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A EVRVR R EL P 0 B - ?&%‘TE_‘JIP (primary structure) » fLEFf 1T ﬂ#ﬁ?fﬁ Ny 5 [?E%"%
SEOF L R LI S TR £ R PR 1 s o
(Sh1 et al. 2005) - Wang & Wang (1999) ?’,L[’ T RL PR 5T A IR RS l’?’?ﬁlm?}%ﬁ[rﬁ IIL'*“T%FFIJ
t ﬁiﬁl&pm?};lﬂﬁ sl [VEFA*‘J&;E IT?T ARG OFEL T AL £ IR HPTA e 1T
3R SIS RV HL FLRE - Villar & Koehler (2000) 55 47H:> /[J?Eim T 50 [ EL R )
B s 10V BRSSO BL R SRy - (AT Pzt (hydrophobic)
R RPN D > P 2R @?ﬁ}ﬁ B FIIHETS (peptide) =2 E | [TV E o Chien &
Chiang (2001) 3 20 R HBLFAL ™ 1905 55 37 [ [SAREED | UINEETSE (7 B BL PG 5 05 47 » SR
B O BRI A - (1) e VRV b SR R AR b T - T o g
S B S VT O LA oIR8 < 5 P P 5 B AL B
Dwﬂ“ﬁrﬁ S VTR %ga@i@%f R L R 7 [ P
ﬁl[ﬂﬁl fU ! (Tang et al. 2004; Bharanidharan & Gautham 2005; Yampolsky & Stoltzfus 2005) = X
ﬂ%ggf VTV BLRAE 55 5T o 55 8L S Prayd P puE R R~
PRSI PRI OB P 20 FTE I () T
I e lﬁﬁ EREETR| P ”TrrA S EHE ﬁ} FIIE] %A@y A7 (multivariate analysis) 1/ 35}
e e T o 2RSS MRl fnqi (71 ﬁ—wi g.ﬂli plﬁ’FIf—“a;Jf%ﬁl 4;&’,;@@* T‘;‘K u[ﬁﬁﬁﬂ
ST R E A E g‘ﬂ*JJT’Ti%@E’FNT’ﬂJ#EF AR JHQ‘“E&‘H*E’T A 2 e
et WTEE)%T’%\*]E”WN I*E‘F’*E'ik'lfk HE DR T E SR [l B ‘WFWIH:JEI&P REE Y
|[4?E'C AR 0T [ﬂ FIJ[ﬁ?ﬂEI[J VR A BT (Leps & Smilauer 1999) 5 & 57 #7715
Wizl ﬁﬁ{ﬁ%ﬁ' (dendrogram) fR 55 PRI e *[J%Tﬁigir $PjESTFTEL Benzeeri 7 1973 & BRI
SR T S (reciprocal averaging, Hill 1973) » MRS 3 FrRiHT = A& 2 »ﬁ%‘wﬁr‘ﬁu. =] 7 RS
ST R STPATLS ]S B (B SIS () 0 SRR 5 B H
E[H ﬁﬁﬁfb[ﬁ@@tﬁﬁiﬁﬁ (Beh 2004) » & ?ﬁﬁl RS 55 A ﬁfij’f%\g‘] (Gupta & Ghosh 2001; Tekaia
et al. 2002; Tan et al. 2004) - EP[E T AT YrAsfy o E T T%EA’E E%FE‘]EI U RE T
FilSS&aniedl) aﬂi_;ﬁ_%ﬁ%%ﬁ@@r F[3=F£,l§1: 3 [F?ffﬁh (contingency table) [IVEY [Wfk ]
7}{21’ Gl VRBRTE AN~ i [k ] - }~ =357 [Té#ﬂ (ordination diagram) 2R ¢ Fpl A
53 Al IR A ?ﬁ?ﬂﬁ‘@ﬁ A i UTJI i k{r R T T L B S e
S S T BB 5 R B 28 lpa]a@%'&ﬁ R G AL B e PP
’st—fpi“ REE AT SR o R R T (IR PR S '@m S VR A R POAE e A A
TR N E'J“ﬁ)ﬂ;’jﬂ
Ik ﬁiﬁ (rice bacterial blight) i_ﬂl | AR TR (Xanthomonas oryzae pv. Oryzae, Xoo) Bl
- RO A B rﬁa;@ﬁ# U R B S S
i fﬂ?\ﬁ*%ﬁwﬁ e t“ﬁééﬁiwﬁ SR I (Chang 1995) PR AR 15 A A L P
(Xa) A J??F E|FIEAHRpy ) = :F” 7 (Bai et al. 2003; Monosi et al. 2004; Zhou et al. 2004) - = 2007
F 3|31 EIE&LP [ fY NIG (National Institute of Genetics) ./ Oryzabase z’hH’ﬁ[ (http /IWww.
shigen.nig.ac.jp/rice/oryzabase/top/top.jsp, Yamazaki & Jaiswal 2005) [*[=! ﬁ F 'Ifﬂ 132 [ Xa BLEY - #
plistst = eA-AYE) Xal ~xa5 xal3~Xal3~Xa2l~Xa26 * Xa277 {iELH (Song et al. 1995; Yoshimura
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et al. 1995, 1998; Anjali & McCouch 2004; Gu et al. 2005; Sun et al. 2006) ° ﬁl#’“ﬁﬁjﬁ%ﬁjﬂﬂ' ’ ?JFTJ;'%
FLPH R AL L (B ] — 1 WJELW (resistant gene, R gene) » = FR[IHEEL K « R ﬁlﬁ\l““’fﬁ]" ElE ‘IU%&H”
JT‘ FUREEEY H (Avr) FLRPYE P - [ T Y TR AR D (R T A o R

A g5t I&?‘?ﬁiﬂ AP AL ORI ATL I o IR R ﬁl[ﬂ STEREr ?T’ff Fl
P BB 1 0% T et (Wang ef al. 2002) ¢ ﬁafm R FL A VIV 53 £
X (Baker et al. 1997) = (1) FA']? 1 P&%f "“ff%[' (nucleotide binding sites, NBS) [IUaf 1w BT ¥ i
[ (cytoplasmic receptor-like proteins) #1 %[ '¥JAEI I (leucine-rich repeat, LRR) %[l sk » /el £
NBS-LRR ; (2) an'Th [-[F L35 (serine-threonine kinase) ; (3) FA'[? | S EIFIWETE LRR B Isf 2
Jfo i (transmembrane receptor) § (4) il SA Mt LRR sk VSRS BRA R W o TR TR T
(intracellualar serine-threonine kinase) 154185 5 = (5) ¥ o R BLPNAVAEZRL - [l -<Faf Uﬁdﬁ E&ffﬂ 2]
SIS R R AL o S EREY Xa LN RO A B L X
ELWP“‘:ﬁ&ﬁ?E%IU?J%ﬁ‘U (Guo et al. 2005)> =151 Xal 55 %57~ i R FLPN- |0 Xa21 fDXa26
RPN Rﬁlﬂ » 2 xa5 ~ xal3 ~ Xal3 % Xa27 VWI‘"’L FEARAUE (52 ERS Xal ~ Xa2l F]
Xa26 > H* I Iﬁ?\??ﬁé )AL E PRSP BT R FLE (Yoshimura e al. 1998; Khush
& Angeles 1999; Anjali & MCCouch 2004; Gu et al. 2005; Sun et al. 2006) o £y E | FP i T Ifil Xa FLH
S RSO B PR AR | SRR AT g e ﬁ%’ﬁ’:ﬁm P e FKJJ‘LHE?‘“‘ &
T Xa FLPS .V e p VIV EL RS 55 ORIy =0

M T E

Xa BERFSI 2 REETH
F 4 Z 5l NCBIL (National Center for Biotechnology Information) . GenBank Y[ f
(http'//www ncbi.nlm.nih.gov/Genbank/index.html, Guisez e al. 1993) "~ #i=17t:4- 1 Xa §L “EIU?F?FE&
3]l (coding domain sequence, CDS) #I [ V3] » jﬁ.ﬂi“[i[l Xa BLHA Jﬁlﬁf‘r¥§4va% 1%
CDS =% /1 4% 318-5,409 bp .V [tf] > ¥fi &y FA"‘JHJ@ B[S (Oryza sativa indica caltivar-group) ~ [ %
B (japonica) ~ = [S8EE5 % # (Oryza longistaminata) - 111 Xal 53 |5 1999 & 412004 & gfﬁ
EY PRSI ¥ i Xal_1999 F1 Xal _2004) > § (4057 4 {£2257 10 R0 5 xaS Fh- FRIEHL
P BERSEY S RO S Xal3 W xal3 ST FRAE - BEIEELH ﬁrjif??j MERCEI 5 Xa2l L
RO 1L GG 3 (5 LIRS Xa21-Al > Xa21-A2 > Xa2l-B ~ Xa21-C ~ Xa2l-D -
Xa2l-E % Xa2l-F ; Xa26 FLPNFFEWEHCET 11 f';ii,ibc‘-‘ﬂﬁg g Epf», 4 ity EY ST BIES Xa26-MRKa
Xa26 MRKD ~ Xa26-MRKc % Xa26-MRKd (% ¥ [ij# Xa26a ~ Xa26b ~ Xa26c % Xa26d) ; Xa27 “WH5 57
e e - T 17 [ gi[ﬂ VA Xa21-42~ Xa21-C~Xa2l-F % Xa26d % 4 {5l 1] CDS
/IJ’ "t NCBI fl 1) 7 8E | S B0 i VBT - [ PR 10452 CDS 4#]" | BioEdit ;f}ﬂ Ty
ﬁf&’ﬁg (Biological Sequence Alignment Editor for Win95/98/NT/2K/XP; http://www.mbio.ncsu.edu/
BioEdit/bioedit.html, Hall 2001) ji £ {BEERY srp 175 > F’ﬂﬁi[ 17 [ 52 RT3 -
SEMAHE Xo BEZ EABRERERER
E[;K]:—l“j’[? Xa ﬂﬁdbf[é‘\ﬁj{f %@%LE ARy [/ﬁl][ bﬁlgl%@ ’[ﬁ;aﬁfﬁﬁ Xa %L[ﬁﬂ;’/if %‘;b’iﬂ/
W I@m SIFl P AL L5 » 4577 ] STATISTICA AFHI (Statsoft Inc. 2002) I'J2ifh
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il S5 ETe=T 13k (unweighted pair group method using arithmetic average UPGMA) £ & #5557 >

H‘fgﬁ'ﬁﬁﬁﬁ o UPGMA L& 53 IO e o 1 it [t Ere | 5% SR S 2
o LT CEEEHYES (Mohna ef al. 1992; Mumm ef al. 1994) < 5% » B F” | STATISTICA 5%
afﬁ?%v T > [ S RS o 050 R TR R PR S I AL
N FT;J]f 5 %A %F",;%E*FJJT’T Vﬁﬁ}{{ﬁ%‘ﬂﬂlﬁ%n Frdr 53] 55 "“rfq%’]ﬂ REE AN S Uil DS 125 el
B8 Xo R 2 EOEREMAIER R BIELLER

P ) 1\23% FERY R B2 Xa FLN G TS S TR PR ] A Excel i

’?E}nﬁ@s-r ﬁ%‘[[ IES Q{E%FXCI PR A VR BLPERE RS 55 B E  FIAUSIE RLPR L GV (W
(Mathews et al. 2000 %Z%' 1% 2) ;rw R B VIR R L
PRSI [ 1?%&*]‘“%“”@%1 LD S T B

R

FUEC17 {if Xa FLPN BT S 1005 F VR BL RS 55 EfRY & Fe55 EH}:’[)’T’@;{/W{%I (I
LA) ' 5E30 THCHHEE 13.2 [ > Xa FLPIW B FRRE BLOT R Xal_1999~ Xal 2004~ Xa21-C ~
Xa2l-F ~ Xa26d ~ Xa2l-Al ~ Xa2l-A2 ~ Xa2I-B s Xa21-D ~ Xa2l-E ~ Xa26a ~ Xa26b % Xa26c¢ £ [ﬁ]*
e > xal3 Fl Xal3 a5~ $% > xa5 Fl Xa27 E[]JE‘ FUSSEE o JE[0 P TAT R b H))50 ,ﬁl
[T B ERBESAET » N i Xa LN ) e o I RS ALV R 3 (L b
SRy A BRTE] xaS ~ xal3 > Xal3 W Xa27 U gp TBVHAAURA (106-307 base) A 9 Xa
FLPNEL S PIFE L PPHIEL P TP E S R T ST AT AR BTV ATTNE (R 2A) -
P LR R B 8.3 13 |[4Xa§l“7vﬁiff IS BT Y 2 s Bl Xal 1999~ Xal 2004
K Xa2l-C ~ Xa2l-F ~ Xa26d [§ T egs8EG (' 1A) H[‘ﬁam EET gl t@rx’xﬁ‘f (' 2 A) © Him/ 2
T )55 gl I E u ﬁam N ( qaﬂlzB)o % [ﬁ‘”ﬂﬁ‘ 1R Rl 2 pORy S IR N > Xa L
P S p VPV BLPRAD S5 T Bl 3 o5 = B (Fe 3) ¢ BT 1 FtG Xal 1999 * Xa] 2004 > BY 11 BERS
Xa2l-Al ~ Xa21-A2 ~ Xa21-B ~ Xa2l-D ~ Xa2l-E ~ Xa26a ~ Xa26b % Xa26c > 5% 1 #EEY Xa2l-C -
Xa2l-F % Xa26d > 53 IV FEEG xa5 > 5% V FEE) xal3 ™ Xal3 > 57 VI $EES Xal27 -

2. WE R 5 A

Table 2. Classification of amino acid attribution

Non-Polar Polar (Hydrophilic)

(Hydrophobic) Uncharged Positively charged Negatively charged
Alanine (Ala) Cysteine (Cys) Histidine (His) Aspartic acid (Asp)
Phenylalanine (Phe) Glycine (Gly) Lysine (Lys) Glutamic acid (Glu)
Isoleucine (Ile) Asparagine (Asn) Arginine (Arg)

Leucine (Leu) Glutamine (Gln)

Methionine (Met) Serine (Ser)

Proline (Pro) Threonine (Thr)

Valine (Val) Tyrosine (Tyr)

Tryptophane (Trp)
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oty I — (A
Xa1_2004

Xa21-C
Xaz6d

xa5
xal3
Xa13
Xa21-A1
Xa21-A2
Xa21-E
Xa21-B
Xa26a
xazen|— ]
Xa26c
Xa21-D
Xaz27

|-

10 15 20 25
Euclidean Distance

o
[9,]

0.6

=3
Xaz27 \D)

0.4

0.2
Xaz21-D
Xa26b :
Xa26a 73200 ya21-B
Xa26c (\\Xa2}-A1 .
o o Xa21-
. Xa21-C° o
Xa13 Xa26d> Xa21-A2
‘”xa13 X321-F‘ ~

Xa1_2004  Xa1 1999

0.0

2nd Axis

xab

-0.6 -0.4 -0.2 0.0 0.2 0.4
1st Axis

1. 17 ffif Xa FLPNW H S EABGE TPV BLPRA RS YT Bt - (A) & #5578 UPGMA 13 j/m;{{qgﬂ ;(B) %}
s Al B3] 55 fﬁjﬁ%ﬁ' °

Fig. 1. Grouping results of 17 Xa genes and their families according to the amino acid composition in proteins. (A)
Dendrogram of cluster analysis using UPGMA, (B) Ordination diagram of correspondence analysis.
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(A)

Xa1_1999

Xa1_2004

Xa21-C

Xa21-F

Xa26d

Xa21-B

Xa21-E

Xa21-A1

Xa21-A2

Xa26b
0 2

Xa26c

Xa21-D

4 6 8 10 12 14

Euclidean Distance

0.3

0.2 Xa26d

Xa21-F

01 Xa26a Xa26b

Xa21-C
Xa26C
0.0 Xa21-D
Xa21-B  xa21-A1

Xa21-E xa21.A2

2nd Axis

Xa1_2004

-0.2 Xa1_1999

-0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.4
1stAxis

2. 12 ffil Xa LW EHHER (15 xa3 ~ xal3 ~ Xal3 ™ Xa27) PG 1TV ELTRRE 55 P95 FERhif < (A) B e
51HER UPGMA i VIR © (B) S T.Y 553 i <

Fig. 2. Grouping results of 12 Xa genes and their families (without xa3, xal3, Xal3 and Xa27) according to the
amino acid composition in proteins. (A) Dendrogram of cluster analysis using UPGMA, (B) Ordination
diagram of correspondence analysis.
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Table 3. Grouping results of Xa genes determined from the percentage compositions of amino acids in proteins

Group Genes

I Xal 1999 Xal_2004

I Xa2l-A1 Xa2l-42 Xa2l-B Xa2l-D Xa2l-E Xa26a Xa26b Xa26¢
11 Xa2l-C Xa2l-F Xa26d

v xa5

A\ xal3 Xal3

VI Xa27

VI Xa BLPSALr (BT PR o RSk i (0 3) > e il g e Xa SLIOEE
%';H I’?*TB VRIS R SY BT L L I Xal ~ Xa2l % Xa26 [ VRS i
FlE 2RV [‘H{J& (Leu) » & htﬁﬂ%& (Ser) > {EI= E%Ffrlﬁd itk s VRS Lo (9 gLk
VAERSEFIC S PR > B Xal pUEPIETR (Glu) ST 20y Xa21 PIVJEIETE (Gly) AP 2
FRETE (Asn) §if % o AHIEPFCE f9ELN > xal3 ~ Xal3 % Xa27 p k% (Ala) H3HEE 2 Ser it )
xal3 % Xal3 7% |k LRUREE T (Val) 5 xa5 i Glu FIJREETE (Thr) [osfiz s LFJ HEEFIELE - 5T
VI#EDY Xa27 1 Sf VBT Leu I/;l,i;}iﬂ?‘ FLPFI I/@,F r»?‘ Xa LS 5 p TR0
WP (Trp) [P D -
FIFE B Xa B ‘/%zﬁ'ﬁu VETEY T [ BT TS PRI R 4) N R Xa
FL ﬁjﬁrg Ruy=s /[JHI? ER s (hydrophoblc) TR PR 2 FHT]ST V R VI ,AJ/ xal3,
Xal3 ¥ Xa27 ! aﬁl#vﬂﬂﬁl& l/#fg“ IR % S PR 58% o BT IV ERY xaS U TR PRAE

P % @ﬁi% ET 38% » [EPE TS Fqﬁﬁ%ﬁl@f’?[’!"——[ﬂ (36%) ° Xal ~ Xa2l % Xa26  Sf 1T
BRG] AT - FrE Xa ELP‘JE:IE ETS[IAH)-1%  (hydrophilic) gl Pl i) | e B fL e
Py (25-39%) - [ TR = FI7 T‘Eﬁ%ﬁl&llﬁiifﬂﬂ b Rl a-15% -

A

AR PFR ] LRI ATES Xa BN srp 1RV VR LRSS PR 0 BEh N (R 1~ [ 2
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Fig. 3. Polar plot showing the compositional differences among amino acids in proteins for each Xa-gene group.
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Fig. 4. Polar plot showing the attributional differences among amino acids in proteins for each Xa-gene group.
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Multivariate Analysis of Amino Acid Composition in

Proteins from Rice Bacterial Blight Resistance Genes '

Meng-Li Wei?, Yi-Han Chung’, Chun-Tang Lu® and Hsiu-Ying Lu**

Abstract

Wei, M. L., Y. H. Chung, C. T. Lu, and H. Y. Lu. 2008. Multivariate analysis of amino acid composition in proteins from
rice bacterial blight resistance genes. J. Taiwan Agric. Res. 57:161-174.

Much information is stored in amino acid composition of proteins, while amino acid compositional features vary
among species and among genes within species; thus, the analysis of amino acid composition of proteins becomes
one of the important topics in bioinformatics research. The total amino acid usage is determined by obtaining a data
matrix of multiple species or genes (observations) and 20 amino acid frequencies (variables). The multivariate
analysis is well suited for exploring this multidimensional information. To accelerate the analysis of protein
structure in rice bacterial blight resistance gene (Xa), it is essential to examine the amino acid composition of all
completely sequenced Xa genes. Thus, using a total of 17 protein sequences of rice bacterial blight resistance genes,
i.e., Xal, xa5, xal3, Xal3, Xa21, Xa26, and Xa27 collected from NCBI, as test data, the pattern of variation of amino
acid composition in Xa genes was detected by the complementary use of correspondence analysis and cluster analysis.
The results showed that Xa genes were divided into six groups according to their percentage compositions of amino
acids. The Xal, Xa2l, Xa26, and Xa27 genes were found to have leucine mostly. The xal3, Xal3, and Xa27genes
had fewer serine but more alanine and glycine. The xal3 and Xal3 genes also contained much valine. The xa5
gene had much glutamic acid and threonine compared to other Xa genes. All of Xa genes had high-frequency
hydrophobic amino acid in proteins. This research showed that multivariate statistical technique is useful for

detecting the variation pattern of amino acid composition of proteins among Xa genes.

Key words: Rice (Oryza sativa L.), Xa genes, Protein structure, Composition and attribution of amino acids,

Cluster analysis, Correspondence analysis.
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