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Abstract: [ Objective ] The research explored the genetic mechanism for regulating chlorophyll content and its
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response to nitrogen (N) fertilizer in rice, and provide new molecular marker segments for breeding of high—yield and nitrogen—
efficient rice varieties. [ Method ] The 113 family lines of ZS 97 x MH 63 recombinant inbred lines (RIL, F, ) were adopted as
tested materials for QTL analysis. Field experiments were performed with split—plot design, N fertilizer rate being the main plots
and RIL being subplots. The low N (no N) and normal N (130, 135 N kg/hm?) fertilizer treatments were established in the fields.
The chlorophyll meter was used to determine SPAD values of leaves at 30 days after transplanting (30 DAT) and at heading
(HD) stage. By using a high—density genetic map containing 1 619 Bin markers, [ciMappingv3.4 software and complete interval
mapping, QTL for controlling leaf chlorophyll content at two growth stages was mapped. [ Result ] In two N treatments at two
growth stages within two years, a total of 15 QTLs for controlling leaf chlorophyll content were detected and they were located on
chromosomes 1, 2, 3, 6, 7, 10 and 11. Each single QTL could explain 1.21%-40.74% of genetic contributions to traits. Through
comparison of their physical loci, 6 QTLs were found to have been cloned or have the same loci being known previously for
chlorophyll content. Among them, a locus, named gHDCHLG6-1, regulating the chlorophyll content of flag leaf at heading stage
was detected at 8.45-9.12Mb of chromosome 6. It was stably detected under two N treatments in two years, which explained
1.55%-28.01% of contributions to traits. Through functional annotation, 4 candidate genes related to chlorophyll content
of flag leaf were found in the gHDCHLG6-1 chromosome interval. These genes were LOC Os06g15370 (OsNPF3.1), LOC
0s06g15420 (OsAS2), LOC Os06g15620 (GAS) and LOC Os06g15590, and the first three of these genes have been cloned

[ Conclusion ] 15 QTLs controlling leaf chlorophyll content of rice at 30 DAT and HD stage are detected, and a QTL locus
qHDCHLG6-1 with stable expression was identified, which contains 4 candidate genes.

Key words: rice; recombinant inbred line; high—density Bin map; chlorophyll content; QTL
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Table 1 Analysis of chlorophyll contents in RIL population and its parents under different nitrogen treatments
PN I e JRAR Parent N E%ﬂﬂ?c,% RIL
Yeay Pevelopment . - il 97 Wi 63 LSDyos P = bRifidE il T WeE
stage 7897 MH 63 Mean = SD Range Skewness Kurtosis
2006  FAk)E 304 A 34.15 £ 0.46 33.60 +2.07 4.56 31.91+1.89 26.94~38.17 0.18 0.21
EHAR 38.20 + 1.53% 36.32 +2.51 471 35.53 + 16255 32.21~40.32 0.36 -0.19
ity A 39.54 +0.49 34.04 £2.19 3.59 33.60 +2.50 28.34~41.91 0.48 0.78
IEH A 42.95 £ 0.69%* 37.25+0.71 1.57 37.14 + 253 31.93~46.13 0.75 123
2007 BAkE 304 KA 36.37 + 1.96 33.30 +2.39 4.95 3345+ 1.62 29.71~39.50 0.76 1.62
EHA 41.97 £0.50%* 39.65 + 0.94* 1.69 40.15 + 1,097 37.45~44.37 0.56 1.63
Filig=St] R 39.75 + 0.44 39.33 +0.94 1.65 37.79 +2.11 32.24~45.06 0.23 1.02
EHA 41.51 +0.92% 40.67 + 1.10 2.30 39.61 + 1.87%%% 35.79~45.84 0.61 0.70

e ok, R el SRBIISEORTE 005, 0.01, 0.001 K- F2EREE,

Note: *, ** and *** represent significant differences at P=0.05, P=0.01 and P= 0.001, respectively.
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development stages under different nitrogen treatments
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Table 2 Correlation coefficients of chlorophyll contents
in leaves of rice under different nitrogen treatments

AN AhEE BAR)S 30 d MR SR IR A

Trait Treatment SPAD-30DAT SPAD-HD
BARE30d KA 0.56™ 0.64"

=N

MHERRER pam 0.58" 0.61°
SPAD-30DAT
Eipsec] LA 0.70" 0.73
MERREEE pag 0.66" 0.81°
SPAD-HD

e ok, | ek ek SRBIZORTE 0,05, 0.01, 0.001 KV FEFRE,

SN X A LR 2R PIAR [ R R PR O A OG- X A il Ay
2006 AEPERAISE L, Zefihy 2007 FEHERARDC R EL

Note: *, *#* and ***, represent significant difference at P=0.05, P=0.01,
and P= 0.001, respectively. The bold value in diagonal indicates correlation
coefficient of the same trait between two years. Data on the right and left sides
of the diagonal are the correlation coefficients of traits in 2006 and 2007,
respectively.
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Table 3 QTL detection for chlorophyll contents in leaves of rice under different nitrogen treatments

2006 2007
;i 0 Yu SEIK o
Trﬁ:l\lfent %Ti *Cff,g ﬁ;lﬁfiilﬂj Confidei:{:i,ii:ial (Mb) Lob IR R IR kR
Additive effect ~ PVE (%) Additive effect ~ PVE (%)
%A q30CHL3-1 3 Bin385~Bin386 7.88 8.66 3.00 0.55 11.75
Low nitrogen gHDCHL3-1 3 Bin423~Bin424 14.72 14.88 4.20 0.68 1.21
gHDCHL6-1* 6  Bin890~Bin891 8.45 9.12 9.10 -1.35 28.01
gHDCHL6-1* 6 Bin890~Bin891 8.45 9.12 5.30 -0.77 1.55
gHDCHL10-I 10  Binl384~Binl385  22.30 22.52 48.10 -3.97 40.74
EHEA q30CHLI 1 Binl166~Bin167 33.84 34.74 5.00 -0.66 14.57
Normal nitrogen ¢30CHL3-2 3 Bin420~Bin421 14.35 14.60 2.60 0.35 11.38
qHDCHL?2 2 Bin330~Bin331 31.65 32.26 4.00 0.55 8.50
gqHDCHL3-2 3 Bin445~Bind46 17.83 18.08 5.40 0.66 11.46
gHDCHLG6-1* 6  Bin890~Bin891 8.45 9.12 5.90 -1.14 19.46
gqHDCHLG6-2 6  Bin893~Bin89%4 9.37 9.89 4.50 -0.58 9.35
gHDCHL7-1 7 Binl0O11~Binl012  16.61 16.66 2.70 -0.75 8.42
gqHDCH7-2 7 Binl002~Bin1003 7.26 8.41 4.20 -0.57 8.74
gHDCHLI0-2 10 Binl369~Bin1370  19.67 19.93 3.70 -0.52 7.53
gHDCHLII 11 Binl475~Binl476  19.06 19.14 3.60 -0.55 7.41

TE: PSR IR AR, SRR CIE DRI T WK 63, * /R AE MIAR A E A F Y QTL.

Note: Positive additive effect shows that source of favorable allele comes from MH 63. * represents the QTL was detected in both two years.



Chr.1 Chr.2 Chr.3 Chr.6 Chr.7 Chr.10 Chr.11
30CHL3-1 qHDCHLG6-1 qHDCHL?7-2
1 HDCHLG6-2 qHDCHL7-1 qHDCHL10-

HDCHLI1
¢30CHL3-2 ¢HDCHL10- g 9"1°C
q30CHL3-1
q30CHL3-2

q30CHLI qHDCHL?

gHDCHLG-1 #{EE R E] 3 ¢, FEIPFRE 1R
qHDCHLG6-1 was repeatedly detected three times, and was marked only one time
2 KBHEESE QTL EREEK NS

Fig.2 Locations of QTL for chlorophyll content in rice on chromosomes
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Table 4 Predicted genes in interval of gHDCHL6-1

oL Pefrfh 7 FEH BT AR R
Chr. Position (bp) Gene Annotation of gene function
gHDCHLG6-1 6 8739431~8744022 LOC _0s06g15370 TR A 1 KB R IEE M
qHDCHLG-1 6 8758769~8765753 LOC _0Os06g15420 RAERIRA N
gHDCHLG-1 6 8834948~8835629 LOC _0s06g15590 AN R &
qHDCHLG6-1 6 8847702~8848847 LOC _0s06g15620 TR R A
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Table 5 Comparison of known QTL/genes contributed to chlorophyll content with QTL detected in this study

ARMFSE This study

ELHT AR A 55, 7 FEPH Known QTLs/Genes

oTL ASUREN fi PRI 7 I TENIREIR / RS (A 27 ik

Chr. Position (Mb) Character/Gene Population/Ace. No. Position (Mb) Reference
q30CHLI 1 33.84~34.74 S— LR = AR A il LOC_0s01g59920 34.65 [19]
gHDCHL?2 2 31.65~32.26 PS T R/ HEN LOC 0s02g52650 32.20 [20]
qHDCHLG6-1 6 8.45~9.12 RIEH IR J ¥R 998/NIL-13B4 #4 4 Y F, FEPR 8.65~8.91 [21]
gHDCH7-2 7 7.26~8.41 BRI I S R LOC 0s07g14350 8.20 [23]
gHDCHLI10-1 10 22.30~22.52 IESS WlIE=1 LOC Os10g41760 22.40 [24]
qHDCHLI0-2 10 19.67~19.93  HCWWIREHEIIGRER S AR 0530-9/ JURE 129 F, TR 19.16~21.57 [7]
gHDCHLII 11 19.06~19.14 e N NS Sy Ak 265/ IHYLHTATRA RlLs 18.13~28.28 [25]

XoF 0 T IR ) B MR N N i 7E 2 R R Y
Br (31 gHDCHLG6-1 7% 2006 4F Jh B 1 1 95 4> 4
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IR EFRIBAY QTL, 38 13 /K Al 2 IR 4 1 B AL
PP LU B, X B AR 4 MRS, H
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Kl OsNPF3.1 F1 K 4 It e G iU 5 K OsA4S2, P
AN R A R W ORI B AR e
R A AL B 2503 OsAS2 1 OsNPF3.1 ik, M
IKFERT A ZR SR 20280 AR BiFE 4 AL B6r ik
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