TEIANV 224R (Jiangsu J.of Agr.Sei.) ,2018,34(1) :122~129

122 http: //www.jsnyxb.com

X ML RR 2 BRSESH AR RN GO SR BRI [ )] TR AN 241, 2018, 34 (1) £ 122-129.
doi ; 10.3969/j.issn. 1000-4440.2018.01.018

RMEHEBERRKEERRIESH

X #, AL, RBE, ETEE, TiEK, EAN
(S T 25 5 2 1 5 S 0 VR 5 R 5 oo 2 0 5 TR/ 5 B A0 0 e 2 9 7 D sl L) 22 R
A3 R A T e, 2 M 655011)

FE: N TTERIERAUKT BT BB E AR ( TLP) ZRAFE , AW o8 ii i A 15 B 22 Jr ik, B sk
PR DR 2 50 2, K 7 28 AN B TLP R 01 AT 55 28, XTS5 TR RS I 28 ek AT 70 r . 4553k M,
FRH TLP ZEIE R T84y 4 Fhebi2ml JLR A Aife 0 Stk b, REE T HHras R 8RBl TLP ik
HJEF 8 AR Hp i Rl 2 R 5 PR 20k A 1 Sk, B )G 3+ RKINE AT a8 &
MEAFEE W RN TCE AW/ AR E YR T, IS IR T g SRR 2O TLP FKIGIE R e &4 B MRS K
ARSI BIY AR MBS, AR TR Rk FEASERRE, AU TLP EH N B 5ok K L Ae i)
AR RO BT IEA TR A SR B T A

KR AU REE AR EUERE

RESES: S641.3 XEkFRIRED: A XEHS: 1000-4440(2018)01-0122-08

Identification and expression analysis of thaumatin-like protein gene in
pepper

LIU Chao, HAN Li-hong, SONG Pei-bing, WANG De-qin, WANG Hai-bo, TANG Li-zhou

( Center for Yunnan Plateau Biological Resources Protection and Utilization/ College of Biological Resource and Food Engineering/Key Laboratory of Yunnan
Province Universities of the Diversity and Ecological Adaptive Evolution for Animals and Plants on Yungui Plateaw, Qujing Normal University, Qujing
655011, China)

Abstract: To understand the characteristics of pepper thaumatin-like protein ( TLP) gene family on the genomic lev-
el, gene structure and phylogenesis of 28 pepper TLP family members were analyzed and identified through pepper genome
database and bioinformatics methods. The results showed that the pepper TLP gene structure was classified into four types,
and TLP genes distributed on nine of twelve chromosomes. Phylogenetic analysis showed that the pepper TLP family genes
were classified into eight evolutionary groups. Most members of group five mainly derived from the first chromosome. The
spatiotemporal expression analysis showed that most of the TLP family genes were highly expressed in various organs and
fruit development stages. Each member had organ specificity in temporal and spatial expression. This study laid a foundation
for cloning of pepper TLP genes and further functional dissection in organ development.

Key words: Capsicum annuum; thaumatin-like protein gene; bioinformatics
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Table 1 The information of pepper TLP family

wy  RRRRE ea ogas SBIA
Capana00g000465 252 27 314 7.87 -0.061
Capana00g001983 231 24 810 8.72 -0.077
Capana01g000278 223 24 250 8.57 -0.355
Capana01g000279 230 25 083 6.54 -0.356
Capana01g000280 228 24 958 4.99 -0.268
Capana01g000281 229 25 223 7.36 -0.237
Capana01g000283 251 27 155 8.45 -0.278
Capana01g000284 250 26 792 7.84 -0.285
Capana01g000285 250 27 435 6.18 -0.306
Capana01g000288 253 27 779 6.49 -0.291
Capana01g002559 191 20 721 4.76 -0.241
Capana02g002572 332 34 407 4.63 -0.011
Capana02g002575 303 30 808 4.29 0.258
Capana03g001796 297 31 487 5.20 0.086
Capana04g000180 250 26 757 4.49 -0.204
Capana04g000181 325 33935 5.03 -0.102
Capana04g000429 249 25917 4.88 0.023
Capana04g001741 267 28 833 8.24 -0.098
Capana04g002337 303 31 562 4.77 0.054
Capana04g002384 276 29 645 8.04 0.301
Capana05g002197 226 24 111 8.06 -0.101
Capana06g000760 252 26 284 4.54 0.207
Capana08g001931 241 25 901 5.23 -0.117
Capana08g002705 253 27 078 8.10 0.039
Capana08g002709 400 40 536 4.39 -0.116
Capanal0g001695 245 26 080 7.37 0.090
Capanal2g001167 227 24 838 4.88 -0.284
Capanal2g001168 227 24 838 4.88 -0.284
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D, e B0, B TLP R 1E £ 6 e o ik 177
REMS e 1 SYEKE 5 Mb Fl 167 Mb 2 5
Ptk 147 Mb 4 5P KT 2 Mb 8 S YL ik
151 Mb DhJe 12 S 4LafK ) 52 Mb £ B #AAAE 2 4
2 AN IEEFET SRS, R AR, R
A5 PR GIR A 15 12 S E R, Y Ak
ARG, HIEE PSS 1NN T, B
LB LR AT BE O R I ] i AEL S SE I R e AR
o e o AR () 3L R & T G 45
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Fig.1 The unrooted phylogenetic tree and gene structure of TLP family in pepper
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Fig.3 The chromosome location of pepper TLP genes
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Table 2 Information about putative cis-acting elements in the 1 kb upstream promoter region of pepper TLP genes

e R R R T T
Capana00g000465 3 4 1
Capana00g001983 1 23 1 24 1
Capana01g000278 1 13 3 71
Capana01g000279 27 1 1 34 1 1
Capana01g000280 35 1 2 57 2 1
Capana01g000281 32 2 1 51 1
Capana01g000283 13 1 95 1 4
Capana01g000284 1 20 1 1 2 76 2
Capana01g000285 1 25 2 75 1 1
Capana01g000288 29 51 1 1 1
Capana01g002559 28 1 1 48 1
Capana02g002572 24 1 2 37 1 1
Capana02g002575 17 2 1 1 30 2 2 1
Capana03g001796 10 1 1 1 2 40 1
Capana04g000180 18 1 1 1 4 51 1 3
Capana04g000181 25 1 1 69 2 1
Capana04g000429 2 21 51 1 1 1
Capana04g001741 23 1 1 1 49 1 2 1
Capana04g002337 17 2 1 48 1 2
Capana04g002384 17 1 2 61 1
Capana05g002197 11 1 39 1
Capana06g000760 27 1 1 23 2
Capana08g001931 1 16 1 22 3 2
Capana08g002705 21 3 5
Capana08g002709 1 28 3 2 3 16
Capanal0g001695 25 1 1 1 38 3
Capanal2g001167 29 1 1 35
Capanal2g001168 29 1 1 35
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Fig.4 The expression of pepper TLP gene family

LR G KGR TLP RN A2 K g
ZA~ OsPRI NG FEAR T B 3R 56 1 35 T iy
F3517 . Capana01g000283 Capana01g000284
Fl Capana00g000465 TE45 o5 B IR SL 4 & B WY
FeRHeE , UL E iz Rk S, AT REAE BUAREE A
A pir it B B RPN BB 03 R TR A% 4 B FAR 5
BT FRIR TR S G R IR BARSOR 5, B
LS 2 5 T BRCR S lad i, R LR 7E
MR ZE SRR E R SRR BAR, 1 E SR S R
FEIREL D, Ul B I S 5 R AT B AR SR ST A B o A D
EAEH, BT, B2 5 FERIEA 6 Pyt
IR TR 8 FITR 4L 10 Ry FE N £
BERIRBAR . DL 25 R SR B TLP ZRI5AN TR B
BTER 235 Ik FBAA SV E R Pk R R I A
AR S, RS 5 TRER E AR
WrBe i & B i, HEAR DI BEEAH R ARGT

X R g 3l XA Te 53 b 2 B0, B 1A

Capana01g000283 F1 Capana01g000284 J5 &y F IX.
TATA-box $UH 5555 , ¥ s 50808 R HAE Bk 2 A
B T BA BRI RIBKE EREZ B A
LA PR W R ICIE A AR A W oo, AR
GG IS B A A P G 1 28 T R B AN T
Capana02g002575 Fl Capana04g000180 Ji 51 F X
Yy TRI st A7 224 U 3 RN BRI Jolh 3 i 17 e 44, U BH 1%
KIERANREE 2, MRS S THYARKES
TR Xof PRI J0h 3 1) 22 Tl e e, LI L A R 2 R [ 2
5T MR R E A — D IRAWTIY

SE

[1] ABAD LR, D'URZO M P,LIU D,et al. Antifungal activity of to-
bacco osmotin has specificity and involves plasma membrane per-
meabilization[ J ] .Plant Science,1996,118(1) :11-23.

[2] SHATTERS R G,BOYKIN L M,LAPOINTE S L, et al.Phylogenet-
ic and structural relationships of the PR5 gene family reveal an

ancient multigene family conserved in plants and select animal taxa



X WEE  BABSETINR 1 R S5 e S kA 129

(6]

[9]

[10]

(11]

[15]

[ J].Journal of Molecular Evolution,2006,63(1) ;12-29.

LI X Y,GAO L,ZHANG W H, et al.Characteristic expression of
wheat PR5 gene in response to infection by the leaf rust pathogen,
Puccinia triticina[ J ].Journal of Plant Interactions,2015,10(1) :
132-141.

ROUT E,NANDA S, JOSHI R K.Molecular characterization and
heterologous expression of a pathogen induced PR5 gene from gar-
lic (Allium sativum L.) conferring enhanced resistance to necrotro-
phic fungi [ J]. European Journal of Plant Pathology, 2016, 144
(2) :345-360.

X ERRIAL R AR RRENE AR S 5 AR
BT 1] Lol 254 ,2017,33(5) :998-1006.

HE R,WU J,ZHANG Y, et al.Overexpression of a thaumatin-like
protein gene from Vitis amurensis improves downy mildew resistance
in Vitis vinifera grapevine [ J].Protoplasma,2017,254 (4) ;1579-
1589.

XUE X,CAO Z X,ZHANG X T,et al.Overexpression of OsOSM1
enhances resistance to rice sheath blight[ J ].Plant Disease,2016,
100(8) :1634-1642.

MISRA R C, KAMTHAN M, KUMAR S, et al. A thaumatin-like
protein of Ocimum basilicum confers tolerance to fungal pathogen
and abiotic stress in transgenic Arabidopsis| J].Scientific Reports,
2016,6:25340.

SINGH N K,KUMAR K R R,KUMAR D, et al.Characterization of
a pathogen induced thaumatin-like protein gene AdTLP from Ara-
chis diogoi,a wild peanut[ J].PLoS One,2013,8(12) :e83963.
GUO J,ZHAO X, WANG H, et al. Expression of the LePR5 gene
from cherry tomato fruit induced by Cryptococcus laurentii and the
analysis of LePR5 protein antifungal activity[ J].Postharvest Biolo-
gy and Technology,2016,111:337-344.

FILS-LYCAON B R, WIERSMA P A, Eastwell K C, et al. Cherry
protein and its gene, abundantly expressed in ripening fruit, have
been identified as thaumatin-like[ J ].Plant Physiology, 1996, 111
(1):269-273.

KIM S H,LEE J R,KIM S R.Molecular characterization of a fruit-
preferential thaumatin-like gene from apple ( Malus domestica cv.
Fuji) [ J].Journal of Plant Biology,2003,46(1) ;52-58.

HO V S,WONG J H,NG T B.A thaumatin-like antifungal protein
from the emperor banana[ J].Peptides,2007,28(4) :760-766.

LA MARCELINO J,SILVA P,SANTOS M C, et al.Food anaphy-
laxis associated with thaumatin-like proteins[ J].Allergy ; European
Journal of Allergy and Clinical Immunology,2015,70.473.

LIU J J,STURROCK R,EKRAMODDOULLAH A K M.The super-
family of thaumatin-like proteins: its origin, evolution, and expres-

sion towards biological function[ J].Plant Cell Reports,2010,29

[16]

[17]

[18]

[20]

[21]

[22]

[24]

[25]

(5) :419-436.

ZHAO J P,SU X H.Patterns of molecular evolution and predicted
function in thaumatin-like proteins of Populus trichocarpa[ J].Plan-
ta,2010,232(4) :949-962.

CAO J,LV Y,HOU Z,et al.Expansion and evolution of thaumatin-
like protein ( TLP) gene family in six plants[ J].Plant Growth
Regulation,2016,79(3) :299-307.

PETRE B,MAJOR I,ROUHIER N, et al.Genome-wide analysis of
eukaryote thaumatin-like proteins ( TLPs) with an emphasis on
poplar[ J].Plant Biology,2011,11(1) ;33.

IVEY M L L,STRAYER A,SIDHU J K, et al.Bacterial leaf spot of
bell pepper ( Capsicum annuum) in louisiana is caused by Xan-
thomonas euvesicatoria pepper races 1 and 3 [ J].Plant Disease,
2016,100(4) :853.

XIA H, WANG X L,ZHU H ], et al.First report of anthracnose
caused by Glomerella acutata on chili pepper in China[ J].Plant
Disease,2011,95(2) :219.

KIM S, PARK M, YEOM S I, et al. Genome sequence of the hot
pepper provides insights into the evolution of pungency in Capsi-
cum species[ J].Nature Genetics,2014,46(3) :270-278.

QIN C,YU C,SHEN Y,et al. Whole-genome sequencing of culti-
vated and wild peppers provides insights into Capsicum domestica-
tion and specialization[ J].Proceedings of the National Academy of
Sciences of the United States of America, 2014, 111 ( 14) :5135-
5140.

LIU D,HE X,LI W, et al. Molecular cloning of a thaumatin-like
protein gene from Pyrus pyrifolia and overexpression of this gene in
tobacco increased resistance to pathogenic fungi[ J].Plant Cell,
Tissue and Organ Culture,2012,111(1) :29-39.

NARASIMHAN M L,BRESSAN R A,D'URZO M P, et al.Unex-
pected turns and twists in structure/function of PR-proteins that
connect energy metabolism and immunity[ J].Advances in Botani-
cal Research,2009,51(9) :439-489.

WANG L, YANG L,ZHANG ], et al.Cloning and characterization
of a thaumatin-like protein gene PeTLP in Populus deltoidesx P.eu-
ramericana cv. ‘ Nanlin895’ [ J ]. Acta Physiologiae Plantarum,
2013,35(10) :2985-2998.

HAYASHI M, SHIRO S, KANAMORI H, et al. A thaumatin-like
protein, Rj4, controls nodule symbiotic specificity in soybean[ J].
Plant and Cell Physiology,2014,55(9) :1679-1689.
MITSUHARA I,IWAI T,SEO S, et al.Characteristic expression of
twelve rice PRI family genes in response to pathogen infection,
wounding, and defense-related signal compounds [ J ]. Molecular

Genetics and Genomics,2008,279(4) :415-427.

(’ﬁ’ﬁ‘%ﬁ?iﬁ: iEE)



