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ERIRIR. ik BT ILE R R AR M CoGI0HT #F, FEXI CoG10H1 K HmidE A ML . — 44
Ky ZEREEREBAT 53 HT » RS20 % 8 & 3R A liE =0 % PCR (real-time fluorescent quantitative polymerase chain reaction,
qRT-PCR) X} CoG10HI BHATH LN FEFRIL 1. % pCAMBIA1300-CoG10H1-GFP fll & Fik AR HAZ Y 1, B0t
A BB MEE CoGI0H] EAMTHMMESI . LR CoGIOHI 1] cDNA KN 1497 bp, Wit 499 NEEERR, H 1 Ms
Gk, FEERRIAEM S, BRI Rz, WO R RS TSR] CoGl0HL H HEN T HNEM F. 4518  CoG10H1
HEJE THMEE P450 HEAFKE, WREIE DT & BB R RERBIER, AEEMA CoGl0H] FRTEL TG E
FEURTE R R I IR S .
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Cloning and expression analysis of CoGI10H1 gene from Cornus officinalis
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Abstract: Objective The CoGI0HI gene was cloned from Cornus officinalis and analyzed by bioinformatics, expressionand
subcellular localization. Methods The CoGI10H1 gene was screened and cloned based on the transcriptome data of C. officinalis, and
the physicochemical properties, secondary structure, and tertiary structure of CoG10H1 and its encoded protein were analyzed. The
tissue-specific expression analysis of CoG/0HI was conducted by real-time fluorescent quantitative polymerase chain reaction (qQRT-
PCR). The pCAMBIA1300-CoG10H1-GFP fusion expression vector was constructed and infected with tobacco leaves, and the
subcellular localization of the CoG10H1 protein was observed using a laser confocal microscope. Results The cDNA length of
CoGI10HI was 149 7 bp, encoding 499 amino acids, with one signal peptide. The expression level was slightly higher in the stem,
followed by the fruit and the leaf. The CoG10H1 protein was observed to be located in the endoplasmic reticulum under the laser
confocal microscope. Conclusion The CoG10H1 protein belongs to the Cytochrome P450 protein family and may play a crucial role
in the synthesis pathway of loganin, providing a reference for subsequent studies on the role of the CoG10H1 gene in the regulation of
the loganin synthesis pathway.
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112K84 Cornus officinalis Sieb. et Zucc. &4
FERBUIRAR, 2N R TR AR N, 4L
BN, AR, ZREE, WRIRIE, VEROR, STRE R
G M AIG IR E A o2, e T (kA
L) 1Sl L B 300 RFME ST
FEINAEEEGE S . BRI AHLER . R MRS, H

B B A B R PN RS T, E AR
LR SEURE . LR R S AY,
TR B I = d 1Ol

Wi mEmE &R REEGHRKR
(mevalonate, MVA) &12H1 2-H 3 -4-BERR-D-7
PERE (2C-methyl-D-erythritol1-4-phosphate, MEP)
EwAED, B RN, HHREEB R (geranyl
pyrophosphate, GPP) J& ANFEIHE R EE >, £
FhiG 2@ GPP ML AR . Hlh. /= HE5%
HROSFE, fE LTS R EY, GPP ok
PRI S, 2 JEEAR G HE (geraniol synthase,
GES) AL N AL N EHRE, $2 N RAEFHEE-10-72
{1k B (geraniol 10-hydroxylase, G10H) {£F] F7E C-
10 AL BAGHER AR IR L, HETT AR 10-F2 557
BT IXANFREEA SN A R DA R A 5
—ANBRIEIAT, SRR RE T A S IR AR 1 ks

G10H J& T4iffutt & P450 FK % (cytochrome
P450, CYP450) [, J& — MR K6 488 5L R X
BR2, RIS CO 456 J1E 450 nm AL HE 57 i
T 4344030, CYP450 & H P LIS 5 M KA L
5. WERZYIR AU, CrGI0H FERE R
KELT W ERR, I BAEKELMEE B AT
AN RANGIEAS Y CrG10H 8 A 7775 55 5E Ol
T, FEIN RS S BT A R AL R 3 L
W AERS10, GI0H EHJE T CYP450 HN%H
Mgt CYP76 WA ERURA , CAAEKFAL ik 4
SER] CYP76B6 MITEBRH- I+ M B o i e %6 7€ 1Y)
CYP76C4 #B72 GI1OH & AU, B, KHFLIO,
HAOS /N AR FLOOT )1 G 2 SR 200, JR) (21
22 AR GI0H JE R B TR IRIE, X
AU T GIOH JERFEM IR N K #4558 21
AR 22,

ARSI BT A K S R, TR kR
CoG10HI JE[H, AT VMG B W FI 2V 5
PERIEIHT, R CoGI0HT 2 A IV 41 i 52 7.,
HNWEFL CoG10H FER I ThRESR- LS

1 MR5EE
1.1 MR

WZRBEAP R TR B R R 24, TR
PR AR R B0 % D LR R LR B A L L
ZEBE C. officinalis Sieb. et Zucc.. HULZEFHIZE, AN
SSRGS, (T80 "CHBMKIRIKAH .
1.2 Y&

TY04S-3D RUBHI AT 748 CR R HIKA R
). NanoDrop 2000 B/ e A T FV3000 7Y
PO L RAERHE (Olympus H IR A H ).
Lightcycler96 TS 551 & PCR X (Roche HFRA
Ao
2 K
2.1 2 RNA fZER5 cDNA &%

WOE & LR B AR S, B TR BRod
B AR, FREE 70.0 mg By RIB G, 210 RNA R
B O & i B AR UL R B RNA, #E4T
1.0%Z5 Ta bR e e FEL UK IN RNA TGRSRt olfE, M
A YEEETHIN E RNA MR JE, %M First Strand
cDNA Synthesis Kit (+gDNA clearer) 7l &5 Bt
1755, 195 cDNA JEfiffFT-20 C,
2.2 CoGIOHI HEEMTESEE

AR A R A 1 1 2R B A 3 2 AR O o
CoG10H1, {# FH Primer Premier 5.0 %% 4 % it
CoG10H1 # [A /1 %5 53 1 51 ¥ CoGIOHI-F: 5’-
CACTACACACAGCCTAACA-3’; CoGI0HI-R: 5’-
CTGAATATTACAATATTGCTTGC-3" . LA 1l 2 B
cDNA NI4T RT-PCR ¥, 14 % 1.0 uLKOD-
Plus-Neo, 5.0 uL10 X PCR Buffer, 25 mmol/L MgSO4
30 pL, 2 mmol/L dNTPs 5.0 pL, 10 pmol/L
CoGI10HI-F 1.5 uL, 10 pmol/L CoGI0HI-R 1.5 pL,
2.0 uL cDNA, 31.0 uL RNase-free ddH,O; R NFETF
N94 C, Smin; 94 ‘C, 30s; 50 ‘C, 30s; 72 C,
Imin, 40s; 33 /MiEHF: 72 'C, Smin. Z ¥4tk
YIS pMDI8-T #ARER:, FALANKIITE DHSa
SRR, PREH I e EIE AR IFE, A4S
R HBARFATHNT,  HO BB A S5
B 50% Hh, A7 T—80 CHREIGIRIKAE -
2.3 CoGIOHI EEBEMEEF T

i# i InterPro 1 ( https://www.ebi.ac.uk/
interpro/) LA} ProtParam H1 ProtScale £ £k 4 {1124
Chttps://www.expasy.org/resources/protparam. https://
web. expasy.org/protscale/) ¥ CoG10H1 &% [ {45 #%
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R B A YE B AT 2 s R A Cell-Ploc 2.0
(http://www. csbio.sjtu.edu.cn/bioinf/Cell-PLoc-2/) F
TMHMM 1E 231441251 Chttps:/services. healthtech.
dtu.dk/ servicess TMHMM-2.0/) Titill CoG10H1 % 4
V1RSIV 24 i 5 A7 A0 M) PR R i 55 A 35 kT AE P &
SOPMA ( http://npsa-prabi.ibcp.fr ) Fl  SWISS-
MODEL 2 (http://swissmodel.expasy.org/) 43 #7 Tl
M CoG1OH1 M &5 M =g 4ty A
MEGA 7.0 B #% CoG10H1 & 1 KRG R E
2.4 CoGIl0HI EEMFRIESH

MILZRBIZE, . SRSFES 1 HREL total RNA,
L3R4S cDNAL it gPCR I5IMIF51 R D,
DL cDNA AT QRT-PCR SV, [ AR 2R L3 2,
BN 3 ANER, il 222 TN CoGI0H]
FEREIL PR BN A H LB BT THE,  ANTeri]
CoGI0HI FEFITEILZEGIZE, -, B3k it
W, #¢J5H GraphPad Prism 22| SEH FRIA & &
2.5 LLZEE G10H1 R LA E L5 4

1% #% BamH 1M1 Sac IfEAXMEGYIAL 2, X
pCAMBIA 1300-GFP # A BEAT XUBEY), A HIAEZ M

&1 CoGI0HI #[ qRT-PCR ¥ 155(47

Table 1 qRT-PCR amplification primers of CoG10HI gene

%2 RT-PCR R R{kH
Table 2 qRT-PCR reaction system

{E%iil PEF/uL
2 X Ultra SYBR Green qPCR Mix 5.0
q-CoGI10HI-F/ g-CoGAPDH-F (10 pmol-L™) 0.5
g-CoG10H1-R/ g-CoGAPDH-R (10 pmol ™) 0.5
cDNA 1.0
RNase-free ddH20O 3.0

vt C https://crm.vazyme.com/cetool/single-fragment.
htmD) it CoG10HI ZEHR P [RIJEEHGY) (3K 3),
LA pMD18-T-CoG10H1 STk Jy i 434 H 1) v Bt
W T R S IE, ARG RS
|5) & KTV I8V S g 7 S 81 VA R T R
W%, FEEUTR

pCAMBIA 1300-CoG10H1-GFP, #% N\ 4 T i Jik
54 GV3101 H, K& WM ARIE ER-HDEL Al
SHEMHFRAUZ I 101 IR EES B4 KA
T N R, BEEEE 2~3 d 5oL
BRI ER A R Hoh GFP SR VO ORI
KA 488 nm, WHEMFRICE WA RFP 4G5
wH, HBOREKR 587 nm.
3 GBR5ESH
3.1 CoGIOHI ERMRESLE

NS TR 2 ) 4 K B s 2 B8 v i k1S 3
CoGI0HI H:R, RIEZFH it it 514,
cDNA AR, PCR ¥ H13E125 1500 bp B (H
1), CoGIl0HI K5 pMDI18-T #4E B 585 N K
kT DHS5a, B PCR KPR J5 6 (& 2D,

*3 LHRREN BS54

Table 3 Amplification primers for subcellular localization

51444 F I (5°=3")
q-CoG10HI-F GGCAGCCTGGTACAAGAATCA
q-CoGI0HI-R ~ CCTCGCAAAGTTGATGCCA
q-CoGAPDH-F ~ TATCAAGGAGGAGTCAGAGG
q-CoGAPDH-R _ CCATTCGTTGTCATACCAGG

eIk /RS

SR 5] (5°—3)

pCAMBIA 1300-CoG10HI-F
pCAMBIA 1300-CoGI10HI-R
pCAMBIA 1300-Seq-F
pCAMBIA 1300-Seq-R

catgtcgactctagaggatccATGGATTTCTTGAGCGTTGTACTATG
agaacacgggggactgagctcCGCATGGACAGGGACAGCA
CCGCTGACGTAAGGGATGACG
CCGTCCAGCTCGACCAGGATG

Marker

CoGIl0HI

1497 bp -»
1 000 bp

1 CoGIl0HI EERITIELER
Fig. 1 Cloning results of CoG10H1 gene

Hi ¥ DH5a-pMD18-T-CoG10H1

Marker

1497 bp
1 000 bp

2 DH5a-pMD18-T-CoG10H1 &;& PCR &R
Fig.2 PCR results of DHS5a-pMD18-T-CoG10H1 bacterial

solution
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e &8 W 55 W — 3, cDNA FHIKEN
1 497 bp-
3.2 CoG10H1 ERRBK M RIS BSiRLE Mty
SR

MEEHL R SREKPESEJT X CoG10H1 EEH
BTN, 45 REH], CoGIOHI RF Y 499 NN
REg, FULSHESN 6.71, KoE/KMEBE N-0.063,
AFaE RZHCN 51.51.

CoG10H1 % 1 J& T Cytochrome P450 & 1 5 ik
(Bl 3-a), MEEBRSME (KB 3-b), BF 14
Gk (Bl 3-0), AKEEE (B 3-d), W41
ERLTRM A AR (B 3-D.

3.3 CoGl0H1 ERWSRLEHTUNS 5734

1 CoG10H1 & H 1) = g5+ 1l UL 3-e, £
5 49.70% a-M8HE . 6.41% B-FE AL 12.22%H HI LEf
F131.66%JC KU 1, B AT W, o~ i & CoG10H1
R ORI EN R

ff FH SWISS-MODEL 7E £k W % % CoG10H1
HAR =Rty o (B 3-g), H
AOASJ4ZUT5.1.A AR, 8 H7E 555N 79.64%.
3.4 CoGl0H1 K ERFIIMARGH LS

%8 CoGlI0H1 5HANMIF ARG R E
B (B 4). Z5R BRI CoG10H1 & H 15 54
REAFE—F L, 5B, MR, ArarRESE —

Entry matches to this protein e ] ']
b 12
[ 0.8
0.8
L 0.4
= 0.4’
0 ® :
50 150 250 350 450 ‘ e
transmembrane inside outside 0 20 40 60
d 4 Hydrogalh [/ Kpte & Uosille € b "
30 50 150 250 350 450
2 |
o 1 | 1"' \ f | .( |
<R .‘ | | | l ] \ | ‘[ " ’ "I »"
ST ML PR R Rl A ‘-‘,:.\'9(“%‘ £
-1 | (L8 N A '/ \
' | " \ | ; = N
-2 | ! | 50
_3 & A .
50 150 250 350 450
L, g
f

Query protein Predicted location(s)
CoOGIOHT Comus officineis Endoplasesic reticubum.

a-CoG10H1 %K b-CoGl0H1 & B ELE I c-CoG10H1 & A5 5 /k; d-CoGl10H1 & HE/KYE; e-CoG10HI & H 4 45M; f-CoGl10HI A

WA ERL; g-CoGl0H1 5K A =445 .

a-CoG10H1 protein family; b-transmembrane domain of CoG10H]1 protein; c-CoG10H1 protein signal peptide; d-CoG10H]1 protein hydrophobicity; e-secondary

structure of CoG10H1 protein; f-subcellular localization of CoG10H1 protein; g-tertiary structure of CoG10H1 protein.

B3 CoGl10HI ZEREYMERED
Fig.3 Bioinformatics analysis of CoG10H1 protein
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PfG10H2 Primula forbesii AMO03311.1

CsG8H-like Camellia sinensis XP 028078150.1

PfG10H1 Primmila forbesii AM0O03310.1

CaCYP450 Camptotheca acuminate Q0102199.1
AcG8H Actinidia chinensis PSS30772.1

AeG10H Amebia euchroma QKZ93456.1

GmG10H Gentiana macrophylla AGI97015.1

NaG8H-like Nicotiana attenuate XP 019264066.1
CaG10H1 Camptotheca acuminate WIK44486.1

CoGloHI Cornus officinalis

CaGIl0H Camptotheca acuminate AES93118.1
MaCYP450 Melia azedarach KAJ4704367.1
GhG8H Gossypiumhirsutum XP 016670683.1

CeG8H-like Coffea eugenioides XP 027155462.1

AtCYP76C1 Arabidopsis thaliana OAP07350.1

0.05

TaG8H-like Triticum aestivum XP 044320904.1

4 LLUZE CoG10H1 ARG
Fig. 4 Phylogenetic tree of CoG10H1 in C. officinalis

KM L, IhZE8E CoGI0H1 & A5 KAEIY g
16 BWHRM . PN, KIEREHHE. MK
A ER R, N 90.87% 79.48%- 71.23%.
70.42%- 73.96%, M5 KEML. MARAKSE 73 3BT
(11 77 51 [R5 A X A
3.5 CoGl0HI EFMALFRMERIEST

i@k Primer Premier 5.0 #4151+ CoG10H1
qRT-PCR 51510, It CoGl10HT FERIFEA
FHZAM RIS, GREY], CoGIOHI HRAEZE
HRIAEME, ERLA R RRIARRZ
(5.
3.6 CoGl10H1 ERHILHEE R 5T

TR T A BB T LM B R R
T e 70T (B 6), ZESRH, TR PIFR
i, ER-HDEL 1 pCAMBIA 1300-GFP %5 #{F XUkt
B, pCAMBIA 1300-GFP %% %5 7 21 ffd J5i A1 40 g %

GFP ER-HDEL Bright

PCAMBIA 1300-GFP

PCAMBIA 1300-
GFP-CoG10H1

CoGl0HI

5% W
B 5 CoGl0H1 EREEAELHLRFTIEKFE

Fig.5 CoGI10H]I gene expression levels in different tissues
of C. officinalis

TR M ER T, T ER-HDEL Fric{XAE P ]
EREBaETE KR4 CoGI0HT & F K 1
7505 ER-HDEL #ric K AL 5 A (e 8
&, FHARSXENEOTE, R UMW T
CoG10H1 & H AN M E&RIE, 5AHME S50
A e 0 TV S T 45 R4

6 CoG10H1 EBFEHEM /TR &Z e A9 I 4P E L

Fig. 6 Subcellular localization of CoG10H1 protein in lower epidermal cells of tobacco leaves
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4 e

L 2R g TR R SR A 20, 4 K AR A
2002 Ay F TR & S a2 —, 3872 2023
FEEFRHIEN 9 MABHAYIT 2 —. ILZEHET
T B R R R IR R IR S F R, B R
T T-EA SRR DT, RSt &l
FEYPUHF S, XS GURR A L 2R 0 I A Bk s L T,
Forp IR R S (R E 250 2020 RO E
(1) E EEE VLY

M EE-10-52408F (G10H) J& T4t & P450
FEh BN E R F R E) CYP76B WK%, ‘& ] LU
AT IF) C-10 J 228 s w7 48 T A6 A 1053 7 i
fi(2627), BFF R G1OH 7EKFRIEAMIBRI & it 72
HHORAEEE LR RS20, 44 orca3/gl0 h BRI LE N KT
FEERAR A ] DASE Sl R AR (TIAs) &8,
) PR et %95 SmGI0H 1] AR ik
FEFR AR R120, GrG10H 7EME e AR IR h RiA R
i, SHAAEA—H0Y, SRR, GI0H EETE
A T s 2 RNG R AR Rl 11 G O A P R G B R 4%
YEH . MWEHEEIFIE, GIOH CAWAFR1E ST
B BASAE ) B — N L PR D),

AT TN 1L 2 B (19 4 A B S 28 B v Ok
sl CoGI0HI B, KJEHN 1497bp, % 499
MNREEIR, RTFEIRAHTR/R CoGI0H1 B HJE
TAHE R P4S0 A K. MR ILZEYE CoGl0H]
R SHMMM N EERTIRAKEN, 7TLE
i CoG10H1 £ A7 5 i MRS M 1 & B 7 51
R AR, XK e E TilizeEE .
MK R B, (W8 B ILZRE 558 Bk
EFLRSIE H R R4 APG TV RSP
AN S R FE A - AR TR R CoG10HT 3%
PRI L2 g 2 TR Rl B A v, 7E SRSt A
RIEEIRZ, X GEREBD, RIS, gk A R0l
JTREERIR R A R A8, "R A
[ H 2 it ) 24 I M A AN A

| AR 4w 7 ( protein subcellular
localization) &M 51 & H i AE V2 D REROSE A, X 8
P10 4 2001 50 EL A B ST, A 7 23 b i
WPy, Sl AW B AE TN AR AR
YR E R, 2 fa AT I &5 5 . CoG10H1
PRV 0 i FR0I A A ), 2 T O
I D B B A I 1) 3L e L A N R, XS
VEJERE GrG10H1 A1 GrG 10H2 F 372 i 5 o7 T 45

R0, MAEEE T PcGIOHT {140 A 5 {7
TR A EAART, fEZ2 0 GmG10H ¥ 740 i 2
RLTR A 20 f 5 B3, X AT g2 AR A [F] S 80T
I M 5 L g R A —

AHFFE UL R RNA, &
RT-PCR ¥ #4432 H 15K CoGI0HI 1f] cDNA J
b, FEATAEYE BN HRRERERE T
SRR CoGIOHI fEZERFRILEM A, RIFnt
FrHIRZ o I M Rl R A ik pCAMBIA 1300-
CoG10H1-GFP #4730 40 Jfd 5& f57 70 A1, 45 SR 3R B
CoG10H1 S EEMAAENFIN F, SHg: R 5.

XU LE R L] CoGI0HT HEH ] RELE LA &
FSCE B ) AR SR L A R TR L2 B R
T A BRSNS — 2, AfE

LT CoGI0H1 HERIE BBt & il i v (1) i 4%
RIS %,
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