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Cloning of a New Yellow Leaf Gene Zm/NPPR5 in Maize
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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 7470/ 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 74/0/ mutant phenotype was
controlled by a pair of recessive nuclear gene, which was delimited in the 76.05 kb 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 ZmNPPRS5 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 ZmNPPRS 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.
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Table 1 Primer sequences of molecular markers for fine mapping
EIR7E2N IEm54(5-3") B a5 19 (5'-3")
Primer name Forward primer (5'-3') Reverse primer (5'-3')
phi087 GAGAGGAGGTGTTGTTTGACACAC ACAACCGGACAAGTCAGCAGATTG
phi048 GCAAACCTTGCATGAACCCGATTGT CAAGCGTCCAGCTCGATGATTTC
S13 CTTCCTCCAGTCCCCGCAC TTGGTGGGTTGCGGAAGAT
S819 CCTGCCATCACCTCGCCT AACTGGACGCCAAAGCACA
K-27 TACTAATGCTGACGATGATGGATC TCTCTTGTGTTGGTTTCTCTCTCT
K-79 ATCAGCGTCGTCGGCATTATG GATTGGGACCTCGGACTACACT
K-129 GCAACAACAGCAGGCACACT GATTACGGCTCGCAAGACATCC
K-138 ACCCTACCCTAACTTGCTTGGA GGACAGCATTGAGTTTCAGTGA
) EEESR TRICRAEAR 74101 AV KRB Z T S (4R 5

21 REE 401 ZRECSEEXREEERTT
S

GEAFAR 74101 D\ ZFE TF Ui 5l 36 B B b PR
(FE1A) , bR A K o 7 b B 20 15 2 AR S
(KB~C), HAKKE A BIR%E K& N

74101

A NP A RURN S AR AR 74101 7E = AR
MG ER T RIAT I . RAMK 74101 9 B4R
(Chls) ,i4% 2 a(Chla) FIH-£% K b(Chlb) (175 4>
) b B A2 TR [ 53.38% . 50.37% £ 63.68% , 1 251
2 MR (Car) FREICEEMNZ T (KI2A) ., 458%KH
74101 EALFIY 502K i I BRI G

A2 ZERERE, bar=0.5 cm; B: I HERE, bar=2 cm; C: JUM R, bar=12 cm
A': Phenotypic of maize plant at budding stage, bar=0.5 cm; B: Phenotypic of maize plant at three leaf stage, bar=2 cm; C: Phenotypic of maize
plant at nine leaf stage, bar=12 cm
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Phenotypic of the wild-type (WT) and the 74101 mutant
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A': Photosynthetic pigment content of the leaves at three leaf stage; B: Net photosynthetic rate of leaves; C: Leaf intercellular carbon dioxide
concentration; D: Stomatal conductance; E: Transpiration rate. * and ** indicate significant differences at P<0.05 and P<0.01 levels, respectively
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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: 74701 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 and mutant 74101 by transmission
electron microscope
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Table 2 Genetic analysis of F, and BC, populations
FREC Number
#{& Populations — Loos
IE % # Normal phenotype plants # Ak Etiolation phenotype plants ST Total '

74101 x B73 892 284 1176 0.45351
(74101 x B73)x 74101 198 189 387 0.25476

FIFH 208 X 3457 4341 78 10 25 4 (6 K _E ) SSR
PRI 61 2 &AL, ¥ BC R A 44
B A (14 5 RR A T 3 B b, E— BRI F,
B 32 MR RBIASRIE TIGTIE , )26 2 AR 7
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34 SSR Z A&MEARIC, K B 1Y 2 R E A 7E K-79 Tl
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F, 287N 3 4B B H 17 SSR 248 pric, i
B B B HE K B ALAE K-138 F1 K-27 22 [A] £ 76.05kb 1
PRI AN o oK P 20 250 1 9 325 (maizeGDB,

https://www.maizegdb.org/) Tl % X 35 A 4 4~ FF ik
& 2 HE (ORF, open reading frame) , £ 4% Zm00001eb
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FEDRR AR G878 2 R i DX 585 1126 (A% 1T R
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JCER PRI T2 AL 5 A 3 35 PRI 3 B 28 A
FEFHERIIC 225 . Zm00001eb252430 3K 25 i PPR
HEA, BTV, PPR & H A8 W & B T
Gl FPRERR A AR , PRI Zm00001eb252430
FED AT RE N H A

phi087  phif48

A Markers
Chr.5
[ I
s phi0s7 : ; : :
B Markers p nl Si’j K 179 SSIIQ pr’nf48 500 kb
| | i | | _
n=189
Rec 19 ) 865.56 kb 18
C Markers  K-79 K-129 K-138  K-27 Ss19
| ——— —
=25
Rec. 69 ) _J?().OS kbh2 7 n=2587
D  ORFs 4. I
JUTR Exon S'UTR
E  ZmNPPR5 < I | ]

(Zm00001eb252430)

WT
74101

A WIEN T K S S YR phi087 Fl phi048 Z ] ;B: BC, 5848

GGAGAGTCACGAAGAAA

GGAGAACGAAGAAA

KGN T K-79 M SS19 2101 5C: F, 2878 AMACKE HLFR A /e K-138 il

K-27 20276 kb PIFRRE 25 N ;D 7E 76 kb 22 or X IR AL AT 4 AN TFARL BT EHE (ORF) , JK #5533 /8 28 A8 L R T £ 1) ORF E : ZmNPPRS LR 78
Yt X A7 R A TRAR  IRIR 8y HEAR RS 7

A': 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 SS79

using BC, mutants; C: Then it was narrowed to a physical distance of about 76 kb between k-/38 and k-27 using F, mutants; D: There are four

open reading frames (ORFs) in the 76 kb region, and the gray part represents the ORF of the mutant gene; E: Gene ZmNPPRS is mutated in exon

of coding region, dark gray box represents exon
B4 ERKZmNPPRS WIS ER RN F 534
Fig.4 Fine mapping and sequencing analysis of Zm/NPPRS5 in maize
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A: EMS mutant phenotype, bar=10 cm; B: Mutant 74701 and EMS mutant were represented after allelic verification, bar=0.5 cm
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Fig.5 EMS mutation experience certificate
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Fig.6 Subcellular localization of ZmNPPRS protein
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