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Genetic and Agronomic Analysis of a Recombinant Inbred Line Population to Map
Quantitative Trait Loci for Blast Resistance and Select Promising Lines in Rice

Su-Kyung Ha', Ji-Ung Jeung®, Jong-Min Jeong', Jinhee Kim®, and Youngjun Mo"’

ABSTRACT Koshihikari has been one of the most popular rice cultivars with good eating quality since the 1960s despite its
susceptibility to blast disease and lodging. To map the genes controlling blast resistance and to develop promising blast-resistant
breeding lines inheriting Koshihikari’s high eating quality, a recombinant inbred line (RIL) population was developed from a cross
between Koshihikari and a blast resistance donor with early maturity, Baegilmi. A total of 394 Koshihikari x Baegilmi RILs
(KBRIL), and the two parents, were evaluated for blast resistance and major agronomic traits including heading date, culm length,
panicle length, and tiller number. A linkage map encompassing 1,272.7 cM was constructed from a subset of the KBRIL (n = 142)
using 130 single nucleotide polymorphisms. Two quantitative trait loci (QTL) for blast resistance, gBL 1.1 harboring Pish/Pi35
and gBL2. ] harboring Pib, were mapped onto chromosomes 1 and 2, respectively. gBL 1.1 was detected in both of the experimental
sites, Namwon and Jeonju, while gBL2.1 was only detected in Namwon. gBL/.1 and ¢gBL2.1 did not affect agronomic traits,
including heading date, culm length, panicle length, and tiller number. From the 394 KBRILs, lines that were phenotypically
similar to Koshihikari were selected according to heading date and culm length and were further divided into the following two
groups based on blast resistance: Koshishikari-type blast resistant lines (KR, » = 15) and Koshishikari-type blast susceptible lines
(KS, n = 15). Although no significant differences were observed in the major agronomic traits between the two groups, the KR
group produced a greater mean head rice ratio than the KS group. The present study provides useful materials for developing
blast-resistant cultivars that inherit both Koshihikari’s high eating quality and Baegilmi’s blast resistance.
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Fig. 1. Rice blast resistance of Baegilmi (left) in comparison with
Koshihikari (right). The photograph of the six-week old
seedlings was taken at the leaf blast nursery in
Namwon in 2019.

Table 1. Main agronomic traits of the Koshihikari x Baegilmi recombinant inbred line population (KBRIL).

Parent KBRIL
Trait o . All (n = 394) Subset (n = 142)*
Koshihikari Baegilmi
Mean+SD Range Mean+SD Range
Days to heading (days) 94 82 88+9.4 61-119 89+10.4 61-119
Culm length (cm) 76 71 70+7.5 47-92 70+7.2 53-88
Panicle length (cm) 22 22 21+1.8 1425 21+£1.6 15-26
Tiller number (no) 11 11 10+1.8 7-17 10£1.6 7-15
Blast resistance (Jeonju) 9 1 5+1.9 1-9 5+1.8 1-9
Blast resistance (Namwon) 9 1 4+2.6 1-9 4+2.2 1-9

*Out of the 394 RILs initially derived from three F; plants, a subset of 142 RILs derived from a single F; plant were chosen
for genotyping-by-sequencing and were subsequently used for quantitative trait loci mapping.
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Fig. 2. Linkage map of the Koshihikari x Baegilmi recombinant inbred line population. The genetic location of each marker
and its name are indicated to the left and right of each chromosome, respectively.

Table 2. Quantitative trait loci (QTL) for blast resistance identified from the Koshihikari x Baegilmi recombinant inbred line

(RIL) population (n = 142).

Region QTL Chr

M

CIM

Flanking Marker (cM)

Flanking Marker (cM)

o Rign ek LOD® PVE? Adat —— R Pesk LOD PVE Add

., gBLLI 1 81(13(())2.13?84 51(13;?95??22 1140 138 159 12 31(138213?84 s1(13;1;s;?§)22 1140 138 360 12
Y 811(52103)792 S“dggg;m 410 85 262 16 - - .

. gBLII 1 51(13;‘772??22 51(1315;.322;?68 1180 78 207 1.1 81(13822?84 Sl(—fﬁ??zz 1160 88 205 1.0
gBL21 2 82(13;‘822;18 52(335;‘;1?50 1350 97 223 12 sz(lsgtggg;m Szi;;‘;i?” 1340 113 247 1.1

IM: Interval Mapping, CIM: Composite Interval Mapping
*The threshold logarithm of odds (LODs) by 1,000 permutations of IM and CIM were 7.5 and 7.2, respectively, in Jeonju (JJ),
and 3.4 and 3.2, respectively, in Namwon (NW).
®PVE: Percent phenotypic variation explained by the QTL
‘Add: Additive effect calculated by: [ (mean of the RILs carrying the Koshihikari allele - mean of the RILs carrying the Baegilmi
allele) / 2 ]
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Fig. 3. Blast resistance quantitative trait loci detected on chromosomes 1 and 2 in the Koshihikari x Baegilmi recombinant inbred
line population (» = 142). Dotted lines indicate the logarithm of odds (LOD) thresholds in Jeonju and Namwon
determined by 1,000 permutations. IM: interval mapping, CIM: composite interval mapping.
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significant). Error bars indicate standard deviations. JJ: Jeonju, NW: Namwon, K: Koshihikari, B: Baegilmi.

gBL2.1 K)o| R =g #3}go] °40}711 ZFateiet. ot
L] QTLA Y Wi du] P jAAE {5 4, ¢BLII
of Wdu] hPJAAE H{ 1FO qBLZ 1o W Ju] o
HARE A gl v =¥ Aol fostA
78+t gBLI.1 B+qBL2.1 BX= gBLI.1 K+gBL2.1 _Bo]
Hlste] =d® Aol §-oJ8tA skl eyt gBLII_B+
gBL2.] KoF= (93 z}o]7} ¢lof ¢gBL2.19] Widn| o
AR} FA e o3t =dW A A3t At gl AoR
o gl

ol QTL thlQlxt =3to] W 471 159 =9
AaA WS gBLI1 K+qBL2.1 K7} 8.1, gBLI.I B+

gqBL2.1 B7} 2.6, gBL1.1 X+gBL2.1 B7} 3.6, gBLI1.1 B+
gBL2.1 K7} 372, 5 QTL 5o widn] tfygAqAE =
ek 1E0l 7P ARt AReE HAlH shhe] QTLOfA
o wodn] ohPole Haet A$¢BLLI K+qBL2.1 B,
gBLI1.1 B+gBL2.1 K)oll& % QTL EFof A3]71E] o
Yok Bag g s =9 Aol f2laHA
AFRoM, 5 QTL 25 o] HYAAE Lj5F g

= Gol5lA oFstict waba] Aot e ¢BLII,
qBLZ.I RS woln] tfPolxyt AAE u =gy &g A
o] AotH= A& & 4 AdthFig. 4).

gz} zgto] wE 47§ 1E(gBLI.1 K+gBL2.1 K,
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gBL1.1 B+qBL2.1 B, ¢BLI.1 K+qBL2.1 B, ¢BLI.I B+
qBL2.1 K)9| BT £5U5L 717} 88.9, 87.8, 87.7, 88.5
ol 7HL 70.4, 69.8, 69.2, 69.5 cm, AL 209, 20.9,
20.7, 20.5 cm, 4222 10.5, 10.3, 10.2, 10.67]= 474 &2
OIgt Zfol 5 Ho|x]| otk webA gBLII, gBL2.1
A=, 2H, 3, ol FaFsiA] koA =y

BE G
2 &5 3

AP PN stel BET 4 e K83 QTL
=

JAIGI7IE| X YU0| RL RAAS T
7

KBRIL 304715 o4 £47], 114, 299 AF4L
7120 1) 2479 2Pl LABelet fAstE A =
_'Q'_

]

Aol 28 AFKR), 2) F5719 7ol 14517 }elet
AR Egel oFe AIBKS), 3) E5719 o] W)
mloh gARREA mEel 7% AFBRIE 42 1545
Harstel TGk B4 AAUIE BE F B4
7 AR RAZANAR) U AW R EEAT)S Tejst
1, VSN G =5 cmo] ek Table 3, Fig. 5).

BAB|7kel o) E471(4F, 89 T4), AH (66241%h), AT
(2,172°C)2 w15to] 89 1~9%0f &5}, 7H4ko] 70~80
em@l TAFFEISL FARRE AFES AUt olE F A
Foh glo) A WE e Fa(1-3) ISABKR), =%
ol OFg(4-9) 1SAF(KS)S ALaheich E3 Weu] o]
Z57)(AF, 79 269), AH(576A|7h), AT(1,829°C)E 1L
efsto] £4717h 79 23-28%0 ¥, 710l 6775 em ¥
9Jo]in, AFoh Belel ) mE wAYo| H 1SAEBR)
& AsTHTable 3).

370 ZIE(KR, KS, BR)9| =81 A4, &5d,
A, 4, s @l A-S, @] dol, vl &, do] ek

>

HE(%)= vt tH(Table 4). &9+ KR1F7 KS
IE2 9198 5Ystlal, BRIEFS 2U= 471 19
SHA Wi} 7H-e KR, KS, BRZZE ZF 76 cm, 73 cm,
70 cm©. &2 KR3} KSo v]glo] BRo| 9-2lalA ZHgkrh. 4=
A2 3705 BF 22 ecmE FYUsHATE 4= KR, KS+=
107, BRZ 1272 9|3t 2fo]& Holz] ghofrt. HEHF
2 KR#} KS& & t} 195 g, BRE 20.1 g 24 A &
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Fig. 5. Days to heading and culm length of the three recombinant
inbred line groups (KR, KS, and BR). The three groups
are represented by different shapes (<> : Koshihikari, A
: Baegilmi, + KR: Koshihikari-type RILs with blast
resistance, € KS: Koshihikari-type RILs with blast
susceptibility, 4 BR: Baegilmi-type RILs with blast
resistance).

Table 3. Criteria for selecting the three different recombinant inbred line (RIL) groups (KR, KS, and BR).

Parent RIL group® (range)
Trait o _ KR and KS" BR*
Koshihikari Baegilmi (n = 15 each) (n = 15)
Heading date Aug 07 Jul 26 Aug 01 - Aug 09 Jul 23 - Jul 28
Days to heading (days) 94 82 88 — 96 80 — 84
Culm length (cm) 76 71 70 - 80 67 - 75
AH! (hr) 662 576 612 - 672 575 = 577
AT® (°C) 2,172 1,829 1,999 - 2,229 1,746 — 1,883
. 1 - 3 for KR
Blast resistance (1-9) 9 1 4 -9 for KS 1-3

*The RILs selected and classified by blast resistance, days to heading, and culm length.
PKoshihikari-type RILs with blast resistance (KR) and Koshihikari-type RILs with blast susceptibility (KS).

‘Baegilmi-type RILs with blast resistance (BR).
dAccumulated sunshine hours from seeding to heading (AH).
‘Accumulated temperature from seeding to heading (AT).
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Table 4. Important agronomic traits of the three recombinant inbred line (RIL) groups (KR, KS, and BR).

Trait Parent RIL group (Mean+SD)
Koshihikari Baegilmi KR (n = 15) KS (n = 15) BR (n = 15)

Days to heading (days) 94 82 91£2.2a 91+1.8a 82+1.4b
Culm length (cm) 76 71 76+3.1a 73+1.9a 70+2.4b
Panicle length (cm) 22 22 22+1.0 22+1.2 22+1.3

Tiller number (no) 11 11 10£1.5 10£1.6 12£1.6

TWD?® (g) 20.1 19.8 19.5+1.85 19.5+1.43 20.1£1.37
BRL' (mm) 5.0 5.1 5.1£0.12 5.1£0.14 5.1+0.16
BRW" (mm) 2.9 2.8 2.8+0.07 2.8+0.01 2.8+0.08
HRR" (%) 57.3 41.1 5549.5a 46+7.5b 47+8.1b
Blast resistance (JJ)* 9 1 3+0.5a 7+1.7b 3+0.5a
Blast resistance (NW)* 9 1 3+0.5a 8+0.9b 3+0.7a

Different letters (a, b) indicate a significant difference according to Tukey’s HSD tests (ns: not significant).
Koshihikari-type RILs with blast resistance (KR); Koshihikari-type RILs with blast susceptibility (KS);

Baegilmi-type RILs with blast resistance (BR).
*1,000-grain weight of dehulled grain (TWD).
‘Brown rice length (BRL).

“Brown rice width (BRW).

YHead rice ratio (HRR).

“Jeonju (JJ).

*Namwon (NW).
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= 747 5.1 mm, 2.8 mm&E {23t 2}po|7} gl sFA
KRO| &n| £ E(55%)2> KS (46%), BR (47%)0] H|3|
O3lA =¢tt. A28 o & KR, KS, BR 37| 215& &=
9, Y, 1M, dnl SARES AlQdstale =AM
2]

30 FOIF Aol & wWolA elsket.

=
2 d4e A S S50 E A= AN =
Aol Foket 1Al8)7e|or Edo] ZehHA Aol ut
=2 d

or
=
=
3
=
~
—~
i)
[N
=
)
~
il

72t 1, d

o B5US W, 2B, S50l GFES T got 2 B

o Fho] 9T FA oA £UY AGHES FYA
P4 gl 8% QTLE wekdr. ¥

oh. Mol A= gBLI 1o ARE ¥l dn] QIR A9
ofet = A A3t b SRIE AR L HoflA
= qBLLIZ} gBL2.1 R Wdn] ti=Ix7E HAE of =
g Aol FdEe sttt of& 2W FAA 4o
gBL2.1°] = A% 5 FoAvt o3t QTLE FA|¥ A
I AR5k Ayfoln, A 2jH o g HwA 77k ALt
o= A= g AA Al ¥Sske A
X 7 USS AR

AA7HA] =g A T QTLL 5000 7K, -2 H=
100047 74 HAalEglon, F4o] Eol S/4do] AHAl3
uha] 2 QAR ok 2570 2(Li er al.,, 2019) thE-Eo] NBS-
LRR (nucleotide binding site leucine rich repeat) THal &S
=] A3k 7122 K ¢ltKJones & Dangl, 2006). gBLI.1
o] E814 9]%](30,019,984~34,790,922 bp)+= =8 A%
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(33,141,127-33,144,999 bp)S =351, 21 FAA|Q] ¢BL2.1
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LA} 3702k Uts] )]sl T Araki et al., 2003; Takahashi



180 SIXEX|(KOREAN J. CROP SCI.), 65(3), 2020

et al., 2010; Kitazawa et al., 2019). Pish/Pi35 (OsOlg
0782100)= T GHAX9 A2 thE AR 2 (Kitazawa
et al., 2019), YE = Nipponbare7} 273t 202 oajz]
Pish= 57 tAlolRF =41 A3 28 WHH Hokkail88
o] B3t P35 FHY AAEE Kol HollA Zel7t
Qlti(Nguyen et al., 2006; Takahashi et al., 2010). Pib-3-%1
ZH0s02g0818450)= FolAJo} =GH FAof t)slo] H&
wsle] Aae ool dEA EAW ARA 48
FARE A Iti(Wang et al.. 2001; Kitazawa et al.,
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2 250 va) B Ao VAL 25 vk A%
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