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Abstract:  In order to comprehensively understand the genetic characteristics of thaumatin-like protein (TLP) fami-
ly, the TLP genes of mulberry whole genome were identified, and the gene structure, protein domain, phylogeny and codon
usage bias were analyzed. A total of 25 TLP sequences were identified, most of which have the typical thaumatin sequence
and conserved amino acid residues. Each of 12 TLP family members contains one conservative intron, and each of 10 family
members contains two conservative introns. The phylogenetic analysis revealed that the TLPs were divided into eight groups,
and the sequence similarity was relatively high in each group. Codon usage bias of the third codon of TLP family genes was
weak , indicative of the low expression. Base mutation pressure are responsible for the evolution of most of mulberry TLP
family genes. Natural selection pressure contributes to a few genes evolution, suggestive of high expression which may play

an important role in plant in response to environment stress.

Key words: Morus  notabilis;  thaumatin-like
ks B #:2017-03-14

EEUH: HREARPEESTH (31460179) ; 75 B4 W AR A

protein; phylogeny analysis; codon usage bias

B AT H P P N sy .
FEERA I (1980-) 55 BB W4 VT, 8 M0 RRERERLN 17 A, EN TR R
FALYPR FR2AF5Y , (E-mail ) liuchao@ mail. gjnu.edu.cn quvb‘?gz':ﬂzJﬂL : ° *E % % EH% lJI_l Ej ﬁﬁ% IJ:_l ( Thauma-

BIFEE  FEFIN , (E-mail ) tanglizhou@ 163.com tin) ﬁ%@ﬁﬁﬂ ﬁﬁﬁ% EY:J IEJ nﬁ'ﬁ , Jﬂ:%ﬁ%f’ﬁ%’?ﬁﬁ



X WA RMZETINE A E SR BB 999

#K H ( Thaumatin-like protein, TLP) , J& T A < 5
H26 5 ZiK. TLP FEHNFBIE— N HA 25
1o B R B 55, 2 5 9% T BN 2 Fh ok 7
B ZHCTLP BAT N SR, R RIEE 1
B R E XA, BT 20 4ok BN R 4
(1 TLP HAPUE R ME A28 TLP FLAT ) R
TEVES SRR TR I 22 8] R R A R TLP H
A B-1, 3 ) REEGE ME LT TLP 762 Fh
AKRFEY T BA S HUEREE  TLP A h S
THY LR E Y ha i Z TS BTS2 S
YR N 22 AN, TLP EE AR S 54K EF
ZIERE

- HAA R OT M, i [R) b 2 B R 1 AN [ 2%
W PR N R SCES 1, e M AR E H AR i AR
FH o e Wy al i R G MG A A T B B 1 3
FI Bk DR A PS5 ) 2 08 5 0 R, I B R ARl %
Tl 4 ( Codon bias) o [) %05 5~ F) i &1 1]
ATRES LY G C & A G, [F] SCE IS 1~ ) e el

SR TR R R IK  RE B v B A MER PE AR,

RS G B A B KM o B A G 1 43 T
A Bl T P00 DR Y 2 3R K e R DR S TR R Ok B
AR F AL T DR B R IR A KN

FLET, Rl g2 N Z A9 b b K BT TLP 4R
A SRTATG SR TR TLP SRR PR B e gty 1 2
FIBFTR D, SR — Pl UL v i i, =
ZIT RS A A BRI 2 I A AR
ST IR, S T T AT, S AR BT A
25, FAEENAT I E, FRRREMEZ GF
JUAE—ERRE B T BRI RE, BT
3% (Morus notabilis ) 13 K 20 )3 TAE © 58 W, A
FOR AR D5 B2 7 o N R v TLP 5%
TG TR A A5 A FIZH A8 | 2R GE R A LA R PR 8 ) 1 1l
PSS 200, itk — P 7R TLP ZR R AE W) 2
Rt

1 ARSIk

1.1 RH TLP XX EERF 53R

A 1230Q /N E (Musa acuminate ) H #iL
AU TLP 251, % W HAE TLP 2 450 Fl D) e oy
AR, DLEH 123Q 23R 7 5 R 57 41, H)
JH GenBank %45 7F £k 43 7 # /' BLAST, 48 R Z 4
(M. notabilis ) 5 1 J50 s %2, [) I LA SR 13 00 b 45 245

FA) 38 Ay A 1) O 8 1R) 7F Pfam £ 40 2 (http . //pfam.
sanger.ac.uk/ ) #EATHHIA .
1.2 R& TLP ZEREUFES T

il 1 Expasy (http://www. expasy. org/tools/ ) Xf
A BAE AR R AE SEAT TR0, A ] SMART ( ht-
tp://smart.embl-heidelberg. de/ ) X} £ [ [t 4% 4) Jaf i
7T, CBS #(¥5 )% (http ://www.cbs.dtu.dk)
PR LR PTIN £ B0 5 KR RS A 3
1.3 R& TLP BERREF RIS 517

M GenBank ¥4 i 4845 TLP 25 [ X5 1 (1) K&
(R 40 7 371 Rk R 5 7 51) ( Coding sequence, CDS)
i 3 K 45 48 . 78 R 45 (http . // gsds. cbi. pku. edu.
cn/index.php) 2 il 2 K 45 #4975 B K, i f MEME
SUITE £ £k T. H. ( http://meme-suite. org/tools/
meme ) T SRR TLP 5% 5% K 7 2 11 BT & SR T )
AOPRSTF B ( Motif ) , {8 FH ClustalX #4785 1 T 2
ERR S X, W MEGAS.0 %144, 5% J1 NJ ( Neigh-
bor-Joining ) A4 H RGE L
1.4 RW TLP ZxERZDFRIED T

i AT CodonW XF SR TLP 5K % 2 K] CDS
FeS B T AR R AT 20 A . (S E A - 2
PR ) [ SRS A 3 60 b Bl R Yt BEA AR | %
TR (CAD) | 5 1M 445 8 ( CBI) A1 R0
Wy (ENC), %W 7% 3 iy G.C & &
(GC3s) FEHE G.C FHE(GC) , 7] SCAFE MR AL (L-
sym) SFSE, DL GC3s MEEAA bR, ENC AR, 245
il ENC 5 GC3s [ RIBEAI AR P v il 280 %
i AN A2 B A S S MRV N ) ENC T B
AR K. ENC =2 +6GC3s +29/[ GC3s* + (1 -
GC3s)* ] o oA 5 AR AT B 4 2R 4 6 1 i
B2 B A N STy R A
Ptz 2 B AR E RS R BOR . {f ] EMBOSS explor-
er W% (http ; //emboss.toulouse.inra.fr/ ) 75 £& SR A4 X}
[ S 245 - #H X i FH B ( Relative synonymous codon
usage , RSCU) #4757#7

2 R0
21 BRWMTLP XHREALTE

PIHLAY TLP 25 H 123Q &R T x4, H]
HAYIME B2 AR & A i i & 5 25 4~

TLP FIEM 5, FIF PFAM F1 SMART %54 & i 47
USSR A0, BT A e 91 2 & A LR 2R 3



1000 e

2017 4F % 33 % 5 M

161, ( Thaumatin, THN ) , 15 4~ 52 76 N Siig 47 75 7
FERESIOTES (R 1), KEHTLP R EA
RIGTHF AR G-X-[ GF ]-X-C-X-T- [ GA]-D-C-X-
(1,2)-G-X-(2,3)-C'™ 1 5 MESF R REDDD (1 4>
KR, 1 MR, 3 MR ER) k%, 5 &S
5 25 1 R A R 2 A Nt g R R S ) B % T
L3R XF TLP HUEL I PR AR A A0 AR 5T BB
20 A —BUPE R A A TLP 25 E1 TP 91 H

1 EMTLP XEER
Table 1 Information of TLP family identified in mulberry
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1484_001577 304 5.18 32019 4.00x107% 43 {55 IK+THN 5445
1484_024982 253 8.31 27 360 6.00x107% 41 55 BK+THN 25435,
1484_024983 365 4.44 36 947 8.00x107% 44 5 5 MK+THN 25435,
1484_020153 288 8.24 31 007 3.00x107 47 {55 K+ THN 45 H4 8k
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Fig.1 The gene structure of 7LP family in mulberry
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Table 2 Characterization of codon usage of TLP family genes in mulberry

A T3s C3s A3s G3s CAl CBI GC3s GC Gravy ENC L-sym L-aa
1484_001577  30.3 33.0 32.1 26.3 19.7 -5.4 48.3 51.0 10.3 61.0 294 304
1484_004031  33.4 33.0 28.3 32.5 17.4 -3.3 50.7 465  -19.1 56.8 594 621
1484_009461  30.6 35.2 28.3 33.9 21.2 -3.6 53.1 49.2 -3.1 58.5 254 264
1484_010482  26.4 35.0 23.0 33.3 17.4 0.1 57.5 59.2 =337 60.7 181 184
1484_010920  37.7 31.2 27.7 24.7 20.1 2.3 45.7 51.5  -26.6 59.3 219 228
1484_017379  21.4 59.4 7.6 28.2 27.0 22.4 74.6 62.4 -1.6 42.4 244 249
1484_020153  34.7 33.1 29.3 25.0 20.6 -2.5 47.1 48.4 9.4 60.6 278 288
1484_020224  34.3 39.3 26.2 23.6 24.7 4.8 50.7 49.1 -22.0 58.9 491 508
1484_021218  23.5 47.4 18.0 30.1 25.4 7.1 65.3 58.4 -0.9 46.5 245 251
1484_021878  14.8 53.5 20.6 33.2 25.7 21.0 71.3 59.4  -46.4 46.7 327 335
1484_021879  24.8 41.0 23.5 30.3 22.5 6.4 59.4 54.4 -4.2 57.0 335 341
1484_022589  19.1 53.5 23.0 24.9 28.4 24.6 65.7 58.2 4.1 49.3 239 244
1484_022590  16.1 56.9 13.1 37.5 35.6 30.1 76.2 587 =235 44.1 240 244
1484_022591  14.2 52.9 28.4 24.4 22.3 14.7 64.5 57.2 2.8 51.7 234 240
1484_022592  16.0 56.6 12.6 38.6 35.2 30.8 76.7 59.8  -23.2 45.7 240 244
1484_023752  23.2 47.6 23.3 26.1 17.8 -0.3 61.3 56.7  -12.1 44.5 93 97
1484_023753  34.5 39.5 25.8 26.5 18.7 -0.7 51.9 46.5  -49.9 61.0 133 134
1484_023755  30.2 41.0 26.8 28.5 21.6 3.5 54.4 489  -28.6 57.1 544 558
1484_024191  39.2 32.8 30.3 19.8 222 0.0 42.9 46.8  -10.5 58.0 252 259
1484_024982  16.1 50.9 14.3 38.5 21.8 14.1 74.5 60.7 -7.9 48.8 247 253
1484_024983  24.5 37.6 23.5 29.8 20.1 5.9 58.4 57.6 -5.0 58.1 356 365
1484_025349  25.9 47.6 19.4 29.0 23.1 10.3 62.5 55.7 8.0 51.8 240 246
1484_026587  32.2 40.3 28.8 23.1 24.1 8.7 51.1 49.5  -36.6 61.0 333 343
1484_026644  32.3 39.7 21.2 30.9 26.3 7.8 56.4 512 -36.6 61.0 321 333
1484_026669  27.6 40.3 22.1 29.6 22.8 3.4 58.1 55.5 -2.6 56.3 339 347

T3s.C3s A3s G3s: [A] SUETS 156 3 i 1 T.C A (G 1Y BUBIAS s CAL B8 138 N 15 80 CBI B 1 fi 445 445 GC3s . BT 15K 3 L/ G+C &
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Table 3 Usage of synonymous codon of TLP family genes in mulberry
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Fig.3 Correlative analysis of effective number of codon ( ENC)

and G/C content on the 3rd site of synonymous codon

(GC3s) of TLP family genes in mulberry

HIEWR W T  RSCUTMH || &HER  ®ST  RSCUME || &K % T  RSCUMH || &R %S T  RSCUMH
Ala GCA 0.74 His CAC 1.16 Gln CAA 1.01 Thr ACA 0.86
Ala GCC 1.40 His CAT 0.84 Gln CAG 0.99 Thr ACC 1.31
Ala GCG 0.91 Lys AAA 0.81 Arg AGA 1.37 Thr ACG 0.82
Ala GCT 0.95 Lys AAG 1.19 Arg AGG 1.27 Thr ACT 1.01
Cys TGC 1.42 Leu CTA 0.75 Arg CGA 0.87 Val GTA 0.51
Cys TGT 0.58 Leu CTC 1.92 Arg CGC 0.65 Val GTC 1.37
Asp GAC 1.05 Leu CTG 0.58 Arg CGG 1.27 Val GTG 1.06
Asp GAT 0.95 Leu CTT 0.95 Arg CGT 0.57 Val GTT 1.06
Glu GAA 0.83 Leu TTA 0.64 Ser AGC 1.50 Tle ATA 0.67
Glu GAG 1.17 Leu TTG 1.17 Ser AGT 0.63 Tle ATC 1.34
Phe TTC 1.26 Asn AAC 1.22 Ser TCA 0.88 Ile ATT 0.99
Phe TTT 0.74 Asn AAT 0.78 Ser TCC 1.15
Gly GGA 0.77 Pro CCA 0.87 Ser TCG 0.84
Gly GGC 1.63 Pro cce 0.98 Ser TCT 1.01
Gly GGG 0.88 Pro CCG 1.21 Tyr TAC 1.1
Gly GGT 0.72 Pro CCT 0.94 Tyr TAT 0.89
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