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5 E: (BB IR T A COPY 55 B A 1R A7 5 (constitutive photomorphogenic signalosome subunit 5, CSN5) 1E 5.
AR R E IR R TR LA SR LA T F ZL U ), R AR B SR SR I (% SR , 50k 3 7 B FuC-
SN5 MRl . BT AR B A0 Th Re s RGP I B B G5 M 4G JEAT TR o 383 SDS-PAGE Al Western Blot £ il FaC-
SN5-His H 8 1, ) FH AR Bk HaghAT 048 M 58 657 73 B o ) RT-qPCR A FaCSNS IR 25 235 K, I AR KT B A
S 1 Y B S S, LR AC SR Y, R FaCSNS S5 IR I KT I FH [ Fr 5 7 R0 A 5 8 2% A AR B0 A ) A/ 5 8 2%
X} FaCSN5 2R IA 15 S 52 m (5 R VR Gu il W 2 01 38 W FaCSNS FvCSN5 Fl A 25 CSNSb RIE PR s » A AR 4y
BN 100% F 94.24% o i B (1) FaCSN5 5 ¥4 TN 545 8 4% & [R /7 41 11 0 3 1 %0 J25 18 7 471 AH 1A 2R 43 Sl 3 98.97% Al
99.35%. FaCSNS5 Z:[H [ 4mi%1X v 1080 bp, #afith 359 MM, A — MR SF 1 MPN 458438, pET30a-FaCSNS fili &
FEIR AR KT 1 )5 A% K 78 3K W FaCSNS-His H 18 A K/ 66 kuo SIE4H 858 7 2.7~ FaCSNS-GFP fili & 85 A 58 i
NN RZ AT . FaCSNS TEAR HHRIE /K de i, ZEFp 7 R A, TEAR R I RIA B R P PR RIS E M 8 5 RUKE
R A LA A R, (BB AR A B AR, MARS UGB SR B RIB BT AN A R {2 e i
H S, FaCSN5 3o 2675 B AT 1t 252 B S R A VT ER FaCSNS 2235 ) x40 S SR S il . FaCSNS S350 1 L8 B T
82 SRR P B RN 7 5 2 (A T oA, HL SR IA 52 B W Pl 38 VA R (1175 5 - (4518 JFaCSNS 7 R /& il 2
TR R I A L S A
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Functional analysis of the COP9 subunit FaCSNS during strawberry

fruit development
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Abstract: [Objective] The study aimed to investigate the function of strawberry (Fragaria * ananas-
sa) CSN5 (constitutive photomorphogenic signalosome subunit 5) during strawberry fruit development.
[Methods] Benihoppe strawberry was used as experimental material. Firstly, based on the transcrip-
tome data of the five developmental stages (SG, LG, Wt, IR and PR) of strawberry fruit, a gene with in-
creased expression level during fruit development from the large green fruit was screened. Because it
contained MPN conserved domain and had 100% sequence similarity with diploid strawberry FvCSN5
(XM _004291211), the gene was named FaCSNJ5. Total RNA was extracted from the samples using a to-
tal RNA extraction kit (Guangzhou Magen Biotechnology Co., Ltd.), and the cDNA was synthesized by
reverse transcription using Hi fair ® III 1st Strand cDNA Synthesis Super Mix for gPCR (Shanghai
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Yeasen Biotechnology Co., Ltd.) kit, and then the full-length CDS sequence of FaCSN5 was obtained
by PCR. Secondly, some bioinformatics techniques were used in this study. The molecular formula, mo-
lecular weight, isoelectric point, and fat solubility index of encoding protein were analyzed in the Prot
Param website. The conserved domain of FaCSN5 was analyzed by the NCBI website and Blast tool.
The transmembrane domain of FaCSNS5 protein was analyzed by TMHMM 2.0. The secondary and ter-
tiary structures of FaCSN5 were analyzed online using NPS and Swiss Model. The phylogenetic tree of
FaCSN5 homologous genes was constructed by MEGA11 software. Thirdly, the spatiotemporal expres-
sion levels of FaCSN5 were detected by RT-qPCR using Agrobacterium-mediated transient transforma-
tion of strawberry fruits, and the phenotypes were observed and used to detect the expression levels of
the FaCSN5 gene. The cis-acting elements of FaCSN5 gene promoter were analyzed by the online soft-
ware Plant CARE. The induction of FaCSN5 gene expression by exogenous hormones was detected by
disc incubation and exogenous hormone treatment experiments. The subcellular localization was ob-
served by Agrobacterium-mediated transient transformation of tobacco mesophyll cells. Finally, the full-
length CDS sequence of FaCSN5 was constructed into pET30a vector by homologous recombination,
and the pET30a-FaCSN5 fusion expression vector was obtained induced and purified. Western Blot was
used to detect FaCSN5-His target protein by SDS-PAGE and Anti-His antibody. [Results] Evolutionary
tree analysis showed that FaCSN5 was highly homologous to FYCSN5 and rosa CSN5b, with similarity
rates of 100% and 94.24%, respectively. The base and amino acid sequence similarity between the
cloned FaCSN5 and the eight gene sequences of Yanli strawberry reached 98.97% and 99.35%, respec-
tively. Bioinformatics analysis showed that the coding sequence of FaCSN5 was 1080 bp, encoding 359
amino acids. The analysis of physicochemical properties of amino acids showed that the molecular for-
mula of FaCSNS5 was Ci7:H,773N471 0555814, the molecular weight of the protein was 40.35 ku, and the iso-
electric point (pl) was 4.93, which was an acidic protein. The protein contained 48 negatively charged
amino acid residues (Asp + Glu) and 31 positively charged amino acid residues (Arg + Lys). The insta-
bility coefficient was 41.41, and the average hydrophilicity is —0.421. It was inferred that the protein
should be an unstable hydrophobic protein. Conserved domain analysis showed that FACSNS5 had a con-
served MPN domain. Phylogenetic tree analysis showed that FaCSN5 had high homology with FvCSN5
and rose CSN5b, and the similarity rates were 100% and 94.24%, respectively. The pET30a-FaCSNS5 fu-
sion expression vector was constructed for prokaryotic expression in Escherichia coli. The results of
SDS-PAGE and Western Blot showed that the size of FaCSN5-His target protein was about 66 ku. The
transient expression of Nicotiana benthamiana showed that the FaCSN5-GFP fusion protein was local-
ized in the nucleus and cytoplasm. RT-qPCR analysis showed that the expression level of FaCSN5 was
the highest in the root, followed by FR, PR, stem, leaf, and flower. The expression level of FaCSN5 was
the lowest in the seed, and the expression level in the root was 8 times higher than that in the seed, indi-
cating that FaCSNJ5 had tissue specificity. During fruit development, the expression level was the high-
est at the Full red stage and the lowest at the De-greening stage. From the Degreening green stage, the
expression level increased with fruit development, indicating that FaCSN5 might be involved in the de-
velopment of strawberry fruit. Agrobacterium- mediated transient infestation of strawberry fruit with
FaCSN5 overexpression could promote strawberry fruit ripening; silencing FaCSNJ5 expression inhibit-
ed strawberry fruit ripening. The FaCSN5 promoter contained cis-acting elements in response to methyl
jasmonate and gibberellin. After treatment with MeJA and GA, the expression level of FaCSN5 gene
was slightly lower than that of the control group after 1 h of MeJA treatment. After 2—5 h of treatment,

the expression level of FaCSN5 gene was higher than that of the control group. The expression level of
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FaCSN5 gene was higher than that of the control group at 1-5 h after GA treatment, and the expression

level was the highest at 1 h after treatment. After ABA treatment, the expression level of FaCSN5 gene

was higher than that of the control group, and the expression level was the highest after 3 h of treatment.
The results showed that the expression level of FaCSN5 gene was induced by MeJA, GA, and ABA, to

various degrees. [Conclusion] The protein height of FaCSN5 was about 66 ku, which was localized in

the nucleus and cytoplasm. The expression of FaCSN5 was induced by abscisic acid, methyl jasmonate,

and gibberellin. FaCSN5 might promote strawberry fruit ripening through multiple hormonal regulations.

Key words: Strawberry; Benihoppe; CSNJ; Expression analysis; Subcellular localization; Hormone in-

duction

COP9 {5 5 & & 14 (constitutively photomorpho-
gennic signalosome , CSND 5t 4] UL A 7 71 4 45 7
HEA KA EZRTAY. CSNEZ R-HAM
gt — ik EEERTFNZEAEEY, K
RS M A R A0 5] 5 3 268 R A,
M A B R 7E o 5 JAZ B, CSN
HEam k&g —, %A CSN I I 78 4 FK A
CSNI1-CSN8". CSN AT DA HAT(H D g, tH
A PAZE A B CSN & A48 K FEAE L, Horb CSNS [ 1E
F %2 REY. FEAL R I H R I AtCSN5a F1 AtC-
SN5b I[N, ¥ Nt CSNS 3£ RS, 78 SR 4
IKFE LR A, U R & — A CSNS B[R 7,

CSN5 £l MPN (Mprlp-Pad1p-N-terminal) &5
P, FERBIME 5 BT, BOE TS S, A %
— R A Y I6E, MPN 18 & (A B A AR AR, 58
#¥ CSN5 2 COPY 5 5 E Akt /WY, H
B CSNS CL&AE Z AW Fl b 3 o0 B 50 0 b7, & 0 T
RE el 2R 4 R B, W79 B C2 B 5 CSNS AH L
F I 222 $0U 77 % T CULL ¥ SCF 72 % B3 %
PEWG , e AW POl S SR, EE T CSN4 Al
CSNS i it JA 15 538 I 18 15 COLL A ]9 AR 285 28 it
JERZLY, CSNSajd i # P iE Kk 2 AUX/TAA 7K,
M AR RS 2. Bk, CSNSEA
Vil F0 AR Y i ie R EE R . A
1f , CSNS FEBLAE F 150 T 564l H i e AN TG 2

BRE ST T AR R AR 2 B S L )
B, BT EH LI = AR RS SR
B AR b, Tk B — AR R K B RIE
N COPY W3 , 4 i MPN £ 55 45 K35, K Ho iy
%8 FaCSN5, F¢HEM L AT GE ¥ I e S sk & i
P U NI SR E RV AN R U N R XANTE M
TLIE R FaCSN5 1) CDS 741, FE0E B A 1 ot L 2
SR R Ak P40 e G RIA R KT B et

1S YL E B SEESHAT TR 5, VR AT 92 FaCSN5
1E B FSR B R4 T HLEI A Th 8 B e S5t

1 PRI

1.1 ##

RIS AL R S B AL e X H iR = 55
e BE 1\ A% K B R 40 B (Fragaria % ananassa
‘Benihoppe’ ) . i % P AR AR 6 Bl A 10~30 °C.
73 SRR E Y 60%~80% « H BRI 1] 8 h, JE /K%
M RLE B . £E 2023 4E 2 BB SRR, T B
10:00 X AR L 25 VI A6 R SRR % 2 2R Az Y
FEo MR T AN RIBIEFE, SRE /NG R SR B 2
BB R GR L A I A A A R R A I
SRR RS, I AR R, -80 °CIRAF -
1.2 S RNAREKREER

K FHEFRAE A 5 RNA /N & GER AR}
A7 PR A J)D SZHCRE SR RNA, FIF Hi fair® 111 1st
Strand ¢cDNA Synthesis Super Mix for qPCR (3% £ 4=
W28 AR G S e 3B B cDNA L T 80 °C LR A7
% H .
1.3 E&E CSNSEMZESH

FaCSNS5 {57 44 14 4838 1 NCBI Chttps://www.nc-
bi.nlm.nih.gov/Structure/cdd/wrpsb.cgi) il Ml ; FaC-
SN £& [ 15 JE 25 #4354 Ff TMHMM 2.0Chttps://ser-
vices.healthtech.dtu.dk/services/ TMHMM-2.0/) 53 #T 5
FaCSN5 771 B & &5 HL s B E i 2 1 AN R E
% %0 F| H Prot Param (https://web.expasy.org/prot-
param/) 75 28 TN ; FaCSNS & [ T — 0 Fl — 2 4514
F) HI NPS (https://npsa- prabi.ibep.fr/cgi- bin/npsa_au-
tomat.pl?page=npsa_gor4.html) #1 Swiss Model Chttp://
swissmodel.expasy.org/) 7E 28 43 #T ; #2495 15 21| (1] FaC-
SN5 Z AR T 41, I FH MEGA 8 A3 41T B R T 51
V1R[] 95 1A L ok A 2R 40 A A ) S e o A 2 A
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Plant CARE (http://bioinformatics.psb.ugent.be/webt-
ools/plantcare/html/) 43 #t FaCSN5 J& 2 - [ i 2 A
H oot
14 EREBESHRELIE

B S — S0 B S A SR s, A AT AL AT
o SR S 4 IR TR B T R P47 30 min,
HE/FEAEMEE 298075 cm f10.1 ecm, & H
AT FL A 10 mmol - L' MgCl,+ 5 mmol - L' CaCl,«
10 mmol-L" EDTA.5 mmol- L4425 C.200 mmol - L'
H #E A1 50 mmol - L' MES(pH = 5.5) . ¥ P 1f
() SR S5 P AL S g 43 AN 3546 100 pmol - L
2K #]1R F 6 (methyl jasmonate , MeJA) 100 umol - L™
77 %5 2 (gibberellin, GA) F1 100 umol - L' Jiit % 1% (ab-
scisic acid, ABA) [P 1, 25 °C 140 r- min' i
Ho T1.2.3.4.5h 73 A1 g A PREF IR Fr 5 WA

I, -80 °CIRAE .
1.5 SERRHEEPCR

FIH Primer 5 ¥4 ¥ v SR 2 O € B 51 (R
D), LA BB AR 25 O A8 R T 5% R B I 2R
SRR I B R A 1) cDNA AR , FLRE K Actin FE
(K h N 2 3£ K], 5% ] Bio-Rad CFX96 %% )¢ 3€ & PCR
KT FaCSN5 TEAS [ AL FIAS [F] Ab 22 R 1) A 1
o PR FAL =205 RN AR T, LI O E =
TNREAR 28 1 2 2 > 5 2 % Trans Start Top Green
qPCR Super Mix (4> 24 WA A BR 2 7)) Ui B
Fo WK 3 IRE A, AN RIA R 215
1.6 EFHFaCSN5EZRIAFAMBERERENK

BT A A AR B [F) Y5 R R FvCSNS (XML
004291211) , 3% F| Snap Gene ¥/ ¥ it 5191 (% 1),
DL B A 1 cDNA AR R , % F 2 x Phanta Max

x1 KWMRFAASI

Table 1 Primers used in this study

ElE/E S SIMIFHI(57-37)

Primer name Primer sequence (5"-3")

FaCSN5-F ATGGATGCGGAAATAGCGCAG
FaCSN5-R ACTTTCAATCATTGGCTCAGGGC

FaCSN5Pro-F
FaCSN5Pro-R

RT-qPCR-FaCSN5-F
RT-qPCR-FaCSN5-R
RT-qPCR-FaActin-F
RT-qPCR-FaActin-R
FaCSNS5-His-F
FaCSN5-His-R
FaCSNS5-GFP-F
FaCSN5-GFP-R

attB FaCSN5-F

GTCTATTGTTCTTTTCTTTCT
ATCACTGCGGGAGAG

TATTCCCAGACTAACAAACAGGC
GAGTGGGGTCAATAACAACAGCC

GCCAACCGTGAGAAGATG

TCCAGAGTCAAGAACAATACCAG
ATGGGTCGCGGATCCGAATTCATGGATGCGGAAATAGCGC
TGCGGCCGCAAGCTTGTCGACACTTTCAATCATTGGCTCAGGG
GGTCGACATTTAAATACTAGTATGGATGCGGAAATAGCGC
GCCCTTGCTCACCATGGTACCACTTTCAATCATTGGCTCAGGG

GGGGACAAGTTTGTACAAAAAAGCAGGCTTC

CCATCTTCTACTACGACGAGGC

attB FaCSN5-R

GGGGACCACTTTGTACAAGAAAGCTGGGTC

TGCCTGTTTGTTAGTCTGGGAA

Master Mix Cifs ME#8 2E P RE I A IR 2 7)) v FE 4
A pET30a %44 [ U5 8 (1) H 19 7 BL, PCR P4 1%
B R 8 P P AR I 5 5 P B W Ve DNA [T St
F G IR AR AFD RIWCH %4 . fHH
W YIEE EcoR 1 Fil Sal T %} pET30a 3 1A #5443k 47 XU
B 1), 8 3 1% 1 B2 e B 6% e VK IR AT 0 B L K
pET30a 4 Jr B Ui (a1 i o 14 F [+] 9 2 2H I Clon
Express I One Step Cloning Kit (iM% L ¥R H
PR 2y WD IEFE 4 A UK R VR 1Y) FaCSNS H 1) v B
FpET30a #ifhk Jr Bt W4 3% 8 =Wk 2 KA AT

DH5ao (HEM A= Y H AR FH R A 7D , B V% PCR 4 E )5
V8 1 TR 2% 4 PHE R AR W R A IR A R EA T

FE B E 41 R, Ay 44 N pET30a-FaCSNS, 5 14
K # K2 S BL21(DE3) , il T &6 Rl E R
(100 mg - L'DOLB [l {43 7755 |37 cCil 3557 , %
PCRGIE . PRHUPHPE SR 7, #680 T 20 mL & H -~
AL HE 2 (100 mg - LD LB i kK5 77 3 I, 7F 37 °C.,
220 r-min V& 4~6 h, K BRI 22 300 mL & A RIAP
F# (100 mg- L)1 LB AR 725941, i ODwo [H A
0.1, fEREIR L4k 4L 325, H 3] ODg fH N 0.6~0.8, A
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W FE N 0.5 mmol - L f{ IPTG, 7E 16 °C 140 r- min’
FHFER. W TG K 300 mL, 4 °C &L AL
8000 r-min™ £5.0» 4 min, [A1JTHEH 1A 30 mL Binding
Buffer (PBS 2% ¥ , 5 mmol - L' Bk ¥, I pH 52 7.4)
A110.3 mL 100 pmol - L' PMSF, i 7 20 min(350 W,
AT 3 s, M2 8),4 °CE L AL 8000 r- min' B
0> 15 min, BU_EiEW . FIH Ni-NTA 4640 H A& A
AAAREES BG4, R A& 500 mmol - L B
M ) PBS ¥ i 28 1, 2 2% 4 3 () U7 ik 34T SDS-
PAGE fll Western Blot # »
1.7 THpaE(L

1% SE B V)AL A Spe 1T F1 Kpn 1 %} pCAMBIA-Su-
per1300-GFP K iA % A& 347 XA U, F1 H Snap Gene
ARSI (R D, A8 A5 A B0k R VR 1) 51 )
sl B IR B, SR A [R5 E A v e ik v BURI H
A Bt 4B 78 PCRUGAIE [ PHPE B L 16 4 iR A=)
BHEA R 2 w] 0 7 55 0F 5 32 BYCE 44 57 K7 35S::FaC-
SN5-GFP, i R iA 34t B 1% 5 41 ik, 4 A Ak
FFEE GV3101, 60 H N 3R AT IR 4%, 3 d JREHOE
JL 5 42 F W %2 pCAMBIA- Super1300- GFP £l 35S::
FaCSNS5-GFP [ 45 2,5 6 75 I H 20 1R 7 2 o
1.8 FaCSN5 RNAi & &#3E

Gateway 1) J7 ¥2: ¥4 i FaCSN5 RNAi #./4 , ¥ it
1 (K D, BP S H AR AE WL 22K K Gateway ™
BP Clonase™ II Bif 7R &40 16 B 5, LR e b H AR ER1E
L& BR K Gateway™ LR Clonase™ II B V& &% i

¥ ik B0k
1,
1.9 FaCSN5SERRHMLEE RS

X FaCSN5 RNAI S AL 75 84 Cof B8O F1OE FH
PELAT B, PEECBH PR SR B 7% T 5 mL & 50 pg-mL!
MM FEL S0 pg-mL'-RIFEE 21 50 pg-mL ' FIHE-TF
() YEB VA& 3% 35 5 v, 28 °C, 200 r- min™' 7K P & ¥%
Bt . BOEEEWRIIAZ] 10 mL &4 50 pg-mL!
RHSEE 2R 50 pg - mL AR F (1) YEB ¥ {4 15 77 2
o, I8 ODgo fE 4 0.1,28 °C, 200 r-min Z % 5 77 &
ODio 18 9 1.0~1.2. 6000 r- min™ 550> 5 min, Y H
A4, P R SAR Gyl B B R 44, T ODeoo {4 0.4~0.6 , 38
M. 28 °CCHERE 2 h, PSR JL A4+ 10 mmol - L
MES. 10 mmol - L' MgCL 1200 umol- L' AS. #kik
R R AR R T R S B AR, B R AT 1R A
e BRIEL R RAL, 15T 6 d JFHURE, 2w fp
T UIVHCE: S 3047, T RGE R , -80 °CHRAT . I E
3EKH.

2 ERE55¥T

2.1 E%& FaCSN5 ZEFRI 7z

21 PR cDNA JEAR I PCR 43 2% 77 K /N2
1080 bp(E 1-A) , 7E/NERIA(SG) VRER (LG 2R
WIOWO R I AR) « A 40 I (PR)S AN B ]Sk
G I 1], COP9 W J [ 3R 1A 5 K G W WA bl A 2R
SERE MmN 1-B) . R MEGAT11 46 5 2
(Neighbor-Joining method) #4 2 [ R K B W {7 1%

A Marker  FaCSN3 B 100 a
wy
fan| % 80
2000 bp =<
Mg b
& 60
1080bp = o
£5 c cd
28 40 d
=
S M
e 20
0
SG LG Wit IR PR
Rk B

Developmental stages of fruit

A. FaCSN5 CDS [X PCR #1# ; Marker. 5000 bp Marker; B. F SN [A] & & I {1 FPKM i ; SG. /M LG, K& We. BRI IR, 4640
PR, A AL e ANRVNE FRERORAEA RIS N FEBA R RIS BN 22 57 2 (p<0.05). R 1A,
A. PCR amplification of the FaCSN5 CDS region; Marker. 5000 bp Marker; B. FPKM values of fruits at different developmental stages. SG. Small

green stage; LG. Large green stage; Wt. White stage; IR. Initial red stage; PR. Partial red stage. Different small letters indicate that the relative expres-

sion of genes under different conditions is significantly different (»<<0.05). The same below.
1 FaCSN5 £ERR[ERRITE L BRHIR FPKM &
Fig.1 Cloning of FaCSN5 gene and FPKM values of fruits at different developmental stages
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F A 2w 5 [X (coding sequence, CDS) 4 1080 bp, K 100% F194.24% (] 2) , [R oK % 58 Ky 44 4
5 7% K B AR FvCSNS (XM_004291211) 1 H 2= FaCSN5. BLAL, #2555 B I 52 4% M GDR (https://
CSN5bh(XM_024310633.2) [AJ5 4 A5 mi  AHA%E 7 www.rosaceae.org/) Blast 3873 1 8 25 & K ¥ 411", ¢

XM_008221710.1 CSN5a Prunus mume
2 EXM_O34342889.1 CSN5b Prunus dulcis
1L XM 021979080.1 CSN5b Prunus avium

100 XM _009340551.3 CSN5a Pyrus x bretschneideri
100 || XM_008380022.3 CSN5b Malus domestica
- 791 XM_050303216.1 CSN5b Malus sylvestris

XM_050507774.1 CSN5a Potentilla anserina
00| T XM_024310633.2 CSN5b Rosa chinensis

o4 1| FaCSN5
1% XM_004291211 CSN5a Fragaria vesca subsp. vesca

XM _024175742.1 CSN5a Morus notabilis
XM_002283525.3 CSNS5b Vitis vinifera
XM_006483507.4 CSN5a Citrus sinensis
100 [ XM_031420660.1 CSN5a Pistacia vera

1000 XM 044615856.1 CSN5a Mangifera indica

0.02
2 FaCSN5 HIZRZH W7
Fig. 2 Phylogenetic analysis of FaCSN5

W 1) FaCSN5 5 TN B A5 8 4% 3 K] 471 1) ik 2k A 4 Glw) , NaE ZBUE 41.41, 55 KT8 N-0.421,

LR 7 A AL 43 )35 98.97%F1 99.35% . (At , FaCSN5 &5 1 ] B8 A AN E HI K B o
2.2 &% FaCSNS EEREMERZEST | F NCBI M 3 LL /% Blast T. 243 #r FaCSN5 &

FaCSN5 5: K 1153 F 3N CireHarsNanOsssSua» Jit R 57 454, 45 5 55 7R FaCSN5 7 51~323 fir & 3
15359 MBI , SR R TR E N 4035 ku, 5 B2 &A — D MPN R4 (B 3. KA
HOpDAN4A.93, NERMEEH, & A 31 MERMEIER  TMHMM 2.0 4 2 A 85 I 245 38 347 20, R0
3 (Arg + Lys) , 48 > At Hi fuf 2 2 TR 5% 2 (Asp + FaCSN5 L5 &5 1 (K1 4)

| 50 100 150 200 250 300 359 aa
MPNHIAMM) motif 75 piiging sireit 4
e MR SE L N RBN OSSN ey
L MPN superfamily |
B3 FaCSNS EHRRIRT LM

Fig. 3 The conserved domain of FaCSNS5 protein
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[El 4 FaCSN5 HOESHRIE S 47
Fig. 4 Analysis of the transmembrane domain of FaCSNS
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F| H NPS F1 Swiss Model 7 2k 73 #7125 H Jii 2%
M=gE (B 5) . FaCSNS & [ &5 b 44
ZERIL Y, 73 BN o B2 TE Ca-helix) B #% 1 (Beta turn)
RN Hf (random coiD) FIZE {4 (extended strand)

A

(K 5-A) , Alpha helix £ 7 144 MR EEE , iR
40.11%; Beta turn £ 2 11 NE IR , 5 N 3.06% 5
Random coil 47 152 M B8 , 5 HE o 42.34% ; Ex-
tended strand €45 52 MR IR, (5 EEN 14.48%.

o IRJiE a-helix

— JE{#5% Extended strand
—— B ¥ pun

— JoME i Random coil

0

150
FIEFR A E Amino acid site/aa

=R a -l

250 300 350

A.FaCSN5 “ZR&5FI T : B. FaCSN5 =45 M T«
A. Prediction of the secondary structure of FaCSNS5; B. Prediction of the tertiary structure of FaCSNS.
5 FaCSN5 ZZREEMIF =R E5H)
Fig.5 The secondary structure and tertiary structure of FaCSNS

2.3 EZEFaCSNSHIREHFTIED I

FaCSNS5-His J5 % R 18 40 i n & 6 i, % A dE
SDS-PAGE (i 6-A) % Anti-His $T 4 i 47 Western
Blot ¥ ] (4 6-B) , FaCSN5-His H 1) 25 [ 45 717 K/

1 55~70 ku 2 [i] , 21 66 ku, F Fh £ His $5%5 0.84 ku.
2.4 E%E FaCSN5 R 4REE L

i FaCSNS-GFP il £ 85 11 14 3740 i 5 157 43 By
W 7 B A A AN 20 RS Sk 67O , R BH FaC-

A 1 2 3 4 5 B 1 2 3

180 ku 180 ku
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tein; 2-5. 20 uL on the sample. B. Western Blot plots. 1. 180 ku Marker; 2. Supernatant after sonication; 3. Purified protein; 2 and 3. 3 uL on the sample.

B 6 FaCSNS-His JRIZFRIETHT
Fig. 6 FaCSN5-His prokaryotic expression analysis
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Fig. 7 FaCSNS5-GFP subcellular localization
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A. The relative expression of the FaCSN5 in various tissue parts of strawberry; B. The relative expression of FaCSNS5 at different developmental
stages of strawberry fruit. DG. De-greening stage; FR. Full red stage.
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Fig. 8 Relative expression of FaCSNS5 in different tissues of strawberry and at development stages of fruit
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Fig. 9 FaCSNS5 positively regulated strawberry fruit ripening
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Fig. 10 Cloning of FaCSN5 promoter
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Table 2 Analysis of cis-acting elements of FaCSN5 promoter

HHFRTLIE KR IR R
Related component Number Functional comment
3-AF1 binding site 1 A R TT
Light responsive element
AT-rich element 2 Z 5 BT S T ootk
Binding site of AT-rich DNA binding protein (ATBP-1)
CAAT-box 3 £ A Bl A 53t DO 3 R A T R
Common cis-acting element in promoter and enhancer regions
Circadian 1 S 5 B R R 5 e
Cis-acting regulatory element involved in circadian control
CGTCA-motif 3 55 ] S A BT P e
Cis-acting regulatory element involved in the MeJA-responsiveness
P-box 1 TR F M BT
Gibberellin responsive element
TGACG-motif 3 2 55 SRR P I S Pk R I 9 3 e
Cis-acting regulatory element involved in the MeJA-responsiveness
S OCK DABA EMeJA mGA
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Fig. 11 Expression levels of FaCSN5 gene after different exogenous hormone treatments in strawberry fruit
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