2 pL ddH,0O. The amplification
program was set at 95 ‘C for 5 min. Denatured at 95 C
for 10 s, annealed at 54 C for 30 s, extended at 65 ‘C for
15 s, a total of 40 cycles. A total of three biological repli-
cates were performed, and 2724 was used to calculate
the relative gene expression levels. The flowchart of the
experimental method in this study was shown in Fig. 10.
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'Baiyeyihao' is processed at different time points
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Fig. 10 Flowchart of experimental method

Table 3 Stomata aperture of tea leaves during the two
photoperiod periods

Time/h Stomatal longitudi- Stomatal trans-  Stomatal
nal diameter/pm verse diameter/  aperture/um?
um

0 943+0.16 6.58+0.16 48.69+2.01
4 1229+0.29 6.25+0.13 60.28+2.56
8 10.75+0.28 6.04£0.13 51.00£1.70
12 11.52+0.11 6.19+0.16 56.02+0.96
16 1060+0.17 6.07+0.11 50.52+0.19
20 9.16£0.31 5.08+0.29 36.55+3.34
24 10.00£0.29 642+0.31 5042+3.69
28 11.64+0.16 6.78+0.16 61.95+2.23
32 10.74+0.1 563+0.14 4752+1.64
36 1127+0.23 5.89+0.11 52.09+1.85
40 10.23+0.22 563+0.14 45.25+1.51
44 8.57+0.28 501+0.18 33.69+1.19
48 1049+0.34 6.10+0.26 50.27+1.46

Primers for RT-qPCR of CsLkcbs genes and internal ref-
erence gene were listed in Table 3.

Data processing and analysis

Microsoft Excel 2019 software was used for data sorting,
the significance of differences was analyzed using IBM
SPSS Statistics 25.0 (version: 25.0), Duncan’s was used for
multiple comparisons (P<0.05), and Origin 8.0 software
was used to complete the graph production.

Abbreviations
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Pn Net photosynthetic rate
RT-gPCR  Real-time quantitative PCR
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