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QTLs Mapping for Low Temperature Germinability in A Population
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Abstract ; The germination rate under relatively low temperature condition ( GR-LT) is one of the main factors
that restricts the development of direct-seeding rice. Understanding the genetic and molecular mechanism of GR-LT
is significant interest in breeding for elite varieties in direct-seeding rice. In this study, 140 backcross inbred lines
(BILs) ,derived from a japonica super rice shennong265 (SN265) as the recurrent parent and the Dongxiang wild
rice ( Oryza rufipogon Griff. ) as the donor parent,were used for QTL mapping of GR-LT traits. According to the
comprehensive performance under low temperature, 10 lines with GR-LT and good agronomic traits were selected
and served as valuable resources for improving GR-LT in super rice ,SN265. The Bulked Segregate Analysis ( BSA)
revealed four genetic markers RM324 and RM166 on chromosome 2 ,RM534 on chromosome 5 and RM257 on chromo-
some 9 ,that linked to the GR-LT. A total of 15 QTLs were detected on chromosomes 1,2,4,5,6,7 and 11 by linkage
map ,which explained 11.48% ~17.72% of the phenotypic variance. Of that,qGP-2-1 and qGP-2-4 were associated
with RM324 and RM166 that served as the selection markers for selecting HGR-LT in rice breeding.
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1.1 #F§l

RS BRI AR B FEILAR 265 (SN265) K
REARZZASAGE] F 5 FELL SN265 A8 [ E A 73 bk i
SN2 4 3R BC,F MR AR P LR A P ik ™=
SRR A BRR A 32 , R FH— kA& 153k 18 BC, Fy,
140 MEILEHALR,
1.2 REERAE

BAR R FSEA SN265 T 2017 448 T vk FH
ek K 2F K FE W58 BT ik g b, 4 J1 20 H & FP 5
H 25 HE#k, B 33.3 cm x16.5 cm, BT 1
B EA AR R4S PR 4 17, BEATARL 10 Bk, B
AR R bR R TR R A AR MEN 5 U, 0 S bk

K T ORI 45 Sz R TORL R 45 SR L
A
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FE 13 C FRIZERAML, IS5 10 CTFREZFRAE H
FERYAISCHET I, AR ST A 15 C AR KRRl F
TR IR 2 2 7 0 S 7 YR, MR e e A0 S i o2 A
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FATREALFE 7 d, G0t & ZF R T 80E T R R 2
R MR 30 CHFEMAPAIS 4, FUOTR
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2.1 FBEREBERZHER

BC, F, A ok g RIS 0 7 s P R 10 728 S s
BR(ELD), thempyZ8 530 FHE 57. 00 ~ 122. 67 cm
ZI], P34 95,31 em; BAA F 6.00 ~ 19.00

R1 HKENTEERSEIT SN

FEZ[H],SF 35 4 12.00 F; fHOk A T 76,00 ~
182. 00 Rizz ], °F ¥ b 134. 69 Hi; 45 52 KA T
75.00% ~97.00% Z[8] P31k 92% ; T ki & e K
30.91 g, ZH MR AW T RLE 7E 25 ~ 27 ¢ Z ],
BC, F #E AR Z bk R 5 77 & % YA i LA M
ARAEBEG SN265 £z sl AH Y, & 2 MR R BB AT,
PG AR TR B | 25 S 3 TR A B A Ol I
{E, ULBH BC,F BER T 2800k RAE - MR BIEF
BIA,

Table 1 Statistic analysis of plant height and yield-related traits

izt PR (em) B (cm) AR BRI S5 (% ) THiE (g)
Index PH PL NTPP NFGP SSR TGW
SEEIME + ArdEZE Mean £ SD 95.31 +8.72 17.03 +1.31 12.00 £2.92  134.69 +18.86 92.00 +2. 89 25.75 3. 58
I Kurtosis 4.20 3.51 2.65 3.34 3.41 3.84
R Partia -0.45 2.52 0.16 0.12 2.03 1.49
K AH Max. 122. 67 25.76 19. 00 182. 00 97. 00 30.91
He/MH Min. 57.00 15.00 6. 00 76. 00 75. 00 19. 46

PH :Plant height, PL; Panicle length, NTPP; Number of panicles per plant, NFGP: Number of filled grains per panicle, SSR: Seed-setting rate, TGW ;

1 000-grain weight,the same as below
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FHRIR R ZE IS5, R AR SN265 IR & 25 %N
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Fig. 1 Frequency distribution of seed germination in

BC,F, lines under low temperature condition
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Table 2 The agronomic traits and low temperature germinability of 10 BC F, lines
RS B (em) B (em) i REEL AR LG5I (% ) THE(g) AREKFR(%)
Line number PH PL NTPP NFGP SSR TGW LTG
92 95.00 £1.25 18.74 £0.23 12.30 £2. 66 142.24 +10.25  91.25+2.33 26.53 £2. 11 84.12 £5.36
100 97.00 +£5. 89 17.03 £0. 85 15.23 £1.32 121.46 £20. 11  91.46 +1.23 24.95 £1.56 89.28 +2.69
39 90. 67 £2.25 16.99 +1.35 12.49 £1.55 127.08 £16.23  92.48 +3.45 23.69 £2.42 95.33 £2.33
48 94.33 £3.56 17.2 £1.53 18.36 £3.22 110.46 £22.66  92.33 +2.69 29.39 £4.26 93.41 £3.22
81 109.33 +£5.78 19.75 £2.36 13.33 £2.65 157.43 £17.66  92.40 +2.33 23.85 £2.36 94.51 £1.02
11 106. 67 £7.23 16.36 £2.45 12.12 £3.66  120.47 +18.55  93.21 £3. 66 26.27 £1.44 86.58 £2. 64
38 104. 00 5. 26 16.06 £2.35 13. 66 +£5. 47 121.40 £12.48  93.30 +2.47 25.60 £2. 11 91.21 £3.85
49 92.67 £2.65 17.45 £2.54 9.49 £5.41 103.41 +14.33  93.44 +1.85 27.97 £1.50 87.32+1.03
67 107.00 8. 26 18.21 £2. 66 11.03 £3.12  118.02+14.36  93.35+2.46 27.13 £1. 89 80. 69 +£3.58
56 96. 67 +8. 56 17.22 £3.24 12.69 £2.78 130. 10 £19.66  95.43 +3. 66 25.52 £2.30 92.80 +2.63
SEHI{E Mean 99.33 £8.77 17.5+£2.35 13.07 £2.83 125.21 £16.87  92.50 +2. 66 26.09 £1.98 89.51 £2.65
SN265 104 £3.89 17.25 £2.88 15.11 £1.23 145.30 £20.36  93.33 +2. 69 27.77 £1.32 35.36 £4. 28
LTG:Low temperature germination rate
1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4

RM166

RMS534

1:SN265; 2. R S HPARE; 3 ARVl 5 4 AR AN TR v 1t
1:SN265,2 ; Dongxiang wild rice,3 ; Extreme cold — tolerance pool ,4 ; Extreme cold — sensitive pool
2 RM324,RM166,RM534 1 RM257 FEEAFR MRS EE
Fig.2 The polymorphism of RM324 ,RM166,RM534 and RM257 in parents and bulk segregant group

*3 BiRdEESH

Table 3 Genetic parameters of each marker

TR Hefofh Fif P i
Molecular marker Chromosome F value P value
RM324 2 5.45 0. 004
RM166 2 5.37 0. 005
RM534 5 7.23 0. 001
RM257 9 5.56 0. 003

2.5 {RIBEZHF N QTL EfL

FIHPEA R 2851 SSR Arid, X 140 4~k
REERHHATY G 256 R & 28 1 R8s R
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15 5511 SYREERE 2 2 SYEEK 447
FYAR 3 A 4 SR 6 S YR 1 4, LOD fEHAY
F2.57 ~5.00 Z 6], GTHRRAE 11.48% ~17.72% 2
B, Horp 8 1 Ytk iy qGP-1-2 STk F i K, R

17.72% ;550 T 2 5 AR qGP-2-1 Tl qGP-2-4 5
I SC BSA {0 e IR & 2 7 B R % A ic — 2, B
qGP-2-4 JIERNAAE A - 15.30% , & W% 4 ok
I3 A AR ) S L BE TR BRI N 15. 30% AR & 2%

3 e

IR & W HE AR R KRR T 2 MR e R A9 R 4 3 DA
PR LUK & AR R R SR | IEAT BB AR I A 1k ik
K EA IR HRGE , I v 2k e R A 4913 — 1 K fE
an R, A SRS T REAE RS B A AR IER IR
WS EHAR A RCR T SEI T R 2R £ B AR AR
SR AT O R ATy, BPAERROL R AR A
FEFUAS A 2R RS 358 IR A A, Y8 T4
RIEHRFIHBMER . SRS QTL 2 bk, X B AR
ol 0 U r A ) 35 DR A A9F 5 MR AR AL T T Y i
FO0 Rk, ASHIF ST R B 94 RE SN265 AR & B /4
FEZR52, I Lh SN265 15 b e Al 3 A%, 3% 2 [l 28 9 H
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Table 4 QTLs detected for low temperature germinability

He N7 A e i IX 1] LOD {i TTHRR (% ) TR (% )
QTL Chromosome Interval LOD value Variance Additive effect
qGP-1-1 1 RMS562-RM8129 4.87 17.71 16. 32
qGP-1-2 1 RM8129-RM3825 4. 65 17.72 16. 43
qGP-2-1 2 RM324-RM5378 3.40 14. 06 1.62
qGP-2-2 2 RM3685-RM112 3.51 14.18 1.84
qGP-2-3 2 RM112-RM250 2.72 11.48 -10.07
qGP-2-4 2 RM250-RM166 4.00 15.73 -15.30
qGP-4-1 4 RM119-RM241 3.68 13.94 -1.96
qGP-5-1 5 RM440- RM459 3.86 14. 08 1. 14
qGP-5-2 5 RM459-RM534 3.71 13.88 1. 09
qGP-6-1 6 RM454-RM400 3.06 13. 14 -1.29
qGP-7-1 7 RM82-RM505 2.57 13. 16 -3.58
qGP-7-2 7 RM505-RM473C 5.00 16.92 -6.88
qGP-7-3 7 RM473C-RM429 4.44 15.91 -6.26
qGP-11-1 11 RM260-R11-RM473E 4.84 14.19 9.38
qGP-11-2 11 RM473E-RM206 4.78 14. 62 14. 08

FRBER AR PEA 2RI T & 28 ) 5 5 45 SR i
FIH 10 MR R, R E R FR I IE SN265 11 Ik I
B SIN 3 E T SN265 , FIAE R K R IR & 25
BRI SR B BT IR, RIS 50 A0 KRS 12 4%
Jufafk 11 185 45 SSR 5| #3Lai ik ) 46 Z& A ]
AZBWNGY, 2850 24.9% , 511 ANBF5ESS
WA (RS ARG 11 2R N 25.3% ;4
W2 SSRGS IEREERN30% )™, K5
FH BSA VAR 4 Z5 5000 & 28 1 St prid,
P EA/INT 0,01, FBHX 4 4> SSR #ric v] F FKIR
RENFFICHBER , Kb T2 S akn
RM324 (A 2 ANPUPEASCH) QTL, 43JilJ& Andaya
SEPTUR IR RE RS 2L 5C 1 191 N E YL H A8 R E N
T RM324 1 RM301 Z [H] i) 3% 15 W i 2 qCTB2a F11
You %575 FIH 154 ~HA AL RBKEN T
RM322 Fl RM324 2 [i] 5 1 I 5 gLRS - 2, i T H
BSA 755 A0 B 1) 5 25 5 B A bR ic I AN 2 X ] L
JIT LA WA B A2 2 75 A B PR 2 A s [ 3 A (3%
IR SRR & 28 3 AH G BE DR B AT i ] fig 5
otk 3L R BB B, DA, SRR K 2 AR O
PRI %5 2 4 1 RM166 . RM534 I RM257 14 Tiif ¥ 3t
FIAS T ¥ L F) 45 1 55 R AR 7R & WP A Fig Al SN265 11
RN SE 2], nT BB A& R R SN265 J& T ATt 135
TR RIZEA B I S5 00 F A B O R RE ST, R

FE LR & B A R b T REAEAELREA 1 AR TR
KRBT A PERR 0T A Tt — 25T,

W R HEE LAY QTL &R, qGP-2-1 ft
TEIX[A] (RM324-RM5378) INA 1AM & 25 1 HH G
LN osFAD2™ VRN 1 AR 3L gSDW2! {H
F qGP-2-1 e XK, AN BB 2 e 15 W 3L
() 2285 i B AN (A KL [H 5 Suh 255 FESR 5 Y @ik
PiF) 1 AMEIR % 28 11 gLTG-5 £ F RM249 F1 RG13
IX[H], STMk RN 15. 6% , ABFFTRAES 5 Yk -
FENLF) 2 AN B K gGP-5-1 Fl qGP-5-2, B8k
T qLTG-5 XA (B IFANEE A, R AT BE 20T
(RITR ¥4 L A7 25, s Hou 2517 il Han 2510V HE5R 7 5t
R ERN R T 3 AN A IE I QTL A 85, 43 52
£ F RM336-RM118 X [8] 51K & 2F A X 1
qLVG7-2 | [R)— DX [B] /) ¥4 i N 85 & 16 148 8K CIVG7 -
2OV T R1440-R1357 [X 8] 5% & 28 J1AH 1)
qLTG-7 , ARWFAEER 7 Sk AR 3 N3
ST 2 AR OG B AL 1, T IR RTOIN 5 0 (3
R, X N I — 2D Al B8 T L, AR5
FESR 11 S YL R 2 AR & 28 1 ¢GP-11-1 JF
FE X ] RM260-R11-RM473E 5 Oh 2552 i 5]
() 2 AR AR KT PE QTL i 5 4, E— 1
FE T ULIX [BIAELE M A SCIE R . 5 AE 11 5
PR IR E] T 1 ASE BT AL 05 qGP-11-1 £ F



632

oY o f

nd

S

19 %

RM473E-RM206 [X 18, X LEHF5E

GEREW K

AR A A AR A S DR ASHIF 2 AR 0 38 614 35 114
T ¥4 3 PR i % 2R & B AR R A S T A 3 PR 4
it A EA R X, EAE BN E ST
BN gGP-2-1 Fl gGP-2-4 5 BSA 1 5 i b

0 RM324 Fl RM166 A A, F B ix

X AN BRI A2 B AT

FERY SRR & 2 AT ARIC, AT Tk ROK
R K 28 1 SE bR T E

S Wk

(1]
(2]
(3]

[10]

[11]

[12]

[13]

[14]

SROCH W BRI TN R M KA B 1 R
WO S P FEIERE. AL 41,2006 ,8 (4) :30-36
APt OETC, AR, TS B AR SRR, ERE KRS Y
e 55 L FE TR B % JRESRm. TR0} ,2010(5) :13-15
Wan J, Tamura K, Sakai M, Imbe T. Linkage analysis of low
temperature germinability in rice ( Oryza sativa L. ). Breeding
Science, 1999 (S2) ;122
Suh J P,Jeung J U,Lee J I,Choi Y H,Yea J D, Virk P S, Mackill
D J,Jena K K. Identification and analysis of QTLs controlling cold
tolerance at the reproductive stage and validation of effective
QTLs in cold-tolerant genotypes of rice ( Oryza sativa L. ). Theo-
retical and Applied Genetics,2010,120(5) :985-995
Miura K,Lin S Y, Yano M, Nagamine T. Mapping of quantitative
trait loci controlling low temperature germinability in rice ( Oryza
sativa L. ). Breeding Science 2001 ,51 :293-299
Teng S,Zeng D L, Qian Q. QTL analysis of rice low temperature
germinabi]ily Chinese Science Bulletin,2001,46(21) :1800-1803
2L, AR ISR X E R, W N R, T
E%. 7J<fa$‘1‘¥TﬂE§{m7i9P7'J 1 QTL &7 K bt #r. /B9
4% ,2008 ,34(4) :551-556
AR NI S TP A = I e L E3 s AN W i
ZEPRT ¥ PR QTL 23 #r. 40 T HE ) 7 7, 2009,7 (2)
273-278
Hou M Y, Wang C M, Jiang L., Wan J M. Inheritance and QTL
mapping of low temperature genninability in rice ( Oryza sativa
L. ). Acta Geneics Sinica,2004,31.701-706
Han L Z,Zhang Y Y,Qiao Y L.,Cao G L,Zhang S Y,Kim J H,Koh
H J. Genetic and QTL analysis for low-temperature vigor of germi-
nation in rice. Acta Genetics Sinica,2006,33(11) :998-1006
Mize B FhaR A8 K 8, AR, 2 R 4. KRR IR &
SES0 QTL 207 H E/KAERRE ,2006,20(2) :159-164
Jiang L, Liu S, Hou M, Tang J, Chen L, Zhai H, Wan J. Analysis
of QTLs for seed low temperature germinability and anoxia germ-
inability in rice ( Oryza sativa L. ). Field Crops Research,2006,
98 :68-75
Fujino K, Sekiguchi H,Matsuda Y, Sugimoto K, Ono K, Yano M.
Molecular identification of a major quantitative trait locus,qLTG3-
1, controlling low-temperature germinability in rice. Proceedings
of the National Academy of Sciences, 2008, 105 ( 34 ).
12623-12628
Kenji F, Yasuyuki M. Genome-wide analysis of genes targeted by
qLTG3-1 controlling low-temperature germinability in rice. Plant

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Molecular Biology,2009,72:137-152
Kenji F, Hiroshi S. Origins of functional nucleotide polymorphisms
in a major quantitative trait locus, ¢qLTG3-1 , controlling low- tem-
perature germinability in rice. Plant Molecular Biology,2011,75
(1):1-10
o) B AR KB 2500, 7R & WP 2R A i v PEOF 5 0k Jig
TEPGAR M R 240 Ew%ﬂ ,2003,25(4) ;482-486
VFﬁ(JH HMAT AL BRI, S IR BRI AR S B A
[izpad] %ﬂ%wﬁmﬁﬁaﬂ% HERFSE. (IEZUW%& 1996(1) :1-6
an'u?i, BT, SO0, s IRER, Bl/NGE  BREE IR AR S B A
REHTII 1 rka’J QTL A fir. [ ik B2, 2010,43 (3)
443-451
BRI, 022, 3 -5, B 04 e, R AT SSR ARic & iz
RS WP ARSI v PEJE . VLG Rl 24 . A SRR
Ji2,2002,24(6) :753-756
TR JT 98, B AR, O %5 A, P . R & B A A
v Vi AL T A 2R, 2011 ,46 (1) 221-27
XURGER , IME AR BB MK, RN TR S
S A R 2 T AE ST ¥4 S PR o7 b2 3 412, 2003, 48 (17)
1864-1867
TR AR, H M BRSCE BRI AR S AR
it ZELEAF ST BR 5 R R, Bl F,2006 (10) :44-47
FZFHIH. FIZR & B A Rt A7 M A IRIR 1 4 1B R ) QTL
SEAL. VLB P B KA 2017
BEIE RN, RS, IS RR IR B R, B
B2 AR AR SR, X SE IR SR R, sk =00, EouAs. P EKRE
HC Tl BTN [ A= 7 S0 v 1 S o R O DG 43 A AR ) 38t A%
B ,2009,10(4) :540-546
BRI, B i, B A BRSCE B 22 4 B Bk, R
2 B A RV P A8t 1 B0 AP IS, Y00 0l K242 3R
FARRMFAR ,2003,25 (1) :8-11
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. Theo-
retical and Applied Genetics,1996,92.:191-203
Andaya V,Mackill D. QTLs conferring cold tolerance at the boo-
ting stage of rice using recombinant inbred lines from a japonica x
indica cross. Theoretical and Applied Genetics,2003,106(6) :
1084-1090
You J,Li Q,Yue B,Xue W Y. Identification of quantitative trait
loci for ABA sensitivity at seed germination and seedling stages in
rice. Acta Genetica Sinica,2006,33 (6) :532-541
Shi J L,Cao Y P,Fan X R,Li M,Wang Y F,Feng M. A rice mi-
crosomal delta-12 fatty acid desaturase can enhance resistance to
cold stress in yeast and Oryza sativa. Molecular Breeding,2012,
29(3) :743-757
Han L Z,Qiao Y L,Zhang S Y,Zhang Y Y,Cao G L,Kim J H,
Lee K S,Koh H J. Identification of quantitative trait loci for cold
response of seedling vigor traits in rice. Acta Genetica Sinica,
2007,34(3) :239-246
Suh J P,Ahn S N,Moon H P,Suh H S. QTL analysis of low tem-
perature germinability in a Korean weedy rice( Oryza saliva L. ).
Rice Research Newsletter,1999,16:53-55
Oh C S,Choi Y H,Lee S J,Yoon D B,Moon H P, Ahn S N. Map-
ping of quantitative trait loci for cold tolerance in weedy rice.

Breeding Science,2004 ,54 :373-380



