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Abstract: Grain weight of rice is closely related to grain shape, which is a complex quantitative trait
controlled by multiple genes. Chromosome fragment substitution lines (CSSL) can decompose complex
characters and are ideal genetic research materials. In this study, a short and wide grain substitution line
7796 was identified, which was constructed by Xihui 18 as the recipient parent and Huhan 3 as the donor
parent. Z796 carried six substitution fragments from Huhan 3 with an average length of 4.47 Mb
(1. 41 Mb—10. 10 Mb). Compared with the recipient parent Xihui 18, the grain width, seed setting rate
and 1000-grain weight of Z796 were significantly increased, while the panicle length and grain length were
significantly reduced. The results of scanning electron microscope observation of grain glume of Z796
suggest that the decrease of grain length and the increase of grain width of Z796 were caused by the lateral
expansion of outer epidermis cells of glume. The F, population derived from the cross Xihui 18 and Z796
was utilized as the research material, and 14 quantitative trait locus (QTL) were mapped in panicle by
using mixed linear model (MLM). Single segment substitution lines (S1—S4) and (S1—S6), double
segment substitution lines (D1—D4) and (D1—D6) were selected from F; population and F, population,
respectively. Sixteen and twenty-three QTLs were further identified by single segment substitution lines
selected from F, and F,. Seven QTLs (¢GL3-1, qGW5, qRLW3-1, qRLW5, qGWT3-1, qGWT3-2,
qGWT5) were detected in F,, F, and F, generations. All QTLs except gqGWT3-1 demonstrated consistent
directional effects on phenotypic traits. The aggregation of the same QTL in different years could also
produce epistatic effects in the same direction. For example, the epistatic effects produced by the aggrega-
tions of ¢qGL3-1 and ¢qGL5, gRLW3-1 and gqRLWS5 in different years were in the same direction, indicating
that the inheritance of major QTL is relatively stable. The aggregation of the same QTL with different
QTLs produced different genetic effects, such as the aggregation of qGW6-2 and ¢qGW3-2 did not produce
more wider grains, while the aggregations of qGW6-2 and qGW5, qGW6-2 and ¢qGW12 produced more
wider grains.
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TR (GWT ., g) qGWT2 2 RM3730 2.12 55. 60 0.000 6
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2.5 RFEFBERBEMEFRNESE QTL MEIEFIEE N
2.5.1 REBE/BHBERBEZLT

e QTL WEAL AL |, il ik MAS BAE F, AL E, AURER P 73 5] 18 & SSSL(S1—S4), (S1—S6) #l
DSSL(D1—D4), (DI1—D6), SSSL ) S1—S2, S3, S4—S5 Fil S6 43 5 & A Y ik 3, Jefk 5, Jefaik 6
MY 12 R B, DSSL 1Y D1 & 4 (fk 3 M ik 5 BagfHe B D2 & Je @ik 3 fge @
k6 BRI B D3 S Yk 3 Mg ik 5 AR 4 B DA S ik 3 Mk 6 g i
B D5 A Y afk 5 My edk 6 iRk B D6 A YL tafk 6 M tafk 12 Rt Bk 2, KO,

% 2 SSSL # QTL By IN{ER R 4347 (F, X, F, X)

. SssL Pfi fi/ Q1L ] ‘ F, ] | F,
HEAURID TPERR TRk % pfE TERRL TRk % p 1l

kK (GL, mm) S1 3/RM3766 qGL3-2 0.08 0.73 0.002 8 0. 09 0. 87 0.006 6

82 3/RM6266 qGL3-1 —0.14 1.38 0.001 4 —0. 32 3.18  <€0.000 1

S3 5/RM5874 qGL5 —0.15 1.47  <0.000 1 —0.17 1.71 0.000 3

S5 6/RM19478 qGL6-2 —0.26 2.56  <C0.000 1

S6 12/RM247 qGLI12 —0.49 4.84  <€0.000 1

HL9E (GW, mm) S1 3/RM3766 qGW3-2 0.14 4,49 <0.0001 0.12 4,01 <0.0001
82 3/RM6266 qGW3-1 0.11 3.45  <€0.000 1

S3 5/RM5874 qGW5 0. 26 8.60  <C0.000 1 0.12 419 <<0.000 1

S5 6/RM19478 qGW6-2 0.03 1.18 0.007 9

S6 12/RM247 qGW12 0. 05 1. 81 0.000 3

KBt (RLW) S1 3/RM3766 gRLW3-2  —0.12 3.66  <C0.000 1 —0.09 2,90 <€0.000 1

82 3/RM5626 qRLW3-1  —0.18 5.25  <C0.000 1 —0.11 3.27  <0.000 1

S3 5/RM5874 qRLW5 —0.29 8.77  <C0.000 1 —0.18 5.43  <C0.000 1

S5 6/RM19478 qRLW6-2 —0.12 3.64  <€0.000 1

S6 12/RM247 qRLW12 —0.21 6.41  <€0.000 1

TR GWT, o Sl 3/RM3766 qGWT3-2 2.06 6.88  <C0.000 1 1. 49 5.16  <€0.000 1

82 3/RM5626 qGWT3-1 0.53 1.76 0.013 0 —1.21 4.21 0.000 2

S3 5/RM5874 qGWT5 2.25 7.54  <€0.000 1 0. 92 3.18 0.002 1

S4 6/RM5850 qGWT6-1 0.43 1.43 0.0329 —0. 60 5.71 0.000 4

S5 6/RM19478  qGWT6-2 —0. 68 2. 36 0.007 6

S6 12/RM247 qGWTI2 —1.65 2,10 <€0.000 1
B (PL, em) S1 3/RM3766 ¢PL3 —1.32 4.81 0.000 5

ZE9IR(SSR, %) S2 3/RM5626 ¢SSR3-2 0.01 1.28 0.009 8
S3 5/RM5874 ¢SSR5 2. 89 3. 44 0.005 6
S4 6/RM5850 ¢SSR6-1 2. 60 3.09 0.003 1

S5 6/RM19478 ¢SSR6-2 —0.02 2.24 0.002 3

S6 12/RM247 ¢SSR12 0.01 1.41 0.02
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2.5.2 AT F, A F, KA SSSL(S1—S6) 8 4 A 48 £ P4k #9 QTL B iE & A bk 3 5 45 A

F, B S 2 A9 SSSL ALK M %) 16 4~ QTL, F, {CEFAILE I E 23 4~ QTL. Wi4F [A 6 I 21 (4
QTL A 124, F, fl F, fCBERAY SSSL(S1—S6) ik — L 8iiF T F, fABEA 9 4~ QTL(¢GL3-1 qGWS—l .
qGW5 . qPL3 ., qRLW3-1, qRLW5, qGWT3-1, qGWT3-2, qGWT5) s teraEd:, Hd F,, F,. F, £t
BER IR 8 QTL A 7 4 (gGL3-1, qGW5 . gRLW3-1, qRLW5 . qGWT3-1., qGWT3-2, q(,WT5>
T4 QTL W, Bk qGWT3-1 4h, ok QTL A2 3 AUh B BRI D7 I MR BE (GR 1, % 2), Bk T E8 QTL
LR E e, T qGWT3-1 [R5 M BEZ R B 8 K. eAh, A 13 4> QTL(gGL3-2, qGL5 | qGL6-2 .
qGL12. qGW3-2. qGW6-2., qGWI12, qRLW3-2., qRLW6-2, qRLWI2, qGWT6-1, qGWT6-2,
qGWTI2)ARAE F, FCRFA P g e 03], 1 38 2o % B7 1 9t SSSL: S1, S3. S4. S5, S6 E A 5 (£ 2), L]
SSSL HA M & r QTL kil &k . KA Be ik 80T A X5 W 19 SSSL. #4r ik 2 F, ACHEAAE AL/ QTL Joik
B IE
2.5.3 A FF, &= F, KA DSSL B 47 QTL [ _EAL b 2k B 49 Y45 547

16 F, 1 F, {UREA DSSL 2% B ¢GL3-1 Ml ¢GLS5 1) DSSL: D3, ¢GL3-1(a=—0. 14) fl ¢GL5 (a =
—0. 15)7E Fy AREHATAEF=4 T 0. 12 09 LA RN, 4% DSSL Ayt AR A, D3 Rkt g s b —0. 17, /NF
qGL3-1 Fl qGL5 WS, itk D3 Ak K (9. 85 mm) & A ¢GL3-1 1 S2(9. 91 mm) M A ¢GLS )
S3(9. 89 mm)/IN, R qGL3-1 5 qGL5 RE S/ EFRRL, (B F, £ ¢GL3-1(a=—0.32) fl ¢qGL5
(a=—0.171)D3 BEAEf=4 T 0. 22 W) LALRN . fiff D3 R AL RN N —0. 27, /v F qGL3-1 1 qGL5
PERON Z 8], BRGZAF D3 AL (9. 62 mm) KF S2(9. 53 mm)/NF S3(9. 83 mm) (& 4a),

A PR B A DU 2 #5779 QTL 9 DSSL, F, A0 I 3] 1 A4~ #5347 kb %8 QTL B9 DSSL: D3, F, ﬁ
K 2] 3 A5 4H ki 95 QTL f9 DSSL: D2, D5, D6, ¥ H ¢qGW6-2 (a =0.03), It ik 53 31 #5
gGW3-2(a=0.12), ¢qGW5(a=0.12), qGWI12(a=0.05), ¢qGW6-2 55 4 3 KL 58 QTL:EJ’Eﬁ\ﬁIJ
FEAE T —0.08, 0.02, 0.20 By _E A7 PERLN . 45 D2, D5, D6 kL T 38 4% &N 4 Bl A 0.07, 0,17,
0.28, D2 4L 58 38 AL N A F qGW6-2 Fl qGW3-2 [ Jin k& v Z 18], Bk D2 19k %8 (3. 12 mm) K
THEH gqGW6-2 1 S5(3.08 mm) , /NTHEH ¢GW3-2 B S1(3.25 mm) ., D5. D6 M3 fE 3 ¥ K T
oA XF B QTL By MR . Bt D5, D6 B KL 58 7 Kk T 44 X i QTL 19 SSSL, Uil [/ — QTL 54
W QTL A&7 AR B BAER R WG qGW6-2 il qGW3-2 K7 £ 58 ik kL, A GW6-2
M qGW5 , qGW6-2 Fl qGW12 HE7* A= 558 YR AL (] 4b)

75 F, 1 F, fC % E 5] D3 #H gRLW3-1 Fl qRLW5 , gRLW3-1(a=—0. 18)Fl gRLW5 (a = —0. 29)
16 Fy OB AP T 0.02 (9 (0Pt » 45 D3 R K88 K —0. 45 mm. /NT gRLW3-1 #1 gRLW5
IR S . PR D3 B9 K FE 1L (2. 80) K T #E4F RLWL3-1 9 S2(2. 99) M qRLWS5 Y S3(2.75), F
fR gRLW3-1(a=—0.11)Fl qRLWS5 (a=—0. 18) HAEF= T 0.06 A9 L ALPERN . %4 D3 Hi K st f4 3%
WA —0. 23 mm, {5/NT gRLW3-1 1 gRLWS [ IMPERN . [FFE D3 A 58 Lk (2. 90) 5/ F S2(3. 15)
1 S3(3.00) (A 40),

KA T AT ARG I B 455 TR B QTL A DSSL. F, AR E] 1 44573 Tk i i QTL #9 DSSL: D4,
F, b %@ 3] 4 AN TR & QTL iy DSSL: D2, D3, D5, D6, Hrf D2, D5, D6 ¥4 qGWT6-1
(a=—0.60), HAMEFIIER T gGWT3-2(a=1.49), gGWT5(a=0.92), qGWTI12(a=—1.65), 434l
HAEAET —0.90, 0.68, 2.76 i A PE& R, D2, D5, D6 Tk 5T & 38 44 2808 43 ) 9 — 0. 01, 1. 00,
0.51, Hr D2 TR RS BAERAN T qGWT3-2(a=1. 49 F qGWT6-1 [ INERON Z M\, I D2 BTk
& (28.91 g)kﬂ%ﬂ? qGWT6-1 [/ S4(27.72 g), /NTHEMH qGWT3-2 By S1(31.92 @), D5, D6 ) T ki
J AL ARON K T RN QTL A0, Ptk D5 D6 R 58 ¥ Kk T #54 XF W QTL i SSSLA 4d)
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5 5 4=9.89 5 (
# 1036 p=9.53  p=9.83  p=9.66  p=9.19  a,,~0.08 H=9.62  u=9.79 ,4—32« ; #=326  p=3.08 p=312 =312 52 u=337  u=3.59

27009 a, =032 a=017 4,026 a,;=049 I=0.02 =022  I=0.39 06 a,,=0.12 a=0.12  a,,70.03 a,=0.05 I=-0.08 1=0.02  1=0.20
11.0 #=10.18 p<00< p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 P<0.05  p<0.05 4.0 #=3.01 1'<00‘ 5 p<0.05  p<0.05 p<0.05  p<0.05 5 p<0.05  p<0.05
33
£ 21
~ g
B 20
1.5
#10
0
0
A o ol | ol
& & & & & & &
W & & A8 o8 Iy » & A8
3 & > %
W & & N
& W A& &
o’»\“ $ & O
oF3 ®F4 oF3 ®F4
Ve [ e 5 L g 5
a. RAKIEIESH b. RN EL S
<0, 3 )5 )5 < :
#=318  p=315  p=3.00 p=313 p=2.94 p=2.90 =290 u=3.00 p=2.90 u=2.55 H=31.92 p=26.50 4=30.77 u=27.72 u=27.57 p=25.63 p=28.91 y=29.76 4=30.13 u=30.92 p=29.95
3 =009 2, =011 a=-0.18 a,,=0.12a,,=-0.21 I=0.045 I=0.06 I=0.045 I=0.07 I=-0.07 )89 457149 a5,=1.214.20.92 a,,=-0.6025,=-0.684,,=-1.65 =-0.90 I=0.71 1=0.68 =276
il u=337 p<00< p<0.05  p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 o6 A0 4=28.93 P<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 p<0.05 5 p<0.05 p<0.05
33 = 25
1 30 I 30
- HE %8
8 29
W 19 ia 15
1.0 10
03 H 3
0 0
& N » V) q S~ » » N o)
o o \ W & & » » oD Ny \ N S P
& ¢ ORI o & W ¢ W & ¢ &« & @ ¢ ¢ &
I P T P R RO G N
S ol A S A A A R Ly & # oSS S @@
& & R o o § & & & &
& o @ o d‘*‘\‘\ w\“o $¢ AT S
oF3 ®F4 0F3 ®F4
¢ e seb 5 W ot e 5
c. WKELLMBEESH d. FREEMNEESH

FOR B PR (AL 750K Fy R E R B, H B J7 B (7 R SRR X AR Oy IR B M (U 7 38R F, AU & MR ARk i Be,
FEh W RS R X RAE G (A5 B e RRS RITF B, o, R8 QTL WINTERO, 1 £R QTL i) B4R . SSSL 1 p R
SSSL 564Kk 18 1] 25 F M G2 B L, p<<0. 05 Fom ZH EFA G5 L, 70 Bt EAA7E QTL. DSSL 19 p 3R/ WA~ UH 1 Bela) 9
AR, p<70. 05 R HAEB A Gt 5 . TR EALPERO

B4 F, ¥ F, RE& QTL k£ SSSL. DSSL H#R QTL #9104 Fn b {7 4 % B bk B 4 4

3 Wit5E4%iR
3.1 itig
3.1.1 KAEEEAKHB L CSSL-Z796 B 5 8 09 K 28 SSSL 52 /K45 4 A 1 45 AF 70 Fo & F 3% 31 B AF 09 B 4F
A

KR 77 b I PR 2R B A A O AR TR BRI L 4 SRR TR BT . AN BIF O A E B A SRR A Y
6 H B CSSL-Z796, M & 2 AI%0, SPEIK 18 MLt . Z796 kR BEV /D, S BESE N, {5 Tk 5 & 475 48
T 2,74 g, & BB GE R IO TR T S 4 52 M R TR A X TR R AR s e, JC & gGWS STk
RiEik 79.68% . N H T KB E R

e QTL W& AL A Bl I, ik MASYELE Fy LR F, AAh 7351 F SSSL(S1—S4), (S1—S6), SSSL
IEA 1A AL R A (g ACH i B, 7T LUK 2 2% 0 B30 PR AR o0 A D A i B TR, i — 2D ali b s A 15 5,
#75 QTL MM a3, A 7e4E Fy AR F, ACHY SSSL 23 5K 2] 16 4~ 23 /I\ QTL, L F, fR4%5E
M QTL £, Wik 7 Yo fk SSSL QTL kil &0 . H SSSL Al DL e H S A B0 i JE TR 19 35 % 28000
Py SR TRIVE Y (I B e e S =R LD =S SR
3.1.2 CSSL-Z796 # 7 o) & & R L K QTL 5 ka7 R K | 69 sk i

FENEN RIS E ) 14 A QTL, A 2 Mhi%E. 3 MRiK. 2 MR, 2 A85H ., 4 4T Rk

I K QTL., ¢GW5 . gRLWS qGWT5 BT — e o ik X |, B RiER GW5, GS5PY
OmERl“”ﬁU?ﬁI:IETJ BRI GW5 it 2 5 R NG 515 SRR EOK R E ™ . GS5 &K
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e AF R /N Y IE 180 8 5 R, HOE a3 ) OsBAKT F1 OsMSBP1 B H A5 F 38 bk K/ . OsDERI
A B 2o 2 kAR 2 S BOKRE R A8 N R K qGL3-1 TR0 i gGWT3-2 i T A — X i) . © 4738
(1 qGL3" "™ [ GF14 £V 0 T IK ], qGL3 S % — 4~ 25 1 85 W2 i (OsPPKLL) » 6 3 45 87 1 Tk
JFAR T GFI4f R Bk & TR R K oGL2-2 SEARE I GL2" s PGL2M s AFGT™ fif
FlH—XH . GL2 J& OsGRF4 )55 i 3£ A, 58 5 g 5% — Fp A K 98 35 A I%Eﬂif“f’w}ﬁa%tﬁnﬂﬂ“%
PGL2 #ifis—A~dE g% bHLH & (A, 1F [ 5 R R K RS 85 ARG 0] 858 aof 3 5 805 40 i 19 3 ok
3 58 G098 K R RERL RN L qGWT3-1 J 6 IX 8] P9 2 2 38 19 TR0 B B3 A LPATYY . oGWT2 X
] 9 B A4 0 TR0 3 A OsVPESY | 25505 SSR2-1 5 B 3B i 3£ OsGL1-4 fE 7 — X [a] -7,
4ES% gSSR2-2 . Rk qGLZ 2 5k KN AFGIY G Tl — X ], K ¢PL3 5 018 i F K 5 N
D88 | OsAPC6'™ | p1s2"" . OspPLAIII"™" i F[dl— X 1] . HAlh QTL-GL2-1, qGW3-1, gRLW3-1
DX i) P oA L L 9 3 A 3 T
3.1.3 44 QTL mey LfEHZ Bt RS FTRITFHAEEEL

R 110 3 700 2 35 D] 5 3R 5 0 () VR T I 285 50, — SR AR 1) S R AU T 6 om . R AU = SE R AU (Y +

B M 22 + 5 DX 5 PR 05 0 L PR AR I . ek DR R 52 6 DAY O e AR L R R A Ak R I R e
Eﬁﬁﬁﬁf\ QTL 845 RN (9 Fe il bk — 25 3 B A 18] QTL [ #4157 4 3008 T LA T 52 2 bR B0 3t 4 3k
W, A HAR QTL B3R G F A 4T 47 36l

ARBFFEAE F ACH F, AR R B A I 2 1 4> DSSL D3, 23 T A AR kLK (¢GL3-1 ., ¢GL5) , K
F& L (qRLW3-1, gRLWS5)QTL [i] iy EAZPERN . Fy ARFF, ARBE oGL3-1 fil gGL5 K D3 KK LA
PERL 7 10 2 —E . A gRLW3-1 Fl qRLWS5 1y D3 Wi4E B b A7 Pk %% 87 07 1) ¥ — 30, B 7 Hos A& i
FeE Mk . HUARE H R R AR O M R QTL 3R A 7= A 1 b 3 M RIS 1) — 350, M 5 2K b0 38 B 80 SR 0 A7 A
ER, WEF, ROMGEREFEN ¢GL3-1(a=—0.14) M ¢GL5 (a=—0.15) S5 D3 4T 0.12 mm
) b A7 ROV . B D3 AL RO AN T qGL3 -1 M qGLS W INPERL N . ZAER A GL3 -1 Fl qGLS 7
A ARRL, T F, AR gGL3-1 (a=—0.32)F ¢GL5 (a=—0. 1D R AT 0.22 mm ) b7 5L
. D3 KL AL N A T qGL3-1 Fl qGLS By IO Z 8], fe & D3 KK AL T & qGL3-1 1) S2 F
& qGL5 1y S3 ZJH],

PAS I 7 MR 0 TE 1) (LD QTL A, AEAE ™ A i A MR 2 i) CE D Y. BT R B ST
RS R CE/N) » BT WA QTL (i 85 0 S — 35 19 1A 0 AR Z50F0 1) 4 %HE 5 84 QTL fe k
TP AR 246 B Y 25 . QSRR E(E, WS S EOR MR AR R CE/N) s R Ul WA & S BOZ AR AR

K CE/N) . HRRAEG ] 5845 55 PR BT R500 [8] 9 B AR 23 X6 6 U 7= A RS i T DA d 28 B SR A SR A7 1
P25 o AR T A EAAS L PR v 28N RN 22 TA] B ELAVESSON G AR LA b, A5 A FR BT e PR R L AT L e Ak Y
(10 R A 2 AR AT TR0 4R i T 5 TR R R AR AR .

3.2 Hig

h T AZ IR 2 R A QTL I #4 £ 75 R b X 78 55 K R 4 3 DR A % Rl Y S R B R B AR e R SO, AR
FEHEE T LAV XU BRI R B R VUK 18 2 iRk A . MR LR 5 3 S O IR R AR H Y 6 v Bt
CSSL-Z796, FIHPEK 18 F1 2796 ¥4 @ AR K F, AR B REARME S QTL & A7 b4k, %5 31 14 AR 4K
T hr B 4 ofe ZPEAR B9 QTL, TTBkE N 8.36%~79.68% . T F, fl F, fCBEAR P23 26 & 7 800 1 Befb e &
(S1—S4), (S1—S6), WH BB A(DI—D4), (DI—D6)., FIH F, K& F, AV & 0oy fp 5 BefC e &
AT QTL & FE i, #FH 7 4 QTL (¢GL3-1., ¢GW5, gRLW3-1, qRLW5, ¢GWT3-1, qGWT3-2,
qGWT5)TE F, . F, . F, AU g G M2, HER GWT3-1 4b, HA QTL ¥yl #LE Jy i iy £ BE , MR
QTL 7EA A 48 4y B A W 2 7 A W) J5 [l 9 B AL PEO0 . W qGL3 -1 F1 gGLS . gRLW3-1 Fl gRLW5 1E A [F]
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AR B TR AR B A RN T 16— 2. PEBH Ak QTL MsEiikasE . W— QTL 54 QTL B4 4k
ANFE RN . NBEA gqGW6-2 Fl qGW3-2 K BEF=E TS AT KL, B A qGW6-2 Fl qGW5 | qGW6-2 Fl
qGWI12 fer=A H S kPR, 298 %2 A F QTL IR ZR QTL [ B3N . A&k BT & Fh 4 it 3 0 g
i, HAEEE X,
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