B EEISE (). Taiwan Agric. Res.) 58(2):93-105 (2009)

K it ﬁ’,‘éf)ﬁi%ﬂ%\' PF-v Fz2 5o =piE 4 (LRR)
R C

2R ERE AT R E A ED

wm =R

PRZEZK ~ E RS BT ~ (17542 2009 - ZKFEHT H BERR R RBUE HE .« % HIIGBEE A (LRR)
(AT B HEBRRR - G ESENTSE 58:93-105 -

HATEAZ HIEERERL (leucine-rich repeat, LRR) Fy VST IR RN E HEFS
ERRFE Y RIEAITEEHE KIS CE P Xa Z5[K]» 5 NCBI (National Center for
Biotechnology Information) jz KOME (Knowledge-based Oryza Molecular Biological
Encyclopedia) /\F:ER}HEXRREUH EMEFIRY CDS (coding domain sequence) EiZ:
F cDNA 741 - i HEENE S E PSR Plam B HEXKRE R BT LRR
FrEe » BEBUEAE Xal ~ Xa2l J Xa26 FEK < RBUE HERH2EH LRR 1714 - A
MR AP anBdfa 5k TN A Xa ZEKE HE < LRR [FHIR73AT S BB
L HCBIT - KRBV Xal (& LRR AR B FF 2R 1Y NB-ARC (nucleotide-
binding adaptor shared by APAF-1, R proteins, and CED-4) W52 » 1l Xa2l &
Xa26 Z LRR HIEE5r704E NB-ARC B, P-kinase (protein-kinase) [&igkE%1 2 Hij - Xal
B B FFSIHRSEIT NB-ARC B FFFIRET— » {8 LRR LIPESERE A A LRR » {H
Xa21 T Xa26 WJE H'E < LRR SRR A AT S - =18 Xa ERRBEHE L
LRR [5G FE M e 7 DU /K P B R e % HIL P DLE IEER (leucine) HIZRSH
Rz HI R AT ML (serine) - Xal HH'H < LRR FERLERZFCFRIY HIZH
SERAE S Xa21 M1 Xa26- 35 655 R B T AR Xa ZE A EBUE HE R LRR
Fey IR RSP -

ARG © JKHE ~ Xa BLA] ~ EERGR ~ 2 EIGRREE ~ IAALRRRI AR BT

L B [REH— T A s & SRR

R & S ~ IR K > R 5

KREEZERH (rice bacterial blight) JEF g » SO BEE B SHREORBETE » Jyiths
HEHLALE (Xanthomonas oryzae pv. oryzae) — BRR{ERES — o HRTMERTESRBISHE K

TTERE T B G R ER B TITR iS58 2354 9% - X HEI : 846 26 H »
MOTHAG R R 2 A YR sed: - 5 Sk FE -
RFTEYIRHBI BT & - G SR T -

AR R BRI TE B FREE - B Gk B -

SEIEL - BB ¢ iying@tari.gov.tw ; EHE 1 (04)23325176 -

whk b=



94 LB

FHHAPREHE - (H BRI URE iR R fE T s
Fi AL I3 (Chang 1995) - UK MEH
BRI R HAS ~ R S BBk Rehi 52 e
(IRRT) ZEFFEEAL » B CAECAT K AEHT H SEAY
AR (Xa) RBAMASE < /£ Oryzabase &R}EH
(http://www.shigen.nig.ac.jp/rice/oryzabase/top.jsp,
Kurata & Yamazaki 2006) -FIREZENdm4 32
&l Xa F:K - R H5EEFIINE Xal
(Yoshimura et al 1996, 1998, The Rice
Chromosome 10 Sequencing Consortium 2003) ~
xa5 (Petpisit et al. 1977) ~ Xal3 (Sanchez et al.
1999) ~ xal3 (Ogawa et al. 1987) ~ Xa2l (Song et
al. 1995) ~ Xa26 (Sun et al. 2004; Sun et al. 2006)
B Xa27 (Gu et al. 2005) SFE-CEFEA - HREZEA
IS e B Xa BRIFYIRERE » BE
ER1)/A 21 e RS W& TN s i e B
TEYIT RIS - RS RRRME R
A —EBPUREA (resistant gene, R gene) »
Relfitr LRl - R BRIKRERs SR80 s i B
JlE . IEFELA (Avr) BIEEY) » WA v B e
AR A A P T RS SRR R -
RS HEYI R RN ESE - SEYREH
POwRTE - [AFF R ERIGEAEE(L - vTEHRIEE
AN e s Py AR Ry AR B/ N FE AR B (Wang
et al. 2002) - fEY) R BLIRIRIZREE VB A 4
RFis (Baker er al. 1997) : (1) &L okt
&I E (nucleotide binding sites, NBS) HJHHI
B2 MM EH (cytoplasmic receptor-like
proteins) 1% HIZFEHE & (leucine-rich repeat ,
LRR) Fp¥lEds - fEfE s NBS-LRR ;5 (2) #fli&
ME-FR N BR T (serine-threonine kinase); (3) &
A K &AM E 4F LRR & 3 28 IR 52 e
(transmembrane receptor); (4) EHHiES LRR &
b iz 2 IR 2 R Y 1A s e 12 - PR P 128 9 7
(intracellualar serine-threonine kinase) (&1 5 5z
(5) HAth - R ERIPZEHR - SR TERI U]
eI RI5e B T2 2R - bk

Fssw 2

7KFEHY Xa BERITEEAL EROORSTIEBL =S
R Xa BEIKIWTRETAAE iR AE 0 43 1 H I
(Guo et al. 2005) - .51 Xal Fy Fii55—3H R &
» HHE A5 W % BB CCNBS-LRR
(coiled-coil-NBS-LRR) #HEEH » H.H1 LRR F5Ef#
tah 2 FH 6 M S AR ST 93 (R AL B EAE BE T
FITEER 5 T Xa21 F1 Xa26 FyEE00%E R KA > 2
—HBER R EE e — st LRR f5HE
I e — 18] 2 R RO P B 3 5 B xaS -
xal3 ~ Xal3 J¢ Xa27 ZHURBT 2RI LR
REJRFTTYEE R BRX] - HERBUE B RS R
155 HETHEENEMs 5 H5E R FK (Jones
& Jones 1997; Yoshimura et al. 1998; Khush &
Angeles 1999; Dangl & Jones 2001; Anjali &
McCouch 2004; Gu et al. 2005; Sun ef al. 2006) °

7% R BRI AR RN HoE 2 1Ry
T ZHIE R ERWRBE BRI EXZH
B HEBEER (leucine-rich repeat, LRR) &
FUIELFEIREHE BT (Dangl & Jones 2001) - E5F
IRZFEEUR LRR BLAEYIRERYAE R E ~ Pl
KMYURIIZRIAER] (Jones & Jones 1997; Zhang
1998) -« LRR HAG % MAYFEFEFIIRER T -
Hibts s FEEE R ERENE LM
WM AEAER > 1 LRR 09— A5H > S
TRAFHY 20-29 e EER P AR I - 2 —1E
a-helix (xaxxdattttattx+t) FI—1F PB-sheet
(LxxLxLxxN/CxL) @i loop EREEERE—MEIE
BRI SBT3 FA50E (% D - Hde x RefE
frl—He AR - a ARAKRIEWRIZ NS (aliphatic
amino acid) > + RIRFEZMEAJREHBIFHA (H)
Bk () LFRRHEIERE (leucine) ~ N By K[
XGRS (aspartic acid)~C BEBLiZEE (cysteine)
(Kobe & Deisenhofer 1995, 1996) - £E7kf& Xa £
R ERERZEDE LRR GEYIRREAL
(Song et al. 1995; Yoshimura et al. 1996; Baker
et al. 1997; Song et al. 1997; Sun et al. 2004,
2006; Gu et al. 2005; Wang 2006) °



Fo 7 1EAR Xa BIXNFIVEHEZ LRR 7
Sl R E A - RILAEE o E
uhi B NILEREEE Xo BERMERCERE
FEIl > fErbiki LRR Ptk - T Xa 2[R
EHEFPSIH LRR WAE 2 R R
Wbt -

MR
Xa BEREREFFINEE

AFEE SRS Oryzabase ERIHENTE
ZEH 7 8 Xa EK (Xal ~ Xa5 ~ Xal3 ~ xal3 ~
Xa2l ~ Xa26 . Xa27) WIELKIFTSR - 3] NCBI
(National Center for Biotechnology Information,
http://www.ncbi.nlm.nih.gov/, Yoshimura et al.
1998) &} = ke N e MR e & 51
(coding domain sequence, CDS) IiE HE ¢
F1o ANSRAE NCBI HR [ AR B SR 1528 Xa FLKIY
HHERY > QIFFIA BioEdit A4:¥Y&aiikis
(Biological Sequence Alignment Editor for Win
95/98/NT/2K/XP, 7.0.5.2 fit, http://www.mbio.
ncsu.edu/BioEdit/bioedit.html, Hall 2001) » &
CDS EEESEHERFY -

B3 o H{t KOME (Knowledge-based
Oryza Molecular Biological Encyclopedia, http://
cdna0l.dna.affrc.go.jp/cDNA/, Kikuchi et al. 2003)
EREF - DUKRE B ZERREL “Xanthomonas
oryzae pv. oryzae” Jx HABR % “bacterial blight 3t
TR E i & TR Py E ik
B2 (accession no.) » FLUHL B $R5EE AL 2 NCBI
BEORHE - DI HT Xa ELRI 2R A ff DNA (full
length-complementary DNA, FL-cDNA) Jz Hf&
HE S AHEZE (longest open reading frame,
longest ORF) FidEEn R EFY -

iR Bl Xa BEKIWE B P IREF
[ FASTA &=, » DU Ef TR B2 TS HT -

Xa ZERERAEZ LRR FHI/ENESE
H7A %

Xa FEREHE LRR iI5E 95

Pfam (http:/pfam.janelia.org/, Finn et al.
2006) EF|F Swissprot 50.0 fI SP-TrEMBL
33.0 HEHEFYIERIERNE - kg2 Py
(multiple sequence alignment) EHEZEE B n] I
# (hidden Markov model, HMM) FREEFETTRK
MEHERKERE - AR ERER
o~ ZpylHktt - EHE M (protein
structure domain) SN » HEEHEITEEHS
FETERHD - 22 2008 - 7 H ik - 56 23 ity Pfam
BRI T 10,340 fEHEHBERE - 2
AW EE . Xa FREFEFY] > 5]
i A Pfam #5231 - (5 FHH PAIERAY Global
& local (merged) Jz E-value = 1.0 —FE{E3E
1TEH > D= Xo EREAERFYIHIER
BRI > FEICEHRT S LRR ASHERYFSI
Bt o /1% A48 Pfam FTEEURIY LRR fEEEHE
FP3 ERIRIE - FIIFH AutoCAD AghElfkde s i
HAPARARDL » MOKFANR] Xa BERIFSSGS1 - LA
AN R] Xa B K< BB RPYH25 LRR g
MR E S -

Xa EREHEZ LRR FHIRIRREEKERK
VX))

R ELFRFH AL © AR S Xa S
R EHERFIIA R~ (rhI2KERR NCBI
1 KOME &) - [KIEL ESeq HRANE Xa KX
EHESKIFERFYIR LRR AR R R R L1
(%) » HEMKIFBEEKXIE HEZ LRR AR
FHECZ SEEFLLBIRTE S - FEFIF Excel #RiSHE
WEEEKEH S Xa BERBRBEAE L
LRR HY & B MH = 2k -

e EMRBIE SR - BRI SR e
(Mathews et al. 2000) » & 20 FEfE EFEE 77 E i
T (polar) EdFEME (non-polar) » B153 7l ks #i
7K (hydrophile) Edgi7k 4 (hydrophobic) %
Bl o JPM R AR ARG (alanine, Ala)
KP4 BE  (phenylalanine, Phe) ~ 5% F [i% R
(isoleucine, Ile) ~ Fi#f% (leucine, Leu) ~ FRfIE



% SR

B (methionine, Met) ~ fifii&l# (proline, Pro)
AR BE  (valine, Val) K il (tryptophan,
Trp) 5 tix P ERRAK HT BB B S » N0 Rt I
B (positively charged) (BIfgiE) ~ 5 & (]
(negatively charged) (HJJTE) Bl A7 78 faf
(uncharged) (RIHR1E) @ AN A T AL A DL
/% (cysteine, Cys) ~ HIZEE (glycine, Gly) ~ X
X Wi W B (asparagine, Asn) ~ %k [ i /R
(glutamine, Gln) ~ ##I&I%E (serine, Ser) ~ BREZES
(threonine, Thr) FF&I&FE (tyrosine, Tyr) > 7
T ERR A IR (histidine, His) ~ BfEHZ 1%
(lysine, Lys) ~ f§[li% (arginine, Arg) » 77 LB fif
PRI R M (aspartic acid, Asp) Je%El%
/% (glutamic acid, Glu) - E5EEHERE Xa KK
EHERKRIEFYZ LRR A [E] 8 P F %
Frefl LIRS - SREGET T HA R BRI Y 22 52
B 1

7w &R

Xa ERERBERFIINEERZR
AN7eZEE NCBI # =2 -LE g e Py
Xa BRI ZAHBAEEH - BB 1 - G 2R ARy
FKIEEEHEHER AR (Oryza sativa indica
caltivar-group) ~ HAHI/KFE (japonica) ~ £1E
ST (Oryza longistaminata) > B FijfE NCBI
1Y Xal 5371~ 1999 S 2004 5§k R
4 Je5 10 fRgetalis BRI S > AR L
Xal 1999 Fr Xal 2004 R5RFTR 5 xa5 ~ xal3 ~
Xal3 J¢ Xa27 &5 43 RIRIRES 5 ~ 8 »
8 B¢ 6 feegetafi I Hrh xa5 fl xal3 FyfEMEA:
s Xa2l RfRe6 11 fRgetals - & Xa21-A1 ~
Xa2l-A2 ~ Xa2l-B ~ Xa2l-C ~ Xa2l-D ~ Xa2l-E
e Xa2l-F Se{EERIZR IR s Xa26 HAEES 11 {6
Yufr B [ . 2 Xa26-MRKa ~ Xa26-MRKD -
Xa26-MRKc k. Xa26-MRKd VO{EE:RIZE R » H
DNA FroIfEfAAE NCBI &RHEAE SRR Ky
DQ355952 » (HEEANA] » A& LL Xa26-4 ~

Fssw 2

Xa26-B ~ Xa26-C ~ Xa26-D f&§fg .2 - AR
Xa2l-A2 ~ Xa2l-C ~ Xa2l-F J; Xa26-D 4 NCBI
AR B S SERIVE B - RIS
S BioEdit #kfg kLY bk CDS R H
BFEY o BT xa5 ~ xal3 ~ Xal3 J Xa27 E:K|
EABEFYIEE/INA 500 4) > HEx Xa £
CEHBERINN 612-1820 [ (F 1) -

B3 0 1%t KOME #5248 NCBI &k} EH
HIEE] 11 5 FL-cDNA F731] - G855 hiE &
H Xa BERWEHERFY - MHEEREELER
2 Xal ~ Xa2l J¢ Xa26 EERIFERE] 9~ 1 2 1
BeFFZ1] » IR HEIH A Xa FLXZ FL-cDNA
FP3l - HIEEepyIBaER 1 Ryl nEr R s
REEAF - A BIRA R AR B GR2)
A e M AT E R e e AR sk dn 40a
LeARERPY - RS Ee A T AEEL BN
FF31] > RIS NCBI ki A/ NA G RE (L
BRI EANEVINE FRE - B4 Xal-2a ~ Xal-2b
BARFR Xal BERIFEER 2 et LAYEE— -~ —
68 FL-cDNA F£41] o« Hirh Xal FKW Xal-4a Fl
Xal-4b B NCBI 2 Xal 1999 ERAHAEE 4 gy
il b (3% 1+2) > FIF NCBI(WRFFFI#HEL T
H blast2 (http://www.ncbi.nlm.nih.gov/blast/bl2seq/
wlast2.cgi) RIRHELASE » 3681 Xal-4b B
Xal 1999 AiAFEEL (no significant similarity) »
{H Xal-4a 7 4-1101 bp FEFIEIREL Xal 1999
& 4312-5409 bp & E N e — Sk el
(identities) y513% 1035/1098 (94%) » L EfFi4TE
Pfam &S LRR iR » fi LRR (7 &34
— K - A e EMEMHEREFS] - 548 Xa
BLA] FL-cDNA Fr3lrskii e & EE I s H AR
RUKAE » RS i R 2 R B
FiZ AL 366-1575 Zf#] (% 2) -

Xa EREHEZ LRR FHIF/EESE
REHEDTIEE

PRI 28 ANE] Xa BRI < 5

HEFEY] - Eil Pfam BRI E - #
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LRR distribution within the protein sequences
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Fig. 1. Distribution of leucine-rich repeat (LRR) in the protein sequences of rice Xa genes. | : LRR.
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Table 3. Length and distance of leucine-rich repeat (LRR) in protein sequences of rice Xa genes

Length Distance
Gene Mean + sd * Minimum Maximum Mode* Mean + sd Minimum Maximum Mode
Xal 23.6+3.0 11 33 24 55.6 £63.7 1 289 2
Xa2l 23.0+1.2 17 29 23 3.0+ 44 2 32 2
Xa26 23.0+0.8 18 24 23 26+ 2.8 2 27 2

* sd: standard deviation.
¥ mode: the value that occurs the most frequently in a data set.
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Met Leu
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5
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-

Fig. 2. Polar plots showing the compositional differences
among amino acids of leucine-rich repeat (LRR) in

protein sequences of rice Xal (top), Xa2l (middle) and
Xa26 (bottom) genes.



102 ST

Fssw 2

60
O Xat
50 a b B Xa21
a a
O Xa26
— 40 b
S
S 30
c
(@]
© 20
a
a
10 ib b T by,
0
Non-polar Uncharged Positively Negatively
(hydrophobic) charged

charged
I

(hydrophile)

Amino acid attribution

3. Xa FNEHEFYZ LRR WIEEIRIE T & & - B EARNEERIGE - S VOE LoRDAR 7R

Fo 5%7KUETHE LSD HIBRAGERAZ 2 5L -

Fig. 3. Contents of amino acid attributes of leucine-rich repeat (LRR) in protein sequences of rice Xal, Xa2] and
Xa26 genes. Data are expressed as mean + standard deviation. Means within each attribute followed by the same
letters among genes are not significantly different at 5% level by LSD test.
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Appendix 1. A diagram showing ribbon structure of the leucine-rich repeat (LRR) (Kobe & Deisenhofer 1996).
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Leucine-rich Repeat (LRR) Distribution and Amino Acid Composition
in Protein Sequences of Genes with Resistance to Bacterial Blight

(Xanthomonas oryzae) of Rice '

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

Abstract

Lin, Y. C, C. T. Lu, M. L. Wei, and H. Y. Lu. 2009. Leucine-rich repeat (LRR) distribution and amino acid
composition in protein sequences of genes with resistance to bacterial blight (Xanthomonas oryzae) of rice. J. Taiwan
Agric. Res. 58:93-105.

Since leucine-rich repeat (LRR) is known as a domain of protein specific to disease resistance genes, it
is used to study the genes of rice with resistance to bacterial blight caused by Xanthomonas oryzae pv.
oryzae. The CDS (coding domain sequence) and full-length cDNA sequences of the completely
sequenced genes were obtained through the access from public databases of NCBI (National Center for
Biotechnology Information) and KOME (Knowledge-based Oryza Molecular Biological Encyclopedia)
and they were used to identify each LRR fragment in translated protein sequences through Pfam protein
families database. Results showed that only Xal, Xa2l and Xa26 genes were found to possess LRRs in
their protein sequences. When bioinformatics and statistical methods were used for further comparative
analysis of distribution and amino acid composition for these LRRs among Xa protein sequences, LRRs
of Xal were loosely located after NB-ARC (nucleotide-binding adaptor shared by APAF-1, R proteins,
and CED-4) in the protein sequences, whereas LRRs of Xa2/ and Xa26 were densely located before
NB-ARC or P-kinase (protein-kinase). It appeared that the first one or two LRRs of the gene Xal
proteins in proximity to NB-ARC were distant from the other LRRs, but no similar phenomenon was
observed within the protein sequences of the Xa2/ and Xa26 genes. The LRRs of these three Xa genes
mainly consisted of hydrophilic amino acids, with the highest frequency for leucine, followed by neutral
serine. The LRRs of Xa/ protein sequences had different frequencies for some amino acids compared to
LRRs of Xa2l and Xa26. These findings are useful in understanding of the structural variation of LRRs
in protein sequences among Xa genes with resistance to bacterial blight of rice.

Key words: Rice, Xa genes, Bacterial blight, Xanthomonas oryzae pv. oryzae, Leucine-rich repeat,
Amino acids.
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