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H = A 75 (bacterial blight, BB)J& i /KR &2 2 2 — » Hpi ey o =AY 5 A BE A R
(leaf blight) ~ 2 Z2 AU (kresek) LK 3% 5 (£ R (pale-yellow) " » #R3% #7845 H BB & LA i AU
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enzyme) ~ $8 25 & 2 [ (iron-chelating siderophores)S5 8 JJY)E » &% & R E T # (L&
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BEGTEED S AV E R LR T S Z R RE S b - HIRERA R H
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AR o SERINGS 2 14 DU P& sRaEE S 47 - (B AV IGRE R EE S 55568 o DL T
BEMWEMET S > HACHA RIS Stacks 7] £ 53 HTRADseqF 51V -
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G5 FEEEXad - xab5 - xald  Xa2liEEhR genes¥fXoo A HiIECY » (K iE R genes £ (015 ST
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isogenic line) » i STEBTH AR (Xad ~ xa5 ~ Xa7 ~ xal3fXa2l) - AzkEy DL & 8 95% fyii i ¥
EL5ERF, ~ BCy ~» BCy » BCGEH MU ZFES » £F—BEIHACE DLy T st e M Or Sl A R 2
FAE > FA20154E —HE BAR R A SIE L R BCSF, H 22 B R - 1220155 — HA /F HA i s 1%
BC:F, r BEIGRE 2 T - BT AR E - SRA6FLEEIB B /K RETE - L3k 1,000k &+
A IEREREE > B R E BEARET T3 emYEE / 4045 LA H Genomic DNA -

Z s ZEWVEEE BB SR EE R e

TEFEDNAH HUE TR B A B BB 25 B (Smart LabAssist-32 > Z & B BEFOR K i i A
[RANE » 2Z38) > DR EEI4H (TANBead Plant DNA Auto Plate » 2 & B B KT AR A
H o ) I ZERKEER3 om s B2 mLEBEE J > DURESIHRES A » I AMERE
Z1 min> FFIE R B R 1% > 1A 700 uL Lysis buffer » JE & AEFFE N E A5 min © 218,000
gl 1 min 0 B _EJERFE ACTHA 3 F S 296 L8 - A H B bR 2L HUEE - (ki /it
HEE(BIO-W4-AUTO)E S » ## NRLENTR » 515740 minB[I ] 52 lRDNAZLHY o DAy BEEHIE
DNAJRE » fEFIN-20C H A o B &l 2§58 2 FE (polymerase chain reaction, PCR)f# A A9 E l
FsFast-Run Taq Master Kit (Protech Technology, Taiwan) > 487 JERGFE F25 puL > N&10 mM
Tris-HCI1 ~ 50 mM KCI ~ 0.01% Gelatin ~ 1.5 mM MgCl, ~ 0.1% Triton X-100 ~ 3.75 U Taq DNA
polymerase ~ 40 ng DNA 0.4 uM 5[+ o ZJEHEES FsGeneAmp PCR System 9700 (Applied
Biosystems, USA) » [ G 5 & S FERF R & 73 TR 56 2 A [E] M s 5 -
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F FURE R Z BT RER

PR EMEE R Z 00 & BRPCR T 20 5|7 751 R HIET DUR B R R B K/ NIFR—FioR -
ke HIXad$R FIE95 ] F BsMP1 ~ MP2 » PCR{E 4 5594°C 5 min » B2 EEE352 94°C 60 s~ 55C 60
s~ 72°C 120 s © Fef%272°C 10 min® - f&HIxa5>7 PCRIGEME 5594°C 3 min » $EEEIE332C 94°C
30s~50C 30s~72C 60 s - Fx%&E72°C 5 min - PCREY) LAIREHI 1) Ef% ZBsrl (New England
Biolabs, UK)52 ¢ VI & - 52 % V) 2 2 FE1% LL2%IE B B (Agarose I, Amresco, USA)#ETT & %k « Xa7
Z A OHIER F Bt 2 7 5IRM20580 » PCRIZFERR {4 £594°C 5 min » FEE{EIR3594°C 30 s ~ 60
C 45s72°C 60s f{&E72°C 5 min° PCREY)LL3% & 4T S B HE 2 (SFR Agarose, Amresco,
USA)EFTE K31 « fllixal3tR AV | F+2F ChE &R 2 75 - KIEFRAF94C 5 min >
BEEEIE35094°C 605~ 55C 60s~72C 60s: fz{%272°C 7 min - $F¥Xa21 5K » #FHM
5y TR s By pTA248 » PCRIZ FE(R(E F594°C 5 min » FEEEEE302094°C 30 s~ 55°C 30 s~ 72°C 60
s ° e & E72°C 5 min » PCRIGIEEY H 7 LL1.5%E A58 (Agarose I, Amresco, USA)#ETT & 7k 57
r

T~ AR ENTURZEREEYS [T H 55

Table 1. Primer set used for detecting resistance genes in rice

) Annealling

Gene Primer set Sequence ) Reference

Xad MPI 5’-ATCGATCGATCTTCACGAGG-3’ 58 Arifetal., 2008
MP2 5’-TGCTATAAAAGGCATTCGGG-3’

xab xa5-F 5’-GATAGCAGCATTTCCAAGAG-3’ 53 Iyer and McCouch,
xa5-R 5’-GATTCCTTTAGCAAGGTGTG-3’ 2004

Xa7 RM20580F 5’ -AACTTCCTTTCCAGGCTTTCAGC-3’ 63 Chen et al., 2008
RM20580R 5’-TTCACTGAGCCTGAACACATTGC-3’

xal3 xal3F 5’-CCTGATATGTGAGGTAGT-3’ 46 Chu et al., 2006
xal3R 5’-GAGAAAGGCTTAAGTGC-3’

Xa2l pTA248F 5’-AGACGCGGAAGGGTGGTTCCCGGA-3’ 59 Williams et al., 1996

pTA248R  5-AGACCGGTAATCGAAAGATGAAA -3’

C ETREERR

S Fr s A S 1 T A R PR 2 MR B AR Y 1206 2 MR B R A B L . e FE 99 (B S
PRIE Ry B L 140 BERR - A ST BERRH > B2 X, oryzae pv. oryzaeE i » 3% E R 9% FsXo0o-F2 »
ARG AV EM IE AR E BT B R TE 2 A L E b - DB IZEUKTE B A5 Xoo-F2.2
B — 7% %250 ml Wakimoto brotht » ‘B 28°C E AT > LL120 rpmi@ 2R 5% (F T E S & - 1+
BrEAR/NI; 1% > DL EET (Jasco V-630)HITE B R AT 5 52 ELU U % (H OD600{HE £50.32 » FLEF
HRERE LA 10° cfu/mlbl | o {E B ARICGRER > BEfR - SRR DI DG H KR - NEER R
3 empEE] [ FEEBEEOESR E  SEESAIN IR K21 KGR > Wil EmEEE - &
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8 E R A0 8% 5 AL B PE R R T S PR H (B — L2 F—(E R8I R BT RS 2 SEEUNARS
cm4CEE AR 0 IASEN10 ecm&C 8% MR > 10515 cm&C 8% BMS » 15 embL FE08% A&S -

hBEERZAMN

o7 At 28 (R S ER A PR i B U B (i BE AR 2 7 BE € 7 & (restriction  site-associated DNA
sequencing, RADseq) > A J5/AFHE H & HENDNA » FILFER TR 8 Fili 5 BERERCEAR[E -
BYHUKFEEE R 3504 cm > 1A 0.7 mL DNAZZHUR R £52.85 mg Sodium bisulfate ~ 312.5 pL DNA
extraction buffer ~ 312.5 uL nuclei lysis buffer) A 125 pL 5% N-lauroylsarcosine sodium salt >
H ' DNA extraction bufferfic 75 £50.35 M Sorbitol ~ 0.1 M Tris baselA 525 mM EDTA, pH 8.26 °
ifinuclei lysis bufferfic /7 £50.2 M Tris Base * 50 mM EDTA ~ 2 M NaCl}L }220 gL™' CTAB - FI|H
ot 2R K R - B Y65 C/KIATE30 min > JIA0.6 mLE {5 /E & (chloroform : isoamyl
alcohol = 24:1)E %1% 110,000 rpm@E 025 min » & FIFRELHE20.6 mLEAEEE S > 210,000
rpm (5 min - AR EIH > A1A0.2 mL 70%5#5 @ % DNAYCED) - 10,000 rpm@f L5 min
HREEREE > H 2R EEZ % DUKIS EDNA -

HIEDNAJEE % HL1 pg DNA » DApstl-HFf% 2 (New England Biolabs, MA, USA)VJ & » #Ef2
S U E RS > BB EYFTEES0 pL o JIA2.2 uL 100 nM P1 adapterf2.8 pL %
ZEERK > FIIAS uL DNARES AR (2.9 uL - Z&EH7K ~ 1 uL 10x NEBuffer4 ~ 0.6 uL 100 mM
riboATP > BLJ20.5 pL 2,000 unit/uL T4 DNA ligase) > {558 20°C FAPCREZS F11 hr » JIZk65
C 20 minZFRJEM - HAP1 adapterf7 51 5 A Y Mlumina A SV E [P FE R B > B8
PCRIE[A 5| F ~ KA EF 5[ T35 & DU SE g B AE V)RS o TR & oS
B 2 H3 ul > DA E R R EEEDNAETZY » FI| FHLER (AMPure@XP, Beckman Coulter, MA,
USA)EEDNAF B A/N 172300 bp F500 bp Y F B -

P TDNANY &4 » & FH Quick Blunting Kit (NEB, Ipswish MA, USA) = H i — 5 [E] g
FIDNAERUE 1 pg > TIA ZREZEEE/KEEREFEZEE119 uL » FF 1A 2.5 uL 10x Blunting Buffer
2.5 uL 1 mM dNTP mix 52 1.0 uL Blunting Enzyme Mix » 272 & 25C PCR 1425 1 5 FE30 min
&% LLAMPure@XPRABR 4L - #EZ AT INARIENE - {RFFHI1AS pL 10xNEBuffer2 ~ 1 pL 10
mM dATPAI3 pL Klenow (exo-) (NEB, Ipswish MA, USA)» B 37 CPCR #4251 5 fE30 min -
HENZEMR T15 minfEHEHRLA « 58% LAMPure@XPHER 4L - #23E #E{TP2 adapter’®
GERZFE o {FEHNAS uL 10x NEBuffer2 ~ 1 pL 10 pM P2 adapter ~ 0.5 pL 100 mM riboATP ~
0.5 uL 2,000 unit uL™' T4 DNA ligase (NEB, Ipswish MA, USA) » ZR1& B 120°C PCR &[T
J&3 hr - FFXEF AMPure® XPHAERAEITDNAKIL » £ 12 {# F120 pL elution buffer (10 mM Tris,
pH 8.3)HEDNA > 5EDNAE & & R{EF-20C ° 5% RAD-library template L f#§ -

H{50 ng RAD-library template > JI A ~K/KFHEEFEFE 210 pL > Fi1A4 pL 10 uM Solexa
primer mixE250 pL Phusion High-Fidelity Master Mix (NEB, Ipswish, MA, USA)#:{TPCRJZJE -
Hrfr > Solexa primer mix £y F EHEUR G IE 5] 5 AAT GAT ACG GCG ACC ACC GA 3’
K E5]F5CAA GCA GAA GAC GGC ATA CGA 3’ - PCR [ JEFZFF 598°C 30 s - 18{ETE

N
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IZAY98°C 10 s~ 66C 30s~72C 30s° Z1%#E{772°C 5 min ° {#F AMPure®XP/5[R 771 &
/IN2300 bp Fprimer dimers © A& #E{TDNAE & - KB EENRE > FDNAREHER
10 ng pL-1 - B &3H5EHIRADE P Bl EE - #HEZLM G £ T EHMEE X > HEIRADE
FriEl EEmE - WL E - ILRADE J7 Bl & & i 2 5 H K2 ARS8 O TR 4E iy
[llumina HiSeq 2,000 a’tﬁ{ﬂiﬂiiﬁﬁf o FFHIE R TR A B I Z B R R L N AE RS
B Linux{E# £ 4% 2 StacksF2 7 » #ETT SNPHY # il B 2 Y o
[EfERAFRBEGEGRZGTE % ﬁIZEEP R DRI i A RL R R B By AA - EHRRER B /BB
HEEEHAB EUT§ﬁZ*@HﬂiAAE@%&E%a{.ﬁlgﬁ BBHYEE FybiE (1B - ABIEIE K
h{lﬁz!ﬁ » AIl[A] 18 %= (a+0.5%h) / (a+b+h) » [E'E 45 & R B= (at+b) / (a+b+h) > FHXEHIELL100% -

m R

— > BHRERZATRENR

R pTA248%5 1 1,0001E BC3F, 23 BRI Xa2 1 5L [N - 45 5 88 7 A 265 B8 ik 2 380 i B4 5]
BE&EE o 265883 DIRM20580 3 HIXaT B R » 45 R BURA S Ek 2EF PR EIEESE S -
Iﬁl:537f5ki‘§%ﬁéﬁﬁMPIJSZMP2$ﬁ5EUXa4 SR EURA 24 B ERPUR I EE 4SS - Xad ~ XaT
Xa21 55 3{E B N & Ry Him B [ & EAREE] B 2. 4% B s (H (1/64) W= - /= A Ry Xad Bl
Xa2l[E I R Bt s - A Em@ﬁmﬁw‘ T FE BRI 24 R A% M xab R xal 3K Al » B L
HoE BERE & B A SETURER R ZFR) » HA IR ASEER S HHUREELEE 4 G (4R 5%
2-59) » HASKR BT A A EIHVRE LS & ER -

T AUREEHUEE 9 (EEPR R HITA Z U AR

Table 2. The selected plants in foreground selection and resistant genes carried

Individuals Homozygous R genes Heterozygous R genes

2-59 Xad, xa5, Xa7, xal3, Xa2l None

3-55 Xad, Xa7, Xa2l xab, xal3

3-64 Xa4, xab, Xa7, Xa2l xal3

3-80 Xad, xab, xal3, Xa2l xab

4-66 Xa4d, Xa7, Xaz2l xab, xal3

6-17 Xa4, xab, Xa7, Xa2l xal3

8-83 Xa4, xab, Xa7, Xa2l xal3

9-15 Xad, xab, xal3, Xa2l xab

10-10c Xad, xab, Xa7, xal3 Xaz2l

F BREAERRIER
SN 14E BRI E P & A B ER D) - BRESHRe Mgt IR - Bflk21
RIAPEE RZE10 cm » DUERE2-59 BB > BRSSPI RERTER2.71 em > 521K(E
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#EE3.61 cm - {EFE IR EF2IRAVBE TR ELE R0 em > I H A #MAEF2I RGBT
DU FE (] —) - A SPREREOTT [E A AR UEBR - I A BB WPy RED R E
10 cm > A MNBEDUR AR ZER > FF ESCE R RS > R T — I EREE9(E BCFa s & R
EIEE B 5%

R= - BRI 11 KR 21 RIE BRI B EAR

Table 3. The average lesion lengths and disease rating scales at 11" and 21* day after inoculation.

Legion length at the 11" Legion length at the 21% The disease rating scale at

Individuals day after inoculation (cm)  day after inoculation (cm) 21% day after inoculation
2-59 2.71£1.23 3.61+1.17 R
3-55 2.54 +£1.10 2.74 +£1.31 R
3-64 2.96 +1.39 3.59+1.84 R
3-80 5.90+2.94 547 +£2.74 MR
4-66 7.06 £ 1.37 8.40 £ 1.46 MR
6-17 4.75+2.22 8.57+3.96 MR
8-83 2.70 £ 0.89 2.87+0.97 R
9-15 2.78 £ 1.49 4.69+£2.73 R
10-10c 7.06 +£2.04 8.10+1.89 MR
TK9-1 2.84+1.33 4.68 £ 2.06 R
TK9-2 0.94 £ 0.57 398+2.15 R
TK9-3 1.80£1.30 5.65+2.44 MR
TK9-4 0.78 £0.29 5.28£0.88 R
TK9-5 0.48+0.16 2.26+0.72 R

Bl — - &ff 9 5F/IRBB66 -2 BCsF, flHAG 2-59 #EfE&EE 11 R(/E) KB 21 R(A)ZE R WP
Fig. 1. The leaf legion of the individual 2-59 on 11™ day (left) and 21% day (right) after inculation
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F| FIRADseq;% 52 i SNPJE i H i 1 — B (i 7 6 - 38 K 12{E L a8 - BN 27512
J7E 0 ERE R SR BT JEEEYIPRBCF, (RS A R 4H 2 [ B A FR AR - [BE R
5 £587.33% (47 573-55) » B 1K F580.98% ({E#E4-66) » ORR{E RS 15 F585.61% » BE RFT A (H 58
HYEERAH R H o7 . [E{E B S RO FEAL « EHES4 7~ 9~ 10 F 129 44 (o ffg » H A otR(E RS Y
[ 18R FN98% DL _E - M B8 R RE BE Sy A (s - ofk(ERE Y V1 [BI18 R F547.30% > [
TR 52 Ry P aB Y 2 86 R (linkage drag) » EIRZ (LT ZE 85 e B A8 1Y xal3fE BRI B > Rij 1% #E4E Y
F OB RS o o A 9- 15K [O{E R 1A 14.3% - FEIEAE T EES - 6 1155440
B > [A18 R4 5569.88% ~ 81.91%269.35% ° i [O]18 REG R F BHEA HAEE R L 05
i 26 15 4y e g Il B AR DU A R BB A E 39575 80.80% » & 2R A XarHyF egt 4Lt
BE(81.91%) » AR HUIHEE R AT [ 52 3 AV L 5w 5 93.75% -

FIFRADseq; 2 18 I [EE 45 & 3R 2 &5 B ANFR SHTR - ORR(E B B 45 & R 15 F594.22% > 88
AERH BRSNS E - B 597.77% ((ERG3-80) » 5K f592.17% (fE#53-55) - (&S
3-80MY AL R4HFR T 5B 55% R S 85 AL taffe » HAR 10BN FI B &S G R &G 2 F(98.99%LL | -
TERFEIREIEARTE  FEE R R AESTH L OB E I ElE  Ofk(ENE FII{EH82.72%
§170.05% - R4T BTN TARARELESIIRERGE B aRPEESEGRK
KA 4 34 2-59 (78.5%) ~ 3-64 (78.73%) ~ 6-17 (78.71%) F210-10c¢ (79.36%) * K M Hi i B A
xab'd; Fy[E]E &5 & o SR EAg T o [FIE &GS A8 F4-66 (97.53%) » 4 4-66H7

SR s B E R E AT 53.61% o (U Hh I BG Ay 55 S5 % (B ik 2R H8 S [ 12 {E i 2R A R IRV EE
BIELE—F - FEEIE RS AL ER » [EiS9-15F/E &R ETF97.39%  {HZH
ERE14.13% B ERERE AR AERGEPTRAL > IF H DR EE - (Ei83-802 558
SRA RS E B S A f592.73%  FyEE (R T HEE TR AL g [BI1E %60. 27%ﬁzg**m(%
lT_fl)’ﬁﬁLMlE“% 80 £y 55 85 Ju e HS i FR B Bk - BB T 5 F B &5 & R I I 99% N A 5
4~7~9~10~ 11 REF1R2FFER - HPSE 1157 38 #E A XadBiXa21iE W& Jm LR - EHE
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Table 4. The results of genetic background analysis in which the SNP markers revealing the recovery
rates of 12 pairs of chromosomes in 9 individuals

Individual Chr1 Chr2 Chr3 Chrd ChrS Chr6 Chr7 Chr8 Chr9 Chrl0 Chrll Chrl2 Average

Recovery rate (%)

2-59 91.35 94.97 83.58 98.07 65.03 84.95 99.20 50.00 98.48 98.60 67.89 98.13 86.87
3-55 86.31 94.82 91.23 98.21 64.74 78.57 99.06 63.99 98.17 98.46 68.47 98.33 87.33
3-64 78.75 96.60 88.66 98.31 74.44 82.62 98.96 29.93 98.20 98.59 68.55 98.26 84.79
3-80 64.53 96.55 83.35 98.51 66.30 82.38 99.05 60.27 98.18 98.78 71.29 98.24 84.10
4-66 77.96 69.10 93.05 98.34 53.61 83.11 99.05 46.61 98.11 98.65 68.56 98.02 80.98
6-17 64.08 94.97 90.54 98.45 82.77 84.01 99.22 52.70 98.18 98.73 67.75 98.06 85.67
8-83 81.89 95.02 98.50 98.20 68.11 80.72 99.10 54.89 98.30 98.93 69.08 98.18 87.24
9-15 99.10 94.49 90.85 98.20 83.33 81.86 98.85 14.13 98.72 98.68 68.82 98.24 §7.03

10-10c 81.39 94.51 90.86 97.85 70.58 78.98 98.98 53.22 97.99 98.85 73.75 98.16 86.45

Average 80.80 91.80 90.07 98.24 69.88 81.91 99.05 47.30 98.26 98.70 69.35 98.18 85.61

RO BEFEOWMZER > 9 HERNLS 12 HaRrRES &
Table 5. The results of genetic background analysis in which the SNP markers revealing the
homozygosity of 12 pairs of chromosomes in 9 individuals

Individual Chr1 Chr2 Chr3 Chr4 ChrS Chr6 Chr7 Chr8 Chr9 Chrl0 Chrll Chrl2 Average

Homozygosity (%)
2-59 90.67 99.59 99.56 99.72 78.51 88.83 99.77 89.71 99.64 99.63 99.92 99.74 95.43
3-55 82.04 99.73 88.58 99.62 85.49 99.58 99.75 51.62 99.04 99.39 99.91 99.91 92.17
3-64 80.25 99.61 91.83 99.77 78.73 99.66 99.58 74.51 99.12 99.27 99.45 99.82 92.96
3-80 99.62 99.72 99.51 99.46 81.72 99.50 99.75 92.73 99.31 99.39 98.99 99.44 97.77
4-66 84.45 99.49 91.89 99.30 97.53 93.24 99.59 63.79 99.01 98.96 99.73 99.62 93.78
6-17 99.47 99.71 87.93 99.76 78.71 97.85 99.65 47.49 99.38 99.36 99.86 99.60 92.71
8-83 81.28 99.75 99.60 99.64 81.51 97.48 99.52 51.68 99.32 99.05 98.94 99.57 92.28
9-15 99.78 99.61 92.16 99.72 82.90 99.20 99.62 97.39 99.77 99.28 99.57 99.68 97.57

10-10c~ 91.01 99.60 91.46 99.36 79.36 97.92 99.59 61.56 99.53 99.49 98.47 99.89 93.31

Average 89.84 99.65 93.61 99.59 82.72 97.03 99.65 70.05 98.35 99.31 99.43 99.70 94.22

Note: Bold numbers indicate that there is a heterozygous R gene on that chromosome.
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Fig. 2. The phenotypes of Taiken 9 (A), BC;F, individual 2-59 (B), and IRBB66 (C)
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Marker-Assisted Backcrossing for Introgressing
Rice Bacterial Blight Resistance Genes to the
Variety Taikeng 9*

Ray Jui-Hsin Chang, Chia-Chi Cheng, Jia-Ling Yang and Chien-Chih Kuo®

ABSTRACT

Rice variety Taikeng 9 is one of the most important high-quality cultivars in Taiwan.
It obtained excellent palatability but senstive to rice bacterial blight (Xanthomans oryzae
pv. oryzae). Yield loss could happen when bacterial blight outbreaks. To breed resistant
varieties is the most economic way to prevent the disease. This study conducted a
backcross breeding by utilizing IRBB66 from IRRI as the donor parent and Taikeng 9 as
the recurent parent. Every generation from F1 to BC3F2, the selection was based on
detecting the five bacterial blight resistance genes, Xa4, xa5, Xa7, xal3, and XaZ2l.
Screeing on BCsF, population, 9 out of 1,000 individuals were verified and selected
carrying 3-5 R genes. One of the 9 individuals contain 5 homozygous R genes. The 9
individuals was inoculated by X. oryzae pv. oryzae and none of their leaf lesions longer
than 10 cm. The genetic backgrounds were analyzed by restriction site-associated DNA
sequencing, and SNPs in their genomes were discovered and genotyped. The genetic
backgrounds showed the 9 individuals all have recovery rates higher than 80%, and 6 of
them were higher than 85%. The homozygosity of the 9 individuals are all higher than
92%. On chromosomes 2, 4, 7, 9, 10, and 12, the average homozygosity were higher than
99% among 9 individuals. The 9 selected individuals with 3-5 R genes could establish 9

familieswhich is valuable breeding reources for bacterial blight resistant rice varieties.

Key words: rice bacterial blight, Xanthomonas oryzae pv. oryzae, marker-assisted
selection, recovey rate, foreground selection.
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