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Cloning and Functional Study of Cryptochrome Gene CoCRY1
from Camellia oleifera Abe.
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Abstract: Camellia oleifera Abe. is an important woody oil tree in China, which has important economic
and social benefits. Cryptochrome is one of the blue light receptors in plants, which is involved in the growth and
development of plants such as flowering regulation and photomorphogenesis. In this study, CoCRY! gene was
cloned from C. oleifera 'Huashuo'. Bioinformatics analysis showed that CDS sequence length of CoCRYI was
2262 bp encoding for 684 amino acids, the molecular formula of the CoCRY1 protein was C,,5,Hs,5Ng71 01027515 5
and the molecular weight was 77.42 kDa, further analysis showed that this protein sequence contained three
domains, namely DNA photolyase, FAD binding_ 7 and Cryptochrome C, which proved that CoCRY 1 protein
belongs to cryptochrome family. Homologous sequence and phylogenetic tree analysis showed that CoCRY1

protein had the highest similarity with the homologous sequence of tea tree (Camellia sinensis). Tissue
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expression analysis showed that the transcripts of CoCRYI were the highest in stem and the lowest in flower.

Arabidopsis thaliana plants with heterogenous expression of CoCRY! gene were obtained by Agrobacterium

transformation, and transgenic plants were identified from DNA and RNA level. Phenotypic analysis of

transgenic Arabidopsis showed that overexpression of CoCRY! gene induced early flowering under long day

londition and had photospectific inhibitory effect on hypocotyl elongation. Through bioinformatics, quantitative

analysis and heterologous expression, it was found that CoCRYI gene plays an important role in the biological

process of C.oleifera flowering.

Key words: cryptochrome; Camellia oleifera Abe. ; flowering; hypocotyl
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JrH, AtCRY 1 2 5 6T I T I b %
TR, cryl 7RI ARG R SAF T 34 1 BT
AR B2 JKF (Oryza sativa) 1 58 4 1
OsCRY Is 7RG N S 5 Ml iR 2R A A AR 1, JF
A TR RE B 2 B AR SO s FE R 3 (Sorghum
bicolor) H1 5%t W i CRY1 5 [Fl SbCRY1a Fll SPCRY1b
WEFEET A B, SR I ot FRIK PR L R I |, 5 A
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IR DR LR ST AL, BT R A I R GE
Mook B 2 S A TR
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1 RS

L1 iXes#
111 #EWERL S RNA B4 UM R A il
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FREEBE S W AEAE-80 CUKAR T o 0 TR
5 A= 7 4L B T (Col-0) il i B [X] 401 g v i A 7
23 °C, 16 W/8 h BIE/M T ) Je IR 2R R i B IR %0
FRUP A T R T AR K B AR P 10~15em i, BJ
AT R T A

112 RBRH AR SRBGI R B RNA BT
fY) EZ-10 DNAaway RNA /]y 2 a5 & F PCR 7™
Yy sl FH Y SanPrep #1: X DNA Ji¢ [R]85 & &
K A 1w Jo ks 42 BB T 1Y SanPrep 41 2 5 k7 DNA
NG & B A TAY TR (R B
AR w] . & FE 5 cDNA [ HiScript 1st Strand
cDNA Synthesis Kit, i PCR [ Phanta Max Super-
Fidelity DNA Polymerase #l1 2xRapid Taq Master
Mix. [f] J5 5 41 i% #% 1) ClonExpress 11 One Step
Cloning Kit i& 7| LA & %% 5 % # qRT-PCR /) ChamQ
Universal SYBR qPCR Master Mix Y414 [ 5 50 45 M
AR A IR A W o KIGHF DHSa 252 25
Wy A LR A R BR A ] AR TR AGLO &

1.2 REH*E
1.2.1 iMZE CoCRYI EREMIT=IE 1FRA P Fuhss

TG i R R S Bk )5 L AL EZ-10 DNAaway
RNA /]y it £ B R &5 48 B0 45 50 RNA, 7 A

HiScript 1st Strand cDNA Synthesis Kit # RNA i §%
A cDNA, 7 J57 #F RNA Fll cDNA {447 % -80 C
VKA A5 . AEE A Primer Premier 5 ik CoCRY1
M) _ERIES (3R 1), LUl - cDNA AR | il
3L PCR (JZ Wi {& Z 4 2 x Phanta Max Buffer 25 pL,
dNTP Mix 1 puL, BS54 2 L, Bitlk DNA 2 pL,
Phanta Max Super-Fidelity DNA Polymerase 1 pL,
ddH,0 17 uL. FE/F7 A 95 CHIAEM: 3 min; 95 CZARE:
155,58 CiE A 155,72 CHEAH 2 min, IG5 FF %355
72 CHWIE ZEff 5 min, f£ 47 4 °C) JLFE CoCRYI 1Y
CDS 7 BeIf 38 13 58 e F okoud 77 sl J |, 4fifk PCR
7 ) 3% 3% 42 3] pCAMBIA 2300-GFP i 6 ik 25 {4
e B T AR T AL B K W AT T DHS o 857
BIE B ATTE & A 50 mg/L KR EE K 9 LB *FE 4R
1,37 Cab SR BRI 28 B0 6 R B AR
B bR Ze 85 5%, FIF CoCRYT Y | RS54
XT 45 TR BEUEA T PCR il (2 W A& & A 2% Rapid Taq
Master Mix 10 pL, b #5974 0.5 uL, ddH,0
8 uL, VR LA, P[] b)) W Bk e il Dk 45 2Ry o
—Z5H TR R R TR S % AR A R AT BR
28w Y o 00 45 SR W] CoCRYI 1) CDS 7 411 7
DNAMAN 6.0.40 4T HL X, B A 43 5 H 114 3
B A IE A S, B ECBH M R AT T T TR BT R
Bl pCAMBIA 2300-GFP-CoCRY1 , W A£1E-20 °C K
LR

£1 AHRFAI WS
Table 1 Primer sequences used in the study

ElE/E2 S SIFHI(5"—3") F

Primer name Primer sequence (5'—3") Use
CoCRY-2300GFP-F GGTACCCGGGGATCCATGTCAGGAGGTGGGTGTAGC B3
CoCRY-2300GFP-R TCCTCTAGAGGATCCTACAGCAGAGCTACAAATATGGTAC

CoCRY-qPCR-F TCGGAGAATCCGAGGCATTG qRT-PCR
CoCRY-qPCR-R TTCGTTGGCACTTCAGCTCT

CoGAPDH-F CTACTGGAGTTTTCACCGA THAS QRT-PCR NS FEIH
CoGAPDH-R TAAGACCCTCAACAATGCC

CoCRY-trans-F GAAGATGCCTCTGCCGACA BRI T 4
CoCRY-trans-R CCTCAAGGAGAGTAGAGACAGTATC

AtACTIN 2-trans-F CACTGTGCCAATCTACGAGGGT

AtACTIN 2-trans-R CCTGCCTCATCATACTCGGC

AtACTIN 2-qPCR-F CACTGTGCCAATCTACGAGGGT IR FF qQRT-PCR B HE[A

AtACTIN 2-qPCR-R

CACAAACGAGGGCTGGAACAAG
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122 CoCRYI EREWEE A K CDS XA
TF IR Py 41 8095 2 11 R 41, A 7E 26 ) 3 pfam
(http: //pfam.xfam.org/) 53 A1 i it 25 [ A9 245 F Bk,
— A B B B T CRYs 305 . it fE4k
T. H ExPASy (https://www. expasy. org/) . SOPMA
(http://npsa-pbil. ibcp. fr/cgi-bin/npsa_automat. pl?
page=npsa_sopma. html) #1 MEME (https://meme-
suite.org/meme/index. html) X CoCRY 1 % [ f) #H 1k,
PERT 9% R EEH I motif SE P HEA T 43 A U
i 1 7E 26 M 3 NCBI (https : /www. ncbi. nlm. nih.
gov) ¥ & CRY [A] ¥ 25 17 41 , I F] F§ DNAMAN
6.0.40 MIMEGA 11 {7 ZH I LW IR Z L H
WAL, # E J7 ¥ R T ML dc R fBL 4K % (Maximal
likelihood) .

123 HAREZH M CoCRYI ) CDS 741,
BRSOt E Bl Y (R 1) o AR AR
TS AN () B AL A AT s A P BORY L AR 4R 1.2.1 9 07
% 2 B RNA Jf & L cDNA, N 2 ik [ % $%
CoGAPDH , F| H Bio-Rad CFX96 5L i} ¢ )t 7 4t
PCR ¥ #f 17 qRT-PCR. Jz Jii & % & 2xChamQ
Universal SYBR qPCR Master Mix 5 puL, I Fii#5]
Y145 0.5 uL, BiAR cDNA 4 uL. FEJ¥ 4 95 CHiE
P 5 min, 95 CAEPE30 5,58 CiR K 30,72 CHE
il 30 s, 7F PR E 45, 2R 24497k (Livak ) X 46 i
GERAT T

1.2.4 CoCRYI #H U BETTEMRMIFGIESLEE
FI T 1 pCAMBIA 2300-GFP-CoCRYI 1 36 35 %
WAL AR AT T AGLO 832 25, Bl IR AR 12 i Ak
By A= UL 5T (Col-0) o RS ER Y T, ALFH 14 Fh

TE 5 A 50 mg/L R AR EE 3 1Y 172 MS [ 1K 35 7 5k
SEMR HEAT R R, 22 €, AR IR K B A BT
PR R E A, 7E22 C, 16 8 h (Ok
HE /PRI ) 1 L 5 b Ak B2 55 9% & 10 B i, BRI
Col-0 FH 47T 1 46 Pk 9 1 v 42 B DNA, | ] PCR
(519 U 2% 1) % &% 3k 5 400 g JF A v A7 48 0
Xof 5 JIE HL K 5 SR Ol B — 5T 1 0L B T R AR R A T
CoCRYI 33k B, W BLE %35 CoCRY KR AR Y
P, B T A BEHC3 AR RIARIT A RR R | 4301
fir %4 N 35S8-CoCRYI-1. 35S-CoCRYI-2 Fl 35S-
CoCRYI-3 W AEH T, R4l & #k &+, 4% Col-0 Al
T, AR FHEAE R — 12 MS B4R |, Fik4 d,
76 S0 F 55 9% (10 pmol/ (m?-s') ) £ F & i &
—ANFH L BE SRS d ARSI R IR
FER H B A (038 % [ s RioAE T, 4 AR A Col-0,
B B IFAE , 40 )30 i HTF A8 B () 5 A 4,
T U Rg IF R R R A6, FA BRI 58 .

2 FHERESH

2.1 iM% CoCRYIRICDS BB R HIE L &EHIE

X DA TH %5 cDNA H 5 B 345 CoCRYI 1) CDS
F B R AT B e L KR &5 2R 5 A R — B
(B 1A) 7 25 3 R W CDS X K 2262 bp, 24
T 684 A& KL R , HoAR P 904 & 3 45 iy daf (&
1B) , 43 Jill &1 DNA photolyase . FAD binding 7 F/l
Cryptochrome_C, Wi 8 11 N I AL 5 )6 54 i il
[ U, IR AFAE FAD 45 45 X 38k, [R) i H: C o 47 72 B A
BOFEE AL, KT CoCRY 1 HAJE TRIEAR
P

Marker

B

0 -
DNA_photolyase

CDS

e e (84 DD

FAD binding_7 Cryptochrome C

A4S CoCRY1 3EF ¥ CDS A BLA I, Marker & DL5000; B: CoCRY 1 2 [ 45 #4151
A': Detection of CDS fragment of CoCRY1 gene in C.oleifera, Marker is DL5000; B: CoCRY 1 protein domain

E1 jhZ CoCRYIZIER AL E B L5HE
Fig.1 Cloning of CoCRY]I from C.oleifera and domain analysis of its encoded protein
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X} CoCRYI X 9 i 85 1 E 47 40 #r L, 45 2R 3k
W1 2% 8 110 1 XK CuuHigNoy O0,0p,S s, 43 F 5t
77.42 kDa, P55 5 5.54, 25K PE-0.458 (K12A),
AFREFRELS51.76, B —FPAFRE MK B 1 s 29

A

SERE A3 HT 26 IR R (R 4 Fp — S5 #0 ORI i
o-BRE | 4E {5 DB 5 AR 5 E 40 51 R 43.13%
41.52% .10.23% F15.12% , = L5 R R (& 2B ) 4%
5 TS5 K (K 2C) B T Fe A — 3% .

— /KM Hydropath./Kyte & Doolittle
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Sequence
— a8 — fEfpE B i —— JERLAE
Alpha helix Extended strand Beta turn Random coil

A:CoCRY 1 SR YEIMT; B: CoCRY 1 2 [ = E5 R ; C: CoCRY 1 4 [ — 454 70 #r
A': Hydrophobicity analysis of CoCRY 1 protein; B: The tertiary structure model of COCRY'1 protein;
C: Secondary structure analysis of CoOCRY 1

B2 CoCRY1ZEHBRELMERSH
Fig.2 The physicochemical properties analysis of CoCRY1 protein
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K25 1) CoCRY 1 2K 11 )7 41 [R] 25 ¥} ( Camellia
\ # % (Vitis vinifera) . & Wi (Solanum
Iycopersicum) , J¢. IR ( Dimocarpus longan) . ¥ 13
(Morella rubra) . K35.( Glycine max) i) CRY 1 & [
P9 kAT 22 FE 7 41 U X (181 3A) , 45 2R3 W] 6 Fl ik
1 7£ DNA_photolyase . FAD binding_7 % > %5 #4) 35§,

sinensis)

1 7y 51 22 8¢ /)N , T Cryptochrome C [X 3 fi DAS
BEF AN T 9 B AR BEARAIG o % 25 4>
YAl 40 2% CRYs B )P 91 1T R G0 & B F
(K 3B), 45 B W] CoCRY1 [F] Z5# CsCRY 1 2& |1 4b
T332, ZHFG KRR, H motif /P4 h e
E PN, 5 2 P8 Fox il 46 R —2, £ C
Ui CRY's 2 FIAESE AL i rp S B (0 it A5 28 S ol T
XG5 R AR ) CRY 1s 2 11 BORRE—5.
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A ZHFIILLXT, Cs: M, Vv A%, SL: Fli, DI JEIR, Mr: 474, Gm: KR, [ B A SR DR AR T 45 H I DNA_photolyase |

FAD_binding_7.Cryptochrome_C,£T 44k 5 X3 f0R DAS 567 B: RGK B WY HE K motif /74387, Ah: 5164, Ao A1 M1,
At:AUFIIT, Bd: R AR, Bo: BRIIHSE, Br: F12%, Ca: /NRIMIME, Cb: 5, Co: KK, Cs: 45, DL: JElR ,Gm: K&, Gs: Bf K&,
Hs: AHE Hy: K, Mr: 46, Mt: /S, Os: KRG (H AL , PE: 5575, Sb: i 52, Si: 22K, SL: /e, Vu: UL, Vv 445, Zm: K

A: Multiple sequence alignment, Cs: Camellia sinensis, Vv: Vitis vinifera, Sl: Solanum lycopersicum, D1: Dimocarpus longan, Mr: Myrica rubra,

Gm: Glycine max, inthe figure, the black line regions represent the conserved domains DNA_photolyase, FAD_binding 7 and Cryptochrome_C, and

the red line regions represent the DAS motif; B: Phylogenetic tree construction and motif analysis, Ah: Arachis hypogaea, Ao: Asparagus officinalis,

At: Arabidopsis thaliana, Bd: Brachypodium distachyon, Bn: Brassica napus, Br: Brassica rapa subsp. Pekinensis, Ca: Coffea arabica, Cb:

Capsella bursa-pastoris, Cc: Cajanus cajan, Cs: Camellia sinensis, Dl: Dimocarpus longan, Gm: Glycine max, Gs: Glycine soja, Hs: Hibiscus

syriacus, Hv: Hordeum vulgare subsp. Vulgare, Mr: Morella rubra, Mt: Musa troglodytarum, Os: Oryza sativa Japonica Group, Pf: Perilla frutescens

var. frutescens, Sb: Sorghum bicolor, Si: Sesamum indicum, Sl: Solanum lycopersicum, Vu: Vigna unguiculata, Vv: Vitis vinifera, Zm: Zea mays

3 CoCRY1ZEFFILIT KRG HAR ST

Fig.3 Multiple sequence alignment and phylogenetic analysis of CoCRY1
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B, I AS AR 25 - B R SCRITFR T cDNA
FiA , F| F QRT-PCR Xf CoCRY T He R 15 31 45 A [7] %
B IR BT 0r, 45 KW (K 4) , CoCRY1 1E
MA AL MR B RAERRZER AEZEPRE

i, AL AR
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Relative expression
S
I

HRoot ZEStem M Leaf 7E Flower 3.5 Fruit P Seed
4 CoCRYIFEHZFHMBEXI RIZESHT
Fig.4 The relative expression analysis of
CoCRY]1 in C.oleifera
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Fig.5 Identification of transgenic Arabidopsis



34 FEFHEE IR AE R EEF CoCRY1 W SE ke S DI RERI ST 447

¢ oL ik
Dark Weak light

B
40 14
I * * ©n
. & i o 21 . .
= E 30 =10 X
ET 20 g 8
52 BE
H:.E £l
" 10 2 4
£
Z 2
| A 1 B 0
F N P
C & C@ Cé C & ¢
O 8¢ %C}’ JOgON
o5 S S calodiod
= g it
Dark Weak light
199 ., # g 65 12
T T
E%D 8F E%ﬂ 8t
B3 B3,
E £F o
mé al .;‘zg al k% *
=T ﬁf y ey B2
k= 2t 2t
Uy 0
S D 5\» %
Qo\ N ﬂ @\ QQC{\ *\C%\
CPC CPC (‘}’C OO o

S
o W5 S o5 o5 o7

AAUFITIT AL B AL MIZE T34 C: AE SIS B AR K 5 d S RUREST IRl D R IR BEGE 04
ns FIMIFORTE P < 0.05 K LR E Z R AR E 2R
A': Flowering of Arabidopsis; B: Statistical analysis of flowering time; C: Hypocotyl of Arabidopsis grew under dark or weak light for 5 days;

D: Statistical analysis of hypocotyl length, ns and * respectively represent no significant differences and significant differences at the P < 0.05
6 FERBIEITRENN

Fig.6 Phenotype observation of transgenic Arabidopsis
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