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ABSTRACT

Enhancing photosynthesis efficiency is considered as one of the most crucial targets during wheat breeding. How-
ever, the molecular basis underlying high photosynthesis efficiency is not well understood up to now. In this
study, we investigated the protein expression profile of wheat Jimai5265yg mutant, which is a yellow-green
mutant with chlorophylls b deficiency but high photosynthesis efficiency. Though TMT-labeling quantitative pro-
teomics analysis, a total of 72 differential expressed proteins (DEPs) were obtained between the mutant and wild
type (WT). GO analysis found that they significantly enriched in thylakoid membrane, pigment binding, magne-
sium chelatase activity and response to light intensity. KEGG analysis showed that they involved in photosynth-
esis-antenna protein as well as porphyrin and chlorophyll metabolism. Finally, 118 RNA editing events were
found between mutant and WT genotype. The A to C editing in the 3-UTR of TraesCS6D02G401500 lead to
its high expression in mutant through removing the inhibition of tae-miR9781, which might have vital role in
regulating the yellow-green mutant. This study provided some useful clues about the molecular basis of
Jimai5265yg mutant as well as chlorophylls metabolism in wheat.
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1 Introduction

Photosynthesis is one of the most important and fundamental biological processes to maintain the life on
Earth, providing the indispensable atmospheric oxygen and the initial source of all form of energy all over the
world through harvesting and converting the solar energy [1,2]. It also lays the foundation for crop
production that crop yield is determined by the collective rate of photosynthesis over the growing
season [3]. In light of its importance, the molecular mechanism of plant photosynthesis has been well
documented [4-6]. In general, plant photosynthesis system is consisted of four multi-protein complexes:
photosystem (PS) II, cytochrome b6f (Cyt b6f), PSI and ATP synthases (ATPases) to perform light
harvesting, electron transport and carbon fixation as well as energy conversion [7]. Among them, light
harvesting is the first step of photosynthesis process as it not only absorbs the solar energy to provide the
source for downstream processes but also it can respond to the light condition. It is found that
illumination shortage will impact directly the light harvesting to reduce photosynthesis efficient, while
excess light harvesting will produce excess proton, which are dissipated through the process of
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nonphotochemical quenching (NPQ) and then result in photoinhibition damage [8—10]. In particular,
photosynthesis under ever-changing light condition, which is generally occurred in field, is highly
inefficient and the rates of stomatal opening and activation of rubisco activity upon transition from low to
high light significantly hinder carbon assimilation [11]. Thus, an optimal light harvesting system is that
can capture sufficient light to drive the photosynthesis process but eliminating the cost of over-excitation
at different light condition, such as fluctuated light intensity or low illumination.

Light harvesting is conducted by photosynthetic antenna complexes, which is comprised of
Chlorophylls and binding proteins [12]. Chlorophylls (Chl) are one kind of pigment, which contribute to
absorb photons and release electrons. In terrestrial plants, two types of chlorophylls are found, namely
chlorophylls a (Chla) and chlorophylls b (Chlb), to assemble into the light-harvesting Chl a/b-binding
protein complexes (LHC) to absorb light [13]. Extensive studies have demonstrated that the Chl a/b ratio
was a crucial index of the light absorption efficiency for photosynthesis [14,15]. Regulation of the
chlorophylls biosynthesis and the Chl a/b ratio hold the promise for constructing the optimal light
harvesting system to increase photosynthesis efficiency.

Bread wheat (Triticum aestivum, AABBDD, 2n = 6x = 42) is one of the most important staple crops
worldwide, occupying around 17% of the global farmland and providing about 20% of global calories
consumed (FAOSTAT, 2019). Wheat also acts as one of most indispensable nutrient resource, supplying
plenty of proteins, minerals and vitamins for human, which are initially originated from the photosynthesis
in wheat [16]. As the critical staple crop to global food security, wheat production should be increased by
1.6% per year to meet future food demands due to global population booming by 2050 [17,18]. With the
challenge of global climate change and plateaued harvest index, improving the photosynthetic efficiency to
increase total biomass is urgently needed to boost wheat productivity nowadays. Thus, illuminating the
chlorophylls metabolism mechanism and optimize the Chl a/b ratio in wheat are crucial.

A lot of chl-deficient mutants have developed and studied to identify loci associated with Chl content,
clarify Chl metabolism mechanism as well as photosynthesis regulation in wheat [19]. Chla mutant CD5 is
one of the most well studied mutant, which have been mapped to the long arms of chromosome 7 with cn-Al,
cn-B1, and cn-D1 loci and they showed dose effects [20,21]. Wheat lines ANK having Chlorina-1 (cn-A1d)
locus showed less NPQ capacity and sensitive to high temperatures [22,23]. Li et al. [24] reported a yellow-
green leaf mutant in durum wheat, which were mapped to SAL and SBL chromosomes. Zhang et al. [25]
identified an incompletely dominant gene controlling yellow leaf formation, which located on wheat 2BS
chromosome. However, the mechanism underlying yellow-green mutant is not well determined.
Jimai5265yg mutant is a newly identified high photosynthetic efficiency Chlb mutant, derived from an
immature embryo callus culture of the wheat variety Jimai5265. Under normal light condition, it
exhibited a yellow-green phenotype throughout the life span but with higher Chl a/b ratio due to Chlb
metabolism deficiency, which provides the ideal system to study the mechanism of Chlb metabolism [26].

Here, we performed the comparative quantitative proteomics to compare the protein expression profiles
between Jimai5265yg mutant and its counterpart WT. A total of 72 DEPs were obtained, which were
supported by mRNA expression level from RNA-seq data. Then, GO (Gene Ontology) and KEGG
(Kyoto Encyclopedia of Genes and Genomes) enrichment of them were conducted to understand their
roles. Finally, RNA editing events between them were identified and results suggested that RNA editing
might mediate miRNA to regulate Chlb metabolism process in the mutant. This study provided some
useful clues about the molecular basis of Jimai5265yg mutant, and also pave the way to study the
mechanism of chlorophylls metabolism and photosynthesis efficiency at the post-transcription level in wheat.
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2 Materials and Method

2.1 Plant Materials

The seeds of wheat cultivar Jimai5265 (WT) and the yellow-green mutant Jimai5265yg (mutant) were
sown and germinated in glass plates containing expanded perlite in normal condition with relative humidity
of 60% and natural light in Northwest A&F University, Yangling, China. The leaves from 5 one-week-old
seedlings were collected and mixed as one sample to perform downstream quantitative proteomics analysis.
Three biological replications were performed.

2.2 Protein Extract, Digestion and TMT Labeling

The protocol was followed the method as described by Jian et al. [27] with some modifications. Firstly,
the collected leave sample was ground into cell powder with enough liquid nitrogen and then the powder was
transferred to a 5-mL centrifuge tube. Then, about 3 microliter (ml) lysis buffer (8§ M urea, 1% Triton-100,
10 mM dithiothreitol, and 1% protease inhibitor cocktail) was added to the tube, and the mixture was
sonicated three times on ice through a high intensity ultrasonic processor (Scientz98-III, Ningbo, China).
After centrifugation with 20,000 g at 4°C for 10 min, the supernatant was collected to clean tube and the
protein was precipitated with 5 x volumes of ice-cold 20% Trichloroacetic acid (TCA) for 2 h at —20.
Following centrifugation at 12,000 g, 4°C for 10 min, the protein pellet was washed with ice-cold
acetone for three times, and then the protein pellet was dissolved in 8 M urea and the protein
concentration was determined with BCA kit according to the manufacturer’s instructions. For digestion,
5 mM dithiothreitol was added to the protein sample to reduced it for 30 min at 56°C and then 11 mM
iodoacetamide was added to alkylate the protein for 15 min at room temperature in darkness.
Furthermore, 100 mM Triethylamonium bicarbonat (TEAB) was added to dilute the urea concentration in
the protein sample to less than 2 M. And then, trypsin was added to the sample at 1:50 trypsin-to-protein
mass ratio for the first digestion overnight and 1:100 trypsin-to-protein mass ratio for the second 4 h
digestion. Finally, the obtained peptide was desalted by Strata X C18 SPE column (Phenomenex, USA)
and vacuum-dried, following by was redissolved in 0.5 M TEAB and then processed by TMT labeling
according to the manufacturer’s protocol using the TMP kit (ThermoFisher Scientific, Waltham, MA, USA).

2.3 Mass Spectrometry Analsyis and Protein Identification

The LC-MS/MS analysis was performed following the previously described protocol by Jian et al. [27].
Briefly, the labeled peptide samples were dissolved in 0.1% formic acid (solvent A), and then was mixed by
the solvent B (0.1% formic acid in 98% acetonitrile) with the increase gradient from 6% to 23% for about
26 min, followed by from 23% to 35% for 8 min and 80% for 3 min, and then holded at 80 % for 3 min on an
EASY-nLC 1000 UPLC system with the flow rate of 400 nL/min. Then, the peptides were subjected to NSI
source followed by tandem mass spectrometry (MS/MS) in Q ExactiveTM Plus (ThermoFisher Scientific,
Waltham, MA, USA) coupled with the UPLC system. The detailed parameters were set as follow:
electrospray voltage 2.0 kV, m/z scan ranging from 350 to 1800 for full scan, and intact peptide detected
in the Orbitrap at a resolution of 70,000; NCE setting as 28 and the selected peptide fragments detected
in the Orbitrap at a resolution of 17,500; a data-dependent procedure that alternated between one MS
scan followed by 20 MS/MS scans with 15.0 s dynamic exclusion and automatic gain control (AGC)
5E4 as well as fixed first mass 100 m/z. The obtaining MS/MS data were searched against the UniProt
Triticum estivum dataset (136,892 series) through the MaxQuant software v1.5.2.8. with the parameters
set as follow: trypsin/P was specified as cleavage enzyme allowing up to 4 missing cleavages; The mass
tolerance for precursor ions was 20 ppm in First search and 5 ppm in Main search, respectively, with the
mass tolerance for fragment ions was 0.02 Da; Carbamidomethyl on Cys was specified as fixed
modification and acetylation modification and oxidation on Met were specified as variable modifications;
FDR was adjusted to <1% and minimum score for modified peptides was set >40. The Quantitative
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proteomics analysis was conducted by PTM-Biolabs Cd., Ltd., Hangzhou, China. The MS proteomics data
have been deposited to the ProteomeXchange Consortium (http://proteomecentral.proteomexchange.org) via
the PRIDE partner repository with the data set identifier PXD002799.

Differential expressed proteins were identified using DESeq2 R package with the cut-offs parameter of
padj <0.05 and | fold change | >1.3 [28]. Subcellular localization was predicted by CELLO tool. GO
annotation was conducted using the AgriGO v2 [29]. GO terms with FDR (false discovery rate) less than
0.05 were taken as significantly ones. KEGG enrichment was performed using KOBAS v3.0 software [30].
The p-value less than 0.05 was considered to be the significant pathways. GO and KEGG enrichment result
was plotted using TBtools software [31].

2.4 Gene Expression and RNA Editing Sites Identification

RNA-seq reads of 6 libraries with the same samples used for proteomics analysis were downloaded from
the GSA database with the accession no. of PRJICA000439 [26]. After quality control by Trimmics tool, all
of these RNA-seq reads were mapped to the wheat reference genome IWGSC vl.1 (ftp://fip.
ensemblgenomes.org/pub/plants/release-50/fasta/triticum_aestivum) by STAR v2.7.6a [32] and the
transcripts per million (TPM) were calculated by StringTie v2.1.2 [33]. The mRNA expresison level of
the DEPs were extracted and displayed by the R package pheatmap. For RNA editing identification, these
6 RNA-seq dataset were also mapped to the wheat reference genome IWGSC v1.1 using the BWA-MEM
tool and then UnifiedGenotyper tool in GATK (Genome Analysis Toolkit) software was used to call
SNPs [34] with the parameter as follow: —genotype likelihoods model ‘SNP’, —stand call conf ‘30,
—stand_emit _conf ‘30°. Then, using the WT samples as background, the SNPs at the same position in
mutant sample which were different from the background were considered as the potential RNA editing
sites. The editing sites were found in all of the three biological replications were remained as the high
confidence sites and were annotated with SnpEff tool v3.6 with the annotation file wheat genome (ftp://
ftp.ensemblgenomes.org/pub/plants/release-50/gff3/triticum_aestivum). All wheat miRNA mature sequences
were downloaded from the miRbase database (http://www.mirbase.org/) and the miRNA-target relationship
was predicted using the psRNAtarget online sever (http://plantgrn.noble.org/psRNATarget/).

3 Results and Discussion

3.1 Quantitative Proteomics Analysis

Using the methods as described above, a total of 377,451 mass spectrums were obtained for these
6 samples. Through MaxQuant searching, 41,861 spectrums were matched with the known spectrums,
corresponding to 38,834 peptides, of which 14,541 were unique. The size of peptide ranged from 7 to
39 amino acid (AA) residues, most of which distributed between 7 and 16 AA, suggesting sample
preparation process meet the requirement and the obtained result was reliable [27]. After quality control, a
total of 5,026 proteins were identified and 3,287 could be quantified in WT and mutant samples, comprising
of the protein atlas of Jimai5265yg. The molecular weight (MW) of these quantified 3,287 proteins ranged
from 4.50 to 362.88 kDa, and covered by 1 to 29 unique peptides. Among them, most of chloroplast genes
associated with photosynthesis were found, such as photosystem I related genes psaC, psaB, psaA,
photosystem II related genes psbL, psbH, psbD, Cytochrome b6/f genes petC, petB, petA, NADH
oxidoreductase ndhK, ndhl, ndhH, ndhF, ATP synthase genes atpl, aptE and Rubisco gene rbcL, which
provided the basis for analyzing the DEPs between WT and mutant. Furthermore, some transcript factors
were also identified, including the bZip transcription factor ABIS, bHLH140, GATA27 and MADS?29,
which mainly involved in tissue development and morphogenesis as well as energy metabolism [35,36].

3.2 Identification of the DEPs between Mutant and WT
To understand the protein dynamic differentiation between Jimai5265yg and WT, we compared the
protein expression level between them. On the whole, Jimai5265yg displayed similar protein profile with



Phyton, 2021, vol.90, no.4 1151

that of wild type. Using the threshold value of expression fold change more than 1.3 times and P value less
than 0.05, a total of 72 DEPs were identified between them, of which 19 were up-regulated and 53 were
down-regulated, respectively (Fig. 1). We found that 16 out of the 53 down-regulated proteins were
annotated as chlorophyll a/b binding proteins, suggesting that chlorophyll binding ability might be
inhibited in Jimai5265yg compared to Jimai5265. Previous study has reported that chlorophyll
metabolism deficiency resulted in the yellow-green phenotype of Jimai5265yg [26]. The quantitative
proteomic result in this study further demonstrated the finding, indicating that chlorophyll a/b binding
deficiency contributed to the yellow-green phenotype. Furthermore, a Mg-protoporphyrin IX chelatase gene
(TraesCS7D02G467500) was also found be down-regulated with only about 50% expression in Jimai5265yg
compared to the wild type, which was also consistent with the previous result that Mg-Proto IX was reduced
in the Jimai5265yg mutant [26]. It is well known to us that Mg-Proto IX is the precursor of chlorophyll,
playing the crucial role in chlorophyll biosynthesis [37]. The lower expression of Mg-protoporphyrin IX
chelatase gene could reduce the chlorophyll content. Among up-regulated proteins, several genes involving in
signaling transduction were found, such as ankyrin-kinase (TraesCS2B02G180500) and PAP-specific
phosphatase (TraesCS6B02G260100 and TraesCS6A02G233100), suggesting the signaling network was
activated to correspond to leave yellowing in mutant (Tab. S1).
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Figure 1: Identification of the differential expressed proteins (DEPs) between the Jimai5265yg mutant (Mu)
and WT. (A): The number of up-regulated and down-regulated proteins were identified between the Mu and
WT; (B) The volcano map of the expressed proteins. The map was drawn based on the Ms ratio of Mu vs. WT
and p value

To validate the protein expression level, we further investigated the mRNA expression levels of the
differential expressed proteins through RNA-seq mapping approach. Results showed that the mRNA
expression level of these 72 DEPs showed the similar patterns with protein expression level although the
change range displayed some difference, for example the chlorophyll a/b binding protein
TraesCS1D02G306200 had Muw/WT ratio of 0.337 at protein level, and have Mw/WT ratio of 0.1 at
mRNA level (Fig. 2).

Finally, we predicted the subcellular localization prediction of these DEPs. Result found that 50 DEPs
were localized in chloroplast, of which 41 were down-regulated and 9 were up-regulated, followed by
8 in cytoplasm with 5 down-regulated and 3 up-regulated, and 5 in nucleus with 2 down-regulated and
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3 up-regulated (Fig. 3, Fig. S1). These results indicated that chloroplast metabolism played the important role
in controlling the phenotype of Jimai5265yg mutant. At the same time, some nucleus localized proteins also
functioned in this process. Further functional study of these proteins could provide the useful clues to better
understand the mechanism underlying yellow-green mutant and photosynthesis efficiency.
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Figure 3: Subcellular localization of the differential expressed proteins between Jimai5265yg mutant and WT

3.3 Function Enrichment Analysis of the DEPs

To get more information about the biological effects of these DEPs, GO annotation analysis of the DEPs
were further performed and GO terms enriched by down-regulated and up-regulated DEPs were compared.
Totally, these DEPs were annotated into 45 GO terms, with 27 for down-regulated and 18 for up-regulated
DEPs, respectively (Fig. S2). In detail, for biological process, the up-regulated DEPs were mainly related to
cellular process, response to stimulus and metabolic process, while the down-regulated DEPs mainly
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enriched into immune system process and detoxification. For cellular component, the up-regulated DEPs
involved in cell, organelle, membrane and macromolecular complex, while the down-regulated
DEPs mainly involved in membrane-enclosed lumen and symplast, suggesting that down-regulated DEPs
participated in chlorophyll biosynthesis. For molecular function, the up-regulated DEPs were related to
catalytic activity and transporter activity, while the down-regulated DEPs were related to binding and
antioxidant activity, indicating the differential function of the up- and down- regulated DEPs. Then, we
further conducted GO enrichment of these DEPs using all of wheat proteins as background. Results
showed that these DEPs were significantly enriched in thylakoid membrane, photosynthetic membrane,
pigment binding, magnesium chelatase activity, response to different light, response to high light intensity
and so on (Fig. 4). Thylakoid membrane has been demonstrated to play the vital role in response to the
light variation in plants, which can adjust the photosynthetic light reaction on it to maintain the balance
between light harvesting, electron transport and carbon fixation when subjected to ever-changing light
condition [38]. Jimai5265yg is a light-intensity-dependent yellow-green wheat mutant, which shows the
normal green leave under low light intensity treatment while changes into yellow leave under high light
intensity treatment. The GO enrichment result was consistent with the phenotypic and physiological
performance of Jimai5265yg and the DEPs enriching in thylakoid membrane might be candidates
responsible for regulating the mutant phenotype.
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Furthermore, we also investigated the KEGG enrichment of these DEPs. Results showed that they were
significantly enriched in photosynthesis, photosynthesis-antenna protein as well as porphyrin and
chlorophyll metabolism (Fig. 5), which also supported the phenotypic and physiological performance of
Jimai5265yg that its chlorophyll metabolism was inhibited and porphyrin content was reduced under
normal light intensity condition (Fig. S3). And the differential proteins were mainly involved in light
harvesting chlorophyll protein complex.

A
P value
0.012
map00196 Photosynthesis — anlenna proleins ) 0,009
0.006
0.003
map00860 Porphyrin and chlorophyll mctabolism {
Protein number
s 4
@® 8
map00195 Photosynthesis { o @ 2
@ 5
2 3 4 5
Log, (Fold Change)
B
PLIOTOSYNTIIESIS - ANTENNA PROTEINS]
Phycobilisome
{Cyanobacicria, Red alga)
4 ;o Light-harvesting chlorophyll protein complex
N (Plant, Green alga)
hw
\\ /hv hv\
by & \
] % Npo X
Chloroplast 2" Lhcad
Stoma_ wzezevevezeten ¢ s s:.. _ E io %
e T T L A [reD) HE o)
- A AN ' S
Tuby J Fignent | ' ) i
Tagialeit | T ep | | &% ‘vvvvv ) T
luraen N —" ) i st
= LHCI o, Fhotosystern [ LHCI
Photosystera 1T Photosynthesis Photosystera IT
Allophycocyanin{AP)
Amd | AmB At [ amD AwE | AwF Light-haryesting chlorophyll protein comples (LIC)
Phyvacyn PO Phyeneryll yanin (PEC) 1
CpA | Cpell CRC | Cpeb Cpels | gl Cpeti | s
Cped | CpR e | oD ol | Ok s | T
Cpel | CpeY  Cpiz

Figure 5: KEGG enrichment of these DEPs between Mu and WT. (A): The pathways enriched by these
DEPs; (B): The pathway map of the significantly enriched photosynthesis-antenna proteins complex. The
enriched proteins were highlighted
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3.4 RNA Editing Analysis between Jimai5265yg Mutant and WT

RNA editing is one of most important post-transcription mechanisms to regulate gene expression and
enrich genetic information, which also provides the necessary insight into correlation between mRNA and
protein [39]. To better understand the molecular mechanism underlying Jimai5265yg mutant, the RNA
editing sites were identified using the RNA-seq data of them based on the method described in the
Material and Methods section (Tab. S2). Totally, 118 yellow-green mutant responsive RNA editing sites
in 62 genes were identified. TraesCS2A02G464100 had the most abundant editing sties with the number
of 10, followed by TraesCS1A02G125300 with 9 editing sites, TraesCS6A02G058400 with 8 sites,
TraesCS6A02G411100 with 5 sites and TraesCS3B02G568100 with 4 sites. The remaining 57 genes
contained 1 to 3 editing sites. A total of 86 editing sites were occurred on CDS regions, including
36 nonsynonymous variants and 50 synonymous variations, followed by 17 editing sites on
3’-untranslated region (UTR) region and 11 on intron as well as 2 in 5’-UTR, 1 caused start-lost and
1 caused stop-gain events, respectively. NR (Non-Redundant Protein Sequence Database) annotation
found that these edited genes functioned as transcription factor bHLH (TraesCS2A02G504100) and
GTE4(TraesCS2A02G466700),  Cytochrome  P450  (TraesCS6A02G058400), RNA  binding
(TraesCS2A02G464300) and ATP synthase subunit-like protein (TraesCS7B02G220400), as well as
Argonaute (TraesCSU02G081900), indicating RNA editing might play the role in regulating signaling
network of photosynthesis and energy metabolism processes of Jimai5265yg. About the edit type, a total
of 12 types of base change were found, of which C to T and G to A conversion ranked the most
abundant type with the number of 24 sites, followed by 20 T to C and 11 A to G sites, 8 C to G sites,
6 G to T sites, 5 G to C and C to A sites and all of T to G, T to A and A to C with 4 sites as well as A
to T with 3 sites, respectively. It showed that the number of transition (79) was significantly higher than
that of transversion (39) in these RNA editing sites, which was consistent with previous study [40].
Integrated with RNA editing sites and DEPs, we found that TraesCS6D02G401500, was annotated as a
peptidase M3 domain-containing protein, which had two editing sites in 3-UTR region and also
displayed differential expression between mutant and WT, suggesting that the RNA editing might impact
on its protein expression.

It is well-known to us that Argonaute (AGO) proteins is the central component of the small RNA
regulatory machinery, widely involving in regulating the miRNA biogenesis, process and mature to affect
RNA stability and protein synthesis at the post-transcription level [41]. Interesting, we found that there
were two RNA editing sites occurring on wheat AGO gene (TraesCSU02G081900) in this study,
indicating that small RNA mediated process might have a role in the production of Jimai5265yg mutant.
To test our presumption, we further download all available wheat miRNA mature sequences from
miRNA database and then used all of the identified proteins together with the edited genes as targets to
predict the miRNA-target interaction. A total of 92 pairs of miRNA-target were obtained. Comparison of
the unedited and edited gene dataset, we found that in wild type, tae-miR9781 could target on the 3-UTR
of TraesCS6D02G401500 to inhibit its expression, but when A to C editing was occurred in the 3-UTR
of this gene in mutant, tac-miR9781 can’t targeted on it due to sequence variation (Fig. 6). The mRNA
expression level of this gene in mutant was significantly higher than that of WT with the p value of
0.01513, and the protein expression level is also significantly up regulated. Based on these results, we
postulated that RNA editing in 3-UTR of TraesCS6D02G401500 resulted that it cannot be targeted by
tae-miR9781 to remove the expression inhibition and show higher expression in mutant. Our results
indicated that RNA editing participated in regulating the yellow-green Jimai5265yg through miRNA-
mediated approach, which shed light on the underlying mechanism of yellow-green mutant as well as
photosynthesis at the post-transcription level. Further functional study of these genes will provide the
vital clues for chlorophyll biosynthesis and photosynthesis efficiency, and also contribute to wheat genetic
improvement for high photosynthesis efficiency.
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Figure 6: RNA editing in 3-UTR region of TraesCS6D02G401500 resulting that it could not be targeted by
tae-miR9781 and displaying significant high expression at mRNA and protein level in mutant. (A): The gene
structure of TraesCS6D02G401500. The bold line indicated the RNA editing site located in the gene; (B):
The target binding of tae-miR9782 on the 3-UTR region of TraesCS6D02G401500; (C): The mRNA
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4 Conclusion

In this study, we compared the protein expression profile of a wheat yellow-green mutant Jimai5265yg
and its WT. A total of 72 DEPs were obtained, and their mRNA expression level also showed similar
expression pattern. GO and KEGG enrichment analysis found that the DEPs mainly enriched in
photosynthesis-antenna protein, chlorophyll metabolism as well as pigment binding, which was consistent
with the phenotypic and physiological performance of mutant. Finally, 118 RNA editing events were
found among them and A to C editing in the 3-UTR of TraesCS6D02G401500 lead to its high expression
in mutant through removing the inhibition of tae-miR9781, which might involve in regulating the
production of yellow-green mutant. This study provided some useful information on the underlying
mechanism of yellow-green mutant as well as photosynthesis efficiency, which will contribute to genetic
improvement of photosynthesis in wheat and beyond.
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