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Cloning of CaTPS11 gene and expression under abiotic stress in pepper
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Abstract: In this study, the physicochemical properties of the protein encoded by CaTPS1I gene, amino acid sequence
and tissue-specific expression were analyzed by using Qiangfeng 101 pepper as the material. The expression of CaTPSII gene in
low temperature and hormone treatments was analyzed by real-time quantitative PCR. The results showed that CaTPSI11 gene was
2 805 bp in length and encoded 921 amino acids. Compared with the reference sequence of pepper genome database, the
CaTPS11 gene had five single-base differences and two intron-retained splits, and many response elements such as plant hor-
mone, low temperature and light were found in the promoter region. The relative molecular weight of CaTPS11 protein was
1.033 9x10°, with theoretical isoelectric point of 8.33. CaTPS11 protein had no transmembrane structure and signal peptide, and

it had the typical domain of TPS protein family. Subcellular localization analysis indicated that CaTPS11 protein was localized in

cytoplasm and chloroplast. The amino acid sequence of
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CaTPS11 protein was closely related to the amino acid

sequence of TPS protein of Solanum nigrum L. and potato,

it Al K275 4F ST ( GAU-QDFC-2020-07) and the evolution was highly conserved. The expression level
EE-A T H(1998-) , %, I E B BF5E A BFEE 7 1 of CaTPSI1 gene in mature fruit placenta was the highest,
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BIEE FLIT5R, (E-mail) bqwei@ gsau.edu.cn treatment inhibited the expression of CaTPSI1 gene, while
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cold stress treatment, ABA treatment, GA treatment and MeJA treatment induced the expression of CaTPS11 gene. The expres-

sion level of CaTPS11 gene in pepper treated with MeJA for 6 h was nine times higher than that in the control. The CaTPSI1 gene

had spatial and temporal expression differences. It was inferred that CaTPS11 gene could enhance its expression in response to

abiotic stress by means of variable splicing mode of intron retention and positive response of MeJA signal pathway.
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KA I8 B 1 Fe R e e, N— e B L s izt A
REXTARA: WA R IRHERLE], 5T CaTPS FEHDIRE
Ui B A SR R A TR

1 AR IE
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PR AL A B AR 2 101, B HOR A& K
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1.2 REHE
1.2.1  #hg 4 PR/ — FPRo i i i #h
T AR AR, T 55 C R BOK PR 7R
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30 min, FH 20% FUBER —417H 7% 20 min, JiK i
T IE A 28 C N TAMA P AEZE, BRLM
WA s TR ) e B 1 R, K 2R —
SRR T A A E W IR A E SRR (7 emXx 7 em) HT,
BFANTABEEY AR H T RS 520k AUR
i b BRI . 53— 43T Hoagland & 77 W 1 7F
NTAEREP AR, H T RS E A ike, AT
SIS EOE , HARIREE N 28 °C B 16 h, G
FER20 000 Ix; BRI K 23 °C BT 8 h,
1.2.2 Mtz (RIEALHE . fEEhLh i K 2= N0t
— OB R T TSR AR MR AT 2E 1T
IR a3, N TABEMSEOE , AR EE N
15 C, i 16 h, YE R B 4720 000 Ix; 72 B 6 A
10 °C B4 8 h,

eSO e I RSN U N R =S
WA BT EE N 150 me/ LAY IE B2 ( Abscisic
acid,ABA) K JEN 200 mg/ L7775 K ( Gibberellic
acid,GA,) ¥R E N 0. 02 mg/LIEH R FF i ( Methyl
jasmonate , MeJA ) 2% 4 30 mg/ LA 2 (Indole

MSHOE , A RIRE 28 °C I K 16 h, eI E
20 000 Ix; MR 23 °C B 8 b,

A RIS ZE S SE 0Oh 1 h3h 6 h,
12 h 24 h 48 h J¢ 72 h SRAEXT AL FAL AL 8T it T
HE TR I T-80 CRARRIKFAAT

AU TR . LR JE T8 37 BB far b
PRA BB R A AR SRR 25 - 18 YRR
ST RS AR R SE L R | ARG
FBLAR NG A, o & TR A R VR I F-80 °C
IR PKAE IR AE
1.2.3  #R#E RNA 4230 cDNA % — 4 &5k BN
A RNA 2 HUfH ] RNAsimple & RNA $2 BUR 7] &
[ RARAARHE (A6 AR AF ], cDNA 55—
BEG Rl TaKaRa ¢DNA A BGRFI & [ 40 T2
(R#E)ARAF =]
1.2.4 AREIHikitSem RIESTEHIRE
4 CaTPS H:H 5 W A {5 B 15 21/ CaTPS1I
( Capana07g000086) 1) 3 K 2% J¥ 31, fii 1 Primer
Premier 5 Wit5I¥ (R 1), s hAETAY TRE(L

acetic acid,IAA) X HBZHAVH S FRWACE, N TS5 ) ey A PR 7 & R

*x1 S5I9ER

Table 1 The information of primers
ElE/ER S SIYF51(5'—3") i Bt K/ (bp)
Actin-F CCCGGAAGAGCACCCTGTC WSEEH 758
Actin-R ATGCTGCTGGGAGCCAACG
TPSI1I-F ATGTTGTCAAGATCTTGTTTCAATCTGC S 2902
TPS1I-R CTATACAAAGGATGTAGGACTCTTATCTATGGA
qTPS1I-F TCCAGGCAGAGCAGCAGTAATTTG POEE PCR 68
qTPS1I-R ACCACTAAGCGACGGAGAGCAG

1.2.5 CaTPSII ¢cDNA 2% %% DL cDNA N
M, CaTPSI1 3R 51 %) TPS1I-F,TPSI1-R #t17
PCR (934, PCR MW AKR (25.0 pl) :2xTaq PCR
Master Mix 12.5 pl,ddH,0 9.5 pl, ¢cDNA 1.0 pl,
TPSI11-F 1 TPSII-R 4% 1.0 wpl; PCR % 554 M .
95 C A 5 min;95 CAEME: 30 5,54 CiR K 35 s,
72 CHEH 1 min, BEE 35 MG,

B PCR R 745 pMD™ 18-T k[ &
AP TR (K% ) AR R 5 ] 3% 4%, 5% 46 Transl-
T1 KPR 2 S [ bt 04 (AL B
ANE ], WA T & A AR EEER (100
mg/ml) (9 LB [& &P I, B8 T 37 CH 48t

B, PREATE K PCR 56 UE e e 0 PH e e B 425 T 112 MU
REILEERHEYA PR =] (P9 22) I S8 E, 7452 H Y
JBUFA

1.2.6 A M1F&F 54 i Expasy (https://
www.expasy. org/ ) 43T 25 [ 5 B4k M 5 i FH TM-
HMM 2.0 ( https ://services. healthtech. dtu. dk/service.
php? TMHMM-2.0) i 47 5 I 41 2015 I 43 4 5 48
SignalP 4.1 ( https ://services. healthtech. dtu. dk/serv-
ice.php? SignalP-4.1) #1715 5 K53 #7; ) H Net-
Phos 3.1 (http ://www.cbs.dtu.dk/services/NetPhos/)
PEAT 8 o IR A A7 T 5 AT WoLF PSORT
(https ://wolfpsort.hge.jp/ ) 147 7 28 il e A3 Pt ; foff
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H SMART ( https ://smart. embl. de/ ) #4178 H Bt 45
Fay 3843 B7 5 48 FH SOPMA ( https : //npsa-prabi. ibep. fr/
cgi-bin/npsa_automat.pl? page =npsa_sopma. html) i
T 1 5 — R 45 4 5 ffi F SWISS-MODEL ( https;//
swissmodel. expasy. org/ ) Tl & 1 it — 4 25 [A] /4 42 5
fii H Plant CARE ( http://bioinformatics. psh. ugent.
be/webtools/ plantcare/html/ ) # 17 I =/ H oo 4 1)
T ; f8 FH NCBI ( https : //www. ncbi. nlm. nih. gov/)
Blastp %2312 )7 51 #E 17 [7) J5 4% % ; # H] DNAMAN
8 BRAE XS E LR Fr 51 HEAT Z2 P 5 LR, SR IR 30T
( Neighbor-joining method, NJ) 7 MEGA 5.1 44 2t
RGERKEM,
1.2.7 SEEERZE PCR M M LRUR ME
AR BRJE B R BEEUE. RNA B S cDNA, SEAT
Y6 E T ] TaKaRa TB Green Premix Ex Taq I
[FAEY TR (RIE) A BRA R ], PCR KRR &
(20.0 wl):10.0 pl TB Green Premix Ex Taq Il ,0.8
wl PCR Forward Primer,0. 8 pl PCR Reverse Primer,
0.4 pl ROX Reference Dye, 2.0 pl ¢DNA, 6.0 pl
ddH,0, W95 °C A 30 5,95 CAEMES s,
60 C3Ef# 30 s, B 40 DEH, qRT-PCR X 4%
StepOnePlus ( 3 E N HAEY R E A R =6 |, Ac-
tin FPXTHOREAR TN S 0 3 IRE AL,

Fi Excel 08 27223315 CaTPS11 FEH A
X Fib i Sz, R SPSS 24. 0 BRAFHEAT 2 53 .
EMEAMT

2 AR5

2.1 E# CaTPS11 EEHIZEE

PCR #1538 — Bt K B 2942 800 bp HHRe 544
(K1),

Z M ¥, CaTPSI1 PCR 7F=#+:2 805 bp, %ifi%
921 NEEERR . K v DN T i A5 1 25 TR 1) 5 AL
L A B8 S 2% 7 5 E AT R, S5 AR R AE
56 bp.1 179 bp.1 415 bp.1 612 bp.1 710 bp 5 M
SRR AR IE AR AR 1 988 bp F12 353 bp Ab 44
Z tH—Bt 91 bp 186 bp ML A BL M TS %5
P 75 a2t 177 bp(E 2) .

55U TR 20 B8 i 2 %5 07 91 CaTPS-11
L, CaTPSI1 MF AR 2 B 2 455, 43 5 EE 1,
552 RG22 56 3 AN 2RI X (| 3) , SHTE
2 AN FA IR AMANE T B TN A PR (In-

3000 bp
2000 bp

M :DL5 000 marker;1:CaTPSI1 F&[H ) ¢cDNA PCR ;=4
1 ¥f# CaTPS11 E[F PCR ¥ 1
Fig.1 PCR amplification of CaTPS11 gene in pepper

tron retention ) BB P 5=

275 FE A TN T A A B 1> TPS( Pam
Glyco-transf-20 , {3 F59 ~ 546 aa) fil 1 /> TPP ( Pfam:
Trehalose-PPase , i/ 7595 ~ 830 aa) Z5#4 3k, 7¢ i Ak
RT3 T 2 i 26 A 1 TPS (59~ 546 aa) i1 2
A~ TPP (595~667 aa FI769~876 aa) Z5H4I (K 4)
R AG & HY TPS 45 # 4k —#E, TPP 45 Fy dl A 25
5o Ja# M TPP 45 M3l 2 FL @2 5 91 L T 1 & TPP
SR W (&1 S) .

2.2 CaTPS11 U MR EE B REMRTN

CaTPSI11 FEFALE 141 125 bp 19 5'AEBIRIX
(5'-UTR) F1 1 4~ 252 bp # 3" EEHEIX (3'-UTR)
A IR P R R LR ( R E R+ A 2R ) 5%
FEBE 103 A, Bl 2 R (K AR + 1 2 1R ) Hk A
SECLLLAS T R B B R T, i
Biﬁ?ﬁ C4623 H7244 N124s O1 332 Sss ’ Zi*%fé /z%\ 2&
45.83 B TAREEM (K 2),

CaTPS11 & I EK M X AR FEK PR R,
UEIIZ R B SRk YRR . CaTPS11 28 H T 5 i
SEAIR, JO A5 IR, UE I R (1 0 R R A A AR
CaTPS11 1A 52 A~ 22 %2 (Serine ) |13 IR 2 R
(' Threonine ) Fl 13 MESZ R ( Tyrosine ) BEFR LA AT,

CaTPS11 & & T 41 B 5t 244 20 A%
JOHRE | 4 i EE | 200 R A AR 43 50 o4 59. 591 1%
55.157 5%, 28.773 0%, 11.509 2% . 13.897 9%
11.385 6%, V.41 M 5 57 T 4% S B, CaTPSI11
i ed S ik As Rt Wi S [ 2 37 NG R

CaTPS11 % 1 = 9 45 £ 2 2 o IR JiE
(48.53%), J #L W & f#h ( 33.55%), %E {f &%
(13.68% ) Fll B-5% ff1 (4.23%) , CaTPSI1 #E 4 =4k
23 A4 DL - M2 R 2
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e ERREX HWILX; —AET
CaTPS-11 ;B R EBHR S B I ; CaTPS1 : SEBERER FF1,
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Fig.3 Alternative splicing of CaTPS11 gene
PfamMfl B4 I 52 17620 Prami FEMFTRIAIG S % Plam ¥ BEbE BRI 5 %
. I -
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Fig.4 Prediction of CaTPS11 protein conserved domain
Ca’IPS_II S FNLINILCE AR M < B G\ ‘ CTFVRA / <IN NCKFA CIKCGILES] \ ( \ NFKFRCVETFT.STET TNKYYHG

CaIPSI1 § FNLINILCE

CaTPS-11 Raraanasgany
CATPS1] Eiraanasgay

CaTPS-11
CaTPSl1
CaTPS-11 NT KA FTFKFT RHFKHY] KTTKSRT TTT YT
CaTPS1] 1 KALC ETFKEL RHEKHY] CLIK G {LTKSRLILILYCQ]

CaTPS-11

1 o 7
CalPS11 o SCTCRERLEKSGFAYYGEIHGNPWEVEPAEGKCTSVASSSELD\'YLAGPPE 750

CATPS-11 ATviBHT @tptmmem*wtmESVLANE$WKRC<;EVE¥EF. : 84
CalPS1] SFRERFCRACCRTREAHCSTTGVRNHTETICHINYNCNHENRUYRST 900
CaTPS-11 874
CaTPS11 920

CaTPS-11 AR P 2B 5 22 7 5 9w B S L BR P 91 5 CaTPS 1 se B SE IR i ) R R iR 751, BB A CaTPS-11 Fll CaTPS11 B TPS 45
FAJIR ; SR A CaTPS-11 B TPP 45438k ; &7k 5L R CaTPS11 Y TPS Z5F431,
B 5 sSEERFYIEXY

Fig.5 Comparison of amino acids sequences

£2 CaTPSI £EKEREAHDEARNELMER 2.3 CaTPS11 B FIRKXIEBTHED
Table 2 The length of CaTPSI1 gene and physicochemical proper- CaTPS11 3L P 3 FIX & 45 14 R 20 AR G
ties oflts encoded protein T LA R MR TE A W 7 T4 0 o I
i BAER(KE) PFRAB A B BARETENE 4 K2, Rt o 325
R (bp) 43% £ 4% GTl-motif. LAMP-element . GA-motif. I-box.
CDS K (bp) 2805 ATCT-motif LA ATCT-motif ; 34 25 Wi J37 J6 {2 (4% 2
R (aa) 921 HITR 15 0 157 96 2 ( TGACG-motif . CGTCA-motif ) . 7
MR 1,033 9x10° 522 W 13 TC1F ( TGA-element ) F1 25 1 2 W 17 7 14
e 833 (TGA-element ) ; S 1 76 /F AL 45 T 74375 547 e )
ﬂflﬂai& 45.83 MYB £ 07 5 (MBS) 25 ikl SR AR oo
fzi R o FECLIR) RIS TR 0BT 5 E  (ARE) i
—— — 5 BRSO3 58 A JT A ( GC-motif )

S5 WEAEFTCF T8 R R, CaTPS 1T JEA AT BE
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Z: 5B AR AR DGR R e N, (A5
TS, MeJA Wi B JCF ) IZAF7E T CaTPSII ',
CaTPSI1 ZERHIFRIKATRESZ B MeJA {55 1%,
2.4 CaTPS11 BEHL#HS

B CaTPS11 12 3 2 ¥ 51 5 JE %% ( Solanum
pennellii) . 548 % ( Solanum tuberosum) & ( Nicoti-
ana attenuata ) , — 33 2 ( Ipomoea triloba ) F1 7% 4
(Ipomoea nil ) W 24 12 )7 5 [A) 5 1k &5 K 81.8%

98

78

81.6% 77.2% .68.7% F 68.5% ., |5 I5 P43 b7 45
W, CaTPS11 TEAN[R) 4y Tl 6] 1 BE LR ST (04[] B0 7
TE—E 25,

W EIRE MR RIS 4 2R R85
16 NMIFHITRGER B hT, RRW, &Y E
CaTPS11 B IERR 7 5 9K B AN 45 A #0 R 5 IR 5,
FHAE T HoAM 14 SR, BARS e 2% | S8 2 A U
PERGE (18 6) .

E T 15 (Artemisia annua, PWA 70683.1)
100 BI T (Lactuca sativa, XP 023746665.1)

INE B (Erigeron canadensis, XP 043621192.1)

BABE N (Daucus carota subsp. sativus, XP 017252171.1)

97
99

7K (Camellia sinensis, XP 028103185.1)

51

100

93

100

JUAE(Impatiens glandulifera, XP 047308201.1)

WHE(Coffea arabica, XP 027068601.1)
ARAEMWi(Olea europaea subsp. europaea, CAA2945575.1)
2K (Sesamum indicum, XP 011069859.1)
100 LLIR(Perilla frutescens var. hirtella, KAH6794446.1)
— PYESF B 8 (Salvia hispanica, XP 047941261.1)
100 =2 (lpomoea triloba, XP 031121736.1)

L Ze 4 (Ipomoea nil, XP 019160274.1)
NH¥E (Nicotiana attenuata, XP 019256139.1)

A CaTPS11(Capsicum annuum, XP 016579679.2)

100

100 W 3% (Solanum pennellii, XP 015080534.1)

442 (Solanum tuberosum, XP 006343554.1)

0.05

Bl 6 CaTPS11 RZtitLRS
Fig.6 Phylogenetic tree of CaTPS11

2.5 CaTPS11 EFERRIEER

2.5.1 ALRAFFPE CaTPSI1 R 7E SR LH R
VIR G5 (K T)  TE4h R R S 2R R i i 8
BESFEREREAP BRI EN 23 £, Hb
CaTPS11 HEHFE ARG B ) Rk mlk & & T
HAALL(P<0.05) , & AR R A h Rk 219 26
£ o EFEIR R 3K T RE R SRS A

2.5.2 Ak:BAprE T ey kA X (RIRMM A AL B, B
W CaTPS11 FEHBE TR G5, IIEIE 3 h, B
CaTPSI1 FER 3Rk 3K B i KAE, W 2% & T %) Jid
(P<0.05) , Fik w2 X HRAY 8.5 fiF . (KRG 6
h, B CaTPS11 BEPH Fak 13k i 2 AR TR P 3
h (P<0.05),6~72 h HARAREHRE (K 8) , 7]
A ARIR AR, CaTPSITT B3 IA SV A BIEE 5
Pl R, BRI CaTPSIT FEPR 2 1 A 30 55 6 pe sk

M SO F 32 A

253 WAEARTaEIBEX B CaTPSIT %
Ry gk B Bl TAA Ab BE A a] () 38 K 258 B THE
TR TAA 463 6 h 12 h .24 h,CaTPSI1 3£ A
(2235 X IRTC B & 25 5 (P>0. 05) , AR Ab B R
[ CaTPSI1 %5 H 1) 335 it 1 I 2K F X ] (P<
0.05) ., ABA ALFH AL CaTPSI1 FEH ()3 ik 7 5
BIRIEARfE#EF . ABA AbFE 1 h, B CaTPSIT %
PR 23k 1 5 6 BEMA LG G i 3 22 5% (P>0.05) , ABA
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