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XFEMHERSEQTLENM S RIZERERIL S

SN, B, wEG, FE rhad! War’, T
HER, T TREY, KEAT

VL5 K 52 2R R 2B, 46 321004; 2rh KRR ST, /KRS AE4 5 5K S 9280 %, KU 310006

WE /KW (Oryza sativa)Z & EH FEMEEMZ —. "EKBE RS &8, midm e s ER SR &L mr=fare
WEERLZ — ZFT LRGSR 5 (HZ). B R ARG &R AF 25 (Nekken2) B Fo A4 #1120 # 24H 5 28 & (RILs)
NS ARL, LE Sy BEHAA R 43 BT SR AR B S ARSI - 42K A B (SPADME )BT, R R OO I v R S A
MR ITQTLE N . 45 RILFZHE 220 54 R & EAH X IQTLs (5 BEMIT7A, mREWI134Y), LODIE & miik4.77 . FIH
qRT-PCR 77 £k M QTLIX ] N 5 23 28 & 8 A o0 R i FE R il R 1&, K ILOC_0s06g11780. LOC_0s06g12360 .
LOC_0s06g39716.LOC_0s08g42610.LOC_0s02g18500.LOC_0s03g21240.LOC_0s03g21400.LOC_0s03g21780.
LOC_0s03g30950 /% LOC_0Os03g40550%: Kl [ R ik EAEXGE A 2 R B E . GA R KRB E SRR G RAEE, HE
LOC_0s06g11780. LOC_0s06g12360f1LOC_0s08g426101 K iEMK Kbt m T /KRR & &, i E 8de smy
MGATERE . WE TR RN IR IR AR & S G Re R AR B/K RS S AR T AR BHE R, NN KB SRS 2NaE
AU T o T RN BE 58 T B AR

XEIR R, MoRE R, LR, KR, OLEIER, QTLER
etith, FEE, HEM, FE HRE BAR EIK BTER, AR ERKE, BEF (2023). KR SRS EQTL

SE L 5 e R 8 0. M2 # 4 58, 394-403.

BE PN OARWIR G, B T B A, R
4 e H & IR (£ A, 2018). T4k, KiF
(Oryza sativa) /s r= & H BB, #r=Hem A AT, £
B i R 1A RE AT S B B R A )
Hr .

HeEAEREEY & A NN £ 2R AR, KHE
PR T B e W A, FRTEAR KRR B b vk s /KRS
FERER R IE (AR, 2016). MKREMH B A1E NG E1E
FH B SRS B B E A, AR TR L K
o= B 190%—-95% . Hr, MR NS
HE, o8BS KREEEE N3 & E
(PN, 2022; s, 2022). fE—EEEN, M
PRI R RS ESH A RE R I, MigmmEs
REB(FLMEE, 2008; HHRES, 2012). Ak, 1
LRI G S B AR FE A KR E W R3S A

e H #A: 2022-11-08; #:5%2 H #i1: 2023-02-09

1, ANFEAEACBY B2k 2 2 B AR 5 7KORg B SR K
B RIS O A A I R B AR R s
FENLER, X5 T /KA 68 P gt = 3 B B

#E BT, KFEROCEER R 2T e
Kb T JUAR, b 5 T DR S D] AT 5 () AS TR
N, HRIKFEH 4R 2% & B QT LIE A7 7 Hr BUAF 42
Kb, (BRI FE—FEIRAA R A E SRS E
PSS AL, T8 BT H 20 A% B R BIF 70 A X A2 (9
e = 5%, 2022). f&LUAEHEFLH, Dong%%(2007) LA
Koshihikari/Kasalath {4 #1824 [1%2 # 41 H 2 & (ba-
ckcross inbred line, BIL), FLA 27482 45 6 3
A4 K S BMQTLs, 23 E e, 2. 3,
4. 68T etttk b, HHEANQTLATTMRE N5.1%—
14.8%, HFXH31QTLs (qLCC-1-I. gqLCC-1-2F!

LT WA A RR 5 4 F & I H (No.LZ23C130003). [ 5 4% A 25 A= 63 61 Il Y11 25 %1 (No. 202210345029 IHTIT 4 ok 2 A RHE

B E SN TH R B A A1 RI(No.2022R404A005)
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qLCC-4)7E 24 i 1 [ B 4t Adr ) 211, 350 B A [i] Bk 0 -
BRI EMWIEN SAFIEZER . Zuo%E(2007)F) H
Asominori5 1R24 7% %2 345 # 2 H %€ % (recombinant
inbred line, RIL)##AA, £ 2145K . /7 BER I &
TR 45 I 2 KA B 104N QTLs, 705 @ hL e 5
1. 3. 4. 5. 7. 111293 aik b, TRE N
9.7%—25.7%, H. A& K INLAEI/ S 1 BE [F) B e Ao ) 21
IQTL. Jiang%$(2010) LANN VLT H] B 43 AL 4K 26544
HREIHE A AR NSEIRL, BRICKFEAS [F IS 2%
R RN RN, 25 BRI 224 ¥ 1 K Fg
o3 BEI L R A I G 2K A R QTLs, HR
7 FLTHI 5545 4 1 /A RM255-RM3494 [X 1] P 1]
qCTHA B A It B, 77K T 47 BE 28 H A 4 3 T
W RS &, LODM N19.41, TTHRE N61.42%.
A, Jiang%F(2010)i@ k0 LRI, A2 E I B
BERERESEMEAMERNREZEEE RS TAEN
. YIS 55 (2010) LR RE RO G ATRIAE -C 1l A SR AR,
XA Fo B B A RIFRQTLE 7, 4748 322
AN AR G i 2 3 S BAR DAL S, A T
H3. 7. 10125 et ik b kS (2012) LLRE RS
Sasanishiki 5 il 5 Habataki Az 3 A7 4= (1) [8] 3¢ # 4 [
A& (BILs) B AL FEAA B FERT R, WK FE8A A KK
BB NGRS =T SIS QTLEINT, tE A7 3
39MQTLs, FAQTLITTRA% 46.64%—-30.83%. H
W, AR ETAT RS AN B QT LA s b, AUk
1=34N; AR F IR A 2, T3 N4-51 .
Zhang %% (2014) X5 Hill AFE 22 (CHLIAE 93-11 FUKEFE H ASHE)
R RILEEARTT RO T8, IRAS 74> 5 Sl A 0 2 pl ot
WK FES ot 2R E A O IQTLs, 20 AlAr T281.
4. THIM12'5 54k b, TTRZE N8.1%—-20.8%, Jf H.
762 I A6 00 1) 3 20 QTL gLSCHL4, &% %K
IMQLSCHLA 5 A= M RAF R ELRINALLEE AL, BA 23
PE . Huang%%(2015)F| A& 11.06 (CJ06)-5HillFeE &
785 R (TN) 24 22 FIDHEE AR, XHKFREHER AN K E
B B T = 4 3K s AT QTL AT A, LA 2]
61 4™ 4% il - 4% &K & & (1 QTLs, 57 #k % N 2.9%—
26.9%, |7 I 2 27 4N B B A% HAE FIQTLS,
F I A B AR R . A ISR (2017) LUK ARSI
T 55 VLB 4] 5B 25 4 22 BT A5 1191 05 A i 4 3 45 2k [
FAMEL, XA g R A BT QTLE M, Shk
MR 7 FKQTLs, 756 T281. 4. 575 e fk
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o AR LA (2018)F) HHLAG <1 46BFNA232 44 52 14 7
WEEZH B A2 &, Py 248 ke il 3 304> 2 il /K A5 4 B
S AT = b SR S B AIQTLSs, BN
F B 5Tk R N 5.91%-38.69%, b AE35 YL ik
RM231-RM3392 % F-#ric X [H] P I QTLAL £ 52 IR 5
sV HECHARE o

AT NAE KRG 2% 22 A0 ¢ QTL (14 7€ A7 A 72 R LA
T— Ry, BA—2MSHNE, (Al TAE
QTLZ (A FQTLESH82 (Al FAE RN, DL 52464t
A B ARIC /N BT ARG AER 2, A DG HE A
s 5w R, FHZHQTLEA —FHZ
PR FH, TSR A LA I TR 3 7Kg v 7 v 6 K
AR, R R EQTL & F 5 A

ST, ARSEIR A RIFEAE 5 (HZ) FERE #t2
5 (Nekken2) J L #4) 2 1) # 20 H 22 R (RIL) B4 A 14
B, DAZKRE 45 BE A0 B 20T i 4 25 7 & (SPAD
H)NFEELbR, 4560 g R R MEdE, IR
0 UM 11 1 5 P e A% RS AT QT L A 70 b, LA
F2HR ARG b4k 3 B =R A BRI
BE— PR SRR T B BRI, e e
oy ¥ B PR pE IR AR o

1 MR5EE

1.1 SRR

43 I LRI 5 A0 4E 5 (Oryza sativa L. subsp. indica
cv. ‘HZ')FUKE g & A #4825 (O. sativa L. subsp.
japonica cv. ‘Nekken2)/E A A MIBEA, i@ it #kr
e FE 25, 2014)BR AL EH12M, DIRARA
1L PR Y 4R 5 1A% () 120 B2 11 42 & (RILs), 4
FCASHIE 5T i R B4 AR

12 SWHE

121 MHESER

MF AR e AL 191204 bk R, F 0k R 3% U100 550
FERLTLI ELK /NI B F T o R R T gk
ITH B (L HT0% LB 105020, 75 FH10%
NaCIOV AL #3040, ) 253 F /K R Z k).
HEZERS, K fh TAE K FIRIE2 R, FREHRIKK; R
JE RS Ak M 7 A IFE T37°ClHEE =M,
A8/ e ISR ZE I Il o (2 52 UG, K e 1 — 2
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MY T EREBIITER. 1IMA)E, EREKR
K R H— B 24 kB i R R B H UK . &
PrRABIFHEAAT, ATORR, 15 IR A A A
B, KOEREERER. [N E W SRR E I, A
SE 73 BE A1 RS S0 ) R A S 1)

122 HERIENE

TE7KAE 7 BEM B, {8 HISPAD-502 PLUSTH 5
A SRR O 81 S R 5 2 (flag leaf chlorophyll
content) (SPAD{H )ik AT S th il = (W be = 55, 2022).
BN R B AL BRI R 5 H AR AL SM &1 i ik
ATIE, BEMCE I F5 EEAE i By o 350 00 ik ik o9 00 5 3
{XSPAD1H . 256 H 4 MU 3V E 1 318

1.2.3 BEEEEWRE

PE IR e RILs 18 A% BE AR IIDNA, 44k J5 i 47 4 5
D] 25 =60 5 A 2t 0 P SO, BE AR RILs 2 (8] ) 32 S
7 5. FIFH BRI R AT KA (Xie et al., 2010)4f 2 st
FEREOR I BRI R, SH0e A [k R R ) v 86 E A% IR
% M (single nucleotide polymorphism, SNP)f 5
e R IX B, Gk H/NT100 KbfISNPAL AT, Siit%
P R . 15514 85851/ Ai T KR 1246 Yk
Ak BRIy FhRad, CAORIKEE, TR R % R
o3 A% P (R EAE, 2022).

1.2.4 QTLEML

B 0oF S 6 I A A L) o A RE SNP g A% B, R
Mapma-ker/QTL1.1B# {4 () & & X (A /E B, W E
LOD=2.0 4 &8, #EATH £ R QTLE AL 53 17
QTLiir 4 77218 M\McCouchZ5(1997) i) .

125 BEAFRKEESH

{f HTRIzol & RNA$ HLA 7 & (Invitrogen, EH), %
FE U0 B 5 56 7K G 20 B B R s 8t B LS i 5 - i AT
AFE . FRENARNAJE, T-80°CUKME /17, % H .
FE 5 RNAZ: DNase |4b B J5, 4K I8 00 4% 52 X 71 &
ReverTra AceR qRT-PCR Kit (Toyobo, i L4
VIR IR 7)) Ui B 45 S 8% 5% yeDNA. iR QTLE
Rrgs R, ik 5 2R 3R & EAH O B RIG B Y, SR
FH 2B 9 Y6 € EPCR (QRT-PCR)J5 4 52 16 1% 3 4]
TEXUSF 53 BE SR 1l 40 ) 08 B o S 56 R 7500 5% I

PCRk & (ABI, L), PLOsActin NN 3K . &4
RN PATEAL, WAREARES., 2 Bk E
o7 R 2 5 25 i 1 i DR 1) ik B, AT 2K AR
FH ., qQRT-PCR MK FR: 1 uL cDNABMR, 5 pL
SYBR gPCR Mix (Toyobo), 10 ymol-L™"1F. % [ 5]
%1 L, hnddHO%ME 210 pl. HELHLIRA.
qRT-PCRX M FT I 51 ¥ 51 )31 qRT-PCRY™ 42
J#: 95°C 30#; 95°C 5%, 55°C 10F», 2°C 15%), 40
MG (4655, 2019).

1.3 HIELE

K GraphPad Prism 9f1Excel 2010% {4 ¥t
FFRbEE, FFH272°CTi (Livak and Schmittgen, 2001)
i 35 DR AR X 2k o o SR P LR UG 56 4 3] b e A [

#&1£0.01/10.057K 1 Ly 2= 57 i 4k

F£1 oRT-PCRATHEI#IFI
Table 1 Primer sequences for qRT-PCR

Primer name

Sequence (5'-3')

LOC_0Os06g11780-F-grt
LOC_0Os06911780-R-grt
LOC_0Os06g12360-F-qrt
LOC_0s06912360-R-grt
LOC_0Os069g39650-F-qrt
LOC_0Os06g39650-R-qgrt
LOC_0Os069g39716-F-grt
LOC_0Os06939716-R-grt
LOC_0Os08g42610-F-grt
LOC_0Os08g42610-R-grt
LOC_0s02g18500-F-qrt
LOC_0s02g18500-R-grt
LOC_0s039g21240-F-grt
LOC_0s03g21240-R-qrt
LOC_0s039g21400-F-grt
LOC_0s039g21400-R-grt
LOC_0s039g21780-F-grt
LOC_0s039g21780-R-grt
LOC_0s03g30950-F-grt
LOC_0s03g30950-R-qgrt
LOC_0Os03g40550-F-qgrt
LOC_0s03g40550-R-grt

TGTTGGTCCCTGAAAACTCC
TCAAGCAAATTCACCCATGA
ATGCAAAAAGGAGAGGCTGA
ATGCCGATCAGGAATCTCAC
GTGCTCTTCAACCAGTGCAA
AGATTGGCACAGCATGTCAG
CAACCTTTTCGTAGGCATCC
TTGAAATTGACTGGGCTTGA
GCTCGCACACTGAAAACAAA
ATGGGATAGGCCCCAAATAG
AGGAGGAGGTGTTGGGAACT
ATGCAGTTGTTGATGGCGTA
TATGCCTTTGCACCAGAGTG
CAGCATTCGACGACTGAGAA
AGGAAAGCGGAGAAGAAAGG
TTAGACACCAGGCAGCTGTG
CTCCCTTCCACTCCTCCTTC
CTTCTCCTCCTCGACACCAG
TCTTCTTCTCCATGGCCTGT
AGCAGGGAAGGAAGTCGTG
CTTTGCTCCCTGCCTTGTAG
CACGTCTCGGAGCTCTTTTC
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2 LRE}D AR RS RS ME IR, SREY, Kbk
Y BEIIEE Y, XORM M SRR S R EREE
21 FERRILsEHAMHRRESEER (K12A-D). 4 5 (HZ) % BE AN st Fr SPADE
WE (HZFTINekken2) FIRILs B 44 43 BE 1 Je B 24 34 1) 43 51°838.93F142.01, #HF25 (Nekken2) 2/ i 1)
A Nekken2 HZ B Nekken2 HZ
(36.85 x 38.93) (40.10 x 42.01)
35+ 35 -
301 l l 30 l l
> 25+ > 25 -
S 204 S 20
=] =}
g 15- g 15
[T L
10 10
5- 5
0 0
28 30 32 34 36 38 40 42 44 46 48 50 28 30 32 34 36 38 40 42 44 46 48 50
Chlorophyll content (SPAD) Chlorophyll content (SPAD)

Bl KFEEABEZR DGR SRR
(A) 7T BEH; (B) JlY]

Figure 1 Distribution of chlorophyll content in recombinant inbred lines of rice
(A) Tillering stage; (B) Maturing stage
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B2 ALY 5EEA MRS (I SPADE K # 7Y
(A) 2> BEWI/KFEHIFR ISPADAE; (B) 2 BERI/KFEHIMR £ (bar=10 cm); (C) KEAMIKFEAEMKSPADIH; (D) RN /KFFHIFEI
F 7 (bar=10 cm)

Figure 2 SPAD value and phenotype of the male parent HZ and the female parent Nekken2
(A) SPAD value of rice plant at tillering stage; (B) Phenotype of rice plant at tillering stage (bar=10 cm); (C) SPAD value of rice
plant at maturing stage; (D) Phenotype of rice plant at maturing stage (bar=10 cm)
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SPADIE 43 %) 36.854140.10, FEHAE 5 K& %L
Re i T 2°5 o [R]— S ARLEAN [ I A () SPADAE 47
TR 25, RUPKREM S5 & B4 B 2R it
BEHEB . E2AN AN, RILsEFA SR R4 R
BRI RS IEA 9 i, SPADH 43 #ii T 28-5011)11
ANXIE P, HAFE R RILER, = KR 4%
CHERET 2B N HEEER, FEQTLX
ER R,

2.2 KB EAFIRBEAHERSEQTLEN

I FH RILS T i 222 vy 4 5 SNIP st A% 3% it 13 I it 47
M SRR A R IIQTLEM /0T, B4 858
Ny TR, FEIO AT AKRE124 etk B, Frd
QTLIX [H/E B ZEk . A8 5T LALOD=2.01F HQTLAFLE
H5ERBRIE, 4RILRNE201N 5KESRGE
R HIQTLs, LODfE A T2.00-4.77 2 [f] . Horh, 764
BEWIR I FI7ANQTLs, 45l T-556. 8195 e i ik
by fEREIIR I EI134QTLs, 256 T 581, 2. 3.
4, TR Stk b, T35 Qe taik Y s h

R2 KTEHEM B RBAM SRS EIQTL

11 602 077-12 505 077 bpyu[E M ¥JgFLCC3.2, H
LODAHE =1ik4.77, =¥ /KFE st s 31 5 2 1
RMQTL. MTE6 5 e i fk LA ¥ gFLCCE. 1 Ay 4%
Hil oy BEHA T 48 2 & B 1 = 2QTL, HLOD1E #43.13
(#£2; KI3).

23 RIEEEREESH

RIEQTLAE KRR Ok ERIALE, 2 B /K RE PR 2H
BEI0H W3 (http://rice.plantbiology.msu.edu) fl [E 5
KRG H U o0 B [ (http://www.ricedata.cn/gene/)
MEPNERE R, RS G AT AR ER, AL
EH TR S AR F DL ARA R SR A&
F M BB AR DG I 1 1AM IR FE TR (R 3, R4). IR EEHEA]
AHEMYBE A 7K . = AR TR E & AL H L
S pfkBALER KA G Pl 2 1 R4 o ) S 2Ol
5E FEPCRITIERTIZ A AN PR E XU 8] ) 3k & dE AT
WE, f5REW, KRG T 7 BERIN, FRLOC_Os-
06939650 7E X 3% [A] i) K ik & L W & % 7 4,
LOC_0s06g11780. LOC_0s06g12360. LOC_Os-

Table 2 QTL analysis of chlorophyll content of rice recombinant inbred lines

Trait QTL Chromosome  Physical distance (bp)  Position of support (cM) Likelihood of odd (LOD)
Chiorophyll  qFLCC6.1 6 6015262-6720585 25.79-28.81 3.13
Eﬁé’ﬁﬁ”& at  4FLCCe.2 6 22337450-23745958 95.75-101.79 2.92
stage qFLCC6.3 6 24051716-24198880 103.10-103.73 213

qFLCC6.4 6 25991018-26126806 111.42-111.99 2.12
gFLCC8.1 8 26687999-27132649 114.40-116.31 2.50
qFLCC8.2 8 27513012-27730624 117.94-118.87 2.28
gFLCCO.1 9 20982305-21030827 89.95-90.15 2.09
Chilorophyll  gFLCC1.1 1 2407127-2649258 10.32-11.36 2.63
;":tfr’l‘; ;t gFLCC2.1 2 10729809-10871055 45.99-46.60 2.01
stage gFLCC3.1 3 8989609-9140871 38.54-39.18 2.00
qFLCC3.2 3 11602077-12505077 49.73-53.61 477
gFLCC3.3 3 17425033-18170152 74.70-77.90 2.38
qFLCC3.4 3 19142858-20859360 82.06-89.42 2.29
gFLCC3.5 3 22349012-22880743 95.80-98.08 2.59
qFLCC3.6 3 23094070-24507431 98.99-105.06 3.25
qFLCC4.1 4 867957-1087636 3.72-4.66 2.40
qFLCCA4.2 4 2647701-3012559 11.35-12.91 2.30
qFLCC4.3 4 6230638-6599549 26.71-28.29 2.46
gFLCCT7.1 7 9758981-9899583 41.83-42.68 2.45
gFLCC1L.1 11 3100542-3229790 13.29-13.85 2.27
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Chr.05 Chr.06 Chr.07 Chr.08 Chr.09 Chr.10 Chr.11 Chr. 12

0 1 ; e p 4 -4
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o { 1 | ]ne
. a z . " . 4
20 , 25.79«\3 a 3 : 4
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150 - b | Unit: cM
160 J E } Chlorophyll content at tillering stage 0.0 1 313
170 4 Fi Chlorophyll content at maturing stage 0.0 N
180 ’
B3 /KFEEMH AR RN RSB INQTLE AL
Figure 3 QTL mapping of chlorophyll content of rice recombinant inbred lines
|3 KAES BRI SR 3 R AE AR 5L R ) Th g
Table 3 The function of candidate genes related to chlorophyll content of rice at tillering stage
Chromosome QTL locus Gene ID Functional annotation Reference
6 gFLCC6.1 LOC_0s06g11780 MYB family transcription factor, putative, expressed
6 gFLCC6.1 LOC_0s06g12360 Pentatricopeptide, putative, expressed
6 gqFLCC6.2 LOC_0s06g39650 Pentatricopeptide repeat protein Jiang et al., 2014
6 gFLCC6.2 LOC_0s06g39716 Chloroplast 30S ribosomal protein S18, putative, ex-
pressed
8 gqFLCC8.1 LOC_0s08g42610 Pentatricopeptide, putative, expressed
R4 KRB A S35 R AH DG 5L PR I Th g
Table 4 The function of candidate genes related to chlorophyll content of rice at maturing stage
Chromosome QTL locus Gene ID Functional annotation Reference
2 gFLCC2.1 LOC_0s02g18500 Chlorophyllase-2, chloroplast precursor, putative
3 gFLCC3.2 LOC_0s03g21240 Transcription factor with a MYB domain; PHOS- Guo et al., 2015
PHATE RESPONSE 1
3 gFLCC3.2 LOC_0s03g21400 Cytochrome P450 gene; gibberellin 13-oxidase
3 gFLCC3.2 LOC_0s03g21780 Pentatricopeptide repeat domain containing protein,
putative, expressed
3 gFLCC3.3 LOC_0Os03g30950 Acyl-desaturase, chloroplast precursor, putative, ex-
pressed
3 gFLCC3.5 LOC_0s03g40550 pfkB-type carbohydrate kinase family protein
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06939716 }2LOC_0s08g426107E X A |5 bl K ik
B T BEARR2'5 (Kl4A), TER#JH, LOC_
0s03g21240. LOC_0s03g21400. LOC_0s03g217-
80. LOC_0s03g30950F1LOC_0s03g405507E 4 4
i Rk R R A T REAR 25, 17 LOC_Os-
02918500 7E ¢ | Hy ) K IA & W Z AL T #vit2 5 (&
4B). % b, 101 FERAEXGE R ) RIS BAFAE B2 2
5, VBN RES 5t G R & A PR 8, i
s I 23R 2 B AR A

24 tig
k2 e T REAT G RE RIS A a8 ARG 46 1 B B ot
AR (T4, 2019). fE—EVEHN, HERMTE
B AZ R KRG E = 8 i Y (Mae, 1997), &
FRCA 7K R 7 RO B 1 B AR AR . TEAN R AR KB
B, MaRMA RS RS2SR, AR R
I FEAEES = 5 St o PR B . 7R BEAA, o
SRR S A R B EN R E, IR E T
BHYRIFR, A=Y S P o Al 757K K
A, R MAFFRIER . 45 SRR ] R 5%
YRR (ke =45, 2022). KM SGREENZ
DR ] O BB PR, TR 4 R 4k B AR R 52 T
REK 2, HI, KIEA R KR 2R 5 E A
KQTL S R R A & g 7= A0 58 o 1) A 3880 92
Z "%

AT 51 UK FE 7 BE A Ko B3 A DA Wl F8 b,

BNekken2 [OHZ

;:J 0 il Iﬂ

N N 0 o Q
& S S N N
A of © &\ ©
o5 o5 &
° §®
o° o° o° o° o
or  LOr L7 L7 L7
QNG RSN AN

Relative expression }»
w
1

B4 KEMSRGTEMIERKEEER

(A) FrBENIN 2R 2 & AN OCRE N RIL AL (B) A 2 3k & A G R I Rk /.

Relative expression 0

[

DA F 43 25 25 & (SPADME ) A R AU Rt 47 QTLE
fir, LRI E201QTLs (4 BEMATAS, R34,
HAEA AR & B A B k2 & EQTL A6 T
AR, XA R, XSS A S B AR 1
AL MR

SHT AL, ABFRREREQTLA A
U (R M . XI53E 45201 8) F T RE ARG Tk 4< 0530-9 ATl
FE LR 129 J H 4SS AT A I P BE A R S0 A R}, TR 2R
35 et A R3M10-R3IM23 X 7] A A& I £1) 5 /K 7 %,
MR S BAAHLMQTL qCM3a, %X 84 & A
ifF 7 2 AL EI I QFLCC3.1fgFLCC3.2, fEAWF L H
LOD{E f KIqQFLCC3.217 sifftifr, 7cifg v (2008)1H
R 214 5 B S ik b S R S B AHOCMQTL
qMFLCC-3, HTTilik*1£18.97%, Ui g
SEPEHI KR B S R S B A, HLIX R AR A]
REAETEAN AR KR I % & I BRI R, A%
TN A . Wi = % (2022)TE 5595 e i ik
STS—-RM3744 X [a] A 43 il ks I 5] 55 7K 55 4 BE B A0 4l
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Figure 4 Differences in the expression level of the genes related to chlorophyll content in rice
(A) Expression of genes related to chlorophyll content at tillering stage; (B) Expression of genes related to chlorophyll content at

maturing stage. ** indicate significant differences at 0.01 level.
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QTL Mapping and Expression Analysis on Candidate Genes
Related to Chlorophyll Content in Rice

Jiayi Jin' , Yiting Luo", HU|m|nYang Tao Lu’, HanfelYe J|y|X|e Kexm Wang
Qianyu Chen Yuan Fang’, Yuexmg 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 (Oryza sativa) is one of a major food crops in China. Increasing chlorophyll content in rice leaves and
thus promoting its photosynthetic efficiency is one of the most important ways to obtain high and stable yields. In this
study, 120 recombinant inbred lines (RILs) were constructed from the paternal indica rice HZ and the maternal japonica
rice Nekken2 and they were used as experimental materials. We measured the flag leaf chlorophyll content (SPAD) of the
parents and their progeny at the tillering and maturing stages. Meanwhile, the quantitative trait locus (QTL) mapping was
carried out based on the high-density genetic map. Twenty QTLs related to chlorophyll content (7 at tillering stage and 13
at maturity stage) were identified, with the highest LOD score of 4.77. The expression of candidate genes associated with
chlorophyll content within these QTL regions was analyzed by gRT-PCR, which showed that LOC_0s069g11780,
LOC_0s06g12360, LOC_0s06g39716, LOC_0Os08g42610, LOC_0s029g18500, LOC_0s03g21240, LOC_0s03g21400,
LOC_0s039g21780, LOC_0s03g30950, and LOC_0s03g40550 were significantly different between the parents. Com-
bining the gene expression and parental chlorophyll phenotype data, we think that the high expression of LOC_
0s06911780, LOC_0s06g12360 and LOC_0s08g42610 might greatly enhance the chlorophyll content of rice, which in
turn effectively promoted the photosynthetic productivity of the plants. The results provide favorable genetic resources for
screening and breeding new rice varieties for efficient light energy utilization, and lay an important foundation for revealing
the dynamic change pattern and the molecular regulation mechanism of chlorophyll content in rice.

Key words candidate genes, chlorophyll content, genetic map, Oryza sativa (rice), photosynthesis, QTL mapping
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