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1. TORE K2 KRB/ R B WF 9 b, TR 4007155 2. WINZEERW AR, U ¥4 646009

RE: kMG, BRSFHREI G SAREH OB ETHIR, BRI L, KBEEKRRBERMEZCSSL) 2R
ARk ERAREM, R BFREARGKBERABRRBLRASSSL @R TN EL S5 IRBZFT TR, A4 R#%
R OB R G4 AT K K4 CSSL-Z688 AAF A, S 7 ANk & Ak A M K 49 30 & Mk & B & (quantitative trait
locus, QTL); #—FHFTEAA QIL MY S5 AALERBERBLAPSARESEABERKLEZ, L F 64 QTLs
(¢PHI1-1, gPHI1-2, qGL1, qGL12, qRLWI #= qGWTI) 4t 45 AL 4h & % A BR % R AT I E. & 52 & 11 A3
QTLs, & # 4 qPH2, ¢GL1-2., qGL2, ¢qGW1, qRLWI-2, qRLWZ2, qRLWI12, qGWT1-2, qGWT2, qGWT6 #=
gGWTI2, & 7/ QTLs h Ak ihit. QTL AL WA m AW . KiEkhs. bk, TEFSEAARN S35 %
A QTL Aebefo B M 49 3£ B % vk, 4ok B ALK G Ik 18 49 gphl-1, qPHI-2, qPH2 ¥yt B A= qPHI-1/
qphl-1 B qPHI1-2/qphl-2 %2 qPH2/qph2 ¥ 28 3 B %tk & 9455 k& B @k 18 89 GLI , qgll-2, qGL2
Fa qGL12 #9hmtez B B qGL1 /qgll ¥ B &L B 2 Fl HraKiEa keikid; kB &k 18 49 ¢GWTI . qGWTI1-2,
qGWT2, qGWT6 Fa qGWTI2 # otk 2 B & qGWTI /qgwtl » qGWTI-2/qgwtl-2, qGWT6/qgwi6 . qGWT2/qg-
wt2 Fe qGWTI12 /qgwt]2 8 WA S ER TR R E, XBEREAWNERERBEZGOMETAH LR
BA RO ERRSBA LML ERAITHR, AIAELHBREAZATFEHORB, TR T HRET ELREEE.
* @ W KA FEKRABRRKACSSL); B KF;

QTL &4z
RESES: S511 MEIRED: A FAA R G RIRA) 4R 4% (0S1D) :
X E 4 S 1673 -9868(2023)01 - 0033 - 12

Identification of QTL Based on a Dwarf and Long-Large
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Abstract: Plant height and grain size are quantitative traits in rice, which is controlled by multiple genes,
and their genetic basis is complex. Rice chromosome segment substitution line (CSSL) is an ideal genetic
material for studying complex traits. However, development of single segment substitution lines (SSSLs)
needs many years and many generations to complete. In this study, seven QTLs of related traits (plant
height, grain length, length width ratio, 1 000 grain weight) were identified by using a 4 generation of rice
dwarf and long grain substitution segments line CSSL Z688. Five homozygous SSSLs and five heterozy-
gous SSSLs for the target QTLs were further developed. Among the target QTLs, 6 of them (¢qPHI1-1,
qPHI1-2, qGL1, qGL12, qRLWI and ¢qGWT1) could be verified by 5 homozygous SSSLs. In addition, 11
new QTLs (¢PH2, qGLI1-2, qGL2, qGWI1, qRLWI1-2, qRLW2, qRLWI12, qGWTI1-2, ¢qGWTZ2, qG-
WT6 and gqGWTI12) were identified by 5 single segment substitution lines, among them, 7 QTLs were not
reported previously. Additive and dominant effects of QTL showed that the phenotypes of plant height,
grain length and 1 000-grain weight were all influenced by the additive and dominant effects of many
QTLs. For example, the additive effects of gphl-1, qPHI1-2, ¢qPHZ2 from Xihui 18 and the dominant
effects of gPHI1-1/gphl-1, qPHI1-2/qphl-2 and ¢gPHZ2/qph2 in combination affected the inheritance of
plant height in rice. The additive effect of ¢qGL1, qgll1-2, qGL2 and qGL12, as well as the dominant effect
of gqGL1/qgll simultaneously influenced the inheritance of grain length. Similarly, the additive effects of
qGWTI1, qGWTI1-2, gqGWT2, qGWT6 and qGWTI12, together with the dominant effects of gGWT1 /qg-
wtl , qGWTI-2/qgwtl-2, qGWT6 /qgwt6 , qGWT2/qgwt2 and qGWTI12/qgwtl2 had combined effects
on the inheritance of 1 000 grain weight. These results suggested that development of SSSLs can effective-
ly dissect the quantitative traits with complex inheritance into single QTL/gene for research, also can pro-
vide important genetic information for rice molecular breeding by design based on the platform of single
segment substitution lines.
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T QTL @At . FAES SRR F, . F,, . B4 AR MBUAR A R ST HR s AR R QTL &
A SRV S A A 3 B A R 28 R R R AR B R R KTO1 ML F, AR BERER . KR E 24 A
KFERLELY QTLs 5 Zhou 25 LIS 15 63-4S Fl TGMS29 N EARMHN F, KIHATER F,., BEA I 7
36 KL QTLss Liu %5 FIFH M A~ FIARS & B Taifeng B Al Tesanai 2 R EARMEA 170 MR R M ELL AL
% (Recombinant Inbred Lines, RILs) BFAIEKIN ] 34 4 HIK R AL QTLs: FDyAESE I FH A 52
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Y14 Nanjing 11 %5 X Balilla @@ 19 DH BEA, %55 1 50 577 8GRI QTLs. A1, B TFHIHRGE
FEU AR () 8L 3 S TR R 0 QTL @R ERG, W B4 5 F M LG, — @ BE FRE T
X QTL Wik — e ME . o T4 QTL M e O Eff . H S8 QTL & M ik & iy — ik 4k,
Ye i iR H Br U & (Chromosome segment substitution lines, CSSL) | i 25 4 R £ (NIL) 5 )k /R E B AR &
Wi 32 BRI 00 T R, KRG Gk i BoU ROE B 3E A SR8 5 0 BARRE R, [ S RDRE 2 o a4 o 1Y) B %
PR SEAT AL At o 0 1 0 QTL W] R4 107 FH T 75 Fhosc 8 DAL T A FELARL 90 3t 4% BF S RS ok S
VR OB Rl SLG-1 5 /KL H R B 58 L [ 58 0 ) — 25 56 F TR R RURE R 1Y I ik 3 4 3R T &R
(Sister Near-isogenic Lines, SNIL)BEA, M F] 12 4~ QTLs; WEAESE " 1L 93117 RS2 B4, 35 B
e R A AR S AR B 1 e A R BRI R B L S 0 B RS TR i | R L R SE AN B H S PR Y 16 4
QTLs; Fan %" DL HHZ N2 3B A, BAS B4 5 A by g i Yo 0k R B AR 4 R e, A 3 25 4>
QTLs. ASURBIZ 53 5 L H AW FPG IR 18 N Z R EA QI8 T B KR Ok i Be iR &R, JF AT 7 — 28
PR ARG HER Y QTL @A M QTL 42001, U0 Liang 257 LITGYR 18 32 LA Fy 5 3 5 J itk B A
PR 7 403 A BE CSSL-Z563 AR5 11 /KRR QTLs; Sun % LAVGYK 18 S &2 1A i A Fn
3SR A CEARME M 6 S8 F BEKRE CSSL-Z431 M1 kL% %E H 13 A /K R B AL AR A QTLs; Wang
L TR H ARG S R EAR RN VE K 18 S R R AR E Y 2 4~ CSSL-Z747 Fl CSSL-Z749 S #4435 45 5 1
46 A1 15 A KR BEARSE MR QTLss Ma &85 DL ARG 52 (R R AR TV HK 18 Ry bR E AR M #E Y 3 1%
e v Br CSSL-Z1364 #1 6 {4 i B CSSL-Z744 S K3 i) %58t 8 A F 17 A K F 7 2 A OGP AR QT L
Wang 55 LU H A 1 R 32 (R EASRIPG K 18 Ry (IR A K B9 6 104 F Bt CSSL-Z2741 k%5 Hh 20 4
KA A 2 MR QTLs; Zhang %55 DL H AN W S 32 7R 55 A M PSP 18 S fE 44 S5 AR # #1434 o Bt
CSSL-Z741 Ahr RS E ) 7 ANKRERIAR QTLs. i Fikge CSSL fr & M0 e i BE& AN ], FLAG A ] 1
R QTL, RLL CSSL R F & Bk R T BRI 282 T K AF (LAt

S EANL T KRR = ARG HE R QTL, (H i Tk Radk s . Rl SF Mok 22 £ 4> QTL &, Z 50
LEENAUKFE S FIROTE R, ALEEEHEZHAF QTL, HR XL QTL 4fF 2 504> B 5 B A4 &
(Single segment substitution lines, SSSL) ¥, DL SRS i 3y A1F 50 50 5 DX 2y RE RS2 BRBETH & R R AR, DR,
ARWETEAE 6 10H B g ok i BeARHe R 2744 BB AR Z MR QTL @ M0y al BV, RISz ik H AR 5
2744 25 JE AR E— L R WA . RORDK R K i Be ARk R 2688 N WFFE M4 RL, #EATOK R bR LRI T
PRI QTL @, Ik — 88 Bhs QTL M4l & s & 5 BRI &R . iF g8 ok A BTG K 18 45 {7 5
A R PR A R R R R A A S

1 #MRERE
1.1 Ke# A

AT 5 Al F AR R 4 AR A B K R % PR OB e (o R - BE AR e R 2688, 2688 7 Ma M G H
(6 A0 BEACHR R Z744 CEXRHR K B 2. 72 Mb) 89 QTL & i F Al bk & i sy, Z744 DL H A B
NZRGEA, PR 18 AAEAR, L@ B A, DKL RA®E —FHRA 2 8% 263 4
SSR #7187, M BC,F, JF 464> T b5 0 4l Bh 3% £ ( Molecular marker-assisted selection, MAS) , A1t 45 4~ #k
Rk 20 tk, 4kZE MAS #E#E, 76 H AW /BC,F, W9 F, Rk 17 6 /U Bery K fg 2l & Y a1k Bo AU &
27445 RGN Z R HASHG 5 2744 24580 F,, BRI (2 QTL 415 ) i — 25 MAS 3 & 1 1 -4l
A 4 AR o BER R AT Ko e ik i BeAC i R 2688, mbE . 52 A H AR AR — B AR A”, St
TRPGIR 18 fH B — S AR “B”, 22 Gl BIAR“H”. 7688 pfCH# i By % & & MR Liang SV R M50, Ak
AR A BEK BB S ] Paterson 2515 4 7 ik #E 4T
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1.2 #EYHESEE#E

2019 AFEFEPY B K F/K R L (PR B DB , DL H ARKE 5 2688 %3¢, WO HL 44 8 Fh I F [l 4F 76 16 g 2
HuFPAE F, o, JFORE, Flr. 2020 43 H 8 H, FEVI R R KRIEMFE . 4 A 15 H, DIBREEAATEE 23 51
16. 67 cm F1 26. 67 cm # AR H ASHE 1 Z688 #% 30 #%, T QTL &ALy 150 MNEBRA MY F, #HEK T [F]— ik
B, Hew MU CEAT I AAS . 2021 4F 3 H 10 H . 7EVE R RSFKARGSE AT H A , 2688 FIM F, A ik
HEY 10 /\wﬂaﬁﬁﬁﬁﬁ, T4 18 H, ¥ HAN, Z688 Fl 10 Mk & (£1038-21047) % B #k 30 bk, He#
J7 kAT 45 ¥
1.3 7688 E’Wk‘.%'\ i B R A

SRR L SF-Hi T WO H A B A Z688 4% 10 BR A K 150 #k F, BEIR. k. 10 Bk, 10 W98, T RiR
B BRJE R R DR S T K S . BARS IR Wang S50 RiR A9 5 200 A . BRET R 5 m 35 RO DA L
) gk o B Tl T ) BE S AR R 30 RLARTE — BURRFRL, BEALEE 10 Ko 4% K RN SE I R AHE AR5
20 em J RO LB K BRI TE B . B 3 K, I BT 10 R RN 10 R TE B, SRS BRI Ol R KR
Vi AR DRI SR TE Y LU THRL. X T H AR R Z688 1Y TR BT & . FEALIEH 3 000 KL, SRS JHH
F R4 1000 Rk 1 AT, TR 3 . X T QTL a2 A B 44 1 T 5 2 0 o, 00 45 ok B ML B
200 ki, FIHFRPIE . FE 3 W, RIFTELL 5. &5 . I Microsoft Excel 2016 i3 10 £k H A
M 2688 K F, FEUEEBRAER AV S E IR E 2 . T AT ¢ T 56.
1.4 OQTL Efi

VLH AN 5 2688 2«38 W £ I B 150 D BARRAL B A9 IR G F, BEMAE N QTL @i fE ik, Hoske st =
SRR L (CTAB LR BOGEAS AN 150 4~ F, BFRAY DNA, 28 Zhao % fliik i )5 % 4T PCR m GIE|S
AR SR T T P o5 i P UK. K AR S A R | 2688 A AL L LS B | (i A L R R A, B — 17
“OTFNTL VRFIR. HEA 150 A F, BRI A R AE, ] SAS9. 3 i3t F A/ (SAS Institute Inc, Cary,
NC, USA) IR A LA (Mixed linear model, MLM) #:#47 QTL @AY, L p<<0.05 KB,
QTL 2 AFTE.
1.5 BRQILMAEMESERFBRIRREFTR QIL MM B MR 54

4G 2020 4F QTL ENifH B . M F, %8 10 & HAr QTL MY bk (& 4l & 802 & B s Uebricd
RIRICHT B 5 Z AR H AR —20, 2021 4R Uk & (Z21038-21045) » HEAHk R B 30 BRI A 42 L DNA,
A MAS X Horb g H AR AR 2 E AT 2E— 2D R ER i 18 . 26 I 465 1 SSSL MIZR 5 Y SSSLy, . T 2021 4£ 7
H R A) OB 10 #k B AS S FIEE 7 (19 SSSL Bz SSSL oy, BT A HbE (8~10 Bk, Fie A [R] 4 J5 2k W o5k i L L
Koo oRLTE . KIER TR B G, T 406 s QTL m b 0% f2 & QTL (1 SR8 43 #7.
1.5.1 AT 4 Ash4 SSSLs #9 QTL An bk 2 5 o #7

X Falif SSSL(S, —S,) . Hifiik H,: SSSL, Uk i BOAR A E#E il 3 — VIR 9 QTL, 8K 5 X454
SSSL FaZ ik H A g AR SEAT ¢ MK, 7 p<C0. 05 BF, W] SSSL, B A BEAF 78 2 i - — MR 19 QTL.
HRE 6 R B 2T H AR I (1 35 A5 A5

=p-+te
FIEA B AR 2 1 AL B ALy
P, =p+a; +e

o, o N HARBE R — MR RAUE , o, Ty QTL WINEER . p, il p, 435137 SSSL 1 H A< 19 R AL E
e ABEHLIR 2",

AT X QTL AL (e ) R

a; = (p;, —py)/2



%14 2N, F. A TFRABEAN KA CSSL-7688 5 QTL .2 % SSSLs 2% 37

F 2 PYAL By st s .

A A EE Microsoft Excel 2016 Hr 47,
1.5.2 A F 4 AZ%4 SSSLy, 09 QTL B2 5 5 7

XFF42 A SSSLay » BRI H, : R24GRAERY SSSLi g, AFETE BN & » B

i =(po+p/2

KA pian s po M p. 43510 SSSLyyp, » HAHE AN SSSL, AR EUE , SRIGXT poy I (po+p.0 /2 e T,
A p<<0.05, WHLH H, AT, Bz A i B & # il 3 — PR 0 QTL A2 FE AR RN o . AR A b 1k &k
JR3E, A SSSLiw, I AL (d,) Ny

d’. =pDin — (pl +i)0)/2
FF A 139 7E Microsoft Excel 2016 HriftEfT.

2 #HER
2.1 7688 HIRmF BRAMERERE TS

7688 S A M A VEIK 18 i 4 Y@Mt B BE, A TAKREES 1, 2, 6 AT 12 ek B - 1, HE
R BOAG T N 8. 53 Mb, e K AR B Ba A5 1< 0 5. 06 Mb, &8k 0. 55 Mb, ¥4 2. 13 Mb.

Chr.1 Chr.2 Chr.6 Cir-12
048 RM6335
047+ ;RM6464 038,/ RM3340 0.70 | g';? \ / RMSS68
0.55 “.‘ ;1 RM1282 0.81 \ ’// RM2770 1.00 1-‘0 \'W/ RM6371
2,00 |/, RM14358 150\ RM5764 1.80 215 lmms
2.12 -\ RM1254 2.1 ~4 RM236 1.90 < 3.19\\ /' RM247 ‘ 0.72 Mb
3'3§ - RRmMsmzé §g 1 rwto7s g?g 9GLIZ 358 )/ |RMAg1
05 83 1~ : 4927, RM3455
5.56 1~ RM151 441 74 RM3732 4.00 669\ RM7119
1 5217\ [RM3294 410771\ 7.60\| |/, RM27819
5487/11\\\RM6378 |48 0.55Mb 470 /4" 8.30 \\\ //, RM27850
632 //}|\ [RM2483 5.70 /) 883\ //, RM101
7.487/L1\\ RM5430 5.92 i) 9.50 |/, RM27891
898 //|\\ RM5699 6.10 /1)l 10.10 \\\{/, RM27917
10.18//] |\ RM1358 664 1169V
11.39/ 1\ RM324 X
13.19 RM300
17.61 | | , RM5707
19.77\| |/, RM8254
22.42/\[1/, RM3688
23.86 ‘:\ /| RM3874
2 24.614\| /[y RM5804
gPHI-1 2548\ {1 RM1920
qGLI 26.26 |||/, RM3730
qR.LWI 26.68 ":l:: RM526
qGWTI ‘ 5.06NMb 2713 W (// RMS599
28181\ /i muz
29.05-\\[1// 97
gPHI-2 30.13 [}/, RM3275

32,09\ //; RM112

3340\ |/, RM6210

. y 34.23\}/, RM14127
41.08 .- RM5362 35.00 \\|//, RM3248

41.30 /F{ RM12177 35.16 |1/ RM14182
41,80 /1 RM12204 35.40 5 RM207
42077/ \ RM8049 3550/ \ RM7388

43207 '\ RM6840 3566/ ' RM14218

2 e o A /000 9 0 BB 15 MID) RIS 9 QL A7 00 0 B 44 Bk P 2 o A AR 00 1 BB 6 5 A P9 A3 0 AR 006 K 6. PH 9 Bk 75+ GL b
K, RLW ABR K, GWT TR0 ft.
1 CSSL-Z688 I # /i B R ¥ B QTL

7688 HY K5 (65. 29 cm) i FHHE T 2K HAHE (104, 11em) . b H A HE AT T 38. 82 eon (&l 2a, d);
7688 MK B (2. 33) L H A (2. 18) B8N T 0. 15 (&l 2¢, o5 2688 Bk K (7. 80 mm) L Z 1 H 4
(7. 28 mm) BEHINT 0.52 mm(E 2c, D; 2688 M TR & (24. 16 o)t H AR (21. 94 g) & & 1 n
T 2.22 g(H 29).

2688 (A SRR, R ADRL S8 S PR 5 H A 22 S T ge i i (G BRI (] 2a, b).
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BAbE
7688

A RS 7688
(a) BHAESFIZ688IE K (b) HZAREFNZ688%E (c) BZESFIZ688FTHL
140 245 ¢
120 F 240
235 |
1001 230 |
5 sl T o 225Ff
fi e 220 F
£ 6of EE |
¥ a5t
40t 210
2 205
200 |
0 ‘ ) 1.95 '
A AR 7688 BN 7688
(d) BHARBMZ688HRE (¢) HAEEFIZO688{KFELL
8.20 ) 30 .
8.00 | 2| *
7.80 - l
7.60 o
E 740} L,
~ el
L7207 A
= 700 10}
6.80 | 5
6.60 -
6.40 - ; 0 '
A 7688 A Ak 7688
(H) BAEEFIZ688HIK (2) BZAREEMZ688THifiE

* FR p<0.05, * x FR p<<0.01, ZRALIT¥E L.
2 Z{KHEAREE CSSL-Z688 & BN £ R ik
2.2 7688 R EREHRKEMALE QTL
LI HASKE A1 2688 2258 W IR K F, BEARIL S 2 1 7 456 2688 Mhfm SR BUPEAR 9 QTLs, 401 F
B0, 56 N 12 Ye Rag 0 A BE b, @R TN 0. 84 %0 F 23. 94 Yo YR RIS (K 1), KA TEIK 18 i
B qPHI-1 ML qPHI-2 5 7688 WA HARFESL, A6 T4 1 QR m A A B b, #80 T A [ Y 4
FARIC, HA PO 43 S Bk & 08 /0 T 3. 20 em 1 2. 16 cm, AR SRR B T 15. 00 %6 H1 0. 84 %0 BBk i A8 5. ok
A PR 18 1 2 A FM gGL1 FqGL6 IR GL12 5 7688 Wb 4 MR B . Hom M %4 iz 43 5 (i 2688 1y
KM T 0.11 mm, 0.09 mm F10.06 mm, 73R T 23.94%, 15.36% , 8. 83 MK KA H. KAV
MK 18 FARL qGWTI 520 2688 B AL, PS80 fdf TR0 57 52 34 b1 1 0. 66 g, fERE T 9. 76 Yo Y R AR 5.
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Uesh, gPHI-1. gRLWI . qGL1 M gGWTI %8 F 7 —bric RM128.
1E qPHI-1 S X [al A B safE R OFP3 M1 OsHXK6 ., 1E gPHI-2 BACH X 18] A © 58 [ it
OsERF3 Hl PSDI1, # qGWTI1 X 8] N A & 5 B 5 B OsMKKK55, OsMKKK70 Fil Os-
MKKK62 (3 1).
F 1 7688 1Rk B IS H5 ik B8 bk BB AR B QTL
ES REUTEE ke T

AR QTL  Zffk _ pE I fii Y 2 (A
FRid KE/Mb B R/Y%
Me#i/cm  gqPHI-1 1 RM128 0.55 —3.20 15.00 0.003 4 OFP3™7; OsHXK6™
qPHI1-2 1 RM6950 1.33 —2.16  0.84 0.0126 OsERF3"™; pSD1™
A/ mm qGL1 1 RM128 0.55 0.11 23.94 0.0009
qGL6 6 RM494 2. 25 0.09 15.36 0.0256
qGL12 12 RM247 0.72 0.06 8.83 0.0085
K5 gRLWI 1 RM128 0.55 0.03  6.59 0.0436

OsMKKK55™7; OsMKKK707 ;
THFTE /g ¢GWTI 1 RM128 0.55 0.66  9.76 0.0208 )
OsMKKK62"™"

2.3 B QTL Bk %K K B # % (SSSLs) B 52 & R hin itk 70 B 14 188 1% 3B & 47

ST QTL i, it MAS 76 F, BEAEE 1 5 AN alif 5 BofUHe & SSSLs(S, —S) 1 5 A% hif 1Y 2%
BB R (Siqp —Ssan ). S, BACHR F Bt RM403-RM128-RM1268, fir T45 1 YL fhk b, itk
KB K 0.67 Mb; S, Byt #e B B i RM128-RM6950-RM5389, i T4 1 4 ik, e K iE N
1.82 Mb; S, f4C#: H Bty RM3294-RM6378-RM2483, i T45 2 Yetafhk b, £t K 0. 55 Mb; S,
A H B RM400-RM7412-RM439-RM494-RM20769, £ T45 6 Yeafk b, Al A4 KN 2. 20 Mb;
S; MARH A Be oy RM6288-RM247-RM491, £ T55 12 Je @ik b, MR B 0. 72 Mb(ER 2).

16 2020 AE BNy 74 QTLs Wby H 6 N(gPHI-1, ¢gPHI-2, qGL1, qGL12, qRLWI1 1 qGWT1) 1]
PlAR I A 404 B BRI R (S, — SO FE 2021 AR BGHE. EAh. EIX 5 a4 8 5 BoAC R R v i £ 11
N QTLs, 09k gPH2, ¢qGL1-2, ¢qGL2, qGW1, qRLWI1-2, gqRLW2, ¢qRLWI12, qGWTI1-2, qGWT2,
qGWT6 FlqGWTI12. XS5 LR, T B RIEBR T MR RNR L35 5 T3, SSSL HAT I F,
RER T 2 A QTL A IR (5% 2).

WATERH 5 MG B BRI R (S — Ssan) X QTL 19 B S 4T T 5081, S5 REKM, 22610

JQTL A A RON o %] 2 RUAT R B2 (3R 2).
F2 ET 54 SSSL, # SSSL;y) KK TR B R AL B HH X MR QTL fniFl B B W

PR ETRe QTL x*s QTL 5/ QTL & nifH p1a
RS /cm BN 104.114+3. 66
S, qphl-1 81.43+10. 67 a —11. 34 2. 38E-05
St gPHI-1/qphl-1 105. 35+6. 45 d 12.58 0.000 3
S, qPHI1-2 100. 6042. 18 a —1.76 0.019 7
S, gPHI1-2/qphl-2 100. 11+1. 82 d —2.25 0.007 6
S, qPH?2 99. 300. 42 a —2.41 0.007 4

S, qPH2/qph2 98.42+1. 35 d —2.85 0. 000 1
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Bk 2
Pk 95 QTL x s QTL &% QTL % hifH pH
ki /mm SN 7.28+0.11
S, qGL1 7.50+0. 38 a 0.11 0.002 1
Sian qGL1/qgll 7.57+0.18 d 0.18 0.010 7
S, qGL1-2 7.00=£0. 21 a —0.14 0.002 8
Sy qGL1-2/qgll-2 6.93£0.01 d —2.00 0. 000 4
S, qGL2 7.1140. 02 a —0.08 0.002 7
Sscin — 7.10+0. 24 d — 0.368 9
S, qGL12 6.9240. 21 a —0.18 0. 000 4
S5 — 7.06+0. 25 d — 0.720 7
A58/ mm BN 3.34740.07
S, qGW1 3.4340.07 a 0.05 0.020 5
Sian 3.4140.10 d — 0.122 7
K5I H 7 1iF 2.1820. 05
S, gRLWI 2.1940.11 a 0.01 0.048 9
Sian gRLWI /qriwl 2.2240.09 d 0. 04 6. 56E-10
S, gRLWI1-2 2.0740. 06 a —0.05 0.000 9
Sy — 2.2940. 41 d — 0.215 6
S, gRLW2 2.1140.03 a —0. 04 0.013 2
Sscin gRLW?2 /qriw2 2.09240. 05 d —0.04 0.043 1
S, gRLWI12 2.00=£0. 06 a —0.09 4. 63E-06
Ssain — 2.07+0.03 d — 0.332°5
TR/ g BN 21.9442.05
S, qGWTI 25.50+1.48 a 1.78 1. 13E-12
Sian gGWTI /qgwtl 26.20+1.16 d 2.48 0.024 6
S, gGWTI-2 24.5340. 60 a 1. 30 0.001 3
S qGWTI-2/qgwtl-2 24.10£0. 77 d 0. 86 0. 006 0
S, qGWT2 24.8040. 33 a 1. 43 0.005 2
Sy qGWT2 /qgwt2 24.73+1.26 d 1. 39 0.025 1
S, qGWT6 24.95+1.19 a 1.50 0.002 4
Sy qGWT6 /qgui6 24.83+1.29 d 1. 39 0.013 8
S, qGWTI2 24.5840. 60 a 1.32 0.003 3
S qGWTI12/qgwtl2 24.10£0. 88 d 1.08 0.025 6

H: ERLL 10 AR EL. S Mali & 8 5 BoAR R OSSSLis S, b H AT B 2% & A i BE A g R R BEAR R R
SSSLicy, . a Al d 53 53l Sy i 280 107 A0 AR . p<<0. 05 F R AE SSSL; B SSSLcy, A7 E QTL Y I ok S0 PR S,
RM403-RM128-RM1268; S, 4 RM128-RM6950-RM5389; S, y RM3294-RM6378-RM2483; S, y RM400-RM7412-

RM439-RM494-RM20769; S; & RM6288-RM247-RM491.

FIFH 46 G 1) B R BeAR e R R 2 10 B B B e 28 0T sz e i 445 07 i Jom P 500 i 24 5 A s A2 3550 [ st
SRR R B L. AL TER 1 B Rk VK 18 19 gphl-1, qPHI-2 FIALT55 2 Btk qPH2 19 fm 44
BN AR S REAR 11, 34 cm, 1. 76 em M1 2. 41 em, qPHI1-1/gphl-1 )5 PRGN AR S 3400 12. 58 cm,
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W7o A PEK 18 MYPR S qphl-1 FRIAAXBRYE, Mk B HAMEWR oPHI-1 WA BAYE. ¢PHI-2/qphl-2
M gPHZ2 /qph2 05 AERON 5 B 5 B A 2. 25 cm A1 2. 85 em, FHSR [ PEIR 18 Mtk gPHI-2 MgPH2
S BRI R A AR X A TR A HASKE I gphl-2 Flgph2 FRTBRME (R 2). XEEZEIRER W], thm R Al
JEX S8 QL A Ji 4 5 07 N 8 1 R A9 8 TN N o 48 7 T 3k 1 AR 2% 1 K R T o PR R BEAR R R Y A
I3 R B A5 R AT R ST

XFFRACPER, R A VIR 18 1Y qGLI WY IMPER N ZE 4% LA S, ARSI 0. 11 mm, 1Mk A PEHK 18
1) qGL1-2, qGL2 Rl qGL12 (RHAERL N R 40 50982 7 0. 14 mm, 0. 08 mm 1 0. 18 mm, ¢GLI/qgll
4 8 PR RGO R I T 0. 18 mm, FREAK A VEIK 18 1Y gGL1 FXI Rk [ H ARG qgil I B XTI
RN qGL1-2 . qGL2 Fl qGL12 XN i 22 A 0 S8 K M RON (5 2). [RIFER I, R 2 th Z 55
P B R HARORL R RUR 24 QTL it A i 4 %808 1) & .

e PG 18 1Y qGWI FIIMPERON i S, fkE S8 B8 A0 0. 05 mm, i 78 A RN #4445 67 15 JC B S00 (36 2)
7688 BRI TEAdL 5 H AHE 1Y 25 5 G 1T 2 L.

XFFKREARA L L . oK B PUIK 18 19 qRLWI (1 i &4 W (i 4 5 L 38 i 0. 01, Tk F PE 9K 18 1 gR-
LWI1-2, qRLW2 Fl qRLWI12 By 8508 43 5d 25 R K 56 e s 2D 0. 05, 0.04 F1 0. 09. qRLWI /qriwl 1
PERON A A R A S8 LL 38 0. 04, FRWISK A PEIK 18 By 3G 48 K 58 LU (19 gRLWI AHXS >k A H AW (1Y griwl
K RAE. gRLW2 /qriwe2 1 5 5500 (5 45 67 K 58 F k2D 0. 04, IR A PEK 18 MW /D45 R K B8 HL 1 gR-
LW2 Xt HARKE W grivw2 WRIAT BAE. 5540, 78 HAZ A O 2SI AR I R0 (£ 2).

ST TR R, KA PEIK 18 B qGWTI, qGWTI-2, qGWT2, qGWT6 FlqGWTI12 B InER N 43 S AE
WAL Al TR RGN 1. 78 g, 1.30 g, 1.43 g, 1.50 g 1 1. 32 g, qGWTI /qgwil , qGWTI1-2/qgwtl-2,
qGWT2/qgwt2 s qGWTE /qgwt6 Fl qGWTI12 /qgwil2 () 5 VRN 43 5l {8 T-ki it & 3% hm 2. 48 g, 0.86 g
1.39 g, 1.39 g 1 1. 08 g(F 2), IR A VI 18 MM TR T &1 qGWTI, qGWTI-2, qGWT2, ¢G-
WT6 Fl qGWTI12 FHXT H 20 ) AH W 55 7 5 P 3R B0 M. o e 28 SR 3k — 2D 06 IE 1 T b2 ot £ 2 i s 2 A
i R S0 IR L F RT3 S A A R R B AR R DL Ay R

3 itig

AKFEFE i B 3 R AL A RO, AR SOR BOR TR BT TR T kK R S AU
JEPesE. AN, KRR S R R I T AR E T 1 AN LA H ARG Ak AR T R SOk H
PEIR 18 FEH ALY 4 1030k B BE /K RS CSSL-2688, 5 H AWE A EL, 2688 APk B 35 A8 K, TR0 i i ) % 4
T TR R A RN R B AR K AR G, 5 Ma U S BK R Y R R BRI R 2744 )
KRR BIAHAL . (0 Z688 MY /KRG bk = i AR 0% JRFF AR R IR 1R 5 — ks (i, BBAF L HZ T
WAL GEUR. VR IS A KRS SRR, RS IR, I R A, ROKREEAR A9 bR Y Nk, 2688 S
FEAK = AR R JE R AR T RAF M Bt BRI, KRR R 5 Be R R, 52 R R AR, AUFEAE D i A
Briy 22 5, s T AT R 0. & QTL M 000 sk . i e o fk i BEAU I R i b
AR H 22 B DR o 0 B MR R AT 40 A SR T2 4 1 B 2 0 R AR AR S, O A R a5 A% i AT RN K R
ST RE T B R AT SRR

2 H AN /7688 M #E MR F, BEIRIY QTL B, & 7 A5 il gk o Fok Bk 19 QTLs, Hodp 2 4
(gPHI1-1 flgPHI-2)ffibk & 728 5% . 3 1 (qGL1 . qGL6 FlqGLI2) ki K34, 1 4~ (qRLWI) i 454k K 58 kb
HEA 1A QGWTIH M TR BT . seoh, FRATH L8 th 5 A alig 5 Bk & (S, —S)O M5 A4
B BRI R (S —Ssan). TE S AR B R, 6 A~ QTLs REE M IR UE, HLAM B T 11
A QTLs. S AWFge4l AR, & B4 5 B0 R A B9 OF P35 4 it & W% 19 OsHX K6 " Sk
W qPHI-1 M 8ikRIC RM128 23 S AHEE 0. 16 Mb 1 0. 29 Mb; i fih 24 W & 54 5 189 OsERF3 K 4%
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O JE W U B SR FF I IR PSDI 58k R gPHI1-2 B9 8ikRric RM6950 43 B A 0. 84 Mb 1 0. 63 Mb™"*;
i i 22 2L 5% AR (IO ) OsSMK KK 55, OsMKKK70 #l OsMKKKG62 5 T % Jfi & qGWT1 0% Bibric
RM128 4+ JIAHFE 1. 80 Mb, 1.81 Mb F1 1. 82 Mb"*'. ¢GLI1 Fl qGWTI1 8% Ma 25" I F H A< i Ny 52 14 1)
IKRE 6 ACHH Br CSSL-Z744 %5 iy, [HImE, 52 55 @ 1 19 gGLI-1, YLERDY LAY qGLI-1 17 T H
UEIX A, PR gGLI-1 RI43 MR 1. 80% . 16. 20 By R AR 09 £ AR 58 qGL1 PR A9 5Tk R
K 23.94% , KW qGLI FI{EZEZ M. 20T SRRl BB R iy QTL. I H Y84 ¥ 54l
fRJe s HImPERON 2 K. qGL6 i RE DL SCHR T | Zhang 25" A 6] B9 K A e (o 1A 5 BEAR He 2 460 2],
qGL12 5 E RN | TH=E 00 QTL KIAAHE , £ QTL ek, ERNEITFM A
EEWNMAE. qGWI, qGL1, qGL6, qGL12, gRLWI , qRLWI-2 FlqRLWI12 if i A WA . 7] BE S8 6 E
) QTL, XUEHFsE 45 N 5 Se I REIF ST BE 8 1 R A JE T,

oI A4 R S PR I R AR R T R ) T AR AL A A, TR A R A SN X i R
FEE L. R AR . bR R S MR 93848 52 B 24 QTLs Jin P A i 2500 i 4k W] 52 g, J2:
I A AR B B . WAk gphl-1. qPHI1-2, qPH2 BN RN 4> 9048 Ak w5 AR 11,34 cm,
1.76 cm Al 2. 41 cm. qPHI-1/qphl-1 BYSRAERON AT RSN 12. 58 cm, 1 qPHI-2/qphl-2 F qPH2 /qph2
F18y S P A5 43 ) R 5 A AEG 2. 25 em AT 2. 85 em. R F PEK 18 (9 qG L1 Ik 55 B A 5 A5 L (A 4 384 i
0.11 mm, MMk APGK 18 [ qGLI-2, qGL2 Tl qGL12 RN 4K 4 5198 2> 7 0. 14 mm., 0. 08 mm
0.18 mm. qGLI1/qgll W) SBAESON AR KM T 0. 18 mm. X Eegh BB, 3844 5 2% 09 B0 Motk nl il i
B R BRI R A S A Sy B s AT RS I ELE G 2 L Y R A T R R A MR s AL ALk, It
TR A LB . Liang Y HF5s R0, 26616 18 AL TF 5 T . RAINPERUN S —0. 86 mm 4L
K qGL3-2 H5IPERON 2 —0. 82 mm BYRLK qGL3-1 24 T —1. 02 mm BYMIME X AN EAL M BEARRON , &%
RAFZ IR R A R 774 T LB B B I 28 W A RFRE. Zhang 65 78 H AR RS B AE T8 50 o bk i
0. 30 mm BRI gGLS FUMERN K 0. 13 mm R ¢GL6 BA =T 0. 31 mm MM > i 47 H
HAERLNE, EXUS R A R D2 R K W E R TS AR K QTL M A B R S, M S,. Liang %
INKHULBR BRI R W60 2R E R0 R T 200 5 1 A7 5 AE 0w 1 AR 5 A~
QTL INPER N A b g, UL T i 20 7 BeAC e 22 QT L A9 i 8 107 B JHL 1A 1 B 0 36k 1 o A 9 83T 75 b A
B AL, SR ARON B SR X Sk P AR A R i Bl O SR 0 8 A% S Al Zhang STV RFSE R
BH bR 34 f 45 B E AV 1) A RN . AR AN A A A, AS B ST 1 ORI F AR B B R e b
TOKRERR R L R L RLTE L TR A R PR AR A Y SR RN . A R A S R ROV, AN oG-
WTI/qgwtl , qGWTI-2/qgwtl-2, qGWT2/qgwt2 , qGWT6 /qgwt6 Ml qGWTI2 /qgrl2 #) AR 53 5
fi TR0 BT B 4 2. 48 g, 0.86 g » 1.39 g, 1.39 g Fl 1. 08 g, PIKABFIY %5 A 82 QTL 14 mk F i
RN, R LLE A X 88 QTLs #4783 & A4t 1 nl 58 iy st 44 15 2.

4 Zig

A FE LA Z AR H A G il — A~ 4 A3 B K R R AF R OB e B R 3 R 2688 22 5C i JE IR ) F, REAK
J QTL VEEIBEAR, %@ T 7 M Edldkm . bk, KERM TR R &M QTLs, It —21EF T HR QTL B
S5 GR R B R 5 NG R Bl &, Hb 6 4> QTLs BB H 4l & 5 v Be U4 R Tk, e 4h
TR B 22 E i@t 114 QTLs, 4391k qPH2, qGL1-2, qGL2, qGWI, gqRLWI-2, qRLW2,
qRLWI12, gqGWTI1-2, qGWT2, qGWT6 FlqGWTI12, Hr qGW1 % 7 4~ QTLs i R WRE. QTL hndtAn
PR BT, PR . R TR A IR A 8% 2 B 2 A QTL By Itk A i PR RN i 2[Rl 52 m . BEOR T
185 1% 52 25 W 30 MR P 3 o PR Be A A0 2R 0 A A3 i O BRE DR HEAT A Y. X SR g5 R DLl B R O P
BRIt E MR T E B .



%14 E9%, §F. AT ARGHEFKE CSSL-7688 #5 QTL %2 % SSSLs 32 & 43

S XK

[1] XING Y, ZHANG Q. Genetic and Molecular Bases of Rice Yield [J]. Annual Review of Plant Biology. 2010, 61:
421-442.

[2] ZEWEF, TAm, SOBEM, 45, A RNA T 5K OsROSESL 2 E K Thfe [J]. FR RF%RCARBFMO . 2020
(6): 1-10.

(3] EXJI, s, DAmA, 55, WM BN KRGS R0 R 2747 %58 BOM SC MOk QTL Az [J]. fE¥ %4k, 2020,
46(1) . 140-146.

(4] V. hERA SRR ). hEKRERSE, 1986(1) : 8-18.

(5] ML, S8, JUSCH, 5. KRR BB I oT it e S [T, %24, 2020, 10(12) : 21-25.

[6] HUANG R, JIANG L, ZHENG ], et al. Genetic Bases of Rice Grain Shape: So many Genes, so Little Known [J].
Trends in Plant Science, 2013, 18(4) . 218-226.

(7] AOBRUE, 28, BiEM, 5. KFRK QTL EAM5 8RR st [J]. WAL % 4, 2020, 40(4): 598-604.

[8] ZHOU Y, HOU J, LI P B, et al. Genetic Dissection and Validation of QTLs for Grain Shape and Weight in Rice and
Fine Mapping of ¢GLI1. 3, a Major QTL for Grain Length and Weight [J]. Molecular Breeding, 2019, 39(12): 1-11.

[9] LIUDL, KANGM H, WANG F, et al. Mapping of the Genetic Determinant for Grain Size in Rice Using a Recombi-
nant Inbred Line (RIL) Population Generated from Two Elite Indica Parents [J]. Euphytica, 2015, 206(1): 159-173.

[10] #HPihe, ARE, FER, % KA DH A A MR QTL @Ml A48T [T]. # M KMl
LRI 5 2004, 25(2): 5-10, 26.

[11] ZHANG G Q. Target chromosome-segment substitution: A Way to Breeding by Design in Rice [J]. The Crop Journal,
2021, 9(3): 658-668.

(127 WEEDRT . 2aA%, Wi, 4. A 4 b ko 55 35 B R B8 oK f b AURDE QTL [J]. fE# 4. 2010, 36(8):
1310-1317.

[13] Jedh. AWy, R¥E, 5. KRR B FAORE QTL & A7 Mok K A7 R qGL3. 2 B3 E [J]. M iRl R4, 2019,
42(4): 612-621.

[14] FAN J, HUA H, LUO Z, et al. Whole-Genome Sequencing of 117 Chromosome Segment Substitution Lines for Genetic
Analyses of Complex Traits in Rice [J]. Rice (N Y), 2022, 15(1): 5.

[15] LIANG P, WANG H, ZHANG Q, et al. Identification and Pyramiding of QTLs for Rice Grain Size Based on Short-
Wide Grain CSSL-Z563 and Fine-Mapping of ¢GL3-2 [J]. Rice (New York, N Y), 2021, 14(1): 35.

[16] SUN S F, WANG Z B, XIANG S Q, et al. Identification, Pyramid, and Candidate Gene of QTL for Yield-Related
Traits Based on Rice CSSLs in Indica Xihuil8 Background [J]. Molecular Breeding, 2022, 42(4): 1-25.

[17] WANG D, ZHOU K. XIANG S, et al. Identification, Pyramid and Candidate Genes of QTLs for Associated Traits
Based on a Dense Erect Panicle Rice CSSL-Z749 and Five SSSLS, Three DSSLS and one TSSL [J]. Rice (N Y), 2021,
14(1) . 55.

[18] MAF Y, ZHU X Y, WANG H, et al. Identification of QTL for Kernel Number-Related Traits in a Rice Chromosome
Segment Substitution Line and Fine Mapping of qSP1 [J]. Crop Journal, 2019, 7(4): 494-503.

[19] MAFY, DU]J, WANG D C, et al. Identification of Long-Grain Chromosome Segment Substitution Line Z744 and QTL
Analysis for Agronomic Traits In Rice [J]. Journal of Integrative Agriculture, 2020, 19¢(5): 1163-1169.

[20] WANG H, ZHANG J Y. NAZ F, et al. Identification of Rice Qtls for Important Agronomic Traits with Long-Kernel
CSSL Z741 and Three SSSLs [J]. Rice science, 2020, 27(5);: 414-422.

[21] ZHANG T, WANG S, SUN S, et al. Analysis of QTL for Grain Size in a Rice Chromosome Segment Substitution Line
71392 with Long Grains and Fine Mapping of ¢GL-6 [J7. Rice, 2020, 13(1): 40.

[22] ®O5H], S8, B0EE, 5. HAWS 6 M0 RIKE R L SRR IC ik L stfe 2500 [J]. VR R¥FFM A RFRE

M, 2016, 38(11): 1-7.



44 B HEKFFHRCA R FR) http://xbbjb. swu. edu. cn % 45 A
[23] PATERSON A H, DAMON S, HEWITT J D, et al. Mendelian Factors Underlying Quantitative Traits in Tomato:

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]
[32]

[33]

[34]
[35]
[36]
[37]

[38]

Comparison across Species, Generations, and Environments [J]. Genetics, 1991, 127(1): 181-197.

ZHAO F M, TAN Y, ZHENG L Y. et al. Identification of Rice Chromosome Segment Substitution Line Z322-1-10 and
Mapping QTL for Agronomic Traits from the F3 Population [J]. Cereal Res Commun, 2016, 44: 370-380.

XIAO Y H, ZHANG G X, LIU D P, et al. GSK2 Stabilizes OFP3 to Suppress Brassinosteroid Responses in Rice [J].
The Plant Journal, 2020, 102(6): 1187-1201.

HUANG W, YU C, HU J, et al. Pentatricopeptide-Repeat Family Protein RF; Functions with Hexokinase 6 to Rescue
Rice Cytoplasmic Male Sterility [J]. Proceedings of the National Academy of Sciences of the United States of America,
2015, 112(48) . 14984-14989.

ZHANG H W, ZHANG J F, QUAN R D, et al. EAR Motif Mutation of Rice OsERF3 Alters the Regulation of Ethyl-
ene Biosynthesis and Drought Tolerance [J]. Planta, 2013, 237(6) . 1443-1451.

LIRQ, XIAJ X, XU Y W, et al. Characterization and Genetic Mapping of a Photoperiod-Sensitive Dwarf 1 Locus in
Rice (Oryza Sativa 1..) [J]. Theoretical and Applied Genetics, 2014, 127(1); 241-250

LIU Z, MEI E, TIAN X, et al. OsMKKK70 Regulates Grain Size and Leal Angle in Rice through the OsMKK4-Os-
MAPK6-OsWRKY53 Signaling Pathway [J]. J Integr Plant Biol, 2021, 63(12): 2043-2057.

LU G H, WU Y F, BAI W B, et al. Influence of High Temperature Stress on Net Photosynthesis. Dry Matter Partitio-
ning and Rice Grain Yield at Flowering and Grain Filling Stages [J]. Journal of Integrative Agriculture, 2013, 12(4);
603-609.

BRSO, K. M. KRR AR B L R B g BUIR B R AT R (T, A FAEME Fl, 2017, 15(7): 2809-2814.
SPIELMEYER W, ELLISM H, CHANDLER P M. Semidwar{ (Sd-1), “Green Revolution” Rice, Contains a Defective
Gibberellin 20-Oxidase Gene [J]. Proceedings of the National Academy of Sciences of the United States of America,
2002, 99(13): 9043-9048.

YUAN R, ZHAO N, USMAN B, et al. Development of Chromosome Segment Substitution Lines (CSSLs) Derived
from Guangxi Wild Rice (Oryza rufipogon Griff. ) under Rice (Oryza Sativa L.) Background and the Identification of
QTLs for Plant Architecture, Agronomic Traits and Cold Tolerance [J]. Genes (Basel), 2020, 11(9): E980.
BALAKRISHNAN D, SURAPANENI M, MESAPOGU S, et al. Development and Use of Chromosome Segment Sub-
stitution Lines as a Genetic Resource for Crop Improvement [ J]. Theoretical and Applied Genetics, 2019, 132(1): 1-25.
A8, TRBER . BRIS. S R ST S SRR R RLRLAH G QTL L], BRIBVLARME RS, 2021(9): 1-10.

VL#. KRR RUE IR 9 35 A% A 5% % £ A0 QTL MG 2 fin [DJ. 448 . WiiLIlyi K%, 2014,

WOCH, kK, THE%, & RRKREOETBAIR 2746 1Y% % LEER IR QTL & 6 Rk [T]. fE%
A, 2021, 47(3): 451-461.

TR, kAL, FF, F. ATROEFBRERRNWEERBK QTL-oGLI2 MAEH & [T]. T ERIIF:, 2018,
51(18): 3435-3444.

REHE AR



