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(75 3R 5 T MR 50 & B e sk 4, a8 13 RT-PCR 3¢ e BBl MADS-box % 5 N 1 CaRIN % ¥ CDS 41K, 40 b Hi
YIME B2 IR 0 M S B SRR RS IR ) VIGS 5% CaRIN JEH UT B AT 2850 8 b 2 A B 5% .
[4RY(1)CaRIN #H CDS 4K 732 bp, 4t 243 DNEER, EH > FHEE K 27. 95 kD& 5 (pD A 7. 06, H %
26 1 B MR i MEF2_like MADS 45938, J& MICK B H F, (2)CaRIN JEPH EEAE AR R I E£L, H
U 5 5 CaRIN E ALAE AN IR, 3F H B A s s M. (3 CaRIN £ W H 31 F H A ABRE % 218 F
S IUE L ANE LIS BR A 2 RIS BE IR 2R 241 . 3F T CaRIN BAMIAEFENEEIL. (O VIGS FEFULER CaRIN 3
HG, B8 2R AR E R PSYI.CCS.PDS.CRTZ.LCYB 1 NCEDI 3 ik /K &A% g XF HR 2 1 0. 27 ~
0.59 1%, H RS MY M E TR 0. 379 mg/2) B X I (0. 650 mg/g) BEFEM., (£ 1CaRIN 2 HHUR 5235
BN RN EERERT.
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Cloning, expression, and functional analysis of the CaRIN gene,

encoding a MADS-box transcription factor from pepper

DUAN Minjie, YANG Xiaomiao, LI Yifei,
HUANG Renzhong, HUANG Qizhong, ZHANG Shicai”

(Institute of Vegetables and Flowers, Chongqing Academy of Agricultural Sciences, Chongging 401329, China)

Abstract [ Objective] The study aims to explore the expression and function of the RIN gene, encoding a
MADS-box, and analyze its impact on the metabolism of carotenoids in pepper. [ Methods] Based on the
fruit development transcriptome of pepper, the full-length CDS of the MADS-box transcription factor Ca-
RIN gene related to chili ripening was cloned. The bioinformatics, expression pattern, subcellular locali-
zation, and transcriptional activation activity were examined, and the effects of VIGS-induced CaRIN gene
silencing on carotenoid metabolism were investigated. [Results] (1) The CDS of CaRIN gene was 732 bp
in length. CaRIN gene encoded a protein containing 243 amino acids with a molecular mass of 27. 95 kD
and an isoelectric point (pI) of 7. 06. CaRIN protein had a typical MEF2_ like MADS domain, belonging
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to the MICK type transcription factor. (2) CaRIN gene was mainly expressed in flowers and fruits with

tissue specificity., CaRIN was located in the nucleus and had transcriptional activation activity. (3) The

promoter of CaRIN gene had several hormone response elements such as ABRE, and exogenous ABA and

ethephon accelerated the fruit to turn red and induced the high expression of CaRIN and related genes.
(4) After VIGS-induced gene silencing of CaRIN , the expression level of PSY1, CCS., PDS, CRTZ,
LCYB, and NCED1, genes involved in carotenoid metabolic pathway, was decreased by 0. 27 — 0. 59

times, and the total carotenoid content in fruits (0. 379 mg/g) was decreased compared with the control

(0. 650 mg/g). [Conclusion] CaRIN may be an important regulatory factor of carotenoid metabolism in

capsicum fruits.
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LGS AEHEDRE RS HIRE R I PR
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FIEEAE N KAWL N PSYT Ml PDS % ik, K
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RIN FE % H 5 SRR AE | 040 A 22 7 L 32 38 B X &
IIREHATRIGE, ik — IR H S 5 R
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TR 1A A R AgOH AR R T 0 40 i 7
KB G 5 56 A0 B4 R s IR 7% TR CABAD | & H #1] Cethep-
hon) , 25 1 & A1 B K R (NDGA) Fil 1-F 35 35 1 44
(1-MCP) Zb 38 iy HI R4 RE Sy 3R T 200 2R 52, Ak 3 2%
4 ABA (100 mg/L, 2R 1 h) . NDGA (100
mg/L, 2R 1 h) L HF (200 mg/L. i i 5 5L
10 min) \1-MCP(0. 27 g #y K, A 2 mL /K, & T3
A AT IR R M FE 25 15 b AL BS R 2R
TR T ARG G, BT AN TR RA . B K
RS /G 26 °C /22 °C .14 h/10 h, JEBESRE 4 000
Ix $5 3% . DATE /KA R % B, A Ab B 3 kA )24
5 BB R AR ) AT 10 S BREUR 52
1.2 REAHE
1.2.1 CaRIN EEEE

R4 S 06 2 A B SR AL B 25 A 1 50 o
R ZHh MADS-RIN 3:[H CDS J£41, /] Primer 5.0
A5 1) CaRIN-F Fl CaRIN-R (%
D, FHEY RNA $2 B0 & o e e 48 IR £
BERA RNA, U6 5k Gl cDNA 55 — 4k, 1] 2 X
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Phanta Max Master Mix 1= 14 B B (i ME#8) #E 47 78
R, PCR 4 3 7= W) 28 Bk i kar i J 5 o0 i 4 4 3 2 =
pCE3 Blunt Vector CGifi ME#E) , ¥4k DHb5a k27 %32
AYIM, 2 PCR 35 FH % 5 B 5 DU )7 .
1.2.2 CaRIN EERRNEMEERESH

FH ExPASy 122 ® vl i1 8 4 1 20 1 i & A4
LS B GSDS2. 0 22 il Bk IR 45 4 1815 A 26 1
SOPMA FI SWISS-MODEL i ] 53 ¥ 8 1 — 2% 4%
R = 28 45 #4) 5 3 5 DNAMAN %4 Fl NCBI %4
% d1 1) Conserved Domains Database #F17 & 218 )%
G Fe X FIORSF 25 8 38 73 B s Tl MEGA 5. 0 4B 4544

x1
Table 1

@ R G ; ] PlantCARE 78 £k 35 1: 437 ) 3h 7
= FH oT 44 5 FE WoLF PSORT 7E £k 43 #r T 2 i
DR P ST 200 5 A7
1.2.3 CaRIN ZF B Y I 40 Bl 3£ i

] SnapGene #4#%it CaRIN #: X ORF (A
HLOEEM PO FREEASIYGR D, HRJEREA
B CaRIN 8% pCAMBIAL1302 E£ib# ik, W
7% PCR Bk BH 4 5 B 0 15 0 i o FH 4 il vk e A R AT
W EHA105,30 CH3 2 4. &V REFRERLEG IE
S EN R, 5906895 2 d J5 . Nikon C2-ER &
AL BB SOEE 5 IR IR,

HRETREXS M

Primers used in the study

Elk B

Primer name

191751

Primer sequence (5'—>3")

514 &

Primer function

CaRIN &K1

CaRIN F. CCCTAAGGAATAAGAAGACGTAAAG R: TCAAAGCATCCATCCAGGTACA Amplification of
full length CaRIN
pCAM-BIA1302- F: ACGAATTCGAGCTCGATGGGTAGAG R: GCAGGTCGACTCTAGAAGCATCCA WV 40 il R A7

CaRIN GGAAAGTAGAATTGAAGAGA

TCCAGGTACAACT

Subcellular localization

F: TACCGAATTCTCTAGATTGCTCTTA

: GCTCGGTACCGGATCCTTAGTTGA

VIGS %5 # 175 3

CaVRIN TTATTTTCTCTAGTCGTGGCA CCTTATTTGCCTCAATGATGAA VIGS virus induction
CaqRIN F: CTCTAGTCGTGGCAAGCTTTAT R: CTGATGGTTGGGTTCCTTCA
qACO1 F: AAGGTCTCGGTCTTGATCGTTG R: CCGTCGGAATGTTGAATGGTA
qACO4 F: CACAATGCTTCCACAACCCTC R: TCAACTGCAACGTATCCCTCC
gNCEDI1 F: GACATTCAGGGATAGCAAGGC R: TTGAAATAGACCAAACCAGCGT
qPSY1 F: ACAGGCAGGTCTATCCGACGAAG R: ACAACAGCAGAGATGCCAACACAG %g féﬁ
qCCS F: AGCACCCACATCAAAGCCAG R: GTGGTGAAGGGTCAACGCAA ﬂljgj;‘cigfce
qPDS F: CAGCCGCTTTGATTTCCC R: CACCTTGTTTTCTCATCCAGTCC q“ag(ifﬁﬁve
qCRTZ F: GCACGAGTCACACCATAGACCAAG R: CGTGAACGAACATGTAGGCCATCC
qLCYB F: GTTGTTGGAATTGGTGGCACAGC R: ATGGCATTGGCAACGACAGGAG
qLCYE F: ACCCTCGGTGTAAGAATTAAAG R: GAGTGATCTGACAACGGAATAA
CaUBI3 F: GGACCCAAACCCCGATGAT R: CACCCCAAGCACAATAAGACA
g SR YT V43 A

&)

: CATGGAGGCCGAATTATGGGTAGAG

PGBRT7T-CaRIN " G AAAGTAGAATTGAAGAGAA

el

: GCAGGTCGACGGATCAAGCATCCA

Transcriptional activation
activity analysis

TCCAGGTACAACTCC

1.2.4 #H# CaRIN EE VIGS FEHFF N
FHTEZ M 3 SGN VIGS Tool #E CaRIN
KU AR P 51, K BE 300 ~500 bp, 3% i1 UL 240
b A B K R IR E AL 5 4 (R 1) R [R) R 8 444
@ pTRV2-RIN ¥ I ¥ 1E 5 14 2% 44 BB A p TRV,
pTRV2 JFURL A AR il 12 5% AL A KT 1R GV3101, PR HUER
EEE 10 mL LB AR 33 (% 50 mg/L Kan,50
mg/L Rif f1 50 mg/L Gen) .28 C,200 r/min, 16~
19 h, £ LB E W ODy, 53] 1.0 47 & PR G

B A IM B 35 2 (&% 20 X AB 3,200 mmol/L &
Bt T 7B .50 mg/L Kan.50 mg/L Rif fl 50 mg/L
Gen),28 °C,200 r/min, i FEE ODy,, HILF]
0.5~0.8, #“HEKZE 50 mL &.04%,28 “C,5 000
r/min &0 10 min, 005 A&, A S5 IR B BB
(% 10 mmol/L MES 1 10 mmol/L MgCl,), 28
°C,5 000 r/min .0 10 min. WAEE A, 1/2 A H
EWEE. M pTRVI il A 200 mmol/L Z T
Flid . #% 1 1% pTRV1 4515 pTRV2,pTRV2-
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RIN IRA,22~25 C#rE 3~5 h, A BARE 2
RILE TN TR R4 56 18 °C RS R Ky 57
2 d, PR R R RO EE /DR 25 °C /20 °C,16 h/8
h 55 5% K0 CaRIN 3 H K A 56 & I 3k K F L IF
HRHEAE 80 8 b KK ) & (Solarbio) $#:4F
AR R R N R
1.2.5 SEHBRAXEE PCR 517

i Primer 5. 0 % il qPCR 5| ¥ . 3% £ NCBI
Primer-BLAST #1755 7 PE 5 0E . L CaUBI3 N
ZHH (% 1), A ChamQ universal SYBR qPCR
Master Mix (i MEBE) #E 172986 %€ 1 PCR 43¥7 , ] i
K % . 2 X ChamQ Universal SYBR qPCR Master
Mix 10 pL.cDNA 2 pL. E TSI %4 0. 4 L Al
ddH, 0 7.2 pL, RVFEFF:95 °C,3 min;95 C,10 s,
56 °C 130 8,72 C.30 s,40 MEF. H 2 7 ik
TI I R AR X ik i
1.2.6 3ZH CaRIN EEFEEREFES

Wit CaRIN SEHFIREH G Y(F D, HIF &
FEEH S pGBKTT7 #4K& EcoR 1 Ml BamH 1 [R
il 1 P 1) U6 A 2 T A A 4 iR pGBKT7-
CaRIN ., ¥ pGBKT7-CaRIN . pGBKT7-53 ([ %f
HEO F pGBKT7-lam (BAPEXF B ki Al pGADT7 3t
Ak Y2H Gold W B: 40 il , 43 5 ¥k 7i T SD/-Trp/-
Leu, SD/-Leu/-Trp/-His/-Ade 1 & & X-o-Gal 1
SD/-Leu/-Trp /-His/-Ade B &} 3% % I, 30 °Cfa i
KA AR 3~5 d, WA R AR KO DL IR HA IR

2 ZER 558

2.1 CaRIN EEREREMEERZSW

PIBMUR 52 cDNA AR . 971 4815 29 900 bp
M Bt (B 1) 200 15 L 4 A5 8] CaRIN 3 H CDS
4K 732 bp, i 243 DNEIER M) PR 5 S H 5
(R 20 2 1 )7 81) B X J 7 . #E 611 bp 1 650 bp &b 4
BIAFTE A—T Al T—C MR EE AR, B 203 {7 4
MR B Gln 28 His,

UM 4 F R 27, 95 kD, 45 (pD ol
7.06; 3 H 5 M7 £ . CaRIN 1% 8 NN T
M7 ANETE 2,

GG KR R = G A5 A U 4 B R . CaRIN
B DR 4 B B 1 A AE R R o BUE AN G B 2 il L 43 )
oG EL R MR 51, 44 %6 R 35. 39 % (I 3) .,

M CaRIN

CaRIN

Bl 1 CaRIN J[H 5 B s vk 5]
Fig. 1  Gel electrophoresis of CaRIN gene cloning

CaRIN 5 1 R 3
0 kb 1kb 2kb 3kb 5kb 6 kb 7kb 8 kb
EA%HBX CDS s b/ T Upstream/downstream  — & F Intron

Kl 2 CaRIN FE:H45H
Fig. 2 Structure of the CaRIN gene

PO e e

100 150

a-4B € a-helix

—— JiE {44 Extending chain
— p-¥ A p-tum

3 FoHRN 4 i Random coil

50 100 150

200

Kl 3 CaRIN 8/ — 451 (A A = G458 (B) T
Fig. 3 Prediction of the secondary (A) and tertiary structure (B) of CaRIN protein
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Xf CaRIN i PR ST 25 04 38050 A, 45 2R (8 ) 1
INTESS 2—78 FIZE 82— 172 v & KW 2 0] 40 WA &%
1 MESF9 MEF2_like MADS 45 #4558 #1 1 4~ K-box
ZER L, JE T AL Type Il B MADS-box R ;
Z 750 Lo 25 FE R B L R B i BRI b RIN &
BT & A MEF2_like MADS il K-box fi5F
S5 b 5,

CaRIN %t 2 5 W2 22 W) Fh & ¢ i Ak 43 #r 3k
WY, 1 AF AU CaRIN 5 AT 28 BRAR AGL3  H [ BiA
AGL3.1 4EE B Ml CMB1-like, B RIN K& % i
RIN S SR RN — KRG R R I, HEN

CaRIN H:PH Yy GE Al fig 5 % il . B f JK b [m] 5 56 A
T REARL (& 5)

HH PlantCARE #1443 #7 3 2 + 17 910 it =/
TEAE 45 5 R . CaRIN 5 3 F K S A7 15 2 A
1 &9 e AR 7)) 1) SIEN D VA vy & o @A ER KB -1 S 1)
K E B T (TGA-elem) | 77 55 £ % T8 14
(TATC-box) ., Jlit & & i % JCF CABRE) 56 1 1 7T
PF(G-Box) ARIE N 2 ICE (LTR) | 5 A8 F b 361 13 245
Juff (TC-rich repeats) il 43 B 2H 21 3% 3k ¥ ¥ oo 1
(CAT-box) % (F 2), RHZEHNTEES S T B
AR EE A B 38 e R A 5 R

1. 25 50 75 100 125 150 175 200 225 243
ﬁiﬁ)?w Q“ery ! L n L n L L L n n L I " F I 1 L n L n L Il " n n L I n n L L I 1 L 1 |
A bna bmm::ﬂw#ﬂﬁm - Dutative phosphorylation site A
REPROL K Specific hits [ MADS_MEF?2_like ) K-box
R Superfamilies MADS superfamily K-box superfamily
B Capsicum annuum CaRIN IVGRGKVE[LKRI
FEPMRI Physalis pubescens PIRIN

# i Solanum lycopersicum SIRIN
% £ Solanum habrochaites ShRIN
R HH Solanum pennellii SpRIN

B C. annuum CaRIN
ERRI P pubescens PIRIN

B & S. lycopersicum SIRIN
ZBF M S. habrochaites SARIN
$IKH S. pennellii SpRIN

B C. annuum CaRIN

EMRHK P pubescens PIRIN

FEHi S. lycopersicum SIRIN
ZEFEW S. habrochaites ShRIN
WK S. pennellii SpRIN

LGVIIF QT S[W
LGVIIF QT S|W -
k eelgyv fqtswh g

1 [RSTKTOSMYDQLAELIEQKEQSLTENN|
1 RSTKTDQL{AEL ®QKEQSLTEMN|
‘ 164

aapst da gvvpgwm

Bl 4 RIN &3 B8 5 7 45 44 35 1 31 He ot

Fig. 4 Analysis of the conserved domain and alignment of RIN amino acid sequence

® LEEAEBM C. annuum CaRIN

63
100

IT &M C. baccatum CbAGL3 (PHT33664.1)

0 1 EBM C. chinense CcAGL3 (PHU02226.1)

40
97

& 5

Fig. 5

1EEE BB C. annuum CaCMB1 (NP001311531.1)
FHRK P, pubescens PpRIN (AGT21645.1)

ZE%M 8. habrochaites ShHRIN (UBX90085.1)
4’@% I S. Iycopersicum SIRIN (NP 001234670.1)

WM S. pennellii SpRIN (UBX90098.1)

|:4 5 WHE Nicotiana sylvestris NsCMB1 (XP 009773224.1)
#249E Petunia X hybrida PhAFBP4 (AAK21247.1)

WIEES Coffea arabica CaAGL2 (ADU56820.1)
KW b Daucus carota subsp. sativus DeCMB1 (NP 001316093.1)
AeM % Gerbera hybrid cultivar GhGRCD6 (ASP44958.1)
B4 Lonicera japonica LjMADS28 (WA097431.1)
E 3¢ Beta vulgaris subsp. vulgaris BYvCMB1 (XP 010681125.2)
T B Hi% Vitis riparia VIMADS2 (XP 034705766.1)

B F Camellia lanceoleosa CIMADS?2 (KAI8020203.1)
Y Nelumbo nucifera NnCMB1 (XP 010260833.1)

CaRIN Z R Fr 51 5 G2 BEAL B 37

Phylogenetic tree analysis of the CaRIN protein
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Table 2 Analysis of the main cis-elements in CaRIN promoter
" - I 3 B
Sy 2 T S e etk
Classification Cis-element g Number Function note
sequence
TGA-element AACGAC 1 H R ZE R &0 Auxin-responsive element
b E Sk TATC-box TATCCCA 1 TREE 2 A JCE Gibberellin-responsive element
Hormone
regulation ABRE ACGTG 1 Tt 7% 2 v 2 64 Abscisic acid responsive element
TCA-element CCATCTTTTT 1 IK ¥ 2 9 2 JeA4 Salicylic acid responsive element
AE-box AGAAACTT 1 S i 07 AR B () — 3543 Part of a module for light response
FR4 B DNA PR SF BBk
Box 4 ATTAAT 8 Part of a conserved DNA module
e involved in light responsiveness
Light AT . A .
- A GATA-motif GATAGGG N S
TESPONSIVENEss  TCTpoif  AAGATAAGATT/TCTTAC 6 Part ffﬁl'].r‘ﬂg’hﬁéj i or lement
Gap-box CAAATGAACA/G)A art ot a light responsive elemen
G-Box CACGTT 6 St Wi 87 TG F
GTI1-motif GGTTAA/GTGTGTGAA Light responsive element
LTR CCGAAA 1 KR % JC 1 Low-temperature responsiveness element
W3 5 5 505 W 125
Stress TC-rich repeats GTTTTCTTAC 2 By 480 15 I 30 1o ':'.Eﬁ:
. . Defense and stress responsiveness element
induction
ARE AAACCA 3 KA S 075 551 Essential for the anaerobic induction
SN H 0 3 e 4 T
e CAT-box GCCACT 1  MEHERIK RO
N Meristem expression regulatory element
Growth
regulation Circadian CAAAGATATC 1 JE R AL 5 JC A Circadian control regulatory element
FKEOTOEED HE¥ DAPI iR &
GFP Autofluorescence Bright field

35S-GFP

20 pm

35S-CaRIN: :GFP

20um

6
Subcellular localization assay of the CaRIN protien

B CaRIN A#EMEH.
2.3 $M CaRIN KHEXEEFRIEDH

Fig. 6

2.2 BR# CaRIN ZE B8 IF 4 ff E i

TELRBRAF WM CaRIN 2 2 7 76 40 i &% 1.
Syt — BTN CaRIN 78 41 i b i) B A7 B 40 5
A AL 45 R an & 6, % fb 25 Bk 35S-GFP [ 4 B
w200 16 A% R 2R S R A N 38 (B e S, R R
A AR I W] e Ak B ) 5 1T R B 5% 4 35S-CaRIN =
GFP ByHF v AL 20 M vh ke e 95 5, &

CaRIN 2 . 40 ffd % 137

2.3.1 HMARALH CaRIN Rik

X [l — U AR AR 25 i B BUR OF RS 30
D FHORTFRE 45 D AR OFHE)E 65 d) Ca-
RIN JEPR 42U 5 338 0 A R B AR 25 (i rp 3
TR AR F AR 46 1 26 3R 7K ST 2 85 T FE BRABUAS [+
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LA 0 SR S v SO R KO AR, 5% €8 S 413
By BE 3R IR KT B 2 Bk i 2 e T A A 2L (R D
UL CaRIN P 3= S AE UL Fn SR S v 3R 36,
Fk B HYEE R,

600 r sk

5001 cariv
400

300 |
200 + *

100 |
*

] l—I—l —
o ]
2_

P I e O st O S O N .
R S L F GF TF RF
4H 4R Tissue

R. MRS, 255 L. M5 F 46 GE. 2R TF. Bl
RF. £L8R; « (R SR PR EH T
ZERPECx P<0.05, *x P<<0.01),

K7 BBURFEHELH CaRIN HePH 2k KF

R, root. S, stem. L, leaf. F, flower. GF, green ripe {ruit.

Relative expression level

TF, color-turning fruit. RF, red ripe fruit. * represents
significant difference compared to the expression
in the root ( ¥ P<C0. 05, ** P<C0,01).
Fig. 7 Expression level of the CaRIN

gene in tissues of pepper

2.3.2 ARBELET CaRIN REXERERIZE

H ABA . NDGA ., Z % F] (ethephon) 1 1-MCP
Ab B A AR AR S, R AN IR ABA I 20 R 2 g
T SsE S B 21 L3, 1 NDGA I 1-MCP ¥ fig 15—
JE A SR SRR 41,

WA AL 1,3.6,9,12 d 2k 5 AN CaR-
IN ACOI \ACO4 F1 NCEDI1 %X #3515 M . 45
F W, Ethephon &b B BE A% ) & 2% $2 55 £ 95 A W AH 56
HEH ACOI F1 ACO4 FEH R B IKF- B R BR A
FEANTA] s 1-MCP &b B %F ACOT & [H 26 3k 3 ) A
% B7E 3,6,9 d B EMH T ACOL B R IL,
ABA LbBEXT A OB NCED1 ik AT )
W $E T NDGA b B AE 6 d B B i 25 3 i T
NCEDI Rk, SUAMERMEREEHE ST ABA
N He W BURE DG i IR 3 3 3 i 2 i 2R S 41

H—2XF CaRIN HE K 3Rk 53 H7 & L. ABA Fl
Ethephon Ab ¥ G {2 #F H i 3R 3k, e T+ J5 %
R a3, kKB 7E 6 d ik B IE(E , 1 7F NDGA
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