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Genome-wide identification of CsCCD gene family in tea
plant (Camellia sinensis) and expression analysis of the

oolong tea processing with supplementary LED light
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Abstract: Carotenoid cleavage dioxygenase (CCD) family is important for production of volatile
aromatic compounds and synthesis of plant hormones. To explore the biological functions and gene
expression patterns of CsCCD gene family in tea plant, genome-wide identification of CsCCD gene
family was performed. The gene structures, conserved motifs, chromosome locations, protein
physicochemical properties, evolutionary characteristics, interaction network and cis-acting regulatory
elements were predicted and analyzed. Real time-quantitative reverse transcription PCR (RT-qPCR) was
used to detect the relative expression level of CsCCD gene family members under different leaf
positions and light treatments during processing. A total of 11 CsCCD gene family members, each
containing exons ranging from 1 to 11 and introns ranging from 0 to 10, were identified. The average
number of amino acids and molecular weight were 519 aa and 57 643.35 Da, respectively. Phylogenetic
analysis showed the CsCCD gene family was clustered into 5 major groups (CCD1, CCD4, CCD7,
CCD8 and NCED). The CsCCD gene family mainly contained stress response elements, hormone
response elements, light response elements and multi-factor response elements, and light response
elements was the most abundant (142 elements). Expression analysis showed that the expression levels
of CsCCDI and CsCCD4 in elder leaves were higher than those in younger leaves and stems. With the
increase of turning over times, the expression levels of CsCCDI and CsCCD4 decreased, while
supplementary LED light strongly promoted their expression levels in the early stage. The expression
level of NCED in younger leaves was higher than that in elder leaves and stems on average, and the
expression trend varied in the process of turning over. NCED3 first increased and then decreased, with
an expression level 15 times higher than that in fresh leaves. In the late stage of turning over,
supplementary LED light significantly promoted its gene expression. In conclusion, CsCCD gene family
member expressions were regulated by mechanical force and light. These understandings may help to
optimize tea processing techniques and improve tea quality.

Keywords: tea plant; carotenoid cleavage dioxygenase; gene family; light-emitting diode; oolong tea
processing
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B Camellia sinensis J&=— M A W ok 4
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DL S — 2F =t ki b ), $ic (i)
MO AT T, ENERET MRS
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(380+15) umol/(m’-s), FHRBIH JGBURE . FREEIR
JE25°C, {25 65%, BUFEE T 3 IRER, FIW
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ABE SN L AUT AT 3k B AW 3k
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org/) F#EMIFIIF 91> CCD F M 51 & 1 7915
B 5T AT B AN Blast [R5 HX
T 16K J>100 aa H. identity >50%F 25 CsCCD

X: cjb@im.ac.cn

361




362

ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

FRAELE A o PR R IR T A0 5 i A 5
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114k,
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BRSTEFF (Motif) 247

FI A SE R 4] off3 4% XS0 S A LR Iy
IHE B, XA CsCCD MR 53 E4 7 356 [R 4544
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2 000 bp), */ PlantCARE TEZ# AT (http:/
bioinformatics.psb.ugent.be/webtools/plantcare/ht
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R SCE A B TR R RO G SRR O
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1.8 ZH CsCCD RIXER BTN 247

FIFHTEL T H String (https://string-db.org)
XF CsCCD ZR M A 204 T & U EAE T , 2 U
T CCD KWAE 2%, RS EOR BN
TEH .
19 ZH CsCCD EE iR BRI FRIE D

K RNA prep Pure ZHiZ WY 5 RNA
S UG AE R AR IR A A SR
M B RNA, FF PrimeScript RT Reagent Kit
with gDNA Eraser i#i ¥4 5# 077 & (H 4 TaKaRa />
) B RNA %% 5% 5 cDNA  RT-qPCR £ 20 uL
&%, H Hieff®qPCR SYBR®Green Master Mix
(No Rox)ztgekl (il ARk A R A
10 uL, ddH,0 7.4 uL, ¢cDNA 1 puL, F RIS
% 0.8 uL. YEf] DNAMAN #f515E 0 | R il
519 (1), NSHFNSH Zhou FEPFIT 45,
Y CsGADPH Yj CsTBP, Yo CsGADPH fEH
ANEr NS B, CsTBP /RN it
FEHPETI B N 23 R A 2 (K LightCycler
480 S E T PCR SN & ik PR AR N 2R 5 6
AT 3 AR T 2722 kY
T2 CCD FEPI AN ik iKF-, SPSS 18.0
A4y M 35 22 K (P<0.05), FFH
GraphPad Prism v8.0 1E &,
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%1 RT-qPCR FrH3I¥F7

Table 1  Primers used in RT-qPCR

Gene names Forward primers (5'—3') Reverse primers (5—3')

CsCCDla ACTTCACAGCCTCACCACT TGACAAACTCACCATTCAGG
CsCCDI1b ACTTGCCGCCTTGAGAA GCTGATAGTTTCCTCTGTGATG
CsCCD4 CGTGTCAGTATCAGAAGGCG TCGGGATTGTTAGGGTCCT
CsCCD7a GCAAAAATATCCCGAGCCAT TGAGATAATAGGTCCCGCAC
CsCCD7b ATACTAGTGTGTTGGGGTGG CCTATGGTGTCCAAACTCCT
CsCCD8 CGTGCGGGACCTATTATCT CAACCATCTTTCCACCTTTC
CsNCED3a CGGACATTGAAATCCCAC CCCAAGCATTCCAAAGA
CsNCED3b GCTAAGCCCAAACCCTCTA GCAAGTCGGGATAGTAACG
CsNCED3c GAAATCCCACTCTCAGAACC TCTTCCCAAGCATTCCAG
CsNCED6a CGAGTATTGGTTTGGTGGA TGACTTATTCCCGCACG
CsNCEDG6b ATCGCTCATCCTAAGGTGG GAATCATAGTCGGCTGGTG
CsGADPH TTGGCATCGTTGAGGGTCT CAGTGGGAACACGGAAAGC
CsTBP GGCGGATCAAGTGTTGGAAGGGAG ACGCTTGGGATTGTATTCGGCATTA

2 ZREHN

2.1 FW CsCCD ERFKERRLEERER
MRS

TEZA Fr LG EE 114> CsCCD 3 R K

57 643.35 Da, SFHL ST 4.84-9.41 Z [A], K
SRRV IA 5 A5 U R E R E<40,
RESEE N, Hi CsCCD1., CsCCDS, CsNCED6
TG P L R E R KT E4<0, 1iH
CsCCD FR M 51 Y A kK 1 s AN E for
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By, AR PR R AT R R SE R Ay 44, ] — 0 3
%/ NG FREHEF (£ 2). CsCCD FiERM R4,
FEBRNBAE 192-643 aa Z[8], FII{E N 519 aa;
AR 21 208.91-71 755.57 Da, “EI{E R

T2 FW Ccscep EERER G EHBLIER

ﬂJré%MSEP, AT DB D E LA A0 M B
A BTN B v

R BR, KRZ%CsCCD ﬁiﬁ%ﬁi ENTE
LURBU )

Table 2 Physical and chemical properties of CsCCD gene family members

Gene name Gene ID Annotated members Number of PI Molecular Instability ~ Hydropathicity Subcellular
in Arabidopsis amino acids weight index Index localization
thaliana

CsCCDla CSS0012422.1  AtCCDI 479 5.80 54013.07 28.75 -0.265 Cytoskeleton

CsCCDI1b CSS0036960.1 AtCCDI 192 4.84 2120891 25.10 —0.394 Cytoskeleton

CsCCD4 CSS0017602.1  AtCCD4 613 599 66721.94 42.01 -0.177 Chloroplast

CsCCD7a CSS0033793.1  AtCCD7 643 6.00 71755.57 41.04 —0.272 Peroxisome

CsCCD7b CSS0041110.1  4:CCD7 643 6.08 71740.56 40.77 —0.281 Chloroplast

CsCCD8 CSS0030796.1  ArCCDS8 557 7.01 61872.75 30.94 —0.284 Chloroplast

CsNCED3aCSS0015210.1  AtNCED3 606 5.78 66 712.74 42.10 —0.268 Chloroplast

CsNCED3bCSS0021789.1  AtNCED3 606 6.27 67647.85  44.23 -0.329 Chloroplast

CsNCED3c CSS0033791.1  AtNCED3 604 6.50 66 709.66 42.18 -0.312 Chloroplast

CsNCED6aCSS0041843.1  AtNCED6 383 9.41 42 998.55 30.92 —0.354 Chloroplast

CsNCED6bCSS0044321.1  AtNCEDG6 383 9.11 42695.24 32.77 —0.297 Cytosol

&B: 010-64807509 X: cjb@im.ac.cn
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TR S AL S A B T A
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B A W12F T B o 250 CsCCD 3k R ik il b4 1E
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CsCCD7a. CsCCD7b &4 8 MbR+, 74N
& ¥; CsCCDIb, CsCCDS &A1 6 M1,
54NN T3 CsCCD4. CsNCED6a . CsNCEDGbD
TH3IMINE T, 24N ET; CsNCED3 Wik
ARG 1 AT, TNETF. NEFH
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B 5 AL B IS, CsCCDIa ff1F phase 0,
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phasel, HREHNEFIZEIER R N & FH
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W 7EZ T H MEME 4341 CsCCD i

cscenth —

CsCCD7a 0 TR

CsCCD7b | —-B -

CsCCDS - | .

ceepd ——MEIREE B
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ECSNCEDM N '
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HHEHE]
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[11f]
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motif 12; CCD4 5 NCED3 W & i A i i {5
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motif 5. motif 12 5 motif10; NCED6 W ji% i it
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PRSF
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o (E2), 1IAFEBAHA 10 A5 Reks
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Genetic structure and conserved motifs of CsCCD gene family members.
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24 ZFHt CsCCD KixkE B BEEM LT 5 SCAREARIE I o FAE 53 f AN W 3500 7 kL G

FIFHAELL TR String X 25B CsCCD 85 151, BRIALL 0.4 VE M AF e B L BRI I BE 25 1F
DUE A EAEM G AT, DR T E R EdE R Hih cCD7 S A 5 AFIR G AR A,
RS E] 6 RGN (K 3), TTSEF CCD8 5 CCD7. CCD1., CCD4 (K T4 K
Z BRI ) E AR AR B EAET s,  NCED4) f#{EHAE,NCED3 .NCED6 H 5 CCD7
AIRE A SRR, Rk BRI fFEEAE. 5 NCED Wik A, CCD W%

—{NCUDX
| CSNCLD6;
30 Mb CNNCED I € WNCED 3
z
- S
60 Mb - B
0 ) = & — —(SNCLDEh
® = = = S
" = =
90 Mb = C = = U © ©
o 5 i O —CONCED3H
—120 Mb st (5O
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Figure 2 Chromosome locations of CsCCD gene family members.
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Figure 3 Predication of the interactions among CsCCD gene family members.
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BB ) BAESC R ; Ak BB, X RIm i
CCD FGEWM M — A EAEM 2%, HEAESRR
B2, 2 K0 01 & 1 AT BeZEA T D RE Jr T
I 45 5
25 FW CsccD EREKERBFIRNAER
TS

G3 A IE B AR F e AT DL T fif i s i
A MFHFEE, H2mH T HERNIRE.
FIFAEL M 25 PlantCARE % 25# CsCCD A
R I DR PR A 4 o7 25,05 2 000 bp Ji B0
TR AE ST 50, SRR, AW
CsCCD JE N GE W 1 4 & A #% 0 Ji 3l F e
(TATA-box . CAAT-box), 4K k& 3% ICH
(CAT-Box , CCGTCC-box  circadian . HD-Zip 1),
ZE S LS AR I (AT-rich element. Box I,
CCAAT-box . MBS . MYB-bindng site) Z:£F3)
REJA sh AR oo, SRR % b R % %R
728 R 25 W I T3 AR 4 DT RE S A R 2K e N e
N O R SRR AR e TR (K 4)

CsCCD X KTt Ji 8+ 7 91 A0 % K i iy
TELI I 3R 0 AR e A S A T
JoiraE e e 78 A, WA TT i 104 4>, St
Wi N e 142 4>, ZHEFm R orE 91 4>, Hf
415 Ao B W oo s S BT/ STRE
HIRAHE SO ARE S £, 3 i 51.3%.
BRI N TR, S R N G ABRE 5 L
AR, FIETHAZRBGR AT, 3£ 30 4, 78
CsCCD4. CsNCED3a W R % WAiMLA 2
fs i B JC {4 ERE . 2K A i@ B R w6 ot 14
CGTCA-motif, £ Z MM T/ TGA-element,
AuxRR-core Fl7K4% & W i oG4 TCA-element,
St N CER TR S . iR R, FEA
Box4 . G-box . GATA-motif. I-box . ATCT-motif,
TCT-motif, ATC-motif, GT1-motif %5, A Ak
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AT box4. G-box., CsCCD4 A LML T
R Z 221, HAWW 551 &F 9-16 1
St G AN S . 2 B F i T MYB .
MYB-like sequence, MY C E. A i i 396 35 36 |
PR IE IhRE, A BG4S MYC, DL 4%
R, CsCCD HH 05 i 3 35 7] g [, 22 Fir
WiEE, Z 2R, NG R
IRV R R ] RE 4 T T A
2.6 184 CCD KRG MBI R 2T
h T fRAS S HAL Y R Z ] CCD KR
LK FR, WEW Camellia sinensis 11 7>, )
B J¥ Arabidopsis thaliana 9 )~ . # % Vitis
vinifera 8 1>, /KF Oryza sativa 10 4~ EH
Malus AL O
Iycopersicum 6 331 61 4~ CCD H& A K hl 5t
REMRITINHITRELBMME, 4558 (B 5)
7N, CCD ZJE ] 7309 5 ANIEfR, 53914 CCD1
CCD4.CCD7.CCD8 5 NCED W j#% , H:rf* CCD8
W, CCD7 WA S —3, 5 HAh %R 51
[k R ; 1 CCD1. CCD4, NCED W
R Z R BAE R — 433, bR R KR, [H
— s, AH CsCCD FKIRAE LR 54
. PR ARG OCRIBE N, MK
REZRE -, SHAYMHMCRBT, £
Bl CCD FIGEAEXF M AHY) BSR4 6 R
A ) B
2.7 FB CsCCD ERAEARFRMALR T
2R BALIE TR RIZIRT
2.7.1 FH CsCCD ERERR MR FRIEEN
KT RN CsCCD FERFKGEAEA R 7
s EZE R IE 0L, R RT-qPCR Xf HIEN %
SE AT EEAN, SR ER (B 6),
CsCCDI WFRAEH: 2., 3 MhRibit & m T4 1 i
LtigZs, CsCCD4 WJEFRBREHYS CCDI

domestica 17 Solanum
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Figure 4 Distribution of cis-acting regulatory elements of CsCCD gene family members.
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