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Abstract: [Objective] Thaumatin like proteins (TLPs) include thaumatin, osmotin, zeamatin, and relat-
ed proteins, which belong to the pathogenesis-related family (PR5) of plant defense proteins and are en-
coded by a multiple gene family. TLPs play an vital role in the enhancement of plant resistance to biotic
and abiotic stresses due to involvement in defense system. Like other PRs, TLPs belong to a general
plant stress response pathway rather than being specific to distinct stresses. TLPs possess antifungal,
glucanase, allergens activities. Fruit diseases and storage would affect yield and fruit quality of Chinese
jujube (Ziziphus juyjuba Mill.). A genome-wide identification was performed to investigate the 7LP gene
number, evolution and gene expression ability in Chinese jujube, through comparison with those of Ara-
bidopsis thaliana, Oryza sativa and Populus trichocarpa. [Methods] TLP family member were identified
based on the genome database of Chinese jujube. TLP sequences of A. thaliana were used as queries to
obtain the member of the TLP family through searching the database of Chinese jujube protein on NC-
BI website. The sequences were then confirmed as encoding TLP for the presence of a thaumatin do-
main signature by SMART database searches. Chromosomal locations were determined using the anno-
tation information of TLP genes genome data. The physiological and biochemical characteristics of pro-
tein were predicted using ProtParam at ExPASy server. The schematic diagrams of the gene structure

were drawn using Gene Structure Display Server. Multiple sequence alignments of full-length protein
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sequences were accomplished using ClustalW. And the neighbor-joining (NJ) method in MEGA 5 soft-
ware was used to carry out phylogenetic tree analyses of the Chinese jujube TLPs with the default evo-
lutionary model, and bootstraps with 1 000 replicates were used to test the convergence of phylogenet-
ic trees. The cis-acting elements distribution of the gene promoter was analyzed by PlantCARE data-
base. Codon usage parameters were analysed using CodonW software. Relative synonymous codon us-
age were calculated using Cusp at the EMBOSS explorer server. The optimal codon was defined with
the abundance values relative synonymous codon usage (RSCU) >1 in the high expression genes
group [the first 10% genes of low effective number of codons (ENC) value] and the abundance values
RSCU<1 in the low expression genes group (the last 10% genes of high ENC value). [Results]Thirty-
four genes of the TLP family were identified in Chinese jujube. They were located on nine chromo-
somes. Four types of gene structures were found. The numbers of genes containing 1, 2, 3 and 4 exons
were 10, 11, 11, and 2, respectively. Gene structure analysis indicated that TLP family gene structures
were relatively simple in Chinese jujube, implying that the gene structures were relatively stable, and al-
ternative splicing was rare during replication. Phylogenetic analysis indicated that Chinese jujube TLP
gene family was classified into nine clusters, and the cluster five and six had the largest number of
TLPs, suggesting that partial TLP members were involved in the tandem and segmental duplication
events. The disequilibrium of the distribution of TLP family members in each cluster might be related to
gene functions. Multiple cis-acting elements related to strengthen expression, hormone and stress re-
sponse were found on the promoter region of TLP genes, indicating that these genes would play a role
in plant defense against stresses. Codon analysis showed that the mean value of CAI was 0.235. ENC
values were higher than 45.00 and the distribution of GC3s value was dispersed. Eleven optimal codons
were found, and the number of ending with A, T, G and C were 3, 3, 2 and 3, respectively. Codon analy-
sis indicated that the gene codon usage was weak, and the gene evolution was mainly affected by gene
mutation. Purifying selection might play an important role in function maintenance of this family. [Con-
clusion] This was the first comprehensive experimental survey of the TLP gene family in Chinese ju-
jube. TLP family genes would be conservative in evolutionary process, being involved in plant develop-
ment and stress response regulation. The evolution of Chinese jujube TLP family genes might be mainly
influenced by base mutation pressure, and few genes might be affected by natural selection pressure.
These investigations would provide theoretical support for functional analysis and genetic breeding ap-
plication of this gene family in Chinese jujube.
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Table 1 Information of TLP protein family in Chinese jujube

BRT QSRS VALY AR HEHS T E S BCPEIBUKIRE
Accession No. Chromosome location Sequence length/aa Molecular weight/ku pl GRAVY
XP_015889970.1 Ch 1:1935834~1937 378 234 25.320 8.90 -0.209
XP_015874069.1 Ch 2:9 423 908~9 424 972 251 27.188 7.87 -0.230
XP_015878696.1 Ch 3:26 477 032~26 479 497 369 39.382 4.63 -0.314
XP_015878694.1 Ch 3:26 477 032~26 479 497 400 42.685 4.56 -0.247
XP_015876845.1 Ch 3:7 827 937~7 829 062 245 25.956 8.51 -0.259
XP_015876843.1 Ch 3:7 827 937~7 829 062 283 30.814 8.83 -0.282
XP_015882732.1 Ch 5:11 539 266~11 540 291 244 26.637 9.06 -0.419
XP_015882088.1 Ch 5:6 222 048~6 222 545 165 17.795 5.84 -0.338
XP_015882090.1 Ch 5:6 235 357~6 244 141 286 30.934 5.48 -0.030
XP_015882091.1 Ch 5:6264 743~6 265 162 139 14.751 9.39 0.088
XP_015885619.1 Ch6:11 041 723~11 043 451 280 30.429 8.49 0.049
XP_015884662.1 Ch 6:3 958 275~3 960 364 248 25.506 4.55 -0.030
XP_015884848.1 Ch6:5099 877~5102 114 318 33.391 4.46 -0.295
XP_015889659.1 Ch8:6195379~6 198 031 266 27.727 4.60 -0.185
XP_015889658.1 Ch8:6 195 379~6 198 031 295 30.857 4.67 0.057
XP_015889656.1 Ch 8:6 205 620~6 207 217 305 31.916 4.72 0.064
XP_015893386.1 Ch 9:19 985 470~19 987 790 352 35.961 4.19 0.164
XP_015893387.1 Ch 9:19 985 470~19 987 790 351 35.875 4.19 0.001
XP_015893384.1 Ch 9:19 999 024~20 002 847 311 33.333 8.53 0.012
XP 015893385.1 Ch 9:19 999 024~20 002 847 289 30.948 8.64 -0.076
XP_015893658.1 Ch 9:22 790 288~22 791 952 291 31.217 8.04 -0.128
XP_015896956.1 Ch 11:11 644 960~11 646 228 245 25.938 7.78 -0.084
XP_015896184.1 Ch 11:1526 958~1 527 743 240 26.117 8.32 -0.097
XP_015896206.1 Ch11:1573406~1 574 311 243 26.519 5.20 -0.177
XP_015896205.1 Ch 11:1576 574~1 577 595 224 24.294 6.26 0.003
XP 015898569.1 Ch 12:3 962 084~3 963 372 243 25.579 4.60 -0.163
XP _015898553.1 Ch 12:3 967 258~3 968 536 242 25.505 4.62 -0.224
XP_015898612.1 Ch 12:3 979 558~3 980 823 241 25.298 4.93 0.067
XP_015898528.1 Ch 12:3 988 566~3 990 138 250 26.282 5.68 -0.042
XP_015902780.1 Unplaced scaffold: 130 584~131 267 227 24.631 8.12 0.080
XP_015867797.1 Unplaced scaffold:36 463~42 410 420 46.109 5.38 -0.264
XP_015902782.1 Unplaced scaffold:37 735~44 885 422 46.574 4.83 -0.057
XP_015902783.1 Unplaced scaffold: 73 868~74 772 225 24.503 7.83 -0.441
XP_015902784.1 Unplaced scaffold:92 050~92 8§22 227 24.808 8.32 -0.025
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Fig. 2 Neighbor-joining phylogenetic tree of TLPs from Chinese jujube, A. thaliana, rice and poplar
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Fig. 1 Evolution and gene structure of 7LP family in Chinese jujube
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Table 2 Information of putative cis-acting elements in the promoter region of TLP genes in Chinese jujube

P A4 Number
Accession No. CAAT- - TATA- Py- TGA-  TCA- ~CGTCA- ppp \BRE GARE-motif - HSE LTR MBS ¢
box box rich element element motif box Box rich
XP_015867797.1 26 67 1 1 2
XP_015874069.1 23 64 3 2 1 1 2
XP_015876843.1 27 72 2 3 1 1 3
XP_015876845.1 27 72 2 1 3 1 1 2
XP_015878694.1 16 36 2 2 1 1
XP_015878696.1 16 36 2 2 1 1
XP_015882088.1 25 33 1 1
XP_015882090.1 23 102 1 1 1 2 4
XP_015882091.1 21 38 1 1
XP_015882732.1 23 33 1 1 1 1 1 2
XP_015884662.1 14 31 2 5 1 2 1 1 1 1
XP_0158848438.1 27 56 1 5 2
XP_015885619.1 22 60 1 2 1 1 1 2 1
XP_015889656.1 25 29 2 1 1 2 2 1 1 1 1 1
XP_015889658.1 18 49 2 1 1 3 1
XP_015889659.1 18 49 2 1 1 3 1
XP_015889970.1 19 102 1
XP_015893384.1 22 35 1 2
XP_015893385.1 22 35 1 2
XP_015893386.1 13 37 2 1 1 3 1 2 1
XP_015893387.1 13 37 2 1 1 3 1 2 1
XP_015893658.1 13 80 1 4 1 1
XP_015896184.1 18 94 1 1 2 1 1 1 1
XP_015896205.1 16 53 1 1 2 2 1
XP_015896206.1 21 87 1 1 1 1
XP_015896956.1 26 52 2 1 1 1 1
XP_015898528.1 18 39 1 1 1 3 1 2
XP_015898553.1 26 116 1 6
XP_015898569.1 23 49 1 1 2 3
XP_015898612.1 26 73 1 2 3 2
XP_015902780.1 11 46 1 1 2 2
XP_015902782.1 25 39 1 1 1 1
XP_015902783.1 28 69 3 1 2 1 1
XP_015902784.1 20 64 1 1 2 2

1 : CAAT-box. JA #3558 701 s TATA-box. #3535 ECUR X -30 bp 100 JH Bl F J0AF s Py-rich. i 5% AKPAH G AE A 7614 s TGA-element. ZE K5
Wi 87 TG A s TCA-element. /KBRS G A s CGTCA-motif. ZEFTRENA NI TCAT s ERE. ZMWA RN G s ABRE. By BN BTG AT s GARE-motif. /R %3
Wi 7 7T : P-box. 7755 3 W S 0 s HSE. F4 B2 ¢ /4 : LTR. 2 SRR SR KA E F 04 s MBS, 508 MYB 4557 551 : W-box. 52 {51
LR BOR T BTG s TC-rich. B BHIN Bl 38 AH S0 82 754 o

Note: CAAT-box. Common cis-acting element in promoter and enhancer regions; TATA-box. Core promoter element around -30 bp of transcription
start; Py-rich. Cis-acting element conferring high transcription levels; TGA-element. Auxin-responsive element; TCA-element. Cis-acting element in-
volved in salicylic acid responsiveness; CGTCA-motif. Cis-acting regulatory element involved in the MeJA-responsiveness; ERE. Ethylene-respon-
sive element; ABRE. Cis-acting element involved in the abscisic acid responsiveness; GARE-motif. Gibberellin-responsive element; P-box. Gibberel-
lin-responsive element; HSE. Cis-acting element involved in heat stress responsiveness; LTR. Cis-acting element involved in low-temperature respon-
siveness; MBS. MYB binding site involved in drought-inducibility; W-box. Fungal elicitor responsive element; TC-rich. Cis-acting element involved

in defense and stress responsiveness.
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Table 3 Characterization of codon usage of TLP genes in Chinese jujube
BRS CAI ENC  GC3s FRE CAI ENC  GC3s Fx5 CAI  ENC  GC3s
Accession No. Accession No. Accession No.
XP_015902783.1 0265 50.03  0.595 XP_015878696.1  0.175  48.65  0.323 XP_015884662.1 0253  60.27  0.607
XP_015896205.1  0.275 52.54 0.571 XP_015878694.1  0.181 4837  0.329 XP_015898553.1 0.273 5476  0.527
XP_015902784.1 0216 57.38  0.541 XP_015889656.1 0227 61.00  0.572 XP 015898528.1 0.289  50.64  0.510
XP_015896184.1  0.258 53.91 0.487 XP_015889659.1 0260  59.56  0.541 XP_015876845.1 0214 5634  0.534
XP_015896206.1 0244  53.61  0.564 XP_015889658.1 0.246  55.09  0.526 XP 015876843.1 0.198 5816  0.514
XP_015902780.1  0.229 58.84  0.550 XP_015898569.1  0.273  61.00  0.496 XP_015896956.1 0.191  49.46  0.347
XP_015867797.1 0233 54.99  0.484 XP_015893658.1  0.186  51.80  0.399 XP_015882090.1 0.214 5537  0.505
XP_015902782.1  0.246  54.56  0.499 XP_015882732.1 0246 5446  0.559 XP_015882088.1 0.219  59.03  0.453
XP_015889970.1 0224 53.90 0.415 XP_015884848.1 0.231 5426  0.539 XP 015882091.1 0204  56.07  0.522
XP_015885619.1  0.217 58.63  0.487 XP_015893386.1 0240 5648 0516 XP_015874069.1 0.350  45.84  0.738
XP_015893384.1 0209 58.38  0.569 XP 015893387.1 0242 57.04  0.518
XP_015893385.1  0.200 57.73  0.585 XP 015898612.1 0.267  51.49  0.506

T : CAL 0 1 3& M54 ENC. A 20T 740 GC3s. S 115 3 1) G+C &
Note: CAIL Codon adaptation index; ENC. Effective number of codons; GC3s. GC content on the 3rd site of synonymous codon.
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Fig. 3 Correlative analysis of ENC and GC3s
of TLP genes in Chinese jujube
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Table 4 Usage of synonymous codon of TLP in Chinese jujube

HIER YT RsCU | BIERR YT RscU | BEEE BT RSCU | B HhYF RSCU
Amino acid Codon Amino acid Codon Amino acid Codon Amino acid Codon
WA Ala GCA**  1.08 HE R His CAC*** 101 BEMM GIn CAA** 113 JVEE Thr  ACA 1.00
AR Ala GCC 1.02 HEA % His CAT 0.99 BN Gin- CAG 0.87 A& Thr ACC 1.32
HAR Ala GCG 057 | #EEE Lys  AAA 1.05 FEEIR Arg AGA 172 JFEMR The  ACG  0.66
WA Ala GCT 1.34 WA Lys AAG 0.95 K282 Arg AGG 1.14 JEME Thr  ACT 1.02
IR Cys  TGC 1.25 AR Leu CTA 0.42 KRR Arg CGA 1.05 HEIR Val  GTA 0.43
Pk a i Cys  TGT 0.75 | 5% Lew  CTC* 1.73 KRR Arg CGC  0.68 SR Val  GTC** 1.04
REZMKAsp GAC 092 | H&EF Lew  CTG** 073 FEA Arg CGG  0.72 SE R Vval  GTG 131
RAHEME Asp  GAT*  1.08 AR Leu CTT 1.05 AR Arg CGT 0.70 HEIR Val  GTT 1.21
HBAR Glu GAA 0.84 SRR Leu TTA 0.64 225 R Ser AGC 1.24 BEEE e ATA** (.83
HAMR Glu GAG* 1.16 SRR Leu TTG 1.42 225K Ser AGT 0.83 FRE M e ATC 1.24
MR Phe  TTC 1.25 KAME Asn - AAC 1.16 227 IR Ser TCA 0.91 SRR lle  ATT 0.93
KHNEM Phe  TTT 0.75 KA Asn - AAT 0.84 225 Ser TCC 1.28
HE B Gly GGA 1.16 JIf§ % Pro CCA 123 L2518 Ser TCG 0.83
H% P Gly GGC 1.00 &% Pro cce 0.71 2258 Ser TCT*  0.92
HE®R Gly GGG 076 | Jli%ER Pro CCG 0.92 &R Tyr TAC 0.88
B Gly GGT 1.07 5 Pro CCT**  1.15 TSR Tyr TAT 1.12

T xR R RO R S T, JEH RO ARSCU > 0.3; #3378 ARSCU > 0.6; *+* %R ARSCU > 1.
Note: *, ** *** indicate optimal codon, * indicates ARSCU > 0.3; ** indicates ARSCU > 0.6; *** indicates ARSCU > 1.
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