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Abstract: Grain type is an important agronomic trait of rice, which is regulated by multiple genes, exhibi-
ting typical quantitative traits features and closely related to the yield performance of rice varieties. Chro-
mosomal segment substitution line (CSSL) is ideal material for the dissection of quantitative traits,
through which the inheritance of complex quantitative traits could be disintegrated into patterns with single
QTL or major gene under purified genetic background. In the present study, an elite chromosomal seg-
ment substitution line of Z8 (CSSL-Z8) in rice with increased grain length and width was screened out
from the CSSL library constructed by the cross of Nipponbare (receptor) and restorer line R225 (donor).
Results of molecular characterization showed that CSSI.-Z8 contained 14 introduced chromosomal segments
from R225, with an average length of 8. 41 Mb. Compared with Nipponbare, CSSL-Z8 possessed statisti-
cally increased grain length, grain width, ratio of grain length/width, plant height, number of primary
and secondary branches, 1000-grain weight, seed density, and total grains per panicle (p<C0.05 or p<<
0.01). The effective panicle number, panicle length, and seed setting rate of CSSL-Z8 decreased signifi-
cantly (p<C0.01). There no statistical differences were observed for the number of grains per panicle and
yield per plant between Nipponbare and CSSL-Z8. The results of scanning electron microscopy showed
that the cell length and width of outer glume of CSSL.-Z8 increased by 33. 14 pm and 5. 20 pum (p»<<0.01),
respectively, while the cell number of outer glume of CSSL-Z8 decreased by 3.4 (p»p<C0.01), indicating
that the increased grain length and width of CSSL-Z8 might be caused by the longitudinal and lateral en-
largement of outer glume cells. QTLs for 10 agronomic traits, including grain length and width, were i-
dentified through the F2 population constructed by Nipponbare/CSSL-Z8. A total of 33 QTLs were identi-
fied, i.e., six for each of grain length, width, and ratio of grain length/width, four for 1000-grain
weight, three for both of plant height and panicle length, two for grains per panicle; and one for each of
the number of primary branches, the number of secondary branches, and seed setting rate. The contribu-
tion (%) of these QTLs to the corresponding traits ranged from 2. 04 % to 88.67%. Based on the results
of QTL mapping. two double-, four triple-, three quadruple-, and 14 quintuple-fragment substitution
lines containing target QTLs for interest traits were screened from F3 family-lines through marker assisted
selection (MAS). In conclusion, the QTL mapping and breeding of secondary CSSLs containing target
QTLs provide potential genetic material supporting and theoretical references for the further research on
the genetic mechanism of target traits in rice.
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R BESRAE R BN, MAPK (55 @S S5 YA K AT WLl . MAPK # 82 B (MAPK phospha-
tase, MKP)HE S MUK 0TS 9 MAPK Y B RIE 5 bk . Mt (i HLG 38, i i %t OsMK K10 iy filg i 2k 5¢
R Bt R IRR R OsMKK4 D1 REAR 15 58 8 R 1) i 58 % B, OsMKKK10-OsMKK4-OsMPK6 2% Bk {5 538
S R s K R R R /N

GW2 4l —DINIE E3 2 R &M, 802 2 -8 E R 5 2% 6 1] 8 425 40 4 24, 52 ) oK DR B8 FTDRE
k™. OsARF19 fi/f K A BR 2L[F1A S, il i 4 2 08 K R kPR K/ . OsARF19 5 BR 32 &3 [
OsBRI11 WG 8 T45 &, HESZM OsBR11 W335, Miid %Kik OsARF19 S RBUHY RN B, i, &
K F0 I F A BE R RTT . GLW7 SRS 5 s T OsSPL13 , 1F ] 45 50 7 40 0 1 7/ 0s o DT 368 B0k s 1
L ERERTRRINCY . GWS JE A SBP S5 SR F . WK REATRIGE R, AT RS GWT JRdh
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Ye i iR B Be U & (Chromosomal Segment Substitution Line, CSSL) &8 5% 5 & PEIR 09 B 4418,
B 52 % 1 B8 a 1 AR i 15 A /0 s B R A A B 82 1% 15 0 5 B2 AR A A — By fay sk, A
M AL FEARMERE , HE LK E. s h, FAMT H AR B (Nipponbare) BHZ K EAR, hRIKE R
R225 ML EA, 456 258, AL Ko Fhric il Bk B (MAS 7k, Bia i TR R R 6
TR BRI R 78, ARWFSHIH H A /78 M i iRk P F2 sy B B, dEf7 Bk SR QTL @75 [ it
FETREALGR, 456 MAS 7 #5407 e 7 Be i | 384535 st o 45 10 IR P &L M OCIE SR 45 584y
IKAE R | WL 58 A T B AR MR A 545 WL B A BT BE 0 BRI . O SR AL 00 A b R S A

1 #RERE
1.1 #HR##

IKFE G oK BeAC e R 28, &2 LA H AW (Nipponbare) /E N Z K EA . (I RIKE &R R225 LK EA,
et ZMREIE . ARSI A MAS IETE KRB &R FA K LB Rk BRI R, Iz 2B Fin
WA BC2F1 JRAG AT %, H 3 BC3F6 S F ik 1 1 A& A 14 MR A G ik 7 Be i (U &

QTL & B BER M BHZ B H A /Z8 I 58t 1Y 150 BRIR L F2 43 B K.

BRET 2019 4 FIAR 7E PO RS K228k oK R 5E T Sk . FH H RS 5 Z8 b7 438, Wik F1 FpFJ5 . [R4F
AP Tl R AR, WK F2 AP, 2020 4F 3 H, ¥ H ARG, Z8 A1 F2(150 A~ itk B A+ T 74 g K5k
HK RE A IE SE AT R A s IRlAE 4 H . DIRREEFNATHE R 16. 67 cm Fl 26. 67 cm 3l B3k, 2021 43 H, ¥
M F2 B RER T F ORI 23 SR GURI i Be . HASIE AL Z8 4y i FhAf, BRAT 10 Bk, R Gk i B
FHE | SZ IR EALS 20 Mk, BT ARG RE, 38 SEAS KA N 19 23 B REAA . 352 HEY b K Rl A 5 98 5 41 it i
114645 3.

1.2 HARAZE
1.2.1 CSSL-Z8 K3k K Bty %z

FIH A A AE KRG 2 3L 4L 1% 429 4> SSR biic, ¥ H AR 5% E R R225 #1728 Frid i vk, L%
SE 253 A2 AN SSR. X 2 A SSR 454 4 AR Bk B (MAS) . ST RNE" Wik,
XF BC2F1 #4704 i Bk % . E 3 BC3F6 & 1 & A B EA 14 A0 7 Be iy sk g R i Boae &
78. ESBLACE A B ARIC X A A N 20 BE . B R Paterson %Y dE A BACH  BE K E .
Mapchart 2. 3 B pRICAH 7 BOTE 28 Yt fk b 1 53
1.2.2 REMKREZRLEEAHMER

PEAREE . S HUE 10 ¥k HARHE, 10 ¥k 28 L& 150 4> F2 Bk, S Mk i< 0 o s, Xk
KoooRTE . KT, MR, AR B — RS, kB, TR, R R R, AR SR
B, G55 BARR R RE R B AE 14 DR EMEIR AT RS E . R T A MR R BRI M-
crosoft-Excel 2019 #47 G 1140 #1 S5 /EF.
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1.2.3 BhmebsFEon

BT S S O K R TR, AL 57 SUB50 BUHE LS #E — 20 “C BRBE LSS H A Il Z8 i 7e 4 3
MR, AN APRI R 10 Wk, IR0 K B RN SE R OR X Al i A B AT gt PR A L bR
25, JFE A M L Z8 5 B ASHE 2 6] i 25 5.
1.2.4 QTL &4

it H A /728 MR S F2 43 B REAIF B HAn k19 QTL @i, 2 M McCouch 257 i 5 3k S L
SEARHN 150 4~ F2 BABRAY DNA, 2% T RSN 1 7 1 55 58 Br A A RE R JE R0, 25 4 H bR vk /9 28 30 2%
JE » il SAS(SAS Institute Inc. 2009) 8, F TR i #4 fie KUK (REML) 2347 QTL EAL, Lh p<<0. 01
S 1R (A0 7 e €A R B R R AEAE QTL At
1.2.5 RBR®BAELF

BT QTL EMgs B, e aRMGIE R, N F2 3B B b ikt 23 S Bakk A28, 2021 4E¥% A58
JEARF R R, IFE S R B R 2 4, SR BRI R 4 . R BRI R 3 AN LR TR B &
PLE AR R 14 A, SZRCEAS | HEARCEAR DL A AR R A FIAE 20 B, AR 2 T AR ic i B B (MAS) £ R
HE— 20 XZ AR RIEATIRE . WEE L BRI = BRI R L SR SE H AR PR B R B 0P AL R £ A ]
IONSEDA IR/ W TEE 2R

2 ERE55MH

2.1 Z8MRBLEESHNATWHAMESH

TR EHERERGED, SHARMEHIL, Z8 kit | Fivi. K . MR\ . — B . B4
TR R R R AR ORI 9 MR AR, A BN T 1,18 mm, 0. 17mm, 0.23, 8.78 cm,
2.92, 8.13, 3.09 g, 32.48 Ml 36. 95, ¥J I F ol il B & & T2 H AN (E la-o). Z8 WA RLFEE . F A0
50RO H AR 2 A1 T 2,80, 3,41 em Al 21.32% (p<<0. 01), 225778 Goil2F 5 s I 4 R S hr BRI
R VS N 2

1T Z8 (kPR B R B 5 H AR I 8 PIr B, b T R B AR AL JE R, R H 37 SU350 B Al
FLBEAE — 20 C IR LS H A G Fil Z8 22 A AP 50 3R F A . 255 R W, Z8 AhFiloe R B2 AN M & L 98
BEH A>T 33,14 pm A 5. 20 pm(p<<0. 01>, Mi4HMEEH WS> T 3.4 N (p<<0.01), ZRAL
TR B 1d-h) , T Z8 b A< B R 58 B2 (0 14 I 2 R TR RE A0 50 7 48 A 1) R0 1] i i = 800

£1 BABS ZBEEREMMK (xx 5)

PEAR N Z8

R /cm 90. 7545. 99 99.5343.25""
AU TERL 9.5042. 50 6.7041.64""
K /em 19. 844 1. 35 16.434-0. 68" "
— R BT AL 9.4440.93 12.3640.55""
TR B RL 15.0943. 28 23.2243.35""
%K /mm 6.9840.08 8.1640.09" "
A%/ mm 3.30+0. 06 3.47+0.03""
K58 L 2.1240. 04 2.3540.02""
(ER R R 87.39410. 93 86.61+11.59
BIE BRI 98.67412.57 135. 62444. 96
Y 88. 60259 67.284+13.97""
THR /g 23.6241. 04 26.7141.08""
R 49.7545. 55 82.23425.63""
PR/ g 17.97+7. 46 15.994+3. 99

. ox Fom p<<0.05, x x FR p<<0.01, ZRAHLSEI#EX.
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x* x FoR p<0.01, ZRAGIH¥EX.
B1 HABMZSWRERMNEREAMBAKESR

2.2 Z8RBEFERIWERE

PR ELE R R, Z8 SLHEHT T 14 Aok bR E A R225 1 BE, MBI TAS 1~3, 5~9, 11, 12 %
10 &Yt lk [, Hohss 2, 7~9 % 4 Ry ik FHEH 2 MU R B (/L 2). MBS RERY, 14 MU A B
B 117,68 Mb, Hp e 5 BEK R 1,55 Mb, K ACH A B 23,35 Mb, FHKE N
8. 41 Mb(J&l 2).
2.3 BRWB/IBHER2 RS EHERBEHESH

FUR#EH 14 AR AR 7 Bri U R 28 532 0K kAR H ARSI 9 9 F2 4 B REIR . HoAR 21k
RER MR 5 . A RO Sk i A SORLIOR TR B 1 4 (8 B R A TR N R R AR AN . AR A TR
ARZE(R L, %£2).

P T 06 32 R (i JBE i 5 o T A 0 A B P TS, A IR AN A A I, 0 R i B R S0 Sk 3 R
0. PRIULH I H A K /28 # 8 1 IR S F2 4 B BEAR, X FLM 6 A0 A A7 40 . 5 R R B0, RL A . bk 4
14 /> HE B A 2O MR Y O B2 (B I 7 D B A HEAE S 0 A RS A0 . BB B e 2, SAU(E S 0 SO ¥R o,
W BE AR AN 3(3K 2), R EER VR B — 2 1 1E e S 3 GRS o i 52 2 56 R il HL SR
Z [6) AT RE A7 12 HAE.
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Chr.1 Chr.2 Chr.3 Chr.5 Chr.6
02 RM6464
oNPB-1 03 RMlaas A 03 RMS107
gSPB-1 20 RM14388 04 RM3340 0.4 —— RM338 02 RM1S3 0 RMI98S
qGL-1 i: m'l‘;’;‘l’ ® 28w 2. RM236 24— RM1332 11 RM2010 _7;2 &i:}
gRLW-1 RM3426 38—~ RM107s PR B [ - — $3-H-Russe
qgKGW-1 49 RM283 42 RM3322 50 RM19$38
qGPP-1 %S i 70 RMI74 52 RM3328 s RN 26
a —4—4— 2 -
qSPP-1 ;;‘ mi?i 84 RM218 68 RM$994 5+ i
: 102 RM1358 88 RM6082 8.2 RM2744
o8 RMS64s 9.3 RMS183 o3 RMI9%)
103 RM3627 132 RM300 167 = Rat2ess 123 RM3183
it Sty APH23 ' 130 RM1996
' qGL-2-2 17.3 =11 RM1940 qGW-6 150 RM20010 4B 18.51Mb
qGW-2-4 1% RM3207 149 RM664S  gRLW-6
209 Rusess IRLW-2-2 € 173Mb 200 RMS) 67 — 178 RM20106
GRLW-2-4 33 ¢ RM6843 22.2—1— RMS86$ 17.9 RM1237 S o
N qGPP-2-3 246 RMS804 23.6 RM6266 189 RMS211 !
us RM3361 GSSR-2-2 255 RM1920 24.7 RMS626 ¢n 4 66Mb 220 RM3S72
0 Rasse 263 RM3730 26.8 RM2334 213 RM3878 230 RM1340
26.7 RM1385 :7'9 RM168 221 RMS642 236 RM7434
27.1 RMS$99 L 241 RMS$987
29.1 RM497 239 RM4a21 @ 7.22Mb
»
4 e 318 RMse: 287 RM3321 269 RM30
PL-2.] 329 RM3302 2.8 RM1230 " 281 RM400
qre===l 334 RM1038 38 RM432 268 RM7271
qGL-2-1 338 RMS460 34.9 RM227 278 RM3170 208 RM412
gRLW-2-] 347 RM213 €@ 1.55Mb 200 RM1084 30.6 RM1031
358 RM7388
Chr.7 Chr.8 Chr.9 Chr.11
0.5 RM4584 0.1 RMS009 4.7 RM434 04 RM7173
21 RM6663 12 RMI}JS. 1.92Mb 59 RMS8206 1.2 RM3717
32 RM4098 a1 RAOS @ 1099Mb 30 RM608S
12 RMS008 3 g 9.2 RM1328
- 38 31 y
56 RM6081 o1 Prorer Sl L id :‘l’: S $.4 RM4S04
2.7l RMS006 9PL9 o\ rass2 66— RM3628
8.1 RM3$83 7.8 rusore 9919 (33 RMS$657 8.0 RM3701
’ 89 Rus2es IGW9 150 RM24334 8.9 RM26402
- B gKGW-915.4 RM3700 99 RMis62
@ 14.69Md GPP-9 162 RM1189 10.6 RM26480
L1 qYD-Q 176 RM410 n7 RM1720
q e q 18.6 RM242 »
qGL-7-1 4GW-8-2 190 RM108 g mx;
qGW-7-1 15.4 RM6H9 /o o 2 199 RM201 b reryians
gKGW-7-116.1 Rmsas1 ¢ 158 RM7027 207 RM1$$3 3. RaGse4
174 RM44s GSPP-8-1 169 RM6382 214 RM6643 @ 1.97Mb 184 RM26798
156 RM320 gKGW-8-3 172 RM3778 1 RM2144 179
2 324 RM2o0s 9GL-11 189 RM457 49 5.23Mb
208 Runs 19.0 —g—RMIS3 - * gRLW-11104—f~RM3a
216 RM1279 206 RM223 @ 2335Mb
23 RM44$ & e 2.3 RM4601
e riapit 224 RM3262 e .
25.1 RM3589 236 RM6976 ’
288 RMS261 258 RM4069
259 RM6S42
26.7 RM1364 3 RM378% 263 RMS$474
qPH-7-2 86 RM27IS o ) 99Mb 37.: RM684$
290 x;m’ 281 RM447

294

BEA YR A A I R A0 3 5 B B A AR, 1 ZE M A0 A B e 9 QTL MIARic AP BIE B, SR aCE R B PH Wik
ik, SSR W&ES:H, GL ki, GW ki d,

RLW RKFEth, KGW TR ikt , SSD b kL% .
2 BHRBFBE(SREBBLABEHNERA)
T2 BARE/Z8HWERXRE F2 BExE

i 04

. PN OMA RS, PL OREEK . NPB R — A%, NSB R kA%, SPP A&l

X 0

PER T+ s 3 [ it JiE U i
RS/ em 107.29+12. 63 67.90~140. 10 —0.02 0. 29
LER & T 12.18+3.00 6.00~15. 00 1.18 1.93
K /cm 17.23+2. 44 11.18~24. 64 0.55 0.28

— YR AT % 11.30£1. 15 8.80~14.25 0.01 —0.58
TR R R 17.30£5.71 5.83~31.18 0.43 —0. 33
R/ mm 7.5740. 24 7.06~8.18 0.14 —0.43
H29E / mm 3.34+0.12 2.89~3.59 —0. 46 0. 44
K58 2.27+0.10 2.05~2.67 0. 54 1.33
EER S0 TR 72.53+£22. 65 27.50~148. 91 0.62 0. 54
o TR 4 106. 384-24. 65 58.50~177. 43 0. 66 0. 38
SR/ 68.05413. 56 37.80~90. 93 —0.21 —0. 88
TR TR/ g 22.15+2. 22 17.70~27. 30 0.15 —0.68
kL% 62.17412. 96 34.36~120. 84 1.19 3.78
HRR R g 23.15+13. 89 3.00~85. 40 2. 00 5.34
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2.4 BEFZSHEERZMER QTL EfL
FIH HAHE /78 ¥ B IR G F2 VE R EM AR, XTEH ARG YS Z8 Z M2 %A G122 L 12 IR
AT QTL EN. R BoR, 78 10 MR E—JE%5E 3 33 4 QTL, Hofvkik , RS MK 54 6 1~ —Ik

B R, BRI Z S84 1 A

Tp R IORLEL 2 A5 MRm AR A5 3 Ay TR 4 DGR3, Bl 2). i

A QTL X HFrMHR R B STHRERAE 2. 04 % ~88. 67 %z 0a], Hod A 8 4> QTL %t B AnteIk it 2 10 57 ik &8

3 10% (G 3).

£3 BREFEFHEKBHEEXEIR QIL

PER QTL PN ERES bR id ik fE R TTRE/ % » H
K /mm qGL1 1 RM3426 —0. 04 3.53 0.036 5
qGL2-1 2 RM1038 0.06 7.83 0.002 1
qGL2-2 2 RM6843 0.05 4. 44 0.018 2
qGL7-1 7 RM3826 0.08 14. 40 0. 000 2
qGL9 9 RM1189 —0. 04 3. 46 0.040 3
qGLI11 11 RM457 —0.06 8.53 0.002 0
i 55/ mm qGW2-4 2 RM1385 —0.03 8. 32 0.003 5
qGW6 6 RM3183 —0.03 6. 81 0.041 4
qGW7-1 7 RM3826 0. 02 4.70 0.026 2
qGW8-2 8 RM223 0. 02 3.41 0.079 3
qGW8-3 8 RM6845 0.01 3.43 0.047 2
qGW9 9 RM1189 —0.02 1. 80 0.015 2
K 58t gRLWI 1 RM3426 —0.02 7.87 0.002 0
qRLW2-1 2 RM1038 0. 02 5. 81 0.007 8
qRLW2-2 2 RM6843 0. 02 4. 50 0.017 8
gRLW2-4 2 RM1385 0. 02 7.68 0.005 6
gRLWE6 6 RM3183 0.03 10. 58 0.013 9
qRLWII 11 RM457 —0.02 3.47 0. 046 7
Bk /cm qPH2-3 2 RM5804 —2.72 7.33 0.012 5
qPH7-2 7 RM172 4. 87 22. 43 <20. 000 1
qPH9 9 RM1189 —9.43 88. 67 <<0. 000 1
K /em gPL2-1 2 RM1038 —0. 37 3.98 0.039 6
qPL8-1 8 RM310 0. 61 10. 68 0.010 4
qPL9 9 RM1189 —2.09 63.07 <20. 000 1
— YR A B gNPBI 1 RM3426 0.25 4.43 0.003 7
TR BT qSPBI 1 RM3426 1.90 11. 96 <<0. 000 1
By VIR qSPPI 1 RM3426 6.37 6.97 0.000 8
qSPP8-1 8 RM310 4.17 2.76 0.030 9
s/ % ¢qSSR2-2 2 RM6843 —0.02 2. 04 0.047 0
TR e/ g gKGW1 1 RM3426 —0.38 3.35 0.039 8
gKGW7-1 7 RM3826 0.48 1. 90 0.023 5
qKGW8-3 8 RM6845 0. 46 5.02 0.016 8
gKGW9 9 RM1189 —1.05 25.09 <£0. 000 1
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B (GLRIE] 6 4~ QTL, Hr ¢GL7-1 WRBTTERFE Ny 14. 40 %, BEAEIS IR 0. 08 mm, RKI N
F& QTL. 5 5 MR A M QTLER B STEk R /N T 10%0), H ¢GL2-1 Fl qGL2-2 43 513 ki K
0.06 mm 5 0.05 mm; gqGLI1, qGL9 FlqGLI11 535|138 E K 0. 04 mm, 0.04 mm H1 0. 06 mm, £ TT#Hk
RO 7.83% . 4.44%, 3.53% . 3. 46 % F1 8. 53%.

BESE (GW)H K 2] 6 4> QTL, BRI N MEL, Hh oGW7-1, ¢GW8-2, qGW8-3 43 il 1§ Jin ki 98
0.02 mm, 0.02 mm H1 0. 01 mm; gGW2-4, qGW6 Fll qGW9 435 /MRi%E 0. 03 mm, 0. 03 mm F1 0. 02 mm,
FRITTHR RN 4. 70% . 3.41% ., 3.43%, 8.32%, 6.81% Al 4.80%.

K58 (RLW) [RIBERG N 2] 6 4~ QTL, Hidh gRLW6 By 5T#k %4 10. 58 %, AEMS I I K 5 [k 0. 03,
RIAFERK QTL. 73 5 MWHRI A QTL, Hrp gRLW2-1, qRLW2-2 FlgRLW2-4 BE#E I kALK
$E kL 0.02; qRLWI FlqRLWI1 WA . #44 FHBOKREF R K 58 HLFEAG 0. 02, X 5 M QTL XK %8 kb
(2B STk R M 5. 81 %, 4.50%, 7.68%, 7. 87 %l 3. 47%.

2.5 BEFZ8HREREFEBIEST

BT QTL EAME R, 456 MASIEH T & Histik QTL B3R Bk & 2 A~ (D1-D2) . = F BefQik
R AANCTI-T4) . MR BRI R 3 A (FS1-FS3) . fL A BefU# & 5 A~ (FSL1-FSL5) . A~ R Bk &R 3 4>
(SS1-SS3), L Bf#t & 3 A~ (SSL1-SSL3), LA B R 2 N (NSI-NSO UK R B & 1 4
(TSL1). H4K Z8 myfHie i Bee £, I A ik s 58y BoARHe &R . ANBEHEAT QTL Y b A5 PR R0 A0 i P R
T AR AR 7 B 1) 0 e aF — 20 glifb T MR 845 75 5, il — P B B MR st A ML BRI T =
= BRI AR

3 itig

ARBFFESE T —A LA HAHE N2 EA, IKE R R225 ML EAR KK SERICH R 28, Hilar 14 it
WOEAA R B, Py 8. 41 Mb. HUAR Z8 BBk I WAk, ARk . — KRB . R AR
BB, R . KSR T ORI R H AR RS AN T 8. 78 em, 2. 92, 8.13, 1. 18 mm, 0.17 mm,
0.23 f13.09 g(p<<0.01), ZRAGIT¥EX. Wik, K%k CSSL-Z8 1E M5 # B X T KRG & HA

G QTL g b, 7 728 Y i B TR 2k K QTLs 1, GL1 WS GW5L %%
P SE DA, 38 a0 ] GSK2 A B R A 95 A T 1 4% 91 3% 38 288 T B (BRO 2635 DA B 1) 3 45 R B 9 K /N
qGL2-1 A BE 5 9 5 22 24 5015 1L 4 A8 OsMKK4 i) SMG1™ 45 %21 5 ¢GL2-2, qGL7-1, qGL9 il
qGL11 57 NRIE W OsmiR156i" . miR1432"), DEP1™ l OsGRF8"*" 4 3 [K 43 Wil {7 T [7] — IX ] 1.
Yo RS QTLs Wy qGW2-4 T RE 55 LG I F AFGI S50, 38 335 837 55 40 i 4 0 3 5 46 ¢ 1 JL
A 5 [R] Y 2 38 K S 328 10 47 18] 31 kR RN 5 qGW6 FTRES OsNE-YBY % 3L K, 281k F RS+
Tk, EEEIEHRAS SRR, B, 4077 GW7-1 5EBERNBESESFH TGS ST
OsBZR1"" %475 qGW8-3 1 qGW9 Al fig 5 E B #Y SLG™ /WTGI™ Ml OsSPL18"" /TAF2"" & KL [N fiz
FIa— X ] 4.

BeAh, S R PRI SE LR 6 > QTL, gRLWI, gRLW2-1, qRLW2-2, gRLW2-4, qRLW6 Hl gR-
LWII J2& i Rl iy 5L N, (HiX 2 QTLs 43l S i1 gGLI . qGL2-1, qGL2-2, qGW2-4, qGW6 Fl
qGL11 {7 FAHTR X ] PN, P BB 26 56 P 7E ki 4 L R B ) [R) s 38 52 0 1 FF R0 A9 1 50 Ll ¢ B 35 PX T B A7
E—R R/, ST R IR, JoH & B0 QTLs, Al FE— ks 40 & A0 F i ke . b X Se i e 2
PR TE 11 73 1AL ) 25 7 S

etk i BUARH R (CSSL) R i 5t B 22 B Mk QTL A9 R ZA B 2 —. B T AR e AR 5] A B R B
G, B R EZREARILF MR . BA bR 5 22 B R P 50 B M AR R AR, T EA 14



% 14 AT, F. KBEALEERRBRELER 288 QTL 2425 REKRK F ik 53

AR B K SE R R Z8 MRS F2 19 QTL 4528, i I T 23 M AR, st—
AR T AN TR AR DL A TR PR B0 AN [ 2 R AT 0 ik, Al 38 A% 5 55t Dtk — 20 498 5 35 DAY [ o 28 28000 A L
PSRN A (IR A, [] s SA o0 A E (6 T 5

4 #Fig

AHWFFTHERET 1AL H AN 24 RIKE & R225 #31 1$E<J7J<$Eﬁ@mﬁ*ﬁ?é@1zlxﬁfﬁmﬁ%% 78. 78
A 14 3k [ R225 Y@k BE, SESR K 8. 41 Mb., i H ACHE /Z8 M EE vk g% F2 4y B ek, 3t
YooE 33 M EHIRLK L RLTESE 10 MR R QTL, ,\Eljﬁ 8 4~ QTL X H b5 P HR 4 2 7Y 57 ik % i it
10% . KBNERI . £ QTL EM AL L, 458 MAS#ER T & HAr QTL B A Bt # & 2 4~ (D1-
D2), =R BAURFR 4 N (T1-To, WA B R 3 N (FSI-FS3), H Bk & 5 4~ (FSL1-FSL5), N i
BiRHR R 3 1N(SS1-SS3), L BiAR# R 3 S (SSL1-SSL3) ., JUF BeACH R 2 S (NSI-NS2) DL K+ = Fr Bt
Hu R 1ACTSLD. HARMARE QTL &AL Xk Gt i BER LT . itk — P58 B AR AR 19 35t 1% L3
BT R A BE S % b R S

SEHK:

[1] JIANG H, ZHANG A, LIU X, et al. Grain Size Associated Genes and the Molecular Regulatory Mechanism in Rice
[J]. International Journal of Molecular Sciences, 2022, 23(6): 3169.

[2] ZUO J, L1J. Molecular Genetic Dissection of Quantitative Trait Loci Regulating Rice Grain Size []J]. Annual Review of
Genetics, 2014, 48: 99-118.

[3] LIN, XU R, LIY. Molecular Networks of Seed Size Control in Plants [ J]. Annual Review of Plant Biology, 2019, 70:
435-463.

[4] FANCC, XING Y Z. MAO H L. et al. GS3., a Major QTL for Grain Length and Weight and Minor QTL for Grain
Width and Thickness in Rice, Encodes a Putative Transmembrane Protein [J]. Theoretical and Applied Genetics, 2006,
112(6): 1164-1171.

[5] MAO H. SUN S, YAO ], et al. Linking Differential Domain Functions of the GS3 Protein to Natural Variation of Grain
Size in Rice [J]. Proceedings of the National Academy of Sciences USA, 2010, 107(45): 19579-19584.

[6] BENTA F. Plant Mitogen-Activated Protein Kinase Cascades: Negative Regulatory Roles Turn out Positive [J]. Pro-
ceedings of the National Academy of Sciences USA, 2001, 98(3) . 784-786.

[7] XUR, DUAN P, YU H, et al. Control of Grain Size and Weight by the OsMKKK10-OsMKK4-OsMAPKS6 Signaling
Pathway in Rice [J]. Molecular Plant, 2018, 11(6): 860-873.

[8] SONGX J, HUANG W, SHI M, et al. A QTL for Rice Grain Width and Weight Encodes a Previously Unknown RING-
Type E3 Ubiquitin Ligase [J]. Nature Genetics, 2007, 39(5): 623-630.

[9] ZHANG S, WANG S, XU Y, et al. The Auxin Response Factor, OsARF19, Controls Rice Leaf Angles through Posi-
tively Regulating OsGH3-5 and OsBRII1 [J]. Plant Cell Environ, 2015, 38(4): 638-654.

[10] SI L, CHEN J, HUANG X, et al. OsSPL13 Controls Grain Size in Cultivated Rice [J]. NatGenet, 2016, 48(4); 447-
456.

[11] WANG S, LIS, LIU Q. et al. The OsSPL16-GW7 Regulatory Module Determines Grain Shape and Simultaneously Im-
proves Rice Yield and Grain Quality [J]. Nature Genetics, 2015, 47(8): 949-954.

[12] HUJ, WANG Y, FANG Y, et al. A Rare Allele of GS2 Enhances Grain Size and Grain Yield in Rice [J]. Molecular
Plant, 2015, 8(10): 1455-1465.

[13] ZHANG G. Target Chromosome-Segment Substitution: A Way to Breeding by Design in Rice. The Crop Journal, 2021,
9(3): 658-668.

(141 ERN, H2, DA, 5. WM EY KR R R 2747 %558 B Gk QTL 6 [T fE® 4. 2020,



54

B HEKFFHRCA R FR) http://xbbjb. swu. edu. cn % 45 A

[15]

[16]
[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

46(1): 140-146.

PATERSON A H, DAMON S, HEWITT]J D, et al. Mendelian Factors Underlying Quantitative Traits in Tomato:
Comparison across Species, Generations, and Environments [J]. Genetics, 1991, 127(1): 181-197.

whe s, B, ARAE R BT R R HUE A CE bR e (ML db st o E R R, 2006,

MCCOUCH S R, KOCHERT G, YU Z H, et al. Molecular Mapping of Rice Chromosomes [ J]. Theoretical and Ap-
plied Genetics, 1988, 76(6): 815-829.

ZHAO F M, TAN Y, ZHENG L Y, et al. Identification of Rice Chromosome Segment Substitution Line Z322-1-10 and
Mapping QTLs for Agronomic Traits from the F, Population [J]. Cereal Research Communications, 2016, 44(3):
370-380.

TIAN P, LIU J, MOU C, et al. GW5-Like, a Homolog of GW5 , Negatively Regulates Grain Width, Weight and Salt
Resistance in Rice [J]. J Integr Plant Biol, 2019, 61(11): 1171-1185.

DUAN P, RAO Y, ZENG D, et al. SMALL GRAIN 1, which Encodes a Mitogen-Activated Protein Kinase Kinase 4,
Influences Grain Size in Rice [J]. The Plant Journal, 2014, 77(4): 547-557

MIAO C B, WANG Z, ZHANG L, et al. The Grain Yield Modulator MiR156 Regulates Seed Dormancy through the
Gibberellin Pathway in Rice [J]. Nature Communications, 2019, 10(1): 3822.

ZHAO Y F, PENG T, SUN H Z, et al. MiR1432-OsACOT (Acyl-CoA Thioesterase) Module Determines Grain Yield
via Enhancing Grain Filling Rate in Rice [J]. Plant Biotechnology Journal, 2019, 17(4). 712-723.

HUANG X, QIAN Q, LIU Z, et al. Natural Variation at the DEP1 Locus Enhances Grain Yield in Rice [J]. Nature
Genetics, 2009, 41(4): 494-497.

YANG X, ZHAO X, DAI Z, et al. OsmiR396 /Growth Regulating Factor Modulate Rice Grain Size through Direct Reg-
ulation of Embryo-Specific miR408 [J]. Plant Physiology, 2021, 186(1): 519-533.

YU X Q, XIASS, XU Q K, et al. ABNORMAL FLOWER AND GRAIN 1 Encodes OsMADS6 and Determines Palea
Identity and Affects Rice Grain Yield and Quality [J]. Science China Life Sciences, 2020, 63(2): 228-238.

NIU B, ZHANG Z, ZHANG ], et al. The Rice LECI1-Like Transcription Factor OsNF-YB9 Interacts with SPK, an En-
dosperm-Specific Sucrose Synthase Protein Kinase, and Functions in Seed Development [J]. The Plant Journal, 2021,
106(5): 1233-1246.

ZHU X, LIANG W, CUI X, et al. Brassinosteroids Promote Development of Rice Pollen Grains and Seeds by Triggering
Expression of Carbon Starved Anther, a MYB Domain Protein [J]. The Plant Journal, 2015, 82(4): 570-581.

FENG Z, WU C, WANG C, et al. SLG Controls Grain Size and Leaf Angle by Modulating Brassinosteroid Homeostasis
in Rice [J]. J Exp Bot, 2016, 67(14); 4241-4253.

HUANG K, WANG D, DUAN P, et al. WIDE AND THICK GRAIN 1, which Encodes an Otubain-Like Protease
with Deubiquitination Activity, Influences Grain Size and Shape in Rice [J]. The Plant Journal, 2017, 91(5): 849-860.
YUAN H, QIN P, HU L, et al. OsSPL18 Controls Grain Weight and Grain Number in Rice [J]. ] Genet Genomics,
2019, 46(1): 41-51.

ZHANG L, WANG R, XING Y. et al. Separable Regulation of POWI in Grain Size and Leaf Angle Development in
Rice [J]. Plant Biotechnology Journal, 2021, 19(12): 2517-2531.

LIZK, FUBY, GAO Y M, et al. Genome-Wide Introgression Lines and Their Use in Genetic and Molecular Dissection
of Complex Phenotypes in Rice (Oryza sativa L.) [J]. Plant Molecular Biology, 2005, 59(1): 33-52.

CHEN J, WANG J, CHEN W, et al. Metabolome Analysis of Multi-Connected Biparental Chromosome Segment Sub-
stitution Line Populations [J]. Plant Physiol, 2018, 178(2): 612-625.

REHRE AR



