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QTL Mining for Sheath Blight Resistance Using the Backcross Selected
Introgression Lines for Grain Quality in Rice

LI Fang', CHENG Li-Rui', XU Mei-Rong', ZHOU Zheng', ZHANG Fan', SUN Yong', ZHOU Yong-Li',
ZHU Ling-Hua', XU Jian-Long"", and LI Zhi-Kang'~
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Abstract: QTLs for disease scale (DS), relative lesion height (RH) and plant height (PH) were mapped using the four introgres-
sion lines selected against grain quality from the four introgression populations between two elite varieties, IR64 and Teqing as
recurrent parents and two tall varieties, Tarom Molaii and Binam with high grain quality and sheath blight resistance (SBR) as
donors. DS had high significant positive correlation with RH, and both of them were significantly negatively correlated with PH.
DS, RH and PH presented wide segregations even in the relative small (28—60) introgression populations, including some semid-
warf plants segregated with overparent SBR. Ten, eight, eight, and six QTLs for the three traits were identified in IR64/Tarom
Molaii, Teqing/Tarom molaii, IR64/Binam and Teqing/Binam, respectively by one way ANOVA analysis. The two donor alleles
at most QTLs reduced DS and RH as well as increased PH. No any a common QTL for each of the three traits was detected in the
populations of the same donor in the two different backgrounds, indicating there was a obvious genetic background effect on ex-
pression of SBR- and PH-QTLs. QTLs linked to the same marker loci between PH and DS, and PH and RH accounted for 38%
and 52% of total QTLs for the two traits, respectively, indicating SBR had tight relationship with PH and both of them shared
some linked loci. As compared with the previous QTL mapping results of grain quality in the same populations, most QTLs for
grain quality and SBR distributed in different chromosome regions and independently inherited. Efficiency, influencing factors
and its application in breeding of QTL mapping for non-target traits using introgression lines selected against the target trait were
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deeply discussed, and importance of selective introgression lines in QTL mining and breeding use was also emphasized.
Keywords: Backcross selected introgression lines (SBILs); Quantitative trait locus (QTL); Rice sheath blight resistance
(SBR); Grain quality; Plant height
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Table 1 Performance of disease scale (DS), relative lesion height (RH), and plant height (PH) of the four BC;Fs
introgression lines and their parents

Introgression line

Population Trait P P PP +
Average genome portion of o
the recurrent parent (%) Mean + SD CV (%) Range
IR64/Tarom Molaii DS 357 246 L1 87.246.5 3.61£0.76 20.97 2.04-5.00
RH 030 024 0.06" 0.26+0.04 14.83 0.17-0.34
PH 89.7 113 233" 94.9+10.6 11.16 84.5-136.7
Teqing)/ DS 3.00 246 0.54" 89.8+3.8 3.87£1.27 32.76 1.56-7.16
(Teqing)
Tarom Molaii RH 026 024 0.02 0.24=0.05 21.56 0.13-0.38
PH 97.5 113 -15.5" 99.1+8.20 8.30 83.3-129.5
IR64/Binam DS 357 276 0.81" 85.745.9 3.51+0.80 22.86 1.76-5.36
RH 030 023 0.07" 0.26+0.04 14.76 0.16-0.33
PH 89.7 123 333" 99.7+15.0 15.10 81.0-133.7
DS 3.00 276 0.24 89.2+3.2 4.06x1.15 22.39 2.12-6.36
(Teqing)/ Binam RH 026 023 0.03 0.27+0.04 14.86 0.17-0.33
PH 97.5 123 255" 100.4+15.7 15.70 81.3-165.0

¥ Rk RRE

0.05 0.01 0.001
*, M, and ™" represent significant difference at P< 0.05, 0.01, and 0.001 respectively.

F2 4 BCFs SARBEABTRMERFIRBKANKS RN
Table 2 Plant height of the lines with higher resistance than their parents selected from the four BC,Fs introgression lines

Performance of plant height

Percentage of

Population Popu'lation No. of}resis— 'Average resistant lines
size tant lines disease scale (%) Tall Semidwarf Sl’e?rrl;:;‘lzlt:ﬁe(%f)
IR64/Tarom Molaii 28 2 222 7.1 1 1 50
(Teqing)/ Tarom Molaii 45 5 2.01 11.1 3 2 40
IR64/Binam 60 7 2.32 11.7 5 2 29
(Teqing)/ Binam 48 5 2.43 10.4 3 2 40
2.2 23 QTL

DS RH PH 4 R 4 3

( 3),DS RH s R QTL 10 8 8 6 ( 4 1),

, /Tarom Molaii 4 9 10

DS PH s DS IR64/Tarom Molaii 23 5

PH RH PH , DS RH PH QTL, 3 RM22
, , 3 QTL (QDs3 QRh3  QPh3a),

7 RM180 RH PH QTL
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Table 3 Correlation coefficients among disease scale (DS), relative
lesion height (RH), and plant height (PH) of the four BC,Fs intro-
gression lines

DS RH PH

DS 0.874"" ~0.165
0.799""" -0.226"
RH 0.781"" —0.383"
0.594" -0.538"
PH -0.319" -0.302"
-0.352" -0.722"™"

0wk Hek

0.05,0.01  0.001
IR64 s IR64/Tarom
Molaii, IR64/Binam,;

s /Tarom Molaii, /Binam

, ,and o represent significant difference at P< 0.05, 0.01, and
0.001 respectively.

Data below left corner of diagonal are from IR64 background and
the upper row data estimated from IR64/Tarom Molaii while the below
row data from IR64/Binam; Data above right corner of diagonal are
from Teqing background and the upper row data estimated from
Teqing/Tarom Molaii while the below row data from Teqing/Binam.
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F4 4N BCFs SARBEKPENEFMFER(DS). B3 HFHSERH)FH%KS(PH)A QTL
Table 4 QTLs affecting disease scale (DS), relative lesion height (RH), and plant height (PH) of the four BC,Fs introgression lines

QI . F b QTL?
Population Trait QL Chromosome Markerél_?%ed with F-value Additive effect QTL affecting grain quality
previously detected
IR64/Tarom Mo- DS QDs3 3 RM22 8.81 —0.45
faii DS QDs8 8 RM25 11.51 0.63
RH QRh3 3 RM22 8.23 —0.02
RH QRh7 7 RM180 6.73 —0.05
RH QRh8b 8 RM25 6.88 0.03
PH QPh3a 3 RM22 8.32 6.24
PH QPh3b 3 RMS5 14.71 7.62
PH QPh6 6 RM204 10.06 6.43
PH QPh7 7 RM180 8.72 14.04
PH QPh11 11 RM224 38.51 21.65
(Teqing)/ DS QDs2b 2 RM208 7.82 0.56
Tarom Molaii DS QDsl11b 11 RM224 7.65 ~0.57
RH QRh2b 2 RM208 7.60 0.07
RH QRh11 11 RM224 7.31 —0.07
RH QRh12 12 RM235 6.85 0.05
PH QPhlb 1 RM431 20.98 15.68
PH QPh8b 8 RM264 20.98 15.68
PH QPh12 12 RM235 20.54 15.70
IR64/Binam DS QDs2a 2 RM279 8.19 0.60 QCkIw2; QGc2
DS QDs7 7 RM11 7.25 —0.99
RH QRh1 1 RM265 7.65 —0.02
RH QRh2a 2 RM341 8.12 —0.05
RH QRh6 6 RM30 7.92 —0.05 QCkl6a; QAmy6c

RH QRh8a 8 RM407 8.70 0.01
PH QPhla 1 RM265 9.39 7.34
PH QPh8a 8 RM210 6.50 12.15

(Teqing)/ DS QDs5 5 RM161 6.86 —0.81 QCKI5; QKId5; QKIr5
Binam DS QDs10 10 RM467 12.74 0.60
DS QDslla 11 RM187 9.64 1.05

RH QRh5 5 RMI61 6.84 —0.04 QCKI5; QKId5; QKIr5
PH QPh2 2 RM236 8.91 16.71
PH QPh5 5 RM161 6.48 13.75

H IR64 Tarom Molaii ~ Binam
D IR64/Binam /Binam QTLP?; CKLW ; GC ; CKL
; AMY ; KLD ;KLR

! Additive effect was associated with IR64 and Teqing alleles replaced by the alleles of Tarom Molaii and Binam.

2 QTL associated with grain quality detected from the populations IR64/Binam and Teqing/Binam **!. CKLW: cooked kernel length/width ratio,
GC: gel consistency, CKL: cooked kernel length, AMY: amylose content, KLD: difference of cooked and uncooked kernel length, KLR: ratio of
cooked and uncooked kernel length.

3.3 QTL 11 RM224 2 RM208 8
DS RH ( 3), RM25 (1),

5 s 3 DS RH,
QTL, 3 RM22 5 RM161 Tarom Molaii ~ Binam
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QTLs affecting relative lesion height(RH) of IR64/Tarom Molaii, Teqing/Tarom Molaii, IR64/Binam, and Teqing/Binam respectivel
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QTLs affecting plant height (PH) of IR64/Tarom Molaii, Teqing/Tarom Molaii. IR64/Binam, and Teqing/Binam respectivel
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Fig. 1 Distribution of polymorphic markers and QTLs for disease scale(DS), relative lesion height (RH), and plant height (PH) for the four
population on the genetic map of IR64/Azucena
4 ; QTL QTL
Boldfaced markers stand for common markers among the four populations; QTLs inside the box are those previously identified for sheath blight
resistance from different mapping populations.



QTL 1735

SSR [25,34])

, 2 DS RH

QDs2b  QRh2b 3 DS RH QDs3

QRh3 8 RH QRh8a

QSbr2a QShr3a  QShr8a (sl,

2 RH QRh2a 7 DS RH

QDs7  QRh7 Rh-2 qSB-2 qSBR-2  Rh-7
gSB-7  gSBR-7 R

DS RH QDs5 QRh5 Rsb1

8 5 C246~RM26 1

QTL [10]

6 QTL,

b}

Che © “4011” 5
1 Rsb1, DS
RH (RM161~RM188),

[35-37]

3.4 QTL

QTL

QTL , QTL

QTL

[38-41]

(30~50 ),

s QTL
[40,42-43]

QTL,
[42]

QTL,

, QTL,

¢ D, QTL
QTL

[42]

5

IR64/Binam
12 32 QTL ,

/Binam

6 7 QTL 3
QTL
QTL QTL ,

QTL , QTL

b}

Bt ARG St A 4 K g
¥, Rir. A, L4 ﬁ%x‘u%/%miﬁgﬁ
A, fde— IR A

References

[1] McKenzie K S, Rush M C, Groth D E. Registration of two dis-
ease-resistant germplasm lines of rice. Crop Sci, 1986, 26:
839-840

[2] Marchetti M A, Bollich C N. Quantification of the relationship
between sheath blight severity and yield loss in rice. Plant Dis,
1991, 75: 773-775

[3] Toriyama K. Breeding for resistance to major rice diseases in Ja-
pan. Los Bafios, Philippines: IRRI, 1972. pp 253-281

[4] Dasgupta M K. Rice sheath blight: The challenge continues. In:
Singh U S, Mukhopadhyay A N, Kumar J, Chaube H S, eds. Plant
Diseases of International Importance Vol I. Diseases of Cereals
and Pulses. New Jersey: Prentice Hall, Englewood Cliff, 1992

[5] Rush M C, Lindberg G D. Rice disease research. Rice J, 1996, 77:
49-52

[6] Xie Q J, Rush M C, Cao J. Somaclonal variation for disease re-
sistance in rice (Oryza sativa L.). In: Grayson B T, Green M B,
Copping L G, eds. Pest Management in Rice. New York: Elsevier
Applied Science, 1990. pp 491-509



1736

35

(7]

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Chang T T. The present status of breeding for resistance to rice
blast and sheath blight in Taiwan. Int Rice Res Newsl, 1986, 11:
1-7

Che K P, Zhan Q C, Xing Q H, Wang Z P, Jin D M, He D J, Wang
B. Tagging and mapping of rice sheath blight resistant gene.
Theor Appl Genet, 2003, 106: 293-297

Kunihiro Y( ), Qian Q( ), Sato H( ), Teng
S( ), Zeng D-L( ), Fujimoto K( ), Zhu L-H(

). QTL analysis of sheath blight resistance in rice. Acta
Genet Sin ( ), 2002, 29(1): 50-55 (in Chinese with Eng-
lish abstract)

Han Y-P(
S-L(
Q-F(
blight in an elite rice restorer line, Minghui 63. Acta Genet Sin
( ), 2002, 29(7): 622—626 (in Chinese with English ab-
stract)
Pan X-B( ), Zou J-H( ), Chen Z-X( ), Lu
J-F( ), Yu H-X( ), Li H-T( ), Wang Z-B(

), Rush M C, Zhu L-H( ). Mapping major-QTL for re-
sistance to sheath blight in rice, Jamine 85. Chin Sci Bull (

), 1999, 44(15): 1629-1635(in Chinese)
Pinson S R M, Capdevielle F M, Oard J H. Confirming QTLs and

finding additional loci conditioning sheath blight resistance in

), Xing Y-Z( ), Chen Z-X( ), Gu
), Pan X-B( ), Chen X-L( ), Zhang
). Mapping QTLs for horizontal resistance to sheath

rice using recombinant inbred lines. Crop Sci, 2005, 45: 503-510
Sato H, Ideta O, Audo I, Kunihiro Y, Hirabayashi H, Iwano M,
Miyasaka A, Nemoto H, Imbe T. Mapping QTLs for sheath blight
resistance in the rice line Wss2. Breed Sci, 2004, 54: 265-271
ZouJH,Pan X B, Chen Z X, XulJY, LuJ F, Zhai W X, Zhu L H.
Mapping quantitative trait loci controlling sheath blight resistance
in two rice cultivars (Oryza sativa L.). Theor Appl Genet, 2000,
101: 569-575

Li Z K, Pinson S R M, Marchetti M A, Stansel ] W, Park W D.
Characterization of quantitative trait loci (QTLs) in cultivated
rice controlling to field resistance to sheath blight (Rhizoctonia
solani). Theor Appl Genet, 1995, 91: 382-388

Yin Y-J( ), Zuo S-M( ), Wang H( ), Chen
Z-X( ), Ma Y-Y( ), Zhang Y-F( ), Gu S-L(

), Pan X-B( ). Pyramiding effects of three quantitative
trait loci for resistance to sheath blight using near-isogenic lines
of rice. Chin J Rice Sci ( ), 2008, 22(4): 340-346
(in Chinese with English abstract)

Zuo S-M( ), Yin Y-J( ), Zhang L(
Y-F( ), Chen Z-X( ), Pan X-B(

value and further mapping of a QTL gsB-11 conferring the rice
), 2007,

), Zhang
). Breeding

sheath blight resistance. Chin J Rice Sci (

21(2): 136-142 (in Chinese with English abstract)
Tanksley S D, Nelson J C. Advanced backcross QTL analysis: A
method for the simultaneous discovery and transfer of valuable
QTLs from unadapted germplasm into elite breeding lines. Theor
Appl Genet, 1996, 92: 191-203

Zhao X Q, Xu J L, Zhao M, Lafitte R, Zhu L H, FuB Y, Gao Y

[20]

(21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

(31]

M, Li Z K. QTLs affecting morph-physiological traits related to
drought tolerance detected in overlapping introgression lines of
rice (Oryza sativa L.). Plant Sci, 2008, 174: 618-625

Xu J L, Lafitte H R, Gao Y M, Fu B Y, Torres R, Li Z K. QTLs
for drought escape and tolerance identified in a set of random in-
trogression lines of rice. Theor Appl Genet, 2005, 111:
1642-1650

Zhang X, Zhou S X, FuY C, Su Z, Wang X K, Sun C Q. Identi-
fication of a drought tolerant introgression line derived from
Dongxiang common wild rice (O. rufipogon Griff.). Plant Mol
Biol, 2006, 62: 247-259

Arif M. Moleuclar Mapping of Genes/QTLs Affecting Resistance
to Xanthomonas Oryza pv. oryza and Grain Quality Traits in Rice
(Oryza sativa L.). PhD Dissertation of University of Philippines,
Los Baiios, Philippines. 2002

Chen Z-X( ), Zou J-H( ), Han Y-P( ), Xu
J-Y( ), Tong Y-H( ), Yu H-X( ), Zhang
Y-F( ), Pan X-B( ). An innovated method for re-

search on inheritance of resistance to rice sheath blight and its
verification. Chin J Rice Sci ( ), 2002, 16(1): 74-76
(in Chinese with English abstract)

Rush M C, Hoff B J, Mcllrath W O. A uniform disease rating
system for rice disease in the United States. Proc 16th Rice Tech
Working Group, Lake Charles, 1976. p 64

Temnykh S, DeClerck G, Lukashova A, Lipovich L, Cartinhour S,
McCouch S. Computational and experimental analysis of mi-
crosatellites in rice (Oryza sativa L.): Frequency, length variation,
transposon associations, and genetic marker potential. Genome
Res, 2001, 11: 14461448

SAS Institute. SAS/STAT User’s Guide. Cary: SAS Institute,
1996

Zang J P, Sun Y, Wang Y, Yang J, Li F, Zhou Y L, Zhu L H, Reys
J, Fotokian M, Xu J L, Li Z K. Dissection of genetic overlap of
salt tolerance QTLs at the seeding and tillering stages using
backcross introgressive lines in rice. Sci China (Ser C-Life Sci),
2008, 51(7): 583-591

Chevin L M, Hospital F. Selective sweep at a quantitative trait
locus in the presence of background genetic variation. Genetics,
2008, 180: 1645-1660

Ungerer M C, Linder C R, Rieseberg L H. Effects of genetic
background on response to selection in experimental populations
of Arabidopsis thaliana. Genetics, 2003, 163: 277-286

Xie X-W( ), Xu M-R( ), Zang J-P( ), Sun
Y( ), Zhu L-H( ), Xu J-L( ), Zhou Y-L( ),
Li Z-K( ). Genetic background and environment effects on
expression of QTL for sheath blight resistance in reciprocal in-
trogression lines of rice. Acta Agron Sin ( ), 2008,
34(11): 1885-1893 (in Chinese with English abstract)

Yuan X-P( ), Wei X-H( ), Yu H-Y( ), Wang
Y-P( ), Tang S-X( ). Effects of different cultivars

and relatives factors on sheath blight resistance of rice. Acta

Agron Sin ( ), 2004, 30(4): 739-744 (in Chinese with



9 QTL 1737
English abstract) germplasm in backcross introgression populations. Mol Plant

[32] Rush M C, Pan X B, Sha X Y. Development of sheath blight re- Breed ( ), 2005, 3(5): 619-628 (in Chinese with
sistance in rice. In: 85th Annu Res Rep, Rice Research Station, English abstract)

[33]

[34]

[35]

[36]

[37]

[38]

[39]

LSU Agricultural Center, Crowley, LA, USA, 1995, 85: 380-393
Han Y P, Xing Y Z, Gu S L, Chen Z X, Pan X B, Chen X L. Ef-
fect of morphological traits on sheath blight resistance in rice.
Acta Bot Sin, 2003, 45: 825-831

Ware D, Jaiswal P, Ni J, Pan X, Chang K, Clark K, Teytelman L,
Schmidt S, Zhao W, Cartinhour S, McCouch S, Stein L. Gramene:
A resource for comparative grass genomics. Nucl Acids Res, 2002,
30: 103-105

Martin T J, Ellingboe A H. Differences between compatible
parasite/host genotypes involving the Pm4 locus of wheat and the
corresponding genes in Erysiphe graminis f. sp. tritici. Phytopa-
thology, 1976, 66: 1435-1438

Royer M H, Nelson R R, MacKenzie D R, Diehle D A. Partial
resistance of near-isogenic wheat lines compatible with Erysiphe
graminis f. sp. tritici. Phytopathology, 1984, 69: 405-409

Li Z K, Luo L J, Mei H W, Paterson A H, Zhao X H, Zhong D B,
Wang Y P, Yu X Q, Zhu L, Tabien R, Stansel J W, Ying C S. A
‘defeated’ rice resistance gene acts as a QTL against a virulent
strain of Xanthomonas oryzae pv. oryzae. Theor Appl Genet,
1999, 261: 58-63

Li Z-K(
Mol Plant Breed (

nese with English abstract)
Xu J-L( ), Gao Y-M( ), Fu B-Y( ), Li Z-K(

). Identification and screening of favorable genes from rice

). Strategies for molecular rice breeding in China.
), 2005, 3(5): 603-608 (in Chi-

[40]

[41]

[42]

[43]

LiZK,FuBY, Gao Y M, XuJ L, Ali J, Lafitte H R, Jiang Y Z,
Rey J D, Vijayakumar C H M, Maghirang R, Zheng T Q, Zhu L
H. Genome-wide introgression lines and a forward genetics
strategy for functional genomic research of complex phenotypes
in rice. Plant Mol Biol, 2005, 59: 33-52

Ali AJ, XuJ L, Ismail AM, Fu B Y, Vijaycumar CHM, Gao Y
M, Domingo J, Maghirang R, Yu S B, Gregorio G, Yanaghihara
S, Cohen M, Carmen B, Mackill D, Li Z K. Hidden diversity for
abiotic and biotic stress tolerances in the primary gene pool of
rice revealed by a large backcross breeding program. Field Crops
Res, 2006, 97: 66-76

Zheng T-Q( ), Xu J-L( ), Fu B-Y( ), Gao
Y-M( ), Veruka S, Lafitte R, Zhai H-Q( ), Wan
J-M( ), Zhu L-H( ), Li Z-K( ). Preliminary

identification of genetic overlaps between sheath blight resistance
and drought tolerance in the introgression lines from directional
selection. Acta Agron Sin ( ), 2007, 33(8): 1380-1384

(in Chinese with English abstract)

Kang L( ), Li H( ), Sun Y( ), Lu D-C( ),
Zhang F( ), Huang D-Q( ), Xu J-L( ), Wang
Z-D( ), Zhu L-H( ), Gao Y-M( ), Fu B-Y(

), Li K-H( ), Zhou Y-L( ), Zhou S-C( ),
Li Z-K( ). Genetic dissection of yield potential in rice

(Oryza sativa L.) using introgression lines. Acta Agron Sin (
), 2008, 34(9): 1500—1509 (in Chinese with English abstract)

>

B

:36-32

ML IT R 2010 &£ GAr R R=)

1,‘ cc EE] 2008 cc

16 , 120/, , 8.00

>

1, 1450002

E-mail: hnnykx@163.com; hnny@chinajournal.net.cn

: 0371-65739041;

:0371-65712747

96

77 2006



