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DAL1al-1704 ~ SY2a3-1803 F.ES1al-1803B#fHWM 1370 Kz i
BALTH - Bk FHEE AR (W Z L B 5 2 T B e ¥ kB P B A A 5T
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FLNAYIRRI-bred blast-resistant lines (IRBLs)iF > S E AT
FIU/AFRFIRZ FE (data not shown) » [RIHE H] B 38 A A [F] AL B /N
FEEHE E DUBAEAFRER-20C " BICGR BRI — /1
WZEANR - REFIE R R BB RER B AL (oatmeal agar, OMA)
(50 g oatmeal ~ 13.5 g agar ~ 1 L ddH,0) » *26°C ~ SEHE12 hr
BHEF12 hr NESE TE > BEREDUK AT DU )R BRI SR L

20171 CO39 X WM1370
201711 Fi
| e
20181 F, Buked segregant analysis:

84 markers, resistant and susceptible bulks

l ®
Linkage analysis:

F2:3 3 markers at the candidate region on Chr. 12 (7 recombinants selected);
1 marker at Pi2/9; 1 marker at Pik

201911

4 recombinants ® 3 recombinants

20201 ® F2.4  Genotyping: 7 markers (11 recombinants selected)
\®
20211 F2a F2:5 Linkage analysis: 17 markers

203 individuals 359 individuals

B — ~ LACO39 x WMI1370% SR RF A THUR AR RIEE SE (i 2 R A2 -

Fig. 1. Scheme for mapping of resistance loci using CO39 x WM1370
population in this study.
I: 1% crop season. II: 2™ crop season.
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TABLE 1. Collection information of Pyricularia oryzae isolates used in the

inoculation experiment

Collection
year

Isolate ID' Location

12YL-DL3-2 2012
13TN-RK2-1 2013
17HC-IRRI44-2-1 2017
17TN-IRRI60-3-1 2017
17PT-KD5-2-1 2017
17TD-GS5-3-1 2017
DALlal-1704 2017
SY2a3-1803 2018
ESlal-1803 2018

Douliu City, Yunlin County (E#KEEL7<T)
Liujia Dist., Tainan City (Z g i/~ H &)
Emei Township, Hsinchu County Gir/7/7R&05% 8 47)
Lucao Township, Chiayi County (3754 EEE4T)
Kanding Township, Pingtung County (F5E47% TE4T)
Guanshan Township, Taidong County (225 i4RH1LI5E)
Dali District, Taizhong City (29 i A H &)
Sanyi Township, Miaoli County (i 5254 = 254T)
Ershui Township, Zhanghua County (F1Ef% —/K$H)

"'P. oryzae 12YL-DL3-2, 13TN-RK2-1, 17HC-IRRI44-2-1, 17TN-
IRRI60-3-1, 17PT-KD5-2-1, and 17TD-GS5-3-1 were provided by Dr. Wei-
Chang Shen at Dept. of Plant Pathology and Microbiology of National
Taiwan University. P. oryzae DALlal-1704, SY2a3-1803, ES1al-1803
were provided by Yi-Nian Chen at Plant Pathology Division of Taiwan
Agricultural Research Institute.

(RHERESD « PEEE KPR EILF 0 A0.05% Tween 20 » DAHHY
F SRS R AU A 7EF - K GamRIER - DUBkET
R E T8 0 162L0.05% Tween 20552 22x10° spores/mlfsE
=

FEFRHFE T SEHET 2 RS S EE
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H A HIER A TE R (EAREEELY0.2 mIfl 07 0R) > AR E R
H22053 8% > A BEYIFE T INE R > WE A26°C SR HAH
RIS 100% 1 T 36/INF - 2 T-BHELAY0.5 cm&El& > B
28/26°C ~ 16/8 hr light/dark B AH$HEE80% ~ B - R fEfdife
Kbl - B g (EEk S EEmAtEet - StthE—
mnfil (Fr) £4-60F > RIftCE T EHEAE TR - BEREEE 2
Ptk e DLERPERERBTZE AT (International Rice Research Institute,
IRRI) ET7E 2~ 0-94% FEdi %5 4% (disease severity index, DSI) » ¥}
BHESIE () 2 EESHERMETHE - 04% < DSI < 38% * HUH
(resistant, R) 5 3%k< DSI < 58% * 55U (moderately resistant,
MR) ; 5&< DSI < 6% : 2% (moderately susceptible, MS) ;
6%%< DSI < 94k : EGJ5 (susceptible, S)!7 -

ASER K EEPi2/9  Pik ~ Pita ~ Ptr:Z PCRIEIETE EER
waxiil

DIgR 1% i cetyltrimethylammonium bromide (CTAB) JAZEEY
7KFgenomic DNAYY o $+¥tPi2/9 ~ Pik ~ Pita ~ Ptr 7 4RTEE
(coding sequence, CDS) » FIIFHSCk F5 [T Bgratat 2 5]
T (P19 _e23F:GAATAGTAATAACCACTCGGAATGTTGA; Pi9
€23R: CAGGACATACTCCCATGGAATG) » ¥I 282598 I a8t %
WM1370Z DNA#EFTPCRIYIE o PCREZ AR 48 RG 15 F520 ul »
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1%0.1 ul TaKaRa Ex Tag™ (5 units/ul) (Takara Bio, USA) ~ 2 ul
10X Ex Taq Buffer (Takara Bio, USA) ~ 1.6 ul dNTP Mixture (2.5
mM each) (Takara Bio, USA) ~ 1 ul 10 uM forward primer ~ 1 ul 10
uM reverse primer ~ 1 ul 50 ng/ul DNA5213.3 ul ddH,0 » PCRZ
S5 Ry 94 °C S MES min ~ GBI 94°C#ME30 sec ~ 55-65C
FEE30 sec K 72°CHA30-120 sec » FE30(EFEEE » iR AT2CHE
&5 min5e SIS - PCREYIZ L HIAEYIRHA TR A 5 H#ElT
Sanger sequencing * & FFE R ASnapGene #E1 7 Fr3l 4H 45 K i
TEORD - Sl07 B B0 IR ME S (i LR 4R 5 /7 71 (B 28 NCBILE
EMBL/GenBank data libraries: https://www.ncbi.nlm.nih.gov/) #{T
ZEFPHILLE - WKL R AYRE 2SR A Multalin (http://multalin.

toulouse.inra.fr/multalin/)"? TG LFHE -
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gramene.org/markers/) &RGPERHE (http://rgp.dna.affrc.go.jp/E/
publicdata/ caps/ index.html) » A2 HIFE3-11 K fffENipponbare
Zindel P57 HATHIEE o ANBATTL HH P ips 123 v 088 2 8440
SSROFFAEEE METT By B v I (3R » PCRIZJE NI [E] 15 %
(2012) Aral » PCREEWY)#E FI6%HY 1.5 mm non-SDS polyacrylamide
gel electrophoresis (PAGE) #EFT4347"Y « fR @b 1= B Bitse
{EFISEHR CO39 RWM1370 2 [ME 2Bt 2 4y FREsE (=)
PCRIZIE/ARAEASTE £ 10 ul » &S HIIIAS ul Tag DNA
Polymerase 2X Master Mix RED (Ampligon, Denmark) ~ 1ul 10 uM
forward primer ~ 1ul 10 uM reverse primer ~ 1 ul 20 ng/ul DNA f22
ul ddH,0 » PCRIZFERR(FF595 C#ME S min ~ FHEER9SC #1430
sec ~ 50-60°CEEA30 sec ~ 72°CEEA30 sec » HMETT2TRIER
B AT2CEAS minSERISIE  RM27689 &t RM3103 57 F-EEat
53 H1140.5X Tris-borate-EDTA (TBE) bufferFrEl & 2% k2.5 %
agarose gel > 20.5X TBE buffer P B EE100V #ETT25 57 $ 8 k 4
B 5 RM144 ~ RM28466 5 RM28404 53 F-REGE R F A S TR 1Y ZE )
HAZEELS ~ 25527 bp » HFIEL LS TS 22 3% metaphor agarose
gel » 20.5X TBE buffer AEEEESOVH#ETT 755§ BRIk 3 AT < B
KB LUSIEZSE (5x10™ mg/mL) F4E10535 » 75 LLAdH,OHB
1057$#%% » # Gel Documentation-Videgel VGIS-4 (Top Bio Co.,
Taiwan) BIZE4ERLIAIE -

AW9E G # Z indel 3+ 158 (RIM) » AISFIRGCH K}E
(https://snp-seek.irri.org/index.zul) H'Nipponbare 5 fllIf&93-115£K
B PP 51 TAE F LR - $65410772100-300 bp Zindel B ANCBI
445 (https://www.ncbi.nlm.nih.gov/tools/primer-blast/) #E{T5 [+
st o &0 TIEEEEA 2 PCREER AR » fiPCRIY
S S & B 8 7k 3 A 55 B B PR

AWTERH S 2 KASPy 158 (R T0) » AIZE A A BE o Bt
<~ Nipponbare B2CO39FL R #% Fr- 51|48 A LL#f - 5 Nipponbare

RSB RN > HWMI3T0ECO39# /T & AN Z PCRIY
WE T Fp ReEh ¥t o PR TS S AR B B (single-
nucleotide polymorphism, SNP) %! LA Primer3 (https://bioinfo.
ut.ee/primer3-0.4.0/primer3/) #E7T5 [T ¥ 2 5%5T » FHKASPSY
L R 4H allele-specific primers &z —4H 3L 2~ reverse primer
4H A% - KASPKZ LI StepOnePlus™ Real-Time PCR Systems
(Thermo Fisher Scientific, USA) ¢ CFX Connect Real-Time PCR
Detection System (Bio-Rad, USA) #:{TPCRIENE » [ JEFRLE
BEFE 510 ul > S NAS ul KAPA Probe fast gPCR kit (Roche,
Switzerland) ~ 0.3 ul 4 uM universal FAM probes ~ 0.3 ul 4 uM
universal VIC or HEX probes ~ 0.14 ul 15 uM KASP assay (primer
ratiof17 1) ~ 1 ul 50 ng/ul DNAK3.26 ul ddH,0 * PCRZ &%
PEB95°CEEMES min ~ EEE9S5C 81420 sec ~ 61°CHEA20 sec
(-0.6CHEER) ~ 72°C T sec HBEITIOREE » FIEERIST
ZEME20 sec + SSCHEE IR A40 sec » FhHEFTI8 R pERE" -

EEBE BT Ry B RIS 2 R s [ Pl 22 B {10995 e 818 Tk
2 FE8E - K EHDNAST HIE G R A R PR EE R B EE » H[E]
W ADNAHETTPCR [ JE S NE K Bk 3 07 - A RAF, 0 BRI A
S REA AR 20(E B MOR & 2 DNABETTRRE 2 1R - HR
Fy KB, sSHIRERIBL G4 - Al HoAT— (S &P T4 2 10- 161R
BHMEDNAJR AR » 75 s EIEI4E S (homozygous) » RIS BEERTA
AR E Ry % FE AN 2 FI B A+ (homozygote) » 45 S 3 52
T4k E (heterozygous) » T3 MG f: 18 B ik AR -

C039x WMI1370F, * F,, * F, &F, J58 2 mWEn ST

CO39 x WMI370 F, ~ F,, ~ F, K F, BN me 2 2 skl oy
e 2075 5 FR [ A T LA E © 636{[F, it £ K 636{ F,.oim
2 PR E Sy A 20185 —HATE ~ 2019 —HAME#7T - T
BRAGERE 7 20U > fTR25 em v 17EE10 cm » FF, 5t & iEE —
17> GITHETES ¢ FFE 10TTAHE I 1T B ffE Lomello » HfH
ik — T2 RT05(E P EHIE > FEE{TIETELomello 92
TS - R E - AN S P,Os » K09 5155240 kg ~ 36 ke i
48 kg > BEHNHG EHE /4R R B - $PHE & SO AT EL L R &
A FeREHERTY AR IETER 15K ~ 25 RELR B35 KA 5
B - FEfEEE 1% - FFR8:00 K 16:00F BE I _EHEK » FR257
§i > DURFRRE R #EEHR -

A& 1R, B4 G 23598k By TR 2K 1 A(H F, B4
ZHI203HKF,, T (5 £:26-488k T-R) » 1202145 —HATEHETT
Pttt e o R EMRTEE Y 288 7L 2 BRI > WA
T AE 7 A Lomel lofi &y H ZRBEFEIR > AEVRHEE A R ME 7K 5 14
5] R o

IRET A

FHEWM 137050 MR S s AL B 5 - K N THEEIbR ik
RO OFETERFE R (One-way analysis of variance,
One-way ANOVA) » SR &40 2 IfFE#HE £ 5 (P < 0.05)



F - FRSEEF 853 1T simple sequence repeat (SSR) 43 F-1E5E
TABLE 2. Simple sequence repeat (SSR) markers used for bulked segregant analysis
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c?;?n20 Marker name Position (cM)" R%ii?m Sus;i?; ble Forward primer sequence (5' to 3") Reverse primer sequence (5' to 3")
1 RI01043 0.3 H H ATCATGGAGTTCCCTCATC GAGCGTAGTCGTGGGAAG
1 STS389 10.9 H H AAATCCGAGAGCTAGTTCAGT CAACCAAACACACCTTAGATT
1 RI01007 32.4-36.9 A A CTACTGCTGCTGCATGTCA GGCGATGTTCAGGTGGT
1 STS326 55.7 n/a n/a GCTCAGTATATTACGGTGGAA GGGAAGTAAATTGAATTGGTT
1 RM449 73.1 B B TTGGGAGGTGTTGATAAGGC ACCACCAGCGTCTCTCTCTC
1 RM9 95.7-96.1 B B GGTGCCATTGTCGTCCTC ACGGCCCTCATCACCTTC
1 CHO127 114.1-116.5 H H TATAGGGTGATGCCACTCTC TTTCAGTCACATCGTACCAA
1 RI0O1017 134.7-135.8 H H AGGGCCAGTCGTGGTAT TAAAGAAACGGTTGGTAGAA
1 STS420 157.6 H H ATTACCGACAGCAATAGTTCA CACAGGTCATACACCATCTTT
1 RM6840 181.8 H H TACCAAGACTCCGCTATGGC GAAGAAGGGATCATGGATCG
2 CHO214 0 A A GCATCTCGCTACCTAACCTA GCAGTGCTAGCCTAGAAGAA
2 RM3188 15 H H TCACGAGTCGTTCGTTCTTG CTTGCTGCTCAAGTGGTGAG
2 RM5459 36.3 H H AGTTGTTGTCACCTCCTGCC AATAAATAGGAGCCCGGGTC
2 CHO0211 54.6 H H GCAGCAAAGTGCGGAGTA CAGGTGAATTGCCAATTT
2 RM341 74.55 B B CAAGAAACCTCAATCCGAGC CTCCTCCCGATCCCAATC
2 RMS5651 93.5 A A AAGAGAACATTTGGAATCCT TAACCTGTGCCTTGTTTG
2 RM525 118.1 H H GGCCCGTCCAAGAAATATTG CGGTGAGACAGAATCCTTACG
2 RM14137 147.2 H H CACACGCTCTCCACCATTCC AACGGCTATGGCAATTGTTCG
3 RM4853 6 B B CTATGGACGGTTGTTCGTAA ATTTGATGCCAAGACAAATG
3 RM6038 24.4 H H CTTCGCCCGCATAAGTCTAG GTAGTCCGACTCGATCTCCG
3 RI03056 46.6 H H TCGTTGGTTAATCACGCTTA TGGATTTGACCAATGAGGAG
3 RM6959 65.4 A A TCCTATGGAGGATTGTTGCC CGGAGGAGCAGAACAAAAAC
3 STS421 86 H H TAGATTTCTTTATCCGCTCGT AAGAACAGAAAGAGTCGCATT
3 RI03005 101.6 H H AGACTGGAACGGGATCATTG ACGTGTTGCGGGCTCA
3 RI03006 120.4 H H TCTTTAGCGTGGGTTGGG CGTATTCTCCTCCTGTGATGC
3 RM8267 140.1 A A CATTGATAATGTCCAGTGACG CTCCTGTTGTCATTCTTTGG
3 RM16211 164.4 A A AATGCTAATGGCGACTGACTTCG ATGGGCTTGTTTGATTGCATCC
4 CHO0458 7.1 A A CACTCATTGTTGAACGACAC AAACATTTAGGGAAGCGAGT
4 SLS189 28.6 H H ATCAGAATATTCGGGAAAAG TTGTATACTCATTATGTAAATGGA
4 R104042 43.3 H H AGGTGGGTCCAGGTATAATC CACAGAGCTCTCTTCTACCC
4 CHO411 75.9 H H CTTGAACCTGAGTGAGTGG CGATGAAAATGATGTCTA
4 RI04014 94.4-96.0 A A AAGACGGGAGGATCTCA CTAGCGTTAAACCACATAAA
4 RM1153 113.2 H H ACCAACGCCAAAAGCTACTG TACTCGCCCTGCATGAGC
5 RM6300 6.5 A A CTTTGCTTTCGTGCCTTGTC CGATGAATCCACTCCTCCTC
5 RM7444 27.7 H H AATGGTACTACCGCCAGTGC GGATTGTGATGTTCCTGAGG
5 RI0S018 49.4 H H TGAATCACGTTTATCAACCA ATGAAACCGCTATTAAACCA
5 CHO0507 54.6-55.4 H H CTCGCTGTTTACTGACTGG TTTGATGTACTGCCTGCTCT
5 RM1386 714 A A TATTCAAGGTTGGCTGCCTC CAATCACTCCATGGCTGATG
5 RI05013 86 H H TCCCAGTTACAGACCTATCG GACGTTTGATCGTTCAGTTT
5 RM3476 101 H H GATTCTCGTCGTAATCAAGA ATCCACGGTTAAGATAAATG
6 RM19255 3.25 H H TTAAGCTAGGGAATCAGCGGTTAGC GGAGTTGCAGTGTGGTGTGTGG
6 RI06052 18 H H CCATTGGTGCCATCTTC TTGGTCCATTCCCATCTC
6 RI06003 40.2 H H TCCAACGGGTATAAATGC CACTAGACTCCCTCTTGAGAA
6 RI06083 58.7-61.6 H H TCGCTGCCTCGACAA TCCACCTCCCACAAGC
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Chromo Marker name Resistant  Susceptible

some Position (cM)" bulk? bulk Forward primer sequence (5' to 3") Reverse primer sequence (5' to 3")
6 RI06027 74.1-76.5 H H AGGTAGGGACATGGGTTAGT CTTCTTGGTCTTTGCGTTAG
6 R3879 99.2 H H CACTAATCAAGCCACTTCGG CGAAACTTGTTTTCCTTCCC
6 CHO0626 107.6 A A GTGTGGCAATTTAACATCCT TTTCATCAAATATCCCCATC
6 RM412 121.7 H H CACTTGAGAAAGTTAGTGCAGC CCCAAACACACCCAAATAC
7 RMS5055 11 H H CGTAGGTGATATATTGATCC GTTCAAATTTTAACTAGCCA
7 RM1134 25.4 H H ACACCCAACTTTTCTCACGC AGCTAGGGTTTCGATCTCCC
7 RM21113 42.1 A A TGGTGTGCGTCGAAGTCTCTTCC ACTATCGCGCTCCCAGGTTCG
7 RM6767 60.8 H H ACAAGCAACTTGCACTGTGG CATCGCCTGGGAGATCATAC
7 RI07044 81.1 H H GTACTCCACGGAGTGATTGT TGCATTGTTCTCATGATACTG
7 RI07030 96.1 H H CATACGACTCCACAACACAC CGATCTCTACGAGGGTTTTT
7 RM420 118.3 H H GGACAGAATGTGAAGACAGTCG ACTAATCCACCAACGCATCC
8 CHO879 1.9 A A TAGTTGAAGGAGGAGAGATGG A TTGTTTCCTCCGCCA TTCC
8 RI08037 20.2 H H GTGTCGATATTGCATCCTTAG ATAATTGGCGCTTCTGTTAG
8 RM72 45.4 H H CCGGCGATAAAACAATGAG GCATCGGTCCTAACTAAGGG
8 RI08016 72.2 H H AAACCTGGAACTCCCTCA TTAGATGCCTCCCTATTGTC
8 SLS188 92.2 H H GGCATCAGTAAGACACAATA AATGAATCTGTCTAGATTGG
8 RM4487 107.7 H H TGTTAATAAATCGAGTCACA AATAATACTTCATCCGTTTC
8 RM6845 116.7 H H GTGACGGCAAGAGGAAGAAG GTTCGACAGGAACGCCAC
9 RM23911 12.5 A A TGCCTGCACTTATCTCTTGATGC GATGAACCTAAAGGGCAGTTTCC
9 CHO0906 26.7-30.6 H H ACTGCTTTGATGGCTTGTG CTCCCCAAACTGAATCC
9 RM3700 55.3 H H AAATGCCCCATGCACAAC TTGTCAGATTGTCACCAGGG
9 SLS513 63.0-65.1 H H GGAATTAACTTTCCACTCGTT TTGTTCCAATGAGCAATTAGT
9 RM6971 90.7 H H TTTGCGAACTAGACAAGGCC GCGTCATTCTCGACGAGC
10 RI10013 1.9 n/a n/a TCAAAAGGTTGTGAGAAACA GAGTATACAGGTGATGGATCG
10 CH1005 23.1 H H CTGATCCATTATCAACCCTAGC GTTTCGTCCGGACTCTAGAAAA
10 RM6144 359 B B TGGAACTCAACGGGAGTCTC GAAGTAGTGGAATCGGCGAG
10 RI10026 57.5 H H ATGGTGAGAGAGTTCGAGTG TTAGGCCCATTATTTGTACC
10 RI10030 73.7-83.0 H H AACCTCGATTTGATATTTCG ATTTCATCACAGGTGACTCC
11 RI11005 2.3-4.1 H H ACCTATTGTGACCGGTTTTA GACAAAGACATCCACCAAGT
11 RI11008 20.3-27.8 H H ATAGTGGAGGACTTGACACG ATAGTGGAGGACTTGACACG
11 CH1103 35.6-45.3 H H AATAGCTTATCAAGCTGTGT TACGTTTACCTCGAGACCAT
11 RM287 64.5 A A TTCCCTGTTAAGAGAGAAATC GTGTATTTGGTGAAAGCAAC
11 SLS173 91.4 H H ACCCCTACCTCTACTAGTGC CGGTTTGGGTGATAATATAG
11 RM224 106 A A ATCGATCGATCTTCACGAGG TGCTATAAAAGGCATTCGGG
12 RMM27454 10.3 A A ACATTGCGGTATTATCTGCT GAAACAGAGGCACATTTCAT
12 CH1204 26 A A GATCACCCATCCACATTAAC ATAGCTAAATAAGGCTGATGGT
12 RM27789 42.7 H H AGCTCCGTCGAATCCATATTGC CCAACCATTTCTCCTCTACCATTCC
12 RM28179 61.7 A A GGTTCGAGGTGATCACTGCTTCC GTGGTCACCGAGGTGGTTGAGG
12 RM28466 75.8 A A CCGACGAAGAAGACGAGGAGTAGCC AGGCCGGAGAGCAATCATGTCG
12 RI12026 107.4 H H CTATAGCAGCCAGCTAATGC TTCTGCCCATAGATCTTCTC

! Marker positions based on the linkage map of Nipponbare x Kasalath (NK) (Hsu et al. 2018).
2 A: WM1370 homozygous; B: CO39 homozygous; H: Heterozygous; n/a: not available.
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F= ~ BCO39 Kz WM1370 B % B 7 simple sequence repeat (SSR) 43 T-HExE
TABLE 3. Polymorphic simple sequence repeat (SSR) markers between CO39 and WM 1370

Marker Anneal Product size
Chromo o . Ve o (bp)
Marker come position Primer sequences (5' to 3") temp. Electrophoresis gel D
(bp)' (©) C039  WMI30

28,281,693- F:TGCCCTGGCGCAAATTTGATCC
RM144 11 58 3% metaphor agarose gel 219 237
28,281,937 R:GCTAGAGGAGATCAGATGGTAGTGCATG

4,736,201-  F:AACCTGCAATTACCATCCAAGC
4,136,437  R:AATACACACCCACAGTTCCACACC

7,461,468- F:CAGACAACTTGTAATGTACG
7,461,772 R:ATGTCATGGGAGATAATTAA

21,821,109-  F:GTGGGAGTCGAGAGGCGATAAGG
21,821,374 R:AAAGGACGGCTCATAGGTGATGG

22,975,528-  F:CCGACGAAGAAGACGAGGAGTAGCC
RM28466 12 60 3% metaphor agarose gel 70 94
22,975,621  R:AGGCCGGAGAGCAATCATGTCG

! Genomic positions are based on the MSU7 Nipponbare reference genome.

F20U ~ HCO39 L WM1370H. % % Hinsertion-deletion (InDel) 43 FfZzk
TABLE 4. Polymorphic insertion-deletion (InDel) markers between CO39 and WM 1370

Marker Anneal Product size
Marker' Chromosome position Primer sequences (5' to 3") temp. (bp)
(bp)' (©) CO39  WMI3T0
10,269,770- F:GGGCGTAGCAGCAAACAAC
Indel C6 102 6 60 283 525
10,270,294 R:TTCAGCCACCTGAATAGCCTG
3,634,755- F:-GAGAAGATTGGAGAGGAAAAGAGAAG
Indel C12. 36 12 60 366 472
3,635,226 R:AGCAAAAGCCGGTTCAAAAAC
5,077,291- F:CGACGTTGGACACGTAGAGC
Indel C12_50 12 60 652 451
5,077,741 R:ATTGAGTTCCGTTGCCGTGT

o , 7,132,754- F:TGATTTCGCGTGTCTGGTCT “ ! .
I 12.71 1 41 7
e e 7,133,432 R:GTTAATGCCAATCTCGGGGC
Gl 158 5 15,397,405- F:CGCGGTCAAATCCAAAACCC . o .
e tes 15,397,790 R:CATTACCTTGTTGAAGTAGCAGCAC

LoD 160 , 16,986,287- F:-TCCTCCTTGTAAACAAACACACAC . . s
I 121 1
el te 16,986,519 R:GTTTAGGGCCTGATGGCCTG

. ) 18,120,741- F:CACCGTGAGATACCACTACAACA “ . o
I 12_181 1 1
el e 18,120,990 R:GGTACGCGACRGTGCAAACG !

Lo 196 , 19,602,015- F:GTGAAGTTTCTCCCCCAACG . . “
I 121 1 1 4
el e 19,602,318 R:TCCTGCATATTGTCTTAGARGG 7

Cen , 20,108,097- F:-GGATGGAAATGGAGATGAGC
Indel_C12.201 : 20,108,667 R:GCGCATGATWAAAATTAGCACAT o8 131 37!
21,701,080- F:GCATCTGGCTTTGGACAGTAG
Indel_C12_217 12 21,701,708 R:ACCTGTTTACCCATGTAGTTCA 60 241 629

! Genomic positions are based on the MSU7 Nipponbare reference genome.
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T~ HCO39 K WMI1370E 2 %14 > KBioscience competitive allele-specific PCR (KASP) 43 F1izk
TABLE 5. Polymorphic KBioscience competitive allele-specific PCR (KASP) markers between CO39 and WM 1370

Marker' Type SNP(SS)S} fion Concrzrtlit(r)ation Primer sequences (5' to 3')
1 F1:FAM-GAAGGTGACCAAGTTCATGCTATTCTAGTTAGCTGGATgCTGG
Cl12_104 SNP 10,388,051 1 F2:HEX-GAAGGTCGGAGTCAACGGATTGCTATTCTAGTTAGCTGGATgCTGA
5.2 R:GCTGCAACTAATGCTGTAGTACTATTCAT
2 F1:FAM-GAAGGTGACCAAGTTCATGCTCGGGCTTTCGTGCtGACG
C12_Pita_R2 SNP 10,610,964 0.4 F2:VIC-GAAGGTCGGAGTCAACGGATTCCGGGCTTTCGTGCIGACT
5.2 R:CATCCGAAGACTGATGCTGATG
2 F1:FAM-GAAGGTGACCAAGTTCATGCTTACCTGTCGATGGTTGTgACC
Cl2_Ptr 3 SNP 10,824,209 0.4 F2:HEX-GAAGGTCGGAGTCAACGGATTGTACCTGTCGATGGTTGTACT
5.2 R:CCTTGTTGGATAGCATGGAGA
1 F1:FAM-GAAGGTGACCAAGTTCATGCTGGATGGTAAGAAGATTCgTGCG
Cl2_118 SNP 11,875,086 1 F2:HEX-GAAGGTCGGAGTCAACGGATTAGGATGGTAAGAAGATTCgTGCA
5.2 R:GGTGATTCAGGTGTGGCAAG
1 F1:FAM-GAAGGTGACCAAGTTCATGCTATATCCTGCTCATTGGTTTGaCCG
C12_140 SNP 14,015,888 1 F2:HEX-GAAGGTCGGAGTCAACGGATTCATATCCTGCTCATTGGTTTGtCCA
5.2 R:CCATGTAAAGAAGCCCTCACA
1 F1:FAM-GAAGGTGACCAAGTTCATGCTCTGACACTCTTCCTCAATTATGTgAAT
Cl2_148_1 SNP 14,828,855 1 F2:HEX-GAAGGTCGGAGTCAACGGATTTGACACTCTTCCTCAATTATGTgAAC
5.2 R:CCTCTCCGTGTCGTAGTTCC
1 F1:FAM-GAAGGTGACCAAGTTCATGCTTGCGGAATACCTCCACATICAG
C12_158 SNP 15,895,666 1 F2:HEX-GAAGGTCGGAGTCAACGGATTTGCGGAATACCTCCACATICAC
5.2 R:AGGGAATCTGTTTTTGCCGAG
2 F1:FAM-GAAGGTGACCAAGTTCATGCTGCACTGGACTTGGGCAaCC
C12_161_2 SNP 16,197,212 0.4 F2:HEX-GAAGGTCGGAGTCAACGGATTGCACTGGACTTGGGCIGCT
5.2 R:CTGCTAGGTTTCATCCCGTTC

! Markers were newly designed in this study, except that C12 104 was obtained from Sheng-Shan Wang at Tainan District Agricultural Research and Extension
Station.

? Genomic positions are based on the MSU7 Nipponbare reference genome.

* F1: forward primer with FAM-universal tail. F2: forward primer with HEX/VIC-universal tail. Universal tails are highlighted in bold. Lower case letters in the
primer sequences stand for the mismatch of each allele-specific primers. R: reverse primer.

1% > FFLATukey's honestly significant difference test (Tukey's HSD)
BT ZEILERE (P < 0.05) » BEREERE R Z R EFR
2 o HRACO39 x WMI1370 Fyy ~ Fo Fp s TRZ & 247 > 5 ﬁ% %
LURZE AR IR E (Pearson's Chi-square test) 5351 #5125 - [H]
i TGRS - flIHT R (B RS B B LR E e i —
ERSTHEER (3:D) SRR B (15:1]) » MR RS
SRELEERBIE R 815 - B E— kA R EEAZ (@5
57 B AR EERE T TOne-way ANOVA » HERE 7 F At L Em

WMI1370.Z 3 MR T

R THEREWMI3T0RPTIEIRE - DL2012-20184F e H =&
REME (EARGESTT  Z2ETSFE - HrTHRmEL - 52
PR ~ b7 RRERTEAD - ZASRALGE - 2R HARERE -

YEZAHRAYE - MRS EHANOVASS R EFEEZRE (P < 0.05)
25y FREEE - DATukey's HSDH#E(TZ ELLERE (P < 0.05)
TR A [FI R R A 7 HU R R B 722 5 5 I 57 B A B B 1
HHRE 2 B ES - FrA st o T LIREE B S BEE T (RStudio
version 1.3.1056)“"

FA SRR = AN B K Z 9P [F] A B MR B B
PRBETE R S BLTH WM 1370 » &5 R EUR » BUi S IRLTH
VR ERA-98 B Bl EREDR Z 3B  WMI1370~ -3/
FAR0-2.84% > Rt EHURERI - HFR T ERI3TN-RK2-1 (P
= 0.072) 25k > HERSIRE PR Z BEREAS R WM 37T081L TH 14 7
RS BB RE (P < 0.05) - BURWMI3T0E A BEIE HilE:
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Fig. 3. Alignment of the amino acid sequences of the alleles at Pi2/9. Fifteen amino acid differences were found between the allelic protein in the mutant line
WM1370 and Pi9. TNGS82: allelic protein in Tainung 82. WM1370: allelic proteins in Tainung 82 mutant line WM1370. R: resistance allelic protein; S:
susceptibility allelic protein. The conserved coil-coiled (CC), nucleotide-binding site (NBS), and leucine-rich repeats (LRR) domains are based on the
predicted protein structure of Pi9 (Qu et al. 2006).
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Fig. 4. Alignment of the amino acid sequences of the alleles at Ptr. One amino acid difference (L763F) was found between the allelic proteins in the mutant
line WM1370 and the resistant cultivar Katy. TNG82: allelic protein in Tainung 82. WM1370: allelic proteins in Tainung 82 mutant line WM1370. R:
resistance allelic protein; S: susceptibility allelic protein. The conserved Armadillo (ARM) repeats domain (labelled with red lines) are based on the
predicted protein structure of Ptr containing cultivar Katy. The deletion at amino acids 870-873 (nucleotides 2,608-2,619 bp) (pink shaded region) was

associated with the resistance of Ptr in Katy (Zhao et al. 2018).
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Fig. 5. Simple sequence repeat (SSR) markers polymorphic between CO39 and WM1370. (A) RM144; (B) RM27689; (C) RM3103; (D) RM28404; (E) RM28466.

Mix: DNA mixture of CO39 and WM 1370.
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7N ~ BCO39 K WMI1370 5 2% %14 2 Insertion-deletion (indel) 43 F1Z5k

Fig. 6. Insertion-deletion (indel) markers for polymorphic between CO39 and WM1370. (A) Indel_C6_102; (B) Indel C12_36; (C) Indel_C12_50; (D) Indel

C12_71; (E) Indel_C12_153; (F) Indel_C12_169; (G) Indel_C12_181; (H) Indel C12_196; (I) Indel_C1

C0O39 and WM1370.
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Fig. 7. KBioscience competitive allele-specific PCR (KASP) markers polymorphic between CO39 and WM1370. (A) C12_104; (B) C12_Pita_R2; (C) C12_Ptr_3;
(D) C12 118; (E) C12 140, (F) C12 148 1; (G) C12 _158; (H) C12 161 2. Square: HEX/VIC-signal; triangle: heterozygous genotype; circle: FAM-
signal; diamond: No template control (NTC).
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Fig. 8. The resistance locus at 10.7-14.6 Mb on chromosome 12 in WM1370. The figure shows the genotypes of CO39 x WM1370 F,.; and F,., recombinants and
the disease reactions of their F,, and F,.s progenies. Disease evaluation was conducted in the upland blast nursery in Chiayi in the first crop season of
2021. 308, 334, 460, and 488 are F,; lines, and 67_7, 67_22, 549_21, 539_54, 539_64, 539_68, 539_78, 539_210, 549 10, 549 20, and 549 95 are F,.,
lines. Genomic positions are based on the MSU7 Nipponbare reference genome. White bar: CO39 homozygote; black bar: WM 1370 homozygote; gray bar:
heterozygous. DST: disease severity index. R: resistant. S: susceptible.
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symptoms of 549_10 F,s progenies carrying different genotypes at the
candidate segment and the parental varieties CO39 and WM1370 under
natural infection in the upland blast nursery in Chiayi in the first crop
season of 2021.
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TABLE 6. Trait-marker linkage analyses of the CO39 x WM1370 F,., population in the first crop season of 2021

Fys Degree  ANOVA ) ] Number Disease severity
recombinant  Marker (Position)' of sum Mean F value Pr>F LhGenotypfis at of F,y index
D freedom square Square ¢ target locus individuals (mean * SE)°
WMI1 h 3 1.80+04
Indel C12 71 370 homozygotes 9 89£0.48 a
(7.1 Mb) 2 48.64 24.32 7.33 0.003 Heterozygotes 13 2.62%0.29a
' C039 homozygotes 11 4.82£0.80 b
W .89 £0.
RM3103 M1370 homozygotes 9 1.89£0.48 a
(7.4 Mb) 2 48.64 24.32 7.33 0.003 Heterozygotes 13 2.62%0.29a
' C0O39 homozygotes 11 4.8210.80b
cl12 104 WM1370 homozygotes 9 1.89+0.48 a
- 2 48.64 24.32 7.33 0.003 Heterozygotes 13 2621029 a
(10.4 Mb)
C0O39 homozygotes 11 4.82%£0.80 b
WMI1 h 3 2.00 £ 0.
C12 Pur 3 370 homozygotes 9 00 £0.50 a
488 (10.8 Mb) 2 46.57 23.29 7.62 0.002 Heterozygotes 19 2.68£0.24 a
' C039 homozygotes 10 4.90 £0.87 b
C12 140 WM1370 homozygotes 8 2.00 £0.60 a
(14 6Mb 2 45.74 22.87 6.69 0.004 Heterozygotes 15 260%0.25a
' C0O39 homozygotes 10 490 £0.87 b
Cl2 158 WM1370 homozygotes 8 2.00+0.60 a
as 87Mb) 2 45.74 22.87 6.69 0.004 Heterozygotes 15 2.60+0.25a
' C039 homozygotes 10 490 0.87 b
WMI370 h ‘ 2,00 £0.
Indel C12_ 169 370 homozygotes 8 00 £0.60 a
(16.9 Mb 2 45.74 22.87 6.69 0.004 Heterozygotes 15 2.60+0.25a
' C039 homozygotes 10 4.90 £0.87 b
WMI1 h 3 1 2.00%0.42
RASI03 2 22.74 11.37 10.83 0.001 H370 B 22 2 82 ks 8 19 .
. . . . t tes 09 0.
(7.4 Mb) eterozygotes a
C0O39 homozygotes 11 3.73+0.30 b
Cl2 104 WM 1370 homozygotes 2171054 a
- 2 26.99 13.49 15.69 < 0.0001 Heterozygotes 12 192026 a
(10.4 Mb)
C0O39 homozygotes 9 4.11%£0.20b
WM 1370 homozygotes 6 217%0.54 a
Cl2_Ptr 3
(10.8 Mb 2 26.99 13.49 15.69 < 0.0001 Heterozygotes 12 1.9210.26 a
' C039 homozygotes 9 411£0.20b
C12 140 WM1370 homozygotes 2.17%10.54 a
(14.07Mb) 2 26.99 13.49 15.69  <0.0001 Heterozygotes 12 1921026 a
C0O39 homozygotes 9 411%£0.20b
334
Cl2 158 WM1370 homozygotes 10 2101041 a
(15.87Mb) 2 27.74 13.87 15.01  <0.0001 Heterozygotes 21 1.90 £0.17 a
C0O39 homozygotes 12 3.75+£0.28 b
W .00 £0.
Indel C12. 169 M 1370 homozygotes 6 2.00£0.58 a
(16.9 Mb) 2 16.78 8.389 6.45 0.006 Heterozygotes 12 2.17+2030a
' C039 homozygotes 9 378+0.36b
WMI370 h ~ 175 £ 0.41
Indel C12_ 181 370 homozygotes 8 75%0.41 a
(18.1 Mb) 2 6.94 3.47 2.62 0.087 Heterozygotes 20 2451026 a
' C039 homozygotes 10 3.00£0.37 a
WM 1370 homozygotes 7 1.71£0.47 a
Indel CI12 217 2 4.94 247 1.78 0.183 Heterozygotes 14 2.50%0.33 a
(21.7Mb) C0O39 homozygotes 17 2711027 a
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Fys Degree  ANOVA ) ] Number Disease severity
recombinant  Marker (Position)' of sum Mean  pove  Pr>F Genotypes at of Fyy index
D freedom square Square the target locus individuals (mean * SE)°
WM1370 homozygotes 39 1.54%£0.17 a
Cl2_104 2 2903 1452 651 0.002 Heterozygotes 55 2224022 ab
(104 Mb) C0O39 homozygotes 2 2.95£038 b
WM1370 homozygotes 40 1.55%0.17 a
Cl2 Pur 3 2 3043 1521 691 0.001 Heterozygotes 53 2.21£0.22 ab
(10.8 Mb) C0O39 homozygotes 2 3.00+0.38 b
WM1370 homozygotes 40 1.55%£0.17 a
Cl2.140 2 3043 1521 691 0.001 Heterozygotes 53 221 +0.22 ab
(14.0 Mb)
C0O39 homozygotes 22 3.00+£0.38b
WM1370 homozygotes 37 1.49%£0.17 a
Cl2.158 2 30.44 15.22 8.3 0.001 Heterozygotes 43 2.19%0.20b
308 (15.8 Mb) C039 homozygotes 2 3.00%0.42 ¢
460 WM1370 homozygotes 28 146 £0.21 a
Indel C12 169
2 28.23 14.12 4.54 0.014 Heterozygotes 24 2.17%0.36 ab
(16.9 Mb) CO39 homozygotes 16 3.13+£0.63b
WM1370 homozygotes 38 1.63£0.19 a
Indel CI2_181 2 3863 1682 734 0.001 Heterozygotes 46 2134021 a
(18.1 Mb) CO39 homozygotes 25 31210420
WM1370 homozygotes 6 1.33£0.61 a
Indel C12.196 2 6.65 3.33 082 0.448 Heterozygotes 21 210+0.43 2
(19.6 Mb)
C0O39 homozygotes 11 2.641£0.69 a
WM1370 homozygotes 24 1.83%£0.21 a
Indel_C12_201 2 482 241 099 0373 Heterozygotes 29 197£0.17a
(20.1 Mb) C0O39 homozygotes 62 23140242

! Genomic positions are based on the MSU7 Nipponbare reference genome.
? Data (mean * standard error) with different letters are significantly different according to Tukey's HSD test at P < 0.05r.
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TABLE 7. Trait-marker linkage analyses of the CO39 x WM1370 F,.s population in the first crop season of 2021

Fyy Degree  ANOVA ) ] Number Disease severity
recombinant  Marker (Position)' of sum Mean F value Pr>F LhGenotypfis a of Fps index
D freedom square Square ¢ target locus individuals (mean * SE)°
WM1370 homozygotes 2 2.50+0.50 a
Indel_C12_36
1 4.9 4.9 2.8 0.133 Heterozygotes 8 4251049 a
(3.6 Mb)
C0O39 homozygotes - -
WM 1370 homozygotes 3 433%0.88a
Indel C12_50
1 1.52 1.52 0.66 0.438 Heterozygotes 8 350+0.53a
(5.0 Mb)
C0O39 homozygotes - -
677
WM1370 homozygotes - -
Indel C12 217
1 0 0 0 1 Heterozygotes 5 3.60+0.75a
(21.7 Mb)
CO39 homozygotes 5 3.60+0.68 a
WM1370 homozygotes - -
RM28466
1 4.15 4.15 2.07 0.184 Heterozygotes 6 317%0.48 a
(22.8 Mb)
C0O39 homozygotes 5 440%0.75 a
WM1370 homozygotes 8 413+0.72a
Indel_C12_36
1.6 Mb 2 5.04 2.52 0.72 0.498 Heterozygotes 10 4.60%0.48 a
©. ) C039 homozygotes 4 550%1.19a
6722
WM 1370 homozygotes 9 4.67%0.85a
Indel C12_50
2 1.81 0.9 0.19 0.832 Heterozygotes 14 450%0.53a
(5.0 Mb)
CO39 homozygotes 5 520%£097a
WM1370 homozygotes 30 4.6710.36a
Indel_C12_36
16 Mb 2 10.5 5.23 1.24 0.294 Heterozygotes 60 542%0.26a
G ) C0O39 homozygotes 34 4.8210.34 a
WM1370 homozygotes 30 46310.35a
539 54 Indel_C12.50
2 7.2 3.59 0.85 0.429 Heterozygotes 67 521%0.25a
o (5.0 Moy CO39 h 41 4.9310.32
539 68 9 homozygotes 93%032a
539 78 WM1370 homozygotes 29 4.6910.38a
- Indel_C12_71
539 210 11 Mb 2 5.4 2.68 0.63 0.533 Heterozygotes 64 533+0.25a
@. ) C039 homozygotes 35 5031034 a
WM 1370 homozygotes 29 4.69 £ 0.38 a
RM3103
5.4 2.68 0.63 0.533 Heterozygotes 61 525+t0.26a
(7.4 Mb)
CO39 homozygotes 36 5.08+0.34 a
WM1370 homozygotes 28 2.8910.29 a
Cl12_Ptr 3
2 83.41 41.71 16.35 < 0.0001 Heterozygotes 46 230%0.15a
54910 (10.8 Mb)
C0O39 homozygotes 19 479 0.60 b
54920
+
549 95 C12. 140 WM1370 homozygotes 27 2931030 a
(14.0 Mb) 2 82.9 41.45 1599 < 0.0001 Heterozygotes 46 230%0.15a
C0O39 homozygotes 18 4.83%£0.63b
RM28466 WM 1370 homozygotes 9 411%0.26a
549 21 +
_ (22.8 Mb) 2 4.79 2.4 0.92 0.408 Heterozygotes 20 3251028 a
CO39 homozygotes 12 3.67%£0.70 a

! Genomic positions are based on the MSU7 Nipponbare reference genome.

? Data (mean * standard error) with different letters are significantly different according to Tukey's HSD test at P < 0.05.
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Rice is an important staple crop. Rice blast caused by
Pyricularia oryzae can seriously affect rice production, and the use
of genetic resistance is the most effective and eco-friendly method
to control this disease. Tainung 82 (TNGS82) is a japonica rice
susceptible to rice blast. Forty-four rice blast resistance lines were
generated after five generations of sodium azide mutagenesis and
disease screening in the blast nursery. In this study, WM1370, the

mutant line resistant to rice blast and sheath blight, was inoculated

with nine local P. oryzae isolates. WM1370 showed broad-spectrum
resistance to all nine isolates. Additionally, TNG82 and WM 1370
were sequenced for known rice blast resistance loci Pi2/9, Pik, Pita,
and Ptr. TNGS82 carries Pik-s and susceptibility alleles at Pi2/9,
Pita, and Ptr. WM1370 carries resistance alleles at Pik-s and Pita,
and have different mutations at Pi2/9 and Ptr. To understand the
genetics of resistance in WM1370, 636 F, progenies of WM1370
crossed with the susceptible indica cultivar CO39 were evaluated
for disease severity in Chiayi upland blast nursery in 2018. Bulked
segregant analysis using 84 simple sequence repeat (SSR) markers
suggested that the resistance was associated with two markers
located at 3 Mb and 17.8 Mb on chromosome 12. Linkage analysis
was conducted using CO39 x WM1370 F,; to F,5 progenies, by
evaluating their resistance in Chiayi upland blast nursery in 2019-
2021 and their genotypes at five SSR, eight KBioscience competitive
allele-specific PCR (KASP), and ten insertion-deletion (Indel)
markers. The resistance segment of WM1370 was fine-mapped to
approximately 10.7 to 14.6 Mb, which contains Pzr [with predicted
one amino acid difference (L763F) from the allelic protein in the
resistance cultivar, Katy]. The resistance segment across Pita (10.6
Mb) and the resistance locus at 10.7-14.6 Mb on chromosome 12
in WM1370, and the newly developed markers tightly linked to
the resistance segment, can serve as an important basis for the
application of WM1370. It is expected to expand the pool of rice
blast resistance genes in Taiwan, and promote the breeding of new

resistant varieties in the future.

Keywords: Pyricularia oryzae, resistance genes, Pik-s, Pita, Ptr
(=Pita-2), sodium azide mutagenesis, fine-mapping,

molecular markers



