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Isolation and Sequence Analysis of NBS Resistance
Gene Analogues in Wild Rice
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Abstract; To explore resistance genes from wild rice, three sets of degenerate primers were designed based on
the conservative domain of the nucleotide binding site (NBS) region from the cloned plant disease resistance genes
(R) to isolate resistance gene analogues (RGAs) from genomic DNA of Oryza granulata, 0. officinelis, 0. alta,
0. latifolia and O. punctata. After sequencing and analyzing by alignment, 13 NBS RGAs were detected, 11 of
which had uninterrupted open reading frames ( ORF) and contained the conserved motifs of NBS R genes such as P-
loop, kinas-2, kinas-3a and GLPL,and the other two sequences were with immature stop codon. At the nucleotide
level, the sequence identity of 12 RGAs ranged from 66% to 94% with the cloned NBS R genes from 0. sativa,
and between 67% and 84% with the cloned R genes from other plants. While the 12 RGAs deduced amino acid se-
quences showed identity with the cloned NBS type R gene from 0. sativa ranging from 43% to 93% , and with the
cloned R gene from other plants ranging from 37% to 79% . As for the other RGA, its nucleotide sequence identity
with 0. sativa putative NBS class R genes was 76% , and the deduced amino acid sequence identity was 74% . To
further analyze the expression of these RGAs, RT-PCR was preformed. The results showed that RN1BDS,
RN1BD10, RN1GG2 and RN1YY6 could express,which indicated that these fragments might be partial sequence
of functional R genes; whereas RN1KY9 and RN1GG5 didn’t express, which indicated they might be residual arti
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facts of functional resistance genes or pseudogenes.

Key words: Wild rice; Resistance gene analogues (RGAs) ; Gene isolation; Sequence analysis

R, KBEEZATEMNRMN, T ER
BT KBERR S0 KEARE GG RERMA
HRE A-THREHTFABREERMERNE &
2%, LRIEW , CEFVAEERNRR &40 F
EMEALEMGEMMAFIRSHEBHREY
BAFERWEBY i1k 578 5% 75 G T % F
WEAR  KBLTHERE  RAEEENRELSHE
#ABE-HELNBEENER, EEHWOHER
Ro FFERMREREFMHUIE & P 5024
DRBBREHAES, EIEMNATRRAREEN
Ry RTY, i, R 9075 B B AR R HOR
EH B RAKBHRE R EAKBHREN ST
HAFEEENL,

Hi & [ (resistance gene, R) BIEF EHA
R ANREHERNRRNMER, ES
HIRE ML HFE RN Aor (avirulence gene) B # 5§ [8]
BERBEY(EE)EER BEHESRES . BE
33 8 ) W HR ( hypersensitive response ) 1 & 4 3k
1850tk SAR (system acquired resistance ) 8 Hi 3% K
U7, &4 ENEYH S EBBE SO 4R #
HAZEHERAECERNEANXR, MNEHE
B RESER AN AR R
ENREK~YHFEEREMEUNSEHE. REE
B RBHRFEMORRAE,TIEREBAYHNT
(U0 EEARMERTREANANESS
# B B 2 ¥ ¥ (nucleotide binding site and leucine-
rich repeat, NBS-LRR )3 ;% /5 # &§ 25 ( protein ki-
nase, PK) ;s LRR 2% Z kMM HMNER
NEARENEHBIELS W (coiled-coil, CC)
MNBS S, RBEMWEAN-—ITHRHET
(TFIAY) WERA, EXHYLEEHAWFERE
B],NBS-LRR 2 R RN EHY L HAP ZHE,
1B IF (Arabidopsis thaliana) R A B 1% K EH
J7 NBS-LRR 26 R ¥ WA KBERNATRFH
660 4 NBS-LRR % R #£H "',

RKEHREA, 418 E B & MUY (resistance
gene analogues, RGAs) 5 R EHZHM X R I H
HIFM:E— RGA B R EESBENK—FD;
F_,RCASRENEFEY; F=,RCA5HK
FORBEETE S, KT HRE R 2 H K FTF

XRFITHF5 0, HE#T R EBRRAFBEH
PR AIBERREE, ARAMNACHENED
NBS K R RRERTFHEMBBHHHFH, NS
MAREERT S BEE RCAs, HERBRF L
SkBHRENREFERN D FRRICREM. R
RGUREDE, NEEIFT BT RIT T AR, X5
EHHARBMAEFERNBRIEL It —5
BIRKRBHRER T FOLH RM R EER RN
YU T B2 A

1 ¥RE5R%E

.1 #§

PR A BT R RAETER, BT
BREAZARLEE,

fiEH E. coli DHSa , i P REKXEAPEAR
SELRERM,

PCR HRRAF K& T/A sE XA &, WA K%
EEYIR(KE)HRAF; TRIzol iAW H In-
vitrogen 2% &] (USA) ; & # F i 7 & Two-Step M-
MLV RT-PCR System W4 & Bipec Biopharma 73 &)
(USA) ; KR BN B = dif= i
1.2 ik
1.2.1 EEADNAWMHE BER.AHH K.
FHMBER S HEFAERL M, kA CTAB 48
B4 DNA, A 1.0% B B8 0 058 ot e kR 0 L vk
EHRE,

1.2.2 3|¥igit RWEEHMWEY R EH NBS ¥
B RSP A IR 3 ME I (R 1), B
By =Yk 500bp G . WD F RTINS
B, % Primer 5. 0 (http;//www. primerbiosoft.
com) it 6 REHIFRHSI YA TRE S, Rat
Rit | WEREE Acin HRETY(E 1), 58
B BEmA () A" A B

1.2.3 PCRyYWRZEAMF PCR RHN KA
¥ RE K & % PTC-200 PCR X b # 47, ¥ 18 & 14
F1:94C B ZE ¥ 4min;94°C 2844 305,44 ~50C (M
44 ~ S0C & 4 4~ R BE 4% 5 ) 3B K 30s,72°C IE
1min,35 M E3R; B J5 72°C & Tmin, 8 B & 3
ACHRERY ¥, FH&ZPBREZE T 4CKER
&
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Table 1 Primer sequences information used in this study

simAHK

Primer name

EMBIWER (5...3)

Forward primer sequence (5'...3")

RE5FEsl (5...3")

Reverse primer sequence (5'...3")

RNI 5’ ATGGGNGGNATYGGNAARAC 3’
RN2 5' GGNGGNRTNGGNAAAACAAC 3’
RN3 5' GGTGGYGTTGGGAAGARAACG 3’
RNIBDS 5'GAACAATCTCAATCCCTACG 3’
RNI1BDI10 5'ATGAGCAGAGGATAAGGGAG 3’
RNIGG2 5'GTCACTGCAAGCTGCCACT 3’
RN1GGS 5'GATGGAAGGATAAGGGAGAG 3’
RNIYYS 5'TGGGAAGACAACAATGGCTC 3’
RNIKY9 5'CAGGCATGGCTATGTGTTTC 3’

Actin

5'TATGGTCAAGGCTGGGTTCG 3’

5’ ATDGCNARDGGSAGNCC 3’

5' CAANGCCAANGGCAANCC 3/

5’ CAACGCNAGRGGCAADCC 3'

5'TGTTTCCCAGGACTACTCTC 3’

5'CTCTTCTTTGCTCGTATGGC 3’

5'GAAGCCCAATGCCTCAGATG 3'

5'CGTAAGCGGTTCGGAATGAT 3’

5'CATCCTACTGCTGCTGACATC 3’

5'GACAATCTTGGTCCCTATG 3’

5’CCATGCTCGATGGGGTACTT 3’

BEBENRB.R=A/G;N=A/6/C/T;Y=C/T;D=A/G/T
Mixed base code: R =A/G;N=A/G/C/T;Y=C/T;D =A/G/

PCR #4123 1. 0% £ B3 G 168 4% JC oB 3k 43
B, BH A BRIMKE, 5 pMDI8-T vector £, A&
FEEEEHRE BT, MHERRELEE
PCR M Y14 & , )5 B FRiE,
1.2.4 EHSH 03RS OBFTRFFIFE NCBI
L3 #7 Vecscreen ( http://www. ncbi. nlm. nih. gov/
VecScreen) M E H LR BIEKF 5 ; R )5 % GenBank
th ] BLASTX #1 BLASTN 4 5l R E QR EM
BB, TR TR MEERITF 5 E K
R ¥ 4 43 47 ; A A NCBI # ) ORF finder 7 FF # 17
FFRFEHEE % ; B Multiple 2 5 EFTBEHFRSE
ERIF 5 3T, F] F GeneDoc B4 L X5 R .
)5 F MEGA4 #7450 K § W 3 Bootstrap # ¥
ERGERE MBI R,
1.2.5 RNA ##% .cDNA (IR #% R K RT-PCR &
Ko BUER A B RHMEAS HEE
Rt 5, R # % B E SR R 5 AT TRIzol $
B B4R 00 RNA 1. 2% B S 450 4k 9 B A
BE#r B, F DNase I 4b2E 8 RNA # &, FI A R ¥
FiA 7 & Two-Step M-MLV RT-PCR System i# 17 &
% AAFTESE&HEAS. AFHM RT-
PCR¥ HMER#ITRENN, UBRENR Actin
RS,

2 ER545H

2.1 HLEBRGAs ABELR

REMY T AHIR LN NBS RT3 XEi%
519, APER: 5 R M B A AR ERA
DNA 14K, RNI 3339718 8] — 44 500bp 5% (H
1) ;RN3 ¥ 38 R o B A RS 18 8] — & 25 500bp 9%
W, HAL A MEFAERAY IR &N RN TS #
BRA R th BUEAI A (BB AT .

WX EGHTEHRREEAEE, N
EHHERBPLEEHI4FARPEERRE
RNIGGI .RNIGG2 .RNI1GG5 F1 RN1GG6 ; M\ B 15 B
AR L EH 4 MRE K MHEYE R E RNIBD2,
RNIBDS5 .RN1BD6 1 RNIBD10; \ 25 Fi Bf 4 7§
KEP 2 AR MM E RNIYY6 f1 RN1YYI7;
MNEHHEARFLERHIMARMBEERE
RNIKYI RNIKY9 i RNIKYI] ; \SER FF A fEp %
8 3 # AR K %K RNIYLI. RN3YL? #
RN3YL9, Xfix 16 Fp A [ 25 2 A BH 4 72 e W ¥ 9%
# NCBI TR HFRFIINEIEHEREA, H
BHIBBAFHSEHMMEY NBS KR EER
EARBEMRES, B NERFEBEF S
BHO3EAFINEERE SEY TN RER
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BARRYE, TRREESENHFLRERT GC XA
#H,5HME AR EREK, F LR E X NBS
KPR ENRTEWETRITRFI DT ERETY
BN B RS R EH,

B1 343 RNI # PCR # B KE
Fig.1 Electrophoretogram of primer set
RN1 PCR amplification
M:5F 45 DL2000; 1 ~ 54> 514 HPERL
75 P RRFF BT FOBE AUEFAE AS 35 R 41 DNA
M: DNA marker DL2000; 1 -6 :Amplification the
genomic DNA of 0. granulata, O. officinali,

0. alta, 0. latifolia and O. punctata

£2 HEBRGASHEURHE S NBS XEEMERYE

2.2 H4EERGAsHIFFAH

# 13 % RGAs 7 NCBI #1TR B R, B2 12
#RCAs EAABFRHEMEAHRABEHNER, M
RNIGGI % 18 EPI M X158 (& 2), RNIBDS i
RNIBD6 4y 5I7E B ABEE 11 S | Sk EFE
% ¥ I ; RNIBD2., RNIBD6 #i RNIBDIO (Al i 4E 35
99% )i F [F] — %t JH % ; RN1GG6 . RN1YY6 F1 RNIYYI7
(YL 97% ~98% ) 53 1i7E B AREE 8 SRk
AR[E 2 B ; RNIKY] . RNIKY9 ) RNIKY1I ([ 8 4% 3%
919% ~98% )5 RNIBDS ¥4y fite B AR S 11 B
& H BRI , 29 10 ~20kb ( <200kb) , B &I AT EJ&
F 5 — % B #; RNIBD5 5 RNIKYI, RNIKY9 A
RNIKY1] BIFEIE R 64% ~T70% , FLH 55 o AE Lok
%: RNIGGS 5 RNIBD2, RNIBD6 F RNIBDIO
66% ~67% ; RNIBD5 %5 RNI1GG6 #1 RN1YY6 .RN1YYI7
3k 3% ~ 74% ; RNIKYI, RNIKY9 #1 RNIKYll &5
RNIGG6 RNIYY6 %1 RNIYYI7 3 67% ~72% (% 3) o

Table 2 RGAs of Wild rice orientation and sequence identity with NBS type genes

HEHNEH KRR HARERSNE FIRHE(%)
Gene name Chromosome Location of Nipponbare genomic Identity
RNIGGI - - -
RNIGG2 Chromosome 4 22393 -21861 80
RNI1GG5 Chromosome 8 1877 - 1377 67
RN1GG6 Chromosome 8 62023 - 61520 85
RNIBD2 Chromosome 1 120609 - 121111 96
RNIBDS Chromosome 11 121361 - 120859;108715 - 108213 91
RN1BDS Chromosome 1 100225 -99732;121111 - 120609 96
RNIBDIO Chromosome 1 121111 - 120609 96
RNIKYI Chromosome 11 92445 - 92948 67
RNIKY9 Chromosome 11 92948 - 92445 72
RNIKYI1 Chromosome 11 92948 - 92454 72
RN1YY6 Chromosome 8 62023 - 61520 86
RN1YYI7 Chromosome 8 61520 ~ 62023 85

C-TRARBEIMEER

¢ - not hing for the rel information

F17 NCBI &1 49 ORF finder X} 12 % RGAs
B PP 51 3 47 FF 1 B2 HE F 48, 3F I DNAstar $ B &
EZ ORFNFIIBERBEEMFI SREH. B
T RNIYYI7 BT H MR L F, Kb 11 & RGAs 1
B LK ORF B3, %f 11 % RGAs Rl 8%

BETIHT LR L MEBEEMT R, X 11 &
RGAs ZEE X BMA T MRS MUt & & ik 100% , &
AU H 25% (% 3), ¥ 11 ELA %M ORF #
RGAs 5 GenBank % % #) NPLI PIC23.Pid3 . Pit,
R2 \R3.R5 # RI0 %K R BHAGHERRARYE
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Table 3 The amino acid sequence identity of RGAs in wild rice (%)

HHNEHK RNI RNI RNI RN1 RNI RNI RN1 RN1 RN1 RN1 RN1
Gene name BD2 BDS BD6 BDI10 GG2 GGS GG6 KYI KY9 KY11 YY6
RNIBD2 - 99 99 - 67 - - - - -
RNIBDS 44 - - - ~ 74 64 69 70 74
RNIBD6 99 43 99 - 66 - - - - -
RNIBDIO 100 44 99 - 67 - - - - -~
RNIGG2 27 27 27 27 - - - - - -
RNIGGS 55 35 55 55 25 - - - -
RNIGG6 44 64 44 44 26 39 67 72 72 98
RNIKYI 40 57 40 40 25 36 58 - 91 67
RNIKY9 44 61 43 44 27 39 63 91 98 72
RNIKY11 44 61 44 44 27 40 64 92 99 72
RNIYY6 45 64 44 45 26 39 98 58 64 64

“ =R B B B A TR T O S AR T (B B ALt B A0 A b X B T 1 el B A AL

“ .

- "indicates no homology. The similarity percentage among amino seq

and nul

.

Hxf BB 24345 (B 2) ,RNIBDS . RNIGG6 .RN1YY6
RNIKYI RNIKY9 #1 RNIKY1] 5 NPLI .R2 RS #1 R10
B H—K3,RNIGG5 .RNIBD2 .RN1BD6 1 RN1BDI10
5 R3 PIC23 #1 Pit B — K% RNIGG2 5 Pid3 %
H—K%,

100 ——NPLI
39 I:RNIBDS

RN1GG6
—W[RMYY(;

RNKY1

89— PIC23
100 Pit
90| [RNIBD6
100§ RN1BD2
77"RN1BD10
Pid3
RN1GG2

—

2 BEBRGASHBEMFTISABEA
REEAMEERFIIRENH
Fig.2 The phylogenetic analysis of deduced amino acid
squence of putative resistance gene analogs from wild rice

and Oryza sativa cloned R gene

are given below and above the diagonal, respectively

FIF GeneDoc 3t 11 %& RGAs ZEMFH 5K
BHE M NBS £ R BRHEFT L5 L X 247
KB, HEE R ERTF S AR NBS 25 5% &% K B
¥¥ 4 B9 5F 3 5T P-loop . kinas-2 , kinas-3a 1 GLPL
E 5NN RMBEERBREERESHFIELR
RFH(E3), BEMFBNMEERFISAEE
416 NBS-LRR % R RN B 43% ~93% i [F] 6
#, 5HMHME M R ZEAE 37% ~79% K
Ht,

S 7E B AR PR E LRSI R i, R
WRBE TR —-HEFLEBWYEE (W0 RVIBD6 5
RNIBDIO;RNIYY6 55 RNIYYI7;RNIKY9 5 RNIKY1I)
BB 50 R A ik 98% LA b A JLAN BB
ER T HET R A B LM 5 R K5k 98%
PLb BT A Ak ix 2 B N 0] B R — A 1
FF 5 6] 4 2= 5% ] BB 2 7E it A7 PCR 32 B8 o W 7 B
BERFE: S~ AT RRERAPEEERILY
ARPEHSEHAHENEN, RETFARHAE
R T (RNIGG6 5 RN1YY6 RN1YYI7) [ HF 8
FE 51 13 4 B % 97% F0 98% , T B 7] BT 0l 9 4 &
MEFRBEHEOEX 8% A GEEIR A EEE—
MEMEHA, TH L RCGAs ZHEBITMAKFERE
BITRE BB BRI EAERRRE KR
BE FeRBEEES, M AR KSR, H
THEREAWEWESHEFIRETL, BRE
W AR A SRR Rk, N A I I
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: 59
1 61
B 59
Nt A 3 1 59
4 D-HRAGE VS PREGMVEHE : ;59
= IR - K RAZES g FEAIEINE AV A H > §
& -t R E 1 B -—-=- 61
: L SNMGVHE REGes . 61
£ P mGvHER G Bl
I : 21 : Bl
Y &0
g 60
| 61
= 51
? 61
59
62
61
63
: 119
: 121
: 119
: 119
H : 119
RNIGGH : 121
RNIYY6 : : 121
RNIKY] : 4 :2:
RNIKY9 ¢ :
RNIKY11: : 121
PIC23 : : 120
Pit : r : 120
RNIBD2 : : 121
RNIBDI0 : L:l
RNIBD6 : 121
R3 H ¥ : 119
NI LLAHETH : }E:
gﬁfm;z H SLAESNR : 128
NPLI 5 Rfio1 @ W y s-r.ﬁ\r——anm% i
RNIBDS5 : A “FLpe Y KEV--ONLRDEEIE
Rs : - h EXEV- -OoNLCD
R2 : W BV A G
RIO . )
RNIGG6H ¥ [ 2 EfRE
RNIYY6 1
RNIKY1 i
RNIKY9 A
RNIKY11 B
PIC23 2
Pit i
RNI1BD2 8-
RNIBDIO: LFP@A
RNIBD6 3=
R3 LEgA
RNIGGS Bt
Pid3 |
RNIGG2 ol

GLPL

B3 HEBRCGASHENEERFIEKBEN R ERMMEERFII L

Fig.3 Alignment between amino acid sequence of putative RGAs of wild rice and that of Oryza sativa cloned R gene

2.3 HER RGAs HRIESH

R4 11 % NBS 3¢ RGAs 7E H 7 i o () 52 i 70
Fr [ B A L HE A3 8T, X R REE SR K 6 A
RGAs %1 (RNIBDS5 .RNI1BDI0 .RNIGG2 RNIYY6,
RNIKY9 1 RNIGGS) BRIt EKNYFR 514, LIgEh,
B R LR AR S MEFAER AR T RS
GHt e R Aciin 51905 38 B SR8 ZI I cDNA #1
B4 DNA K cDNA R B, SR RV K BFAE R

DNAT MK BEHERAXRET BB B,
DNA # BIVE M7, %5 RNA K5 %783 3|69 cDNA &
B, ARG 6 XERHSIMitfs PCR Y A
KR ERBRNREBR (B 4), 5REH,
RNIBDS .RNIBDI0 RNIGG2 %1 RNIYY6 ¥ B % ik,
P X % RGAs ATRE R A ShEEHE M BURE A i
RNIKY9 M1 RNIGGS | A F#ik, WAX 2 MR
BERMEN,
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M gDNA gDNA BECL B

4 FF4ER RGAs RIESH
Fig. 4 Expression of RGAs in wild rice
M: 5> FBARig DL2000; A :Actin 5| 914+ BFA: BRI 41 DNA R cDNA 95 MR W ;B 1 ~6 3 il KR EF
475 RGAs % 5519 PCR KM% R, 4 %1% RNIKY9 RNIBDS .RNIBDIO. RN1GG2 .RNIGGS5 #1 RN1YY6
M:DNA marker D12000; A : the amplification test of primer Actin towards DNA and CDNA of wild rice;
B:the lane 1-6 mean the test result of special primer of PCR of RGAs in wild rice, RNIKY9 ,RNIBDS ,
RNIBD10,RNIGG2 ,RNIGG5 ,RNIYY6 , respectively

3 itig

Y NBS RHURENAHEESENRTE, £
WRBEELRTE W59 #H1TEF 4R RGAs
TR, R BT 11 & A4 %% ORF f RGAs,
IS BRXE RCGAs SE MM AENAESRE
ER RN S o KX RGAs &7 NBS %
TR Ar 5 E # (R 7 & 5T P-loop, kinas-2 , kinas-
3a fl GLPL % (B 3), B RE2HAHR
RN1BD5 RNIBDIO RNIGG2 # RNI1YY6 ¥ f % ik,
AR REN, HEAESF NBS LN
Fr 3 o] BE R R B B, in RNIKY9 #1 RN1GGS
BERE, THEENERREANRAY LT ER
MTHmENEENEAH - SFHABROERERN,
) A 5 T [5) 040k 18 2 1AL ) o BB SR B X 4 B 5 L
RN EEEYRA A BEENR R EEE
FEREFAFEAMFR, AL FENAKESR
Ze A FIEG R FAR SRR ITEER
K& m1ED

BRAMY 2 E KW 745 R EH,NBS-LRR %
BHUR RN Y ENE P HE, EKEERA
fi4474 660 I~ NBS-LRR K pyHimz I >, 3
L NBS-LRR ¥ MG MBS ERGHKES "),
XAREHF TR EEXEAMEE SR B4
FOAEH B BRIY K 7= 0 )7 3 8 1 R 6 o bR
THRERMEED, AFFRMNRAME &R R
RS T AR 2 8§ NBS 2 RGAs, it RNIBDS
RNIBD2, RNIBD6 . RNIBDIO; RN1GG6, RNIGGS .

RNIGG2 % A TRIMEYPHREE LT R EH,
B 7E A AR gk LW E R {5 8, RNIBDS #
RNIBD6 £}5|fE A AEE 11 BHE 1 SRkt
REZENFS, HHAT REANEEESIEN,
RNIKYI RNIKY9 RN1KY1l 5 RNIBD5 ¥ 5347 B
ABESE 11 54k H A BE G, 29 10 ~20kb ( <
200kb) SR EMAH#ER FR—EEK, REFER
R4 Fh 2 6]t 7 A2 3 5 FE AR <F 4, 70 RNIGG6 F
RNIYY6( [F IR kL 97% ~98% ) 5+ #a 7€ H A WE 56 8
BRakERCE, EMNTEIN—XEMERN, [
B8 ,11 %& RGAs [H7E & R MK T8 7514
U # 3% 100% , BN 25% (% 4) , FERRIIAE
Wi RAREY LN RGA K Bi & MR
REERE AEMNEE RSB TAYBUMRER
R, 555 RCGAs ERTHEMZMFETFE
AR NFBEEARBRE (E3), EMNTEES
SHER,

HERATFERD, CZLRET 6 % NBS-LRR
WREREMY, EfNECRBRNNRERERE
MEF EBARAKN— B, ABESE L NBS
YRR R R TR 3 X5 b 5 PR B
4B 3 &FH L FEH A BR 5 GenBank HiE
TR EERREERE, XN 4% ~8% . T8
MEHRZEREARY CC XA, e Bk
By TG EHEMEREBEHERENENY
WERTEAE ACERENERNARS ",
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