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ZW GELP EEFRKEHNEESRKIESH

REE ,ETH, 2 H, AT HEE, LER

CF PRIMSE 4 BE A i B2 2 B /T o 8 SR A 2 S0 % . T e {5 BH 464000)
 EABBHFHBEETHRFGELP AR R EMNT . EAEMBELF IO T &k, EFMHEEFH
3| 7T GELP AAR#%A R 86 A XX ARTHHIALAR EHBEGHRABRKA 171~753, b5 & 5
K 4.35~9.48,F @ i 5 F % H 18.594 19~84.550 54 kDa, AR LM S AW . H 3 LLBRE 2 A4 2F,
EAARIEFH3~13, s E# 2 kb R3RB 3 FIRXAER M54 EW 7 B Rk R R &5 3% ph e p %
MYB v 5 8 %, CsGELP16 .CsGELP 24 ,CsGELP56 .CsGELP61.CsGELP77 ,CsGELP80 3t , 3 #b & B 3 ¢
FEAHRANILE MYC v B R, 3 FAHIE A AW .CGELP79.CsGELP 64 ,CsGELP86 .CsGELP4 %
# # Cold .PEG.NaCl.MeJA ¥ 42 F LA 2 ¥, £ WA W CsGELPT79 v i 5 A Wi, CsGELP 64 v 5 F F i
i ,CsGELPS86 » o & #% M i8., CsGELP4 " B & 3 %% £ £, 9, CGELP1, CsGELP12, CsGELP14,
CsGELP15.CsGELP18 .CsGELP 32 .CsGELP55 £ &4 2 T ¥ R I A T, LA X K W £ 4 & phib bk
fART AR,
KW . XM GELP AR Rk B RA5H; AW EF oM
RESES:QI41.2 SCERARIRED : A FR R (RIEIR S ) #RIRES (OSID) :

Identification and Expression Analysis of GELP Gene Family in

Camellia Sinensis

ZHANG Zaibao" , WANG Xueke, WANG Shuo, SUN Mengke, CHEN Jiahui, WANG Siyu
(College of Life Sciences/Tea Plant Biology Key Laboratory of Henan Province,
Xinyang Normal University, Xinyang 464000, China)

Abstract: The Arabidopsis GELP genes were used as queries and 86 GELP gene members, which can be
divided into 8 subgroups, were obtained from the tea plant. The amino acids of the encoding proteins were
171~753, the theoretical isoelectric points were 4.35~9.48, and the molecular weights were 18.594 19 ~
84.550 54 kDa. Gene structure analysis showed that most members have 3~13 exons. Several cis-elements were
identified in the promoter regions of the CsGELP genes that are important in regulating growth, development,
light responses and the response to several stresses. Most members contain the MYB and MYC elements, which
are in volved in responses to salt and cold-stresses. Transcriptome analysis showed that the expressions of
CsGELP79, CsGELP64,CsGELP86, and CsGELP 4 were enhanced in cold, PEG,NaCl, and MeJA treaments,
respectively, indicating that CsGELP79 strongly responded to Cold stress, CsGELP 64 strongly responded to
drought stress,CsGELP 86 strongly responded to high salt stress, and CsGELP 4 strongly responded to disease
and insect resistance. In addition, CsGELP1, CsGELP12, CsGELP14, CsGELP15, CsGELP18, CsGELP32,
CsGELP55 were all down-regulated under various treatments, suggesting that these genes play a negative
regulatory role in stress responses.

Key words: tea tree; GELP gene family; stress; bioinformatics analysis
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BRI 75 Sk I P UK A T 2 T R
F1. BT oleosin &% 4 38 i) 2 11 41 . 46 3 BE 2 11
F %t GELP g Iy B/ 44 Mg 40 s Wi B (EXLs) 41
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H EXL4 1 EXL6 & % TAEfBEh, EXL4 24
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HAE R ECHIZIERZE S 5 M IR L F K
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1.1 HFW GELP ERREHRREE

XTHLREIF (Arabidopsis thaliana) BE FE (ht-
tp: //www.arabidopsis.org/) F #J 105 4~ GELP
FPMRSE RO E B IE S W (Camellia sinensis) 3
¥ (http://tpia.teaplant.org/index.html) #1 4 Jf] Y&
LN XT3RS 25 W GEL P 3 [ 4 B B3 15 L Dby ok
B 5 5 X AT 9 BTG )P 5 54T DNAMAN LG X
TE . X TE A JE R AR 0 9 A R A
PR A5 WL AL a3 /DN A P M o s AT 00
#r (https://web.expasy.org/protparam/) ,
1.2 HFW® GELP ERRKEHMULXER

FFH MEGA7 Fil Clustalx.exe 53T 8 H R4
B R,
1.3 E® GELP EERKEERLEMRIIDH

FIH GSDS (http://gsds. cbi. pku. edu. en/) i
7 5L R 45 23 By
1.4 FB GELP EBE R motif 547

FlFH MEME Chttp://meme-suite. org/tools/
meme) #17 motif 7347,
1.5 #® GELP KRR FIMXIEBTHED

FIH PlantCARE Chttp://bioinformatics. psb.
ugent. be/webtools/plantcare/html/) # 17 )3 s T
AE T 2 #r
1.6 %8 GELP RIEARLETHERRER
& 5 1

TE 25 W B ul Chttp://tpia. teaplant. org/index.
htmD T #% 4 Fi b B A 3 PR 3R 8 040 L 98 )5
RStudio {3 Bl kA7 AL B

37



CHRDE I R BB E 2 Be 22 R (A SRR EJ0D  http://journal. xynu.edu.cn 2022 4F 1 H

g%
2 H#RESW
#H Protein  HEMHY  FHEME /T /kDa  pl
2.1 FEWGELP REEASEBREAMERLHI CsGELP36 TEA018109 400 44.067 01  5.51
2256 BN P ) TR LE XA B T 86 4 25 CsGELP37 TEA016109 375 41.164 32 8.64

. ) o o CsGELP38 TEA032710 375 41.164 32 8.64
GELP ZJRIEN 44 ) CsGELP1~CsGELP 86 CsGELP39 TEA006290 415 45.491 42 6.59

(R 1), XEFLH PR/ BRI A E g 5 19 2 CsGELP40 TEA020196 317 35.878 80 6.17
HFRTE 171~753 = il Hotft CsGELP69 43 4 5o CsGELP41 TEA029024 493 52.784 76 5.06
FU CGELP 1 i S b . [T 1 [ 2 C:GELPAZ TEAOI3198 387 42.049 75  6.75

R _ ‘ CsGELP43 TEA001204 368 40.960 28 8.60
PR 2 it R R 22 S5 A K B GSGELPT, CGEL P8 CsGELP44 TEA032953 361  40.002 96  9.08
WE TR I~d WG, HEW R 5F a8 41, CsGELP45 TEA025484 383 42.788 46 6.30

977 21 kDa, Iﬂi@%%,ﬁ(pl)ﬂﬂ 5.66, CsGELP46 TEA022245 349 38.898 35  9.13
I CsGELPA7 TEA017585 411  44.91452  6.31

. . . CsGELP48 TEA021906 229  24.860 82 8.77

Tab. 1 Physicochemical properties of CsGELP49 TEA002792 230 25.338 02 8.59

Camellia sinensis GELP genes CsGELP50 TEA030431 371 41.044 06 7.56
E Protein EHE HILME ST /kDa  pl CsGELP51 TEA002891 380 41.085 17  8.96
CsGELP1 TEA019805 753 84.550 54 6.29 CsGELP52 TEA006214 304 34.744 12 9.35
CsGELP2 TEA009538 350 39.265 87  5.09 CsGELP53 TEA018148 485 53.427 83 7.87
CsGELP3 TEA033403 477  52.34171 6.23 CsGELP54 TEA030414 421 46.404 34 6.35
CsGELP4 TEA014944 420 46.30 189 5.29 CsGELP55 TEA010883 541 59.702 32 7.90
CsGELP5 TEA021609 318 34.790 15  4.86 CsGELP56 TEA017473 231 25.166 73 4.73
CsGELP6 TEA017693 391 43.250 46  6.20 CsGELP57 TEA029864 412 46.042 12 8.85
CsGELP7 TEA011925 381 41.977 21 5.66 CsGELPS8 TEA028349 364 39.578 11 5.97
CsGELP8 TEA011949 381 41.977 21 5.66 CsGELP59 TEA005525 354 38.458 97 8.78
CsGELP9 TEA002483 364 39.558 08  5.76 CsGELP60 TEA019108 419 46.575 55  8.68
CsGELP10 TEA022242 427 47.441 76 9.48 CsGELP61 TEA032960 361 39.880 59 8.36
CsGELP11 TEA017290 173 19.332 21 8.93 CsGELP62 TEA028095 273 30.415 54 5.09
CsGELP12 TEA025026 381 42.698 57 5.26 CsGELP63 TEA028133 269 30.456 40 9.00
CsGELP13 TEA013181 395 44.026 56 9.09 CsGELP64 TEA030418 377 41.46055  6.81
CsGELP14 TEA031906 529 58.184 99  9.01 CsGELP65 TEA009224 388 42.352 96 6.07
CsGELP15 TEA023119 441 49.433 46  9.31 CsGELP66 TEA033119 256 28.817 88  5.60
CsGELP16 TEA014945 372 41.589 73 6.88 CsGELP67 TEA011930 439 48.863 80 7.19
CsGELP17 TEA006158 372 41.589 73 6.88 CsGELP68 TEA008203 363 39.383 01  8.04
CsGELP18 TEA021927 333 36.478 87  6.04 CsGELP69 TEA031415 171 18.594 19  7.57
CsGELP19 TEA016526 432 47.343 71 8.79 CsGELP70 TEA008402 371 40.331 68 5.06
CsGELP20 TEA030441 418 46.202 31  9.45 CsGELP71 TEA024266 291 31.690 18  5.05
CsGELP21 TEA023896 408 44.639 03 5.90 CsGELP72 TEA003785 416 45,376 88  4.35
CsGELP22 TEA031642 398 43.752 82 9.29 CsGELP73 TEA002158 368 40.417 21 6.59
CsGELP23 TEA005684 404 45.138 37 4.89 CsGELP74 TEA009528 394 43.571 92 8.28
CsGELP24 TEA016768 396 44,494 28 8.28 CsGELP75 TEA000508 273 30.638 68  5.15
CsGELP25 TEA018131 251 27.175 57  4.51 CsGELP76 TEA019124 480 52.363 49  5.51
CsGELP26 TEA027607 356 38.907 49 6.11 CsGELP77 TEA018069 366 39.962 52 8.06
CsGELP27 TEA024184 398 43.67219  7.59 CsGELP78 TEA002455 369 40.859 99 6.40
CsGELP28 TEA021925 319 35.160 26 6.43 CsGELP79 TEA016514 291 31.705 34 4.89
CsGELP29 TEA017694 380 41.455 36 6.09 CsGELP80 TEA006722 225 24.92119  5.75
CsGELP30 TEA000758 280 31.548 88 9.06 CsGELP81 TEA011570 368 40.168 15  6.00
CsGELP31 TEA024268 388 42.807 42 8.63 CsGELP82 TEA021936 392 43.187 14 8.00
CsGELP32 TEA009539 350 39.438 27 5.12 CsGELP83 TEA021558 315 34.244 31 6.64
CsGELP33 TEA002692 422 16.571 56  8.76 CsGELP84 TEA007149 328 36.048 23 8.06
CsGELP34 TEA029699 106 13.648 411  8.83 CsGELP85 TEA019807 405 45.364 70 9.47
CsGELP35 TEA000201 374 10.922 70 7.48 CsGELP86 TEA024286 302 33.154 58  5.55
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Fig. 1 Camellia sinensis (Cs), Arabidopsis thaliana (At) GELP genes evolutionary tree
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Fig. 2 Exon intron structure analysis of Camellia sinensis GELP genes
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