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Identification of Agronomic Traits Relatated QTLs from Wild Rice in
Chromosome Segment Substitution Lines

LI Jing,SUN Yan, QI Lan,SU Long,DING Ying-bin,XV Rui,ZHANG Li-zhen, WANG Yan-yan,
ZHENG Xiao-ming,ZHANG Li-fang, CHENG Yun-lian, QIAO Wei-hua, YANG Qing-wen
(Institute of Crop Sciences ,Chinese Academy of Agricultural Sciences , Beijing 100081 )

Abstract ; In this study,QTLs controlling heading date (HD) and purple trait were identified in a chromosomal
segments substitution line population, which derived from a cross between wild rice as donor parent and 9311 as re-
ceptor parent. By determining the heading date of CSSLs at multi-environmental conditions, we identified and
mapped eleven HD QTLs by using more than 200 molecular makers. Two CSSLs significantly delayed the heading
later under long day condition, and genetic analysis revealed two known genes that controlled the rice flowering
time. One CSSL showed purple stigma and apiculus, and the introgression fragment contained an OrC gene that asso-
ciated with anthocyanin biosynthesis. The preliminary results implied that the OrC gene might function differently
with the allele from cultivated rice. Our data indicated that the CSSL population was a valuable resource for identif-
ying the elite genes from wild rice. Those genes might be candidates used for rice breeding and function analysis in
future.
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Table 1 The general information of planting fields
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El Jb5T, B 40. 20°N, 115. 51°F 2015(2016) 4F 4-10 H 4128 H 672 H
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SER 2.5, B HAY LOD {H KT 2.5 A g 1 B
HAA 3 QTL 76, 24 QTL & i F # /MY
DNA J Bz [a) i, i) FH 5 [ 7K e 25 DR 2 0 e 1 )
(http://rice. plantbiology. msu. edu/ cgi-bin/gbrowse/
rice/#search ) W 3 K {9 1 B0 A, O 28 5 H ARtk
I JE ], 76 NCBT B0 (https - //www.
ncbi. nlm. nih. gov/) H , T # e 1k X B 9311 )%
F IV Y5 |0 XU 9 e 2 X Ja8 4 8 D0 3
JIF A5 ) 7 #0408 i DNASTAR K44 #E 17 D45 5
DA

2 H#RESH
2.1 CSSL BEMERBESHWSHEE QTL &
TE L

AR BT o F AR 5 1 9 2t Z 28R
e 191 4~ SSR FI#H1 75 4~ InDel 514, 15 87 4
5 9311 BEEMA RAFM 28 B 5100 F 12
ZeYL AR (& 1) 5 X 266 FHARIC S| k6 4 4,
A P ZR PR A ) L (R Y RIS A 1 5, e B R AR )
A3, R 146 ANERUE 04 B HORFIR R 65 7 5
A R Y e AR LR AL AR R VE AR Rk
AREER AR QTL &AL HHA

R EHRAAREI AR 2 FEE (R
TR R B R A 5, Al QTL IciMapping K 7F X}
146 MFE R TP S FIH AR OC 1Y QTL #4791 25 2 i,

EREE] 11 4> QTL(FR2) , /04 T 2.3.5.6.7.10,
12 Sk o Hd A 6 4 QTL BEFE 2 A3 EE
R &, 430467 F .2 5§ itk RM109 Fl RM535 .6
FYLA (K InDel 64 7 5 YL Ak InDel 7-13 .10 54
Lk RM590 12 5 4L 4 &k RM19 FfHir, e st f%
AR QTL;6 >k H THF AR QTL 7fEK H
55 H BB R Y REEER 9311 st (] | Hopn
RN AT A TE AR Horh InDel 7-13 Fff 39 QTL 7EL
AR H B R STER R GR 27.2% , N EAK
QTL, %A 4 4~ QTL PR A f e, H 4%k A
= H RIS e B A R P oA AE AR H IRSR
PFF S A A ) S5 SE A
2.2 CSSL129 5 CSSL39 ¥k 2 ERE K QTL
T

Phidk 7B e R AE NLD (Jb50) 444 F Al e i
92 MKk & . CSSLI129 5 CSSL39, HE A7 HF A e 41l B
MG QTL 5 2L R %5 78 . CSSL129 Bk & 1 2
RIS E R A T4 1.6 .10 SYikiy 4 A
A BORIE T B ER (K 2¢) . fEJLRT NLD 3BT,
CSSL129 #& A~ 4= & 1 1 6e #h 25, 9311 Hhi 225 4] Oy
121 d; 76 =3V NSD ¥R45% T, CSSL129 il R ECH
124 d,9311 $hEH KR ECH 114 d, CSSL129 Lt 9311
Mol 10 d Zc45 (# 2b) o 4525R3RBI7E NLD 55 NSD
PR T, CSSL129 i 5 264 9311 #H L 22 &
IKFN B K, CSSL129 5 9311 Ay F, i )4
FMAEARZIEN(E 2a)

fE CSSL129 1y 4 R AR B, HATE 6 5
Y@ R 11 InDel 6-4 Fric &b I 2] QTL, iy 44 K
qHd6. 1,3 5T Bk R 15 NLD &1 F & ik 21. 1%
(F£2) CHGE PR Hdl BB e g £0
I F B P HA S InDel 6-4 5r T AR T 7E 9
PLEAGIE Y ek, W T Hdl LR 6 X514
(£ 3),94% CSSL129 5 9311 H iy Hdl HH T
P, 790 LT & 35 9311 AH L, CSSL129 (
HERE) B Hdl RN AE 3013 bp 467 4 bp I A
Bt,4 bp MIBATE R T 9311 Hdl 2K (A T 6E Y 2
A5 AT AR PE T, 4 UL HE W gHde. 1 R HdT 1
LI

CSSL39 Ff £ B 3 PR Y S 5 R WL 40 A5 T4 2,
5.6.7.8.10 S fafk 7 AR BOk A B AR (A
3c¢) ., #£ NLD Fil NSD 44 F, CSSL39 5 9311 Ay
T 25 AR B T B KO R, BSEEIA T W55
AZ ] b5 NLD #4855, CSSI39 AUl A 144 d,



571

-Ch4H

Mk QTL M4 5E

<]

S

3
-Ch3H

-Ch2H

TR L T e (0 A 48 AR 110 £ A A A

7

-ChlH

31

[sa «© — o <+ — o~ a
=3 <+ 2 = = — —— . Ot~ D o = A S—I 0 o, o 2= —
~r~ 0 P — — ST STen n o Toy IO
el e i e i oot TG PR A DTS TN oo aeE R &
[sakalaiathe) %W.‘w41122 o ®W®223 %1 ) oo o= oo o oI o 2d2124ﬂ2“752..m572%25ﬂﬁd
S| =S S >S
o T R R R~ VA=) n)\{{an MWWHWWM HWWWn‘.M\wM\.mWW =} MMQ ~ J\MWMWM)\)\J} it )\n
o) = U 11D
=
> /////\\\\ix\i// N \\x\\\\%i Y N IS
SR RERRSE TS RRERA R SEREE RN e
— o~ O3 ~00 = «Q — A N =) o~ el <t el
et o oo, C2C oo S.88 &, oo~ o < =0 — STV g TN = XK=
O e LA e A I ARmRRsTeneNanT_Sotaay, Tonad A e
SeeSeCSCCSeeeSI7 TOCoT ool Tl 2IX ORI Rt LR LA S el et N AL S A e D e AN HOT =55 TN GG
deW.m.dede.m.mW dWWW.dedM S =) =) x=) SSEsS S58ESSSS8388SSS8sSsSs
== 555 = S5 ~MEY My = PR =Y % P PR =Pk = PR O eSS B R EoS BT 2T
Wy I S
8 =D
=
LT (7 ’ T IR
D R e s MR A A R e A e S S R AR SESRNSNRRSRS2ERSERSR
LON—ONOOOINOOUVNINO=—OWN-OWe Al \O<t— O eNtTONT OO T=-——OI000OooWIoowner- T s s S S et
—AAINNNNTFOOT0—ANNTFHNOOO OO0 —Alen AEANENCNENSE < HONOOT~00 N SO —— OO0 HODTNOOT-SI-F 0
e . QI I i ANCIATSAOOS =00 SO—
[=1
en<tPun, oo S0 0o = X ™~ 87183 n ey N
aowvn TTotao AaFN—n T =T TinoooTon coveomonnoni— T YT R TR G0 oot <O Vo VOTO— oo
O—N)  AIIAICICINON OIS = NOINONAICIN HNOI00eN \OOOOONN— O ~OOIOCIH OO \O O CONONO OISO N—SN o —en NNCO\O I~ D=
B s e h s b o SSSSSSSSSSSseesgnes s S855 55555 =%
TTST CUS>T>T>>T, ae} OS> STTTT ST, b 5
R R R TV nnlm an\)\ nlWWW Sl ~ednledn ‘,\{W Nl Sl B8 S SN SN N I{W‘,\ ~= WW WWRWR =
Z\\\\\\\\\\\ \\\\\\\\ N W N
) jas)
I = QL] g NIl |
S//////////////////// I v (A
ORI COTANOCOOOOOOOTNOOOD OO —NSOOOD co oo aocooo coo
AT NNNNTINOTOANNNINANONSONT0O— AN AN —=ANONNOANIT NN FAT NATNT A S—= oA oMo S SSA
S OB SIS SS AN OSSR SEO SIS A0 NISIC RS SIS RIMNON ST I R SO s Bt pocipty
O N0\ OT~0000 NN OO —eN<FUNNT~T~00\ OO < <HNUNNO\O\O ™~ 000000 NOAIeNeN<t <t — St nnN\o~ ————
e e e e e e e e e et T ————— ———
o o o oot oo
S o o — ——ey o, = Q
e R S A R S U = R A e e Y A S Tooosroan o
siEdsiane TiE e SR
TSSTST s s
R A== R = VA=) I~ an\ LS A A W WW MWMWWWWWW W
S5
WAL AN - T 7)) RN
IR A 5 COHO 1D ST
AT [ AN NI AT]]
SRSSREFREIISRE IBEF2 N e e S S et I2 OZooooToo

.................. <A O ===

194.10
90.70

ANOS OO~ — W= NS —O O SESNS—ens S TR L
—ARATTAINOTN0RS  Cerenstst A AU OO T G000 S — e —en OSSN S
= e ———— ISR A RVONCIaNa

TEFEFTE g (R i ZE 3

Molecular markers are shown at the right side of chromosomes,and the respective genetic distance(cM) are at the left side

7N

a

IEIE? PO AUt By

2D

]

RIS ETF 191 4 SSR 314570 75 4 InDel 3| ¥im &S E

Fig.1 Genetic linkage map of 191 SSR and 75 InDel polymorphic markers

VISR

E1



572 Mo o fE R ¥ R 19 %

*k2 ARMETHRAREERERERRQNEMHES QTL 7%
Table 2 The heading date related QTLs that were identified in CSSL population

EZIN PATEREN QTL Frid Hh A LOD i DTHRER SN AE
Trait Chr. QTL Marker Locations LOD value (% )PVE Effects
| 2 qHd2. 1 RM109 g 2.97 17.3 20.6
Heading Date =il 2.67 10.5 14.5
qHd2. 2 RM535 At 4.65 7.89 19
=i 5.94 5.38 12.5
3 qHd3. 1 InDel 3-8 =3 4.92 1.1 -2.59
3 qHd3. 2 InDel 3-17 = 4.12 9. 46 -2.64
5 qHdS. 1 InDel 5-8 dtae 3.41 5.4 1.34
6 qHd6. 1 InDel 6-4 bt 11.7 21.1 11.5
=3 2.75 7.38 6.19
6 qHd6. 2 RM20438 = 2.95 6.53 -1.5
7 qHd7. 2 InDel 7-13 dJene 14.6 27.2 5.02
=3 2.67 6.71 1.9
10 qHdI0. 1 RM590 dent 2.86 4.51 2.4
M 2.86 15.3 21.2
12 qHdI2. 1 RM19 bt 4 5.99 3.04
=i 4.13 11.4 3.19
12 qHdI2. 2 RM28448 =i 3.67 8.73 -2.05
60
140 + H ﬁ : P=0.01
fﬂ 1
120 +
o g 100
T
= g 60
40 -
20 F
0
CSSL129 F, 9311 s 15
Beijing Hainan
= b
1 2 3 4 5 6 7 8 9 10 11 12
! 9311
e -y [ A

M17])

C

a:NLD £&F F 1Y CSSL129 9311 UK F, Mk, BAFAHET 9311 i) 15 d;b. BIFREE T CSSLI129 5 9311 st 4
¢:CSSL129 SEPNRIE 7R, PR S A BB AE R e Cufd B, T IR
a:The delayed heading date of CSSL129. Photos were taken under NLD condition in Beijing at 15 days after the heading of 9311,
b:Statistics of the heading date between CSSL39 and 9311. Two-tailed t-test was deployed,
¢ : Graphical representation of introgression segments CSSL129 ,black bars indicate chromosomes of wild rice,the same as blow
2 E#F CSSLI29 MBI RB SERBEE
Fig.2 The heading date and introgression segment of CSSL129
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Table 3 The primer for sequencing Hdl gene in two parents

RIS IFH1(5'-3")

JaslFsI(5'-3")

43
No. Forward primer sequence Reverse primer sequence
(5'-3") (5'-3")
HdI-1 GCTCTAATAGCACCACT CTGCTTCAGCGTTTCT
HdI-2 ATGGGAGGATTCTATT TTGTCGGAATCTTTGG
HdI-3 GGAGGTTGGAGTTGGA ATGAGGTCTTTCGTGT
Hdil-4 ACAGCGTGAGTTCATC TTCGTCACCTAAACCC
Hdi-5 AAGTGGACCAGATGTT TCTGTATCTCCCGTGT
Hdl-6 GAACATTGCCTGATACTGA  GACTGGATTGGGATTT

1 2 3

U RM236

9311 >4 121 d,CSSL39 9311 FERhifd 23 d; 76 =
V. NSD ¥1855 T, CSSL39 Ao 122 d,9311 fifi
#0114 d, 9311 FERFMAEL 8 d(Kl 3a.b) .

CSSL39 Y 7 AR B AE 7 S Qe Bk 1y
InDel 7-13%51c B 1 azin 31) QTL,ﬁfgy‘j qHd7. 2, H:
UMK AE NLD %4 F &k 27.2% , & — 4> £5%
QTL, HHEIrfey ik by rif &, K MA E 5w
BEFLH OsPRR37 fii T AR Bt X [H], 7E InDel 7-13
BT IX R34 X551 (R 4) , 9748 OsPRR37 A
AT FE R, &30 9311 5 CSSI39 HE K 4 fith [X.
10 MIEE R B 5 1 4 8 bp 9 InDel , 4% 1% #
9311 " 8 bp MYHLI & il OsPRR37 1) B35 42 iy ¢
1200 FE R A Ty E, A4S 9311 il REAR Ay ; HfE
qHd7. 1 BJE OsPRR37 W20 LA

160 P<0.01
140
S8 120t

P<0.01

RM164

RM
18749
RM421

Heading da

e

InDel
D RM30 ﬂ L

1001 0CSSL39
801 m9311
60+
40t
20+

et g

Beijing Hainan

— 9311

R e

a:NLD 4cPF F 1Y CSSL39 9311 LA F, #ikk, BA A% T 9311 A5 20 d;

b WFREE T CSSL39 5 9311 FRM HL A s ¢ - CSSL39 R B R /R
a:The delayed heading date of CSSL39. Photos were taken under NLD condition in Beijing at 20 days after the heading of 9311,

b:Statistics of the heading date between CSSL39 and 9311. Two-tailed t-test was deployed,

¢ : Graphical representation of introgression segments in CSSL39
B3 E#HRR CSSL3Y MHMBHRESERUET
Fig. 3 The heading date and introgression segment of CSSL39
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Table 4 The primer for sequencing gHd7. 2 gene in two parents

HIF 15 (5-3") JEIIMFS(5-3")

5
Forward primer sequence Reverse primer sequence

- (53" (53"

qHd7. 2-1 ggttagetgetgetgttggt ccataatctgcacccctttt

qHd7. 2-2 gggaagtictitccectlgg cagtgacatggtgaactctice

qHd7. 2-3 gttcagtgacatggeegata cgagggtottgtacgaggtt

qHd7. 2-4 teteteggeatttacgaggt gatgcatggealtgtigtiga

2.3 EBHRKNEERECSEES T
PEHUE AR CSSLS2 RAR , HEATER IR QTL %

CSSL52

LS 0T, CSSLS2 R A 1 AN A e B 40 A
Bt T 6 S YLtk RM314 1T (1K de) , J 5 BeE:
RO RN R, R A LB, CSSLS2 7E4)
IR TT O EE S - 5L 2R 21 40 (K] 4d) |, Bl A AR AR
KB, #FEE BT U250 s AE AR, Wi
AR L A R IFE Y 1 ~2 d JRIFIRTE
FEIQ 25 (R A FIAE Sk 347 - 2 B8 21 e PRtk (]
4e) , Bite o3 A A A R T IERAS 2R 0, e
A FF I B (0 25 AR TR, T 5 10 B 60 25 R T T K
CSSLS2 [l Ak FERAITE B R/, 587 A4
FESEAAHIE (18] 4a,b) o

|~ RM314

40.3 \_ RM276 RM402
43.8 ~ ' ~RMI21
A= D64

RM35427
B % ID6-5
-~ ID6-6

609 <7 - 1D6-7
61.1 ID6-8
61.2 RM527

| |- RM3827
|| —ID6-10
- RM3628

RM20438
RM528

125.4

134.5 — |

139.9 ~ |
142.4

1452 =

RM30

| — RM400

|~ RM439
RM412

- RM494

-

a~c:9311 BFAAE CSSL52 Mk LA K AFAR B ;49311 (CSSL52 M5 LU 3K
e:CSSL52 (EER A fE— 1tk A P AR AR I AR BOL T 6 S YL RN RM314 Bk (£LRARIE)
a-c; The stigma and apiculus colors of 9311, wild rice and CSSL52,d;The leaf sheath color of CSSL52 and 9311,

e:Genotype of CSSL52,the only substitution segment was marked with red star
4 CSSLs2 itaRBVSERR
Fig. 4 The coloration phenotype and genotype of CSSL52

R TS SR RO A Ry LB DR AR R AR B
CSSL52 59311 [IAZ, 84 & B, CSSL52/9311 F f#
PRA BT I8 B AEAR AR A Sk FRR RIS Sk
AR BEEEE T CSSL52/9311 F, 2p B BEIA, 76 =1

[ 452 > Fy Bk A7 347 D HUBR HAT S 4 |
SOMSk ORI TR A 105 SRR
ATENER, R BA O Ok REE
M OFERT 1A 2 Al 3 AFRALE S ARy
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FLRR R OMIRA BT A 301, 1EJLATY
CSSI52/9311 F,#EfAR 1512 A~ sikk, I 1145 4
Hpk B AR, A 367 AR EA AR 4
x5 WNEEMERFBEENIEBR

Table 5 Segregation of two F, populations with purpletrait

A MOR I B R & B I E A Ak o)
BEHAG31(£S5), 458K, CSSLS2 K@tk
Z—XF AR R

e IS8 ESURUIN P RENEZIN

WP

2 2
Xo.
Poplulation Population size Purple trait ~ White(or no color) trait Expect ratio X 003
F, =L 452 347 105 3:1 0.755 3.84
F, b 1512 1145 367 301 0. 427 3.84

W5, 72 RM314 BRI X BE, BT i e 1 1 CSSL52
159311 [B]| HA Z251ERY 8 4> SSR FRIC Al 2 4~ InDel
PRIC(FE 6) o R T BRI HTE . Xt Fy 508
TR 472 BRES VA MR 7 B DR B M | AT 20 Fp
PRIV E SO BRC B &, B ekt B br e
SENLAEFIAPRiC RM19552 F1 RM19561 Z [f], 1 #L#E
2524 131.1 kb, #]H Rice Genome Automated An-
notation Project ( http://rice. plantbiology. msu. edu/

cgi-bin/gbrowse/rice/) WIESTE 131.1 kb X [H] N 4L F
F6 orC EEBHAEMATAY

17 A TR B BEHE 42 (ORF) . Horh, ORFI4 (LOC _
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Table 6 Molecular markers utilized for fine mapping of OrC gene

bric EmG#(5'-3") K519 (5'-3") PR
Marker Forward primer Reverse primer (bp) Size
RM314 CTAGCAGGAACTCCTTTCAGG AACATTCCACACACACACGC 108 ~ 118
RM19552 TGCTGCCACATGTTTGTCATGG AAGAAAGGGATAGTTGCGGAGTGG 200
RM5754 GCCCATGTTGGTAGTTTGATTCC GTGCGTCTTTGACACACAATGG 187
RM19555 GGCACTATATGTTGATCGCTAGTGG ATGGTCCTTTGCAGGGATTACG 296
RM19561 AGGAATCACATCCACCCATGTCC GTCAGGCACGGCTCGAAGTAGG 116
RM19569 TATAAGGGTTGGGAACTTGTCC CAAGCCCATTATGAGTTAGAGG 346
RM19570 CCCAGATATTCTGTGTGATCATGAGG GAGTGAATGTGAGCCGTCTATTGG 261
RM253 CCATCTCTGCCTCTGACTCACC TCCTTCAATGGTCGTATCTTCTCC 195
InDel-13 TCTAACCAAAAAGTATTTCCAA TCTACTCCATCGTTTTCCGTGT 239
InDel-14 ATGGTGCCGTCTCCTC AATGTGAGCCGTCTAT 296
3 i XTiZ QTL A7 HE D e e, 48 45 8 4k R AT LU

Jet i Fr BEE RN K AN BB AL BRI AR Y
R A AR 20, AR RO ORI B 1 3
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