@b g L F e 2018.27(1):52-61
Acta Agriculturae Boreali-occidentalis Sinica

doi: 10.7606/j.issn.1004-1389.2018.01.008

W4 H R H 399 :2018-01-12

[ 2% e s il - http: //kns. enki. net/kems/detail/61. 1220. S. 20180112, 0934. 018. html

v -2 O AR R e ) B 9 i TP 43

x|, AL, o, B AN
CHl 050 27 5 25 1 95 D52 AR 5 D5 o1 M V5 0 O TR 25 8 0 0 K 25 9 7 SR
2 REHE TR 5 A T S 0% L A I 655011

B B RMWEAEMYNE R AT MR R AR MRS BT TR ERR
T3 R 2 B B R LR 3 T A DT A L T i A S AT 0. SRR A TR E A RE A 43
ASWEBL AP ARAE 9 G @R b L3 3 R IR R 5 M R L rh 16 AR R A 1AM T 14 DR 3 AN AN
THAKNE TR 1-2 8, RIERFELEF NN 12 DREA L REH 5 bR EZ0kA (I 5 35
EACREE 6 YR ETRA I 5RO NS THAMZ h 1-2 8, X S 5L R Al gk A 7] — M e 2L
St B i Qe @R AT G, 88, 400 MR S 5 RIS N 2 A FE RUR 3 T X A IR R 38 R
JLAF  BEWIZ S 2 PR A AR W A I a0 i B v R AR T . 2 BRI U T RUENO BUN 3 18 T 1 4 3
i) G+C & i (GO E S A 10 MRMUEH T LGB C 4R . RUIA T KA B R4 N %
B3~ (0T 3 i P 5t o 8 DR S R 0 i L AT AR D B AR IR TR R

KEEE AT REEA BRSNS B F bk
FESES S515 XEFRER A

i B2 M 56 25 1 (Pathogenesis related pro-
tein, PR) J& A8 4 52 9 I ) 4 e s Ak AR 1 X5 0
JE AR —ZoKEEE R . BT R R 17 A
PR & . 257t % 14 ( Thaumatin like protein,
TLP) J& T PRS KWk, 5 40 48 ¥ w8 E 47 4
(Thaumatococcus danielli Benth. ) 355 F 43 55 %
()% & 4 (Thaumatin) 2 3 82 17 51 & 1R &5 11 [ I3
PEMI AR 44, iz o0 A5 T 2 R kY sh ¥ R e W)
dtes, M) TLP fy 16 > b 20 iR 5% 5k 0B
B8 A B AARE T A AR IR
(R IE B AT B o BB 08 AR BT A M TR | B8N AR 1
fEfERY . KZ8 TLP ¥ HA R K 5 hr %
5 ARSFIY R AR L J5 H S 5 A 4 HE
I Y 0 D 2 Al R R 24 R A 2 T e e A, 0
TLPs JTHE G 0 AT A TLP % E [ it
o3 A & B, sh ) TLP Bl o A8 — 3¢, I LB —
WA R Aok B T b A R ik
FErh TLP 5E DA & 0 20 0 1 b 5 3 ™, i 7K A
MEEIT TLP 5304 T2 &R IR E R RN

IS BE:2017-09-11 EEBH:2017-10-09

NERS

1004-1389(2018)01-0052-10

G o A i 3 S B e N R AR ) 3 AL
LR B TLP FERAEE A L&A A X AR
MR, Lin 550 TLP BEHk A F R
10 fZAETT ALY  Sh W AL T Ry L AL S . e
SeR Py ] — G Ok b L R — S AE TR TLP
FEPH 5, U] BRI ER A TLP M KA X B 5k
M EEALHY . IR Y], TLP BA Bl E W s
PO R RO R L OB O Y A
R A2 A T MR AR o 38 b A R AR

W T HA RO AR R R RS E LR R
FHIVERT . ) SO A [ W) Ao A [ 5 A ] £
o B AR A [A] A5 2 ) b s DA 0 A I 30 i Ak
WO R T N A B Sk PR 2 B B A 4 A 1 8
Yo WEFER W L[] SO A5 B 18 £ 00 256 X Y
F IR BRI AT AT B A0 R
R B M 43 T A B T 00 A 1
R R T RE S T L R I SR R R
K B a3 A AL B RS T DL R e S R AR kK P
AT

HEEMB: E R H AR A (31460179) ; 7 M A = R BHLAQUH A A A L= # A (2014)14 5 ],
E—EZ X MWL B A RS T R R ALY R B . E-mail : liuchao@ mail. gjnu. edu. cn
BEVEZ EAM, Bt 258 W5 07 02 4> Filk R IR . E-mail: tanglizhou@163. com



1 X1

45 A TR 1 SR TR SR Y S E S R T e 0 A © 53 .

B F(Setaria italica ) NARABIR EEY . &
FAR TR D N GE A R)TIZ A TRROE KR
AT ARG M I, HE X2 T R DR
DR A e A P b X, 2 ey
WX P FEREZ —, LB AEWN TR
SR YRR A 0 R A Y ™ R A BT
o AL FBiR 38 R OC L R B BF 905 48 F R B S
RAE S, B, A TN e A6,
X B D RE A E AL T T SR T AR . A A
) R 0 R ) el i 2 G e %P TLP
FIEHE IR R e H R #5484 5 )5 51) (Cod-
ing sequence, CDS) %% fith - (1) 21 5 K A FH i P 2F
15508 BAE W] TLP ZK % B URHAE , ik — 25 Al
J TLP KGR T 1 R A1 i Bh 58 Behi o

1 MK 5T %

1.1 #FTLP EEMNEESE S

VLRIt TLP JP 9 B4 AR A R4
¥4 2 (http: / www. plantgdb. org/SiGDB/) il
GenBank # 7 & 1 % 8 . i 1k R H P S AE
SMART ¥4 /% (http: // smart. embl-heidelberg.
de/) hxT & AT BESGHATIRIN . BT A ST A
AR AL 4 E 8 3 Expasy Chttp: / www. expasy.
org/tools/) Tl ,
1.2 ERESEHSH

A TLP X Rz 9 2 P 510 Al CDS 7 31 A
GenBank %4 2 v 20, BB R 454 R R
4 (http: // gsds. cbi. pku. edu. cn/index. php) %
il e PR 5 4 s B
1.3 EAERAGMEESNT

F A FE A A K (Gene ontology) £ 4 2 (http:
// amigol.
blast. cgi) & ] TLP IjfiEsr2%. HMH WEGO 7&
2 7 A (http: // wego. genomics. org. cn/) % &
Gene ontology (GO) & 4 Ji i 17 F 5. 1 H
MEGA 5. 0 B/, R F 28 4 1% (Neighbor-Joining,,
N ARG ZBFM . NI S - 2D K 1
000, % H VAP KL B (Poisson correction) [ J5 53
AR RS HORURIAME .
1.4 B FHIESH

i3 GenBank ¥4 4R A T TLP JEH
SER GRS U 1 kb P51, il id PlantCARE (ht-
tp: // bioinformatics. psb. ugent. be/webtools/

geneontology. org/cgi-bin/amigo/

plantcare/html/) $4 A 3t 47 36 5 5 3 5 XX
YEHIT 53 #r
1.5 ZEWHFRYESHT

A CodonW Xf & F TLP % [H CDS
JEON S e S B T . B
it 1-3E W #5 # (Codon adaptation index,CAI) . H
2K 8% i %% (Effective number of codons, ENC) .
TR 3 MR G+ C F i (GC3s) . Lh GC3s
AR ENC AR, 224 ENC 5 GC3s ()
SR A N el 2 Sk 2 T b A 32 B
HEGAR S B ) ENC B E /90L& 3524 =
N: ENC = 2 + GC3s + 29/[ GC3s* + (1 —
GC3s)* ], f#i ] EMBOSS explorer M Chttp: /
emboss. toulouse. inra. fr/) & & B A4 X} 6] X % 1
T-#3 XF {# A B (Relative synonymous codon us-
age , RSCU) #4770t . M4 ENC i P XF fe L %%
¥ (Optimal codon) #4743 7, ¥ ENC {H /i
JG 45 10 70 4 R AR 2 3k Fl i e ik SE L 40 T3 2
A A b TLP B/ % % T 1 RSCU, 4
ARSCU>0. 3, HAE R R BAHH RSCU>1. 1E )k
TR RSCU<TL, Al 2 12 %5 i by Je A0 2% %
T

2 HEXRH2M

2.1 BFTILP EEARKHLEE

IR IT TLP JF 8 R 3%« AT+ 55 K 41 4K
P 12 b L3 R I S8 ) 43 4> TLP R B (%
D, it SMART 74504 PE X 4+ TLP #E47
gER AT K B L 34 & A AR I i (Thaumatin,
THN) S5, #F TLP SEHIEFA 9 4546
T L3 o3 o IR T 5 Gt A B BRI AR B
B GERNEYR O KKy, 1T MV S 3 6k
CGEF B 9K 7.5 A5, IV VEL VATV S 4 £
g/ GERES IR 2.3.1 A1 2), AR A b4
Frig s B E J AR 160 ~666, H rp & L iR
B £ 1 Si003953m Fl Si004228m ) & A & [
U ) e S, AT BE TE 25 1 Y W R Ak ok R b R R AR
M. EEER AN 4.42~9. 17, HphREHE A
76.7% . BiKYES B G5 A U R G A
FEAEE LR AT TLP hEikMEA L
60. 5% » LA 5 5 5% K FIBR K 3 P 1) 2R 38 R
PEE M.



.+ 54 - LN A NS A I 21T %
x1 BFHTLP RKEER
Table 1 Information of TLP family in foxtail millet
HoRS B [ i 5 Be (o pR s BIERR KL /aa EASFEE/ka FlA FRBUKIE R

Accession Gene symbol Chromosome location Sequence length  Molecular mass pl GRAVY
Si002678m LOCI01755851 chV :41043640-41044742 249 26 220. 90 7.49 —0.02
Si002828m LOC101779500 chV :39666880-39667767 222 22 896.83 4.72 —0.02
Si003953m LOCI01770711 chV :6630774-6633118 661 73 264. 38 6.53 —0.31
Si004228m LOC101770305 chV :6638602-6640866 666 73 118.47 6.11 —0.25
Si004315m LOCI01758963 chV :6643287-6645489 413 44 748.77 6. 86 —0.18
Si008097m LOCI101754594 chlV :37288744-37289770 254 25 811.41 8.69 0.09
Si008797m LOCI101783927 chlV :39626269-39628294 303 29 701.53 4.42 0. 41
Si010819m LOCI101774920 chV[ :3711314-3712942 273 27 327.61 5. 46 0.22
Si014115m LOCI101786770 chV[:35012429-35014873 316 33 509. 46 5.15 —0.17
Si014155m LOCI101778574 chV]:31681772-31683086 301 32 083.67 8.66 0. 04
Si015155m LOC101777763 chV]:33103296-33105197 392 39 697.05 4.55 —0.13
Si017836m LOCI101773689 ch] :17906345-17908897 316 31 642.59 4.94 0. 20
Si017852m LOCI01774354 ch ] :18040087-18042149 313 31 530. 32 4.91 0.12
Si017932m LOC101773689 ch] :17906345-17908897 298 30 639. 35 5.30 0. 06
Si019513m LOCI101775841 ch] :18364157-18365392 302 31 000. 77 6.33 0.07
Si020024m LOC101775841 ch] :18364157-18365392 309 31 776.63 6.13 0. 05
Si022897m LOCI101760244 chlll :188185-189736 281 29 905. 10 8.21 0.14
Si023098m LOC101778229 chlll :41258347-41259388 241 24 506. 98 8.58 0.15
Si023145m LOCI101778779 chlll :41241292-41243608 160 16 466. 87 6.71 0. 25
Si023160m LOC101779705 chlll :41312188-41313127 226 22 848.97 5.70 0. 30
Si023305m LOCI101762279 chlll :49895100-49895725 197 20 381.93 5.09 —0.05
Si023379m LOCI01762680 chlll :49903698-49904422 183 18 535. 06 5.49 0.22
Si023433m LOCI101764711 chlll :49971842-49972633 173 17 591. 55 4. 60 0.07
Si024067m LOC101764306 chlll :49960855-49961585 173 18 195. 42 8. 36 —0.12
Si024779m LOCI101763494 chlll :49947110-49947628 172 18 261. 21 4. 60 —0.08
Si028253m LOCI101774025 chll:40429634-40430697 256 26 574. 32 8. 30 —0.01
Si028258m LOCI01761990 chl[:40279516-40282145 443 46 268. 25 5. 86 —0.08
Si030436m LOCI101754007 chll :36280064-36281654 336 35 104. 64 5.90 0.02
Si030469m LOCI01774559 chll :38463784-38465948 331 32 708.56 4. 86 0.19
Si030608m LOC101777928 chll :38474979-38477201 310 31 446.08 4. 66 0. 07
Si031002m LOCI01757778 chll :44087991-44088932 231 24 199. 40 8.13 0.03
Si032157m LOCI01753062 ch]l :11053196-11053885 229 23 572.23 5.74 —0.17
Si032564m LOC101757622 chll :11233294-11236840 277 28 411.68 6. 84 —0.05
Si033028m LOCI01754138 chll :11046609-11047289 226 23 512.10 4. 67 —0.16
Si036080m LOC101771079 ch[X :32359211-32361493 390 38 595.48 4.70 0.18
Si036351m LOCI101774059 ch[X :51405438-51408450 357 35 631.06 5.03 0. 33
Si1036475m LOC101774730 ch[X :51424102-51427015 340 34 190. 57 5.53 0.07
Si036608m LOC101774059 ch[X :51405438-51408450 326 32 376. 37 5.21 0. 24
Si037366m LOCI101785089 chlX :9644816-9645785 227 23 706. 35 4.42 —0.20
Si038604m LOCI101770679 ch[X :32257972-32260049 317 31 085. 74 4.96 0. 31
Si039299m LOCI01779988 chlX :21573122-21574251 288 29 399.79 8.55 0. 20
Si039423m LOC101769623 ch[X :9647662-9648327 221 22 674. 64 9.17 —0.14
Si040201m LOCI101781881 ch[X :52346479-52347666 275 27 173.42 5.51 0.19
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Fig. 2 GO classification of TLP in foxtail millet
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Table 2 Information about putative cis-acting elements in the 1 kb upstream promoter region of TLP genes in foxtail millet

P I R T e s
Si002678m 13 19 2 1 1 1 2
Si002828m 26 2 14 6 3 1 2 1 2
Si003953m 23 1 21 1 2 1 2

Si004228m 25 29 1 1 1 2 1 1 2
Si004315m 34 31 3 1 2 1
Si008097m 18 2 26 1 2 1 1 3

Si008797m 15 28 1 2 1 2

Si010819m 20 31 3 1 2 1 1 1 1 1
Si014115m 3 1 15 3 7 2 1 1
Si014155m 16 5 6 6 1

Si015155m 20 1 33 1 1 1 1 2
Si017836m 32 3 14 1 3 3 1 3
Si017852m 25 29 2 5 2 1 1 1 1
Si017932m 32 3 14 1 3 3 1 1 3
Si019513m 32 3 14 1 3 3 1 1 3
Si1020024m 32 19 3 1 1 2 1
Si022897m 25 1 29 2 2 1 1 1 2 1
Si023098m 17 15 4 1 1 1 1
Si023145m 50 21 3 1 3 1
Si023160m 19 1 11 5 2 1 1 1
Si023305m 121 25 1 1 1 2
Si023379m 22 2 31 2 1 2 3 1
Si023433m 53 1 23 3 1 1 2 1 2

Si1024067m 36 1 2 1 1
Si024779m 49 27 2 1 1 2
Si028253m 36 27 1 2 3 1
Si028258m 10 8 2 1 1 1 1
Si030436m 22 1 28 1 2 1 1 1 1 2
Si030469m 24 1 17 2 3 2 2
Si030608m 23 16 2 2 1 1 1

Si031002m 29 39 5 3 2 1
Si032157m 60 1 44 3 1 1 1 1
Si032564m 15 23 3 1 2 1 1
Si033028m 26 24 3 3 1 3 1 3 1
Si036080m 26 28 3 1 2 6 2
Si036351m 11 8 1 4 1 2 1 1
Si036475m 11 26

Si036608m 11 8 2 4 1 2 1 1
Si037366m 44 24 6 1 1 2 2 2 2
Si038604m 13 1 15 7 1 1 1 1 3
Si039299m 29 29 2 1 1
Si039423m 47 31 6 2 1 1 3 2 3
Si040201m 13 18 2 2 2 1 1 1 1

IE: TATA-box % 2 4 X — 30 bp #0830 F o0 5 Py-rich &% KA A AE HI I 8 s CAAT-box J& 3l 1 5 70 4 ; ABRE Jii #% iR
Wil 13 I A% s CGTCA-motif 2 B2 i B JC A s GARE-motif 75 8% 3 Wi B T 4 3 P-box ol 8 K Wi W 7T 4 3 TCA-element 7K 4% 2 i Ji7 JC 1 s HSE
P ¥ 76 LTR 2 5418 58 A9 0 XA B oG4 s MBS F S0 i MYB &5 4 (37 15 s TC-rich 55 480 A0 36 A6 & 0 37 7T 14 ; W-box 52 1i Al FL
ORI N TE A

Note; TATA-box core promoter element around — 30 of transcription start; Py-rich cis-acting element conferring high transcription levels;
CAAT-box common cis-acting element in promoter and enhancer regions; ABRE cis-acting element involved in the abscisic acid respon-
siveness; CGTCA-motif cis-acting regulatory element involved in the MeJA-responsiveness; GARE-motif gibberellin-responsive element;
P-box gibberellin-responsive element; TCA-element cis-acting element involved in salicylic acid responsiveness; HSE cis-acting element in-
volved in heat stress responsiveness; LTR cis-acting element involved in low-temperature responsiveness; MBS MYB binding site involved

in drought-inducibility ; TC-rich cis-acting element involved in defense and stress responsiveness; W-box fungal elicitor responsive element.
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Table 3 Characterization of codon usage of TLP genes in foxtail millet

A;fécij;n CAI ENC GC3s A%Zisin CAI ENC GC3s A%iij;n CAI ENC GC3s
Si017836m 0.316 33.81 0. 899 Si024067m 0.33 32.45  0.925 Si036608m 0. 306 33.04  0.930
Si017932m 0.308  40.05 0. 855 Si023433m 0.348 31.35 0.946 Si036475m 0.262 36.14  0.913
Si017852m 0.304 38.26 0. 846 Si008097m 0.265 30.40 0.971 Si040201m 0. 243 36. 33 0.933
Si020024m 0.233 41.58  0.840 Si004228m 0.229 54.50  0.556 Si008797m 0. 265 36.56  0.899
Si033028m 0.321 34.25 0.930 Si003953m 0.225 58.24  0.523 Si004315m 0.194 56.32  0.590
Si032564m 0. 345 29.53 0.952 Si002828m 0.294 33.58 0. 940 Si019513m 0.231 41.13 0. 834
Si030436m 0. 269 41. 06 0. 855 Si1002678m 0.342  29.58 0. 959 Si039299m 0.312 33.18 0. 940
Si030608m 0. 256 33.43  0.914 Si014155m 0.236 36.59  0.881 Si039423m 0.258  34.56  0.960
Si031002m 0.269 30.19  0.960 Si015155m 0.254 39.15  0.840 Si036351m 0.310  33.99 0.910
Si032157m 0.334  36.42  0.912 Si014115m 0.284 37.13 0.874 Si1023098m 0.280  29.32  0.966
Si030469m 0. 281 30.26  0.957 Si010819m 0.290 31.38 0.914 Si023145m 0.216 36.66  0.910
Si022897m 0. 285 34.24  0.923 Si028253m 0.282 34.83 0.911 Si023160m 0.280 28.12 0.968
Si1023305m 0.291 33.04 0.958 Si1037366m 0.318 32.14 0.973 Si028258m 0.236 32.42 0.952
Si023379m 0.302 32.03  0.899 Si038604m 0.272 32.26  0.932

Si024779m 0.379 35.31 0.918 Si036080m 0.248 32.60  0.944
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Fig.3 Correlative analysis of ENC and GC3s

of TLP genes in foxtail millet

3 it ik

BT RBEEFAE W EEEY R T
AV C, FHY 1 Cs HE W H A B8 & 1 K 43 R
RORFNE G ROR R0 RE I N T 53045 2% 14 23k
AWy 3B BT L R R B 5B A R B A
Zhang USRI A FAEBAL A B R AET
3G OARH H FAF, Hoh 2 O A TEAR T K
otz E. 1 WEEES TN E RS EZ)E.
X SE R R B 40 2 N AR R Bk I A T
HAmK PR EE N2 E 1T 5al . TLP J& T2 %%
PRI G0 A [ 40 o B DR 21 b TLP % A 1R K 22

B8 N (Daucus carota) % JN (Cucumis sati-
vus ) SR K2 30 4, KRS (Oryza sativa) i
B (Sorghum bicolor) FFEAEY) H 50 ~60 4~, kB
WA (Pinus taeda) KT 80 AN, sy 0, 48
Yy TLP Z0E 8 F7EAE ) 00 A K & & AR A B 38
R RS

ARG A YIS BT N T IR 4 R
LRI A3 4> TLP W, ZH hRIEEN . A 3
TP R S5 R 20, o AAT 1 A0 7 19 A
16 4~ 1-2 RN & FAIGL I B A 14 A, F2OR
AR 5 M6 b, XSEIEP 287 T [F] — G o
A b U5 ] 3 26 B PR T BE R U T[] — AL BRI L 2
Qe RN gL R S HI SR . P GO 43k
SIHT R 86. 0 1S 5 MAME ] . 88. 4001
HHZH 24 E K E SRR W B N B8 B
R EATER T IR 5 5 T TEML S =5 8] 2 5 4%
HORE FINN 30 S5 R R AR I A K K B R
HCAH PR i aE o B b R AR SR . BB e A
PRI ¢ 38 I 45 11 B 2 e A a0 A AN S0 S B 1
DT AE I TC A AT L Ay 36 PR 3% 58 ) BB AJF 90 B4 0
il A7 TLP %R 30 7 X & & P R
o S I T A R B S S B TN 2 A ) £ R A A
71

TE AL TR v A ) DR A4 %% R 1 g 2
S AL 5 72 F IR VB ) 195 el A [ ) b LA



11 XA A SR I R G K 5 RS A P A3 AT © 59 -«
x4 BFTLPERRBXEZBFEABR
Table 4 Usage of synonymous codon of TLP genes in foxtail millet

AR CnT mscu \ERM.EWT Rscu (EEELOERT rscu (EEMCERY Rscu
Ala GCA 0.23 His CAC 1. 64 Gln CAA 0.30 Thr ACA 0.32
Ala GCC 1.73 His CAT 0.36 Gln CAG 1.70 Thr ACC 1.75
Ala GCG**~ 1.75 Lys AAA 0. 37 Arg AGA 0.44 Thr ACG* *~ 1.75
Ala GCT 0.28 Lys AAG 1.63 Arg AGG 1. 15 Thr ACT 0.19
Cys TGC 1.92 Leu CTA 0. 27 Arg CGA 0.22 Val GTA 0.17
Cys TGT 0.08 Leu CTC 2.65 Arg CGC* *~ 2.38 Val GTC* * 1. 41
Asp GAC 1.78 Leu CTG* *~ 2.04 Arg CGG~ 1.58 Val GTG 2.16
Asp GAT 0.22 Leu CTT 0.43 Arg CGT 0.23 Val GTT 0. 26
Glu GAA 0. 36 Leu TTA 0.17 Ser AGC 2.05 Ile ATA 0.27
Glu GAG* *~ 1. 64 Leu TTG 0. 44 Ser AGT 0. 20 Ile ATC 2.33
Phe TTC 1. 85 Asn AAC 1. 81 Ser TCA 0. 37 Tle ATT 0. 40
Phe TTT 0.15 Asn AAT 0.19 Ser TCC 1. 66
Gly GGA 0.22 Pro CCA 0.38 Ser TCG* ~ 1.51
Gly GGC 2.48 Pro cCcC 1.33 Ser TCT 0. 20
Gly GGG 1.08 Pro CCG* *~ 2.01 Tyr TAC* * 1.88
Gly GGT 0.22 Pro CCT 0.29 Tyr TAT 0.12

LB FRREW T . ARSCU>0. 3; * *

ARSCU>0.6; * x x ARSCU>1,

Note:Optimal codon marked as * ARSCU>0. 3; * x ARSCU>0.6; * * * /ARSCU>1.
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Identification and Codon Bias Analysis of Thaumatin-like
Protein Gene Family in Foxtail Millet

LIU Chao, HAN Lihong, WANG Haibo and TANG Lizhou

(Center for Yunnan Plateau Biological Resources Protection and Utilization / Key Laboratory of Yunnan Province Universities
of the Diversity and Ecological Adaptive Evolution for Animals and Plants on Yungui Plateau, College of Biological

Resource and Food Engineering, Qujing Normal University, Qujing Yunnan 655011, China)

Abstract The thaumatin-like proteins(TLP) play a role in plant growth, development and stress re-
sistance. The composition, structure, cis-acting element and codon usage bias of TLP family of foxtail
millet were analyzed by bioinformatics. The results showed that the foxtail millet TLP family consists
of 43 members, distributing on nine chromosomes and being divided into three kinds of gene structure
types. Sixteen of 43 members contains merely one exon, and introns phase of 14 members possessing
three exons belong to 1-2 type. Phylogenetic analysis classifies into twelve clusters , genes of group
five and six are mainly from chromosome [l[[ and [ , respectively, and most of the intron phase is 1-2
type. These genes may be originated from the same ancestor, and correlated to the evolution events of
chromosome recombination. 88. 4% genes are involved in stress responses, and multiple gene promot-
er regions contain hormones and stress responsive elements, indicating that TLP genes play a role in
stress resistance. ENC values of most genes are smaller, the distribution of GC3s value is centralized,
and 10 optimal codons ended in G or C are found. It is suggested that codon usage in TLP family of
foxtail millet is biased, gene expression of potential is high, and is mainly influenced by natural selec-
tion pressure during evolution.

Key words Setaria italica ; Thaumatin-like protein; Cluster analysis; Codon bias
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