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Abstract: [Objective] The objective of the research is to identify a QTL for heat tolerance of chalky grain rate, so as to
provide support for the appearance quality breeding and analysis of genetic mechanism of rice high temperature tolerance
of chalky grainrate. [Method] We developed a chalky grain rate heat-tolerant CSIL(chromosomal segment introgression
lines), CSIL05-2, by backcrossing and marker assisted selection with African cultivated rice acc. IRGC102309 (Oryza
glaberrima Steud.) as donor parent and Asian cultivated rice R9311 (O. sativa L. subsp. indica Kato) as recipient parent.
And a QTL for insensitity of heat tolerance of chalky grain rate on chromosome 5 was analyzed using secondary
populations from CSIL05-2. [Results] In a BC4F, segregation populations, the SSR marker RM1200 on chromosome 5
showed significant correlation with heat tolerance of chalky grain rate by single marker analysis (P=0.0005) . Using
Cartographer 2.5 and the composite interval mapping with BCgF3; and BCgF, populations, we further anchored the
quantitative trait loci (QTL) associated with heat tolerance of chalky grain rate at filling stage to the same position within a
1.3 cM interval, which was designed as qHTCGR and explained 11.4% and 17.5% of the phenotypic variances,
respectively. Using homozygous recombinants screened from BCg¢F, populations, gHTCGR5 was also detected in a ~333.4
kb region between RM11633 and RM11642. [ Conclusion] The QTL controlling the heat tolerance of chalky grain rate
gHTCGRS is a novel QTL.
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Table 1. Phenotypic variation of insensitive value of heat tolerance of chalky grain rate in BC¢F, BCg¢F; and BCgF,

population and their parents.

HEf PSR ZAREA F¥4& Population
L Donor parent Recipient parent o L ]

Generation (IRGC102309) (R9311) P Mean  JiFl Range  AnifEZE SD UEJF Kurtosis W Skewness
BCsF2 (n=200) 1.074 2.36 2.18 1.52-2.62 0.23 0.17 0.12
BCsF3 (n=368) 1.054 2.23 211 1.48-2.68 0.31 0.23 0.32
BCeF4 (n=430) 1.082 2.06 2.03 1.42-2.56 0.27 0.17 0.12

<2 BCeF; 5 BCoF, tHUERMSIRIMEEERRER Mt QTL 247
Table 2. QTL analysis of heat tolerance of chalky grain rate in BC¢F; and BC¢F, populations.
EXTN HEAR X [] LoD ATy % PIINE A
Character Population Interval Phenotypic variance/% Additive effect/%
T FURLR iR U E IV BCeF3 RM1200-RM5796 6.3 11.3 -5.9
BCeF4 RM1200-RM5796 7.4 175 -11.8
TR R T I 2 R X BCeFs3 RM1200-RM5796 5.9 9.5 5.6
BCeF4 RM1200-RM5796 6.9 16.7 -125
IEF IR FRIZEARE X, BCgF3 RM1200-RM5796 6.2 126 -5.7
BCgF4 RM1200-RM5796 7.1 16.5 -11.2

IV indicates insensitive value of heat tolerance of chalky grain rate. X; and X indicate chalky grain rate under heat stress condition and normal condition,

respectively.
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Fig. 2. Genetic linkage map and likelihood intervals for
QTL associated with heat tolerance of chalky grain
rate.
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FHER: bRRNELAS CSIL05-23 [RAUELE 0.05 KT EREZER.
Linkage map of the QTLs region produced with 380 BCsFs plants. The number of recombinants between adjacent markers is indicated under the
linkage map. Progeny testing of BCgF4 homozygous recombinants delimited the gHTCGRS locus to the region between markers RM1200 and
RM5796. The 90 recombinants were grouped into 14 groups based on genotypes. The numbers of recombinants in each group and phenotypic
difference of each group from the controls CSIL05-23 and R9311 for mean insensitive value of heat tolerance of chalky grain rate are shown on the
right. An “a” following the phenotypic value indicates that the mean phenotypic value of recombinant was not significantly different from that of
R9311 at P < 0.05; a “b”indicates that the mean phenotypic value of recombinant was not significantly different from that of CSIL05-23 at P < 0.05.
3 FIRMEBIEEILEN qHTCGRS
Fig. 3. Mapping of gHTCGRS by a substitution mapping strategy.



140

AV IR 25 5 B 35 (P<0.05) . I, R9E G1~G6
A G7 4l & 55 4 50 R 2 1 1) 22 5 i 35 1 o i 45
AP RR E IR AU QTL FLE#E RM1200 (1)
I . G8~G14 43 J5l 477 N RM1200 %] RM405 &34 i
1) IRGC102309 A5 B, Hrh, G8 4 &
Hik RO31L LUAL, 1E Xiv Xo M IV IR FER T
#(P<0.05), 5 CSIL05-23 LLATE Xqv Xo F1 IV 1
R EERAEE., G9~Gl4 44 EAMAE RI311 H
B, 7E X Xo IV PR B2 AR 2%, 5 CSIL05-23
FLICAE Xov Xo A1 IV PR E 22 57 1. 3% (P<0.05) .
I, G8 Fl G9~G14 4li# H4H k5% FH S A Lh s 4
AT R ER B QTL AEE RM5796 1 |
Wi. XEEHFFEEREM gHTCGRS AT SSR #ric
RM1200-RM5796 2 [a], EfEFEEN 1.3 cM, 3
PH B 2970 333.4 kb

3 e

AEMNFREE G 5 PR BT R B AA ZEEIA A
[FAh, P LEB b 8 TSR R, EARAE
BAHEBENR. FENEROAREBSANRD
bl = SFSES rN gl T N = T = =T B B W 2
LA IAE B A T B O & fe G 2z I A
PN FE AR BRI o AR IR B R/ 24 1 9 SR 3k
B R, O B E N BE SR R AE
BrE TR T ERE S S Rl R, AR
BRI O R B B R . A RFRIH AR
QTL-CSIL B & 8 % e % B3 ok i #4 E QTL
qHTCGRS #2flt T F & MEBMEE B . B 7 uEscd |
H BHER A FE MR 5 R SR AL IR N, 7EAS R AR i dsk
PN AR e e 7 TR — 54, it ELIE I W BR Y S
¥ qHTCGR5 [RIEA% 20 NAAE /N IEA T WA () VP A
1R EARFI 2 A X EAEBRIE DT Fo BEAR N IX 2
QTL AL &S Ak H (v A 1 2 AN 2 1), 52 b B A
KA QTL FLRE IR I B 215 25 T s i =
ISR A A,

FEFF R0V 37 30138 31 5 TR b il 2> 5 SO 2 R
b, SEHREARE, EEAN EHERE
Bhn. SEEMSCHIRZZ AN ERIQTL A7 b [H 1A
BRIE, IFHEINFEIAREER R B EEN
Ni. HAETH 5 Jetafk B AR QTL e it it
A #oE, HAEE M ER&E NSRRI,
Liu 2B3RH 2 AMHEFE 5 Fl Koshihikari F1 C602 24
. HRKE T 261 ANEYLE R R (Fe)BETE AT
R QTL b7, fEZR 5 Yetifh % w8 — Rk

Hp [E K R A4 (Chin J Rice Sci) 55 34 4555 2 11(2020 £ 3 H)

K QTL qJPGC-5, EfL{E RM289 fil RM3437 2 ],
R 18.2% R AAL . 7 3 2 VR BRI RS (45
RETIEAR 46B 53 E/KHE HFH Lemont 2 /X (7]
TREMAER . ERRR K1075 5% 46B f4
Fo BEAR, S0 22 DRI IEAT QTL 404, K28 5 Jetafk
W E A Kk ® QTL gPGWC5 & fi 7£
RM18004-RM18068  [i], % QTL fif#FE 52.55%]1)
KRS, Bk 2 NMEARER QTL 5 gHTCGRS X
e BIAES. Kk gHTCGRS & —ANHT
i #PE QTL A7 s o 1457 fi7E BCgF3 A BCoF4 A H:
R ALAE R — MR X TH], BAEEE SN 1.3 cM,
I HL I AL RS R o 1T 7K e 11 A 3 v i i
ZAF TN AME R e R AR A B

B W B A Ll Paterson £ H PR, 3 B3 B
T QTL #4iElr. XF ik Er i & #HE K
R P IX o IR 2 8ot R HERR IE B R 1 L
H, ATUICN QTL FIRE4H e Ar S B o FEFT T IR sk
EEREESST, CSIL05-23 F & i X 1 Lk E SLRE
5 D0 RS2 AR 2 (R R BRI P . TEAT T BCoF4
TR B R E A, AT 2l &30 A BUAR 3T 7
I3HT, KA A # i B A P RO AT T VP . [
N SSR ARic e/ B AL B K KB N X 4512 5t
RIAEFEHARM . 52 WEAMt, BB iRERK
I 1.3 cM ] IRGC102309 & A\ F Bt _FAFfERERSTE IE
WM 2 2 PR S AR SR A TR X (I QTL,
fEmm i a T iz Be b QTL Hfe i35 BN 32 k0%
ATEFRLR Xy (H, F HI Ak SRR IV B
i1, RIONE AR SR (B 2) . H
FAB N T A e SR A EAR, AT
FE A0 AL R 7y BRI R B S5, DRI AT
FEBAEE PR IRAREE EH S HE . Xy, X,
ALV AR TRRES S, EAIERK
LR SBEX RIS R A B, N kiR
D DA Sy i S AL R =R ) - i A S RS e e £
W, WA QTL K4 #es, i Bid =AMk
KRR XA Xk A FE— QTL &M, B2 =
A QTL K% EB M, N HR QTL KB N &
FHOCHE R e R 4T IR S JE A

SEHL:

[1] Carriger S, Vallé D. More crop per drop[J]. Rice Today,
2007, 6(2): 10-13.

[2] Hockley N, Gibbons J M, Edwards-Jones G. Risks of
extreme heat and unpredictability[J]. Science, 2009,
324(5924): 177-179.



WSO AR 2 FoRR I Sk QTL 52 s

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

Battisti D S, Naylor R L. Historical warnings of future
food insecurity with unprecedented seasonal heat[J].
Science, 2009, 323(5911): 240-244.

Fitzgerald M A, McCouch S R, Hall R D. Not just a grain
of rice: the quest for quality[J]. Trends Plant Science,
2009, 14(3): 133-139.

A E T, I, P KRR a ST AL B AT
FRESL[M]. 2232 /KFE, 1992(1): 47-48.

Sengu G N. Translated by Xu Z J. General Research on
Genetic Breeding of Resistance to High Temperature
Stress in Rice[M]. Hybrid Rice, 1992(1): 47-48. (in
Chinese with English abstract)

BRI, REfh, ARME, MG, R, HEY. 5
i ol XX LA AN [ ot o 5 45 S MR K i S5
YLV A 2544, 2006, 28(4): 483-487.

Li MY, Xiong W, Shi Q H, Hu Z H, Pan X H, Pan X M.
Effect of high temperature stress on endosperm filling
and grain quality of early rice varieties[J]. Acta
Agriculturae Universitatis Jiangxiensis, 2006, 28(4):
483-487. (in Chinese with English abstract)

R, PR, TKE, IR, REE, WILE, VRRRE
KALH PRI AL RER IR R R 5 A AL
BAE OC M 4 B [0]. B ROk R &, 2006, 39(9):
1765-1771.

Zhao H'Y, Yao F M, Zhang Y, Xu B, Yuan J, Hu Y N,
Xu Y L. Correlation analysis of rice seed setting rate and
weight of 1000-grain and agro-meteorology over the
middle and lower reaches of the Yangtze River[J].
Scientia Agricultura Sinica, 2006, 39(9): 1765-1771. (in
Chinese with English abstract)

R, YOERR, Bl KA IR G T R K
JRIEZIALT]. AL TS, 1989, 10(3): 33-38.

Li L, Sha G D, Lu J H. Effect of temperature and light on
rice quality [J]. Chinese Journal of Agromemorology,
1989, 10(3): 33-38. (in Chinese with English abstract)
TET7M, TR, R, WEIRES SR N KT A
FE R 2 [3]. P b Rk %), 1996, 5(2): 31-34.
Cheng F M, Zhang H W, Wu Y C. Effect of high
temperature stress on chalkiness at filling stage[J]. Acta
Agriculturae Boreali-occidentalis Sinica, 1996, 5(2):
31-34.

Zhong L, Cheng F, Wen X, Sun Z X, Zhang G P. The
deterioration of eating and cooking quality caused by
high temperature during grain filling in early-season
indica rice cultivars[J]. Journal of Agronomy and Crop
Science-Zeitschrift Fur Acker Und Pflanzenbau, 2005,
191(3): 218-225.

Mei D Y, Zhu Y J, Yu Y H, Fan Y Y, Huang D R,
Zhuang J Y. Quantitative trait loci for grain chalkiness
and endosperm transparency detected in three
recombinant inbred line populations of indica rice[J].
Journal of Integrative Agriculture, 2013, 12(1): 1-11.
JASLEE, X, LF, M, PRetH), xiths, g
R, R, FIFH CSSL M BIL B T REKE (R

IR [J].

[13]

[14]

[15]

[16]

[17]

(18]

[19]

141

QTL Je HAE R . o [E A&k F}272, 2009, 42(4):
1129-1135.

Zhou L J, Liu X, Jiang L, Zheng L N, Chen L M, Liu S J,
Zhai H Q, Wan J M. Analysis of QTL and GE effects on
PGWC in rice (Oryza sativa L.) using CSSL and BIL
populations. Scientia Agricultura Sinica, 2009, 42(4):
1129-1135. (in Chinese with English abstract)

Liu X, Wang Y, Wang S W. QTL analysis of percentage
of grains with chalkiness in japonica rice (Oryza
sativa)[J]. Genetics and Molecular Research, 2012, 11(1):
717-724.

b, WA, s, KT, AT FHEHE
AR E RLR R S AR OGYER . QTL[I]. #ErhAkolk
KRR, 2012, 31(4): 397-403.

Chao Y, Feng F C, Gao G J, Zhu X P, He Y Q. Mapping
quantitative trait loci for qualities of rice grains using a
Recombinant inbred(RIL) population [J]. Journal of
Huazhong Agricultural University, 2012, 31(4): 397-403.
(in Chinese with English abstract)

WA, ORI, REM, EWE, 5 8H, mEI

ANTRVAEZS LRI ARSI R EIR Y QTL 52 2 230 #r [J]
rp [ K FERL2E, 2011, 25(1): 43-51

YangY C,NiDH, Song FS, Li ZF, Yi C X, Chen J B.
Identification of QTLs of rice appearance quality traits
across different ecological sites[J]. Chinese Journal of
Rice Science, 2011, 25(1): 43-51. (in Chinese with
English abstract)

FARAR, MR, EaigR, EEAR, A, D2, T
P, REN, IR R e A R S R A A KR 2
FARSCIEIR QTL[I]. FstAll K244, 2016, 39(2):
183-190.

Wang L S, Chen L M, Wang P R, Wang Z R, Zheng L,
Ma H Y, Jiang L, Zhao Z G, Wan J M. Detecting the
QTL of rice chalkiness traits using advanced
backcrossing  population[J]. Journal of Nanjing
Agricultural University, 2016, 39(2): 183-190. (in
Chinese with English abstract)

B 22 FRARE B VE Ry & B A A% K U R e i
MR QTL 70 #r. Fat: M stk K%, 2004, Zhu C
L. Identifying QTLs for thermo-tolerance of quality
formation and inheritance of low amylose content in rice.
Nanjing: Nanjing Agriculture University, 2004. (in
Chinese with English abstract)

KEZE, HRE EHEY, LI, BRE, THER. K
TERE S I P O B PR R R 2 s 20 T 0], P DK
AR, 2005, 19(2): 117-121.

Zhu C L, Xiao Y H, Wang C M, Jiang L, Zhai H Q, Wan
J M. Mapping QTLs for heat tolerance during grain
filling in rice[J]. Chinese Journal of Rice Science, 2005,
19(2): 117-121. (in Chinese with English abstract)
Kobayashi A, Bao G, Ye S, Tomita K. Detection of
quantitative trait loci for white-back and basal white
kernels under high temperature stress in japonica rice
varieties[J]. Breeding Science, 200, 57(2): 107-116.



142

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

Shirasawa, K. QTL analysis of high-temperature-stress
tolerance in filling period based on rice grain quality[J].
Breeding Research, 2006, 8(1): 155.

Tabata M, Hirabayashi H, Takeuchi Y, Ando |. Mapping
of quantitative trait loci for the occurrence of white-back
kernels associated with high temperatures during the
ripening period of rice(Oryza sativa L)[J]. Breeding
Science, 2007, 57(1): 47-52.

TRERE, B, BT, Borzm, HMNE. BKEAM
PR RN LR QTL 404, o EKFEALY:, 2017, 31(3):
257-264.

Zhang GL, Liao B, Tang W B, Chen L Y, Xiao Y H.
Identifying QTLs for thermo-tolerance of grain
chalkiness trait in rice[J]. Chinese Journal of Rice
Science, 2017, 31(3): 257-264. (in Chinese with English
abstract)

PREROE, MIEAK, MJAR, OBk, LEKREMFRZ
PR B PR P TR PR R PR BT SR [0]. b R A iE
1, 2005, 21(2): 118-121.

Zhong B Q, Yang Z L, Ran Q L, He g H. Study on
temperature insensitivity of characters of agronomy and
quality in the American rice variety[J]. Chinese
Agricultural Science Bulletin, 2005, 21(2): 118-121. (in
Chinese with English abstract)

Rogers S O, Bendich A J. Extraction of DNA from plant
tissues[M]. Plant molecular Biology Manual. Springer,
Dordrecht, 1989: 73-83.

Lander E S, Green P, Abrahamson J, Barlow A, Daly M J,
Lincoln S E, Newberg L A. MAPMAKER: An
interactive computer package for constructing primary
genetic linkage maps of experimental and natural
populations[J]. Genomics, 1987, 1(2): 174-181.

Kosambi D D. The estimation of map distances from
recombination values[J]. Annals of Eugenics, 1943,
12(YRS 1943/5): 172-175.

Wang S C, Basten C J, Zeng Z B. Windows QTL
Cartographer 2.5. Statistical Genetics, Raleigh, NC:
North Carolina State, 2012.

Zeng Z B. Precision mapping of quantitative trait loci.
Genetics, 1994, 136: 1457-1468.

FR, WAERR, RITUE, =P8 KRS RISBOETTAE
PEEER B AR (SSRYIFT T [J]. K ERE, 2004,
23(2): 91-95.

Wang H, Yu D Y, Wu Q J, Gai J Y. Characterization of
resistance genes to cotton worm with SSR markers in

[30]

[31]

(32]

[33]

[34]

[35]

[36]

[37]

Hp [E K R A4 (Chin J Rice Sci) 55 34 4555 2 11(2020 £ 3 H)

soybean[J]. Soybean Science, 2004, 23(2): 91-95. (in
Chinese with English abstract)

R, AR R FIAR SRR M 408 B KRR AR AR
RFIEM KM 7 F AR [J]. 84 % 4R, 2002, 29(3):
245-249,

Xu J C, Zou L X. Identification of molecular markers
associated with rice root traits by correlation coefficient
analysis[J]. Acta Genetica Sinica, 2002, 29(3): 245-249.
(in Chinese with English abstract)

McCouch S R, Cho Y G, Yano M, Paul E, Blinstrub M,
Morishima H, Kinoshita T. Report on QTL
nomenclature[J]. Rice Genetic Newsletter, 1997, 14:
11-13.

Li X M, Chao D Y, Wu Y, Huang X H, Chen K, Cui L G,
SulL, YeWW, Chen H, Chen H C, Dong N Q, Guo T,
Shi M, Feng Q, Zhang P, Han B, Shan J X, Gao J P, Lin
H X. Natural alleles of a proteasome 02 subunit gene
contribute to thermos-tolerance and adaptation of African
rice[J]. Nature Genetics, 2015, 47(7): 827.

Liu X, Wang Y, Wang S W. QTL analysis of percentage
of grains with chalkiness in Japonica rice (Oryza sativa)
[J]. Genetics and Molecular Research, 2012, 11(1):
717-724.

ETE, RS, RV, EEE, RS, AR,
AL, JRITHIRE B TR R R X 46B FEARITE S ZEH 1)
QTL Z3#7[J]. HE/KAEELS, 2014, 28(3): 235-242.
GaoFY,QiuL,LuXJ,RenJS, WuXT,RenGJ, Zeng
L H. QTL analysis on grain shape and chalkiness of an
elite maintainer line Gang 46B in hybrid rice(Oryza
sativa L.) [J]. Chinese Journal of Rice Science, 2014,
28(3): 235-242.

Paterson A H, Deverna J W, Lanini B, Tanksley S D.
Fine mapping of quantitative trait loci using selected
overlapping  recombinant  chromosomes, in an
interspecies cross of tomato[J]. Genetics, 1990, 124(3):
735-742.

Tanksley S D, Ganal M W, Martin G B. Chromosome
landing: a paradigm for map-based gene cloning in plants
with large genomes[J]. Trends in Genetics, 1995, 11(2):
63-68.

Alpert K B, Tanksley S D. High-resolution mapping and
isolation of a yeast artificial chromosome contig
containing fw2.2: A major fruit weight quantitative trait
locus in tomato[J]. Proceedings of the National Academy
of Sciences of the United States of America, 1996, 93(26):
15503-15507.



