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Cloning of A New Yellow Leaf Gene ZmNPPR5 in Maize

LIU Sheng-kun, SUN Shi-lei, DONG Lu-peng, LI Ping-hua, LIU Bao-shen, ZHANG Yong-zhong
( College of Agronomy, Shandong Agricultural University / State Key Laboratory of Crop Biology, Tai’'an 271018)

Abstract: Leaf color mutants are often accompanied by changes in chlorophyll content and abnormal chloroplast structure. They
are important materials to decipher the functions of genes in chloroplast development and photosynthesis. In this study, a naturally
occurring mutant 74101 showing etiolated leaves was identified in maize. The mutant showed etiolation throughout the growth period.
Compared with the wild type, the total chlorophyll content decreased by 53.38%, and the net photosynthetic rate decreased by 25.63%.
Transmission electron microscopy revealed the disordered chloroplast thylakoid structure, with loose matrix lamella and no grana
structure. Genetic analysis and fine mapping results showed that the 74101 mutant phenotype was controlled by a pair of recessive
nuclear gene, which was delimited in the 76.05kb physical interval between the markers k-138 and k-27 on the long arm of maize
chromosome 5. By sequencing and analyzing four candidate genes in this interval, a C to T mutation at 1126 site of the gene
ZmNPPR5 (Zm00001eb252430) encoding PPR protein was identified. Tests for allelism with EMS mutants approved the ZmNPPR5
gene as the causal agent of leaf etiolation phenotype. The subcellular localization suggested that it was expressed in the nucleus.
Collectively, this study revealed that ZmNPPR5 has an important function affecting chlorophyll synthesis, which laid a foundation for
deciphering the nuclear-localized PPR protein on the regulation of chloroplast development and chlorophyll synthesis.

Key words: Corn; Chlorophyll synthesis; Genetic analysis; Map cloning; PPR
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HAKEE., KREBZ%. BEKRED.

A: 43R (bar=0.5cm); B: = rHAKE M (bar=2cm); C:  JurHE Ak (bar=12cm)
A: Phenotypic of maize plant at budding stage (bar=0.5cm); B: Phenotypic of maize plant at Three leaf (bar=2cm); C:Phenotypic of maize plant at Nine leaf
(bar=12cm).

K1 FFERSRI 74101 ph3RE
Fig.1 Phenotypic of the wild type WT and the 74101 mutant
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2 HERSRTH 74101 HALEERSEMASERBEXEY
Fig.2 Photosynthetic pigment content and photosynthetic correlation index in leaves of Wild-Type and Mutant 74101
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A: WT wreath structure; B C: WT mesophyll cell chloroplast; D: 74101 wreath structure; E F: 74101 mesophyll cell chloroplast; G: Thylakoid grana; H: Starch
granule
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Fig.3 Observation of wreath structure and mesophyll cells of wild-type WT and mutant 74101 by transmission electron microscope
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Table 1 Genetic analysis of F, and BC, populations
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population number of F, and BC;
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74101 x B73 892 284 1176 0.45351
(74101 x B73)x 74101 198 189 387 0.25476
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Z A% 7T6Kb Y)FEFE I PY s D: 7 76Kb 58 A7 X IR N ILE 4 N IFHURIHE (ORF) , KEMHR/NFREREFFTIEN ORF; E: ZMNPPRS % K 754w i3 X 4

BFRAEFRAE QRREITHERE SUTR, WRETHEREZINE T, AGXEAEKIUTR) ; F: 74101 725 A= BIAIFAR U ) 1 I 25 I 1
A: 74101 was initially located between phi087 and phi048 on the long arm of chromosome 5; B: Then it was narrowed to a region between K-79 and SS19 using
BC; mutants; C: Then it was narrowed to a physical distance of about 76kb between k-138 and k-27 using F, mutants; D: There are four open reading frames
(ORFs) in the 76kb region, and the gray part represents the ORF of the mutant gene; E: Gene ZmNPPRS5 is mutated in exon of coding region (light gray box
represents 5 UTR, dark gray box represents exon, and white area represents 3 UTR); F: Peak diagram of sequencing results of 74101 between wild type and

mutant.
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Fig.4 Fine positioning of maize ZMNPPR5
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A: EMS RAZRFK A (bar=10cm); B: 74101 RAZ/AFI EMS TR AL A PRSI /5 4838 B (bar=0.5¢cm)
A: EMS mutant phenotype(bar=10cm); B: 74101 mutant and EMS mutant were represented after allelic verification(bar=0.5cm).
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Fig.5 EMS mutation experience certificate

2.6 ZmNPPR5 I Rt E L

L SignalP Chttps://services.healthtech.dtu.dk/service.php?SignalP-5.0) Fiiilll ZmNPPR5 & (% H (=
Tk SIS IR, Bl ZmNPPRS 8 H ] BEAELH AL T 3RIE . K& CaMv 35S 531 H) ZmNPPR5-GFP
BARFAL B FOR AR T, ZnNPPR5-GFP S 4iffif% 3t (&1 6) , ] ZmNPPRS 2 4% E A i H

GFP Chloorophyll BF Merged

35S-GFP

ZmNPPR5-GFP

6 ZmNPPR5 R LAIENRL. (bar=8um)
Fig. 6 Subcellular localization of ZmNPPRS protein. (bar = 8pum)
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