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AU RARAG S E AT TG PR 17 38, AR ERAA GRS Zenith’ SRR - AN o FAR M
BE ik 0 M Zenith® BT R IAG BB Pia & Piz ¢ allele B E) HA TP 1738, 2 e RERE
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BIFET 0 ke £ CNY 1042057 EiimIE R E &5 @ %A 8500 R B o AR TiAFaum #% 5 BRA S
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AETT - H A AR 90 R T o P S (R AR R
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WA B BT R BRI A AL -

= FEMIRE "G Al 17 9%, (‘Taichung Sen
17° “TCS17) BHTHIRE(ZE GG TERE
FEM RS RILL IR17488-2-2-1 ] "G HlIE
223 5%, BACRIAEITHACEES - WY 1984 4F
MEGALEE 2 BEmE o ZmiE B R
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T E CRERER}) - Kiyosawa (1967) LA
B M 07 A E Y Zenith AT EVR Pia
Ko Piz HiteEA 10 2 BRI O B o
Hof Pia ZEIRVETY S 11 R0 8G £ (LOC_

Osllgll790) (Zeng et al. 2011) > S5HAEE 6 {6
Je i fg b Piz B R R AT 4F [ 48 $ B) Pi2 -
Pi9 ~ Piz-t ~ Pi50 ¥1 Pigm 55 °F [6] Hi M allele
CEHEEE) (Qu et al. 2006; Zhou et al. 2006;
Su et al. 2015; Deng et al. 2017) - [A|EEEER
W9E > FTAI Pia R EE A EREEURE 2 4
HUNERPUEEZE - 2T RS E TR AL
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et al. 2008) - ff| 41 > Tsunematsu et al. (2000)
TEFEERE DL 12 {8 B AR M 2 8 205 B ik
LTH BERPR A A i 21T N TR » Hdam &
IRBLa-A (32 ‘Aichi Asahi’) 2, IRBLa-C (}¢
3 «C0O39") 1Y Pia allele (Y HLIE & 16.7% >
i1 % IRBLz-Fu (J£fit# ‘Fukunishiki’) | Piz
allele AIJ By 33.3% » i % IRBLzt-T ($2{4# ‘Toride
1)) [ Piz-t allele HI] 5 41.6% > (i % IRBLz5-
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et al. (2005) & DL 15 {& F 5 2 Rz il Y A5 o e
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2008; Tian et al. 2016) » {H % F R LAY T fE R
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25 B e S B A E B 1 AR G e
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HEH Zenith By SOA > 7F 2012 56 1 HATE IR
RO AL G AL 3 ROIRTEL 1
REXK  E4 BCF, ~ BG,F, » BC,F, #1 BC,F,
%w o GG Piz B Pia HR 5
o MEAT R SRR PR B AR AR A (B SE Bk
758 ey AR B iy A R A 2T 3 AR E T — ARl S A
F > HZE BC,F, HAEHERC 102 {H 2 E R4
SEHETT R B RN - TR IS E— A
o [ R i AT 1 % C S T P e 1T B Bk 238
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ZHEMRMR BCF; dn % ST o RE R LD
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EZULER s

FEER Piz Fo Pia FENE F HIERE R E
K2 BB e > 775275 Cho et al. (2007) K
Tacconi et al. (2010) g K 195 R 5 —
sEHETT AR AR 2 W - 78 Piz BN B ST
HPHAEEE 24794 1F "B PRl 17 5% B Zenith’
ok B2 B o I Pia $UR A R E —EEE
yea72 IERRA R B 2RI > (HFEEFUIEE -
IR SRR S RIS EBI A b
A1 W 47097 5 R 9 A {52 % 28 InDel Jz SSR A
it Fig EARERAY » AN AT

R RIS A2 I Wu et al. (2013)
Fit 8% 2 1Y 48 11 /K 75 12 R 4% (2 BS #Y InDel £
5 T & AR EE B AR PR A o T EE
M 5] F 7 1 By 44 3% 1T International Rice Ge-
nome Sequencing Project (IRGSP) build 5 ki
[ PACs/BACs - & F: 47 3 fir B i 4% 22 IRGSP
44 vk F At 7r % PACs/BACs f£ Nipponbare/
Kasalath & {# [ 5% [~ (Harushima et al. 1998;
IRGSP 2005) - 4= 5 (R 4H 78 B 5 8 & &
1530.4 cM - 3lf i [ PEE K 2 #/H 75 SSRGS »
HOMEA T 168 2H 07 12 EE o Hi Bk W 5 A~ e i
2 BU 1 B i B — PR AV AR EE 58 4H 0 Hoor Piz B
A JE 3 € RM19695 ~ RD0605 5 ~ RM5963 ~
RD06061 5 Kz RD0606 3 % 5 4 25 7 {4 &
it HEMEHES 6 SO RE 21.9 cM -
i Pia £& & > HIf DL RMS5128 ~ RM5704 Ei
RD1105 % 3 4H(F Ry i s i 58 > H& R WA
B SRR R 34.15 cM > 5 {F Fif 5 28
P - HEh 102 4HAEEE R e R Z
(A1fE 2) - HRWE R HEHFEL Lai et al.
(2016) «

DNA ZZHEiL PCR 434

B KGR 412 om £ > 8IS
0.2 mL PCR [ZJERH » fI A 30 uL DNA Hri
% HU% (QuickExtract™ plant DNA extraction
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20121 TCS17 x Zenith
i
201211 F, x TCS17
20131 32 15101F1
3 selected BC,F,
v v
201311 23 BC,F, of 60 BC,F, of
# FA125 line # FA124 line
| }
1 selected BC,F, x TCS17 1 selected BC,F, x TCS17
# FA125 1-3 (85%) # FA124 5-2 (90%)
2014 1 10 BC,F, of 24 BC,F, of
# FA125 1-3 line # FA1 24l5-2 line
® 2 selected BC,F, ® 2 selected BC,F,
# FA200 1-7 line (90%) # FA199 1-3 line (95%)
# FA200 1-8 line (92%) # FA199 3-5 line (96%)
201411 I |
94 BC,F, of 94 BC,F, of

#FA199 1-3 line

5 selected BC;F,

# CNY1042052 line (94%), # CNY1042058 line (93%), # CNY 1042059 line (96%
# CNY1042053 line (92%), # CNY1042057 line (96%), # CNY 1042060 line (92%
# CNY1042054 line (95%), # CNY1042061 line (93%), # CNY 1042062 line (96%
# CNY1042055 line (95%), # CNY1042063 line (93%), # CNY 1042064 line (98%

#FA199 3-5 line

9 selected BC;F,

# CNY1042056 line (94%), # CNY1042065 line (94%),

1.
ZHEEFMZE o AREBIEIERI N RO -
Fig. 1.

> TEBIE A AR Zenith’ #AHY Pia B2 Piz BREE ERIPUIE allele 7 BRELA T& Al 17 5,

The breeding scheme of introgression by introgressing two blast-related loci (Pia and Piz) from ‘Zenith” into

‘Taichung Sen 17’ through marker-assisted backcross selection. The number within the bracket was the background

recovery rate.

solution, Epicenter Co., USA) » ¥ R&BEEL 5
min (3,355 g) = DL PCR [Z JFE{# (Veriti, Applied
Biosystems Co., USA) 1F 65°C N jI#h 6 min » 5%
98°C'T 2 min » Fipf# DNA ZEHU5 R DA ER 22 87K
FiRE dx 1R AT -20CHEH < PCR SZJERR: R &
KA > 208 Wu et al. (2013) FiTik -
TEEVR Piz EREEE R DT

Hii A 3C R (Tacconi et al. 2010) B 5| Piz
B TR B B — 1 AR GE 24794 Y Zenith’ B T o
17 5%, RE RN > HE SR AT RSB ik
AT - WS ARY PR € IR HT - BEF 5
HESBEL PR R4 L o 1 Piz & BB AR H
% 1 NEET (Ist intron) Y& REEELR -
NEL% 2 HME T (2nd exon) B[] T &L & HY#Z
s s & BL4EHE (nucleotide binding site;

NBS) & = &l 45 18 (leucine-rich repeat;
LRR) @& E R G R W EHURME - BRELIR
S & Piz AR 2MNETEBNEDE
FeollZS R+ » 20 Imam et al. (2016) iR
Pi9 1 £ P9 3FIHAEFSIT WHITHET
24 EFESIT (Pi9_ 4~ Pi9_5) » ¥f Zenith’ Bl
"Gl 17 5% MR A T BIEEE 741 bp - 836
bp ~ 808 bp ~ 836 bp ~ 692 bp % & [ #E 1T &
Fro & 1 FphIPi R R A 3.4 kb o KfifE
— S HER R AR Piz BB R P A AT
EHEFPYIZELE > 1 Liu et al. (2011) FH5E
> EEE Zenith’ (Piz) ~ ‘Fukunishiki’ (Piz) ~
‘C101A51° (Pi2) ~ “75-1-127 (Pi9) ~ ‘Toride’
(Piz-1) 55 14 {8l i fd 2 565 2 SN FIZ H R P 51
2,280 bp » @ BioEdit v.7.2.6 (Hall 1999) 4
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Ch1 Ch2 Ch3 Ch4 Ch5 Ché
A . A~ ~— RD0402 . ~ RD0601
0 RD0101 RD0201 RM3392 RDO402 RDO0501 Sy
10 L RM3740 RD0403 T RD0502 H— RM510
20 Ll rpo3os I~ RD0404 - RD0603
IRt — RD0203
El —— RD0305 H— RM3308 RD0B05
e H— RD0104 Ll RD0204 H— RD0306 - RM19695  *
H— H—RM18149 [~ RD0605_5 *
50 H— RD0105 RM6375 T~RM5963  *
60 H— RD0106 R Pi-z
70 | |- RW15280 H— RD0507 RDO6061_5 *
H— RD0108 |l rpo207 - RD0308 Ll Roo4os H\ RD0606_3 *
80 -— RD0309 RD0608
% H— RDO208 [ e |l rooa10 — RD0509
190 L RD0311 e = Roos10 [ Reese
i - RD0210 | | roo412 U RDO611
120 H— RDO0312 O~ RD0413
130 H— RDO113 H— RD0211
o H— RDO114 H— RDO0212
150 e U lJ— RD0314
160 H— RDO116 lJ— RD0214
170 H— RDO117
180 lIJ— RM6840
Ch7 Ch8 Ch9 Ch10 Ch11 Ch12
0 A— RM5055 A— RD0802 A— RD0901 A— RM7492 A~ RM286 A— RD1201
H— RD0702 - H— RM222 [~ RD1101
10 Ll RM5647 RD0902 1 RM26092
0 H— RM22418 H— RD1202
IH— RDO704 RM5128 %
30 V6429 H— RM7364 —— RD1004 g §M5704 *
40 IH— RDO0705 T i-a L
]| et RD1205
50 H— RM6767 |- rRDO906 H— RD1006 H—RD1105 *
60 I RD0807 P -~ RD1106 —— RM28130
0 - RMeees RD1008 RD1107
o [ RDoeoY il ;ggzgg RD1009
%0 H— RDO0709 [~ RM3452 ~ —— RD1108
100 <— RD0910 H— RM1300
| RDO711 J— RM264 lU— RD1211
110 = = U RM1233
120
B 2. AERERTE TR Al 17 5% B Zenith® A Z B G5 81 ([ InDel B 29 {# SSR REZEE » ifij 5 AL iE {8

LB AIRI AR 7 505 I?F?@Jﬁﬁi %Y PACS/BACs » ¥ HAFR A BEER 4 22 IRGSP 44k EFR# PACs/
BACs 1£ Nipponbare/Kasalath 7 {# &z (Harushlma et al. 1998) - ZEEFTESTHILA RD B RM X3 InDel L

B SSRATEGE - AR LR AR Ry A S AT -

SRl

Fig. 2. The linkage map of 81 InDel and 29 SSR polymorphic markers between ‘TCS17” and ‘Zenith’. All markers
were assigned to the linkage map of ‘Nipponbare’/‘Kasalath’ (Harushima et a/. 1998) based on the primer sequences
of markers by blasting against PACs/BACs, which were integrated to the linkage map of IRGSP website. The prefixes
RD and RM indicate InDel and SSR markers, respectively. The marker symbols indicated by stars were applied to
foreground selection.

EEHGLE A J7 5 ¥ 7 &L fE Nipponbare’ (LOC_
Os06g17900) ~ 3t Liu et al. (2011) i 14
{ElmfE 751 ~ Su et al. (2015) FrEETE HIHY Pi50
F[H (Pi50 NBS4 1, GenBank: KP985761) LI
J¢ Deng et al. (2017) Ff ZE55 HY Y Pigm & A
(PigmR, GenBank' KU904633) Y & H B fr
F1 (760 a.a.) > #ETFPHILLE - Hep o EEF

Zenith R [EAEFFF] > LA Zenith’ (Chiayi) fI
SRR AE N WA HEAGES R (3.3.3
W) H “phangorn”™ £ - DLITT & # £ 5
(Jones et al. 1992) =B/ W& H'E 50 K HY
BG 5B  HIUTAAEEEE (neighbor-joining
method) & #8457 BL IR R 7 SEARRR IR B (un-

rooted phylogenetic tree) ©
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F 1. AERALAENRY Piz LAE |- NBS-LRR Bl £ 2 3.4 kb (9EF5]T -
Table 1. List of primers used for the amplification of 3.4 kb nucleotide binding site-leucine-rich repeat (NBS-LRR)

region of Piz locus.

Primer Forward primer (5°-3)

Reverse primer (5-3”)

Interval
Amplicon positionz Reference

Pi9 1 ATCAGTCACAAAATAGACTGTCATG  AGAGCTGTCTTGCCTAAACCAC 741 334~ Imametal.
405 (2016)
Pi9 2 GATGGGTGGTTTAGGCAAGACAG CGACATCCTTAGTCGTCATC 836 380-  Imametal.

Pi9 3 TCGTCTAGTAGGTAGATGGATAGCAG TACCTTCACACCGAATGATTCAG 808

1215 (2016)

1,145— Imam et al.
1,952 (2016)

Pi9 4 AAACTTTGAACATGCCGAG CTTTTCCAACAGGGGTGA 836 1,690-
2,528

Pi9 5 ATGGTCCTTTATCTTTATCGG AGCCCTGCCCTATCTGTT 692 2,391-
3,082

“ The first nucleotide of the 2nd exon of the reference genome is defined as +1 (‘Nipponbare’, LOC _Os06g17900).

BRREHINKERED R ERXRERE
ET5A

FERR 17 5% | B <Zenith’ 2 BC,F, & BC,F,
[0 52 1% & > AE 2015-2016 55 1 #A{F & 15 1?
5y pir 5 H =00 | (88 120°28°037E - 425
23°29°05"N) - sAEEHERIEFHES - R 2 XK -
#2iniE () BRIGEE 1177 FTHES g
fEF > {74 50 cm > {70 10 cm > &fF 10 {71E
tH 2 17 EUR L iE Lomello’ = [F]HF » HrfEZeRE 1
ThUR ST TR 70 5%, MR mE > FE
BITHI 2 BUETE Lomello’ i B B R - ARk
it FH & B2 VR P B 8% 240 kg > 2B BERE Y 36
kg » FALHH 48 kg - TEMEE R > GREEH
HENER L SEREKERX > DERERE
ERER RN - EREAVERREERE - Al
f(¢45 International Rice Research Institute (IRRI)
FiTaT & 2 7775 R4 (IRRI 2002) - R iEfE 12
30 d 240 d &A1 R BiT4 T —EERH
FaR o itk 0 DL2 WHE - SWEE 2GS
R EEEY > MhZmE () EFER
WIRE 2 KR - BIRFEHRD 0-9 REcH - BIH
FUH TET TR ST - 173 By 0 4f kbt (HR)
138 fi (R) 5 48 150 (MR) 5 5-6 4]
HRL (MS) 5 7-8 4% &N (S) 5 9 &k * fiJgk (HS) -

TR E S L BRGEE
FER7E R ELWEABR TS 2016 4255 | (R 1

7wy K REslBe AT » HEERIEFHEY] -
F—mARERE > 417&E > &7 8 k> 1T
FE 30 cm x 15 cm o [EASRVEH > F R
& 120 kg ha'' » DIFEAE ~ 2 JUE AR R REAT 43 4
TP 5 RS $5 i P & 72 kg ha! > DUFRHE 1
Kb - BACHFHE & 48 kg ha' > DIEAE R
TERAE Y 2 T o & i 2 A ROk = 2 43 HiUL
T& I BE M HUSE 3 PREE A IR - — R
RERRTHESEEMRESR  WiBLHRE
BEIHEEE - B A RLHEEBRE
ZEEENRESR > BU—-KRHEEESAEY
220,000 PREYEISRIGESF] -
T oA

AR FE LLEE 5 43 M (analysis of variance;
ANOVA) #at A [E fnfE (%) M2 FHE R mE
BEECOEREER ) BUEEBREZR
HEY > ERHEEEETHEE T (correla-
tion analysis) » DU fif 2% H S 818 7 & 7 [HHY
FHRAFEE - DL EER RSN GLUEXES
“R”(3.3.3 i) N “stats” EFEERETT -

fER
TIEER@ERES
1 3 T Zenith' f Pia R Piz 3% B IS

EEGIERER - B EREMRE B Rl17
Bt NZEEERRSAAT (8 1) 20125
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| BIE R A SC4H & 0 FI4EEE 2 HAYETEME F
A Bl A AT [E] AT - 2013 4255 1 HATERERE
BCF, [a] 52t X 32 #% » FIH Pia BRI 3 {E
54 SSR/InDel f22E (RM5128, RM5704, RD1105)
% Piz FEPRIEE 5 (#8454 SSR/InDel fZ2E (RM19695,
RD0605 5, RM5963, RD06061 5, RD0606_3)
AETTEEE 0 Pk 3 MREINE (A B PLm B R 3T
T H ‘Zenith’ allele 2 fE % - F5 Bl 1B 1T
%2 R[E%L - &R BC,F, [EAZ I 83 #k - H
o S BRE #FA125 K 23 #% > 1275 #FA124
T 60 # o [E4E25 2 BAME » ANDL i 8 (& 2 84
SSR/InDel fEzE$1 %} H FEH K B Pia ¥l Piz #E
TTRIEED - FHEEA Zenith il allele & -
LL 77 fE InDel 81 25 {i SSR 25 AU 14 f2 5 i 57
BRKER - ohilf Ll E g o SEE
HERR A BARDUR AR H& SIRERES
ZAERE - P B AR AT TS 3 (AL o Hofr o
%% #FA125 1-3 MR1E% 85% ~ A4 10 {#[H] %2
B &R #FA124 5-2 R1E 2% 90% ~ E4
24 {EELfk - SLFELS BC,F, HAL 34 #% -

£ 2014 55 1 #A(E - $F % Bl BC,F, i
REFET S FIEERTRES REN O ERTR
B $H¥ Pia B1 Piz SRR 9y Bl AR 3 {H
(RM5128, RM5704, RD1105) J% 5 {f (RM19695,
RD0605_5, RM5963, RD06061 5, RD0606_3)
3 SSR/InDel 258 » 5 F BN S ¥ £ —1H
A AR 1518 & [ 25T (8 38 fiE InDel B 8 (i
SSR f5E » 7E #FA125 1-3 JE B T 2 H K 18
% 90% [ 1% %5 #FA200 1-7 B 18 % 92% 1Y
1% %5 #FA200 1-8 1% 18 & 92% - 55 {F #FA124
5-20EBET o BEHIKAIE R 95% 1R & #FA199
1-3 BLR 1B % 96% 1% & #FA199 3-5 > HX
% UL HE H BC,F, 1l « [E4E5 2 HA(E - gt
A4 MR 1% T AR A IR R S [ R
HY > 4% Bl B2 & #FA199 1-3 B #FA199 3-5 Ji&
ﬁ%‘ 94 Ff BC,F, ?ﬁﬁ » DL Pia B Piz J R B
3 {i (RM5128, RM5704, RD1105) K 5 {il
(RM19695, RD0605 5, RM5963, RD06061 5,
RD0606 3) i $4 SSR/InDel & 5E i 77 Fi 5 15
o KRTRERR > BG40 R A 1 {EE
[EFH A 2 [MHRER 2 R EEaEE - Bt
$F bl BCF, JREFH i A PR AR il A2 FR 4H R Y

rere

]

67% H11H

6 ] HE 1T B B IN » RET A 7 & InDel DLK
1 {E SSRAFEGE - iz ey SRR AR 20 PR
WAERARN 92% LLEZAEPR - BEC &R
Bl B AR SN 22 bR > B 14 BRI
RUREHE AT i A FRIR AL Z AE ARAE K 14 {# BC,F; dn
%1 0 2015-2016 R HETT L 2 B PRI R RS BV
TR SRR > 45 T in Z A8t CNY 1042052
CNY 1042065 > HiEEHAARAIE] 3 -

MRS Piz BRI BEAT

RenfE [H] Piz Uk allele 8 22 FE S

& E Fr bE 3 AR BB IR A [Zenith’ (Chiayi),
"EHRl 17 98] 2 Piz ZARE 2 ST 2,280
bp & 1Y 7 51 72 52 7] S 3 25 {8 f% H Bk 2=
e (FEUAHIATZE 0.989) ~ 13 iz i AL 88 2 (H[]
FHEE 0.983) » FEEHE P By Bl it
74 ~ 141 ~209 ~ 218 ~ 284 ~ 384 ~ 427 ~ 483—
484 ~ 556557 ~ 583 ~ 760 RS (a.a) | o
Horp o 1F 483484 Jr B R R S B EIRF B HA 2 (3
o A A 3 (il B Y R AR - G RN 2 (B
ERER > MEMAE R HE 10 BE—Z
T %M (single nucleotide polymorphism;
SNP) ~ 2 iR 2-3 i AV BERER - H > &
Hfll 17 5%, 81 Zenith’ (Chiayi) Ry BT
BL W S HEFE ME 0 f#5E5 209 ~ 218 ~ 556 B 760
SEREESRE RS B AR R N 8 > AL A AL AIE
K ML/ (No. 74, 284, 384, 427 a.a)) ~
KME/BKHE (No. 141 a.a.) ~ RME/#KHE (No.
557 a.a.) ~ BB ME/H KM (No. 483 a.a.) ~ Fi/K
/i M (No. 583 a.a.) T i 88 B (No. 484
a.a.) > WIE 4 o MSCRAATHRHLHY Zenith FE51) »
AR ER A RS TR ES 203 B2 321 SRR LTS F1F
R Bl 17 5% B Zenith’
(Chiayi) HY Piz R FF 51 - H 5] SRR AT He Ak 2k
B 17 il fn e 6 B R e B HE 1T e 1 b e B 4%
Sy RTINS 8% - Ratiat 64 R &
oo NBIEARBFY - LLH 19 KD EARE
P~ B TE S SRR R T AR Y 64 FE B
B2 5 (T W oA AT I e & R Y e 51 (B8 1~
5 R 0.980-0.988 ; FE AR [E BT ~ B AL AE 43
HH o EAEE 519 81 757 SRR ERE I E o EHE
JEU% L fE ‘Nipponbare’ ~ ‘Nova’ ~ ‘Mowanggu’ ~
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FA125 1-3 C JC e IC EC I 110311
FA200 1-7 [ [ ] [ | [ IC I oo
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Genetic interval
FA12452 [T || | o — EI:I: C 1] 1
FA1991-3 | | o IC IC I CaOCaJCOmacC g
CNY1042052 | Il Nl ] [ I [ ] ] ] | 1 11
CNY1042053 | I 11 ]| ] [ I C O CO O e .
CNY1042054 | I 1 ] [ | [ ] CJC 1 a4
CNY1042055 | Il 110 ] [ ] { |0 C I C O g
CNY1042056 | I 11 || ] [ | | | | | | 1
Genetic’z/I i)nts:val . e e s s s .
FA1245-2( O Il | B | | || ] C 1 C 1O 11
FA1993:5 | | i 1 | s o W s o |
CNY1042058 | Il 1l | [ | [ O CoOCoOCOOCOm
CNY1042059 | Il 1} | | | | ] CJC 1O
CNY1042057 | I I ] [ ] [ | | | ] 1 C I
CNY1042060 | Il 1 | | | [ OO CoOCoOCOoOCOm ./
CNY1042061 | I I | [ | | ) CJC IO 17
CNY1042062 | I 1] || | | O] C O C O e
CNY1042063 | I I | [ | [ | C I C ] O
CNY1042064 | I | [ | | | | ) C 1 C /4
CNY1042065 | I[ 11 ] [ ] [ ] CJC 10 COmJC—d
[1 Homozygous TCS17 |l Homozygous Zenith  [] Heterozygous
3. Z[EfE Gl 17 5% SEEEA P RERRE IS R B AR - A BOEBRE 2 EBRS R

KEVELEEN "BPA17 58, - Zenith’ DU SVELE SRR - BERIE B EEEIVEERE -
Fig. 3. Graphical representation of genotypes for “TCS17” backcross lines at each generation. White, black and gray
blocks indicate the homozygous ‘TCS17°, homozygous ‘Zenith’ and heterozygous genotype, respectively. The number

was the distance of genetic interval.

‘Panda’ Fit 77 HY &L 14 alleles B EL A 15 {1 b fe
HIHLIE alleles 1774 Rk fE 2 B (FE8%) - 55
fe LS LRR Ik > 7555 556-583 58 DL &
55 703716 SRR E 2 fir i 48 [ ] A A
allele i 25 U1 » 43 Jll 6 & L O {8 oz B ik 2%
RN BERE R 3 fdEL 5 FHEA A o
AR R IR E B el 0 fF FEhan 3
HET B R AR Sy 6 (& - K Lal e y& 53k 6 Bf

([ 5) » Hf A Zenith’ Bl ‘Fukunishiki’ $57#
 Piz HifE AR (Rathour ef al. 2008) » [ T ‘Zenith’
(Chiayi) ~ ‘Mars’ DA Jz ‘Mercury’ 17 7 46 ff 75 5
S > ‘Bengal’ I “Lafitte’ 34 ¥ ‘Zenith’ fJ Piz &
F % 58 4= — £ > ‘Azucena’ HI 81 <75-1-127
(Pi9) B EFEEI% » ‘NIL-el’ (Pi50) 81 ‘Gumeid’
(Pigm) A& FHI5¢ & — % - 1 ‘Toride’ (Piz-t)
B 5173 (Pi2) MR HA B AR - R IEH
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Sequencing amplicon Pi9_1 Pig_2 Pi9_3 pig_a" Pi9_5'
Position (nucleotide/amino acid) 1/20 133/64 2412/824
57 96 2805 |

Nipponbare
116 5364 P 2952
75-1-127 (Pi9) I}
116 3837 | 2952
C101A51 (Pi2)
116 3838 A 2952 |
Gumei4 (Pigm) -
116 3852 i 2952 1128 31
Toride (Piz-t A
L 760 a. a. L“—_\_
-_-_-_-_-_____________-———-_k kS
Amino acid position ~ 74 141 203 209 218 284 321 384 427 483 484 556 557 583 760
Nipponbare Q N V I E K H K R D R P S H R
Nova Q N V I E K H K R D R P S H R
Mowanggu Q N \Y | E K H K R D R P S H R
Panda H I I I E K H K R D R P S H R
75-1-127 (Pi9) Q I I I E K Q@ K R D R L R V R
Azucena Q I I I E K Q@ Q@ R D R L R V R
Gumei2 Q N V I E K Q K R D R P s H R
Gumei4 (Pigm) Q N V I E K Q K R D R P S H R
NIL-e1 (Pi50) Q N V I E K Q K R D R P s H R
Fukumishiki H I I I E K Q@ K R D R L R P G
Mercury H I I I E K Q@ K R D R L R P G
Mars H I I I E K Q K R D R L R P G
Bengal H I I I E K Q@ K R D R L R P G
Lafitte H I I I E K Q K R D R L R P G
C101A51 (Pi2) Q N V I E K H K R D R P S H R
Toride (Piz-t) Q N V I E K H K R D R P S H s
Zenith H I I I E K Q K R D R L R P G
Zenith (Chiayi) H I v I E K H K R D R L R P G
TCS17 Q N VvV F D N H T C G - P S H s

4. SEBIAR Pz ARE 2 /METEME LV EAEFIER > BERERZ 15 EER U RS%E
i fE ‘Nipponbare® 81 16 {[# i A € 7 b Fl 1Y B FZL Be 4H BY 0 2% 50 fE Nipponbare’ 1Y Piz FL R 1) By LOC
Os06g17900 > Tfij Pi2 ~ Pi9 ¥ Piz-t FeRFF5#92% Liu et al. (2011) ~ Pi50 P52 H Su et al. (2015) ~ Pigm ¥
SiA E Deng et al. (2017) -

Fig. 4. The multiple protein sequence alignment of Piz from ‘TCS17” and ‘Zenith’ (Chiayi), exhibited polymor-
phism at the 15 different amino acid positions with ‘Nipponbare’ and other 16 varieties from previous publications.
Gene sequences and its references: Piz of ‘Nipponbare’, LOC Os06g17900; Pi50 (Su et al. 2015); Pigm (Deng et al.
2017); Pi2, Pi9 and Piz-t (Liu et al. 2011).

GBI WESBFIR  MEEE  BRERN 1440 &5 CNY1042057 2
EAEFYIMEE S [EFARZR (Zhou er al. 18 (Higl) » HI Ky CNY 1042056 2 2 4) (L
2006) - HERAYE > TSRl 1758, WawE ) Hi 12 (E5REAZ BIENKES R 445
SIEE—CAPURERN B - (P HLER) < 2016 4F 2 M F 4o 1 1-6 41
et A s T e {5 CNY 1042061 2 1 4% (Bidh) > HX B
BC.F; MR BV IS RASHA < R R CNY 1042056 K CNY 1042057 =2 2 4% (k) ;
ARABEE I 14 ED A Zenith A 22 B CNY1042063 2 6 4% (P RIS > XS
Pia 5 Piz S[FIFFFEE 2 EHURERZFEE B CNY1042060 K CNY 1042062 =2 5 4% (TP
& BCSF, & > 1£2015 2 2016 5255 1 HA7ES 4)) -
EERE B 2 MR SRR 0 209 2 PR © Bl Kb "a Al 17 5%, B AP ARHE
"Bl 17 5%, 1E 2 2 BIERERERE S MAVRERBAERE TR E > i Sg
44 EFHATIE - BCF; fh&A 2015 2 il 17 5%, 1 2 B RERME G Tk 440
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NIL-e1 (Pig50)
Gumei4 (Pigm)
Nipponbare
Nova Toride (Piz-t)
Mowanggu 5173 (Pi2)
—0.005 Panda

5. WA "Bl 17 9%, Bl Zenith® (Chiayi) {F
Piz BeREE 2 SMNEF & R B YR B8 e B I 2T B
17 {EFTAE i A SR IR -

Fig. 5. Phylogenetic tree of the 2nd exon of Piz pro-

tein sequences of ‘TCS17,” ‘Zenith’ (Chiayi), and other
17 varieties from previous publications.

H {2 A Zenith’ #Y Piz allele 7 % HEH 5
BE ~ (0118 %549 2 95-98% - 1F 2015 4 fE i &
B35 Fs 4 4f (FHLER) - 2016 R HLE 4-5 4] -
g 4.2 g (R Pugk) ~ A8 4 g (k)
QEEGEERBIE R IR (4.140) - M{ESH
A “Zenith’ #Y Pia allele 7 i & H4H 3 # ~ [
1EHRIGEE 94-96% » 2015 FFERERHFER T 1-4
4 (-t hiah) ~ B 2.3 4 (i) ~ g 2
P (HLR) 0 2016 F R EiE 2-4 4% ~ F15 2.7
S GLER) ~ B2 &) (AR 0 2 EEGER
HBRPa (2.5 4%) - &% » FERFEH Zenith’
1 Pia 81 Piz allele 7 Fi % 4LF 6 #F ~ E{E X
YEE 92-94% » 2015 FFFERFELRIT By 4 4 (f
HLAR) > 2016 FREHHELE 1-6 4 (Hi-HEER) -
g A g (R HLER) ~ AR 4 (PR ¢
QEBGERBBN PR 4.048) - HILHE
T BAF TEH Rl 17 58, 1Y Piz allele B2 Ze-
nith’ Y Pia allele 7 B4 & (CNY 1042052
CNY 1042056 ~ CNY1042057) » gEEL iR 4
FEEMHES -

F2. WEE "G BIREEERZ Pia B Piz ERBIEE ~ B FIRIER BTN BERER 2 R R E -
Table 2. Reaction of 14 BC3F3 lines derived from ‘TCS17’ in blast screening trials conducted in 2015 and 2016.

Resistance gene

Disease severity”

BC;F; line Pia locus Piz locus Background recovery rate 2015 2016 Mean
CNY 1042054 AA BB 95% 4 4 4.0
CNY 1042055 AA BB 95% 4 4 4.0
CNY 1042059 AA BB 96% 4 4 4.0
CNY 1042062 AA BB 96% 4 5 4.5
CNY 1042064 AA BB 98% 4 4 4.0
CNY 1042052 BB AA 94% 4 4 4.0
CNY 1042056 BB AA 94% 2 2 2.0
CNY 1042057 BB AA 96% 1 2 1.5
CNY1042053 BB BB 92% 4 4 4.0
CNY1042058 BB BB 93% 4 4 4.0
CNY1042060 BB BB 92% 4 5 4.5
CNY1042061 BB BB 93% 4 1 2.5
CNY1042063 BB BB 93% 4 6 5.0
CNY1042065 BB BB 94% 4 4 4.0
TCS17 AA AA - 4 4 4.0
Zenith BB BB - 4 5 4.5

“ The severity score was evaluated based on a 0-9 scale developed by International Rice Research Institute (IRRI).
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BC:F; mREEBNBERRENEIEE
SR

AedEs 14 il BC,F, fn 0 £ 2016 55 1
HAfE Z BN TR B R B R R 3 Py
7R B ANOVA 73 M &8 FEER - 8 it 2B
HEEEREBES > AR ANNEREEE
Ko 4 ESERR "GHRR1T 5 2 FE AL
T T 7 o] oA 2 B 7 /KB (P = 0.0959) -
A (e Rl 17 9% 2 B A E E Ry 5,720
kg ha'' > EEISEE 100% @ ¥ B RS A B AT
Tl T 2 & R R IR BO R i o Hoep o
B 5 By it % CNY 1042052 7 5,390 kg ha' &
94.2% » HI k% CNY1042057 22 5,280 kg
ha' } 92.3% > 5 1K B 5 2 CNY 1042064 >~
2,530 kg ha'' }r 44.2% - fFE B EZE T
e PR R 8.7 % BRI A 1
BOE A 12.3-6.7 37 > 3275 CNY 1042052
E 10 ff 5 Z = R A B 0 CNY 1042064 55 4
{8 A e B R — R R B
Fo 117.0 0 > BB kbt % 2 — TR B 7 7
116.2-70.1 i > SR R © i 2
S E R Ry 81.2% 0 T A i R Z R E R

BT HI1

A 83.7-56.1% > {£H i % CNY 1042057 & i
AR AR T RE R 319 g0 HTE

(i B Z TRLE P35t 32.5-25.4 g BH
% CNY 1042062 145 32.5 g /= 7 o 258 -
TS — R REXR - TREREE
ZAHB TSR > AR 4 FoR - HERIRE R
B g B 2 MR 3 Ry 0.68 2 0.76 » I U H
EIEARRE - — RO - B B A 2 A R (A
SRR E R -

a1Em

HGKEIUREE L » HEAEER
EBEF AL ZEFHUR mERZ
HMEAES TR BEE hERXEE
B (Witcombe & Virk 2001) » HEREE M= &
HEIENEAYE - LEHAIGEHNHERE
Byt KREmTE "B 84 5% Rl > K miE
B 2002 FFEEACHES F HRI% > DIEE 205 AT
BEE 0 Y2010 i E € Ed %4 0 Bkt
FEHF 9 £ (Chen et al. 2011) « FF 4y T &2k
WO AT B A o WK R AL R SR W IR R
& MEAEYIWI A A4 RS BB ol e A H AR

3. Aullp 14 @ "Bl 17 5t BB ER R EBHKER -

Table 3. The yield performance and yield related components of the 14 backcross lines derived from ‘TCS17” were

compared with the recurrent parent “TCS17°.

Spikelet fertility ~ 1000-grain weight Grain yield Yield ratio
BC,F, line Panicle number  Spikelets/Panicle (2) (kg ha™) (%)
CNY 1042054 73+2.1 95.1+17.6 63.8 +8.1 29.1+2.1 2,786.7 +832.9 48.7
CNY 1042055 9.7+2.1 70.1+7.7 69.4 +£4.6 292+1.0 3,006.7 + 672.1 52.6
CNY 1042059 7.7+3.8 97.2+20.5 79.5+4.9 31.2+0.6 4,363.3 £3,183.0 76.3
CNY 1042062 7.7+2.1 107.3 +12.7 73.1£5.8 325+£23 4,290.0 +1,296.9 75.0
CNY 1042064 6.7+£23 116.2+7.6 56.1£8.8 254413 2,530.0 +1,268.6 44.2
CNY 1042052 123+ 1.5 92.0+6.3 71.8 +£4.2 30.3+0.3 5,390.0 +291.0 94.2
CNY1042056 93+3.5 98.9+13.3 76.1 £10.6 275423 4,070.0 + 1,008.2 71.2
CNY1042057 10.7+2.5 99.1+£12.0 83.7+£6.0 272412 5,280.0 + 1,488.1 92.3
CNY 1042053 11.7+£23 83.3+6.5 69.4+3.5 273+0.7 4,033.3 £854.4 70.5
CNY1042058 9.7+1.2 1123+ 16.4 68.7+8.5 258+0.8 4,253.3 +£1,039.7 74.4
CNY 1042060 10.7+1.2 97.2+74 745 +4.7 289+2.7 4,876.7+519.8 85.3
CNY 1042061 9.0+ 1.7 90.5+14.8 732+1.2 290.1+22 3,813.3 +961.1 66.7
CNY 1042063 9.0+£3.5 84.5+9.0 70.0+£4.9 30.0£1.0 3,446.7 £ 1,112.8 60.3
CNY 1042065 103+1.2 95.9 +10.1 73.2+52 287+1.3 4,546.7 £458.0 79.5
TCS17 87+1.2 117.0 £ 14.9 81.2+6.7 319+£1.2 5,720.0 + 687.0 100.0
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x4, Aplp 14 "Bl 17 5t BT AR - — R R R R TR E B B AHR A

Table 4. The correlation analysis between grain yield and yield components of the 14 backcross lines.

Item Correlation coefficient P-value
Panicle number 0.68 0.0069
Spikelet per panicle 0.09 0.7661
Spikelet fertility 0.76 0.0015
1,000-grains weight 0.21 0.4757

BERZ M - G5 5 EAE o ARFTLL 3
il > FIR 7 FEEsEEi B B E 14 (87 A b A
Pia J Piz > B 5EER R 92-98% 2
BC,F, @ EEEL G A& R HEENRE
T AR BEZ T - AERERRE L - [
BUARE BCF, B RERIIEZE 32 1
A SRR FIERS 3 RE RS &4 BCSF,
Hin R 2 P H 5 AR 5 94.4% (18 = 1Y 2
awfE 93.8% o (AL - ARARFELE [BIAZH)HA A7
FEHR AR IERERE » N E AR e MR SR AR
e HE R R © JRA BhRRE I & R[5
ST 4 50 8 (Collard et al. 2005) - {EEfF
R b Bl &M Ny FEEEEHE (140 R’
@ EE RS E B 10 oM DUTR) » FI o] e a4
#i SRS R E - A s B AR REE
o E2AE BC, [0 AR A] 2 2 THEIHY H AR
(Frisch et al. 1999; Collard & Mackill 2008) -
AN BB T SR R 5 H B e A A Y
Pl on % 0 ZE00E A& (R H AR e 5 PkiE
LB RIS - (EERRGUME S EE S
FE AT B REE =] DUSE A EE - ARCETTHiME
TR SOt AR -

TEENR Piz BB /KAEES 6 e i
Bl &) 10 Mb JiZ » 3% g 25 BEVE H 6 {5 FE 2L
% BiME alleles Pi2 ~ Pi9 ~ Piz-t ~ Piz ~ Pi50 %
Pigm > H 1 Pi2 ~ Pi9 ~ Pi50 F; Pigm 35 #% 5%
RETEEVR B A BRI - T A A
YRR (% > fEDUR RV B E B E A E A E
{8 (Jiang et al. 2012; Tian et al. 2016) - =1
B &7 NBS-LRR (YA A » £ _EAH{M
fEfE (Deng ef al. 2017) o ARCEHZL 19 &5
BAED - RS ISR - £ E
Pi~ EVMEER B LRSS 519 81757 SRR
BB E & - [FJ@ Nipponbare’ & 4 {& Jgl i i

fERE B H A AR P R R A — B B -
BEAN B LRR & > AfRI{ESS 556-583 5%
5 703716 SRR R E @ - AT 3 &
B S FEEfEAY - LW R (FE—EHELAS
BE — I HE I B BV ~ Pi2 ~ Pi9 ~ Piz ~ Piz-t
Pi50 (Pigm) k¢ "& 9l 17 5%, Hitk allele »
RAE A iR R ] 1 3% & e at A N
BH—MEEEE -

HE FEESHRPEERSHETES
‘Fukunishiki’ ~ ‘Zenith’ & ‘Mercury’ 55 7 {EZJE
Hh ‘Fukunishiki’ & #] 7l %2 IRBLz-Fu E Piz
BERBIREER - TR A Piz BRHY Zenith I
Ed ‘Bengal® ~ ‘Lafitte’ [57 51| 58 & — B » BN #%
EREEmEE AR EERE - HoERE
— MRS S B R 25 L fE ‘Nipponbare” »
Pi2 ~ Pi9 Bl Piz-¢ i 1% allele ¢ 51| 3% &1 0] & F1|
M (R B — 25 RV A B R 8 Al R AR
AKEF o TTRERRAFHTFADLIE allele BRI EE A K
REG » MERGRAEEERE - 52 > #t
B B R BUR AR BRE R A S
Fi /0 % SNP #5538 4 75 12 1€ #E 5 H allele LA
B BREEANCARA T ETEL BTN
HH T HEGTH AR E P -

ARABRE MR "Gl 17 9%, HEEE
Piz FERIHY Zenith [E] @ i 4R - &8 Piz &
REE &Y 76% (IEHEF (760 a.a.) FF
HILb® > 23 BRI 17 9%, LR AN Piz
HU% allele BART ABFZE (Liu et al. 2011; Su et
al. 2015; Deng et al. 2017) Fios 16 (&5 & L
Y E iR alleles (Piz, Pi2, Pi9, Piz-t, Pi50,
Pigm) 1E[E 5 #REHAE FEHBEHEE - Bl—
BE - BEZR BRI 17 5%, B/ Piz allele L%
K FEHEF2TEB P17 5%, B
B NHBEERL AT AR Zenith B
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Pia allele [~ (CNY 1042052, 56, 57, 53, 58, 60,
61, 63, 65) » Hth1 3 {7 2% Piz (TCS17)
allele B152 41 6 {[# Piz (Zenith) allele & HYHT M
B o BIUR Piz (TCS17) allele B A & F iM%
S B Piz (TCS17) allele Eil Pia (Zenith) 31
G A[A alleles el K HHUHERLH & » IER
Z "B 1T7 5%, BHY Piz allele BT iR %7 58
Pl fEERE 2 — -

ARETELRVEEEAS T HTEM > &
A ER B Zenith’ (1Y Pia BN EL T& Al 17 95
Y Piz BRI E 41 & E — B0 - H[OS R & AR
elmAE R P IR BRT 2P BREA%E
DiEtERER 2 P iuniE IR RFPUE - K
RFF LS R DU AR ERAY SRES | - 3R E R
M ERGUEER - alE 8 E % eiiiEdE
FHPPMEREES ;SRR ES R
HEEGES HETIEHE SN S AR 0 208
EHRRRFEEBERARERENASEES
EFERAR > RS SERPUERREE
DEGIHEEEEZ - RS AR A R
o ABIIMEEHERHERESANAIEEES
it G ERREABSHEER > IR
EANEZRLGER Z — -

EHmAEERNE L FEGARZFEHEE
fir IR E & 8 B2 S 3Y - (HARSR & 7 o0 i
HoRRERR B E 2R FRAEERE 7 m A

rere

]

67% H11H

DU bR e 8 fh 51 B & 2 2 HUBE 3R 22 RO
o RAAE AT hnfl a4 2 E B EE Bt Balk
B 10 B R B A T 2 = 7 A ST Y
JEE o B 14 {638 oh 20 E 8RR R
5 BT it B Y B L EL R P 2K A B AT Y
GERBUR > FBOIR T R B E B R BE R -
EHRY TRE BCF, mAERNEERNT HIE
BRI E R o BRI TSRl 17 5%, FEE
TR S (Lin 1984) » SRACHKSEH L
FHNFIEE T EE > R R ERERE - A7
B b R ERE T -

SRESE T AT BGE, fti 2 DL CNY1042057
FERRIR R IE e EE BRI Rl - BEZRE R R
e A o (E TR R R R T R o B
7K 7 B AR - HIH R R oy BE DA AR 7Y 0
Ko TRAREfEETEmAREREZ RK -

AHFAT B bR E A gt E (102 2
F]-14.1.4-2-C3 ~ 103 ER[-14.1.2-2-C5 [ 104
BF-14.2.2-2-C4) EBIEE > RERBITE
RSB AT ATEE I - BUREEERE
F{CZ B B R R - e KR ok
B T (E VI 4H B T B i B LSO TR B & B i
BT tR DASE R 3L > BB I — PR RHL -
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Appendix The multiple protein sequence alignment of both parents and 17 reference varieties for the interval (760 a.a.) of the 2nd exon at Piz locus.
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Study on Development of Indica Breeding Lines
Introgressed Blast Gene for Pia and Piz Loci through
Marker-Assisted Backcross Approach

Dah-Jing Liao', Pei-Chen Wu’, and Dong-Hong Wu™"

Abstract

Liao, D. J., P. C. Wu, and D. H. Wu. 2018. Study on development of indica breeding lines
introgressed blast gene for Pia and Piz loci through marker-assisted backcross approach. J.
Taiwan Agric. Res. 67(1):54-72.

Rice blast is one of severe diseases in Taiwan resulting in the loss of grain yield and quality.
In this study, novel breeding lines with a single or two blast resistant genes (R gene) were developed
by incorporating blast resistance genes (Pia and Piz) from a japonica donor ‘Zenith’ into elite indica
cultivar ‘Taichung Sen 17° (‘TCS17’) based on marker-assisted backcrossing (MABC) strategy. The
foreground selection was conducted for the blast resistant genes (Pia and Piz) during the period from
BC,F, to BC,F,. The background selection, containing 77 InDel and 25 SSR markers, was executed
from BC,F, to BC,F, generations. In the first cropping season of 2015, 14 breeding lines with a single
or two R genes were selected with a high background recovery rate (> 92%). Based on the results of
blast screening trials in 2015 and 2016, breeding lines CNY 1042052, CNY 1042056 and CNY 1042057
with the Pia gene of ‘“Zenith’ allele and the Piz gene of ‘TCS17’ allele showed lower severity scale (4,
2 and 1.5, respectively). The sequencing result of both parents in the Piz locus exhibited that ‘TCS17’
has a novel Piz allele. In the yield trial, the grain yield of all novel breeding lines were lower than
the recurrent parent ‘TCS17.” Among 14 lines, the best performance of grain yield was CNY 1042052
(5,390 kg ha™) and the second highest was CN'Y 1042057 (5,280 kg ha). Based on the evaluation of
disease resistance and yield performance, the novel breeding line CNY 1042057 possessed the best
yield potential and strongest resistance. The correlation analysis between grain yield and yield com-
ponents of the 14 backcross lines suggested that the limiting factors were panicle number and spikelet
fertility. In future, the cultivation strategy (irrigation or fertilizer application) will focus on the control
of panicle numbers to increase the grain yield of the novel resistant lines.

Key words: Oryza sativa L., Blast disease, Marker assisted backcross, Disease resistant gene.
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