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Abstract: The pale green leaf mutant HM133 was identified from an EMS-induced IR64 mutant bank. The contents of
photosynthetic pigments including chlorophyll and carotenoid of HM133 were reduced significantly at 6 weeks and 15
weeks after sowing when compared with IR64.The net photosynthetic rate of HM133 was considerably lower than that
of the wild-type IR64 at heading stage while the stomatal conductance was apparently increased. The agronomic traits
including plant height, number of filled grain per panicle and seed-setting rate decreased significantly in the mutant
compared with the wild-type. In addition, the mutant exhibited a less number of grana, irregular arrangement of
thylakoid layer in the chloroplast at the tillering stage. Genetic and mapping analysis showed that the pale green
phenotype was controlled by a single recessive gene located in the long arm of chromosome 3 between SSR markers
RM143 and RM3684. The interval contains an ORF OsCh/D encoding magnesium-chelatase D subunit. Sequence
analysis revealed that the mutant allele carried a nucleotide substitution from G to A in the tenth exon of OsChiD ,
which led to the substitution of glutamic acid for arginine acid. Therefore, it is deduced that OsChiD is the candidate
gene controlling the pale green leal phenotype of HM133.
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Table 1. Primers used in real-time PCR.
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He Em5#5(5-3" B 514530

Gene Forward primer(5'-3") Reverse primer(5'-3")
OsChiD GGAAAGAGAGGGCATTAG CAATACGATCAAGTAAGTGTT
OsChll AGTAACCTTGGTGCTGTG AATCCATCAACATTCAACTCTG
OsChlH CTATACATTCGCCACACT TATCACACAACTCCCAAG
HEMAI CGCTATTTCTGATGCTATGGGT TCTTGGGTGATGATTGTTTGG
PORA TGTACTGGAGCTGGAACAACAA GAGCACAGCAAAATCCTAGACG
CAO1 GATCCATACCCGATCGACAT CGAGAGACATCCGGTAGAGC
CablR AGATGGGTTTAGTGCGACGAG TTTGGGATCGAGGGAGTATTT
Cab2R TGTTCTCCATGTTCGGCTTCT GCTACGGTCCCCACTTCACT
psaA GCGAGCAAATAAAACACCTTTC GTACCAGCTTAACGTGGGGAG
psbA CCCTCATTAGCAGATTCGTTTT ATGATTGTATTCCAGGCAGAGC
rbeL CTTGGCAGCATTCCGAGTAA ACAACGGGCTCGATGTGATA
rbeS TCCGCTGAGTTTTGGCTATTT GGACTTGAGCCCTGGAAGG
YGLI CAGTCTCCAATGGCCACCT TGCTTTCATCAGTGGCTGG
SPP CGGAGAGGAAACATAATGAC ATAGGCATTTGTCTTTGTCTC
PPRI CTAAGACCGAATGACAAATGC GCACTGCCAACAAGAATACC
DVR CGAGCCCAGGTTCATCAAGGTGC CCTCCCGATCTTGCCGAACTCC
Ubiquitin GCTCCGTGGCGGTATCAT CGGCAGTTGACAGCCCTAG

ST ARSE OsChiD K PR4H ¥ 91 Be it 51 9 CIE 1] 5
Y 5'-TGCTTGGCACCTTTATCACA-3', Jx [f] 5]
¥ 5'-GCCATTCTTTTGGCTCTCAT-3"), Xf
HM133, IR24 K I F, Btk EAT DNA §737 . 9748 7
Yy I BR A E N VI Tag 1 PE4TREEI56E
1.7 RNA fZELF1 RT-PCR

K H Trizol ¥ #2 HU IR64 5 ¥k &% i 28 75 &
HM133 B 2 ) 2 RNA, #] | ReverTra
Ace qPCR RT Master Mix with gDNA Remover iz
FE(TOYOBO. HADH RNA J5% %0 cDNA,
% H SYBR® Premix Ex Tag™ I (Tli RNaseH
Plus) i 7 & (TaKaRa, H &) #1 Thermal Cycle
Dice®Real Time System(TaKaRa, H 7<) #1752 0}
JE it PCR, 237 45 38 65 705 A5 42 v A DG 6 A
BIFRIBE . LAKEE Ubiquitin WS A, # %
FE R eI IR 1,

2 ER 500
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HMI133 By 24 20V R A 208 2, B F T kL
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TSR RO B F LT E AR AL (SR 2),

IR64 HMI33 IR64

A— B R IR64 RS PR HMI33 4 M ; B— B 4 AU IR64 M1 %
AEfA HM133 Sroefii iR A,

A, Phenotype of the wide type IR64 and the mutant HM133 at the
seedling stage; B, Phenotype of the wide type IR64 and the mutant
HM133 at the tillering stage.

1 EFA£ R IR64 FREF HMI33 WA E M HAE KRR E

Fig. 1. Phenotype of the wide-type IR64 and the mutant HM133 at dif-

ferent growth stages.
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®2 EHAEE IR64 MIREMRK HMI33 MEERZEHER
Table 2. Agronomic traits of the wild-type IR64 and mutant HM133.

b R K e G TR
*ij Plant height No. of productive Panicle length Number of filled Seed-setting 1000-grain
Materizl /em panicles /em grains per panicle rate/ % weight/g
IR64 113.0£1.7 14.0£1.0 25.0E1.4 81.247.1 74.6 1.6 27.5240.38
HM133 108.7+£0.6" 12.7+£2.1 24.940.3 62.94£7.3" 68.8+2.1" 28.35+0.35

" HM133 45 IR64 7£ 0.05 K L& R B E,
* Significant difference between IR64 and HM133 at 0.05 level.

®3 AEAEKHE HMI33 5IR4 MR EBEGENREE

Table 3. Comparison of photosynthetic pigment contents between HM133 and IR64 at different growth stages. mg/g
o MR a M2 b AR EKHH PR
HGURE i fi] ok N ,
Chlorophyll Chlorophyll Total chlorophyll Carotenoid
Sampling time Material
a content b content content content
NS 6 J8 6 weeks after sowing IR64 3.7640.57 1.0040.14 4.784-0.67 0.8540.19
HM133 2.11+£0.06"" 0.46+0.04" 2.58+0.03"" 0.52+0.10"
&FIG 15 J8 15 weeks after sowing 1R64 2.86+0.29 0.88+0.13 3.7740.42 0.63+0.04
HM133 1.5440.08"" 0.4240.03"" 1.974+0.12" " 0.3340.01""

HMI133 5 IR64 f£ 0.05 K E 2R 83E;° HMI33 5 IR64 78 0.01 KF E2F W03,

Significant difference between IR64 and HM133 at 0.05 level; * " Significant difference between IR64 and HM133 at 0.01 level.

x4 HFEHIE AR IR64 A RIE HMI33 W& &%
Table 4. Photosynthetic parameters of flag leaf of IR64 and HM133 at the heading stage.

Fot Hota R SRR L iE] CO. ¥ B2 ZE R
Material P,/(pmol * m *s ") Gs/(mol s m ?s™ 1) C;/(pmol » mol™ ") T,/(mmol * m *s™ ")

1R64 14.45+1.78 0.57+0.13 309.1347.30 4.127+0.64
HM133 12.74+1.38 0.7340.09" 313.7546.41 4,2640.25

*HMI133 5 IR64 78 0.05 /KF £ 25 83,
* Difference between IR64 and HMI133 was significant at 0.05 level.
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A FI B—UFA RS TR64; C HI D— LA HM133, S—REMIRL; C—Iakik; G—3Eki; SL—IEM )2 OG— g HABR: .
A and B, IR64; C and D, HM133. S, Starch granule; C, Chloroplast; G, Granum; SL, Stroma lamella; OG, Osmiophilic granule.

2 EFAR IR64 FIRTR HMI33 B R B ML
Fig. 2. Chloroplast ultrastructure of IR64 and HM133.
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A RM16097 RMI16108
Frid Marker RM520 RM3684
Chr. 3
BHMES
No. of recombinants 20 4 0 0 0 10 28
|h pgliss %l
B
ATG i/ TGA
IR64 TTAGCTGTTGATGCCACACTTCGAGCAGCTGCACCA
IR24  TTAGCTGTTGATGCCACACTTCGAGCAGCTGCACCA
Taq 1
C HM133 TTAGCTGTTGATGCCACACTTCAAGCAGCTGCACCA

100bpb~.
M 1 2 3 4

A—pgl™ 5 B AL s B—AEEIEH OsChiD ¥ 515081, KA 4 F R HMI133 #1541 A3k G RAE N A; C—1R24/HMI133 F,BER ) Taq
I EEUIRAE. M— 2 FRERid; 1—1R24; 2— HMI33; 3—F,; 4~9—F, PRGN 2Akk; 10~25—F, B IE % 0l ik,

A, Primary mapping of yg/"™"* on chromosome 3; B, Sequence analysis of the candidate gene OsChiD. The gray letters indicate single base

56 7 8 910 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

substitution from G to A at position 1541; C, Mutation base of OsChiD confirmed with Tag 1 restriction enzyme digestion. M, Molecular
marker; 1, IR24; 2, HMI133; 3, F,;; 4—9, Pale green plant of F,; 10—25, Normal plant of F,.
B3 pgl"™ EARFEEEREFTN

] 1133

Fig. 3. Location of pg and candidate gene prediction.
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B 4 RT-PCR S EF4£E IR64 5 HMI33 hHEEAM HRELXERAXERANRE
Fig. 4. Expression of genes associated with chlorophyll biosynthesis and chloroplast development in IR64 and HM133 by real-time PCR.
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