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- BRIRE -

IKFERES M IRQTLE L R IFIZEE 57 #h

sAF WM, cUEH, kT, A2EE" By, =142 i
EEE X B R, FREY, RmEE"

VUL K 2 R B, et 321004 2o [E KRB 70 T K RS AL 7 b 4 [ L AUSR 36 %, K 310006

WWE /KF(Oryza sativa)Fi MR 5= E E A, HAH SRR MIZHE5 ThEE M T ORkE E SR & 2 4 LE K. DU
FELE 5 (HZ) A ARG A 2 5 (Nekken2) K i (111204 A A58 R(RILs) LA R, e TR, ki, 4555, Ak
HMTE J— IR RS R R . S5 A R o I B T QT LA, 45 BRI 2314~QTLs, 43l F581. 2. 3.
4. 5. 6. 10f1115 4Ltk [, HA24M7 AFILODIE 45l =1185.4555.28., il 40 AT i 3 QTLIX 1] PN AT &8 52 e Ak 50 14 R 1
AR IER, I F HqRT-PCRE 47 3 Rl R iA 46, & ILOC_0s05¢g05490. LOC_0s05g06150. LOC 0s03g11700.
LOC_0s03g12430. LOC_0s05g28720. LOC_0s05g30890. LOC_0s05g3174041LOC_0s02g178807E XU 3 il {1 % i&
KPEFEE. Hd, sisMNERRE=MARAKESED, ME3NEFERDFEEEREE. T RZH 21310 SR
KIMQTLs, AEE—H e AT A SCIE R, ML E == KR 5T R 28 e B It att .

XK@ KH, BEBPER, QTLELL, WREIEH, i

KEBT, WEMA, KO, KIET, EEE FRY, F20E ERE ERE, ATT, BOUR, TKRE, REE (2024). K
FERERI PR QTLAE fr S AR ESE R 2007, FLH)“74R 59, 217-230.

AR, B AERA ORI, HAUREFHKRH
s, Fk, ¥E & RE K #E(Oryza sativa)
s PR Tl AL AT T A TR SR B O B KRR AR
TR EEN—, N T REEFRET e A EE
B KRR SRR DI C, MR
B T AR R A RO BORT TR — KB 45 (Ikeda
et al., 2013). 237 42 il AR AE AR MR 1R AH 5 28 18] - it
FrFCRIENLSI, AT9REE m KRG b R e
5E HEELA

IR BIEZ R E TR, HFHAERRS
HPERIREE LR g o H AT T KRR IR A BN
AT RS, FEA AN R A B T R g
fi(Xing and Zhang, 2010). /K&K &0 — &
Bk B 25 2R 4 A4 4l 41 (shoot apical meristem,
SAM) # 75 A il 43 A 4H 24 (inflorescence  meristem,
IM), IMiE— 2 734k g /N4y A 2 2 (spikelet meris-
tem, SM) (JZiEM4E, 2023). 7ESAMIA IMELAR I EL,

Wik H 391: 2023-12-04; #2532 H 11: 2024-01-30

Z 5EERIKAGnla. LAX1. LAX2HIDEP1%%,
TEIM 3] SM&: A I B, 2 5 i 45 11 2 R 5 ASP1 .
TAW1. FZPHISNB% . HA1Gnlas &M v b 145
il K R PR I 2 B R R DR e, i — b
% fift 24 . 73 24 25 (cytokinin, CTK)IEE, *4Gnla#ik
BN, CTKIELEF o A AR LR, 3G ks
WS B, 7= 242 5 (Ashikari et al., 2005).
LAX1gm 514 P05 A IbHLHE; 5% K7, Komatsu
2(2001) A /K fkn1 (knotted 1) [FJE 3L [ OSH1, 4
JER AL A AE F B LAX L2 428 il 7K 88 il 2 o ik T s 2 2
VT, R A A RS g R TR
. 784584 KB BL, YoshidaZs(2013)#f 7T % W]
TAWL % i ALOG 5 i £ 2054 & Jik R % 3 (1) 25 11,
X — AN KRR e (0 4 AR L S P A R,
VI T BN A 43 A 23 ) R R R HE = A6 T 7 AR 2R
RS PR IE L R B « ASPLgihS— Mtk 1,
H5AEKRGESHFREMK, WK KGR

FEWH: WTH H AP (No.LZ23C130003). 20244 [ 22 ¢ K 228 G QML I 2R RI TN 20245 9T 48 K 24 4 BHE AT 2h it T &

B AN

* JBIRE#E . E-mail: wangyuexing@caas.cn; ryc@zjnu.cn
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J 2% FhA: 7 N (Yoshida et al., 2012).

IKFERIE R t R PR R R ] . QTL A HTE
N IS RIWIE e i 1%, AT s 2 2R 1 EcE:
PEIR 25 7 JF % 5 % ik 3 K] (Raj and Nadarajah,
2022). T4k, JE IS QTLRE 7 % /K FEREER MR AH G 2
K47 7 KEHFFL. GrameneM i (https://www.gra-
mene.org/) A AT AR R B, KFEHHIRQTLE
R T BAS R 3EFE . AshikariZs(2005) M\ filifEHabataki
55 ¥ % Koshihikari 7 22 15 21| 1196 > [ 52 32 %8 % (ba-
ckcross inbred line, BIL)H &L 7 91MNQTLs, 7k
FIGnla, X2 A H L BRI R . YandE
(2007) % FiJ 4% % Nongken5 5 ¥ £5 Wuyunjing8 #) %
DH (doubled haploid)#f &, 7£595 Jtt/ASSRFIL
RM3770-RM7424 2 [ & A 21 ANQTL, B J5 R kS
i € 1715 FIDEP1. Fan%#(2006)ik Flfli 5 # 1% 635
HUAE N7 22 2245 B 53 B B, 8 A7 B4 R R /N 1)
FMQTLAL £ GS3. Liu%s(2016a)F H 75 /K79 (FHk)
EC-bao (K F#) & H 4 H % % (recombinant inbred
line, RIL)EFAK M FI41QTLs, HAFEHEIS Y@k
YIFRPE B 14 731 280-17 589 271 bp X [f] A 52 fi 2|
P K QTLAZ S LP1. Song%%(2007)iEidQTLE
PLBIGW207 &, HImth1MESZ RIEHNE, IR PH
JE B BT B, AT SRR T 40 3 R . GW2
Th B BR S AS AR J8L R RTRDAS Be B R S 1R, AT
OIS FALA 72 BA0  or ZE DA = & . Xues(2008)
FIFH 2 HI97 FBA K63 M4 #ERIL, K QTL Ghd7#]5E L
TS YA bRt R1440-C1023 2 A, FFit—ks4H
527 FIRM5436-RM2256 2 [1], PHLEEES NT79 kb
£ .4 (2009) | i Sasanishiki/Habataki & i 42 f {4
Fr BB #: % (chromosome segment substitution line,
CSSL)#ffk, K13 HHKALMQTLs, Hp34
QTLs (qLF-1-1. qLF-3-1f1qLF-5-1)# 5 & A& 21,
R AT E B AE RN . 245 5 55 (2023)FI I H A
5ZA81 J A8 A5 B (1) 4 BREAA, A I B35 1] — IR R
K. SRR, R AT E 1 240NQTLAL A5, 409
frF1. 3654 tihk b, ST H4.15%—-89.81%.
Yang%5(2023)F H DJY 1 5 1Ls 44 22 15 3 1) 43 25 BE A,
%58 B3R QTLs (EP4.2. DEP7HIDEPS),
53 58 NLAE 45 Y B Ak 43 BRI RM5320-RM4512.
B\ 95 Gtk /> FHr1c RM24666—RM24699 2 [
85 YLt ik /> ¥ kR RM6863—RM 1376 [f] .

FAT, /KRB MR AR CQTL I 58 SL AR ST EUAS T
R, (Al TARSEABEE RN ER, P
MEKQTLA —E K2, RN, Ak grittl Ek
JRIBR P, A G I KUK 41 7 5 o B 52 PR, ARG 1] ) A
HHERQTLF MR X AIA A, EMQTLAZ . KigH
PR S B B ARG, AT R A 12 s o A
R EBQTLE FHRH, drmidd 5 FEMEARREE
PR KFE R ST, BT LURIREAS (4 o R 2
F)MEMRILsEAAR A RL, i H K, B
K. BoEE. b SRR B SRR AR IR, 45 A
9 A 1 R £ A5 M (single nucleotide  polymor-
phism, SNP)i{% &1 BEATQTLE fr Je 7 #r, it —2
ZHR AP KRR IR I QTLAT s s R K, s A 3
REURR 2R e = 7K e ot o B A

1 HRSTE

1.1 SRR

DU FE #4425 (Oryza sativa L. subsp. japonica cv.
‘Nekken2') N BEAS . HlIFE 4 (5 (O. sativa L. subsp.
indica cv. ‘HZ') AT A=A F AR, ¥F il
A ERAREIHM T ER AR, ELALZNRETEIRE
R AR By fa s AL 120 4 3 %2 & (RILs), #)
J A 5T BT FH PR a8 A% AR (6 IR PR 4, 2021)

12 W74

121 MHESER

MEEAR G F A%k & 43 Bkt 100k Fk 1, HKIKH
70% £ 55 10% U0 S BR B30 471040 B i B A 2 (76 =
PHE, 2021), FIKHE M2 38T Khdk, LBk EH
T KB E IR TEE, RIS EIE B .
INAJE, NS R PRI R I H— S04 a5
R B KRE Ao TR EE AT R )

1.2.2 FEEPMEWKME

TESRAFIRILSBEARAAL2K 5, Fibk REBHE, RFHREL
T, GG EETER, RSO RAL, Gt
FE Sk B30 b 8 RARE SKXUA A R 25, A kA R R
(RN R %, 2022). fERIAE, BEbR RNE3A FHE
AR, JFgiiH R, SEseR. — B . —



V521 N A SN VA A R

1.2.3 BfEEEEE

W XA . BEARIGI25 K RILSTEAAREAT 4 H K 41
o I I R AT i 4 M5 E4 8584
BB AT T 1246 Jetifh 194y FhRid, B L5y
FAR I i R B AL R (& 1R AE, 2023).

124 QTLZE{L

AR 5 T U 1 v T A% &1, R H Mapmaker/
QTLAABER A xof A 14 R 2047 QTL Ay #r, 1 B A
LOD=2.00, PLHLHIBIQTLRE BAFELE. QTLAN 4 J7 i
PEMcCouch%§ (1997 )11 Ji I (B A1 5%, 2022).

#£1 qgRT-PCREI#F5I
Table 1 Primer sequences for gRT-PCR

Sl 5 KRBT TER QTL @ fr KRR 8 219

1.25 RWRHMREXEERRIESH

BB 65 (1 5 A R A, 1) 2 RNA S BGR 7 & (RNA
simple total RNA Kit, KiR)7Jil#2HRNA, HIDNasel
KEFERNARE , T2 il 5 3R 7 & ReverTra Ace®
gRT-PCR Kit (Toyobo, I )f# it B 43K RNA &
¥ HCDNA. 456 QTLENM 2558, it RAP-DBA#
J% (https://rapdb.dna.affrc.go.jp/#) i i QTL X [a] Py Af
RE VAR AR MR R BE R o R P S 25 o a8 s PC RS
ik 395 T DR SR AR ) (1 K o AHSEBI R 51 L3R
| Fi Microsoft Excel Fl Prism# ft, % FH274CT 535
(Livak and Schmittgen, 20015 # 4 #E 47 48 50 #7
K AR IEEAT LR, P<0.05FR /R B3 % 57, P<
0.01F "R EEER.

Traits

Primer name

Forward primer (5-3')

Reverse primer (5'-3")

Panicle length

Grain number
per panicle

Seed-setting
rate

Stigma
exsertion rate

OsActin

LOC_0s03g08900
LOC_0s03g10210
LOC_0s03g10520
LOC_0s03g10620
LOC_0s03g11670
LOC_0s03g12120
LOC_0s05g30890
LOC_0s05g31040
LOC_0s05g31280
LOC_0s05g31380
LOC_0s05g31740
LOC_0s02g50240
LOC_0s02g50740
LOC_0s02g52990
LOC_0s02g53680
LOC_0s02g54910
LOC_0s02g56140
LOC_0s05g02870
LOC_0s05g04160
LOC_0s05g04770
LOC_0s05g05280
LOC_0s05g05490
LOC_0s05g06150
LOC_0s05g08350

TGGCATCTCAGCACATTCC TGCACAATGGATGGGTCAGA
CTCTTCTTCTGGGTGCTCAT GATGCCGATGAGGTAGTAGG
AGTTGCTGAAGCTGAAGGAG CGCGTACTCACTCATGTAGG
GCTCCTTATCCGACTCAAGA AACCAACTGCTCCACAATTT
GACAACCTCGACGCCTAC ACCTGCTGTATCTCCTCCAG
TGTACAACATGCTCCTTTCG CGAGGTGAGGATGAAGATGT
TGCAGATTCTTCTGGACAAA AACTGAAGATAGCGGGACTG
GAATCTCGGTGGCATCAAAT TCATGCTGAGAGCCATCTTG
CTGACATTGCCACAACCATC GTTCTCCTCCTGAAGCATCG
GAACAACTCGTCGTCGTCGT GACTGCTTGTTGCCGTAGGT
CAGTTCCATCCGGTGCTATC CATCGTATGCTGGCTGGAT
GACTGGTACACCGACCTGCT TAGGACGCCACTTTCCTCTG
CACCAACAAGAGGCACAATG TCAACAATATCACGCCCAAA
GTTCCCTTCCTTCCCTTGAC TGCTGCTCCTCCTGACTTCT
CGATCGCCTACCTCTACCAC CACGGGGAGAAGGAGTAGTG
GAAATTGAGGATGCCCAGAA CACAGGAAAGATCCCACGTT
CCAGAAATCGAAGGAACCAA CTCGCGGAAGTATCCATCAT
GCTCCAGGTCCAGATGTTGT CGGTTGCATTAGGAACACCT
CAAGCTCAAGGTGCTCGAC TTGTTCTTGCTGCCAAAGTG
GTGCGGGTCTACAATCACCT ACTATCGTCCCATGGCTCAC
ATCCGTCTGTGTTTCGATCC TATTCGTCCATCCGAAAAGC
GCCACCAGCCTAATCATTGT GCACAAGAACCGACAAGACA
TGGAGTTCTTCCAAGGATGG GCAACACATAAGCAGCCGTA
GGAAATTGTTTGGGGTGATG GCATCCCTTGCTTCAACAAT
ATCCCCGGAGATTCGATTAC AGTAAATTTCCACCGCAACG
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Table 1 (continued)

2024

Traits

Primer name

Forward primer (5-3")

Reverse primer (5'-3")

Number of LOC_0s05g09740 AACATCATCGGCTGGAAGAC TGCCTGATCATATGGCTGAA
Emi%s LOC_0s05g10210 AACATCATCGGCTGGAAGAC GCGTGGTCGTATGGCTTAGT
LOC_0s05g10370 CTGCTCCTCCTCCTCTTCCT ATCACGTTGTGTGCCTCCAC
LOC_0s05g10690 CTTGACAAGCTCGGAAAAGG TGCAGTTCAGATGCAGATCC
LOC_0s05g10770 TGGTGCTGATCTGGAGACTG GTCTTCAACATGCCAGCAGA
Number of LOC_0s03g11614 CTCTTCGAGTTCTCCAGCTC CCAGCTCCTTCATGCTTAGT
Eiﬁgi:y LOC_0s03g11700 ACTGCTCCTATGCCGTATCG AGGTACAAGCGGCTTCCTTT
LOC_0s03g11790 TGAATCGGCTCATGTCCATA GGCAGCATCTTGAAGTGACA
LOC_0s03g12430 GATGACAGGAAGAGGGGTGA TCATCATCCTCTGCACAAGC
LOC_0s03g12940 ACCCTGCCAGAGCTTGTAGA TCTGCTGTGCTCACCTCATC
LOC_0s05g28720 TGATCCAAGAGATGGGGAAG GCATTCTGTCGAACACCTGA
Thousand LOC_0s02g17880 TGTACGCCTACTCGAGCATA ATCCTGAAGTTGTCCTGCAC
grain weight LOC_0s02918820 TCTCAGCCTTCAGAACATGA TCTAGAACTGCCGACATCAA
LOC_0s02g19820 CATGAAAATGGTGATCCAGA GCTGCGTCGACTTGTAGTAG
LOC_0s02g29530 ACTTCTCGCACCCACTTATC ATTTTTCCAGAGGCTTTGTG
LOC_0s02g30850 GTGAAGCGCCTCTTCTGC GAGGGAGCCGTTGATGTG
LOC_0s02g32370 GCAAACCCTGTACCACTTCT AAGACGCCTTCTCGGTAAC
LOC_0s05g11700 CGGACTCGGTGAGCTATAAT CAACAAATTTCCTCACACCA
Grain length LOC_0s03g44430 CAAGGGTCGGAAGACAGTTC TATCATCCGCATCCTCATCA
LOC_0s03g44500 GTGTGTGATGGATGGCTTTG GTTGGAGTCGGTGGTCTGTT
LOC_0s03g45830 GATGTGGAGGAGGAAGAGCA GCCGTACCCGTACTGCTG
LOC_0s03g46180 AAGAGGAGGAGGAGGAGCAG CTTCTTCAGCACGCTGTTCA
LOC_0s03g46560 GGCTTTGTCCAAAAATGGAA CTGGCAGTCCAAAGACATCA
Grain width LOC_0s02g30910 TCACCTTTGGCATCTTAGGT AGGTACATGGCGAGGTAGAC
LOC_0s06g10950 GTACCAATCCGCCATGTACC GCGGTAGGAGATGGAGACAA
LOC_0s06g10960 ACCTCGACCACGACTACACC GACCCCAGATGTGGTTGTTC
LOC_0s06g11270 GGTTACCAAGAACGGACGAA CACCTGCGATCCTACCTTGT
LOC_0s06g09270 TACGTGCTGTCCTGGGATCT AAGGTTTGTGCCCATCTCAG

2 ZR5ITe

21 WHEKRILsEHEFRHERER

17 QTLE L7 #r, FLAG I F 314> 55 7K F5 Al 0 AH 5 14

QTLs (%2), 4 T41. 2. 3. 4. 5. 6. 10111

W SRR T, R R PR K 2 R A7 A 3 0 5
(K1, B2), Ho, B EIORK ., SRR, 455,
FESCAMEE AR . — VOB R, — VOB R K 3% 1
T2 T HBF25 RS 5 T4 8% i T4
7 o RILSTE( 3 bk 3 IR IR K04 I IE A5 5
(K1), S Ee T, RO IR ER A WIS, ®
UK RERE IR R T 2 2 R RO B IR,
QTLIX Al B 225K

2.2 QTLEI{
I P S 56 =5 T R S ) e S SINP s A5 32 4 1) it 3k

Sy k. QTLAL A ILODME MR K, AT
35 Y ARy PR B 754 514 694-9 883 047 bp [
IQTL qPL3.1HLODH wjik5.45; i 25 Ytttk
PR B /EQ 429 264-21 032 980 bpx il fIQTL
qTGW2.1/¥]LOD{H =1165.28 (&3).

2.3 (REEHSH

| FHRAP-DB 4l /% (https://rapdb.dna.affrc.go.jp/#),
BT FRQTLs P 7E Gy (AR [X [a] A 1 25 (8] D e v BE )
A2 0 106 P R 0 S AR PR O (R i ik R IR (£ 3) . R
FaRT-PCRE MM i 5 R FE XK (B () R A B . 45 2R
N, H A I R Rk R O R) 22 ¢ B (E4), ViR
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Figure 1 Distribution of panicle traits in recombinant inbred lines of rice
(A) Panicle length; (B) Grain number per panicle; (C) Seed-setting rate; (D) Stigma exsertion rate; (E) Number of primary
branches; (F) Number of secondary branches; (G) Grain length; (H) Grain width; (I) Thousand grain weight
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(A) A KRR T (bar=10 cm); (B) /KRR %f e (bar=2 cm)

Figure 2 Phenotypes of the male parent HZ and the female parent Nekken2
(A) Phenotype of mature rice plants (bar=10 cm); (B) Comparison of mature rice panicles (bar=2 cm)

=2 KREREEHRQTLA W

Table 2 QTL analysis of rice panicle traits

Traits QTL Chromosome  Physical distance (bp)  Position of support (cM) Limit of detection (LOD)
Panicle gPL3.1 3 4514694-9883047 19.35-42.37 5.45
length qPL5.1 5 16473540-17216667 70.62-73.80 2.54

gPL11.1 11 17453046-17570705 74.82-75.32 2.29
qPL11.2 11 26791773-26969035 114.85-115.61 2.61
Grain qGNPP3.1 3 6470188-15088477 27.74-64.68 2.21
g:?];:)aer:icle gqGNPP5.1 5 16020128-18858682 68.67—80.84 2.36
qGNPP5.2 5 27007193-27230204 115.77-116.73 2.41
Seed-setting  gSSR1.1 1 7203302-7421463 30.88-31.81 2.41
rate gSSR2.1 2 30004559-34415035 128.62—-147.53 3.47
gSSR10.1 10 5567413-15675357 23.87-67.20 2.78
Stigma gSER5.1 5 926888-4584013 3.97-19.65 3.25
i;;f“b” gSER10.1 10 10115736-11156109 43.36-47.82 2.41
Number of gNPB1.1 1 25791086-25812159 110.56-110.65 2.24
primary gNPB5.1 5 5350624—-6230055 22.94-26.71 2.66
branches
Number of gNSB2.1 2 34269184-34415035 146.90-147.16 2.25
Eﬁgﬂ;ﬁgy gNSB3.1 3 5859763-7034710 25.00-30.16 3.18
gNSB5.1 5 14979844-15200902 64.21-65.16 2.13
qNSB5.2 5 15944247-17819466 68.35-76.39 3.06
qNSB6.1 6 4263281-5187517 18.28-22.24 2.88
gNSB11.1 11 4416803-4813122 18.93-20.63 2.47
Grain length  qGL3.1 3 24904943-26519283 106.76-113.68 2.26
qGL6.1 6 23905310-24717124 102.48-105.96 2.14
Grain width qGw2.1 2 7512377-21714903 32.20-93.09 3.61
qGW3.1 3 10039327-11005670 43.04-47.18 2.24
qGwW4.1 4 19218278-19642144 82.38-84.20 3.28
qGW5.1 5 3697712-6833061 15.85-29.29 3.46
qGWS5.2 5 28202582-29177297 120.90-125.16 3.27
qGWe.1 6 4227455-6069227 18.12-26.02 3.77
Thousand qTGW1.1 1 6064691-6235269 26.00-26.73 2.80
g;;ght qTGW2.1 2 9429264-21032980 40.42-90.16 5.28
qTGW5.1 5 6526040-6673100 27.98-28.61 2.11

TXLEIL P REF AR VAR, BE TSR ST A

2.4 i1ig

IR 7 ARl S 52 25 T AL R S, e AR R
PUEFFRLECR AN PR K B R R 2 — . BRI AV
IERE3- A0V 0 i = LG F (B /0 DB IR 3 ME 7B IR !

HEAEH . MR ARG, A SRR A 2 T

TRbR, ISR AATR R HLH KRS B AR CE K.
LR AW FORFERE AR IEAR, AT DA S 4 3t 2 g X 46 7k
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H 3L

UNINBUR S
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w2

AN 2%, Jyide & e LI (R 7K A8 b
PSR ERFEURIE - LEAh, R BRARAIN 3G K (1
SER KRR T R EAWHE N, DR AT R
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Figure 3 QTL mapping of panicle traits in recombinant inbred lines of rice
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Table 3 The functions of candidate genes associated with rice panicle traits

Traits Gene ID Function
Panicle LOC_0s03g08900 Multi antimicrobial extrusion protein
length LOC_0s03g10210 Helix-turn-helix motif
LOC_0s03g10520 Radical SAM enzyme
LOC_0s03g10620 Strigolactone receptor
LOC_0s03g11670 PPR domain containing protein
LOC_0s03g12120 NAC domain

Grain LOC_0s05g30890 CYP450

number LOC_0s05g31040 Cytokinin oxidase/dehydrogenase

per panicle

Seed-setting
rate

Stigma
exsertion
rate

Number of
primary
branches

Number of
secondary
branches

Thousand
grain weight

Grain length

LOC_0s05¢31280
LOC_0s05g31380
LOC_0s05¢31740
LOC_0s02g50240
LOC_0s02g50740
LOC_0s02g52990
LOC_0s02g53680
LOC_0s02g54910
LOC_0s02g56140
LOC_0s05g02870
LOC_0s05g04160
LOC_0s05g04770
LOC_0s05g05280
LOC_0s05¢05490
LOC_0s05g06150
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Gibberellin regulated protein

Transcription factor GRAS domain containing protein
Cytochrome P450 86A2

Glutamine synthetase

WDA40 repeat containing protein

Auxin responsive SAUR protein family protein
Replication protein A

WD40 repeat containing protein

MYC-type, bHLH domain

Similar to stigma/style ABC transporter
Pentatricopeptide containing protein

F-box domain, cyclin-like domain containing protein
RING-type E3 ubiquitin ligase

Pentatricopeptide

Pentatricopeptide repeat domain containing protein
F-box domain, cyclin-like domain containing protein
HAD superfamily phosphatase

HAD superfamily phosphatase

Acid phosphatase

Similar to transcription factor MYBS2

Histone H3K4 demethylase

MADS-domain transcription factor

PPR repeat containing protein

Cyclin-like F-box domain containing protein

PPR repeat containing protein

Cyclin-like F-box domain containing protein
Pentatricopeptide repeat domain containing protein
Glycosyl hydrolases family 16

WD40/YVTN repeat-like domain containing protein
RAG1-activating protein 1 homologue domain containing protein
Glycosyl transferase family 8

CC-type glutaredoxin

Inositol polyphosphate kinase

Pentatrico peptide repeat (PPR) protein

Ubiquitin carboxy-terminal hydrolase family 1
Ser/Thr phosphatase; cryptic inhibitor of cytokinin phosphorelay
Auxin responsive SAUR protein domain containing protein

Plant lipid transfer protein/seed storage/trypsin-alpha amylase inhibitor do-

main containing protein
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Table 3 (continued)
Traits Gene ID Function
Grain length LOC_0Os03g46560 RPD1
Grain width LOC_0s02g30910 Sugar transporter
LOC_0s06g10950 Similar to glycosyltransferase family 37
LOC_0s06g10960 Similar to glycosyltransferase family 37
LOC_0s06g11270 UDP-glucuronosyl
LOC_0s06g09270 Hypro1
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Figure 4 Differences in the expression of candidate genes for panicle traits in rice
(A) Panicle length; (B) Grain number per panicle; (C) Seed-setting rate; (D) Stigma exsertion rate; (E) Number of primary branches;
(F) Number of secondary branches; (G) Thousand grain weight; (H) Grain length; (I) Grain width. * P<0.05; ** P<0.01
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Mapping of QTLs Associated with Rice Panicle Traits and
Candidate Gene Analysis

Chaoyu Zhu', Chengmang Hu Zhenan Zhu', Zh|n|ng Zhang Lihai Wang Jun Chen', Sanfeng
2, Jinjin Llan Luyao Tang', Qiangian Zhong Wenjing Yin', Yuexing Wang®, Yuchun Rao’

'College of Life Sciences, Zhejiang Normal University, Jinhua 321004, China
“State Key Laboratory of Rice Biology, China National Rice Research Institute, Hangzhou 310006, China

Abstract Rice panicle traits have a distinct effect on yield, and the exploration and research of related genes play a
crucial role in ensuring national food security. In this study, we used the indica rice HZ, the japonica rice Nekken2 and 120
recombinant inbred lines population constructed from them as experimental materials to measure panicle length, grain
number per panicle, seed-setting rate, stigma exsertion rate, number of primary branches and other panicle traits. We
combined the high-density genetic map for QTL mapping, a total of 31 QTLs were detected on chromosome 1, 2, 3, 4, 5,
6, 10 and 11, among which 2 LOD values were as high as 5.45 and 5.28. By analyzing the candidate genes in the QTL
interval, the related genes that may affect the panicle traits were screened out, and gqRT-PCR was used for gene expres-
sion analysis, which revealed that the expression levels of LOC_0s05g05490, LOC_0Os05g06150, LOC_0s03g11700,
LOC_0s03g12430, LOC_0s05g28720, LOC_0s05g30890, LOC_0s05g31740 and LOC_0s02g17880 were significantly
different between the parents. Among these genes, the first five genes encode tripartite pentapeptide repeat proteins,
while the latter three genes encode glycosyltransferases. This study identified 31 QTLs related to panicle traits, laying a
theoretical basis for further localization and cloning of related genes and breeding new high-yield rice varieties.

Key words Oryza sativa (rice), panicle traits, QTL mapping, candidate genes, high-yield
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