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Strigolactone signaling pathways in rice and Arabidopsis
Jiayang Li*

State Key Laboratory of Plant Genomics, Institute of Genetics and Developmental Biology, Chinese

Academy of Sciences, Beijing 100101, China
*Corresponding author.

Strigolactones (SLs) are a group of newly identified carotenoid-derived phytohormones that control
many aspects of plant development, including shoot branching, leaf shape, stem secondary thickening,
and lateral root growth. Although there are still many important unsolved questions in SL biosynthesis,
the elucidation of SL signaling pathways attracts increasing scientists from different fields, mainly
focusing on the SL perception and its regulation of the downstream target genes. SL perception
requires the hormone-dependent interaction of D14, the SL receptor, with D3, an F-box component
of the Skp—Cullin—F-box (SCF) E3 ubiquitin ligase complex. Treatments with artificial SL GR24 cause a
rapid degradation of the repressor D53 via the proteasome in a manner that requires D14 and the
SCF” ubiquitin ligase, whereas the dominant form of D53 is resistant to SL-mediated degradation.
D53 can interact with transcriptional co-repressors TOPLESS-RELATED PROTEINS. Our results suggest
a model of SL signaling that involves SL-dependent degradation of the D53 repressor mediated by
the D14-D3 complex. Furthermore, we also showed that SL-dependent regulation of shoot branching
in Arabidopsis requires three D53-like proteins, SUPPRESSOR OF MORE AXILLARY GROWTH2-LIKEG
(SMXL6), SMXL7, and SMXL8. The smx/6 smx/7 smx/8 triple mutant suppresses the highly branched
phenotypes of max2 and the SL-deficient mutant max3. These findings demonstrate that D53-like
SMXLs in Arabidopsis act with TPR2 to repress transcription and so allow lateral bud outgrowth. In this
meeting, recent progresses in SL signaling pathways in rice and Arabidopsis will be reported and

discussed.
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Decoding the epigenetic language of life

Jian-Kang Zhu**

'Shanghai Center for Plant Stress Biology, SIBS, CAS, China
‘Department of Horticulture and Landscape Architecture, Purdue University, West Lafayette, IN 47907,
USA

Epigenetics refers to the study of heritable information that is not contained in DNA sequence. An
important epigenetic mark conserved in mammals and plants is DNA methylation, a chemical
modification of DNA that controls gene function. Proper DNA methylation patterns are critical for
development, diseases and stress responses in humans as well as in plants. Plants are excellent
biological systems to study how DNA methylation patterns are generated. DNA methyltransferase
enzymes that deposit the DNA methylation mark are guided to specific DNA sequences, and DNA
demethylase enzymes that remove the DNA methylation mark are also guided to distinctive sequences
to erase unwanted DNA methylation. | will describe work in my lab that has shed light on how DNA
methyltransferases and demethylases are guided to specific sequences, and how the antagonistic
actions of the enzymes are coordinated to generate proper DNA methylation patterns. | will also

describe some of our recent work on how DNA methylation influences transgenerational inheritance.
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Transcriptional regulation by small RNAs and Argonautes
Yijun Qi
Centre for Plant Biology, School of Life Sciences, Tsinghua University, Beijing, 100084, China

Small RNAs associated with Argonaute (AGO) family proteins are important components in the
eukaryotic gene regulatory networks. Plants have evolved a complex system of small RNAs, among
which the predominant species are herterochromatic siRNAs (hc-siRNAs) and microRNAs (miRNAs).
Hc-siRNAs are associated with AGO4 and direct de novo DNA methylation at homologous loci
through a pathway known as RNA-directed DNA methylation (RADM), which may cause transcriptional
gene silencing, whereas miRNAs are bound to AGO1 and mediate post-transcriptional gene
regulation through target mRNA cleavage or translational repression. In my talk, I will present our
recent findings with regard to the mechanism of DNA methylation directed by AGO4/hc-siRNA
complexes and an unexpected role for AGO1 in promoting gene transcription, in addition to its role

in mMiRNA function.
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Two reference genomes of /ndlica rice and their implications for rice

research and breeding applications
Qifa Zhang'x, Jianwei Zhang', Lingling Chen', Feng Xing', Rod Wing®

'National Key Laboratory of Crop Genetic Improvement and National Center of Plant Gene Research
(Wuhan), Huazhong Agricultural University, Wuhan 430070, China

’Arizona Genomics Institute and BIO5 Institute, School of Plant Sciences, University of Arizona, Tucson,
AZ 85721, USA

*Corresponding author. Tel: (+8627) 87282429; E-mail: gifazh@mail.hzau.edu.cn.

Asian cultivated rice consists of two subspecies: Oryza sativa ssp. indica and O. sativa ssp. japonica.
Indlica rice accounts for over 70% of total rice production worldwide and is genetically much more
diverse. Although a reference genome of the japonica rice Nipponbare was published in 2005 and has
remained the highest quality crop genome sequence for more than a decade, lack of reference
genome for /ndica rice has hindered the progress of rice research. Previous studies established that
/ndica rice can be divided into two major varietal groups, Indl and Indll, independently bread and
widely cultivated in China and Southeast Asia. Using a BAC-by-BAC strategy and PAC Bio sequencing
technique, we generated reference genome sequences for two /ndica rice lines, Zhenshan 97 and
Minghui 63, which represent Indl and Indll groups, respectively. The sequences were assembled into
237 (Zhenshan 97) and 181 (Minghui 63) contigs, with an accuracy >99.99%, and covered 90.6% and
93.2% of their estimated genome sizes. Our comparative analyses of these two /ndica genomes
uncovered surprising structural differences, especially with respect to inversions, translocations,
presence/absence variations and segmental duplications. These analyses clearly indicated the
necessity of having multiple reference genomes for understanding natural variation in rice, which also
have general implications for understanding intra-specific variations of organisms with complex
genomes including plants and animals. In particular, hybrids produced from crosses between these
two /ndica varietal groups usually show strong heterosis, which has provided basis for successful
utilization of hybrid rice in China and several other countries. Zhenshan 97 and Minghui 63 are the
parents of a leading hybrid Shanyou 63 that has been widely grown in China for over 30 years. The
availability of these two reference genomes, combined with data from more than 20 years of genetic
analyses of the Zhenshan 97, Minghui 63, and the hybrid system, will serve as an excellent model for

further characterization of the biological basis of heterosis.

Key words: Oryza sativa ssp. indica, reference genome, heterosis
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Pattern-recognition at the forefront of plant-pathogen interactions

Xiangxiu Liang, Jinlong Wang, Lei Li, Shaofei Rao, Jian-Min Zhoux

State Key Laboratory of Plant Genomics, Institute of Genetics and Developmental Biology, Chinese

Academy of Sciences, Beijing 100101, China
*Corresponding author. Tel: (+8610) 64806330; E-mail: jmzhou@genetics.ac.cn

Higher plants deploy a large repertoire of Pattern-Recognition Receptors (PRRs), composed of
Receptor Kinases (RKs) or Receptor Proteins (RPs) to perceive in the apoplast molecular patterns of
microbe or plant origin during infection, activating pattern-triggered immunity (PTI). Previous and
ongoing studies in our and other labs show that a subfamily of cytoplasmic kinases including BIK1 and
PBS1-Like (PBL) proteins play a central role in PTI by acting directly downstream of multiple PRRs.
They regulate important downstream signaling events including production of ROS, calcium influx,
and MAPK activation, and are subject to tight regulations by heterotrimeric G proteins and
ubiquitination proteasome system. A growing number of bacterial pathogen effectors are found to
target PRR complexes for pathogenesis. However, these effector proteins can be recognized by
intracellular NOD-Like Receptors (NLRs), thereby “betray” the pathogen and activate the second layer
of immunity. For example, we have recently shown that the Xanthomonas campestris campestris
effector AvrAC post-translationaly modifies BIK1 for enhanced virulence. A BIK1 homolog, PBL2, acts
as a decoy to deceive AvrAC and activates the NLR protein ZAR1. In addition, the perturbation of BAK1,
a co-receptor of multiple PRRs, is known to heighten host immune responses. Our recent work showed
that another Pseudomonas syringae effector, HopB1, is a novel protease that specifically cleaves BAK1.
Surprisingly, the cleavage of BAK1 by HopB1 enhances bacterial virulence but heightened immunity
in plants. HopB1 cleaves BAK1 only when the latter is stimulated by bacterial molecular patterns. This
constrained action of HopB1 probably has allowed the bacterium to achieve virulence at the same
time minimize the likelihood of stimulating the second layer of immunity. Together the studies

highlight pattern-recognition as a major battleground in plant-bacterial pathogen interactions.

Key words: pattern recognition, immunity, effectors, receptor kinases, ubiquitination
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Discovering and timing a high altitude extreme ecotype of

Arabidopsis thaliana from Tibet

The Tibetan Arabidopsis thaliana Research Consortiumx

*Corresponding authors. Fan Chen (Institute of Genetics and Developmental Biology, CAS, China) and

Yang Zhong (Tibet University and Fudan University, China)

Arabidopsis thaliana illuminates the plant world for us. Studies on A. thaliana have unraveled the
mystery of plant genetics, physiology, and adaptive evolution. After more than ten years of exploration,
we discovered a wild A. thaliana population and named it Tibet-0 representing 4200 m above sea
level in Qinghai-Tibet Plateau (QTP). Phylogenetic analysis and coalescent methods based on
genome-wide resequencing both showed that Tibet-0 is the most primitive A. thaliana ecotypes.
Using fossil calibrations and Bayesian coalescent models, we estimated that the divergence time
between T4k and other ecotypes was 0.152 — 0.160 million years ago, which is the time of the last
uplift of the QTP, indicating that the uplift of QTP promoted the formation of Tibet-0. Ancestor
reconstruction of 5741 orthologous genes also demonstrated Tibet-0 would update our knowledge
of the A. thaliana ancestor. In the common garden, Tibet-0 and Can_0 were characterized by more
rosette leaves and later flowering time after the long exposure to the extreme environment of high
altitude. Accordingly, some genes of Tibet-0 in the MAX pathway and flowering pathway showed
positive selection, which may be the reason of its low height and more shoot branching. As a rare
experimental material and potential genetic resource, Tibet-0 from Tibet opens a new window through
which we can not only know more about the A. thaliana ancestor, but also understand the long-term

adaptation of plants to extreme environments better.
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Ranunculaceae and the evo-devo of the flower

Hongzhi Kong*

State Key Laboratory of Systematic and Evolutionary Botany, Institute of Botany, Chinese Academy of

Sciences, Beijing 100093, China
*Corresponding author. Tel: (+8610) 62836489; Fax: (+8610) 62590843; E-mail: hzkong@ibcas.ac.cn

Ranunculaceae is a family of flowering plants with ca. 59 genera and 2500 species and shows
tremendous diversity in both vegetative and reproductive organs. The family, therefore, can help
answer the important evolutionary developmental (evo-devo) questions that cannot be easily
addressed by using all other existing model organisms. In this talk, | will present our recent results on:
1) the molecular mechanisms underlying the parallel losses of petals in different lineages of the
Ranunculaceae; 2) the molecular basis and flexibility of the floral organ identity determination program
in Nigella damascena, a species that produces spiral rather than whorled flowers; 3) the tempo, mode,
and mechanisms of character evolution in the elaboration of complex petals within the genus Nigéella,
and 4) the identification and functional studies of the genes and modules that regulate the

development of the highly specialized, bilabiate petals of Nigella.

Key words: flower, petal, evo-devo, Ranunculaceae, Nigella
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Comparative genomics of AA-genome Oryza species provides novel

insights into plant speciation

Li-zhi Gao

Comparative and evolutionary genomic analyses among closely related species can greatly enhance
our understanding of plant gene and genome evolution. Here, we report five de novo- assembled
AA-genome sequences for Oryza nivara, O. glaberrima, O. barthi, O. glumaepatula and O.
meridionalis. Our analyses reveal massive levels of genomic structural variation, including segmental
duplication and rapid gene family turnover. We show, on a genomic scale, how lineage -specific
expansion or contraction of gene families has led to their morphological, reproductive and adaptive
diversification, thus enlightening the evolutionary process of speciation. Despite strong purifying
selective pressures on most Oryza genes, we documented a large number of positively selected genes,
especially those involved in flower development, reproduction, and resistance-related processes.
These diversifying genes are expected to have played key roles in adaptations to their ecological niches
in Asia, America, Africa and Australia. Extensive variation in ncRNA gene numbers, function enrichment
and rates of sequence divergence might also help account for the different genetic adaptations of
these rice species. Collectively, these resources provide new opportunities for evolutionary genomics,
numerous insights into recent speciation, a valuable database of functional variation for sustainable

utilization and tools for efficient conservation of wild rice germplasm.
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Association analysis of whole genome re-sequencing and map-

based cloning for Arabidopsis mutant induced by carbon ion beams

Yan Du, Wenjian Li, Lixia Yu, Shanwei Luo, Libin Zhoux
Biophysics Group, Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China
*Corresponding author. Fax: (+0931) 4969342; E-mail: libinzhou@impcas.ac.cn

In recent decades, heavy ion beams have been recognized as a novel powerful mutagen for their
ability to induce mutations with high rate and broad spectrum. In the present study, an Arabidopsis
variant numbered civar (Carbon ion beams Induced Variegated) displaying variegated stem, rosette
and cauline leaves, sepals, and siliques, was induced by carbon ion beams accelerated by the Heavy
lon Research Facility in Lanzhou (HIRFL). Map-based cloning is one of the major traditional ways to
isolate the mutant genes that control traits of interest in forward genetics studies. However, the
process of map-based cloning is usually complicated and time-consuming. Nowadays, a direct and
effective way to identify the mutations that underlying variation phenotypes of interest is the whole
genome re-sequencing. To mine the genes that are responsible for the mutant phenotypes of civar,
the association analysis of whole genome re-sequencing and rough map-based cloning were
performed. Firstly, c/varwas crossed with wild type ecotype Landsberg erecta (Ler), and then DNA was
collected from 60 F2 individuals that displayed the mutant traits. According to rough mapping, civar
showed the lowest exchange rate at T20P8 on the chromosome 2. On the other hand, genomic DNA
was extracted from leaves of c/var by using CTAB protocol. The whole genome re-sequencing was
performed based on the Illumina HiSeq2500 system. After sequence alignment and rigorous filtering,
15 SNPs (Single Nucleotide Polymorphisms), 2 small InDels (insertion-deletion) were identified.
Associated with rough mapping, there were only 1 variant sites (chr2, 13175805) with deletion of a
single cytosine, which led to frameshift_variant and synonymous_variant effects of VAR2 gene.
Precisely, VARZ showed a variegated phenotype. Therefore, it showed that association analysis of
rough mapping and whole genome resequencing provided crucial guides for identifying the

responsible genomic regions that may contribute to mutant phenotypes.

Key words: carbon ion beams, Arabidopsis, whole genome re-sequencing, map-based cloning
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Single cell sequencing technology emerged recently, enabling high-throughput analyses of the cell
lineage trees of higher organisms. In plants, single-cell sequencing is still challenging because the cell
wall hinders the isolation and lysis of the nuclear contents. We have developed a simple method to
isolate and sequence the whole genome of each of the four microspores from a plant tetrad which
was used to study the meiotic recombination mechanism of maize male gametes (Li et al, 2015).
Recently, we made further efforts to improve the method for isolating the three nuclei from one
mature pollen grain of maize for whole-genome sequencing. This technique was used to study the
haploid induction mechanism in maize. Production of maternal haploids via intra-specific genotypes
as the haploid inducer is routine and highly efficient in maize. However, the underlying mechanism of
haploid induction (HI) is unclear. We found that the aneuploidy caused by chromosome fragmentation
occurring post meiosis in the gametophyte may affect embryogenesis and be the underlying cause of
HI.

Key words: single cell sequencing, recombination, haploid induction, chromosome fragmentation
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‘Rubber Research Institute, Chinese Academy of Tropical Agricultural Sciences (CATAS), Danzhou
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The world's commercial production of natural rubber, an essential industrial raw material, is solely from
one tropical tree species, Hevea brasiliensis (para rubber tree), owing to the high yield and good
quality. A reference genome has been long awaited for this species to address important scientific
questions about the biology of rubber trees, such as the physiological functions of rubber-producing
laticifers and the mechanisms underlying ethylene stimulation of latex production. Here we present a
high-quality genome assembly of this species (1.37 Gb, scaffold N50=1.28 Mb) that covers 93.8% of
the genome (1.47 Gb) and harbors 43,792 predicted protein-coding genes. A striking expansion of
the REF/SRPP gene family and its divergence into several laticifer-specific isoforms appear crucial for
rubber biosynthesis. The REF/SRPP family has isoforms with sizes comparable to, or larger than SRPP1
(204 AA) in 17 other plants examined, but no isoforms with similar size to REF1 (138 AA), the
predominant molecular variant in latex (cytoplasm of laticifers). The emergence of REF1, a protein
located on the surface of large rubber particles that account for 93% of rubber in the latex despite their
constituting only 6% of total rubber particles, becomes a pivotal event in rubber tree evolution and is
largely responsible the modern rubber tree’s capacity for high rubber production. The stringent
control of ethylene synthesis under active ethylene signaling and response in laticifers resolves a
longstanding mystery of ethylene stimulation in rubber production. Our study which includes the re-
sequencing of five other Hevea cultivars and extensive RNA-seq data provides a valuable resource for

functional genomics and tools for breeding elite Hevea cultivars.

Key words: rubber tree, reference genome, high rubber production, ethylene, REF/SRPP gene family,

gene expansion and divergence
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A challenge of assembling long noisy reads from third generation sequencing (TGS) is reducing its
requirement of computing resource. We present a new assembly graph termed fuzzy Bruijn graph for
efficiently assembling big genomes using TGS data. The key difference between fuzzy Bruijn graph
and De Bruijn graph is that the overlap length can be kilo bases in the former for long noisy reads. In
experiment, it assembled human genome in 675.4 CPU.Hours and resulted in N50 contig of 22.2 Mega

bases.

Key words: genome assembly, third generation squencing, fuzzy Bruijn graph
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Populus and Salix are sister genera in the Salicaceae family. In both lineages extant species are
predominantly diploid. Genome sequencing of these two lineages revealed that their genomes shared
a common whole genome duplication event, known as “Salicoid” duplication, which occurred ca. 58
Mya. In this study, we conducted syntenic comparison of the corresponding 19 chromosome members
of the poplar and willow genomes. It revealed that almost every chromosomal segment had parallel
paralogous segment elsewhere in the genomes, and the two lineages shared a similar syntenic
pinwheel pattern for most of the chromosomes, which indicated that the two lineages diverged after
the genome reorganization in the common progenitor. The pinwheel patterns showed distinct
differences for two chromosome pairs. Further analysis detected two major inter-chromosomal
rearrangements that distinguished the karyotypes of willow and poplar. Scientists have suggested that
Populus is evolutionarily more primitive than Sa/ix. Therefore, we propose that after the “salicoid”
duplication event, fission and fusion of the ancestral chromosomes first give rise to the diploid
progenitor of extant Populus species. During the evolutionary process, poplar chromosome | broke
into two parts, the lower portion was joined with poplar chromosome XVI, giving rise to willow
chromosome |, whereas the upper portion gave rise to willow chromosome XVI. This study provides a
unique example for our understanding how chromosomal rearrangement affects life divergence in

close relatives of high plants.

Key words: genome duplication, chromosomal rearrangement, genome divergence, Salix, Populus
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The spatial arrangement of chromosomes in the nucleus is important for gene expression and genome
function both in animals and plants. The recently developed Hi-C technology is an effective method
to investigate the chromosome interaction. In order to probe the function of polyploidy levels in
genome packing, Arabidopsis autotetraploid was used in our study to build three-dimensional
structure of the genome with Hi-C analysis. We found that tetraploidy Arabidopsis shows a similar
local chromatin packing compared to the wide type, most interactions are within chromosomes.
However, it also has its specific conformations: intra-arm interaction frequencies reducein coincidence
with that inter-arm interactions increase. In addition, increased inter-arm interactions were mainly
found within the two pericentromeric domains flanking each centromere. The interaction matrix
revealed that all telomeres interact with each other with reduced interaction frequency in
autotetraploidy Arabidopsis compared to that of the wide type. These data suggested that duplicated
genome prefers long-range inter-arm interactions, resulting in more compact nuclei. Further, we
preformed transcriptome sequencing to address the relationship between three-dimensional
structure of the genome and gene transcription. Our results indicated that gene clusters found in
different interaction bins were mapped to different transcription “factory”, suggesting the correlation

between chromosomal organization and gene expression.

Key words: Hi-C, genome duplication, 3D genome, nuclear domain
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complex in maize chloroplasts
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In mitochondria and chloroplasts of higher plants, the loss of self-splicing activity of degenerate group
Il introns results in recruitment of intron splicing factors encoded in the nucleus. One family of such
factors is the pentatricopeptide repeat proteins (PPR) which are implicated in editing, splicing, end
maturation and regulation of translation in organellar transcripts. PPR proteins belong to a large family
with more than 500 members in flowering plants. Because of its large size and frequent embryo
lethality in KO mutants, functions of many PPR proteins remain unknown. Here we report the function
identification of PPR17 and PPR20 and their physical interactions with Chloroplast RNA Splicing 1
(CRS1) in maize. Null mutation of PPR17 and PPRZ0 showed similar arrest in embryogenesis at the
transition stage. Both PPR17 and PPR20 are P-type PPR proteins with 11 and 17 PPR motifs
respectively. Subcellular localization revealed that both proteins are localized in the chloroplast. PPR17
and PPR20 are expressed in all the tissues examined. Analysis of chloroplast transcripts revealed that
loss of either the PPR17 or the PPR20 function abolishes the splicing of the atpF and rp/2 introns,
suggesting that PPR17 and PPR20 are required for atpFand rp/2intron splicing. Previous studies have
identified that CRM protein CRS1 is also required for atpF intron splicing (Jenkins et al., 1997 ; Till et
al., 2001). Yeast two hybridization, Pull-down and BiFC analyses indicated that PPR17, PPR20 and CRS1
interact physically. Domain deletion analysis showed that the first four PPR motifs of PPR17 interact
with the first two CRM domains of CRS1 and PPR20, and the C-terminal region of CRS1 interacts with
PPR20. These results demonstrate that PPR17, PPR20 and CRS1 mediate the afpF intron splicing by

forming a complex in maize chloroplasts.

Key words: PPR, intron splicing, chloroplast, embryo and endosperm, maize
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Despite the numerous identified roles for small RNAs in maintaining genome integrity and activity,
molecular mechanisms involving small RNAs in governing environment-responsive plant metabolism
and development are poorly understood. We focused on microRNAs (miRNAs), which are a class of
negative gene regulators primarily acting at the post-transcriptional level. Through systematic analysis
of whole genome chromatin immunoprecipitation data for 45 transcription factors, we constructed a
miRNA-centric gene network in the model plant Arabidopsis. Characterization of this network revealed
that three node feed-forward loops (FFLs) are extremely abundant. We performed detailed analysis
on two of these FFLs. For the FFL constituted by the transcription factors A#Y5and SPL7and the miRNA
miR408, we demonstrated that it underlies light-copper crosstalk and is tied to copper allocation to
the chloroplast and photosynthesis. For the FFL consisting of the transcription factors /Y5 and MYBL2
and the miRNA miR858, we demonstrated that it is a decision-making module for anthocyanin
biosynthesis in which /Y5 mediated light induction of miR858 de-represses anthocyanin synthesis
through targeting MYBL2, which acts as a negative regulator of the anthocyanin pathway. These
findings are helpful to elucidate the design principle and control logic of the network that integrates
transcriptional and post-transcriptional regulations and should have the corollary benefit of

pinpointing function of individual miRNAs.
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Pollen tube tip growth is an extreme form of polarized cell growth, which requires polarized exocytosis
based on dynamic actin cytoskeleton. However, the molecular basis for the connection between actin
filaments and exocytic vesicles is unclear. Here, we identified a Lilium longiflorum pollen-specific
formin (LIFH1) and found it was involved in pollen tube tip growth. LIFH1 localized at the apical vesicles
and plasma membrane via its N-terminus. Overexpression of LIFH1 induced excessive actin cables in
the tube tip region, and downregulation of LIFH1 eliminated actin fringe. FRAP analysis revealed that
LIFH1 labeled exocytic vesicles, which exhibited a clear initial accumulation at the shoulder of the
apex. Meanwhile, we found that the exocytic site coincided with the leading edge of the actin fringe,
indicating the correlation between actin fringe and exocytic vesicles. Time-lapse analysis of pollen
tubes simultaneously expressing LIFH1-GFP and Lifeact-mRFP suggested that nascent actin filaments
followed the emergence of the apical vesicles, implying that LIFH1 could initiate actin polymerization
from the apical vesicles. In vitro biochemical assays showed that the FH1FH2 domain of LIFH1 could
nucleate actin polymerization and bundle actin filaments. In addition, LIFH1 FH1FH2 could attach to
the barbed end of actin filaments, and in the presence of lily profilin isoforms, LIFH1 FH1FH2 enhanced
actin filament elongation rates. Thus, we propose that LIFH1 and profilins coordinates the interaction
between actin fringe and exocytic vesicle trafficking, which provides a mechanism for the delivery of

exocytic vesicles to the shoulder of the apex during the growth of lily pollen tubes.

Key words: formin, profilin, actin fringe, exocytic vesicle, pollen tube growth
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Plant cells assume an amazing diversity of cell shapes that enable these cells to execute unique
physiological functions, and the study of plant cell shape determination has remained an intriguing
part of plant biology. The plant cytoskeletal system, composed of microtubules (MTs) and actin
filaments (F-actin), plays a central role in cell morphogenesis. However, the molecular mechanisms
underlying cytoskeletal control of plant cell shaping remain largely unknown.

The Arabidopsis thaliana |leaf trichome has long been a model system for investigating the role of the
cytoskeleton in defining plant cell shape. Using live cell imaging, we observed the spatiotemporal
organizations of MTs and F-actin in the Arabidopsis trichomes during development. We found that
transverse MT rings encircle the elongating branches but leave a MT-depleted zone at the extreme
apex, where precisely forms the transverse cortical F-actin cap. Importantly, we discovered that KCBP,
a plant-unique kinesin, forms a gradient in the elongating trichome branch, with the highest density
at MT-depleted zone. Further, single-molecule imaging demonstrated that the specific MyTH4
domain and FERM domain in the N-terminal tail of KCBP physically bind to MTs and F-actin,
respectively. Collectively, our findings revealed that KCBP, a plant-unique kinesin, acts as a hub
integrating MTs and actin filaments to assemble the required cytoskeletal configuration for trichome
cell morphogenesis.

Cotton fiber cell is another intriguing model for studying cytoskeletal regulation of polarized cell
elongation and cellulose biosynthesis. Through long-term efforts, we generated stable transgenic
cotton lines expressing GFP-labelled actin filaments, and visualized actin architecture and dynamics in
living cotton fiber cells. Our findings provide important insights into mechanisms underlying extremely

polarized elongation of cotton fiber cells.

Key words: trichomes, cotton fibers, microtubules, actin filaments
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In plants, clathrin-mediated endocytosis (CME) is dependent on the function of clathrin and its
accessory heterooligomeric adaptor protein complexes, Adaptor Protein 2 (AP-2) and the TPLATE
complex (TPC), and is negatively regulated by the hormones auxin and salicylic acid (SA). The details
for how clathrin and its adaptor complexes are recruited to the plasma membrane (PM) to regulate
CME are however poorly understood. We found that SA and the pharmacological CME inhibitor
tyrphostin A23 (TyrA23) reduce the membrane association of clathrin and AP-2, but not that of the
TPC, whereas auxin solely affected clathrin membrane association, in Arabidopsis thaliana. Genetic
and pharmacological experiments revealed that loss of AP2u or AP20 partially affected the membrane
association of other AP-2 subunits and that the AP-2 subunit AP2g, but not AP2, was required for
SA- and TyrA23-dependent inhibition of CME. Furthermore, we show that although AP-2 and the TPC
are both required for the PM recruitment of clathrin in wild-type cells, the TPC is necessary for clathrin
PM association in AP-2 deficient cells. These results indicate that developmental signals may
differentially modulate the membrane recruitment of clathrin and its core accessory complexes to
regulate the process of CME in plant cells.

Key words: Adaptor Protein 2, auxin, clathrin, endocytosis, salicylic acid, TPLATE complex, tyrphostin
A23, Arabidopsis
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Stomata, which consist of paired guard cells, are known to have played crucial roles in the colonization
of land by plants. Turgor-driven stomatal movement controls transpiration and gas exchange between
plants and the environment. Several key genes and regulatory networks underlying stomatal
development have been uncovered by molecular genetic analysis, however, much less is known about
how signals involved in stomatal development are transmitted to RNA polymerase Il (Pol II), which
plays a central role in the transcription of mMRNA coding genes. Herein, we reported a partial loss-of-
function mutant of the third largest subunit of nuclear DNA-dependent RNA polymerase Il (NRPBS3).
It exhibited an increased number of stomatal lineage cells and stomatal clusters. Similar stomatal
phenotypes were observed in a weak allele of the second largest subunit of nuclear DNA-dependent
RNA polymerase Il (NRPB2). These results suggested that Pol Il plays essential roles in stomatal
development. Genetic analysis indicated that NRPB3 synergistically interacted with stomatal patterning
and differentiation regulators. We also found physical associations of NRPB3 with two bHLH
transcription factors, FAMA and INDUCER OF CBF EXPRESSION1 (ICE1), indicating that NRPB3 serves
as an acceptor for signals from transcription factors involved in stomatal development. Our findings
highlight the surprisingly conserved activating mechanisms mediated by the third largest subunit of

Pol Il in eukaryotes.

Key words: stomata, RNA polymerase I, patterning, differentiation, NRPB3
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The structural maintenance of the chromosome 5/6 (SMC5/6) complex has a variety of functions in
mitosis and meiosis in yeast and human, including facilitating homologous recombination, restarting
stalled replication forks, and maintaining ribosomal DNA and heterochromatin, among other roles. In
Arabidopsis, AtSMC5 and AtSMCEA/6B are responsive to DNA damage. However, the non-SMC
element 1 and 3 functions in Arabidopsis growth and development remain as yet unknown. In our
study, it was found that the loss function of the non-SMC element 1 and 3 led to the conversion of
suspensor cell fate and caused defects in embryo pattern formation. Partially-complemented
homologous mutants showed that the post-embryonic development of the mutants was inhibited,
that chromosome fragments occurred during segregation of chromosomes, and that the transition
from the G2 phase to the M phase was delayed, leading to endoreduplication. All of these results
demonstrate that the non-SMC element 1 and 3 are essential for cell division and function in
maintaining the stability of chromosome ploidy in mitosis. Further, a large number of dead cells and
DNA DSBs were observed in the their mutants, and the expression of the non-SMC element 1 and 3
were up-regulated following treatment of the plants with DSBs inducer compounds, indicating that
the non-SMC element 1 and 3 play roles in DNA damage repair. Therefore, we conclude that the non-
SMC element 1 and 3facilitate DSBs repair and contribute to maintaining the stability of chromosome
ploidy in mitotic cells. The non-SMC element 1 and 3 could thus be considered as required factors for

maintaining proper early embryo cell differentiation and post-embryonic development.

Key words: non-SMC elements, embryo, seedling, Arabidopsis
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In flowering plants, extensive male-female interactions are required for successful fertilization, in which
various signaling cascades are involved. Prevacuolar compartments (PVC) and vacuoles are two types
of subcellular compartments that terminate signal transduction by sequestrating signaling molecules
in yeast and mammalian cells; however, the manner in which they might be involved in male -female
interactions in plants is unknown. In this study, we identified the Arabidopsis VPS41 (AtVPS41),
encoded by a single-copy gene with sequence similarity to yeast Vps41p, as a new factor controlling
pollen tube-stigma interaction. Loss of AtVPS41 function disrupted penetration of pollen tubes into
the transmitting tissue and thus led to failed male transmission. In the pollen tubes, AtVPS41 protein
is associated with PVCs and the tonoplast. We demonstrate that AtVPS41 is required for the late stage
of the endocytic pathway (ie, endomembrane trafficking from PVCs to vacuoles), because
internalization of cell surface molecules was normal in the vps41 deficient pollen tubes, while PVC-to-
vacuole trafficking was impaired. We further show that the CHCR domain is required for subcellular
localization and biological functioning of AtVPS41. These results indicate that the AtVPS41-mediated

late stage of the endocytic pathway is essential for pollen tube-stigma interaction in Arabidopsis.
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Double fertilization in angiosperms requires the delivery of immotile sperm through pollen tubes,
which enter embryo sacs to initiate synergid degeneration and to discharge. This fascinating process,
called pollen tube reception, involves extensive communications between pollen tubes and synergids,
within which few intracellular regulators involved have been revealed. Here we report that vacuolar
acidification in synergids, mediated by AP1G-dependent trafficking of V-ATPases, is critical for pollen
tube reception. Functional loss of APIG, encoding adaptor protein 1 y subunit, impaired synergid
degeneration and pollen tube discharge, resulting in partial female sterility. The proper targeting of
V-ATPases requires AP1G and V-ATPase-mediated vacuolar acidification in synergids is critical for
synergid degeneration during pollen tube reception. We propose that vacuolar acidification -mediated
synergid degeneration might represent a distinct cell death mechanism specifically adopted by the

plant kingdom.
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Sexual reproduction requires recognition between the male and female gametes. In animals, the
sperms swim to the egg attracted by the egg-derived chemotropic signals. While for angiosperms,
the most prosperous species on earth, the sperm cells are immobile, thus a sperm-delivery structure—
pollen tube is evolved. Through polar growth, the pollen tubes deliver the two sperm cells to the
ovule-enclosed female gametophyte embedded in the pistil. During this process, the pollen tubes are
attracted by the female gametophytes to reach the receptive synergid cells. The synergid cells can
secret peptide signals to attract the pollen tubes, while it is long-puzzled that how pollen tubes sense
and decode these signals to achieve directional growth. Another interesting phenomenon is that as
one of the two gametes, the central cell also controls the attraction ability of the female gametophyte
through a transcription factor CCG. But the underlining mechanism remains unclear. Here we report
that a pair of pollen tube-enriched receptor like kinases MDIS1 and MIK1 function as a heterodimer
in pollen tube response to the female gametophyte and transduce the signal through cytosolic protein
kinases and ROP signaling pathway. Further, expression of MDIS1 in C. rubélla, the sister species of
Arabidopsis, can partially breakdown the interspecies cross barrier. And recently, we identified several
components required for the maturation and transporting of the receptors like kinases. Through
biochemical strategies, we identified a transcriptional complex CCG-CBP1 in the central cell required
for the synergids function. CBP1 interacts with mediator components MED7 and MED9 as well as the
RNA polymerase Il. Transcriptome results suggest that CCG and CBP1 co-regulate a subset of genes
expressed in both the synergid cells and central cell. These results suggest that active intercellular

communication is essential for the full function of the female gametophyte.

Key words: pollen tube guidance, female gametophyte, central cell, synergid cells
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Seed and organ size is one of important agronomic traits in plants. The characteristic size of plant
seeds and organs is coordinately determined by cell proliferation and cell expansion. However, the
genetic and molecular mechanisms that set the final size of seeds and organs are largely unknown.
We are focusing on understanding how plants know and determine their final seed and organ size.
We have recently identified several seed and organ size regulators that are involved in ubiquitin-
related activities, including the ubiquitin receptor DA1, E3 ubiquitin ligases DA2 and EOD1/BB,
ubiquitin-specific proteases DA3/UBP14 and SOD2/UBP15 and F-box protein SOD3/SAP. We have
built up a genetic and molecular framework for ubiquitin-mediated control of seed and organ size.

Here, we will discuss the role of the ubiquitin pathway in seed and organ size control.

Key words: seed and organ size, ubiquitin, cell proliferation, cell expansion
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The developmental plasticity of leaf size and shape is important for leaf function and plant survival.
The CINCINNATA (CIN)-like TEOSINTE BRANCHED 1/CYCLOIDEA/PCF (TCP) transcription factors are
key regulators of leaf development. However, the mechanisms by which plants form diverse leaves in
response to environmental conditions are still largely unknown. We identified the TCP Interactor
containing EAR motif protein 1 (TIE1), a novel transcriptional repressor, as a major modulator for TCP
activity and leaf development. Overexpression of 7/£1 leads to hyponastic and serrated leaves, whereas
disruption of 7/E1 causes epinastic leaves. 7/£1 encodes a transcriptional repressor containing a C-
terminal EAR motif, which mediates interactions with the TPL/TPR corepressors. In addition, TIEL
physically interacts with CIN-like TCPs, thus forming a bridge to link TPL/TPR corepressors to suppress
the activity of TCP transcription factor. We further identified a RING-type E3 ligase TEAR1 (TIE1-
associated RING-type E3 ligase 1), which regulated leaf development by promoting the degradation
of TIEL. TEAR1 contains a typical C3H2C3-type RING domain and has E3 ligase activity. We find that
TEARL1 interacts with TIE1, which is ubiquitinated /n vivo and degraded by the 26S proteasome system.
TEARI is developmentally regulated in leaves and TEAR1 is co-localized with TIEL in nuclei. We
demonstrate that TEARL negatively regulates TIE1 protein level. Overexpression of TEAR1 rescued leaf
defects caused by TIE1 overexpression, whereas disruption of TEAR1 resulted in leaf phenotypes
resembling those caused by TIE1 overexpression or TCP dysfunction. We propose that the TIE1-TEAR1
module provides fine and flexible regulation of CIN-like TCP activity and thus leaf size and shape in

response to internal and external signals during leaf development.

Key words: leaf development, TIE1, transcriptional repressor, TEAR1, RING-type E3 ligase, TCP

transcription factors
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The molecular function of SUMOylation in root development
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SUMOylation, which transfers the small ubiquitin-like modifier (SUMO) onto protein substrates, is a
critical modification in regulation of protein activity, localization and stability. This conserved
modification is involved in different biological processes, but its precise function in plants remains
unclear. We focus on the functions of an Arabidopsis SUMO ligase AtMMS21. Our biochemical data
showed that AtMMS21 has SUMO ligase activity. The T-DNA insertion mutant of AtMMS21 displays a
short-root and disorganized apical root meristem phenotype (Huang et al., 2009). Further analysis
showed that this gene is essential for the proper expression of stem cell niche-defining transcription
factors. AtMMS21 is also a subunit of the STRUCTURAL MAINTENANCE OF CHROMOSOMES5/6
complex, an evolutionarily conserved chromosomal ATPase required for DNA repair (Xu et al., 2013).
The AtMMS21 mutant plants show hypersensitivity in the DNA damaging treatments and lower
frequency in homologous recombination (Yuan et al., 2014). In addition, AtMMS21 is required for
normal meiosis and gametophyte development (Liu et al., 2014), as well as drought response
regulation (Zhang et al., 2013). The AtMMS21 mutants have increased endoreplication levels, but the
molecular mechanism is unknown. Recently, we discovered that AtMMS21 regulates cell cycle via the
E2Fa/DPa pathway. DPa interacts with AtMMS21, and DPa is a substrate for SUMOylation mediated
by AtMMS21. AtMMS21 interferes the E2Fa/DPa interaction and affects the localization of the
E2Fa/DPa complex. Overexpression of AtMMS21 completely recovered the abnormal phenotypes of
the E2Fa-DPa co-overexpressing plants. These results suggest that AtMMS21 dissociates the
E2Fa/DPa complex via competition and SUMOQylation in the regulation of plant cell cycle (Liu et al.,
2016). Several other factors have also been identified as AtMMS21 -interacting proteins in our

laboratory. Further functional analysis would improve our knowledge on SUMOylation in plants.
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Remorins are a diverse family of plant-specific proteins with variable N-terminal sequence and
conserved C-terminal sequence which is linked with plasma membrane. 19 remorin members in rice
display diverse function in various growth and development processes. In our studies, a rice T-DNA
insertion mutant gsd1-D (grain setting defect 1-Dominant) is characterized. GSD1 is a remorin gene
(remorin 6.6) and expressed specifically in phloem companion cells and is localized in the
plasmodesmata (PD) and plasma membrane. The study demonstrated that GSD1 plays a role in
regulating photoassimilate translocation through the symplastic pathway to impact grain setting in
rice. Characterization of another rice remorin gene, OsREMA4. 1, indicates that OsREMA4.1 expression is
up-regulated by ABA through the transcriptional activator OsbZIP23. OsREM4.1 directly interacts with
OsSERK1 to repress BR signaling output by inhibiting the formation and/or activation of the OsBRI1 -
OsSERK1 receptor complex. OsREM4.1 can be phosphorylated by active OsBRI1 and the
phosphorylated OsREM4.1 is released from OsSERK1, thus allowing the formation of OsBRI1-OsSERK1
complex and subsequent activation of the BR signaling pathway. This finding reveals the OsREM4.1

function in coordinating the antagonistic interaction between ABA and BR signaling in rice.

Key words: remorin, plasma membrane protein, plasmodesmata, BR signaling, ABA
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Plants flower in an appropriate season to allow sufficient vegetative development and to position
flower development in favorable environments. The Arabidopsis CO and FKF1 genes promote
flowering by inducing F7 expression in the long-day afternoon. The CO protein is present in the
morning but could not activate F7 expression due to unknown negative mechanisms, referred to as
the “morning gate”, which prevent premature flowering. The APZ/EREBP genes participate in
development and stress responses, including inhibition of flowering by the 7OFE genes. To probe the
conservation and divergence of APZ/EREBP genes, we analyzed the duplication patterns of this family
in Brassicaceae. Some APZ/EREBP duplicates generated early in Brassicaceae history were quickly lost,
while others were retained in all tested Brassicaceae species, suggesting early functional divergence
followed by persistent conservation. Furthermore, we used 16 representative Arabidopsis AP2/EREBP
proteins as baits and identifies 1,970 potential AP2/EREBP-interacting proteins, with a small subset of
interactions verified /n planta. The putative AP2-interacting proteins participate in many functions in
development and stress responses, including photomorphogenesis, flower development, drought and
cold responses, abscisic acid and auxin signaling. In particular, TOE1 and related proteins interact with
the activation domain of CO and COLs and inhibit CO activity. TOE1 binds to the F7 promoter near
the CO-binding site and reducing 7OE function results in a morning peak of the F7mRNA. In addition,
TOE1 interacts with FKF1 and likely interferes with the FKF1-CO interaction, resulting in degradation
of the CO protein in afternoon to prevent premature flowering. Our results uncovered that TOE
proteins are the molecular keepers of the “morning gate” and indicate that positive and negative
regulators coordinate to precisely regulate flowering time, thereby ensuring maximum reproduction

in response to environmental signals.

Key words: AP2 family, protein interactions, TOE1, CO, FKF1, flowering time
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Plant circadian clock has been provided to be involved in multiple physiology and metabolism process
by monitoring external environment changes, including photoperiodic flowering regulation. Our
previous study showed that OsELF3 acts as a floral activator in the long-day photoperiodic pathway
via its crosstalk with the circadian clock in rice. However, post-transcription regulation of OsELF3 s still
unclear. In this study, we showed that HAF1, an E3 ubiquitin ligase, physically interact with OsELF3 in
vivo and in vitro. C-terminal domain of OsELF3 was identified as the functional motif for mediating
interaction with HAF1, as well as formation of homodimer by itself. Further protein degradation assay
indicated that OsELF3 is the direct substrate of HAF1 for ubiquitination in rice. Genetically, the ose/f3
hafl double mutant headed as late as ose/f3 under long-day conditions. Previous investigation
revealed that Os£LF3 plays a crucial role in photoperiodic response to determine rice regional
adaptability. We proposed that HAF1 plays a pivotal role in heading date modulation by ubiquitination
of OsELF3 under long-day conditions.

Key words: circadian clock, photoperiodic flowering, ubiquitination, rice
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Emerging evidences exhibit that mitogen-activated protein kinase (MAPK) signaling pathways are
connected with many aspects of plant development. The complexity of MAPK cascades raises
challenges not only to identify the MAPK module /n planta but also to define the specific role of an
individual module. Our previous study have characterized an Arabidopsis bushy and dwarfl (budl)
mutant, in which the MKK7 was constitutively activated, resulting in multiple phenotypic alterations
and activated the mobile signal of systemic acquired resistance. To elucidate the specificity of MKK7
and its downstream MAPKs in multiple biological processes, we systemically screened the downstream
substrates of MKK7 /n vitro. We found that MPK3 and MPKG are the substrates for phosphorylation by
MKKT7 in planta. Genetic analysis showed that MKK7-MPK6 cascade is specifically responsible for the
regulation of shoot branching, hypocotyl gravitropism, filament elongation, and lateral root formation.
We further demonstrated that the MKK7-MPK6 cascade controls shoot branching by phosphorylating
Ser 337 on PIN1, which affects the basal localization of PIN1 in xylem parenchyma cells and polar auxin
transport in the primary stem. Our findings specify the functions of the MKK7-MPK6 cascade, and
explain how MKK7-MPK®6 signaling pathway regulates polar auxin transport (PAT) through the specific
substrate PIN1 to determine shoot branching in Arabidopsis, establishing a molecular link between

the MAPK cascade and auxin-regulated plant development.

Key words: MKK7, MPK6, phosphorylation, PIN1, shoot branching
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Shoot branching requires the establishment of new meristems harboring stem cells; this phenomenon
raises questions about the precise regulation of meristematic fate. In seed plants, these new meristems
initiate in leaf axils to enable lateral shoot branching. Using live-cell imaging of leaf axil cells, we show
that the initiation of axillary meristems requires a meristematic cell population continuously expressing
the meristem marker SHOOT MERISTEMLESS (STM). The maintenance of S7M expression depends on
the leaf axil auxin minimum. Ectopic expression of S7M s insufficient to activate axillary buds formation
from plants that have lost leaf axil STM expressing cells. This suggests that some cells undergo
irreversible commitment to a developmental fate. In more mature leaves, REVOLUTA (REV) directly
up-regulates STM expression in leaf axil meristematic cells, but not in differentiated cells, to establish
axillary meristems. Finally, leaf axil cytokinin signaling pulse, likely resulting from the enhanced STV
levels, de novo activates local WUS expression to promote axillary bud formation. In particular, type-
B ARABIDOPSIS RESPONSE REGULATORs (ARRs), transcriptional activators in the cytokinin signaling
pathway, directly bind to the WUS promoter to activate its expression. Cell type-specific binding of
REV to the STM region, and ARRs to the WUSregion, correlate with epigenetic modifications. Our data
favor a threshold model for axillary meristem initiation, in which low levels of S7A maintain
meristematic competence and high levels of S7M lead to cytokinin signalling pulse, WUS expression,

and axillary bud formation.

Key words: axillary meristem, stem cell, meristem
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In plants, photoperiod is an important cue for initiating flowering. The floral transition in Arabidopsis
thaliana occurs earlier under long-day than short-day (SD) conditions, with flowering under the latter
being mainly regulated by the plant hormone gibberellin. Here, we report two WRKY proteins with
opposite functions in controlling flowering time under SD conditions. Phenotypic analysis showed that
disruption of WRKY12 caused a delay in flowering, while disruption of WRKY13 induced flowering.
Promoter-swap experiments proved that the negatively correlated expression profiles of these
proteins established an important and precise equilibrium for the regulation of flowering time.
Molecular and genetic analysis demonstrated that the floral inductive signal FRUITFULL (FUL) was a
direct downstream target gene of WRKY12 and WRKY13. Through yeast two-hybrid screening, the
DELLA proteins GIBBERELLIN INSENSITIVE (GAI) and RGA-LIKE1 (RGL1) were identified as interacting
with WRKY12 and WRKY13. The interactions between DELLAs and the WRKYs interfered with the
transcriptional activity of the WRKY proteins. Moreover, WRKY12 and WRKY13 partly mediated the
effect of GAs on the control of flowering time. Taken together, our study indicates that WRKY12 and
WRKY13 oppositely modulate flowering time under SD conditions.
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RGF1, a secreted peptide hormone, plays a key role in root meristem development in Arabidopsis.
Previous studies indicated that a functional RGF1 needs to be sulfated at a tyrosine residue by a
tyrosylprotein sulfotransferase (TPST) and that RGF1 regulates root meristem activity mainly via two
downstream transcription factors, PLETHORA 1 (PLT1) and PLT2. How extracellular RGF1 is perceived
by a plant cell, however, is not understood. Using genetic approaches, we discovered a clade of
leucine-rich repeat receptor-like kinases (LRR-RLKs), designated as RGF1 INSENSITIVE 1 (RGI1) to RGI5,
serving as receptors of RGF1. Two independent rgil rgi2 rgi3 rgi4 rgi5 quintuple mutants display a
consistent short primary root phenotype with a small size of meristem. An rgi1 rgi2 rgi3 rgi4 quadruple
mutant shows a significantly reduced sensitivity and the quintuple mutant is completely insensitive to
RGF1. The expression levels of PL71 and PL72are almost undetectable in the quintuple mutant. Ectopic
expression of PLTZ driven by an RG/2 promoter in the quintuple mutant greatly rescued its root
meristem defects. One of the RGIs, RGI1, was subsequently analyzed biochemically in detail. /n vitro
dot-blotting and pull-down analysis indicated that RGI1 can physically interact with RGF1. Exogenous
application of RGF1 can quickly and simultaneously induce the phosphorylation and ubiquitination of
RGI1, indicating that RGI1 can perceive and transduce the RGF1 peptide signal. Yet, the activated RGI1
is likely turned over rapidly. These results demonstrated that RGls, acting as the receptors of RGF1,

play essential roles in RGF1-PLT-mediated root meristem development in Arabidopsis thaliana.

Key words: receptor-like kinase, RGF1, RGF1 INSENSITIVE, PLETHORA, Arabidopsis
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HEYREMEEANE(BR), TRARMEEMEK, MEM, ZENRpETEEEEEZNER.
HEZHENARELE BRESHSEZ4ERY, BRs 4K BRI1 UK TiET - #Es BIN2 @it %
FF BES1/BZR1 3kifE+% BR MmN B FIFRIA. BESL TIN5 BIM1, IWS1 IME MYB30 FERiERES
RGP ETE E-box TTFIATE BRIFSEREMFIL, B BRIFERMNBAEERNERNSREE. HK1H9
WREIW BIN2 JEY HATL MR EM SEBRABE X, HATL TTUHBEERTH HB i, FES
BES1 H{E—iti#z BR MFIMNERKRIL. BRs ARSEVIEEYHEFNEYMHERE T ERAEE
ZEM. B BRs RSEMNIEEMHEN M SREHIAMETREX. E BRs # BR 555 51F%
EYRSNMENESRE. BRESTERERENMESEFREBTNE M, —J7E BRs o] MBI {E 3 MEK2-
SIPK &2 A4k i F RBOHB A ROS /RAKIGBEM MRS TN, H—77mE BZR1 o] DUBITHIHIHKk
#F RBOHB £ ROS A KT BR ESMEME KA BMENREMNIBE, BRNSFSESM
P S EFMRE T RBOHB A H.0. = £ MR LK T NR 2EH NO REF X,
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nitrogen conditions in Arabidopsis
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Brassinosteroids (BRs) are steroid plant hormones that regulate many developmental and
physiological processes in pants including responses to stress. However, little is known about BR
regulation of plant responses to mineral nutrients. Our recent studies indicate that BR can induce plant
tolerance to low nitrogen (N) stress in Arabidopsis and enhance low N-induced anthocyanin
biosynthesis, which seem to be both mediated by the BR-activated transcription factor BZR1. BZR1
physically interacts with PAP1, a key transcription factor controlling anthocyanin biosynthesis in
Arabidopsis, and enhances PAP1's transcriptional regulatory activity on its target genes in anthocyanin
biosynthesis. BZR1 can also bind the promoters of some of the anthocyanin biosynthetic genes but
the binding appears to be not specific, suggesting that BR promotes anthocyanin biosynthesis under
low N mainly through BZR1-PAP1 interaction. As a conclusion, our study indicates that BR is capable
of promoting low N-induced anythocyanin biosynthesis, which may help plants survive the low N

stress conditions.

Key words: brassinosteroids, nitrogen stress, anthocyanin biosynthesis, Arabidopsis thaliana
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HXEZENB (brassinosteroids, E#R BR) RFEMEMEKIBEDHEZ—, 5D 7THEHN
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BSK, MR EE#ERES PP2A, BSKEEBBEE— N RislEAMEBEN— C Kis5EARMBEE
BB XM TPR £45t, 8BNS BR ESMNERERRRMNEE. HMNOMARKE, X BR{ESEK
RERHUEMRE, BSK B9 TPR St BH B SMEELSE S, #F BSK ERZE BRES. M
LEa5h BR REFASR, FRARLE BR 24K BRI1 #E0E, BEER{L BSK AUBERIE, BiIHNH] TPR 54915
BB LA R KEBRN T HESAN BSUL MEEER, AEBRESEE. RITEAXIES
BEPRES PP2A BEUEIRITIG 21K BRI1 RBEER (LK1 BR (551812, BT PP2A R8N BR S SEE
FHY BZR1 RIEEFRAFEBRUNTERET BR E5&F. #—FTNHRRKE PP2A & BR 5
FSREPHINEETER B PP2A WA EAMARE | BEEUEAA PP2A FE®BITH BRI1 £
BEERLE BR 55 K7E, MAZEARIH PP2A NIGERIT R BZR1 Rk FE FEBERLAUE BR 551@
B, FEtt, ®id 2D-DIGE WEABRAFTE, BNHEETHEA BR ES5ZSBRAFMAN, WERT
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S KETEEVERKLAEPREEZRATIER, EFEBHEKEZE TR NSHRIARE T
AUX/IAAs BIBEfE, #HMBEM ARFs BXEFIRRE THERKIA., ZTHER/ZBBHE (Ubiquitin-
Proteasome) RZ T UAREMEFMHNBBREXER, ERRESHN. KB XIMNEmWRFT
BRARXEERER. BRCEMRRBTEABFELEKZESHHNEZER, BR2HEBAENHIM
B AUX/IAA BEBAFENSERDAEE. BNLEET — s PEABREEEIFIER P31
EEEE, PTREL (PROTEASOME REGULATOR 1), HEBRHE— M EEBREEEA. MEHRRE
PTREL] NS 7TAKZRBRTHEARBEEHIEHNAE TRL NSNEARBLIAREKRES.
PTREL ENL TR, MR MBI, 4 a4r3kiA PTREL o] DUE# 265 EAMMIEN. RE
ptrel RILE ZERBREF N EKTMY AGUX |, BEHRKE TIRL 5 PTREL EFHERNY,
ptrel RS TIRL 1 FAY AUX/IAA BEFERSS, RIS 4EKZTINEE PTREL I EEESAIE . #
—SHMRFPEKTIERET PTREl ZHMRBREZPN BN MIERELEE. XEERATH
AUX/IAA B FRIIE R A KR IERVLERE T HHNER.
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The antagonistic crosstalk between gibberellic acid (GA) and abscisic acid (ABA) plays a pivotal role in
modulation of seed germination. However, the molecular mechanism of such phytohormone
interaction remains largely elusive. The NUCLEAR FACTOR-Y C proteins (NF-YCs), structurally
characterized by a histone-fold domain (HFD) and closely related to the core histone H2A, functionally
act as one subunit of the NF-Y heterotrimer transcriptional factor that specifically recognizes the
CCAAT-box in eukaryotes. Here we show that three Arabidopsis NF-YC homologues NF-YC3, NF-
YC4, and NF-YC9 redundantly modulate GA- and ABA-mediated seed germination, contributing to
the integration of GA and ABA signaling through directly interacting with RGA-LIKE 2 (RGL2), a key
repressor of GA signaling. The NF-YC-RGL2 module targets ABA INSENSITIVE 5 (ABI5), the gene
encoding a core component of ABA signaling, via specific CCAAT elements and collectively regulates
a set of GA- and ABA-responsive genes, thus control germination. These results illustrate a novel
regulatory model that reveals a central molecular link of NF-YC-RGL2-ABI5 in integration of GA and
ABA signaling pathways during seed germination, providing a significant mechanistic understanding

on how interaction of GA and ABA signaling is fine-tuned in seed germination.

Key words: seed germination, NF-YC, GA, ABA, crosstalk
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chromatin
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A major progress in our understanding of the jasmonate signaling is that the perception of the active

CcolL

hormone by the E3 ubiquitin ligase SCF is tightly linked to genome-wide transcriptional
reprogramming that is regulated by the master transcription factor MYC2. However, it remains unclear
how the jasmonate receptor transmits regulatory information to RNA polymerase Il to specifically
transcribe jasmonate-responsive genes. Here we report that the MED25 subunit of the Arabidopsis
Mediator provides an interface for interactions of COI1, MYC2 and the histone acetyltransferase HAC1
at the core promoters of MYC2 targets. Our results unravel a mechanism of how Mediator channels
hormone-specific regulatory signals to the Pol Il general transcription machinery and highlight the

ability of Mediator in coordinating gene expression programs of diverse signaling pathways.

Key words: jasmonate, Mediator, transcriptional regulation, HAC1
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development and defence in Arabidopsis

Ruo-Xi Zhang', Jing-Jing He', Rui Cheng’, Yan-Hong Hao’, Ming-Lei Ren’, Hao Du’, Lizhong Xiong®,
Tao Li°, Yu-Qi Feng’, Yun-Kuan Liang™*

'State Key Laboratory of Hybrid Rice, Department of Plant Sciences, College of Life Sciences, Wuhan
University, Wuhan 430072, China

’Key Laboratory of Analytical Chemistry for Biology and Medicine (Ministry of Education), College of
Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072, China

’Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan, 430072, China

“National Key Laboratory of Crop Genetic Improvement and National Center of Plant Gene Research

(Wuhan), Huazhong Agricultural University, Wuhan 430070, China
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Many studies have been dedicated to the indispensable roles of jasmonate in plant growth and
defence, but the molecular mechanisms preventing the overproduction or accumulation of jasmonate
which often has detrimental effect on plant development and physiology are largely unknown. In this
study, we found that transcript level of H5B1 gene was greatly down-regulated by MelA application
and the loss-of-function mutants of #5817 gene accumulated significantly more jasmonate but less
ethylene than WT plants. Mutations in HSB1 caused pleiotropic effects on various developmentally
regulated processes such as seed weight, root elongation, petal size, flower timing, anthocyanin
biosynthesis and leaf senescence. The mutants were more susceptible to pests and pathogens attacks
as they displayed enhanced disease symptoms in response to fungal and bacterial pathogens Botrytis
cinerea and Pseudomonas syringae pv. Tomato DC3000 (Pst DC3000), and the larvae of phytophagous
insects Spodoptera exigua increased weight more rapidly when fed on the mutant than on WT plants.
However, the mutant plants exhibited enhanced resistance to the root-infecting fungal pathogen
Fusarium oxysporum which can produce ethylene itself. In addition, stomata of the mutant plants were
greatly compromised in their ability to close in response to either Pst DC3000 or Pst DC3000 (avrB).
Furthermore, mutations in ASB1 gene caused hypersensitivity to high sugar induced anthocynin
production and seedling growth arrest. We also provided evidence that HSB1 is not only critical for a
tight control of jasmonate production and accumulation but also for the interaction of plant hormones

including JA and ET in plant development and stress response.

Key words: environmental stress, jasmonate biosynthesis, modern agriculture, plant development and

defence, regulatory node
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The classic phytohormones play important roles in regulation of plant stem cells, and exhibit complex
functional interactions. Among them, auxin was previously found to be essential in the differentiation
of meristematic cells in shoot apical meristem. The biosynthesis of auxin occurred universally in the
whole meristem, and then transported into the peripheral zone by PIN1 to promoter later organs
initiation. Recently, several lines of new evidences suggested that auxin can be also transferred into
the central zone of shoot apical meristem where harbored plant stem cells. However the functions of
auxin in stem cells are still largely unknown.

Previously we have shown that the AUXIN RESPONSE FACTOR5/ MONOPTERQOS (MP) transcription
factor, mediated the cross talk between auxin and cytokinin in stem cells. By RNA sequencing, we have
identified a new MP target, MTA1, which was specifically expressed in stem cells. MP can directly bond
MTA1 promoter and repress its expression, and knocking out MP cause transcriptional up regulation
of MATI1. While MTAL as a transcription factor, was sufficient to active CLV3 expression in stem cells
to participate in WUS/CLV3 feedback. Our results provide a novel mechanism of auxin in regulating

stem cells homeostasis in Arabidopsis thaliana.

Key words: plant stem cell, auxin, MONOPTEROS, CLV3, homeostasis
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Auxin plays an important role to mediates endogenous developmental signals and environmental cues
and thus control root growth plasticity. Aluminum stress, which inhibits root growth, is one of the
widespread environmental cues in acid (pH<5) soils. Our previous study showed that TAA1 was locally
induced in the root-apex transition-zone thus involves in aluminum-induced Arabidopsis root growth
inhibition. Here, we report that YUCCA (YUC), which encodes flavin monooxygenase-like proteins,
regulates local auxin biosynthesis in the root apex transition zone (TZ) in response to Al stress. Al stress
up-regulates the expression of YUCs in the root-apex TZ and YUC-regulated root growth inhibition
in an ethylene signalling dependent manner. Ethylene-insensitive3 (EIN3) is involved into the direct
regulation of YUCY transcription in this process. Furthermore, we demonstrated that PHYTOCHROME
INTERACTING FACTORA4 (PIF4) functions as a transcriptional activator for YUC5/8/ 9. PIF4 promotes Al-
inhibited primary root growth by regulating the local expression of YUCs and auxin signal in the root-
apex TZ. The Al-induced expression of PIF4 in TZ is downstream of ethylene signaling. Taken together,
our results highlight a regulatory cascade for YUCs-regulated local auxin biosynthesis in the root-apex

TZ mediating root growth inhibition in response to Al stress.

Key words: auxin, root growth, Al stress, YUC, EIN3, PIF4
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MOBL1 protein is a core component of the Hippo signaling pathway in animals, where it is involved in
controlling tissue growth and tumor suppression. Plant MOB1 proteins display high sequence
homology to animal MOB1 proteins, but little is known regarding their role in plant growth and
development. Herein we report the critical roles of Arabidopsis MOBI1 (AtMOBI1A) in auxin-mediated
development in Arabidopsis. We found that loss-of-function mutations in AtMOBIA completely
eliminated the formation of cotyledons when combined with mutations in PINOID (PID), which
encodes a Ser/Thr protein kinase that participates in auxin signaling and transport. We showed that
atmobla was fully rescued by its Drosophila counterpart, suggesting functional conservation. The
atmobla pid double mutants phenocopied several well-characterized mutant combinations that are
defective in auxin biosynthesis or transport. Moreover, we demonstrated that atmobla greatly
enhanced several other known auxin mutants, suggesting that AtMOB1A plays a key role in auxin-
mediated plant development. The atmobla single mutant displayed defects in early embryogenesis
and had shorter root and smaller flowers than wild type plants. AtMOBI1A is uniformly expressed in
embryos and suspensor cells during embryogenesis, consistent with its role in embryo development.
AtMOBI1A protein is localized to nucleus, cytoplasm, and associated to plasma membrane, suggesting
that it plays roles in these subcellular localizations. Furthermore, we showed that disruption of
AtMORBIA led to a reduced sensitivity to exogenous auxin. Our results demonstrated that AtAMOBIA

plays an important role in Arabidopsis development by promoting auxin signaling.

Key words: NCP1/AtMOB1A, Hippo pathway, auxin, embryogenesis
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The phytohormone abscisic acid (ABA) is involved in plants’ responses to environmental stresses, and
plays crucial roles in regulating stomatal movement, seed germination, vegetative growth and
development. Increasing evidence suggests that mitogen-activated protein kinase (MAPK) play an
important role in ABA signaling. The MAPK cascade is an evolutionarily conserved signal transduction
module involved in transducing extracellular signals to the nucleus for appropriate cellular adjustment.
This cascade essentially consists of three components, a MAPK kinase kinase (MAPKKK), a MAPK kinase
(MAPKK) and a MAPK, connected to each other by the event of phosphorylation. Here we report the
characterization of a MAPKKK, AIK1, which regulates ABA responses in Arabidopsis. T-DNA insertion
mutants of A/KZ showed insensitivity to ABA in terms of both root growth and stomatal response. AIK1
functions in ABA responses via regulation of root cell division and elongation, as well as stomatal
responses. AlK1 is a positive regulator of ABA-induced stomatal closure. Genetic and biochemical
analyses indicate that the intracellular signals are relayed and amplified through sequential
phosphorylations of the AIK1-MKK5-MPK6 cascade in response to ABA, regulating the root
architecture and stomatal responses. These findings clearly suggest that the AIK1 cascade functions in

the ABA regulation of primary root growth and stomatal response.

Key words: MAPKKK, abscisic acid, root growth, stomata, Arabidopsis thaliana
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Plants have evolved complicated mechanisms to survive adverse environmental conditions. Previously,
we reported that transcription factors OsbZIP23 and OsbZIP46 regulates abscisic acid (ABA) signaling -
mediated drought tolerance in rice. Here we present that OsbZIP23 directly regulates a large number
of reported genes that function in stress response, hormone signaling, and developmental processes.
Among these targets, we found that OsbZIP23 could positively regulate OsPP2C49, and
overexpression of OsPP2C49 in rice resulted in significantly decreased sensitivity of the ABA response
and rapid dehydration. Moreover, OsNCED4 (9-cis-epoxycarotenoid dioxygenase 4), a key gene in
ABA biosynthesis, was also positively regulated by OsbZIP23. These results suggest that OsbZIP23 acts
as a central regulator in ABA signaling and biosynthesis, and drought resistance in rice. Meanwhile,
we found that the activation of OsbZIP46 is strikingly repressed by an intrinsic domain D. An
OsbZIP46-in teracting protein MODD was found to be a mediator of OsbZIP46 deactivation and
degradation. MODD negatively regulates ABA signaling and drought stress tolerance, and inhibits the
expression of the OsbZIP46 target genes. MODD represses the activity of OsbZIP46 via interaction
with the OsTPR3-HDA702 co-repressor complex and down-regulation of the histone acetylation level
at the target genes of OsbZIP46. MODD promotes OsbZIP46 degradation via interaction with an
ubiquitination E3 ligase OsPUB70. Interestingly, the D domain is required for both the deactivation
and degradation of OsbZIP46 via interaction with MODD. These findings exemplify that plants employ

elaborate transcriptional regulatory mechanisms to fine-tune the drought responses.

Key words: abscisic acid, drought, Oryza sativa, transcriptional regulation
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Abscisic acid (ABA) is an essential phytohormone that not only regulates seeds dormancy, germination
and seedling growth, but also is involved in responses to environmental stresses such as drought, high
salinity and chilling. The identified ABA receptors, PYR/PYL/RCAR was found to directly bind and
regulate the activity of the protein phosphatase 2C (PP2C). The Sucrose Non-fermentation Kinase
Subfamily 2 (SnRK2s) protein kinases, a central signaling complex (ABA-PYR-PP2Cs-SnRK2s) that is
responsible for ABA signal perception and transduction is supported by abundant genetic,
physiological, biochemical and structural evidence. 10 PYLs orthologs with the special structure of ABA
receptor were identified in rice. Though the common signal transduction pathway was characterized
among the members of PP2C family, the function and stress response of the OsPYLs were based on
their ABA binding activity in rice. The basic leucine zipper (bZIP) factors are involved in ABA signaling
pathway and play an important regulator during environmental stress response. There are 10 clades
of bZIPs in rice, from clade A to clade J. The function of several rice bZIP-type transcription factors
was analyzed and they are involved in the regulation of the adaptive stress response and plant fertility
of rice. The result of phosphorylation by OsSnRK2s show that members from both clade A and clade
G are involved in ABA signal pathway, but the signal transduction pathway of members from clade G

may be different from those from clade A.
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Cold stress is one of the adverse effects on apple distribution and production. However, the molecular
mechanisms underlying apple cold stress tolerance are not clear. In this study, we cloned a novel R2R3
MYB transcription factor, MdAMYB5523, and its close homolog MdMYB0970 from Golden Delicious
(Malus x domestica). Expression of MdMYB5523 and MdMYB0970 was slightly induced by cold stress.
Sub-cellular localization revealed that both proteins are localized in the nucleus. With Affinity
Purification-Mass Spectrometry (AP-MASS) and yeast two-hybrid screening, we obtained two
interacting partners of MdMYB5523 and MdMYB0970, MdHYL1 (HYPONASTIC LEAVES 1) and
MAdSERRATE. Chromatin Immunoprecipitation-PCR showed that MdMYB5523 and MdMYB0970 target
genes involved in cold stress, including MdS/iZ1 and MdCSP3 (COLD SHOCK DOMAIN PROTEIN 3).
RNAI lines of MdMYB5523 and MdMYB0970 in Gala-3 (Malus x domestica) showed increased
sensitivity to cold stress, while over-expression lines of MdMYB5523 or MdMYB0970showed increased
tolerance to cold stress, indicating that MdMYB5523 and MdMYBO0970 are two positive regulators of
cold stress in apple. Taken together, our results indicate that MdMYB5523 and MdMYB0970 played

important roles in cold stress tolerance of apple.

Key words: Malus x domestica, MdMYB5523 and MdMYB0970, cold stress
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Eremopyrum triticeun is a kind of ephemeral plants which belongs to the wild relative of wheat. It
lives mainly on the edge of Zhungeer desert in Xinjiang, China. To survive in extreme environment, £
triticeum has developed the characteristics of drought tolerance, leanness-resistant and high
photosynthesis efficiency etc. Study on molecular mechanism of £ triticeum drought-tolerance is very
important for increasing crop stress tolerance via gene transfer. At present, the detailed transcriptomic
and genomic data for £ triticeum are still insufficient in public databases. To investigate changes of
drought-responsive genes and explore the mechanisms of drought tolerance in £ triticeun,
approximately 2.5 GB sequencing data were obtained using lllumina sequencing technology. After de
novo assembly 44,655 unigenes were generated with an average length of 1026 bp. Among these
unigenes, 33,324 were annotated with gene descriptions, conserved domains, gene ontology terms,
and metabolic pathways. The results showed that a great number of unigenes were significantly
affected by drought stress. About 22,507 unigenes were identified as reliable differentially expressed
genes (DEGs). The main functional categories enriched in these DEGs were metabolic process,
response to stresses, plant hormone signal transduction, protein processing, and plant-pathogen
interaction pathway. The associated genes primarily encoded transcription factors (such as NAC,
MYB/MYC, AP2/ERF family and LEA), protein kinases, and other regulatory proteins.The expression
patterns of eight randomly-selected genes were confirmed by quantitative RT-PCR. The results of
gRT-PCR analysis agreed with transcriptional profile data. This is the first large-scale reference
sequence data of £ triticeum, which enlarge the genomic resources of this species. Our findings will
provide a valuable resource for further investigation into the molecular adaptation of desert plants

under drought stress and facilitate the exploration of drought-tolerant candidate genes.

Key words: Eremopyrum triticeumn, drought-responsive genes, transcriptome sequencing,

quantitative RT-PCR, transcriptome
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Maize production is threatened by drought stress worldwide. Identification of the genetic components
underlying drought tolerance in maize is of great importance. Here, we report a genome-wide
association study (GWAS) of maize drought tolerance at the seedling stage that identified 83 genetic
variations which were resolved to 42 candidate genes. The peak signal of GWAS uncovered that the
natural variation in ZmV/PPI, encoding a vacuolar-type H'-pyrophosphatase, most significantly
contributes to the trait. Further analysis found that a 366-bp insertion in the promoter, containing
three MYB cis-elements, confers drought-inducible expression of ZmV/PPI in drought-tolerant
genotypes. Introgression the tolerant allele of ZmV/PPI into drought sensitive genetic background
greatly improved seedling drought stress tolerance. Transgenic maize with enhanced ZmVPP1
expression exhibits improved drought tolerance, most likely due to enhanced photosynthetic efficiency
and root development. Taken together, this research provides important genetic insights into the
natural variation of maize drought tolerance. The identified loci/genes can serve as direct targets for

both genetic engineering and selection for the trait improvement of maize.

Key words: drought stress, maize, GWAS, H'-pyrophosphatase
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Drought is a major abiotic stress that causes the yearly yield loss of maize, a crop cultured worldwide,
thus breeding drought tolerant maize cultivars is a priority target of the world agriculture. Clade A
PP2C phosphatases (PP2CA) are conserved in plants and are important for ABA signaling and plant
drought response. However, the natural variations of PP2CA genes that directly associated with levels
of drought tolerance remain to be elucidated. Here, we conducted a candidate gene association
analysis of ZmPP2CA gene family in a maize panel consisting of 368 varieties collected worldwide, and
identified a drought responsive gene ZmPP2CA10 that is tightly associated with drought tolerance.
We found that the degrees of drought tolerance of maize cultivars negatively correlate with the
expression levels of ZmPP2CA10. ZmPP2CA1OQ, like its Arabidopsis orthologs, interacts with ZmPYL
ABA receptors and ZmSnRK2 kinases, suggesting that ZmPP2CA10 functions in mediating ABA
signaling in maize. Transgenic studies in maize and Arabidopsis confirmed that ZmPP2CA10 plays a
negative role in regulating drought tolerance. Further, a causal natural variation, InDel-338 (causing a
deletion of ERSE, Endoplasmic Reticulum Stress response Element) in the 5'UTR region of ZmPP2CA10
was detected, and this deletion causes loss of ER stress induced expression of ZmPP2CA10, leading to
increased plant drought tolerance. Our findings provide direct evidence linking ER stress signaling with
drought tolerance, and the results from this study provide genetic recourses that can be directly used

in breeding of drought tolerant maize cultivars.

Key words: drought response, clade A PP2C, natural variation, ER stress signaling, maize (Zea Mays)
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Increasing investigations reveal that ubiquitin-proteasome system plays important roles in modulating
plant growth and abiotic stress response. And ubiquitin receptors, UBL/UBA (ubiquitin-like/ubiquitin-
associated), play a role in protein degradation through ubiquitin-proteasome pathway in yeast and
human, however, the regulatory function of UBL/UBA proteins in rice is largely unclear. To address the
roles of UBL/UBA proteins in rice salt response, genes encoding UBL/UBA proteins were identified
from rice genome on the basis of bioinformatics. And the loss of function mutant osdskZa, one of
UBL/UBA genes, displays the increase of salt tolerance in seedling, indicating that OsDSK2a may be
an important regulator for rice salt response. Importantly, OsDSK2a can be combined with
polyubiquitin and interacted with RPT4, a subunit of 19S lid in the ubiquitin proteasome, indicating
that OsDSK2a is typical UBL/UBA protein as ubiquitin receptor that might be involved in the regulation
of protein degradation. To reveal the regulation of OsDSK?2a in rice salt tolerance, further studies in
our laboratory identified about 290 possible targets of OsDSK2a through SWATH (non-labeled
proteomic analysis), including EUI (elongated uppermost internode), which is a regulator that greatly
affects plant height development through deactivation of gibberellins. Further investigations reveal
that OsDSK2a interacts with EUlL. More importantly, the knockout mutants of EUIl decreased the
tolerance to salt, evidencing that the interaction of OsDSK2a and EUlI modulates salt response.
Meanwhile, the semi-dwarf phenotype of osdskZa mutant was recovered by the application of GAs,
further demonstrating the role of OsDSK2a in gibberellin metabolism. Thus we speculate that the
modulation of OsDSK2a in plant salt response might be mediated by the metabolism of gibberellins.
These results unravel the role of UBL/UBA protein OsDSK2a in the control of the plant salt tolerance

through gibberellin metabolism.

Key words: ubiquitin receptor, OsDSK?2a, salt tolerance, gibberellin, protein degradation
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Ethylene as a gas phytohormone plays significant roles in the whole life cycle of plant, ranging from
growth and development to stress responses. A linear ethylene signaling pathway has been
established in dicotyledonous model plant Arabidopsis. The ethylene signaling mechanism in rice is
limited. Based on the distinct phenotype of root inhibition but coleoptile promotion in rice etiolated
seedlings upon ethylene treatment, we isolated a set of rice ethylene-response mutants (mao huzi,
mhz) and identified the corresponding genes through map-based cloning. Among these, MHZ7 and
MHZ6 are similar to EIN2 and EIN3 in Arabidopsis. MHZ6/OsEIL1 and OsEIL2 regulate ethylene
responses of roots and coleoptiles respectively. MHZ7, MHZ6/0sEIL1 and OsEIL2 negatively affect salt
tolerance in rice seedlings. We further revealed novel interactions between ethylene and ABA in
regulation of root and coleoptile growth. Ethylene can induce expression of MHZ5 (carotenoid
isomerase) and MHZ4 (OsABA4) gene and drive the metabolic flux from carotenoid biosynthesis
pathway to the ABA biosynthesis pathway to affect root growth. A few novel genes have been further
identified and the possible functions were investigated and the relevant mechanism was discussed.
Manipulation of the corresponding genes may help to improve stress tolerance and other agronomic

traits in rice and/or other crops.

Key words: ethylene, rice, roots, signaling, stress response
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Phosphatidic acid (PA) is a structurally simplest membrane phospholipid, which plays key roles in
membrane trafficking, stress responses and cytoskeletal dynamics. However it remains unknown about
spatio-temporal distribution of PA produced in living plant cells. Here we generated PA biosensor PPB
(Plant Phosphatidic acid Biosensor) to determine PA changes at plasma membrane using Forster
resonance energy transfer (FRET) approaches. A PA-binding domain of RbohD (0-250 amino acids)
was sandwiched with the cyan fluorescent protein and yellow fluorescent protein and was tagged with
the plasma membrane-targeting sequence of K-Ras4B-CT. The transgenic lines with PPB vectors were
generated for both wild-type and pldal Arabidopsis. The cell imaging of PA dynamics in transgenic
Arabidopsis plants was performed using confocal laser scanning microscopy. Using these toolkits, we
identified temporally distinct PA responses to different lipids, NaCl, and ABA. The PPB biosensor also
revealed the different accumulation of PA between WT and p/dal in these processes. In conclusion,

we have set a method to detect spatial and temporal characteristics of PA signatures in plant cells.

Key words: plasma membrane, PA biosensor, FRET, spatio-temporal dynamics,
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MEERE  ERE, WEEERZE "BEBLE 2. BTAMBHEMRBEE, FEHI
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Serine palmitoyltransferase (SPT), a pyridoxyl-5'-phosphate-dependent enzyme, catalyzes the first
and rate-limiting step in sphingolipid biosynthesis. In humans and yeast, the orosomucoid proteins
(ORMs) negatively regulate SPT and thus play an important role in maintaining the levels of
sphingolipids. Despite the importance of sphingoid intermediates as bioactive molecules, the
regulation of sphingolipid biosynthesis through SPT is not well understood in plants. In the present
study we identified and characterized the Arabidopsis thaliana ORMs, AtORM1 and AtORM2. Loss-
of-function of both AtORMI1 and AtORMZ (orm1 amiR-ORMZ) stimulated de novo sphingolipid
biosynthesis, leading to strong sphingolipid accumulation, especially of long-chain bases and
ceramides. Yeast two-hybrid, bimolecular fluorescence complementation, and coimmunoprecipitation
assays confirmed that ORM1 and ORMZ2 physically interact with the small subunit of SPT (ssSPT),
indicating that ORMs inhibit ssSPT function. We found that orm1 amiR-ORMZ plants exhibited an
early-senescence phenotype accompanied by H.O. production at the cell wall and in mitochondria,
active vesicular trafficking, and formation of cell wall appositions. Strikingly, the orm1 amiR-ORMZ2
plants not only showed increased the expression of genes related to ER stress and defenses, but also
enhanced resistance to oxidative stress and pathogen infection. Our results indicate that AtORMs
function to regulate sphingolipid biosynthesis in maintaining sphingolipid homeostasis and play a role

in response to abiotic and biotic stresses.

Key words: orosomucoids (ORMs), early senescence, sphingolipids, ER stress, plant defense
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Biogenic flavonoids were widely reported in wheat resistance to fungal pathogens with some of
them having antimicrobial functions in other cereal crops. However, in wheat, their specific functions
have not yet been defined. In this study, we built a spring Durum wheat EMS mutant library and
screened for mutants with altered flavonoids contents. Mutants with both significantly increase or
decrease flavonoids were isolated firstly by an intact high-through-put screening. These mutants were
then verified by a colorimetric method. HPLC analyses showed a wide array of changes in flavonoids
profiles, such as increase or decrease in levels of most compounds, addition or disappearance of one
group of compounds. The change in flavonoids was most likely independent of lignin deposition in
the cell wall, as over 70% of the high flavonoids mutants are indistinguishable from control plants in
their total lignin contents. Unexpectedly, more than 85% of the mutants with increased flavonoids had
less powdery mildew in field, while 2/3 mutants with decreased flavonoids had more powdery mildew
than control plants, suggesting a negative correlation between flavonoids contents and powdery
mildew growth rates /n planta. In the Pearson correlation analysis, 3 flavonoids compounds displayed
very significant positive correlation with powdery mildew resistance, with luteolin 6 - C-glucoside as a
potent protective compound /n p/anta. Taken together, our data demonstrate that flavonoids play an
important role in wheat against powdery mildew, and therefore, these mutants with high flavonoids

contents are excellent genetic resources for fungal resistant wheat breeding.

Key words: durum wheat, EMS mutant, flavonoids, lignin, powdery mildew, luteolin
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ESERMEZEERAMES (Leucine-rich repeat receptor-like kinases, LRR-RLKs) =1E#1%K %
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planthopper, BPH: Nilaparvata lugens) JHZEME M, OsLRR-RLK1 {EBT{RAMD REFHERM
g (mitogen-activated protein kinase, MPK) _Ei§f ; JiBR OsLRR-RLKIFEAR/KFEH SSB S HIZHN
MPKs #164 WRKY #35 FE F R FKFIARFKFE (jasmonic acid, JA) . KFER - R R R EKY
(jasmonoyl-isoleucine, JA-lle) FAZ 1% (ethylene, ET) & &, FHLSBKEREDBEIIHF
(trypsin protease inhibitors) JEMINKXT SSB HERI 6. A —7HE, B OsLRR-RLKIZZIRS
BPH 5 HI3 MPK F134™ WRKY 3% EFHI#RKF, BIKFEH BPH iESH JA. JA-lle. K15
B2 (salicylic acid, SA). ET # H:O.& &, FIGEXT BPH AyfME. XLHMRLERKIA, OsLRR-RLKI
EKEFSHURNPH—NREIRASIEB T, o DURIEIET MPK RELIRE. WRKY ExREF
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HRENMIEEYHTHEERNGM, R2EMRR. 4%, SEKR. IR, fBRESE
BUEVNERZT. SEEYNTRESIAAREARERENTR, ERLESEFR, HEREH
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HIRELREBTHYANHERE. EREAL, NREESHSFHARMERERESEMABAL
ARBMARNEREN, ML, REGESNEMENRIREESHNEESEEIEEEYEK
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RSB MBI ORUE AP2 K X BT ABI4 B9%:3% (Sun et al. Nature Comm, 2011) ; TARIERIREAE
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Plastid gene translation is carried out in its ribosome which RNAs undergo posttranscriptional
processing. Several pentatricopeptide repeat (PPR) proteins are involved in the processes. However,
the mechanism underlying the regulatory mRNA processing for plastid ribosome genes remains to be
elucidated. Here, we report that a rice PPR protein ALBL plays crucial role in plastid gene expression
by participating in the maturation of the precursor of plastid 235-4.5S rRNA. We isolated ALBL gene
from a rice (Oryza sativa) mutant, nearly albino phenotype (albl) by map-based cloning method, and
identified ALBL as a novel nucleus-encoded PPR protein with a C-terminal DYW domain, and localized
to the chloroplast. Mutation of ALBL resulted in the dramatic decrease of photosynthetic proteins and
abnormal chloroplasts in the seedling, plastid ribosome deficiency. a/b/was defected the maturation
of 235-4.5S rRNA, while significantly increased in the amount of its precursor transcripts. Based on
these results, we propose that ALBL is required for plastid gene expression, participating in the

maturation process of 235-4.5S rRNA.

Key words: PPR protein, rRNA processing, plastid rRNA, chloroplast
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Mitochondria possess oxygen-consuming respiratory electron transfer chains (RETC), and the oxygen-
evolving photosynthetic electron transfer chain (PETC) resides in chloroplasts. However cyanobacteria
harbor both RETC and PETC on their thylakoid membranes. It is proposed that chloroplasts could
possess a RETC on the thylakoid membrane, in addition to PETC. Identification of a plastid terminal
oxidase (PTOX) in the chloroplast from the Arabidopsis variegation mutant /mmutans(im)
demonstrated the presence of a RETC in chloroplasts, and the PTOX is the committed oxidase. PTOX
is distantly related to the mitochondrial alternative oxidase (AOX), which is responsible for the CN -
insensitive alternative RETC. Similar to AOX as a ubiquinol oxidase, PTOX is a plastoquinol (PQH2)
oxidase on the chloroplast thylakoid membrane.

Lack of PTOX, Arabidopsis /m showed a light-dependent variegation phenotype; and mutant plants
will not survive the mediocre light intensity during its early development stage. PTOX is involved in
carotenoid biosynthesis, and the phytoene desaturation is blocked in the white sectors of Arabidopsis
/m mutant. PTOX is a stress-related protein, and can protect plants from various environmental
stresses, especially high light stress. PTOX also plays significant roles in chloroplast development and
plant morphogenesis.

Physiological roles played by could be a direct or indirect consequence of its PQH2 oxidase activity to
maintain the PQ pool redox state on the thylakoid membrane. The PTOX- dependent chloroplast RETC
(so called chlororesipration) does not contribute significantly when chloroplast PETC is normally
developed and functions well. However, PTOX-mediated RETC could be the major force to regulate
the PQ pool redox balance in the darkness, under conditions of stress, in non-photosynthetic plastids,

especially in the early development from proplastids to chloroplasts.

Key words: photosynthesis, plastid terminal oxidase (PTOX), plastoquinone (PQ) pool, variegation,

carotenoid biogenesis
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PR EMARO S S NTE, EXBEKE (Chlamydomonas reinhardti) &7 CPN60a, CPN60B1 F1
CPN60B2 =T £, XERFEMAE CPN6ORL 4 {LINsEMI D43k AA, CPN60BL 7& CPN20 = ZeH{A
Hspl0 #EIT, o UFT{ED FIHEINRE . BATE KRBT 7 T4k CPN60RL R, 70¥#%IL 3.8
A, SEMER CroEL XL AL, CPNEORLZEERZH6A, WEHIIGIMEATP EEAKE,
HEED FHREMT GroEL MEME. HMMTEMNETHREAHKAEE R, FEXRETBERBEDN
EEAERTaE M, mETEEMNBERBT CPN6Oo HFABX IS FEX, BEiXFMihfERE 4+
S EMH CPN60a F9%E 461 RIARER . H—PWTREEMNS IHREZIN, TEXANSERET 2
TFHEZMNATPESEZSR, B CPN60o 1 CPN60p ik X Y E &8k W B EEMm T mEkE
EBEZS. SOPRRELEMHOHT CPN60o 1 CPN60RL MAMEE M TuHX, &I 203, 235
241 =ANFEBRNSFIEINEED L. D FHEEWNBRITE AR T HBHITE Rubisco RHEERE
At

X4 : Rubisco, KRR, HFHE BALH, KEKE

80



REERSERES

Dissecting the genetic basis and signaling network of shade

avoidance response in Arabidopsis and maize
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Increasing the planting densities has been used as an effective approach for increasing crop yield per
unit land area. However, plants compete with neighboring vegetation for light when planting at high
densities. The shade of nearby vegetation reduces the ratio of red to far-red light, triggering a series
of responses known collectively as shade avoidance syndrome (SAS): including accelerated elongation
of stems, elevated leaf angles to the horizontal, reduced branching and early flowering. Although the
SAS is thought to provide an adaptive advantage by increasing a plant’s ability to compete for limited
resources in natural settings, it is often accompanied by reduced investments in other organs such as
roots and leaf blades, and other potentially deleterious effects on a plant’s fitness, disease resistance,
and yield.

Over the past few decades, much has been learned about the genetic networks regulating SAS in the
model dicotyledenous plant Arabidopsis thaliana. It has been shown that in Arabidopsis, SAS is mainly
controlled by the red/far-red photoreceptor-phytochrome B (phyB), and that in the light (high R/FR),
photoactivated phyB represses hypocotyl and petiole growth by targeting a group of phyB-interacting
PIF proteins (PIF1, PIF3, PIF4 and PIF5, bHLH transcription factors) for proteolytic degradation, whereas
shade environments (low R/FR) induce a rapid increase in PIF protein abundance, which promotes
shade-induced growth. Moreover, recent studies documented that members of the SQUAMOSA -
PROMOTER BINDING PROTEIN-LIKE (SPL) family of transcription factors have emerged as pivotal
regulators of divergent important biological processes in plants, including the timing of vegetative
and reproductive phase change, leaf development, tillering/branching, plastochron, panicle/tassel
architecture, fruit ripening, fertility, and response to stresses. The transcripts of a subset of SPLs are
targeted for cleavage and/or translational repression by microRNA156s (miR156s). Our preliminary
studies suggested that phyB mediated SAS may be converged with the miR156/SPL pathway to
regulate different aspects of SAS in both Arabidopsis and maize. Current undergoing work is to
substantiate the working model that phyB regulates SAS through the PIF-miR156-SPL genetic
pathway in both Arabidopsis and maize. Our results may facilitate the breeding of shade-tolerant

maize by attenuation or refinement of SAS in maize.

Key words: phytochrome, shade avoidance syndrome, PIFs, SPLs
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Molecular mechanism for plant seedling emerging from the soil

Hui Shi, Xing Shen, Renlu Liu, Chang Xue, Xing Wang Deng, Shangwei Zhong=*

State Key Laboratory of Protein and Plant Gene Research, School of Life Sciences, Peking University,
Beijing 100871, China

*Corresponding author. Tel: (+8610) 62768121; E-mail: shangwei.zhong@pku.edu.cn

Low The survival of seed plants in natural environments requires the successful emergence from the
soil. In this process, the ethylene signaling pathway is utilized by plants to sense and respond to the
mechanical resistance of the soil. Here, we report that CONSTITUTIVE PHOTOMORPHOGENESIS 1
(COP1), a central repressor of light signaling, is a key component required for seedlings to sense the
depth of soil overlay. Mutation in COP1 causes severe defects in penetrating soil, due to decreased
level of EIN3, a master transcription factor in ethylene pathway that mediates seedling emergence. We
show that COP1 directly targets the F-box proteins EBF1 and EBF2 for ubiquitination and degradation,
thus stabilizing EIN3. As seedlings grow towards the surface, the depth of soil overlay decreases,
resulting in a gradual increase of light fluences. COP1 channels the light signals while ethylene
transduces the information on soil mechanical conditions, which cooperatively control EIN3 protein
levels to promote seedling emergence from the soil. The COP1-EBF1/2-EIN3 module reveals a
mechanism by which plants sense the depth to surface and uncovers a novel regulatory paradigm of

an ubiquitin E3 ligase cascade.

Key words: seedling emergence, COP1, ethylene signaling, phyB, EBF1 and EBF2, EIN3/EIL1
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Exploring the diversity of crop metabolism

Wei Chen, Liang Gong, Weiwei Wen, Dong Li, Yangiang Gao, Meng Peng, Wensheng Wang, Jie Luo*
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*Corresponding author. Tel: (+8627) 87281960; Fax: (+8627) 87281960;
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Plants produce a vast array of chemically and biologically different compounds. These compounds are
not only important for plant themselves and their interactions with the environment, but also provide
indispensable resources for humans as sources for nutrition, energy, and medicine. Understanding the
genes involved in metabolism and dissection of the metabolic pathway are essential to improve plant
adaptation to environmental stresses, to improve food quality, and to increase the yield of major crops
such as rice and maize through metabolomics-based breeding. Here we report the genetic studies of
crop metabolomes combining both metabolic quantitative trait locus (QTL) mapping and metabolic
genome-wide association study (GWAS). Hundreds of loci with high resolution and large effects were
uncovered. Data mining revealed a large number of candidate genes underlying metabolites that are
of physiological and agronomical importance. Our forward-genetics-based strategy provides a
powerful tool for large-scale gene-metabolite annotation and identification, pathway elucidation and

knowledge about crop improvement.

Key words: metabolites, metabolic diversity, genetics, major crops, crop improvement
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TZAENHAR. BN 6 FHEXEDHETTEXANF, MNPRELETARIRIMRE (L-
phenylalanine ammonia-lyase, PAL). & -4 & 1LES (cinnamic acid 4-hydroxylase, C4H). 4-#&
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The nitrate transporter NRT1.5/NPF7.3 functions as a H'/K’

antiporter for K loading into the xylem in Arabidopsis

Hong Li, Wei-Hua Wu, Xue-Hua Jin, Hao-Dong Li, Yi Wang*

State Key Laboratory of Plant Physiology and Biochemistry, College of Biological Sciences, China

Agricultural University, Beijing 100193, China
*Corresponding author. Tel: (+8610) 62733815; E-mail: yiwang@cau.edu.cn

Potassium and nitrogen are essential macronutrients for plant growth and crop vyields. Although the
previous studies have indicated that the absorption and translocation of K" and NOs are correlated
each other, the molecular mechanism for the coordination between K* and NOs transport remains
unknown. In this study, using a forward genetic approach, we isolated a low-K"-sensitive Arabidopsis
mutant /ks2 that exhibits a defect in K” translocation from root to shoot. Under low-K" conditions, the
K" contents in /ks2 shoot were reduced, while the K™ contents in /ks2 root were significantly increased
compared with wild-type plants. Map-based cloning revealed that LASZ encodes the nitrate
transporter NRT1.5/NPF7.3, a member of the NRT1/PTR family. Similar to K, the NOs™ translocation
from root to shoot was also impaired in /ks2 mutant. It is suggested that NRT1.5 not only participates
in NOs translocation but also regulates K™ transport from root to shoot. Using Xenopus oocytes, we
confirmed that nitrate transporter NRT1.5 can also act as an H'/K" antiporter and directly mediates K"
release out of cells. In this study, our results demonstrate that NRT1.5 functions as a dual-role
transporter for K" and NOs™ loading from root parenchyma cells into the xylem in Arabidopsis root, as

well as serving as a key coordinator for K'/NOs distribution in plants.

Key words: NRT1.5, K™ transporter, NOs™ transporter, xylem loading, Arabidopsis thaliana
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Approximately one fifth of the agricultural soils in China is contaminated, mainly by heavy metals or
metalloids such as cadmium (Cd) and arsenic (As), which are the class-one carcinogens. Rice produced
in some areas of southern China often exceeds the maximum permissible limits of Cd and As, posing
a significant risk to food safety. Contamination in soil and irrigation water, soil acidification and
growing cultivars with a high accumulation ability are the main reasons for high levels of heavy metals
in rice grain. There are large genetic variations among rice cultivars and germplasms in both grain Cd
and As concentrations. OsHMAS3 is a Cd transporter on the tonoplast functioning to sequester Cd into
the vacuole of rice roots. We have recently identified a new loss-of-function allele of OsHMA3
associated with high Cd accumulation in rice grain. This allele has a predicted amino acid mutation at
the 380th position from Ser to Arg and is present only in some Japonica cultivars. Cultivars possessing
this allele have markedly increased root to shoot translocation of Cd. Paddy rice also accumulates As
because of the elevated availability of As in flooded paddy soil. We have previously discovered that
arsenite is taken up by silicon transporters in rice. In contrast, arsenate is taken up by phosphate
transporters. Plants are able to reduce arsenate to arsenite efficiently and to extrude arsenite to the
external medium, thus avoiding excessive buildup of As in plant tissues. We have recently
characterized two arsenate reductases in rice (OsHAC1;1 and OsHACL;2). Mutations in the two genes
result in decreased arsenate reduction and arsenite efflux, and increased As accumulation in rice plants.
Overexpression of either gene increases arsenate reduction and arsenite efflux, leading to lower As

accumulation in rice plants and increased tolerance to arsenate.

Key words: arsenic, cadmium, food safety, heavy metal contamination, rice
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Wil EFE (Oryza sativa L) —MNEBELERE (Oryza rufipogon Griff.) Yl4bmkay, #EIIL
R, ESMERNEESE FHAETEXRNT L. FEBBEHARONEENE, HFRRK,
BHRTURKE KT, MEEBReSENERE, FuiE, BEFNTURTTHERT . XEERN
BEHSKBYIHEIBEINEESH. RNEZTBEHER (W2014) SEEMARRT 93-11
(NA9311) #MBIBARF, HEE T —MEAEKTENBAR (OI31) |, ZRERIRDATEN
BAMRK TR, FIA OIL31 SR EIFEA NAI3-11 MEMNDBEEHE, XBEMRERAR, mET
HIFER . NEKEEWNEBER Grain number, grain length and Awn Development 1 (GADI)
ZERMNTKIEE 8 £EEKE, HE—IMNNESFRIRHN/NDFOUWK, FSIETHH
EPIDERMAL PATTERNING FACTOR-LIKE (EPFL) RikBEEEMEIEM. GAD1 EHE N imBEE—1
BFEESMALm, HPMKE C mEARTHEMERBZEE . BIBBHP gadl BERAERBXNBHBRE
WA T RPEBMBRRLEN, SBTIREREL, FRENEOEM, FREE, THAEZME. FIl9
RP, ZBERTSENRTIEHREZENEMN U ERBEBRTNE LS EEX. ZEREK
YL SRR 2 7TRZIMA TR, F5EMT ~900-kb FIE R A X IR % MBI ZI T .
BNNARKA, BRTRKBOEMNRBBEXEFMNEBMER, GADI HBM/N\DFHiblkEs5T
KFEYILEE . GADI MEAIBRTESKY FEEYAERNIINGE, thABTKEILH
DFIERE T LR,
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MicroRNAs (miRNAs) are noncoding RNAs that are master regulators of various biological processes
by post-transcriptionally repressing their target genes. It has been shown that miRNAs are involved in
nodulation in legumes, however, the molecular mechanism through which miR172 regulates
nodulation remains elusive. Recently, we have demonstrated that miR172c is a central positive
regulator of both rhizobia infection and nodule organogenesis in soybean. miR172c¢ is induced by
either compatible B. japonicum or lipo-oligosaccharide Nod Factor, and continues to be upregulated
during nodule development. Alteration in miR172c results in dramatic changes in nodule initiation and
nodule number. Furthermore, miR172c regulates nodule formation by repressing its target gene,
Nodule Number Control 1 (NNCI), which encodes a protein that directly targets the promoter of the
early nodulin gene, GmENOD40. Moreover, we proved that miR172c functionally depends on
GmNFR1a/5a and its activity is negatively regulated by autoregulation of nodulation (AON).
Furthermore, we found that NNC1 directly binds to the promoter of the R/CZ and R/C2 genes that
encode CLE peptides to activate AON. Intriguingly, NNC1 competes with Nodule Inception (NIN), the
transcriptional activator of R/C1/2 for RIC1/2 promoter binding to repress the expression of R/C1/2.
Thus, we elucidate a miR172c-mediated regulatory mechanism that modulates soybean nodulation
and identify a node that links NF and AON signaling pathways to fine tune ultimate nodule number in

soybean.

Key words: soybean, nodulation, microRNA172c, NNC1
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The soybean-specific maturity gene E1 family of floral repressors
controls night-break responses through down-regulation of
FLOWERING LOCUS T orthologs
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Photoperiodism is a rhythmic change of sensitivity to light, which helps plants to adjust flowering time
accor to seasonal changes in day length and to adapt to growing conditions at various latitudes. To
reveal the molecular basis of photoperiod is min soybean (Glycine max), a facultative short-day plant,
we analyzed the transcriptional profiles of the maturity gene E1 family and two FLOWERING LOCUS T
(FT) orthologs (FT2a and FT5a). E1, a repressor for FT2a and FT5a, and its two homologs, E1-like-a
(E1La) and Ellb, exhibited two peaks of expression in long days. Using two different approaches
(experiments with transition between light and dark phases and night-break experiments), we revealed
that the E1 family genes were expressed only during light periods and that their induction after dawn
in long days required a period of light before dusk the previous day. In the cultivar Toyomusume,
which lacks the E1 gene, virus-induced silencing of ElLa and E1Lb up-regulated the expression of
FT2a and FT5a and led to early flowering. Therefore, E1, ElLa, and E1Lb function similarly in flowering.
Regulation of E1 and E1L expression by light was under the control of E3 and E4, which encode
phytochrome A proteins. Our data suggest that phytochrome A-mediated transcriptional induction of

E1 and its homologs by light plays a critical role in photoperiodic induction of flowering in soybean.

Key words: photoperiodism, soybean, flowering, E1 gene
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Anthocyanin pigmentation is an important consumer trait in peach (Prunus persica). In this study, the
genetic basis of the blood-flesh trait was investigated using the cultivar Dahongpao, which shows high
levels of cyanidin-3-glucoside in the mesocarp. Elevation of anthocyanin levels in the flesh was
correlated with the expression of an R2R3 MYB transcription factor, PoMYB10.1. However, PoMYB10.1
did not co-segregate with the blood-flesh trait. The blood-flesh trait was mapped to a 200-kb interval
on peach Linkage Group (LG)5. Within this interval, a gene encoding a NAC domain transcription
factor (TF) was found to be highly up-regulated in blood-fleshed peaches when compared with non-
red-fleshed peaches. This NAC TF, designated BLOOD (BL), acts as a heterodimer with PoDNAC1 which
shows high levels of expression in fruit at late developmental stages. We show that the heterodimer
of BL and PpNACI1 can activate the transcription of PoMYB10.1, resulting in anthocyanin pigmentation
in tobacco. Furthermore, silencing the BL gene reduces anthocyanin pigmentation in blood-fleshed
peaches. The transactivation activity of the BL-PpNACL1 heterodimer is repressed by a SQUAMOSA
promoter-binding protein-like transcription factor, PpSPL1. Low levels of PoMYB10.1 expression in
fruit at early developmental stages is likely attributed to lower levels of expression of PoNACI, plus
the presence of high levels of repressors such as PpSPL1. We present a mechanism whereby BL is the
key gene for blood-flesh trait in peach, via its activation of PoMYB10.1 in maturing fruit. Partner TFs

such as bHLHs and NAC1 are required, as are the removal of transcriptional repressors.

Key words: peach, anthocyanins, gene mapping, PpMYB10.1, PpNAC1
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architecture and grain yield
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How to increase rice productivity to meet the serious challenge of the world population expansion
bothers breeders around the world. Here, we report that a new microRNA named miR396b was
identified involving regulation of outgrowth and elongation of the secondary branches of rice. Over
expression of miR396b led to aggregation of the inflorescence secondary branches and male sterility,
expression of target mimicry of miR396 (MIM396) increased rice yield by modulating development of
the secondary branch and the inflorescence architecture. MIM396 transgenic lines showed great
increase in number of the secondary branches and spikelets, leading to an increase of yield up to 16.8%
in a field trial. Growth regulation factor 6 (GRF6), was determined as the direct target of miR396b to
mediate the function of miR396 in modulating rice yield. GRF6 coordinately regulated transcription
factors OsMADS34 and OsTAWAWAI, which are involved in the branch and spikelet development,
and OsYUCCA1, OsARF2, OsARF7 and OsARF11, which are related to AUX/IAA signaling. Our results
suggest that miR396b/ OsGRF6 pathway act as a key player in shaping rice inflorescence architecture,

and provide a novel way to engineer high yield rice.

Key words: rice, OsmiR396, OsGRF6, inflorescence architecture, grain yield
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Developing wheat varieties with improved ability to use nitrogen (N) efficiently is very desirable, and
may offer a sustainable solution to improve crop yields with less fertilizer application. Roots are the
main site for nutrient uptake; their size and distribution in soil profiles, and uptake activity largely
determine nutrient uptake efficiency. However, at seedling stage, low temperature inhibits root
development of winter wheat and nutrient bioavailability in soils; and during grain filling root
senescence is not able to meet the increased N demand of high yield potential of modern wheat
varieties. Here, we developed transgenic wheat lines with improved NUE by increasing roots’ ability in
acquiring N at seedling stage and N uptake after flowering. We showed that a nitrate-inducible NAC
transcription factor TaNAC2-5A could directly bind to the promoter regions of the genes encoding
nitrate transporter and glutamine synthetase (GS). Overexpression of 7aNAC2-5A in wheat enhanced
root growth and nitrate influx rate, and hence increase root ability to acquire nitrogen at seedling
stage. Further, we found that 7aNACZ-5A-overexpressing transgenic wheat lines had higher grain
yield and higher nitrogen accumulation in aerial parts, and allocated more nitrogen in grains in a field
experiment. We further analyzed the haplotypes of the plastic GS isoform (GS2) genes in wheat. The
transgenic wheat lines of the favorable 7aGS2 haplotypes 7aGS2-Albpro.:TaGS2-A1b had higher N
uptake after flowering and grain yield than did the wild type under both low and high N conditions in

field experiments.

Key words: 7riticum aestivum L., NAC2, glutamine synthetase, nitrate uptake, lateral root, grain yield,

grain nitrogen concentration, nitrogen use efficiency.
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Quality Protein Maize (QPM) has the potential to benefit millions of people in developing countries
who consume maize as their sole protein source. To do this, the scientists have made great efforts to
identify the genetic locus or gene responsible for the high amount of lysine in maize endosperm. More
than half a century ago, Oliver Nelson and Edwin Mertz at Purdue University found that the maize
opaque? (02) mutant produces doubling of the endosperm lysine content, suggesting o2 as a
potential target gene for QPM breeding. However, breeding such a QPM hybrid based on o2 takes
longer than regular hybrids, primarily because of the complex and unknown components of o2-
mediated endosperm modification pathway.

Previous studies have shown that enhanced expression of 27-kDa y-zein in QPM is essential for
endosperm modification. Taking advantage of genome-wide association study analysis of a natural
population, linkage mapping analysis of a recombinant inbred line population, and map-based
cloning, we identified a quantitative trait locus (gy27) affecting the expression of 27-kDa y-zein. gy27
was mapped to the same region as the major o2 modifier (02 modifierl) on chromosome 7 near the
27-kDa y-zein locus. gy27 resulted from a 15.26-kb duplication at the 27-kDa y-zein locus, which
increases the level of gene expression. The elevated level of 27-kDa y-zein is very critical to facilitate
the formation of numerous small protein bodies surrounding the starch granules, which is able to
partially rebuild the proteinaceous matrix for restoration of kernel vitreousness in QPM. Thus, these
findings not only improve our understanding of genetic variation and artificial selection in maize, but

also provide a potential genetic resource for QPM breeding.
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Arbuscular mycorrhiza (AM) is an important and widespread symbiosis that forms between plant roots
and soil fungi of the phylum Glomeromycota. The partnership is founded on a nutrient exchange that
takes place through highly branched hyphal structures inside the plant root cells known as arbuscules.
The plant receives inorganic nutrients and water absorbed by the mycelium extending into the sail,
and in return provides the fungus with its only source of carbon. It is widely believed that the bulk of
the carbon is supplied as sugars, transported across the periarbuscular and fungal plasma membranes.
However, within the fungus lipids are the major carbon store and are transported throughout the
mycelium. Here we show that the arbuscular mycorrhizal fungus Rhizophagus irregularis relies on its
host plant to supply it with fatty acids via that activation of a specialised lipid export pathway. This
pathway employs REDUCED ARBUSCULAR MYCORRHIZATIONZ, which encodes an sn-2
regioselective glycerol-3-phosphate palmitoyltransferase/phosphatase from a land-plant-specific
gene family, previously shown to be involved in cutin biosynthesis. Given the abundance of lipids in
arbuscular mycorrhizal fungi, we suggest that the majority of the carbon provided by their host plant
is supplied in the form of fatty acids, rather than sugars. Our findings have broad ramifications for
understanding the physiology, ecology and evolution of one of the biosphere's most influential

symbiotic relationships.

99



EYEREFSEREEL

P1

Genome-wide SNP discovery and phylogenetic analysis in wheat

using genotyping-by-sequencing
Jing Wangx, Qiang Gao, Yao Han, Haofeng Chen

Institute of Genetics and Developmental Biology, Chinese Academy of Sciences, Beijing, China

*Corresponding author. Tel: (+8610) 64806626; Fax: (+8610) 64806626;

E-mail: jing.wang@genetics.ac.cn

Genotyping-by-sequencing (GBS) is a new powerful method for affordably acquiring dense genome
wide marker data for large sample size populations and has been successfully utilized for genetic
studies in a variety of species. In this study, 1637 wheat accessions from China and other countries
were sequenced using GBS method. On average, 5,765,333 reads per line were generated, which is
equivalent to ~0.02-fold coverage of the wheat genome for each accession. About 15,000
homogeneous SNPs were identified per line. Phylogenetic tree of all accessions inferred from SNPs
showed that the collection mainly has six divergent groups, and the accessions with similar
geographical origin or hybrid progenies from the same ancestors (such as progenies of Agropyron
elongatumxwheat) usually cluster to the same group. These data shed light on the underlying
relationship between different wheat accessions and provided phylogenetic reference for future

potential breeding utilization.

Key words: Genotyping-by-sequencing (GBS), wheat, phylogenetic tree
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Arabidopsis thaliana is a member of crucifer family and has become an important model plant in plant
sciences, which is widely used in genetics and molecular biology. As a novel mutagen, heavy ion beams
play an important role in mutation breeding. In the present study, in order to explore the effects of
heavy ion beam irradiations on Arabidopsis thaliana, the wild-type (ecotype Columbia, Col) and A.
thaliana Ms plants induced by carbon ion beam irradiations (with the energy of 43.3 MeV/u and linear
energy transfer (LET) of 50 keV/um) were used for analyzing genetic polymorphisms by inter-simple
sequence repeat (ISSR) markers and random amplified polymorphic DNA (RAPD) markers. Compared
with wild-type, either ISSR or RAPD patterns, the major forms of genetic polymorphism variations of
the Ms plants were appearance of new bands and disappearance of normal bands. The total
polymorphism rates were 17.06% (ISSR) and 21.24% (RAPD) among Msplants, and the genetic similarity
coefficient between the Msplants and wild-type distributed from 0.65 to 0.96 (ISSR) and 0.74 to 0.91
(RAPD). Dendrograms constructed by UPGMA method divided the genotypes into two clusters by ISSR
and RAPD techniques, respectively. In addition, the connection between genetic polymorphism and
phenotypic changes of carbon-ion beam induced A. thaliana mutants in laboratory conditions were
investigated. In summary, the present results showed that carbon ion beam irradiations are efficient
mutagens on account of its ability to induce heritable genetic polymorphism which lead to diversified
mutations, and the results could provide theoretical foundations for irradiations mutation breeding to

improve better genotypes and produce better varieties with higher yield or other characters.

Keywords: carbon ion beams, Arabidopsis thaliana, Inter-simple sequence repeat (ISSR), random

amplified polymorphic DNA (RAPD), genetic polymorphism
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Circular RNAs (circRNAs) are a newly identified class of non-coding RNA with the presence of a
covalent bond linking the 3" and 5’ ends generated by backsplicing. Large amount of circRNAs has
been identified in humans, mammals, fish, insects, worms, fungi, and protists, whereas little is known
about plant circRNAs especially in tissue/developmental-stage- specific expression. Here, we
conducted a genome-wide identification of circRNAs in Arabidopsis thaliana across lifespan and
presented the profile of complete circRNAs via deep sequencing of RNA samples with rRNA and other
linear RNA removed. In total, 1217 circRNAs were identified from the mixed samples which covered
seven developmental stages in A. thaliana, using the strict threshold of at least two unique back-
spliced supporting reads. The identified circRNAs showed a non-random distribution in all of the
chromosomes, and most were exonic circRNAs or located within a transcript. Functional annotation
analysis indicated that many circRNAs were related to photosynthesis. In addition, large proportions
of circRNAs were potential miRNA targets, and almost half of the identified circRNAs had more than
two different miRNA-binding sites, which possibly affecting the post-transcriptional regulation of
genes by acting as miRNA sponges. Overall, our data provide an important resource for the emerging

circRNA research in A. thaliana and should contribute to enhanced understanding of circRNAs in plants.

Key words: Circular RNA, Arabidopsis, deep sequence, back-splice
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Gene expression variation largely contributes to phenotypic diversity and constructing pan-
transcriptome is considered necessary for species with complex genomes. However, the regulation
mechanisms and functional consequences of pan-transcriptome is unexplored systematically. By
analyzing RNA-seq data from 368 maize diverse inbred lines, we identified almost one-third nuclear
genes under expression presence and absence variation, which tend to play regulatory roles and are
likely regulated by distant eQTLs. The ePAV was directly used as “genotype” to perform GWAS for 15
agronomic phenotypes and 526 metabolic traits to efficiently explore the associations between
transcriptomic and phenomic variations. Through a modified assembly strategy, 2,355 high-
confidence novel sequences with total 1.9 Mb lengths were found absent within reference genome.
Ten randomly selected novel sequences were fully validated with genomic PCR, including another two
NBS_LRR candidates potentially affect flavonoids and disease-resistance. A simulation analysis
suggested that the pan-transcriptome of the maize whole kernel is approaching a maximum value of
63,000 genes, and through developing two test-cross populations and surveying several most
important yield traits, the dispensable genes were shown to contribute to heterosis. Novel perspectives
and resources to discover maize quantitative trait variations were provided to better understand the

kernel regulation networks and to enhance maize breeding.
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A detailed understanding of genetic architecture of mRNA expression by millions of genetic variants
is important for studying quantitative trait variation. In this study, we identified 1.25M SNPs with a
minor allele frequency greater than 0.05 by combining reduced genome sequencing (GBS), high-
density array technologies (600K), and previous deep RNA-sequencing data from 368 diverse inbred
lines of maize. The balanced allelic frequencies and distributions in a relatively large and diverse natural
panel helped to identify expression quantitative trait loci (eQTLs) associated with more than 18000
genes (63.4% of tested genes). We found that distant eQTLs were more frequent (~75% of all eQTLs)
across the whole genome. Thirteen novel associated loci affecting maize kernel oil concentration were
identified using the new dataset, among which, one intergenic locus could affect the kernel oil variation
by controlling expression of three other known oil related genes. Altogether, this study provides
resources for expanding our understanding of cellular regulatory mechanisms of transcriptome
variation and the landscape of functional variants within the maize genome, thereby enhancing the

understanding of quantitative variations.
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Residual heterozygosity (RH) in advanced inbred progenies of plants benefits quantitative trait locus
(QTL) mapping studies. However, knowledge of factors affecting its genome -wide distribution remains
limited. In this study, a collection of maize heterogeneous inbred family (HIF) lines was assembled,
comprising a set of 12 recombinant inbred line (RIL) populations with 2,196 lines that were genotyped
using a Maize50K commercial SNP chip. Each population revealed 505 to 2095 RH intervals which
collapsed to 18,615 unique RH intervals across 12 populations, covering 94.8% of the maize genome.
On average, a given RH region was present in 5 different individuals. We found that some genomic
regions were enriched in RH segments and seven RH hotspots were identified in the genome. The RH
patterns varied significantly across populations, presumably reflecting differences in genetic
backgrounds and 8 QTLs were identified for the RH hotspots in and of themselves. QTL fine mapping
of kernel tocopherol content demonstrated a potential of the HIF library to efficiently map QTL
locations, down to approximately = 1Mb-resolution based on publicly available information for the
12 populations. The library of HIF lines gave us new insights into the RH landscape and its intraspecific

variation and provides a useful resource for QTL cloning of agronomic important traits in maize.
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Maize (Zea mays) is an essential crop and a great model for plant research. However, the great genetic
diversity and complex genome structure makes it ever challenging in variant calling and following
genomic studies. In present study, we provided an integrated strategy in variant calling and imputation
for large maize population (1404 individuals) at such low sequencing coverage (~1x). Over 53M SNPs,
2.8M InDels, 660K SVs, 600M novel sequences were finally obtained, which constituted the highest
density and the most diverse maize variant map to date. The SNP set was found >99% consistency
compared with genotypes derived from array- and assembly- based methods, while the percent of
validated large structural variants was considered as ~60%. This variant map was further shown to be
excellent in association mapping, taking plant height as an example, some known genes and
potentially novel loci have been identified simultaneously. In brief, the variant map, together with the

methodological practices, would be a great valuable resource for the plant community.
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Allele specific expression (ASE), whereby an allele from one parent was preferentially expressed in the
hybrid over the allele from the other parent, has been assumed to play a role in heterosis. In this study,
we investigated the extent and patterns of ASE by comparing the transcriptomes of Zhenshan 97
(ZS97) and Minghui 63 (MH63), and their hybrid, which is the /ndlica cross of Shanyou 63, the most
widely grown hybrid in China over the past three decades. The hybrid, and the parents were grown
under four different conditions (long day/high temperature (LDHT), long day/low temperature (LDLT),
short day/high temperature (SDHT) and short day/low temperature (SDLT)). Shoot at seedling stage,
flag leaf and panicle at heading stage were sampled by RNA-seq technology. ASE was identified by
aligning the RNA-seq reads to the high quality reference genomes of ZS97 and MHG63 recently
released from our lab. In three tissues (shoot/flag leaf/panicle), 1536/2161/2375, 1344/3072/2028,
1530/1714/2821 and 1297/3380/3517 genes showed differential expression between the hybrid and
the parents at LDHT, LDLT, SDHT and SDLT conditions respectively. Moreover, 1172/1325/1216,
992/1060/1189, 1115/1026/1056 and 987/1099/1152 genes exhibited ASE at LDHT, LDLT, SDHT and
SDLT conditions respectively. Subsequent analysis of expression regulation of allelic genes shows
dynamic patterns affected by developmental stages and growth conditions. Our results suggested that

dynamic patterns of ASE may play a role in the manifestation of heterosis.
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The response of the root system architecture to nutrient deficiencies is critical for sustainable
agriculture. Nitric oxide (NO) is considered a key regulator of root growth, although the mechanisms
remain unknown. Phenotypic, cellular and genetic analyses were undertaken in rice to explore the role
of NO in regulating root growth and strigolactone (SL) signaling under nitrogen-deficient and
phosphate-deficient conditions (LN and LP). LN-induced and LP-induced seminal root elongation
paralleled NO production in root tips. NO played an important role in a shared pathway of LN-induced
and LP-induced root elongation via increased meristem activity. Interestingly, no responses of root
elongation were observed in SL d mutants compared with wild-type plants, although similar NO
accumulation was induced by sodium nitroprusside (SNP) application. Application of abamine (the SL
inhibitor) reduced seminal root length and pCYCBI1,1.:GUS expression induced by SNP application in
wild type; furthermore, comparison with wild type showed lower SL-signalling genes in n/a2 mutants
under control and LN treatments and similar under SNP application. Western blot analysis revealed
that NO, similar to SL, triggered proteasome-mediated degradation of D53 protein levels. Therefore,
we presented a novel signaling pathway in which NO-activated seminal root elongation under LN and

LP conditions, with the involvement of SLs.
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(+)-Pinoresinol/(+)-lariciresinol reductase has been reported for the first time that it can catalyze the
sequential reduction of (+)-pinoresinol into (-)-secoisolariciresinol via (+)-laririciresinol in Forsythia
intermedia. The intermediacy of lariciresinol in secoisolariciresinol biosynthesis was also clarified in
LPPLR, LUPLR and LaPLR. However, the biosynthesis of lignan is still remained uncomplete. In this study,
we have cloned two PLRs from tea plants, named CsPLR1 and CsPLR2 The cDNAs are 1325bp and
1126bp, respectively, and both of them contain an ORF of 936bp encoding 312 amino acids. It was
noteworthy that there was a huge difference between CsPLR1 and CsPLR2 or even PLRs in other
species through enzymatic analysis /n vitro. when (+)/(-)-pinoresinol and racemic lariciresinol were
used as substrate, CsPLR2 could convert lariciresinol into secoisolariciresinol, while CsPLR1 barely
carried out this reduction step, but a significant conversion of pinoresinol into secoisolariciresinol was
observed. Moreover, the time course of CsPLR1 demonstrated that there was no correlation between
the depletion of lariciresinol and the formation of secoisolariciresinol. So, the possible biosynthetic
routes may be elucidated as follows: CsPLR2 could convert (+)-pinoresinol enantioselectively into
secoisolariciresinol through lariciresinol, while CsPLR1 reduced both (+)/(-)-pinoresinol to lariciresinol
and secoisolariciresinol immediately, but lariciresinol not acted as an intermediate or optimal substrate.
Taken together, these results showed that the formation of secoisolariciresinol could be independent
of the catalyzation of lariciresinol. This study shed light on the biosynthesis of lignan, but the

mechanism needs further study.

Key words: pinoresinol-lariciresinol reductase, tea plants, biosynthetic routes
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plant species in structure, evolution, and expression

Xiaohu Xiao, Meng Yang, Jinlei Sui, Jiyan Qi, Yongjun Fang, Songnian Hu, Chaorong Tang=

Key Lab of Rubber Biology, Ministry of Agriculture & Rubber Research Institute, Chinese Academy of
Tropical Agricultural Sciences, Danzhou 571737, China
Beijing Institute of Genomics, Chinese Academy of Sciences, Beijing 100101, China

College of Agriculture, Hainan University, Haikou 571000, China
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Calcium-dependent protein kinases (CDPKs or CPKs) play important roles in various physiological
processes of plants, including growth and development, stress responses and hormone signaling.
Although the CDPK gene family has been characterized in several model plants, little is known about
this gene family in Hevea brasiliensis (the Para rubber tree). Here, we characterize the entire H.
brasiliensis CDPK and CDPK-related kinase (CRK) gene families comprising 30 CDPK genes (HbCPK1
to 30) and 9 CRK genes (HbCRK1 to 9). Structure and phylogeny analyses of these CDOPK and CRK
genes demonstrate evolutionary conservation in these gene families across H. brasiliensis and other
plant species. The expression of HbCPK and HbCRK genes was investigated via Solexa sequencing in
a range of experimental conditions (different tissues, phases of leaf development, ethylene treatment,
and various abiotic stresses). The results suggest that HOCPK and HbLCRK genes are important
components in growth, development, and stress responses of H. brasiliensis. Parallel studies on the
CDPK and CRK gene families were also extended to five other plant species (Arabidopsis thaliana,
Oryza sativa, Populus trichocarpa, Manihot esculenta and Ricicus communis). The CDPK and CRK
genes from different plant species that exhibit similar expression patterns tend to cluster together,
suggesting a co-evolution of gene structure and expression behavior in higher plants. The results
serve as a foundation to further functional studies of these gene families in H. brasiliensis as well as in

the whole plant kingdom.

Key words: Hevea brasiliensis, calcium-dependent protein kinase (CDPK), CDPK-related kinase (CRK),

structure and evolution, gene expression
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Myo-inositol content determined by myo-inositol biosynthesis and

oxidation in blueberry fruit
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Myo-inositol metabolism in plant edible organs has become the focus of many recent studies because
of its benefits to human health and unique functions in plant development. In this study, Ml contents
in fruits were analyzed in two blueberry cultivars, cv 'Bluecrop’ and cv 'Berkeley’, along with the
expression profiles of the key genes involved in Ml biosynthesis and catabolism. Besides, the change
patterns of the corresponding enzyme activities were analyzed. The results showed that some
differences exist in the change profiles of the Ml levels between the two cultivars. Furthermore, two
VeMIPS genes, one Vc/MP gene and one VeM/OX gene were isolated for the first time from blueberry
fruits. Specifically, VeMIPS 1/2 and VeM/OX encoded the rate-limiting enzymes in Ml biosynthesis and
oxidation, respectively. The expression patterns of VeM/PSZ2, VelMP and VeMIOX genes showed a
relationship with the change profiles of MI content during fruit ripening. The results were further
confirmed by the analyses of the enzyme activities. Overall, the results indicated that both Ml
biosynthesis and oxidation played important roles in determining Ml levels in the development of
blueberries. The current results will provide new information for us to understand the mechanisms
regulating Ml accumulation and the roles of Ml in AsA biosynthesis during the development of

blueberries.

Key words: blueberry, fruit ripening, gene expression, Myo-inositol
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Reactive Oxygen Species (ROS) mediate many different processes such as growth, development, biotic
and abiotic stress response. The homeostasis of ROS is tightly controlled by ROS producing proteins
and scavenging systems. Mitogen-activated protein kinase (MAPK) signaling components can
modulate the ROS production and on the other hand it can be activated by ROS. We previously
observed that BnaMPKa and its possible downstream target WRAYa could induce ROS accumulation
and cell death in Nicotiana benthamiana. However, its underlying molecular mechanism remains to
be investigated. Here we report the characterization of its downstream pathway of MPKa in inducing
ROS production. Firstly, malondialdehyde (MDA) accumulation, DNA fragmentation, and ion leakage
accompanied by the ROS production further confirmed the function of BnaMPKa in eliciting ROS and
cell death. Secondly, the expression of a few genes related to ROS homeostasis including N6GPX2and
NbGST was regulated by transient expression of BnaMPKa or BnaWRKYa. Further co-expression of
BnaMPKa and BnaWRKYa significantly induced NbGPX2 and NbGST than expressing BnaMPKa or
BnaWRKYa alone. Thirdly, BhaWRKYa bound to the W-box elements in the promoters of NbGPX2 and
NbGST by in vitro electrophoretic mobility shift assay (EMSA). However, whether MPKa could
strengthen the binding ability of BnaWRKYa is still undergoing. More importantly, leaves of
Arabidopsis lines expressing BnaMPKa exhibited precocious senescence compared to wild type while
mutant mpka showed delayed leaf senescence after JA (Jasmonic acid) treatment. This finding revealed
a possible role of BnaMPKa in mediating JA induced leaf senescence. The molecular mechanism of

MPKa involved in JA induced leaf senescence needs to be further elucidated.

Key words: Brassica napus, MPKa, WRKYa, ROS, leaf senescence
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Genome and comparative transcriptomics of African wild rice Oryza
longistaminata provide insights into molecular mechanism of

rhizomatousness and self-incompatibility
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Oryza longistaminata is a close wild relative of the African cultivated rice and has several hallmark
biological traits, such as rhizomatousness, self-incompatibility and high resistances to biotic and
abiotic stresses. Deciphering genome of O. /ongistaminata has been hindered by the high
heterozygosity of this species, which is a result of its inherent self-incompatibility. Here, we present
the reference genome of O. /ongistaminata based on a large quantity of combined sequencing data
(~396x lllumina short reads and ~5.9x Roche GS FLX+ long reads) and compared genomics revealed
more resistance (R) genes/families. By comparing transcriptomes of 4 pairs of tissues related to the
presence/absence of rhizomes or self-incompatibility, we identified candidate genes related to
rhizomatousness and self-incompatibility. In aggregate, the draft genome and large quantity of
transcriptome data of O. longistaminata provide a basic evidentiary foundation for targeted studies
into the genes underlying its valuable phenotypic traits, future gene mining or breeding efforts, and

further study into the evolution of African rice and the Oryza genus.

Key words: Oryza longistaminata, genome, rhizomatousness, self-incompatability
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Alternative polyadenylation (APA) is a widespread mechanism for gene regulation and has been
implicated in development and the pathophysiology of diseases. Pre-mRNA can generate transcript
isoforms with different coding sequence or alternative 3'-UTR via APA, to enlarge the diversity and
complexity of transcriptome. The molecular mechanisms of APA is intricated and remains to be
elucidated in plants. Our previous work identified HLP1 as a novel 3'-end processing factors and HLP1
mutation caused thousands of poly(A) sites shifts. Here we report HLP2, the ortholog of HLP1, can
also regulates APA. Phenotype analysis shows HLP2 regulate flowering time in a FLC-dependent way,
and Alplhip2 double mutant are embryo lethal, implying the significance of HLP1 and HLPZ2 in plant
development. Both HLP1 and HLP2 are located in nucleus and have the same expression pattern. The
mutation of HLP2 leads to similar APA shift with that of A/jpZ mutant, particularly, a distal-to-proximal
poly(A) site shift in FCA, a direct target of HLP1 and HLP2, leads to upregulation of FLC and delayed
flowering. Biochemistry assay prove HLP1 and HLP2 can form a heterodimer, suggesting that HLP1
and HLP2 regulate APA in a synergetic manner. Interestingly, HLP1 negatively modulates HLP2
expression by regulating ALP2transcript APA. Taken together, our results demonstrate that HLP1 and
HLP2 bind directly to certain RNA targets to control the selection of poly(A) sites in a synergetic mode
to regulate flowering time. The results in this study shed new light on the role of RBPs-directed RNA

processing in plant development.

Key words: alternative polyadenylation, HLP1, HLP2, embryo lethal
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Development and ripening of tomato fruit are precisely controlled by transcriptional regulation, which
depends on the orchestrated accessibility of regulatory proteins to promoters and other cis-regulatory
DNA elements. This accessibility and its effect on gene expression play a major role in defining the
developmental process. To understand the regulatory mechanism and functional elements
modulating morphological and anatomical changes during fruit development, we generated genome -
wide high-resolution maps of DNase | hypersensitive sites (DHSs) from the fruit tissues of the tomato
cultivar “"Moneymaker” at 20 days post anthesis as well as break stage. By exploring variation of DHSs
across fruit development stages, we pinpointed the most likely hypersensitive sites related to
development-specific genes. By detecting binding motifs on DHSs of these development-specific
genes or genes in the ascorbic acid biosynthetic pathway, we revealed the common regulatory
elements contributing to coordinating gene transcription of plant ripening and specialized metabolic
pathways. Our results contribute to a better understanding of the regulatory dynamics of genes

involved in tomato fruit development and ripening.

Key words: DNase | hypersensitive sites, cis-regulatory element, gene expression, fruit development,

tomato
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large genome of Norway spruce
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DNA methylation plays important roles in many biological processes, such as silencing of transposable
elements, imprinting and regulating gene expression. Many studies of DNA methylation have shown
its essential roles in angiosperms (flowering plants). However, few studies have examined the roles
and patterns of DNA methylation in gymnosperms. Here, we present the first genome -wide single-
base resolution methylation maps of Norway spruce (Picea abies) from both needles and culture
tissues through whole genome bisulfite sequencing. Dense methylation was observed globally across
the whole genome, which differed from other plants that only had increased methylation present in
their pericentromeric regions. On average, DNA methylation levels of CG and CHG were much higher
than most other model plants. Consistent with other plants, CHH methylation was relatively low and
at least one copy of RADM pathway genes was found in Norway spruce. In comparison to needles,
culture tissue showed lower CG and CHG methylation levels but higher CHH methylation, which is
inconsistent with other regenerated tissue studies. Similar to other genic DNA methylation studies,
global DNA methylation levels were also positively correlated with genome size in plants. Two rounds
of GYPSY-type LTR expansions were identified in the history of Norway spruce. This could partly
explain the large genome size of the gymnosperms, like Norway spruce, which differ from most of
angiosperms in that they have not undergone recent whole genome duplication (WGD). Altogether,
the secret of the large genome of Norway spruce could not be explained by reduced DNA methylation
levels and reactivation of transposons or whole genome duplication, but it can be partly explained by

ancient GYPSY expansions.

Key words: DNA methylation, Norway spruce, whole genome duplication.
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DNA methylation is highlighted for its great importance in regulating plant development, but its
function associated with single-cell differentiation remains undetermined. Here, we used cotton fiber,
specifically, the epidermal hairs on the cotton ovule, as a model to investigate the regulatory role of
DNA methylation in cell differentiation. Global disruption of DNA methylation was first demonstrated
to re-activate a large number of genomic loci and depress cotton fiber development. We constructed
single-base resolution maps of DNA methylation dynamics representing each fiber developmental
stage. The CHH (H=A, T, or C) DNA methylation level was increased during fiber development,
accompanied by a decreased pattern of RNA-directed DNA methylation (RADM). Examination of
nucleosome positioning revealed a gradual eu- to hetero-chromatin transition for chromatin
reprogramming in developing fibers, coupled with increased DNA methylation. Compared with cotton
ovules, increased DNA methylation in fibers was demonstrated to be predominantly mediated by an
active H3K9me2-dependent pathway instead of the inactive RdADM pathway, especially in
heterochromatic regions. We examined how asymmetric DNA methylation contributed to
homoeologous gene expression bias, illustrating a sub-genomic collaborated regulation of
allotetraploid cotton fiber development. Furthermore, integrated multi-omics analyses revealed that
dynamic DNA methylation could play a role in the regulation of lipid biosynthesis and spatio-temporal
modulation of reactive oxygen species for staged fiber differentiation. Our study established a
framework for understanding the role of DNA methylation and chromatin reprogramming during fiber
development and also provided novel insights into the epigenetic regulation of single-cell

differentiation in plants.

Key words: DNA methylation, cotton fiber, single-cell
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DNA methylation is a crucial modification process implicated in epigenetic regulation of gene
expression, which may be responsible for variation of agronomic traits. However, the epigenetic
regulation of yellow- and black-seeded character in Brassica napus has not been reported. In this
study, methylation-sensitive amplification polymorphism (MSAP) analysis was performed to
investigate target regions of seed coat variation in B napus by using yellow-seeded rapeseed line
derived from the somatic hybrids of B. napus-Sinapis alba and black-seeded rapeseed as materials.
Extensive methylation changes were observed between yellow- and black-seeded B napus. In
particular, ~10% of demethylation and ~5% of hypermethylation were detected in yellow rapeseeds
compared with black seeds. Nonetheless, this variation was barely identified among different
developing stages. Relative expression value and 20 polymorphic fragments in MSAP profiles were
analyzed. The gene expression of demethylated fragments in yellow rapeseeds was upregulated. For
instance, bHLH, a transcription factor regulating flavonoid biosynthesis, was upregulated at three to
five weeks after flowers (WAF) of yellow seeds. In general, epigenetic changes among rapeseed lines

with different seed colors likely helped elucidate the formation of yellow seed character.

Key words: Brassica napus, yellow seed, DNA methylation, flavonoid biosynthesis
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DNA methylation plays critical roles in diverse developmental processes of plants. Mutation of
Arabidopsis DNA METHYLTRANSFERASEL (METI) represses shoot regeneration by modulation of the
organizing center regulator WUSCHEL (WUS). However, the regulation of MET1 during this process is
unclear. Here, we analyzed upstream signals that regulate MET1 expression during de novo shoot
regeneration in Arabidopsis. MET1 was initially expressed throughout the callus but was restricted to
the outer cell layers of the shoot meristem at the advanced stages during shoot regeneration.
Expression of WUS was involved in callus regions showing loss of METI expression. Furthermore,
mutation of the cell-cycle transcription factor £2FA reduced the MET1 transcript level, whereas £2FA
overexpression increased the METI transcript level. E2FA directly bound to the MET1 promoter
through the E2F element to promote MET1 expression. Moreover, £E2FA and MET1 expression co-
localized in callus during shoot regeneration. Promotion of MET1 expression by E2FA was dependent
on the cell-cycle regulator CYCD3. Exogenous cytokinin promoted AMETI expression through
enhancing the CYCDS3 transcript level. Thus, our study provides new insights for understanding the

regulation of cell proliferation and differentiation in shoot regeneration.

Key words: Arabidopsis, shoot regeneration, cytokinin, cell cycle, DNA methylation, WUSCHEL
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H4R3 dimethylation on KRPI and pre-mRNA splicing of RKP in
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Protein arginine methylation plays essential roles in diverse biological processes, but its role in
regulating shoot regeneration remains elusive. In this study, we analyzed the function of the protein
arginine methyltransferase AtPRMT5 during de novo shoot regeneration in Arabidopsis. AtPRMT5
encodes a type Il PRMT that methylates proteins, including histones and RNA splicing factors. Mutation
of AtPMRT5 decreased the frequency of shoot regeneration and number of shoots per callus in the
atormt5 mutant compared with those of the wild type. Chromatin immunoprecipitation analysis
indicated AtPRMT5 targets KIP-RELATED PROTEIN, which encodes a cyclin-dependent kinase that
inhibits the cell cycle. During shoot regeneration, the ARPI transcript level increased in the atormt5
mutant, which resulted from the reduced histone H4R3 methylation in the ARPI promoter.
Overexpression of KRP1 significantly reduced the frequency of shoot regeneration and shoot number
per callus. Furthermore, an abnormal pre-mRNA splicing in the ubiquitin E3 ligase RELATED TO KPC1
(RKP) was detected in the atormt5 mutant. RKP functions in regulating KRP protein degradation.
Mutation of RKP inhibited shoot regeneration. Thus, AtPRMT5 regulated shoot regeneration through
histone modification-mediated ARPI transcription and RKP pre-mRNA splicing. Our findings provide
insights into the function of protein arginine methylation in de novo shoot regeneration and establish

a novel link between pre-mRNA splicing and shoot induction.

Key words: shoot regeneration, protein arginine methylation, cell cycle, pre-mRNA splicing
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WINPIE FEYZREE, AEEREBANXANENERESESIHERRENREL. B
—BREANFKASZEHFARENZ W, XHIEREHRAENCER. EBENHRKBEDHN
ENMEEEAFFHREAF, 75 DNA FEAZFEERAENERRR. RITIKEHE 11 FF
HENEIAME AR, EUNEFRALXENPEERYA DNA REMEMERRKAIEHNEMLE, %
ERAERARLBERATHREMEERTREAERENBRENMCERFARTAR. RIHFHLE
HR1E T8 200 MEEEDICER, #H—FFHBALREBEF 9311 [ERZEFRIHRZMF, FIABEXERR
BAZEEFERN SNP, WIERZXFEIAFRRERFMERNTREERATUES T, LRIEFINT 27
ANENCERE. SHEHBEN 10 PEEMET CRISPR HRERBRRTE, MLTHRENBREAMETE
MNERAREFROELE TR, BT EENXERERNINEREENCAN T RAMR.
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BIEBNEENEDEFNEEZAD2—, REBIES F EBBREANRERENAENRE
TSR 7 F, 934 Ptdins(3) P, Ptdins(4) P, Ptdins(5) P, Ptdins(3,4) P, Ptdins(3,5) P,
Ptdins(4,5) P, PtdIns(3,4,5)P, HEH Ptdins(4,5) P fE4 2 #HY IP3/DAG 5 2B P ESHFHEIET
BANFE. B E88HY IP3/DAG BEEMEEAS | IP3 2. 5 DAG EER PKC FEEYH
HRBHEN, BrEYPOBERIEBEXESEHESRBSYFE#RCPE—EN L. EFX,
FHRkHZOMREAIAHCMENBERIELT UEAMINESH FEFZENFEIRTRE
FEENER. X TREREEEY, TERKBEHRNINEUEEENNFIHRT2BR. i
PUEFE SR CB AR AR 2 SAFA#ITRRL, BEEMNRENTEARE 7 —MEHI/KE%
5. B, PBREESMRNER., ERIRGEEER, ZERRE— BB,
BHEHARR sf9 @ #TRAFHTEFRNAR, 12EH 2 SRENBNERTT INFRMEXT
Ptdins(4) P #tf7ABEER b, T CBRIEMBEMERENRATHE. ERNMET M CB AREIEA, #
2 SAMEEAMNESERR (NIL), W&%F CB FESKIRA NIL-CB MEH T 2 S H KR
NIL-GC 377 Ptdins(4) P 2 ENE, ZRET NIL-CB F Ptdins(4) P 222 5T NIL-GC fatk. A
FEMEIEE R, NIL-CB MIRAZIEH, MEFRKRINE BENAHANHES], MENEDHHIN
EZHRR. X_EFRRASHEDRRTLSENELIN, NIL-CB F/K#HBER (SA) REBEMNRE,
RPEBMERMNRT TS 5EYNESEFT. BRIEAENREMMIFIEIMNRE CASO mibraIEEE
RIERMREZIIERE . BRI T Ptdins(4) P S E B MHIE E# TR .
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BENREEMNMERRREREZz—, AKPNHATEYF AL T HE NEH BN H R
EEYMRBRSEN ARG MM £ KM FEEMHETEK, })\ﬁﬁﬁlziT’fE%—ﬂdﬁ%liﬁ
FMAEF. KpFILE. EARZNMRERRP, HMuAesREmynyENTHPERE
ER | BRHETMUEMRFPAIANMLZINGF. HRtk. fENTE, _E/\L/Xﬁﬁﬂﬁﬁﬂ'jﬁi’éﬁi
2 MR B RS SEMENMNNBEVE . RIE SEE-FER R, EYREAR (W
RELNTHBMERNEEZME) REMEERMENTMRETRE, TREEEESHEIEY
hZEES. BTREMARAGFEEEXNTHABEY (NARER, NERKEE) EK T EMEEZ
MERM., BNEANARENZRREITES T HIETHRA B I R e M Az sh it
EMEENFHK (Bedx 90 B) THERREMBANEMAEEZNEFTHREN “FE-Li% (cage-
escape)” MMENEFNNIFNN . 7 ARP2/3 LB XEAZEESRRENE (disl-1, dis2-1) HIHhR
IMEARETR, BT EMAERREERNBMZRARENSE, ®OPEAEME FE-HLik
MhEZEE) , MMZRER (Latrunculin B) TR IME ZEMITHRMZ REAEFEFEMNEMREZ
;N EE MY, BON#E—SHARERERE, ARP3/DIST TEARNXSEREMILANE 5B,
EESE5TEATENENESEKITERBENRMEZE ; £ dsi-1 REEF, ZMEKRERIGE
PIN RiEEB (PIN2, PIN3, PIN7) BREBEERMAEERE, EWMTAKEERL. TRUMEER
AR ATEREY, EARNEMTHEKTR, WARERB R T HLZABEREEYIEN
B, ESHZBETNE NTH—SEBREVEXBENESEROEENG, MUREREDKRE.
MERERZHEREET AR EMIBFLMIE (Zheng et al,, 2015, Molecular Plant ; Zou et al,,
2016, JXB)
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BERAHTHERTELLREME. BENTE. RNEMPARPEZIMNETARMIEBEF
MAG2 5 MIP1, MIP2 1 MIP3 FEli#t BB &1, 7 ER-Colgi BB EM FIAEZRmE LS AR
MR SR, XERBRTFHRABFEFARNEARMNARNEZENSERZME, EXERER
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TERLAY SNARE B F#1T 7RI, B35 Qa-SNARE. Qb-SNARE #1 Qc-SNARE, MK EAS5REE
BEOE . BRIOOARERKE, NEMERAR SNARE Wi FiEmEARNEEHEEENE
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The endomembrane system is an interconnected network required to establish signal transduction,
cell polarity and cell shape in response to developmental or environmental stimuli. In the model plant
Arabidopsis thaliana, there are numerous markers to visualize polar localized plasma membrane
proteins utilizing endomembrane trafficking. Previous studies have shown that the large ARF-GEF
GNOM plays a key role in the establishment of basal polarity, whereas the apically polarized membrane
proteins undergo sorting via different routes. However, the mechanism to maintain apical polarity is
largely unknown. Here, we used a chemical genomic approach and identified the compound endosidin
16 (ES16), which perturbed apically localized plasma membrane proteins without affecting basal
polarity. We demonstrated that ES16 is an inhibitor for recycling of apical, lateral and non-polar
plasma membrane proteins as well as biosynthetic secretion, leaving the basal proteins as the only
exception independent from ES16 action. Further evidences from pharmaceutical and genetic data
revealed that ES16 defines a unique trafficking pathway distinct from ARF-GEF mediated basal
recycling and secretory processes that functions through the inhibition of small GTPase RabA proteins.
Our results reveal that ES16 defines a distinct pathway for endomembrane sorting routes and is

essential for the establishment of cell polarity.
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MEAZEEEM (CCTCC AY 206001 Candida albicans) ALK HE, RMRKAEYIER
(PAMs) ST ESHKENIENRSERNE. BidEEHBEERFEN (BF) ZEHERREYIN
ERNASHRENR/NIEREMOSR/NRERE(MBC), £5MEEN. EREKMLZ. A
BN, EREMS5ERBEREMUES, SETNARREXAEDIEKREAELLIERE
AN ESHENERNR. ERKRA, RAEDIERX B SEREN(MIC) S (MFC)7 514 75%5 80%,
MEEAENENERK, RAEYHERAEIGESHEMNEK, EMIZEEEEMEEEES TS
R, BEMATEMZIHIN, BERABESEEEEAS, BEESBRSEANZTYING, N ma
FRREMARENTRENE, BE%EER, REME, MEEREIRR, MBERNSE, &
BEAERT.
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B-box EAR—XBEHF—NHFA B-box EMEMNFIEER, XEEAEMEFTEKELED
EhEEZENER. AMiedHlEETKTET BBX EAMRMRETRIEE L. ERARS, T
LEFER—MXEBE B B-box 51318 97K FE BBX T/H Oryza sativa BBX14 (OsBBX14), & B-box
EAEIVIRE, BRMNMZEARTTH—PHOHR.

OsBBX14 BEHTE phyB REGKFFRILE LIE, EMfRFRERE, EXBAIZHTINXMEENE
SHBEMT, OsBBX14 it RKFELRUHLBEMNBERTEYE, ZEREXATEEEEAHRRER,
HERPI KA RESE, BEFHILETE. OBBX14 EAEM T ML+, mMAEDER
BhAEHFHEEM, H N i B-box EMEN T ZEAN EARNEEXEE,

H—FMRBR OsBBX14 T FRIKFZEREKER (OsBBX14-0OX) TEKHRKEHREMHTRIL
R MTER, BN FEEFKBEEM#HIT RT-por TR, TREEKHREZXGTEZERA
BEMHT, FREERERE HI3aF RFTINFRIEKERE T, X5 OsBBX14-OX % RAFKEE—HH.
BEBEMNXMALR LBFBEERSETITEAN, EKHBEMHT OsBBX14 Foft2iBEid i
Hd3a ITUBIEEF Hdl £ OsBBX14-OX #RRHMIFIAKFERKTEHTE. MAEHRBEHT,
OsBBX14 BIFMEIR £hdl FAKFIEIR/KFEIMFE, 1 TRBNEEAT OsBBX14 BIEM T iEERE N
%, 87~ OsBBX14 BT /KFEFRRT B M0 FHLHI.
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To be a flower or fruiting branch: insights revealed by mRNA and
small RNA transcriptomes from different cotton developmental

stages

Quan Sun, Xiongming Du, Chaowei Cai, Lu Long, Chunpeng Song, Yingfan Cai*
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China
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The architecture of the cotton plant, including fruit branch formation and flowering pattern, is the
most important characteristic that directly influences light exploitation, yield and cost of planting.
Nulliplex branch is a useful phenotype to study cotton architecture. We used RNA sequencing to
obtain mMRNA and miRNA profiles from nulliplex- and normal-branch cotton at three developmental
stages. The differentially expressed genes (DEGs) and miRNAs were identified that
preferentially/specifically expressed in the pre-squaring stage, which is a key stage controlling the
transition from vegetative to reproductive growth. The DEGs identified were primarily enriched in RNA,
protein, and signalling categories in Gossypium barbadense and Gossypium hirsutum. Interestingly,
during the pre-squaring stage, the DEGs were predominantly enriched in transcription factors in both
G. barbadense and G. hirsutum, and these transcription factors were mainly involved in branching and
flowering. Related miRNAs were also identified. The results showed that fruit branching in cotton is
controlled by molecular pathways similar to those in Arabidopsis and that multiple regulated pathways
may affect the development of floral buds. Our study showed that the development of fruit branches
is closely related to flowering induction and provides insight into the molecular mechanisms of branch

and flower development in cotton.

Key words: cotton, architecture, branch, mRNA, small RNA
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The diverse morphological features displayed by plants, including shape and size of organs are
regulated by the polarity and extension events of specially endowed cells. However, information
regarding the functional proteins involved in the regulation of petal shape has not been extensively
elucidated. Here, we investigate the mechanism that determines petal shape formation in Arabidopsis
thaliana owing to its relatively short life span and structure simplicity. Current evidence showed that
in Plants Rho (ROP) which is a kind of small GTPase protein that regulates the organization of cortical
microtubules and vesicle trafficking under direct SPIKE1 activation, SPIKE1 belongs to DOCK family of
proteins encoding a guanine nucleotide exchange factor (GEF). In this study, we respectively identified
the interaction of SPIKE1 with ROP2 and ROP6 in our pull-down assays in vitro. Furthermore, analysis
of ropZ, rop6, ropZrop6 and ropZrop4irop6 mutants generated in this study exhibited lesser incidence
of zigzag coupled with a reduction in the size of petal abaxial cell simultaneously, suggests ROP2,
ROP4 and ROP6 synergistically modulate the development of petal shape, also, more transversely
ordering microtubules were observed in late petal cells. More so, all the phenotypic characteristics
observed in ropZrop4irop6 could be mirrored in spkl-4 point mutants. In conformity with these results,
we posited that, ROP2, ROP4 and ROP6 activated by SPIKE1 and functions synergistically in modulating
petal cell elongation and polarity in tandem with microtubules orientation and thus, influence growth

and morphological development in Arabidopsis thaliana.

Key words: ROP GTPase, SPIKE1, petal shape, microtubules, Arabidopsis
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Transition from the vegetative to reproductive growth is a critical process in the life cycle of higher
plants. Previously, we cloned Rice Indeterminate 1 (R/IDI1), which acts as the master switch for the
transition from the vegetative to reproductive phase in rice. Although the photoperiod pathway of
RID1 inducing expression of the florigen genes RF71 and Hd3a through £hd has been established,
the alternative pathways for the essential flowering transition need to be further examined. Here, we
identified a Suppressor of rid1 (5/D1), which rescues the never-flowering phenotype of rid1. SID1
encodes an INDETERMINATE DOMAIN (IDD) transcription factor. Mutation in S/D1 showed the
delayed flowering phenotype. Gain-of-function of S/D1 could restore the rid? to normal flowering.
Further analysis indicates that SID1 physically interact with RID1 and directly targeting with the
promoter regions of Hd3a and RFT1, two florigen genes in rice. Taken together, our results uncover
an autonomous flowering pathway mediated by RID1, thereby controlling the phase transition from

vegetative to reproductive development in rice.

Key words: floral transition, R/D1, Suppressor of rid1, florigen genes
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ICK5, a gene encoding a CDK inhibitor is involved in promotion of

leaf senescence in Arabidopsis
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/CK5 is one of the ICK family genes encoding CDK (cyclin-dependent kinase) inhibitor, which are
negative regulators of cell division. AtNAP is a NAC family transcription factor gene that plays a key
role in leaf senescence, but its mechanisms are not well elucidated. Here we report that AfZ/CK5 is a
direct target gene of the AtNAP transcription factor, and expression of At/CK5 was induced by leaf
senescence. Leaf senescence in one T-DNA insertion line of At/CK5 is significantly delayed. The T-
DNA knockout plants are otherwise normal. The mutant phenotype can be restored to wild-type by
the intact At/CK5. Overexpression of At/CK5 resulted in dwarf plants. When AtNAP was chemically
induced, At/CK5 was also induced, and the expression of A#/CK5 was significantly reduced in atnap.
These data suggest that the expression of At/CK5 is predominantly dependent on AtNAP. Yeast one-
hybrid experiments showed that AtNAP could physically bind to A#/CK5 promoter in vitro. These data
suggest that At/CK5 as a direct target gene of AtNAP plays an important role in leaf senescence in

Arabidopsis.

Key words: At/CK5, leaf senescence, AtNAP, Arabidopsis
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As the starting point of a new life cycle, activation of the first division of the zygote is a critical event
in both plants and animals. Due to poor accessibility of plant zygotes, it has remained poorly
understood how this process is regulated. Through genetic analyses in Arabidopsis we identified a
zygote-arrest 1 (zygl) mutant that exhibited zygote-lethality and over-accumulation of cyclin-GUS
phenotypes. Map-based cloning showed that ZYGI encodes the anaphase promoting
complex/cyclosome (APC/C) subunit 11 (APC11). Live-cell imaging showed that APC11 is expressed
in both egg and sperm cells, and that expression continued in zygotes and during early embryogenesis.
Using an APC11-GFP fusion construct, we showed that APC11-GFP expression persisted throughout
the mitotic cell cycle, and localized to cell plates during cytokinesis. Expression of non-degradable
cyclin under the control of a zygote-specific DD45 promoter led to a zygl-like zygote-lethal
phenotype. Biochemical studies showed that APC11 is able to ubiquitinate cyclin, thus promoting
cyclin degradation. These results together suggest that APCl11-mediated cyclin degradation in

Arabidopsis is critical for the first division of the zygote.

Key words: zygote activation, cell cycle, the anaphase promoting complex, protein ubiquitination
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Control of grain size by GS1 in rice
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Grain size is one of the most important agronomic traits in crops. Several factors that regulate grain
size have been identified in rice , but the genetic and molecular mechanisms of grain size control
remain almost unknown. Here, we describe the GS51 gene that encodes an unknown protein. Elevated
expression of GS1 significantly increases grain size and weight by increasing cell proliferation in
spikelet hulls and accelerating the grain milk filling rate, while downregulation of GS1 decreases grain
size and weight. To understand the molecular mechanism of GS1 in grain size control, we have
identified GS1-interacting proteins (GIP). Biochemical analyses show that GIP1 interacts with GS1 in
vitro and in vivo and modulates the stability of GS1. GS1 also physically interacts with the transcription
factor GIP2 to regulate its transcription activity. Thus, our findings define a novel genetic and molecular
mechanism by which GIP1-GS1-GIP2 function to control grain size and weight in rice, suggesting this

pathway is a promising target for rice grain yield improvement.

Key words: rice, GS1 gene, grain size, interacting proteins
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Rice endosperm consists of an outer aleurone layer and an inner starchy endosperm. In mature rice
seeds, the aleurone consists of one layer of living cells that accumulate mainly storage proteins, lipids,
iron and zinc, while the starchy endosperm comprising dead cells that accumulates mainly starch. In
this study, we report the screening and identification of thick aleurone 1 (tal) mutant in rice. Instead
of one layer of aleurone cells in the wild type, the mature fa seeds had 3 to 5 layers of aleurone cells.
Nutritional analyses showed that the taZ mature seeds had increased levels of storage proteins, lipids,
iron and zinc content. Then we located 7AZ at chromsome 5 through map based cloning approach.
gRT-PCR result showed that 7AZ is expressed mainly in mature pollens, shoot apical meristem,
embryos and aleurone. Further genetic and biochemical analyses of 741 may help to develop nutrient-
rich rice varieties and to establish a molecular network behind the differentiation of aleurone and

starch endosperm in rice.

Key words: aleurone, starcy endosperm, differentiation, 741
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FEATREESBRREY L. REEYAHNXBRERER., FEZERILEEAHRIEEF
TRHEBMNMEGHERRE. ZREEEDSMBEKRF (Cardamine flexuosa) 5 L5 7+
(Arabidopisis thaliana) BE+F#F, FESHAETLMERES, BRAFTFILEMN. EATZ0H
FHEAE, FRBXATSHBEAFERELATHENZERM. BROMPE RS X REER] 39
MEHTERFVE., BEXNXETHERFEABNBRFZETHNFENEHTRIT2T, BMX
NARXHNTHERFTNEEARNBBEMFEERER  KHREBEZRITDOSHERFEHN
A, M- LTHERFUNALBAAAER, #—FPHNHREKP, EXZEER
CRYPTOCHROME 2 (CRY2) MRERSHTHBEAFLAMBEMBATRNTERE. FEHE
MEARELERZHETHAEN DHFEEEATR, BABE CRY2 EANXAZHRERNREE
BhESEXEERTFHNERR ? CRY2 FEMXERSUR M T M KF MRS HMRES
f’ﬁ%’E/AﬁE’]E‘ﬂﬁ77‘5ﬂiﬁtﬁ”ﬂ§ﬂ’]§""‘ FFE5RMEREXENEAHEERFME KT
RTEIR 7 XL AT FERNFE—PHHR.
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Several oilseed and vegetable crops of Brassica are biennials that require a prolonged winter cold for
flowering, a process called vernalization. FLOWERING LOCUS C(FLC) is a central repressor of flowering.
Here, we report that the overexpression of natural antisense transcripts (NATs) of Brassica rapa FLC
(BrfFLC) greatly shortens plant growth cycles. In rapid-, medium- and slow-cycling crop types, there
are four copies of the BrFLC genes, which show extensive variation in sequences and expression levels.
In Bre, a biennial crop type that requires vernalization, five NATs derived from the BrFLCZ2 locus are
rapidly induced under cold conditions, while all four BrFLC genes are gradually down-regulated. The
transgenic Bre lines overexpressing a long NAT of BrFLC2 do not require vernalization, resulting in a
gradient of shortened growth cycles. Among them, a subset of lines both flower and set seeds as early
as Yellow sarson, an annual crop type in which all four BrFLC genes have nonsense mutations and are
non-functional in flowering repression. Our results demonstrate that the growth cycles of biennial
crops of Brassica can be altered by changing the expression levels of BrFL C2NATs. Thus, BrFL C2 NATs

and their transgenic lines are useful for the genetic manipulation of crop growth cycles.

Key words: Brassica rapa, BrfFLC, natural antisense transcripts, flowering time, growth cycle,

vernalization.
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Homologs of SCAR/WAVE complex components are required for

epidermal cell morphogenesis in rice
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Filamentous actins (F-actins) play a vital role in epidermal cell morphogenesis. However, a limited
number of studies have examined actin-dependent leaf epidermal cell morphogenesis events in rice.
In this study, two recessive mutants were isolated: less pronounced lobe epidermal cell2-1 (Ipl2-1)
and Ipl3-1, whose leaf and stem epidermis developed a smooth surface, with fewer serrated pavement
cell (PC) lobes, and decreased papillae. The Ipl2-1 also exhibited irregular stomata patterns, reduced
plant height, and short panicles and roots. Molecular genetic studies demonstrated that LPL2 and LPL3
encode the PIROGI/Specifically Racl-associated protein 1 (PIR/SRA1)-like and NCK-associated
protein 1 (NAP1)-like proteins, respectively, two components of the suppressor of cAMP
receptor/Wiskott-Aldrich syndrome protein-family verprolin-homologous protein (SCAR/WAVE)
regulatory complex involved in actin nucleation and function. Epidermal cells exhibited abnormal
arrangement of F-actins in both Ipl2 and Ipl3 expanding leaves. Moreover, the distorted trichomes of
Arabidopsis pir could be partially restored by an overexpression of LPL2. A yeast two-hybrid assay
revealed that LPL2 can directly interact with LPL3 in vitro. Collectively, the results indicate that LPL2
and LPL3 are two functionally conserved homologs of the SCAR/WAVE complex components, and
that they play an important role in controlling epidermal cell morphogenesis in rice by organising F-

actin.

Key words: epidermal cell, F-actin, lobe, morphogenesis, rice, SCAR/WAVE
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regulation
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Grain yield in many cereal crops is largely determined by grain size. Our group previously established
that GS3-4 allele showing stronger effect on reducing grain size due to its deficiency of the C terminal
cysteine-rich domain, compared with the GS3-1 allele. Here show that the cysteine-rich domain cloud
not interact with the N terminal (OSR) domain, excluding the possibility of head—to-tail interaction to
block the function of OSR. We detected the protein level of the GS3-1 and GS3-4 transgenic plant
which under ubiquitin promoter and fused with Flag tag in the C terminal. As expect, the enhanced
phenotype mediated by overexpressing GS3-4 was correlated with the increased protein level but not
MRNA level. Accumulation of GS3-1 protein but not GS3-4 protein was detected compared with the
untreated control when treated with the proteasome inhibitor MG-132, suggesting that GS3-1 might
degrade via C terminal domain through the proteasome-mediated pathway. These findings added to

the understanding of the molecular mechanism with respect to GS3 in grain size regulation.

Key words: grain size, G53 gene, OSR, cysteine-rich domain, protein level
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Immature Pollen Exine (/PE) is required for pollen wall development

in maize
Youhui Tian, Senlin Xiao, Huabang Chen=
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* Corresponding author.

Exine, the outer layer of pollen wall, is more structured than any other plant walls due to its vital role
in protecting genetic material from hostile environment. It is composed of sporopollenin, an un-
deciphered complicated lipidic compound. Tapetum, the innermost layer of sporophytic anther wall,
serves as the provider for sporopollenin precursor. We reported here a male sterile mutant /mmature
pollen exine (ipe) in maize. It showed shrunk anther and immature pollen wall at large vacuole stage.
We cloned the gene by map based cloning. It encoded a fatty acyl carrier protein (ACP) reductase
which was localized in plasmid mediated by N-terminal transit peptide. Expression analysis indicated
that /PE was expressed mainly in tapetum and microspore after the microspore was released from
tetrad. Functional complementation of homologous Arabidopsis mutant demonstrated that /PF is

conserved in monocot and dicot, and may even in flowering plants.

Key words: male sterile, exine, /PE, tapetum, maize
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transcription factor in maize endosperm
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In Zea mays, endosperm is a terminal organ that is differentiated into four cell types, i.e. aleurone layer,
starchy endosperm cells, transfer cell layers and embryo surrounding cells. Starchy endosperm is the
most prominent part in seed, fulfilling the main role of synthesis and storage of starch and protein.
Our project is to identify the endosperm-specific transcription factors and study their biological
functions in the endosperm development and synthesis of storage products. We have identified a new
factor, starchy endosperm cell factor 1 (secl), which is specifically expressed in the endosperm. Its
expression could be detected by RT-PCR as early as 6 DAP and it reached the peak at 8 DAP. Secl
was shown to localize into the nucleus, consistent with the prediction as a transcription factor. RNA in
situ hybridization showed that secl is expressed across the whole endosperm at 6 DAP, but its
expression is only restricted to the starchy endosperm cells after the completion of endosperm
differentiation. We sequenced secl gene from more than 100 inbred lines and found sec? is highly
conserved and only a few inbred lines bear a couple of SNPs. We made the reciprocal crosses between
inbred lines A619 and Fangyin, which have a restriction enzyme polymorphism in the coding sequence.
It revealed by enzyme digestion and cDNA sequencing that the maternal allele is much more
preferentially expressed in the 18-DAP endosperm cells compared to the paternal allele, resulting in
the ratio of the female and male alleles significantly higher than the expectation value. Comparison of
the methylation status by a methylation sensitive enzyme demonstrated that the male allele promoter
is more highly methylated, indicating that sec? is subject to the imprinted regulation. Now we are

taking advantage of CRISPR/Cas9 to create null mutants to study its biological function.
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The reproductive transition in rice is characterized by a number of dramatic changes. Two of the most
striking features of these changes are the suppression of bract, and the change of the lateral organ
identity from tiller branching into panicle branching. Both of these features indicate suppression of the
vegetative programs for panicle development. However, the underlying mechanisms are not well
known. We identified a mutant panicle with ectopic leaf (pel) that failed to suppress bract outgrowth.
PEL had two paralogs in rice known as PEL-like 1 and 2 (PEL1, 2). All three PELs were expressed in the
bract primordium revealed by /n situ hybridization, and PEL proteins formed homodimers and
heterodimers /n vitro and in vivo. We used CRISPR/Cas9 to generate single gene and triple-gene
mutants. Much more bracts were formed in the triple mutant pe/ pell pel? than any single gene
mutant. Moreover, the panicle branches were also completely supplanted by the vegetative shoots in
the pel pell pel? plants. Therefore, PELs redundantly terminated the vegetative programs after
reproductive transition. Y2H was used to screen the interacting proteins of PELs, and one protein PEL
Interacted Protein 1 (PIP1) was identified. Pull-down, BiFC and LCI further substantiated the physical
interactions between PIP1 and PELs /n vitro and /in planta. Moreover, PIP1 was co-expressed with the
PELs based on the global transcriptomic analysis, suggesting that PE/s might regulate P/PI or vice
versa. The results of Y1H, EMSA and ChIP-gPCR demonstrated that PELs directly regulated P/PZinrice.
Genetic analysis showed that P/PI also repressed bract outgrowth. All of these genes encoded
transcription factors, suggesting that they should have vital roles in reprogramming the transcriptomes
following the reproductive transition. Several genomic approaches will be used to address this
question, and the related works are underway. According to these results, a complex network of genes

required for terminating the vegetative programs after reproductive transition is emerging.

Key words: transcription factor, reproductive transition, inflorescence architecture
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Arabidopsis MMD1/DUET ensures the progression of male meiotic
chromosome condensation and directly regulates the expression of

condensin gene CAP-D3
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Chromosome condensation mediated by the condensin complex is essential for proper chromosome
segregation during cell division. Unlike the rapid mitotic chromosome condensation, meiotic
chromosome condensation occurs over a relative long prophase | and is unusually complex due to
the coordination with chromosome axis formation and homolog interaction. The molecular
mechanisms that regulate meiotic chromosome condensation progression from prophase | to
metaphase | are unclear. We show here that the Arabidopsis meiotic PHD-finger protein MMD1/DUET
is required for progressive compaction of prophase | chromosomes to metaphase | bivalents. The
MMD1 PHD domain is required for its function in chromosome condensation and binds to methylated
histone tails. Transcriptome analysis and gRT-PCR showed that several condensin genes exhibit
significantly reduced expression in mmadl meiocytes. Furthermore, MMD1 specifically binds to the
promoter region of the condensin subunit gene CAP-D3 to enhance its expression. Moreover, cap-
d3 mutants exhibit similar chromosome condensation defects, revealing a novel MMD1 - dependent
mechanism for regulating meiotic chromosome condensation in part by promoting condensin gene
expression. Together, these discoveries provide strong evidence that the histone reader MMD1/DUET
defines an important step for regulating the progression of meiotic prophase | chromosome

condensation.

Key words: MMD1, meiotic chromosome condensation, condensin
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SaNa-1A is a novel cytoplasmic male sterility (CMS) line in Brassica napus derived from progenies of
somatic hybrids between B. napusand Sinapis alba, and SaNa-1B is the corresponding maintainer line.
In this study, some considerable differences of floral organs between CMS and the maintainer lines
were observed. By comparing different anther developmental stages between the two lines through
microscope observation, we found that anther development in SaNa-1A was abnormal since the
tetrad stage, and the development of microspores ceased during the uninucleate stage. Subsequently,
we conducted a genome-wide high-throughput transcriptomic sequencing for young floral buds of
sterile and fertile plants to elucidate gene expression and regulation caused by the alien chromosome
and cytoplasm from S. alba during the development of young floral buds. After filtering the low-
quality data, a total of 36,539,702 and 43,903,006 clean tags remained in the 2 libraries. The reads
were assembled into 195,568 unigenes composing the transcriptome of the floral bud. A total of 7,811
unigenes, which were mainly distributed in the metabolic and protein synthesis pathways, were
identified with significant expression differences between the two libraries. We also observed that
genes participating in carbon metabolism, tricarboxylic acid cycle, oxidative phosphorylation,
oxidation—reduction system, pentatricopeptide repeat, and anther development were downregulated
in the sterile line. Several of these genes may be candidates for future research on the sterility
mechanism in the CMS line, fertility restoration, and improvement of agronomic traits in the maintainer
line. Further study on the unknown tags specifically expressed in the fertile line will help in the

exploration of desirable agronomic traits from wild species of rapeseed.

Key words: Brassica napus, cytoplasmic male sterility (CMS), somatic hybridization, morphological

structure, transcriptomic analysis
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Stomata are highly specialized epidermal structures that control transpiration and gas exchange
between plants and the environment. Signal networks underlying stomatal development have been
previously uncovered but much less is known about how signals involved in stomatal development
are transmitted to RNA polymerase Il (Pol Il or RPB), which plays a central role in the transcription of
MRNA coding genes. Here, we identify a partial loss-of-function mutation of the third largest subunit
of nuclear DNA-dependent Pol Il (NRPB3) that exhibits an increased number of stomatal lineage cells
and paired stomata. Phenotypic and genetic analyses indicated that NRPB3isnot
onlyrequiredforcorrect stomatalpatterning,butisalso essential for stomatal differentiation. Protein -
protein interaction assays showed that NRPB3 directly interacts with two basic helix-loop-helix (bHLH)
transcription factors, FAMA and INDUCER OF CBF EXPRESSIONL1 (ICE1), indicating that NRPB3 serves
as an acceptor for signals from transcription factors involved in stomatal development. Our findings
highlight the surprisingly conserved activating mechanisms mediated by the third largest subunit of

Pol Il in eukaryotes.

Keywords: stomata, RNA polymerase Il, patterning, differentiation, Arabidopsis
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Autophagy plays multiple roles in the plastid degradation during senescence and/or stresses,
particularly in the chloroplast. However, relatively little is known about the role of autophagy in the
developmental process of chloroplasts. Here, we characterized the relationship between autophagy
and a chloroplast protein (CP1), which was identified to interact with Atg8 from a yeast two hybrid
screen. Our results further revealed that CP1 also interacts with Atg8 /n p/anta, and Atg5 and Atg7 are
required for the autophagy-mediated degradation of CP1. Nevertheless, our results also indicated
that the interaction between Atg8 and CP1 was controlled by a specific Atg8-interacting motif (AIM).
So far, there are two mechanisms, ATI1-PS and Rubisco-containing body (RCB), controlling the plastid
proteins trafficking from plastids to the vacuole in the autophagy-dependent manner. In this study,
we found that autophagy-mediated transport of CP1 from plastid to the vacuole is independent on
both ATI1-PS and RCB pathways, suggesting a novel unknown mechanism underlying this process. In
addition, two other proteins CP2 and CP3 that has been found to regulate chloroplast development
were also evident to be turned over by autophagy. Therefore, we propose that autophagy may be
involved in the chloroplast development through the regulation of the homeostasis of a subset of

chloroplast proteins in plant.

Key words: autophagy, ATG8, chloroplast development, ATI1, RCB
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Leaf morphology and chlorophyll content are closely related to the photosynthetic efficiency, which
would potentially contribute to crop yield. In this study, we isolated an EMS -mutagenized rice mutant
displaying abaxial rolling and vein-albino leaves, and thus designated it as Osarvl4. Compared to the
wild type 'Nipponbare’, Osarvi4 mutant had abnormal development of clear cells, parenchyma cells,
sclerenchymatous cells, mesophyll cells, bulliform cells and vascular bundles. As a result of the
defective leaf development, the chlorophyll content and photosynthetic efficiency were significantly
affected in the mutant. Genetic analysis using map-based cloning indicated that the mutation was
controlled by a single recessive karyogene localized within a 44 kb region on the long arm of
chromosome 4. Sequence analysis and alignment indicated that the three candidate genes in this
region showed no difference at the DNA level. However, quantitative realtime PCR analysis showed
that the expression of the LOC_0s04g33580 gene in the mutant was significantly lower than that of
wild type, while expression of the other two candidate genes (LOC_0s04g33560 and LOC_0s04g33570)
exhibited no significant difference. Therefore, we speculate that LOC_0s04g33580 might be the target
gene which regulates leaf vein development and leaf morphogenesis in rice and this locus might be
subject to epigenetic regulation, such as DNA methylation, Thus, our finding suggests that the
OsARVL4 gene is involved in the regulation of chlorophyll content and photosynthetic efficiency in

plants, and provides a genetic basis for the future study of genes related to leaf development in rice.

Key words: leaf morphology; parenchyma cells; pleiotropism; photosynthetic efficiency
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| of a novel TE5A genic male sterility in Brassica napus
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Genic male sterility (GMS), as a promising pollination control system, has already been extensively
utilized for hybrid rapeseed production. TESA is a novel thermo-sensitive dominant GMS line in
Brassica napus. Analysis of paraffin-cross sections of anthers and TEM showed that the male gamete
development was arrested at meiosis prophase |, eventually, meiotic PMCs were degenerated, leaving
an empty locule, and no pollen grains were generated. Chromosome spreads and FISH showed that
homologous chromosomes could not pair, synapse, condense and form bivalents in TESA. EAU uptake
of S-phase meiocytes revealed that TESA mutant could accomplish DNA replication. We then analyzed
the transcriptome differences between young floral buds of sterile plants and its near-isogenic fertile
plants. RNA-Seq analysis identified 3,841 differentially expressed genes (DEGs), some of which were
associated with homologous chromosome behavior and cell cycle control during meiosis. These DEGs
represented a set of potential candidate genes associated with GMS in the TESA. Dynamic expression
changes of candidate DEGs were then detected at different developmental stages of anthers. The
present study provided a global assessment of the differences between GMS sterile plants and its
near-isogenic fertile plants, as well as identified new fertility-associated genes and elucidated the

mechanisms of GMS.

Key words: genic male sterility, RNA-Seq, prophase |, meiotic cycle, meiosis
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mongholicus) SIERFEREE (Astragalus membranaceus ) BITIEIR, TABRRA. L REMEX
BERESXEMA LBI, BFFINEEL ARENUX S, KEBHETAR, AHEEMF
RELUEEREZR  RHBEKELRLREREM TS 35 & HXHBERKHRAES, HLslE
e, IAZRIFRELEREMSREEMFNHEARMENEEA, MYNERMFHARIRPERLE
BN THTFED

BN HBREMBEERELE 25°CEREBFATHLK 12h. 24 h M 48 h NSRBI 4hE &S
BRHRMFFRTEEEIERHTNE, FEEHFEAMTRMERMFHASIRNER. BEA
EHETHREBE 92,359 4 Unigene, & Unigene EEIFE] 7 KINREEURERITIIRE, &ENHE
NR: 63.11%, NT:66.15%, Swissprot:41.13%, COG: 23.50%, KEGG: 46.44%, GO:17.22%|X X Interpro:
43.37%89 Unigene 3K1GINEEETRE. BERBEAMBHTIILL, FHE| KEGC 1, RZHNE2ERH. B
TERANBEEM TN ZESEYHARNELENER), BEEERKBSTERHHEEK. T
KEGG MERFKEAEBARZHNEFREXMzM ARG, ERXNREERH. EEMFREREEY
MEBANEMSEIEN, ERMFABRYBHLANEZIK), BEBLAVBRRHERRS T
BERRK, BAEHERAK, HERODHEHLNEZIR), BERHHRECHDEIR ; EXXE
BAANMAMPERERSKYE, BREHEMTE. ZRFELEFRIED 6O BEPHRZHNEN
HigE, ERBEAEEMAMLIRE. ZEMR, ARHEEMFERRIIPEEIESRF, BEHE
MERMEGKESE, MARXETHER., TUELH, MraBAdRTPN@msRnE, R
TN

XEE: XARK, BEXEEK, BXYE SRR S8 NWEAE
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ZEREXEYAIMERN. K. HE. XA, SHARAFTESEESRN EEWSHMN,
Hp REENAFLTNZOEXERXEDTRUERNEENRS. EHRKRKEXE (
pekinensis cv. Bre) MM EHEREE, MAEIRSIZE (B rapa ssp. chinensis cv. Wut) MHEERKE
E. BNUEXNSIEEAFAMBESTHERR, ETERAENFEBEHTERSBERESHH
KEPREEE, ZERVEHZEFENSTITERAREEERBOVEN, LETRHIREENEEER
GL1-1, BRADPIEET KEXMEIFEHMN GLI-1EMER, RIMSIHE GL1-1 A SNP EHE
BERFHE 93 A% 135 MERXRE. BEIMEE R RENRERGHEMUETLERE
g1 Pkt BERAKRKREENEMNIRERRKR, £ B UNERRRTHBEERE—ELEEE
RE, BEEHIAAEXREENFBRERNS, BEMBETEERBRS FRAEETHIE (BIFC)
MEARINERILITUELRE, RMNEIET GL1-1 EFE I3 NMEBEERE GLL 5 GL3 BEEAK X
BRER, ZEFIMRETFOLL 5CLMNMAEEERRSE, EMXGCLL 5638508 MBW EAEEY
TEEBRMS, FWTHE GL2ERRIRFRIE, XEERRKA, AX GLI-1FNER - MEERR
EERRENTESRE, W4, BXGLI-IFERER GLI-2HEKRFEREAN, SWMERKN, mEH
X GLI- 2 PIEEHEER, JUEMHFBEXBEEMETT o7 REGLENFRE ., AEBELE
RETESHETRBEHNERDBNENIREE, B, BNEEWE GLL-2 BIIFFIIK
5 GUS FRIAMHE A, HIZEIY GUS LEXRKIIEXEBHFXEYH GLL-2 EREEXE+HAF
a4,

B. rapa ssp.
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Albino Leaf 1 that encodes the sole octotricopeptide repeat protein

is responsible for chloroplast development in rice

Zemin Zhang'+, Jianjie Tan', Zhenying Shi”, Qingjun Xie', Yi Xing', Changhong Liu, Qiaoling Chen’,
Haitao Zhu', Jiang Wang®, Jingliu Zhang®, Guiquan Zhang'*

'State Key Laboratory for Conservation and Utilization of Subtropical Agro -Bioresources, Guangdong
Provincial Key Lab of Plant Molecular Breeding, South China Agricultural University, Guangzhou
510642, China

’Shanghai Institute of Plant Physiology and Ecology, Chinese Academy of Sciences, Shanghai 20032,
China

*Corresponding author. Tel: (+8620) 85280800; Fax: (+8620) 85280800;

E-mail: zmzhang@scau.edu.cn, ggzhang@scau.edu.cn

Chloroplast, the photosynthetic organelle in plants, plays a crucial role in plant development and
growth through manipulating the capacity of photosynthesis. However, the regulatory mechanism of
chloroplast development still remains elusive. Here, we characterized a mutant with defective in
chloroplasts in rice, termed a/bino leaf 1 (all), which exhibits distinct albino phenotype in leaves,
eventually leading the a/7 seedling to lethal. Electronic microscopy observation demonstrated that the
numbers of thylakoids was reduced and the structure of thylakoids was disrupted in the 4/ mutant
during rice development, which eventually led to the breakdown of chloroplast. Molecular cloning
revealed that A/I encodes the sole Octotricopeptide Repeat Protein (RAP) in rice. Genetic
complementation of the Arabidopsis rap mutants indicated that AL1 protein is a functional RAP.
Further analysis illustrated that three transcript variants were present in the A/L1 gene and the altered
splices were occurred at the 3'UTR of ALZ transcript. In addition, our results also indicate that
disruption of AL gene results in the altered expression of chloroplast associated genes. Consistently,
proteomic analysis demonstrated that the abundances of photosynthesis associated proteins are
significantly altered, as well as a group of metabolism associated proteins. More specifically, we found
that the loss of ALI resulted in the altered abundances of ribosomal proteins, suggesting that RAP
likely also regulates the homeostasis of ribosomal proteins in rice in addition to the rRNA. Taken
together, we conclude that the ALZ, particularly the ALIa and c isoform, plays an essential role in

chloroplast development in rice.

Key words: chloroplast development, RAP, ALZ gene, OPR
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XRN2 and XRN3 interact with HYL1 for pri-miRNA processing

Qiuxia Zhao, Yuke Hex

National Key Laboratory of Plant Molecular Genetics, Shanghai Institute of Plant Physiology and
Ecology, Shanghai Institutes for Biological Sciences, Chinese Academy of Sciences, Shanghai 200032,
China

*Corresponding author. Tel: (+8621) 54924111; Fax: (+8621) 54924111, E-mail: ykhe@sibs.ac.cn

MicroRNAs (miRNAs) play important role in plant development by post-transcriptional regulation of
target genes. In Arabidopsis thaliana, HYPONASTIC LEAVES1 (HYL1) is a double-stranded RNA-
binding protein that forms a complex with DICER-LIKE1 (DCL1) and SERRATE (SE) to process primary
MIiRNA (pri-miRNA) into mature miRNA and forms homodimers to ensure the correct selection of
cleavage sites in primary miRNA. Here, we found that HYL1 coordinated with XRN2 and XRN3, the 5
to 3' exoribonucleases, in cleavage of pri-miRNA. HYL1 directly interacted with XRN2 and XRN3, which
were co-localized with SE and DCL1 as well. The accumulations of mature miRNA were slightly reduced
in xrn3 mutants, but considerably increased in p355:.:XRN3 plants. In xrn2 and xrn3 mutants, the
accumulations of pri-miRNA were increased, but decreased in p355.XRN2 and p355..XRN3 plants.
The in vitro miRNA processing experiments revealed that the concentration of XRN2 and XRN3 in
HYL1-DCL1 complexes affected the cleavage of pri-miRNA and the efficiency of miRNA processing.
We suggest that XRN2 and XRN3 enhance miRNA processing through cleavage of pri-miRNA.

Key words: HYL1, XRN2, XRN3, pri-miRNA
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Cytokinin as a positional cue regulating lateral root spacing in

Arabidopsis

Ling Chang™’, Eswarayya Ramireddy"s, Thomas Schmuilling"

‘Institute of Biology/Applied Genetics, Dahlem Centre of Plant Sciences (DCPS), Freie Universitat Berlin,
Albrecht-Thaer-Weg 6, D- 14195 Berlin, Germany

*Present address: Hubei Collaborative Innovation Center for Green Transformation of Bio-Resources,
College of Life Science, Hubei University, Wuhan 430062, China

*Corresponding author. E-mail: eswar.ramireddy@fu-berlin.de, thomas.schmuelling@fu-berlin.de

The root systems of plants have developed adaptive architectures to exploit soil resources. The
formation of lateral roots (LRs) contributes to root system architecture. Roots of plants with a lower
cytokinin status form LR primordia (LRP) in unusually close proximity, indicating a role for the hormone
in regulating the positioning of LRs along the main root axis. Data obtained from cytokinin-synthesis
mutants of Arabidopsis thaliana combined with gene expression analysis indicate that cytokinin
synthesis by IPT5 and LOG4 occurring early during LRP initiation generates a local cytokinin signal
abbreviating LRP formation in neighbouring pericycle cells. In addition, IPT3, IPT5, and IPT7 contribute
to cytokinin synthesis in the vicinity of existing LRP, thus suppressing initiation of new LRs. Interestingly,
mutation of CYP735A genes required for trans-zeatin biosynthesis caused strong defects in LR
positioning, indicating an important role for this cytokinin metabolite in regulating LR spacing. Further
it is shown that cytokinin and a known regulator of LR spacing, the receptor-like kinase ARABIDOPSIS
CRINKLY4 (ACR4), operate in a non-hierarchical manner but might exert reciprocal control at the
transcript level. Taken together, the results suggest that cytokinin acts as a paracrine hormonal signal

in regulating root system architecture.

Key words: Arabidopsis thaliana, cytokinin, lateral root, lateral root spacing, root branching, root

system architecture.
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EOABNEAMRBIMECHNERRTESBRCRNEBEARREYREXETESRE
AR, LRBAEMRFRZENEERR. BNIREENIARPIBLE T —MRSEKR
MZBENMEERERBARZELEFTARERN LRR 2NEMIFFHEAIAEERLME ASARK

(Senescence-Associated Receptor-like Kinase), HH#—FS N BLET — N5z HEEE. RiFE
MR FEN PP2C BLEAMESES SSPP (Senescence Suppressed Protein Phosphatase) o
AtSARK BEFRIBN BB LEM ; SSPP o[ 5 AtSARK B3 H fEF Xt H B BER 1k A8 R I8 47 5
BRICER, ERIAIZERTUASHIH ASARK FSHINETRR=. FEEM L, BT RES
WEE T AtSARK 3 27 DNl EM B B ERBZEN =, T2 315 AX LR A S A9 EH SRR (L
MR UM R RERABDTE NS, BHMNEMEFN I NEREEENETT AtSARK 19
BRRRRS, #—2 pull-down REHRA, X 9 MISFE 6 MRHREHET AtSARK 5 SSPP
ZEMEE., HRMNEERNBETRESTERKA | ASARK BREERWEMHERRSSBUZEB R
EEER Y £ WFThRE Rk, MBERILIRESH ASARK 2HRIFHAYFAMMNEESLMS., WiX—XA
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B &1 (Hedychium coronarium BB RN FE, HEXBEAMYRTIENNEE. B-TEHE.
ARG . FRRFESHEEANERELEYR. £XKZRZPEELABNEERER, BENEEDRR
WHIRERERS . AHRMBZRLBFTE T HEMTHIALE A WARA HClAA2, 1AA-B T ik
9 HclAA4 F1 R2R3 BUE MYB2., HClAA2. HCMYB? T BA B BRI AEMESERERERRL,
REWNLL EWFRMELRRRIL | HOAA2, HolAA4, HoMYB2 EARRB A BN FIA ST N7
BRI, BARLIES, TE2HER SEERNNNTSHE—B. INEEE IAA RERERS
BT 8E. NEENXRRPENERE, HAXEREBERE HBSMT1 T HeBSMT2 FIFEX FRis
EEE LB, HolAA4, HoMYB2 FRiKE LI, T HoAA2 RIEETIB. KB TIBA 432
BERMNERE. SAERGMEFRPENELRE, HoAAL. HIMYBZ2 FIKEBRIR, HAAAZ2 F5,
HCcTPS8. HcTPSI10. HeBSMTI HNFREEBE T H. EAZHLMF BSMV-VIGS fREHR A
HelAA2 TG, SnEEE. JIBHE. XRBPENIELRSEIN, HcTPS3, HCTPS8 FAEHE, BRI
B HclAA4 T HeMYB? |a, NMERE. AP 8%, SEXGHIEFRAENELZEEARERENRED,
HCTPS3, HcTPS8. HcTPS10 B ARREMMER. EBELAER HclAA2 1 HclAA4, HcMYB2 5
HclAA4 BEBEE., AMRAZRETRBEEKFTBENEZ ZBMNAXBKMHTTHRNERER, A
WH—HRANBTHIBEYIHIRE T S%.
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Ethylene promotion of lettuce seed germination under salinity may

act through modulation of proline biosynthesis

Linggi Kong*?, Hegiang Huo', Zhaolan Wang’, Willian Giordani’, Phat Hua", Kent Bradford'

'Department of Plant Sciences, University of California, Davis, CA 95616, USA
“Institute of Grassland Research of Chinese Academy of Agricultural Science, Hohhot 010010, China

*Corresponding author. E-mail: kjbradford@ucdavis.edu

Diverse genotypes of lettuce were assessed for their seed germination responses to salt stress. The
most tolerant genotype, PI251246, a primitive accession of [actuca sativa, can germinate well at 250
mM NaCl, while the most sensitive genotypes are greatly inhibited at 225 mM NaCl. The inhibitory
effect of salinity on germination was due to the osmotic stress rather than ionic toxicity. The inhibition
of seed germination by salinity could be greatly alleviated by ethylene or partly by 1-
aminocyclopropane carboxylic acid (ACC, ethylene precursor). Application of aminoethoxyvinylglycine
(AVG, an ethylene biosynthetic inhibitor) and silver thiosulfate (STS, an ethylene receptor inhibitor) can
completely block seed germination of PI251246 seeds at 250 and 200 mM NaCl, respectively. Ethylene
production is seven times higher from PI251246 seeds than from UC96US23 seeds imbibed in 200
mM NaCl, although there is no significant difference between them when imbibed on water.
Furthermore, free proline content of PI251246 seeds is significantly higher than that of UC96US23
seeds at 200 mM NaCl. Application of AVG or STS dramatically reduced free proline content of
P1251246 seeds at 250 and 200 mM NaCl, respectively. Real-time PCR analysis showed that the
transcript levels of ethylene biosynthetic gene LsACS1 and LSACO1 and of LsPDH1, a proline catabolic
gene, are more abundant in P1251246 seeds imbibed in 200 mM NaCl than in other lettuce genotypes;
STS greatly reduced their transcript levels in PI1251246 seeds at 200 mM NaCl. However, seedling
biomass and root length analyses revealed that the tolerance of PI251246 to salinity is specific to
germination; seedling growth was not tolerant to salt stress. Thus, tolerance to osmotic stress during

germination does not necessarily imply tolerance of seedling growth to salinity.

Key words: lettuce, germination, salinity, ethylene, proline salinity

166



EUHEEDF

P68
P B AE B EE S EE 8 LORELEI/LLGL EA D FREMLEASZES

5 FERONIA ZEHEN{ESERE
Z=#8 % Fang-Ling Yeh® Alice Y Cheung® Qiaohong Duan’ Hen-Ming Wu?

MERITSEA S A BRFFR, i 200241
OEEEAYHTEMESEMLER, FISHITE, DS 01003, £

*BIS1EE Tel: (+8621) 24206854; Fax: (+8621) 54341006; E-mail: cli@bio.ecnu.edu.cn

METT R MEEFERONIAS SEI R S EEMENAE KA BEREF, SFEKER. PSR RE
MR FHRESHSUERAEABERES. IANIERP, BURERFRANBIERIEHE
FE A LORELEIM REARRIL L B feronaREFRBIAN LN BRI MBEHESHERE. ELAARP, &K
MNERIE FBFZERRMUFRIEMLORELEI-like GPI-anchored Protein 1 (LLG1)M R TR B F [E feronia IR
TRBM RIS E RN IERME. LLG1/LREFFERONIAB A MR FAMRRM P EER, mA,
TENgIR R RERFHFERONAZE B HEFENREN AL EERWEMEMBER L, MTHIA
FERONIAFILLGL/LREME AR BN RMW AR . #H—PHERKA, LLGLFFTETFERONIAERE
HIRAC/ROPIE SR EE SR I EAFERONIABZ IRER MEE FHEEZEE/EA. A, HAIE
ZILFERONIATE T HABSMNX AyJuxtamembrane X EREILLG14E 5, HEA SEFERONAREEREHE
BERNRME, 2R, RI19%RRPBLLGL/LRE/EDFERONIAB D FRAEMAR ZHS 5HE
SHEE, FEHRE THERIEHEEEQNMIEHABTREYZIEMNFTIG (L et al, fife
2015).,
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Molecular regulation of age-dependent JA response decay in

Arabidopsis
Ying-Bo Mao*, Yao-Qian Liu, Jia-Wei Wang, Xiao-Ya Chen
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The JA signaling pathway plays important roles in plant defense against herbivorous insects.
Jasmonate ZIM-domain (JAZ) proteins, which are the repressors of JA signaling, have two conserved
domains: the N-terminal ZIM domain and the C-terminal Jas domain. The Jas domain is a protein-
protein interaction surface required for binding to either the transcription factors such as MYC2, or
CORONATINE INSENSITIVEL (COI1), a component of the ubiquitin E3 ligase SCFCOI1. In normal
conditions, the relatively high level of JAZs represses the activity of transcription factors. External
stimuli, such as wounding or insect attack, cause rapid rise of JA-lle concentration in plant cell, which
triggers COI1-JAZ interaction and degradation of JAZs by the 26S proteasome, releasing the
transcription factors to activate downstream defense genes. Therefore, the abundance of JAZ proteins
in cells, determined largely by the rates of protein degradation, controls the output of JA response.
Here we reported that JA response decayed in an age dependent manner and this was controlled by
mMiR156-SPL module. miR156 targeted SPLs dampens JA responses in leaves of adult plant by
stabilizing JAZ proteins. However, leaves from adult plant actually have enhanced resistance to insect
herbivore. We found contrary to JA response, the major defense compounds in plants of Brassicaceae,
glucosinolates (GLSs) in leaves increase sequentially, a tendency independent of the miR156 -SPLs or
the JA signaling. Thus, the two pathways change in reverse directions: while the JA-mediated inductive
defense fades away, secondary metabolites deposit cumulatively. Our data provide new insight into

the balanced regulation over defense systems.

Key words: JA response, insect resistance, JAZ proteins, miR156-SPL module
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RGF1, a secreted peptide hormone, plays a key role in root meristem development in Arabidopsis.
Previous studies indicated that a functional RGF1 needs to be sulfated at a tyrosine residue by a
tyrosylprotein sulfotransferase (TPST) and that RGF1 regulates root meristem activity mainly via two
downstream transcription factors, PLETHORA 1 (PLT1) and PLT2. How extracellular RGF1 is perceived
by a plant cell, however, is not understood. Using genetic approaches, we discovered a clade of
leucine-rich repeat receptor-like kinases (LRR-RLKs), designated as RGF1 INSENSITIVE 1 (RGI1) to RGI5,
serving as receptors of RGF1. Two independent rgil rgi2 rgi3 rgi4 rgi5 quintuple mutants display a
consistent short primary root phenotype with a small size of meristem. An rgi1 rgi2 rgi3 rgi4 quadruple
mutant shows a significantly reduced sensitivity and the quintuple mutant is completely insensitive to
RGF1. The expression levels of PL71 and PLT72are almost undetectable in the quintuple mutant. Ectopic
expression of PLTZ driven by an RG/2 promoter in the quintuple mutant greatly rescued its root
meristem defects. One of the RGls, RGI1, was subsequently analyzed biochemically in detail. /n vitro
dot-blotting and pull-down analysis indicated that RGI1 can physically interact with RGF1. Exogenous
application of RGF1 can quickly and simultaneously induce the phosphorylation and ubiquitination of
RGI1, indicating that RGI1 can perceive and transduce the RGF1 peptide signal. Yet, the activated RGI1
is likely turned over rapidly. These results demonstrated that RGls, acting as the receptors of RGF1,
play essential roles in RGF1-PLT-mediated root meristem development in Arabidopsis

thaliana.

Key words: receptor-like kinase, RGF1, RGF1 INSENSITIVE, PLETHORA, Arabidopsis
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Paper-based electroanalytical devices for analysis of phytohormones

in situ
Lijun Sun*?, Yuan Xie', Zijun Fang®, Haiying Gu'*, Ning Bao'
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Phytohormones are a group of naturally occurring trace substances which regulate multiple
physiological processes of plants, including growth, development, and response to biotic and abiotic
stresses. Detection of phytohormones /n situ has gained significant attention due to their critical roles
in regulating developmental processes and signaling for defences in plants at low concentration. Here
we report the application of paper-based electroanalytical devices for sensitively /n situ detection of
salicylic acid in tomato leaves with the sample volume of several microliters. Specifically, disposable
working electrodes were modified with multiwall carbon nanotubes and Nafion. Then, by integrating
the paper-based electroanalytical devices on the tomato leaves, salicylic acid can be determianted /n
situ. The results also demonstrated that the amounts of salicylic acid differed statistically in normal,
phytoene desaturase (PDS) silent and diseased (infected by Botrytis cinerea) tomato leaves. The study
might also provide a sensitive method with spatiotemporal resolution for mapping of other

phytohormones in the plant body in situ.

Key words: phytohormones, salicylic acid, /n situ electrochemical detection, paper-based analytical

devices
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Brassinosteroids (BRs) are a group of steroidal hormones that regulate a wide range of developmental
processes in plants, including cell expansion, cell division, senescence, male fertility, fruit ripening, and
responses to environmental stresses. BR signaling pathway is mediated by the BR receptors BRI1/BAK1
and the transcription factors BZR1/BES1. As a positive regulator and a key transcription factor in BR
signaling, BZR1 has been shown to mediate BR crosstalk with many other signaling pathways in plants.
To explore whether BZR1 works together with other transcription regulators to regulate different BR
responses, we performed a BZR1 yeast two-hybrid screen and identified a BZR1-interacting protein
BZF1 (BZR1-interacting Factor 1) in Arabidopsis.BZF1 is a putative transcription factor because it
contains a CCCH-type zinc finger motif. BZF1 interacts with BZR1 /n vitro and in vivo and localizes in
nucleus and cytoplasm and its accumulation is BR-inducible. However, while BZR1 enhances plant
growth and cell elongation, BZF1 inhibits these processes when it is overexpressed. The inhibitory
effect of BZF1 seems due to its inhibition to BZR1 activity because overexpression of BZF1 suppresses
BZR1's hypersensitivity to BR. These results suggest that BZF1 is likely a negative regulator of BR
signaling and plant growth. Further studies will be undertaken to understand how BZF1 modulates BR

signaling and plant growth.

Key words: Arabidopsis thaliana, brassinosteroids, plant growth.
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WEFRBEESRBASEEA HATL BT HD-Zip || Rk, #xRETF HATL £EWEKNELE
FEIEEEA. ATH—PER HD-Zip | HFEFEEYHHARNER, BREHRSE (CMV)
RRLIURT TR E RBAK hatl, hatlhat3, hatlhatZhat3 ¥ HATI I3 FiktEM (HATIOX)., ERER,
HAT1OX #8#kXT CMV EfRZ R, HATI NRERAR T AR TR M. MERKRTIE hatl (3
hatlhat3) ¥8Et, hatlhatZhat3 3t CMV SmSEIFTMEIEHN, HATI MEELNEE R HAT2, HAT EFRs
R EFENR IR, 5, SHARERBLLNELRS (MEAEEENRECBEBERNTRIX)
FFHEE R RIAE HATIOX fEMFHTIE, MAERKREE=R (hatlhathat3) # Lif, #—
WHRFA, HATI 5% CMV REMBHIR R TR T /KB (SA) MIEXRFIER (JA). CMV
FEBEE, SASEER SA BHMEAERENFIATE HATIOX tHkkth THEME hatlhatZhat3 TS,
MIAREE A BHHEXERPNFRIAL HATIOX 1 hatlhat2hat3 tEk A GFEEEER. H—FW
REI HATI MFTIEKIHT SA SBMIRR. ZLANR, HMNMNERER HATL I CMV Bl
R HER RiEEER,

X838 : BT, CMV, HATL, ®XZEF, mEM, K
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The rhythmic expression of clock genes and stress responding genes

of Tibetan hulless barley under low temperature

Pengfei Li, Jing Cai, Tianliang Chang, Xiao Luo, Pan Lai, Yuwei Zhao"**s
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*Corresponding author. Tel: (+8629) 88303484; Fax: (+8629) 88303484; E-mail: zhaoyw@nwu.edu.cn

Tibetan hulless barley (Hordeum vulgare L. var. nudum. hook. f.) has been cultured as main cereal
crops by the inhabitants on Tibetan plateau for thousands of year. Compared to the normal cultivated
barley and all other plants within the genus Hordeum, the hulless barley has developed stronger
endogenous resistance systems to survive and grow under the general environmental stresses in the
Tibetan Plateau. However, little of the mechanism of these stress defense systems has been reported.
The low temperature acclimation process but non-freezing temperatures would trigger rapid signaling
events in target plants which often leads to the responding expression of cold-regulated genes, as
well as their transcription factors, for an anticipation of the coming environmental freezing tolerance.
In order to find out whether the circadian rhythmic expression profiles of clock genes in hulless barley,
such as 7OC1, CCA1, LHY, etc. and the cold responding genes, either CBF, LEFA in ABA pathway or
NHX, CBL and C/PK in non-ABA pathway are affected by the non-freezing low temperature stress,
gPCR method was employed to detect the rhythmic expression patterns of those above-mentioned
genes in time course hulless barley seedlings which had been stressed by non-freezing low
temperatures under LL condition. The primary results demonstrated that in the control group (under
25°C), the expression profiles of the circadian clock genes showed robust circadian rhythmic, as well
as which of those non-ABA pathway cold-stress responding genes displayed obvious circadian
rhythmic profiles, while none of the stress responding genes' expression involved in the ABA pathway
were proved to be clock controlled. Under the low temperature (4°C) treated condition, the rhythmic
expression patterns of most clock genes maintained their robust rhythmic though that of G/and LUX
showed slight phase shifting and dimmed amplitudes. In terms of the stress responding genes in non-
ABA pathway, their expression profiles were severely disturbed by environmental low temperature. A
few of these stress responding genes showed very dim amplitudes or shorted periods, such as NHX1,
NHX2, NHX3, but most of them lost their rhythmic phenotype completely. The above results indicated

that low temperature signal could disturb the output of the circadian clock in Tibetan hulless barley.

Key words: hulless barley, circadian clock, stress responding genes, low temperature signal
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Physiological and antioxidant enzyme gene expression analysis
reveals the improved tolerance to drought stress of the somatic
hybrid offspring of Brassica napus and Sinapis alba at vegetative

stage
LiuQin Yang, Yujie Fang, Youping Wang=

Jiangsu Provincial Key Laboratory of Crop Genetics and Physiology, Yangzhou University, Yangzhou
225009, China

*Corresponding author. Tel: (+86514) 87997303; Fax: (+86514) 87991747,
E-mail: wangyp@yzu.edu.cn

Drought is a major constraint of agriculture development. The intergeneric somatic hybrids between
Brassica napus and Sinapis alba were created by electrofusion to obtain materials with enhanced
drought tolerance.The drought tolerance of B. napus cv. Yangyou 6 (Y6) and one offspring line (W146)
of the somatic hybrids was evaluated by morphological observation. Physiological parameters were
determined in this study. Moreover, the activities of a few antioxidant enzymes and the transcript level
of the antioxidant enzyme encoding genes were analyzed by gqPCR. W146 and Y6 showed apparent
wilting after drought stress for 7 days. However, Y6 wilted more severely than W146. The result of the
physiological analysis showed that the relative electronic conductivity and malondialdehyde content
of Y6 were higher than that of W146. The relative water content, net photosynthesis rate, proline
content, and the activities of superoxide dismutase (SOD) and peroxidase in W146 were higher than
that in Y6 after drought stress for 12 days. The DNA and nitrotetrazolium blue chloride staining analysis
revealed less accumulation of O.- and H.O: in W146 than that in Y6 after drought stress.Moreover,
the transcript level of some antioxidant enzyme encoding genes,such as Cu/ZnSOD, MnSOD,
ascorbate peroxidase, glutathione reductase, and glutathione peroxidase in W146, was higher than
that in Y6 under drought stress. Results revealed that line W146 showed more drought stress tolerance

than Y6 because line W146 could reduce oxidative damage by efficient antioxidant systems.

Keywords: antioxidant enzymes, Brassica napus L., drought stress, gene expression, somatic hybrid

progeny

175



JES BB E R IR

P77

Reversion of hyperhydricity in pink (Dianthus chinensis L.) plantlets

by AgNO: and its associated mechanism during /n vitro culture
Hongyang Gao, Xiuying Xiax, Lijia An, Xin Xin, Yuan Liang

School of Life Science and Biotechnology, Dalian University of Technology, Dalian 116024, China
*Corresponding author. E-mail: xx47@dlut.edu.cn

Hyperhydricity occurs frequently in plant tissue culture and can severely affect commercial
micropropagation and genetic improvement of the cultured plantlets. Hyperhydric shoots are
charaterzized by high water content, but how this occurs is still a subject of investigation. Silver ion
(Ag") can reduce the extent of hyperhydricity in plants, but its effect on the reversion of hyperhydric
plantlets and the underlying mechanism of reversion has not been clarified. In this study, about 67%
of the hyperhydric Dianthus chinensis L. plantlets were found to revert to normal condition when the
plantlets were cultured in medium supplemented with 29.4 pumol L'AgNOs. Water content and
hydrogen peroxide (H-O) production in the guard cells of these plantlets were reduced, while stomatal
aperture and water loss rate were increased. AgNO:s also reduced the content of endogenous ethylene
and expression of ethylene synthesis and ethylene signal transduction-associated genes. Reduced
accumulation of ethylene consequently led to an increase in stomatal aperture mediated by decreased
H.0O: production in the guard cells. These results adequately verified the role of AgNOs in the reversion
of hyperhydricity in D. chinensis L. and also provided clues for exploring the cause of excessive water

accumulation in hyperhydric plants.

Key words: Dianthus chinensis L., hyperhydricity, silver nitrate, reactive oxygen species, stomatal

aperture, ethylene.
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EH—FMEBMEYEE, SHEENEE(Brassinosteroids, R BRIZEFIFHHL. BB, A
. RBERE. AR, KESER. RERE. BYRESIRIEESERA. BR 5
W AR F B9S2 4K BRI1 (BRASSINOSTEROID INSENSITIVE 1)BH/E, REREES 1L T35 B8ES BSK3 (BR-
SIGNALING Kinase 3), 7113 BSK3 HUE T i & B B EL B8 BSUL (briZ-SUPPRESSOR1)., BSUL 8B EH
# B BIN2(BR INSENSITIVE2) X B BR 1L, F¥§ BIN2 %k5E, fEBR BIN2 B 1L X T BZR1
(BRASSINAZOLE RESISTANT1) ik E FREMEHNG, 181 BR HAXMNERNFRIL. HKIMHAR
BRI, 7E 45°C HEMEMHT, 1URTT BR ESEEP B ABRII INTHEERR D ERAR TR bril-301
0 briz-5. AtBSK3 B T-DNA BARTEAEGENRTES TEHAR, RIATHHNEHERE ; W
AtBSK3 HOIT FRIEAEMAN ABINZ R HELREFE Y T-DNA FEARTR bin2bil1bil2 = REFET-RNE
FHER, RMAXNHPHNAERE., ERENE, EENRREZHET, BZRl REkEEEFHI
BESKBRIRTIK bzri-1d, besi-1d K T-DNA FEANRER besibehlbeh3behd TR TR 7 ER
MEFARELLREEEER., Western HERt B, MG BZR1 BB LIRS I X 52 BZR1 BT
HERMFEDELLSEEZTH, SN EHFRER, HRIPAD BR EE2£S52MEYHY
FESREHFEXNEE, MAXFMEETREILEEA B BR{ESHEZEIT BZR1 AMEE TN IBETHE
VINHEMY, TEYHNERIEN ASX BR ESESERESEBENZM,

XA : BR, MRMIR, BEfET, MEIT
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HHEZEARF PIFs BTH#%XEF bHLH REFH—MTERERR, EARERN—MES
Fily, PIFs B xAFILET ZMESEE, TEEVEKAERERIEEER. BRIXT PIFs #%H
FEMEBFERNARELLR D, EHMEYHIEEE PIFs EXEFSSNEVNHNRE. AHR
EEBETWE/\E* PIFs 3% A FERE ZmPIF1 #1 ZmPIF3., EEFIEDHTFRE ZmPIFL 71 ZmPIF3 & &

953 PEG 1 ABA AIBIFESFRIL. #EM ZmPIFL 1 ZmPIF3 TJ8E5 5 FREMMER ZH ABA 5 5i&
2. ATH—FRWIE ZmPIFL # ZmPIF3 (YR FEINEE, D HIMET ZmPIFL F ZmPIF3 /KFEid Rk 4h
H1EMk. ﬁn%%/ﬁﬁuﬂ%&EPﬁnJHJM_ME%EIME', &I ZmPIFL #1 ZmPIF3 £ F sE %@ 1 T
ST, BRREBER, MNhEEE&EERKBOTKHEN. BATHEAESEDSIH ABA
W38, EREAMERERHEAERHEREHERFKTEX ABA BEUX, HEEFRKFENIE ABA 8%
BEL, N ZmPIFL 1 ZmPIF3 $57 ABA 558, WERKBIKE R ZHRH#TILTH
G, ST ERER ZmPIFL 1 ZmPIF3 EEXKEH BRI ZE A RNROEN, FiREE
BREPAEXK ZmPIFL F ZmPIF3 £EEREBMEINEE, ZmPIF1 Ml ZmPIF3 #XEF55 ABA K& R
HESEE, BRI, BREEBER FATKNENE BEREENENENERNAS
BEREY =2, BEARANE.

XEEE - PIFs, ®BxET, 2
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Functional characterization of diacylglycerol kinase gene family in

maize (Zea Mays)
Yingnan Gu*’, Kejun Yang'x, Jingyu Xu', Bowei Yan®, Jiejing Dong’

"Heilongjiang Bayi Agricultural University, Daging, 163319, China
’Heilongjiang Remote sensing technology center, Heilongjiang Academy of Agricultural Sciences,
Harbin 150000, China

* Corresponding author. E-mail: byndykj@163.com

Diacylglycerol kinase (DGK) is a kind of phosphokinase involved in the formation of signaling molecule
phosphatidic acid (PA) in plants. In this study, seven maize(zea mays) DGK gene family members were
identified by bioinformatics analysis, and designated as ZmDGK1-7. The proteins encoded by ZmDGKs
had a molecular weight (MWSs) between 54.6 and 80.2 kDa, and predicted Pl values of 6.08 to 8.74,
respectively. Phylogenetic analysis revealed that ZmDGKs fall into three clusters. While all ZmDGKs
have a conserved catalytic domain DGKc, only ZmDGK1, ZmDGK4 and ZmDGK5 have the DAG/PE
binding domain. Gene expression of ZmDGKs were detected in roots, stem, leaves, and endosperm
tissues. ZmDGKs genes were also significantly up- or down-regulated in response to drought, salt and
low temperature treatment. We identified maize DGK genes, and conducted bioinformatics and gene
expression analysis under several abiotic stresses, which will help us to decipher the functions of maize
diacylglycerol kinase family and their roles in maize growth, development and responses to

environmental changes.

Key words: maize (zea mays), diacylglycerol kinase, bioinformatics analysis, abiotic stress
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to heat stress in Arabidopsis

Ningyu He'’, Yu Wang*?, Wei Gao"’, Juanhua Chen"’, Yao Zhao'’, Fangqging Guo'

‘Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological Sciences, Chinese
Academy of Sciences, Shanghai 200032, China
“University of Chinese Academy of Sciences, Shanghai 200032, China

*Corresponding author. Tel: (+8621) 54924095; E-mail: fgguo@sibs.ac.cn

Unlike animals, plants are not able to escape from the stressful growth conditions such as heat stress,
and a variety of adaptation mechanisms have been evolved in plants to cope with these unfavorable
conditions. With the increasing global warming effect, plants face much more serious challenges than
before. However, the mechanisms by which plants tolerate the heat stress remain unclear. Here we
report that the heat tolerant defect 1 (htd1) mutant of Arabidopsis showed defects in thermotolerance
and growth, such as delayed flowering time. The heat-responsive expression of Hs#A2, a key player
involved in acquired thermotolerance, was strongly repressed under 38°C heat treatment for 2h
compared with wild type. Moreover, HTD1, encoding a putative DNA-binding protein, can be induced
by heat treatments, further implying that #7021 acts upstream of heat stress signaling pathway,
regulating the expression of HsfAZ In addition, we also examined the basal and acquired
thermotolerance of the Atd7 mutant. The detached leaves of htdI were much more sensitive to the
heat treatment of 37°C for 7.5 h. Similarly, the four-week-old Atd1 plants also exhibited defects in
acquired thermotolerance when treated with 37°C for 1h, 22°C for 2h, and then 45°C for 10 h, following
by 7-day-recovery at 22°C. Taken together, #7D1 can be induced by heat and acts as a regulator in
modulating the heat-responsive expression of HstA2. Detailed molecular and biochemical analysis of
HTD1 in regulation of the Hs#AZ expression is ongoing. We believe that these findings would provide
a deep insight in better understanding the H7D1-dependent heat stress signaling transduction and

heat tolerance in plants.
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Overexpression of Sddt enhances drought tolerance in Arabidopsis

and Brassica napus by regulating microRNA activity

Zhiyong Hu, Liang Zhang, Jing Liu, Gaomiao Zhan, Hongli Yang, Xingchao Sun, Linbin Deng, Shihang
Fan, Hanzhong Wang, Wei Huax*
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*Corresponding author. Tel: (+8627) 86711806; Fax: (+8627) 87212706;
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In plants, high root density and larger root surface area can be maintained or expanded to promote
water uptake, a process that plays crucial role in drought stress tolerance. In our study, a gene named
Sddt (a semi-dwarfism and drought tolerance gene) was found to regulate the development of lateral
root growth in Arabidopsis and Brassica napus. Compared with wild type, transgenic plants
overexpressing Sadtshowed increased lateral roots. Using yeast-2-hybrid, we demonstrated that Sddt
interacted with DCL1. Hybridization of Sddt-overexpressing plants with miRNA activity reporter plants
indicated that Sddt greatly enhanced miRNA activity. Furthermore, by small RNA sequencing, we
identified 96 known differentially expressed miRNA genes. Among them, the miRNA160 family was
up-regulated and its target genes, ARF10, -16, and -17, were down-regulated. Our results suggest
that the overexpression of Sddt enhances microRNA activity via its interaction with DCL1, decreases
expression of ARF genes through miRNA160, promoting both lateral root development and increased
drought stress tolerance. These findings will help us to better understand the mechanism of root
development during drought stress, and implies that Sdat has potential applications in genetic

engineering to improve crop tolerance.

Key words: Arabidopsis, Brassica napus, drought tolerance, miRNA activity, Sddt, miRNA160
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Characterization of GsCHX19.3, a member of cation/H" exchanger,
from wild soybean suggests a positive role in salt and alkaline

stresses
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Cation/H"” exchanger (CHX) transporters are characterized to play vital roles in plant growth,
development and defense. Although soybean genome sequencing has been complete, the CHX family
genes haven't been analyzed systematically in soybean. Here, in this study, 40 putative CHX genes
were identified and clustered into five distinct subfamilies. We further investigated their chromosome
distribution and gene duplication, protein structure and phylogenetic relationship. According to the
online database (Phytozome, http://phytozome.jgi.doe.gov/pz/portal.html), the expression of
GmCHXs varied among different tissues. Based on our previous RNA-seq data, only six GmCHXs were
up-regulated in soybean root in response to salt-alkaline stress. Among them, GsCHX19.3 exhibited
maximum expression values and fold changes under salt-alkaline stress. Subsequently, we confirmed
that GsCHX19.3 expressed diversely in different tissues and was induced by both salt and alkaline
stresses. Green fluorescent protein-tagged GsCHX19.3 expressed in Arabidopsis protoplasts was
localized to plasma membrane. GsCHX19.3 conferred resistance to low K, high pH, hygromycin B and
carbonate stress, but not to high salt (Na" and Li") stresses. However, GsCHX19.3 overexpression in
Arabidopsis increased salt and alkaline tolerant, whereas atchx19 T-DNA insertion mutant displayed
opposite phenotype. Moreover, we also demonstrated that GsCHX19.3 overexpression could promote
K" uptake and helped maintain K'/Na’ homeostasis in transgenic plants. As expected, K'/Na’
homeostasis was disrupted in afchx19 knockout mutants. Taken together, our results demonstrated
that GsCHX19.3 is involved in ion balance and pH homeostasis, functioned as a specific K'/H"

antiporter in yeast cells.

Key words: cation/H" exchanger, GsCHX19.3, Glycine soja, salt-alkaline stress, K homeostasis
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MYB (v-myb avian myelobastosis viral oncogene homolog) transcription factor family is one of the
largest families in plants. Members of this family are divided into four subgroups including R1/2-MYB,
R2R3-MYB, 3R-MYB and 4R-MYB, with R2R2-MYB being the subgroup harboring the largest
members and playing diverse functions in plants. Previous studies have demonstrated that members
of R2R3-MYB subgroup play important roles in biotic and abiotic stress, secondary metabolism,
meristem formation, cell cycle control and cell morphogenesis and so on. However, we still have very
limited understanding of R2R3-MYB genes in rapeseed (Brassica napus L.) In the present research, we
mined the expressed sequence tag (EST) of rapeseed and identified 76 R2R3-MYB genes (excluding
alleles). Then we successfully cloned 44 R2R3-MYB genes. And we analyzed transcriptional activities
of these BnaMYB proteins in yeast. We also investigated the subcellular localizations of some R2R3-
MYB proteins through GFP fusion. Besides we have identified the transcript abundance levels of 15
R2R3-MYB genes during abiotic stress conditions and ABA treatment and found that a group of R2R3-
MYB genes responded to one or more treatments. In the meantime, we identified one functionally
unknown MYB gene-BnaMYB78, which regulates reactive oxygen species (ROS) accumulation and
hypersensitive response(HR)-like cell death. We further found it could regulate the transcription of a
few ROS- and defence-related genes and modulate the ROS-dependent cell death in Nicotiana
benthamiana. Taken together, this research has provided a solid foundation to understand the

functions and regulatory mechanisms of R2R3-MYB genes in the oil crop-rapeseed.

Key words: rapeseed, MYB, abiotic stress, ROS, PCD
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Leaf color mutants are ideal materials for studying physiological processes in plants. Here, a thermos -
sensitive leaf-color mutant of Green wandering jew was isolated after carbon ions irradiation, which
was designated as mt. The color of young mutant leaves was more sensitive to variations of
temperature, however, the young leaves of wild type remained green under low - temperature
conditions (6°C-20°C). To elucidate the characteristics of pigmentation in mutant leaves under room
temperature conditions (25°C) and low - temperature conditions (7°C), the ultra-structural, pigment
composition, molecular mechanisms and anthocyanin accumulation involved in this phenomenon
have been investigated in four independent experiments. The results showed that chloroplasts of
mutants exhibited abnormal morphology and distribution at 25°C, and under low - temperature
conditions(7°C), the chloroplasts converted into leucoplast in leaves on mutants. Temperature change
affected the rate of color transition, chlorophyll and anthocyanin concentrations in leaves on mutants.
Molecular analysis indicated that all the anthocyanin biosynthetic genes and regulatory genes were
constitutively up-regulated in mutant leaves at 7°C. The other anthocyanin biosynthesis and regulatory
genes showed similar expression levels between mutant and wild type except PAL, CHS, ANS were
up-regulated at 25°C. HPLC analysis of anthocyanins in mutant and wild type leaves revealed that the
contents of cyanidin, petunidin and delphinidin were significantly lower than those of under low-
temperature conditions (7°C) except pelargonidin was not detected in mutant leaves under room -
temperature conditions(25°C). The HPLC profile also indicated the highest levels of flavonols in mutant
leaves at 7°C significantly. Overall, above results indicated a close similarity among ultra-structures,
pigment compositions, transcript amount and anthocyanin accumulation were tightly associated with
temperature variation in leaves of leaf color mutant. These findings would provide better
understanding of the mechanism of pigmentation changes in mutant leaves under different

temperature conditions in Wandering jew.

Key words: Wandering jew, anthocyanin, flavonols, gene expression, HPLC
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In eukaryotes, mechanisms such as alternative splicing (AS) and alternative translation initiation (ATI)
contribute to organismal protein diversity. Specifically, splicing factors play crucial roles during stress,
in responses to hormones and development cues. However, the underlying mechanisms are not well
investigated in plants. Here, we report the parallel employment of RNA sequencing and proteomic
identification by constructing specific libraries to unravel AS isoforms and novel proteins in response
to abscisic acid (ABA) treatment. Our results suggest that approximately 78% of intron-containing
genes were alternatively spliced. Amongst a total of 141,419 identified AS events, two newly defined
AS types, which are referred to as alternative first exon (TSS) and alternative last exon (TTS), were more
abundant than intron retention (IR) in Arabidopsis. However, by contrast to AS events detected under
normal conditions, ABA-regulated AS isoforms were more likely to be translated into proteins.
Subsequent bioinformatic and structural analysis indicates that the alternation of splicing factor AS
isoforms was crucial in response to ABA treatment. ABA extensively regulates the AS pattern in
Arabidopsis by increasing the number of non-conventional splicing sites. This work is also the first
instance in which thousands of new proteins encoded from the same mRNA through ATl or 3' to 5'
translation were detected using a self-constructed library on the sense and antisense strand of the
Arabidopsis genome. The combined results thus enhance our understanding the regulation of AS and

translation mechanisms under normal condition and in response to ABA treatment.

Key words: alternative spling, alternative translation, ABA, proteogenomic
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FEMEFELWENNEKELE, BERHTER. FTREBXREVTENTERER. A7
ENTERE, EYHECEZMIE, RPRECRGERPENRZTERGFESEEER.
B (Saposhnikovia divaricata) =—WkfEGHhzaM, (HPEZE) (2015 hR) ICHEFEZHLD
AFREEN 5-0- FELHZET. AIRHMAEETR. ¥ FRHBX, EHRAE~XZz—,
KA R TEME TR EENER —LLEIBIBFREL, FRITHKD SHRAERHIE,

RETF 2016 &£ 3~6 AENRHAFEXEEHT, XARZMAE (F[04& 0 105 cmx18
cmx255 cm). 3 B 19 B#ET, FEMK, FHEKE 7-8 FEME, F6 A 25 BAKRLE, X
BIAF 4 KiFK 1R, FLIESKEERE 2mER ; TREABMFKERERK, TEZE20dE
WEFRK, Bl 4 REFE 1R, WHR. MHEXEIRIER. SRR BETELENETK,
TIREKERBRLEMTHEXNSKERE TR, 20d DBIEZE 4.3%, 42.1%, K 4dFHEEK
ERERIEEKE, MtAFENSKENFRTFEERESELERE. RTEETE 8~16 d AH
g, BRAFRBZEKE, EKEFMED  HATEE 8~20d AR, EKFRKRE. RE.
HARAZE (MDA). @&HE (H.0.). JiIAME (ASA) =T FMER 8 EKEFEIGMN, &
KEEERD  RESHERK (GSH) REETRMMERN BEKFEIEN, EKERISABEE, M
A GSH &2 M TENE E B /KERFEIEIN. HREZMHRAH F2KETMEXWETEME, [
ETEEKENTERSEMRGE KD SH, MERN~EKXE H0, HFBERERIEL, XL
TR TIHEMRP, —LREUFIE G, X CERR P A IBIEFRN T TR ZEY
REMESH SBIRIEIEG), DREB. AP2/ERF. NAC. ZFP. bZIP. WRKY ZRE2IEJLERRR LW
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SERAKF L, BT BLAST FIILE MDA KE GmPHRI RikH 10 MR, DABMTERK.
RIEERDTERKA, 10 > GmPHRI BERRRERZHE. REF. £, SEFFREZEFHR
KEEAE, BARREMZRGE. HimeEmniBEREA, AILEM L, SR T AN, R
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Role of vacuolar invertase in regulation of stomatal behavior

Sufeng Chen, Ke liang, DiAn Ni*

School of Ecological Technology and Engineering, Shanghai Institute of Technology, Shanghai 201418,
China

*Corresponding author. Tel: (+8621) 60873096; Fax: (+8621) 60873128; E-mail: dani@sit.edu.cn

There are several hypotheses that explain stomatal behavior. These include the concept of
osmoregulation mediated by potassium and its counter-ions malate and chlorine and the more recent
starch—sugar hypothesis. Here we report that the activity of the sucrose cleavage enzyme, vacuolar
invertase (VIN), is significantly higher in guard cells than in other leaf epidermal cells and its activity is
correlated with stomatal aperture. Changes in VIN activity was speculated to be affected by the pH
within the vacuole through potential modulation of the activities of H+/ sugar antiporters on the
tonoplast or other transporters for potassium, chloride, and malate, across guard cell membrane. To
this end, it has been reported that guard cell vacuolar pH increases during stomatal closing, but it
decreases during stomatal opening. Further more, we examined whether VIN indeed controls stomatal
movement under normal and drought conditions by transforming Arabidopsis with a tobacco vacuolar
invertase inhibitor homolog (Nt-inhh) under the control of an abscisic acid-sensitive and guard cell -
specific promoter (AtRab18). The data obtained showed that guard cells of transgenic Arabidopsis
plants had lower VIN activity, stomatal aperture and conductance than that of wild-type plants.
Moreover, the transgenic plants also displayed higher drought tolerance than wild -type plants. The
data indicate that VIN is a promising target for manipulating stomatal function to increase drought

tolerance.

Key words: vacuolar invertase, stomatal behavior, drought tolerance
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EY TR RREEDOHIED B UREDEFHNRBRER. EVEFASRETHLIIL
EREANTHEEEYNASRENHZ M. HRSURBEDTIOR NWOMz—, TZo6T
ODREEENENTATLX, BURETEREATHRNRKREEYOMNZ—. SRESBLKEE
PIAALL, MARRARBNWMENE, FRTHEEWRNURLT, EIXTEMELHND THLHZER
WIRE. 5, HFRRTEE-AARKBEHEY . FERFEIIFHREMREZNREEHR. IT
RREBERATHEOFRESHUEDITND FIRC, THRARSESBREEMFFIABRELED,
M THARFTRETRNZESTA, RHEBFARAMEES.

AFRXE LA R UARBRAEFERMET AR T T ERRANF. ETEXALEST, X
WY RENEHEFIEER (SSRs). BREFRELS (SNPs) MUERIEALRK (InDels) fim. ETF
SNP L mMEMN RS E T SHRNUNETEBFXEDFERENEELZD L. FUMHRLRES
KRHELRMFHADHNEAROUVERMS. FREREZI, HERT 10°C, HFEHAFHER
REABRASRAERPBR LN, REERANFRAKFIZERETHS. 5 10°C R EETHFIMA
PHERFIAKFEMEL, # 2°C TREZFREANERBERS T 5°C. Ibsh, ERRIFREDS
Yi{kmaRz 9 CBF BRENAIAE 2°C TERFIE . WEERET, BEREN TR, WMEMHA 228
RPpELEHERE, MAMESZHERILBRNERSRAEZRFRE, AREMETREZFRE
MERT, BEZAEARRNEREIZNEEFES MEATXMESEIHEAERAET. K
MRERDRNT BrRFFEREAH AV LEND TG EE 7 &5,
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HEKERXFRFT 319 FMRTAFF 319-96 M FEBME TR EE#HT T ZEREAAFHR,
ZRFA, WEBEAMET, 55 319 MREEM F I FRE I EARERALE THEL, BidHR
EOTEERIT 319 MRTEM A HREF 36 MEARKEARAGFEEZENZER.

FERBEME T, R 319-96 A HCF136 (BHMS A2. A6) F FtsH (BEAER A32) BEAM
REFERZESTHER Qi-319, XFRIAREMAFFT 319-96 B PS Il R HME D1 EE TR
BTEAERNEREEMESES ;) th PS | FHEHEMHEER a/b £E5FH. 23 kDa EH
(OEE2) Fikth Fiff, XEEBR EERRERRE T5F 319-96 A PS 1| R H55F 319 HHELRIFE
SHEN, AMRAAERBTSHLEELLERESHHRELIE,

EAAKELRER PS | FBEELEL-NADP+ SR ER. BRLERESZ | IR B
Cytb6-f EEHELMUR AR IR X RES ATP 550 o WEM B WREIEFF 319-96 HIFRIA
FEBESTF 319, XEEAFRAEXNNHERZRAEMRBMETT 319-96 HAEGBEFEZESEH
AR NE T 319, RMAEMBTREETESACemk. FREMFARN, MiRALE
RBETEAEFMRELE . FMARETEELENNFES 820nm KRB AR T EBEENE
WNEKITF PSI . PS | MNE, ZE5RFJBIEBEAME TREMARTT 319-906 HRAIPSII . PS | MEES
77 319, Z{RBEAMER WA, B PSIFPS | EFEEFHMMMAN, EMEBETF 319 1A PSII R
IO FEREMIMEE R ME h™E., Fit, EEBE T 319-96 MHTAMEFEGRCaEmRmIK. %
BEESH, MMERIMHEBEES Pn B RUBP BR{ULEEEM, EEESHmMELER,
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Functional characterization of a Glycine soja Ca’*ATPase in salt-

alkaline stress responses

Mingzhe Sun, Bowei Jia, Na Cui, Yidong Wen, Huizi Duanmu, Yanming Zhu, Xiaoli Sunx

Crop Stress Molecular Biology Laboratory, Heilongjiang Bayi Agricultural University, Daging 163319,
China

*Corresponding author. Tel: 0459-6819185; E-mail: csmbl2016@126.com

It is widely accepted that Ca” ATPase family proteins play important roles in plant environmental stress
responses. However, up to now, most researches are limited in the reference plants Arabidopsis and
rice. The function of Ca’ATPases from non-reference plants was rarely reported, especially its
regulatory role in carbonate alkaline stress responses. Hence, in this study, we identified the P-type Il
Ca’'ATPase family genes in soybean genome, determined their chromosomal location and gene
architecture, and analyzed their amino acid sequence and evolutionary relationship. Based on above
results, we pointed out the existence of gene duplication for soybean Ca’’ATPases. Then, we
investigated the expression profiles of the ACA subfamily genes in wild soybean (Glycine soja) under
carbonate alkaline stress, and functionally characterized one representative gene GsACAI by using
transgenic alfalfa. Our results suggested that GSACAI overexpression in alfalfa obviously increased
plant tolerance to both carbonate alkaline and neutral salt stresses, as evidenced by lower levels of
membrane permeability and MDA content, and higher levels of SOD activity, proline concentration
and chlorophyll content under stress conditions. Taken together, for the first time, we reported a P-
type Il Ca*’ ATPase from wild soybean, GSACA1, which could positively regulate plant tolerance to both

carbonate alkaline and neutral salt stresses.

Key words: Carbonate alkaline stress; salt stress; Ca’’ATPase; Glycine soja; alfalfa
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A Glycine soja methionine sulfoxide reductase B5a interacts with the
Ca’’/CAM-binding kinase GsCBRLK and activates ROS signaling

under carbonate alkaline stress

Xiaoli Sun, Mingzhe Sun, Bowei Jia, Yanming Zhu~*
Crop Stress Molecular Biology Laboratory, Heilongjiang Bayi Agricultural University, Daging, China

*Corresponding author. Tel: (+86451) 55190025; Fax: (+86451) 86668757;
E-mail: ymzhu2001@neau.edu.cn

Although researches have extensively illustrated the molecular basis of plant responses to salt and
high pH stresses, the knowledge on carbonate alkaline stress is poor and the specific responsive
mechanism remains elusive. We have previously characterized a Glycine soja Ca*'/CAM-dependent
kinase GsCBRLK, which could increase salt tolerance. Here, we characterized a methionine sulfoxide
reductase B protein GsMSRB5a as a GsCBRLK interactor by using Y2H and BiFc assays. Further analyses
showed that the N-terminal variable domain of GSCBRLK contributed to GsMSRB5a interaction. Y2H
assays also revealed the interaction specificity of GSCBRLK with wild soybean MSRB subfamily proteins,
and determined that the BoxI/Boxll-containing regions within GsMSRBs were responsible for their
interaction. Furthermore, we also illustrated that the N-terminal basic regions in GsMSRBs functioned
as transit peptides, which targeted themselves into chloroplasts and thereby prevented their
interaction with GsCBRLK. Nevertheless, deletion of these regions allowed them to localize on PM and
interact with GsCBRLK. In addition, we also showed that GsMSRB5a and GsCBRLK displayed
overlapping tissue expression specificity and coincident expression patterns under carbonate alkaline
stress. Phenotypic experiments demonstrated that GsMSRB5a and GSCBRLK overexpression in
Arabidopsis enhanced carbonate alkaline stress tolerance. Further investigations elucidated that
GsMSRB5a and GsCBRLK inhibited ROS accumulation by modifying expression of ROS signaling,
biosynthesis and scavenging genes. Summarily, our results demonstrated that GsCBRLK and

GsMSRBb5a interacted with each other, and activated ROS signaling under carbonate alkaline stress.

Key words: carbonate alkaline stress, methionine sulfoxide reductase, Ca”"/CAM- binding kinase, ROS

signaling, Glycine soja, Arabidopsis
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Rhizosphere bacteria containing 1-aminocyclopropane-1-
carboxylate deaminase increase growth and photosynthesis of pea

plants under salt stress by limiting Na" accumulation

Qiyuan Wang, Fan Jiang*

Beijing Key Laboratory of Gene Resource and Molecular Development, College of Life Sciences, Beijing

Normal University, Beijing 100875, China
*Corresponding author. E-mail: jiangfan@bnu.edu.cn

Although plant salt tolerance has been improved by soil inoculation with rhizobacteria containing the
enzyme l-aminocyclopropane-1-carboxylate (ACC) deaminase (which metabolises ACC, the
immediate precursor of the phytohormone ethylene), it is not always clear whether ion homeostasis
and plant water relations are affected. When pea (Pisum sativum cv. Alderman) was grown with 70
mM and 130 mM NaCl, the ACC-deaminase containing rhizobacterium Variovorax paradoxus 5C-2
increased total biomass by 25% and 54%, respectively. Nutrient flow modelling showed that V.
paradoxus 5C-2 increased K uptake and root to shoot K flow, while decreasing Na flow and increasing
Na deposition in roots. Thus, shoot K'/Na” ratio increased following V. paradoxus 5C-2 inoculation. At
70 mM and 130 mM NaCl, rhizobacterial inoculation decreased stomatal resistance by 14% and 31%
and decreased xylem balancing pressure by 7% and 21%, respectively. Furthermore, rhizobacterial
inoculation improved photosynthetic efficiency (Fv/Fm) by 12% and 19% and increased maximal
electron transport rate (ETR) by 18% and 22% at 70 mM and 130 mM NaCl, respectively. Thus V.
paradoxus 5C-2 mitigates salt stress by improving water relations, ion homeostasis and photosynthesis
of pea plants, and may provide an economic means of promoting growth of plants exposed to salt

stress.

Key words: water relations, ion homeostasis, photosynthetic efficiency, maximal electron transport

rate, nutrient flow modeling
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BESIRSBEERL, WHEEENENARBRENTEERNZIMEREZEAMINKE, ED
=R FHHE R AEDINEEDERARNEES @, AARMDREDLLEEDITR, X
FAAREAEE (40 °C. 45 °C #1 50 °C) 43, HHIFEAIERRER[ENE T L4 EIEE MR
FEEEMAEE (BXBSEFM MDA 8) FRIFEEARSZ (SOD # CAT) MUEME(. KKRERK
BF (1) TEHLE4hETE 40 °C BMERS, REEMEREEK, M HAENESEMN MDA 53E8ELEHS
ERRNERE, HAE12hF6hAERS | HIRPEERS (SOD # CAT) AUEMHAEMENRN
Tk, H SOD # CAT MEEARERNIERS B M K F AT FHE, i POD SEMNFELIE 12h FHAEI&
B, ZERAIER A TR MREE  (2) 7E45°C K40 IBRY, 40IE 2h RFFEFEEE4hE T B B9FE XS
BS5%E, MDA 82Kk SOD. CAT EMEEHS, BEMRKEN 2-8h [EE, HEXWHESE, MDA
28K SOD. CATEMTMHAER, ELIE 12h ME, HYMESE, MDA SEEZHEM, SOD
CAT EM B ER(K ; (3) £ 50°C iMERS, I ETFMNENESE, MDA RERHHE, B
EBE/KFE, HSOD M CAT MESEELIE 1h WikZ &S, 2FBERRK. £10  ATHRELEKE
HERKGNENRX, HEAMRBNMERM, 40°C WL NEEMMERIPE ;| FLILLERT 45 °C K
SZRFEI2 8h ; 50 °C W LLEMPMENEIBEE 1h, U ESBEREERHF LN EKIFE,
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THEREMMERREZ T, ZERREZFIRSS T RBEXRGT AN EBAN AT A,

XA : KE, GmALMT, ERE, RBHE

195



JES BB E R IR

P97

ABA accumulation above endogenous levels is necessary for

desiccation tolerance in Physcomitrella patens

Lihong Xiao™**, Abou Yobi’, Karen L. Koster", Yikun He®s, Melvin J. Oliver’s
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Ihxiao@sibs.ac.cn (L. Xiao)

The moss Physcomitrella patens, a model system for basal land plants, highly tolerates several abiotic
stresses, including dehydration. We previously reported that Physcomitrel/a survives dehydration to -
13 MPa under controlled drying regimes that bring the water potential of the moss to equilibrium with
the air in 6 days. Tolerance of more rapid desiccation to water potentials below -100 MPa was only
achieved by pre-treatment with exogenous ABA. We now report that gametophores can survive
desiccation below -100 MPa under a gradual drying regime that more closely mimics the dehydration
dynamics it would experience in its natural habitat. To explain the difference in response to drying rate,
we hypothesized that gradual drying allows P. patens plants to progressively synthesize to reach levels
that are required for the induction of desiccation tolerance. To address this hypothesis, we measured
the endogenous ABA levels of protonemata and gametophores under different drying regimes. We
also assessed the minimum concentration of exogenous ABA and the length of exposure to ABA
required for induction of desiccation tolerance in the moss. Results from this work will provide insight

into ongoing studies to uncover the underlying mechanisms of desiccation tolerance in this bryophyte.

Key words: Physcomitrella patens, desiccation tolerance; gradual dehydration; equilibrium

dehydration; abscisic acid
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A SAL1 loss-of-function Arabidopsis mutant exhibits enhanced
cadmium tolerance in association with alleviation of endoplasmic

reticulum stress

Hongmei Xi, Hua Xu, Wenzhong Xux*, Mi Max*

Key Laboratory of Plant Resources, Institute of Botany, Chinese Academy of Sciences, Beijing 100093,
China

*Corresponding authors. E-mail: xuwzh@ibcas.ac.cn, mami@ibcas.ac.cn

SAL1, as a negative regulator of stress response signaling, has been studied extensively for its role in
plant response to environmental stresses. However, the role of SALL in cadmium (Cd) stress response
and the underlying mechanism is still unclear. Using Arabidopsis thaliana loss-function mutant of SAL1,
we assessed Cd resistance and further explored the Cd toxicity mechanism through analysis of ER
stress response. The loss of SAL1 function greatly improved Cd tolerance and significantly attenuated
ER stress in Arabidopsis. Exposure to Cd induced an ER stress response in Arabidopsis as evidenced
by unconventional splicing of AtbZ/P60 and upregulation of ER stress-responsive genes. Damage
caused by Cd was markedly reduced in ER stress response double mutant bzip28 bzip60 or by
application of ER stress alleviating chemical agents, tauroursodeoxycholic acid (TUDCA) and 4 -phenyl
butyric acid (4-PBA), in wild-type plants. The Cd-induced ER stress in Arabidopsis was also alleviated
by loss function of SAL1. These results identified SAL1 as a new component mediating Cd toxicity and
established the role of ER stress response in Cd toxicity. Additionally, the attenuated ER stress in sa/l
mutant might also shed new light on the mechanism of diverse abiotic stress resistance in the SAL1

loss-of-function mutants.

Key words: Arabidopsis, cadmium (Cd) tolerance, endoplasmic reticulum stress, SAL1, stress response
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Jasmonic acid is a crucial signal transducer in heat shock induced

sesquiterpene formation in Aquilaria sinensis

Yan-Hong Xu', Yong-Cui Liao', Zheng Zhang, Juan Liu, Pei-Wen Sun, Zhi-Hui Gao, Chun Sui, Jian-He
Weix

Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences & Peking Union
Medical College, Beijing 100193, China

*Corresponding author. Tel: (+8610) 57833358; Fax: (+8610) 57833358; E-mail: wjianh@263.net

Agarwood, a highly valuable resinous and fragrant heartwood of Aquilaria plants, is widely used in
traditional medicines, incense and perfume. Only when Aquilaria trees are wounded by external stimuli
do they form agarwood sesquiterpene defensive compounds. Therefore, understanding the signaling
pathway of wound-induced agarwood formation is important. Jasmonic acid (JA) is a well-
characterized molecule that mediates a plant’s defense response and secondary metabolism. However,
little is known about the function of endogenous JA in agarwood sesquiterpene biosynthesis. Here,
we report that heat shock can up-regulate the expression of genes in JA signaling pathway, induce JA
production and the accumulation of agarwood sesquiterpene in A. sinensis cell suspension cultures. A
specific inhibitor of JA, nordihydroguaiaretic acid (NDGA), could block the JA signaling pathway and
reduce the accumulation of sesquiterpene compounds. Additionally, compared to SA and H202,
exogenously supplied methyl jasmonate has the strongest stimulation effect on the production of
sesquiterpene compounds. These results clearly demonstrate the central induction role of JA in heat -

shock-induced sesquiterpene production in A. sinensis.

Key words: agarwood, sesquiterpene, heat shock, jasmonic acid.
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Mechanism research of flower pigment mutation induced by carbon

ions in geranium
Lixia Yu, Yan Du, Libin Zhoux
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Heavy ion mutation technology as a unigue and efficient mutagen has been widely used in germplasm
innovation and plant breeding. Flower color as the important qualitative character and economic
indicator for ornamental plants become the primary target for ornamental breeding. Here we report
one flower color mutant obtained using carbon ion irradiation and attempt to elucidate underlying
mutation mechanism. The petal color of the mutant changed from orange-red to light pink, and colors
of peduncle, pistil and stamen also displayed significant differences with wild type. Anatomical
structure observations showed that the salmon pigments fully filled with the epidermal cells of wild
type, while only a small number of pale pink pigments in mutant. HPLC results indicated that the main
pigments determined the flower color of wild type were pelargonidin, cyanidin and delphinidin. On
the contrary, the unique pigment detected in mutant was cyanidin. The core reason of depigmentation
in mutant was the absence of pelargonidin and delphinidin. Quantitative real-time PCR analysis
suggested that the significantly down-regulated transcriptional level of early genes CHS, CHI and
suppressed expression of gene ANS blocked the biosynthesis of anthocyanin, and that was the crucial
reason for the deficiency of anthocyanin which lead to the depigmentation of mutant. These results
explained the mechanism of coloration change in mutant induced by carbon ions and provided the

research foundation for the follow-up design and color improving in geranium.

Key words: carbon ions irradiation, flower color mutant, depigmentation
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BMARIET (LHEAEMR) ., BELRENAENBTPHREZLEUBBER/N. NO BIEEFE
HEAENBEAETRE, HAXMREERZYETEHNEE. SENEEIRREB, NO MM
FKRENIE TERRADKEE t-RNA EJREEF POR XWANFEE, KE POR E&WEMAIFR
EMNTHRENEEBETSERANEFARENERFEREXEEN. —SUETEET S-T
HELBINEE POR E S MMAIFIIH FHIE M.

S48 : BT, KZE. NADPH : Pchlide LR ERs. BEAS . S-TREEL

200



JES BB E R IR

P102

Genetic variants associated with salt tolerance of maize (Zea Mays)

Bingcai Wang, Fei Zhang, Jinfeng Wu, Pei Zhang, Minggiu Daix*

National Key Laboratory of Crop Genetic Improvement, College of life Sciences and Technology,
Huazhong Agricultural University, Wuhan 430070, China
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Maize is one of the major crops in China. However, land salinization is a major challenge for corn
production in a large proportion of corn growth regions. Recently, genome-wide association study
based on linkage disequilibrium has been successfully utilized to characterize complex traits of crops,
including maize. Here we treated the seedlings of a large maize association population with high
concentration of NaCl and investigated the tolerance phenotypes. We scanned about 1.25 million
single nucleotide polymorphism (SNP) makers at the whole genome level and detected a couple of
SNPs that are significant associated with salt tolerance. Most of the significant SNPs were localized in
genes encoding protein kinase, transcription factors, amino acid and sugar metabolism enzymes
(name as SAGs). We found that the expression of SAG37 was strongly associated with salt tolerance
level. Sequence analysis to SAG3I from salt-sensitive and salt-tolerant lines showed that a
retrotransposon in the intron was enriched in salt-sensitive lines. The relationships between SAG31
expression, salt tolerance level and existence of retrotransposon suggest that salt stress may trigger
retrotransposon to active some genes for salt tolerance in plant. More genetic and molecular

evidences will be presented in future.

Key words: salt stress, maize, GWAS, natural variants
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expression of Kai genes caused by the knockout of prx-Zcys in

Synechococcus elongatus PCC 7942
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The central oscillator of circadian clock in cyanobacterium, Synechococcus elongatus PCC 7942, is
composed of ka/A, kaB, kaiC proteins. Many researches confirmed that this self-sustained intracellular
circadian clock, so-called Kai clock, have played a pivotal role in the generation and calibration of the
time clue for the circadian rhythm in cyanobacterial metabolism. Some proteins, such as SasA. LabA.
CikA. RapA, are considered to be the key switches that have operated the output pathways of Kai
clock. Peroxiredoxins(Prxs) in short, are families of thiol-specific antioxidant protein, which have be
convinced to exert an important function in the whole antioxidant defense system of cyanobacteria,
the rhythmic changes redox state of 2Cys-Prx are proved as a conserved non-transcriptional rhythmic
marker. To test the relationship between the Kai clock and the PRX-SO.s rhythmic marker, the
expression patterns of clock genes were detected of by gPCR method in Wild -type(WT) and prx-Zcys
gene knockout(Aprx-2cys) trains under different light intensity. The results demonstrated that under
the natural light condition(100pEm?s™), the rhythmic expression phenotype of the central clock genes
were not affected by whether the prx-Zcys gene were knocked out in S.efongatus PCC 7942 cells,
while the expression patterns of the genes operating the output pathway were slightly affected.
Interestingly, under a high light stressed condition(400pEm “s™), the expression patterns of the output
pathway genes were severely affected both in WT and Aprx-Zcys strains. The circadian rhythmic
expression pattern of the central clock genes nearly disappeared in WT strains, while more robust
rhythmic expression profiles of sasA. /abA. cikA. rapA were restored inAprx-2cys cells by an

unknown method.

Key words: cyanobacterium, peroxiredoxin, gene knockout, antioxidant, circadian rhythm
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The research of photosynthesis and chlorophyll fluorescent
parameters variation between two species of Sedum under cadmium

treatment
Liu Zheng™, Xuelian He'*, Wenmin Qiu’, Xiaojiao Han’, Mingying Liu’, Zhengquan He's, Renying Zhuo®

‘Biotechnology Research Center, China Three Gorges University, Yichang 443002, China
’Research Institute of Subtropical Forestry, The Chinese Academy of Forestry, Fuyang 311400, China

*Corresponding author. E-mail: zhuory@gmail.com (R. Zhuo), zhg_he@163.com (Z. He)

The hyperaccumulating plant is a promising phytoremediation candidate accumulating substantial
heavy metal ions without obvious signs of poisoning. We used the hyperaccumulating ecotype of
Sedum alfredii Hance(HE) and non- hyperaccumulating ecotype of Sedum alfredii Hance (NHE) for
physiology experiment. Hydroponic experiments were conducted using a modified culture solution.
We determined the chlorophyll content, photosynthetic parameter, chlorophyll fluorescence
characteristics at different time points. The results showed that along with the prolonging of stress
time, the chlorophyll content a (Chla) and the chlorophyll content b (Chlb) finally reached a steady
after a big drop. The Pn, Gs, Tr, Ci reduced at the beginning of stress, and then showed a rising trend,
which illustrated the cadmium tolerance of two species of Sedum. The difference of Pn and Tr between
two species of Sedum show that the cadmium tolerance of HE was stronger than the NHE. Compared
these chlorophyll fluorescence characteristics(FO, Fm, ®PSll, NPQ, gP, ETR), we found that cadmium
tolerance of two species of Sedum was completely different. Verifing the cadmium tolerance of two

species of Sedum would have a great help for the control of environmental pollution.

Key words: hyperaccumulating ecotype, Sedum alfredii, non-hyperaccumulating ecotype Sedum

alfredii; cadmium stresses, chlorophyll, photosynthetic characters, fluorescence parameter
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A senescence-associated Hevea brasiliensis LEA3 gene is regulated

by multiplicate hormones and stresses

Zhi Zou*, Xue-mei Dai, Lifu Yang, Feng An, Guishui Xie

Danzhou Investigation & Experiment Station of Tropical Crops, Ministry of Agriculture, Rubber

Research Institute, Chinese Academy of Tropical Agricultural Sciences, Danzhou 571737, China
*Corresponding author. E-mail: zouzhi2008@126.com

Late embryogenesis abundant (LEA) proteins are a class of small proteins closely associated with the
desiccation tolerance in organisms. In this study, an LEA gene (HbLEAS3-1) was isolated from the rubber
tree senescent leaves. The 972-bp full-length cDNA contains an ORF putatively encoding a
polypeptide of 100 amino acids with a calculated molecular weight of 11.61 kDa and an isolectric point
of 9.07. Composed of a hydrophobic N-terminal and a hydrophilic C-terminal and with a grand
average of hydrophilicity of -0.498, the protein is predicted to contain an LEA_3 domain and a transit
peptide for chloroplast localization. The search of the rubber tree genome suggested the presence of
another copy, but no evidence supported its expression. qRT-PCR analysis indicated that HbLEAS3-1
is mainly expressed in leaves with a steadily increasing pattern during leaf development except for a
transient decline in early-senescent leaves. Furthermore, the gene expression is regulated by several
senescence-inducers such as cold, PEG, NaCl, H-O., ABA, ethylene, MeJA and SA. Our results suggest

a role of HbLEA3-1in hormone and abiotic stress responses as well as leaf development.

Key words: Rubber tree (Hevea brasiliensis), late embryogenesis abundant, LEAS3, leaf development,

leaf senescence, abiotic stress, hormone
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KB (Salicylic Acid, SA) RIEMAERNLBEFEMNNRESS T TEHEONEYMIEEYIHNE
NEFEEEEENEEME, AT EIETEREDHEXREAS FHEDMZED. BN
BT — MUB T RMINEEE A —AtSAIL (DNAJEEHEER), ZEREEMRNAKIESZSATIRKIR
BiFSEE LARL , BBNE, EEAKFELASAIIZSAESER. BEDTTRBPASAIIRE
AL T IREEW S HESNRE ; 215 F ANHREZIMASAILE SLZEMH K 48R A9 4R A FIAR F Y
Bk L, FIASARRRHEXRETEMERERER Satsaj IMBENREER, 5477 ASAJITESAR IR
BB ZAE Bl EA EEMERFRFEEZIASANESARZERNEERFD. HMNOHR
BEEBTIBRASALESARERMNERNERENSSAS SR RMER ENS TIE, AHit—F
T BSAES S 5B NS FE IS FE TR EIER B,
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Identification of the differentially expressed genes in rice in response

to the pathogen Rhizoctonia solani

Qian Qian, Jihong Hu, Keke Huang, Yi Ding*

State Key Laboratory of Hybrid Rice, Department of Genetics, College of Life Sciences, Wuhan
University, Wuhan 430072, China

*Corresponding author. Tel/Fax: (+8627) 68754319; E-mail: yiding@whu.edu.cn

Rice sheath blight is an important disease caused by the necrotrophic pathogen Rhizoctonia solani.
However, the details of the rice defense response against £ so/an/ remains to be elucidated. Here, a
high-throughput sequencing technology was used to analyze the defense response of leaf sheath rice
seedlings to rice sheath blight. We identified 250 differentially expressed transcripts by comparing the
24 h and 48 h post-inoculation (hpi) samples with their controls. With the increasing damage, two -
thirds of the defense related genes were up-regulated and peaked at 48 hpi. These genes included a
series of pathogenesis-related genes that possess antifungal activities. In addition, a functional analysis
found that some differentially expressed genes, including five transcription factors families, were
associated with Jasmonic acid (JA) signaling and secondary metabolism, implying that the plant might
prevent the growth of rice sheath blight fungus by JA signaling to regulate metabolic reproduction.
We had also found a microRNA (miRNA) precursor was up-regulated at 48h, suggesting that miRNA
post-regulation might be play a role in resistance to rice sheath blight. These results have improved
our understanding of the defense mechanisms of rice resistance to R. solan/ and would provide a

molecular breeding resource.

Key words: rice sheath blight, Rhizoctonia solani, defense response, pathogenesis -related, jasmonic

acid signaling
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B KA (Nilaparvatalugens(Stal)) 2K BH—MEZEEZER, EBIRNFAKBNPERBRHEEEE
WBUKFE &, SIEKBRmEZERAET. EEMMRKRA, PFROERTPEFEERISEYRE
REMMNF. # CARARKNER, BN, 78 K RNERPOEEMSIKIERE RN
BT, dilt, KAREREMAKERIEER POD (TELYE) MTELEBEBEITRNTE,
BT LLEAE K& (Nilaparvata lugens(Stal) BB R KFE(Oryza sativa L) RIZEAE CH R A TARHL
BYRERE, HIEBEESHR . B EER+50mg/mL Amp  E5TKTE. STREBKENE, =H
BRERAEMTITERAB FEAENKTEN PEAEXBNEERTO . ERERP 1) FA
1B KR ERSE CEER S0mo/mL LAERIVREY S CRERIRIER—FE, H8EE/KTE POD &
MHE, BEARERAEL. LERIER, & CEERPIEMED 7Y 2 imKRBI M RN
RF, MIEBCEREETOHEER. 2) ATELRE CAFRIECERNBENTHSE AR
B—H, ELALABTHEMGESE, HARKSE 6 /N, SECSBEEEHELIRS. B2, HiH
BMERNE CAERE, SECEBNEBENRERENTNL, ERXTHRELANESE, £1
K|\ CAERTFINEEESLMHEEAMNENEERE. AHE—FTHETESEKTEBHERN
MXENERETE, AMRH#F—SIADIREFIRERE. sR—SEFE. ExbE. BOE
BFRAHREAENMEARAENE CRAERNERRAT T BLEL, FMNREYESEAE. HR
FEBE NS BAEMANERHTTLEE, %5 16SIRNANF, RIS IEEYMN R
THMNERETHITEE. FEREEEEN TERERERE.
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Comparative proteomics studies on brown planthopper responding

to host rice resistance

Kaikai Zeng, Sigi Wang, Juanjuan Zhang, Zhifan Yangx*

Hubei Collaborative Innovation Center for Green Transformation of Bio-Resource, College of Life
Sciences, Hubei University, Wuhan 430062, China

*Corresponding author. Tel: (+8627) 88668073; Fax: (+8627) 88668073;
E-mail: sailyangzhf@hubu.edu.cn

The brown planthopper (BPH, Nilaparvata lugens) is one of the most destructive pests of rice.
Comparative proteomics analyses of BPH will help to find new measures to control BPH. In this work,
comparative proteomics analyses of the fourth instar nymphs of biotype | and Il which infested the
susceptible rice TN1 and the resistant rice Mudgo, were carried out by isobaric tag-based
methodology for relative peptide quantification (iTRAQ) technique. The results revealed that 7385
protein fragments were detected, and 696 fragments were quantified. Total 201 proteins showed
obviously different expression levels. These proteins were expressed differently between the two types
of BPH, or the same type BPH feeding on the two rice varieties with different resistant levels. 27
proteins were selected to investigate the expression level of the corresponding genes by fluorescent
quantitative real-time PCR. The results revealed that most of the genes have the same expression
trends with their coding proteins. It is noteworthy that three genes (vitellogenin, fatty acid synthase,
protein kinase) were expressed at an extremely different pattern, and probably /nvolved in regulating
biotype formation and/or the acute stress reaction. This study will help in intensifying the knowledge
of the interaction mechanism of BPH and rice, including: (1) during the acute stress reaction of BPH to
host rice resistance, the variation laws of the midgut proteomics, which will indirectly provide some
important information about the resistance mechanism of rice; (2) the discrepancy between different
biotype BPH midgut proteomics, which will provide some important information for division of biotype

and elucidating the molecular mechanism of the formation of a special biotype.
Key words: brown planthopper (Milaparvata lugens Hemiptera: Delphacidae), biotype, host rice

resistance, isobaric tag-based methodology for relative peptide quantification (iTRAQ), comparative

proteomics
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RGBS BKIE T RKEZM R AERFHR=E2MT0, IXHRFHE R R K ZE8KE
GEMNEEER. ARG RHERE 14 MG HREERRMEE 16 HIKEHE, XBAZFAR,
FE=TH] (V3) MEMBIHESOmg/L e, ZEifTAa/KmERE, F=8 (v3). #&/K3d (V3-

)\ﬁKSdW&M)u&uzﬁ%mﬁmﬁﬁ(ﬁ%%m.ﬁ%%RBﬁ%ﬁﬂB%)MEH
RXESE, DIEEBKE T AZH AHREHENEE. AR E~E2MTEERN .
R ﬁ*%L%@(w%wﬂmﬁw,EilGHﬁ%éﬁﬁ%hﬁmhﬁ%E@$§$lm
MEEEKDRIER, BF 14REF 16 AERBIIMERRY, RMAMRSELEEXEZRS
5#KE TREB/KH#TIE, BIEEI RS BKIMNEE R KAEM RS EEER. EBEE.
SASEMEE CO.iRE, FHEWEEE KD EEEHEEIMAAIE T ASMH 5 SPAD E. ¥
ERMREEKDIBETHS. BKMEFZMGTHMEENLEFRFE 14 MEKFERIEE KD,
Ehtia /KA IE Ty Al 105.81%, 28.17%, fEEF 16 MEK~EDHIiES 10.16%. 23.93%, 1A
BB T BN EAKME TAZH A XG5, MMIEMERKSE, BARE R ERm
AR FEER.
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Plastid-mediated crop protection by RNA interference
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Plastid (chloroplast) genetic engineering has a great promise in plant biotechnology. It has several
attractive advantages such as high-level of transgene expression owing to the polyploidy of the plastid
genetic system, transgene containment via maternal inheritance and absence of gene silencing and
pleiotropic effects. It has been demonstrated that double -stranded RNAs (dsRNAs) targeted against
essential genes can trigger a lethal RNAI response in insect pests. Previously, we found chloroplasts
can be capable of stably accumulating long dsRNAs, in which case dsRNA expression from the plastid
genome provide better protection against Colorado potato beetle (CPB), a notorious agricultural pest,
than dsRNA expression from the nuclear genome (Zhang et al., Science, 2015). Encouraged by this
primary success, we aimed to employ this strategy to target another important insect pest, cotton
bollworm (CBW). However, feeding transplastomic plants expressing dsRNA against essential genes
of CBW did not cause the gene silencing and suppress the growth of CBW larvae. While no effective
RNAI responses were observed in CBW, we found that a secreted RNA nuclease from midgut cell of
CBW larvae can quickly degrade the ingested dsRNA, which might impede the effect of RNAIi. From
this findings, we proposed an approach how to escape the activity of this RNA nuclease and control
the insects that showed no or less sensitivity to RNAI. In the end, | will summarize an updated working

model of plastid-mediated crop protection and the potential application of this technology.

Key words: crop protection, plastid genetic engineering, RNAI, RNA nuclease
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N-3-oxo0-hexanoyl-homoserine lactone, a bacterial quorum sensing

molecule, plays an important role in plant salt tolerance
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N-acyl-homoserine lactones (AHLs) are the quorum sensing (QS) signal molecules to coordinate the
collective behavior in a population in Gram-negative bacteria. Recent evidences demonstrate their
roles in plant root growth and defense responses. In this present, we show that the treatment of plant
roots with N-3-oxo-hexanoyl-homoserine lactone (30C6-HSL), one molecule of AHLs family, resulted
in enhanced salt tolerance in Arabidopsis, wheat and rice. The genetic analysis revealed that the
growth inhibition phenotype in the length of primary roots, the fresh weight and the height of
seedlings under salt stress condition were significantly improved by 30C6-HSL. The contents of
chlorophyll were increased and the Na'/K' ratios were decreased by 30C6-HSL in Arabidopsis, wheat
and rice under salt stress condition. The level of proline were raised and the expression of proline
biosynthesis related genes AtP5CS, TaP5CS and the proline transport gene 7aP7 were upregulated by
30C6-HSL under salt stress condition, which suggested that the proline biosynthesis and
transportation may be involved in 30C6-HSL-mediated plant salt tolerance. gRT-PCR analysis showed
that the expression of some salt-responsive genes including ABA-dependent genes RDZZ and
COR15a, osmotic responsive gene ADH, ion-homeostasis related genes SOS7 and SOS52were induced
by 30C6-HSL in Arabidopsis. But only the expression of COR15a was upregulated with a stronger
induction by 30C6-HSL than by NaCl under salt stress condition. 30C6-HSL had no effect on the
expression of ABA-independent gene £RDI under salt stress condition. These results indicated that
ABA-dependent salt resistant pathway might involve in AHL-induced salt tolerance. In summary,
genetic, physiological and molecular evidences showed that 30C6-HSL plays an important role in

plant salt tolerance. It provides a new insight into the plant-microbe inter-communication.

Key words: AHL, quorum sensing, salt tolerance, inter-communication, plant
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Increasing CK content enhances rice resistance to sheath blight

caused by necrotrophic pathogen Rhizoctonia solani
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Sheath blight (SB), caused by necrotrophic fungus Rhizoctonia solani Kiihn (R. Solani), is one of the
most destructive diseases in rice worldwide. Increasing studies have showed that plant hormone
cytokinins (CKs) play an important role in regulation of plant disease resistance. However, its role in
enhancing rice resistance to SB remains unknown. Here, we found that exogenous application of
synthetic CK kinetin (KT) reduced the severity of R. So/ani-induced symptoms. Transgenic rice lines
with increased endogenous CK levels by engineering CK-biosynthesis gene /PT delayed senescence
or a stay-green phenotype and significantly enhanced SB resistance in both field tests and detached
leaf inoculation assays. In contrast, transgenic rice lines overexpressing CKX4, encoding a CK-
degradation enzyme, contain significantly lower CKs content compared to wild type and show
significantly enhanced susceptibility to SB. We also found a 'stay-green’ rice mutant, which maintains
high CK content due to loss of function of CK degradation, displays higher resistance to SB at the later
developmental stage. We conclude from our microscopic examination that the mechanism leading to
enhanced resistance by increasing CK content is due to stronger ability of the transgenic lines or the
mutant plant to inhibit cell death caused by R solani, which ultimately results in poor pathogen
infection. Importantly, we found that the transgenic lines and the 'stay-green’ mutant with increased
CK levels are almost the same as WT in their morphological and yield traits. Taken together, our results
demonstrate that modulating CK levels is a feasible approach to the development of new rice varieties

with excellent SB disease resistance, which is of great importance in rice breeding toward SB resistance.

Keywords: rice, cytokinins, sheath blight, stay-green, disease resistance
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Camptothecin (CPT) has powerful biological activities and its analogs, irinothecan and topothecan, are
effective anti-cancer drugs for clinical therapy. CPT was firstly isolated from Camptotheca acuminata
and its low accumulation in pf/anta limited drug supply in the market. Among environmental factors
and plant hormones/elicitors, which could regulate the biosynthesis of CPT, light intensity is a very
important negative regulator for CPT biosynthesis in C. acuminata. The present work describes the
molecular cloning and functional identification of a bZIP transcription factor, CaLMF, which is activated
by light and predominately expressed in old leaves in C. acuminata. Over-expression of CalMFdown-
regulates the expression of CPT biosynthesis genes and decreases the accumulation of CPT, while
light-regulated expression of CPT biosynthesis genes and CPT production are abolished in CalMF
silenced plants. Our results show that CaLMF is a significant light signaling component, where it

mediates light-regulated CPT biosynthesis in C. acuminata.

Key words: Camptotheca acuminata, camptothecin biosynthesis, bZIP transcription factor, virus-

induced gene silencing, light intensity
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In plants, photoreceptors transfer light signals to phytochrome -interacting factors (PIFs), inducing the
rapid phosphorylation and degradation of PIFs to promote photomorphogenesis. However, the
phosphatase responsible for PIF dephosphorylation remains unknown. In this study, we identified a
type 1 protein phosphatase, TOPP4, that is essential for PIF5 protein stability in Arabidopsis
(Arabidopsis thaliana). Compared with the wild type, the dominant-negative mutant, topp4-1,
displayed reduced hypocotyl length and larger apical hook and cotyledon opening angle under red
light. Overexpression of topp4-1 in the wild type led to defects that were similar to those in the topp4 -
1 mutant. Red light induced phytochrome B (phyB)-dependent TOPP4 expression in hypocotyls. The
topp4-1 mutation weakened the closed cotyledon angle of phyB-9 and phyA-211 phyB-9, while
overexpression of TOPP4 significantly repressed the short hypocotyls of phyB-green fluorescent
protein seedlings, indicating that TOPP4 and phyB function in an antagonistic way during
photomorphogenesis. Protein interaction assays and phosphorylation studies demonstrate that
TOPP4 interacts directly with PIF5 and dephosphorylates it. Furthermore, TOPP4 inhibits the red light-
induced ubiquitination and degradation of PIF5. These findings demonstrate that dephosphorylation
of PIF5 by TOPP4 inhibits its ubiquitin-mediated degradation during photomorphogenesis. These data
outline a novel phytochrome signaling mechanism by which TOPP4mediated dephosphorylation of

PIF5 attenuates phytochrome-dependent light responses.

Key words : photomorphogenesis, PIF5, phytochrome ,TOPP4, ubiquitin-mediated degradation

214



REERSERES

P116

A small heat shock protein involved in regulation of cyclic electron

transport around photosystem | in Arabidopsis
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The light reactions in photosynthesis drive the occurrence of both linear and cyclic electron transport
around photosystem | (PSI). Linear electron transport generates both ATP and NADPH, whereas PSI
cyclic electron transport produces ATP without producing NADPH. There is clear genetic and
molecular evidence for the existence of at least two distinct pathways for PSI cyclic electron transport
in angiosperms: a main pathway that depends on PGR5 and PGRL1 proteins, and a minor pathway
that is mediated by a chloroplast NADH dehydrogenase-like complex-dependent pathway. Although
great progress has been made in understanding the physiological significance of photosystem | cyclic
electron transport, our knowledge of the machineries involved remains very limited. Here, we report
the isolation and identification of an Arabidopsis small heat shock protein which interacted with PGR5
and PGRL by yeast two-hybrid system analysis. The small Hsp was further proved the chloroplast
localization by the GFP fusion protein. We got the mutant plant by CRISPR/Cas9 system and found
the decrease of PGRL1 in this mutant. We propose that this small heat shock protein may regulate
PGR5-PGRL1 protein-dependent pathway by interacting with PGR5 and PGRL especially under

stressed conditions.

Key words: cyclic electron transport, linear electron transport, small heat shock
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HBRFZNT, EEDHZIITEAEENEY SEEYNE. KREXASEVERLER
FBENEEUNRERT. A, SHERSZ\ENFEDNERKEE, MNIEBEDUERIHN~E.
KR (salicylic acid, SA) fEA—MBRSEMNEYRE, RIBREVNSMHEEMELINE.
EA—TESHN T, SA EEYNENEMENtLEEFETERNER. FIAX SA AEDHAIHIE
EREARENTR, RINE SA TiRSEDHFENE. EH. MENSE FNHEHNEFTRNE
R, EBRIOPFRIE SA EER T AAEMHREFRPIE . &I, BMNOFREI, 5k SA B
BEARMG AR NZOEREEURLERS 1| (PSI) A9 CP29 FEAMNAE, XINRT R
11%F SA {Rip4EY PSII ALHIAIERE, EREARIFERVIENABEE. BEl, IR FIHRIEDIL
BAANR, NEXKMAT SALERIEEESH. HERIOESE. PSI TR EAREKE.
REREEZEANIR. PSI EEBMRUKEHTTHR, HFEAHRERGEE SR LRFE
WEMNTL . FEER SA TR TMERLIFRE PSIl EAFKIA. XERAEABBRUMUE PSI &
BYREY PSI #TRIFPORGBHE . IMBEEENFARAEX, MAERVEFMRIN~E
Pt AFEENKANE.
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EHHABER (phytochrome) E—MITFHEBREAR, TERILAXTZLAE, BIES5K
HEEHEEEREF (phytochrome-interacting factors, PIFs) IEEXFSEK. EKBEEASR
MEN 6 4> PIF X EFHIRIBERE (OsPIL1I~ OsPIL16) » FANDHTT KFE PIF ¥R EF OsPIL117E
IKBEKEBPNER. EREREHT, OspPlL1l IRIEKE (OsPIL11-OX) SHEHHHTEHEE
KFHAR, MEFHAKZENG . BRERP, MHSNEEGIBERRETERH, EIRNLER
TEHER OsPIL11-OX KAPMEERNEE (SLs) BEREEMKIL, ERET, Sls AHEENE
SERERESRIEAMAETHFRIEKEHNBZRM], BN OsPIL11 2 SLs BEMAIAEEF, X1
BEREE OsPIL11-OX BEERBRKHIPIH. FAXREZMHT, OsPIL11-OX %A HRAR%S BEY
5. DEH. BIEKERENERD, SERERK. GUS REBERER, OsPIL1] EREKER. 3.
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The genetic diversity of Brassica cytoplasmic DNA and beyond
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Brassica napus (rapeseed) is a recent allotetraploid plant that is cultivated as the second most
important oilseed crop worldwide. Compared with its diploid ancestor species (8. rapa and B. oleracea),
B. napus performs much better on many agronomic characters, e.g. colony photosynthetic capacity
and economic coefficient. The origin of B napus and its genetic relationships with its relatives still
remain largely unresolved. Here, The cpDNA from a total of 488 worldwide B. napus accessions, 139
B. rapa accessions and 49 B. oleracea accessions were populationally re-sequenced using Illlumina
Solexa sequencing technologies. Their intra-specific coDNA variants and their allelic frequencies were
called genome-widely and further validated by genotyping analyses. The cpDNA of the current
worldwide B. napus population comprises more than 400 variants (SNPs and short InDels) and
maintains one predominant haplotype (Bncpl). Sequencing determination of the Bncpl cpDNA
haplotype eliminated its direct inheritance from any of the investigated B. rapa or B. oleracea
accessions. The variant-based polymorphism information content (PIC) analysis demonstrated that B.
napus has a much lower cpDNA diversity than B rapa. However, a vast majority of the wild and
cultivated B. oleracea appeared to share one same distinct coDNA haplotype. This finding suggests
that the cpDNA of the three Brassica species are well differentiated. Presumably, Bncpl haplotype may
originate from other Brassica relatives. There is also a big possibility that it may result from the
interactions between cpDNA mutations and the natural/artificial selection. A series of experiments
have been designed and being performed to clarify the evolutionary mechanism, and also to dissect
the functional mechanism of the major B napus cytoplasmic DNA haplotypes. These obtained
variation data will provide primary information for the chloroplast/mitochondrion related researches,

and germplasm enhancement for B. napus.

Key words: Brassica napus, cpDNA, genetic diversity, haplotype, evolution.
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Nuclear accumulation of the photoreceptor UVR8 is regulated by
COP1

Ruohe Yin*, Mariya Skvortsova, Sylvain Loubéry, Roman Ulm
Department of Botany and Plant Biology, University of Geneva, CH-1211 Geneva, Switzerland
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Light plays critical roles throughout the lifecycle of plants. UV-B is an intrinsic component of solar
radiation. Plants respond to UV-B through the UVR8 photoreceptor signaling pathway. Homodimeric
UVRS8 perceives UV-B via specific intrinsic aromatic amino acids as chromophores. This leads to rapid
dimer dissociation. UVR8 monomers interact with CONSTITUTIVE PHOTOMORPHOGENIC 1 (COP1)
to relay the captured UV-B signal for UV-B photomorphogenesis. While it was described quite some
years earlier that UV-B triggers UVR8 protein translocation from cytosol into nucleus, the molecular
mechanism regulating this process has remained unknown. The E3 ligase COP1 is a central negative
regulator for photomorphogenesis under visible light and far-red light. Intriguingly, COP1 plays
positive roles in UVR8-mediated UV-B photomorphogenesis. UV-B signaling is essentially abolished
in copl mutant alleles with unknown mechanisms. Through GR-UVR8 transgenic lines, we
demonstrated that UVRS8 is active in nucleus for UV-B photomorphogenesis. Moreover, the UV-B-
triggered UVR8 nuclear accumulation is absent in copl mutants. Our results emphasize the
importance of nuclear-localized UVR8 and highlight a previously unknown activity of COP1 in

mediating UVR8 nuclear accumulation in response to UV-B.

Key words: UV-B, photomorphogenesis, UVR8, COP1, nuclear accumulation
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Agronomic nitrogen-use efficiency of rice can be increased by an
artificial decrease in the expression ratio of the OsNRT2.1 and
OsNARZ2.1 genes in culms

Jingguang Chen, Yong Zhang, Longlong Zhu, Guohua Xu, Xiaorong Fan=*
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Agricultural University, Nanjing, China
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The importance of the nitrate (NOs) transporter for yield and nitrogen-use efficiency (NUE) in rice was
previously demonstrated using map-based cloning. In this study we enhanced the expression of the
OsNRTZ.1 gene, which encodes a high-affinity NOs transporter, using a ubiquitin (Ub/) promoter and
the NOs -inducible promoter of the OsNARZ.1 gene to drive OsNRTZ.1 expression in transgenic rice
plants. Transgenic lines expressing pUbi:OsNRT2.1 or pOsNARZ.1:OsNRTZ2.1 constructs exhibited
increased total biomass including yields of approximately 21% and 38% compared with wild-type (WT)
plants. The agricultural NUE (ANUE) of the pUbi:OsNRTZ2.1 lines decreased to 83% of that of WT plants,
while the ANUE of the pOsNARZ.1:0OsNRT2.1 lines increased to 128% of that of WT plants. The dry
matter transfer (DMT) into grain decreased by 68% in the pUbi:OsNRTZ2.1 lines and increased by 46%
in the pOsNARZ.1:OsNRTZ2.1 lines relative to the WT. The expression of OsNR72.1 in shoot culms
showed that Ub/enhanced OsNRTZ.1 expression by 3 to 20-fold and OsNARZ.1 promoters increased
by 33% to 45% higher than the WT. The ratio of OsNR72.1 to OsNAR2.1 expression was altered in the
transgenic lines with ratios of approximately 11.3:1 and 4.7:1 in the pUbIOsSNRTZ.1 and
POsNAR2.1:OsNRTZ.1 lines, compared with a ratio of 7.2:1 in WT plants. We show that increased
expression of OsNRTZ2.1, especially in combination with a relative lower expression ratio with its partner

gene OsNARZ.1, can improve yield and NUE in rice.

Key words: OsNAR2.1 promoter, Oryza sativa, OsNRT2.1, agronomic nitrogen-use efficiency
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The dissection of the genetic architecture of amino acid composition
in maize kernels by combing genome-wide association study and

linkage mapping

Min Deng, Donggin Li, Jingyun Luo, Yingjie Xiao, Haijun Liu, Qingchun Pan, Xuehai Zhang, Minliang
Jin, Mingchao Zhao, Jianbing Yanx

National Key Laboratory of Crop Genetic Improvement, Huazhong Agricultural University, Wuhan
430070, China
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Maize (Zea mays) is one of the most widely grown crops worldwide. It is not only a staple food for
people and animals, but also an important industrial material for fuel and other applications. The
amino acid composition and quantity of seed storage proteins is related to the nutritional quality of
seeds. Amino acids are both constituents of proteins, providing the essential nutrition for humans and
animals, and signaling molecules regulating the growth and development of plants. However, the
maize cultivars widely planted usually have insufficient levels of essential amino acids, such as lysine
and tryptophan. In present study, we measured the levels of 17 different total amino acids in mature
kernels from a maize diversity inbred collection and three recombinant inbred line (RIL) populations.
In total, 586 and 778 significant loci (QTLs) with 6.83% and 7.95% average phenotypic variation were
identified by GWAS and linkage mapping, respectively. About 44.3% of the loci identified by GWAS
were verified by expression QTL, and only 5.5% overlapped with mapped QTLs in the three RIL
populations. For each trait, 2.9 and 4.2 loci (QTLs) were identified on average, which implies that the
genetic architecture of amino acids is relative simple: only controlled by limited loci. GRMZM2G015534,
GRMZM?2G143008 and one QTL were further validated by using molecular approaches. The amino
acid biosynthetic and catabolic pathways were reconstructed on the basis of candidate genes
proposed in this study. Our results provide insights into the genetic basis of amino acid biosynthesis

in maize kernels and may facilitate marker-based breeding for quality protein maize.

Key words: amino acid, Quality Protein Maize (QPM), network, Genome-Wide Association Study

(GWAS), linkage mapping, metabolism.
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Overexpression of a pH-sensing nitrate transporter in the membrane

to increase rice crop yields
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Cellular pH homeostasis is fundamental for life and all cells adapt to maintain this balance. In plants
the chemical form of nitrogen supply, nitrate and ammonium, is one of the cellular pH dominators.
We report that the rice nitrate transporter OsNRT2.3 is transcribed into two spliced isoforms with
natural variation in their expression ratio. One splice form, OsNRT2.3b is plasma membrane located
mainly expressed in the phloem, and which has a regulatory motif on the cytosolic side that acts to
switch nitrate transport activity on or off by a pH sensing mechanism. High OsNRT2.3b expression in
rice enhances the pH buffering capacity of the plant, increasing N, Fe and P uptake. In field trials,
increased expression of OsNRT2.3b improved grain yield and nitrogen use efficiency (NUE) by 40%.
These results indicate that pH sensing by the rice nitrate transporter OsNRT2.3b is important for plant

adaption to varied N supply forms and can provide a target of improving NUE.

Key words: nitrate transporter, pH-sensing, nitrogen use efficiency, yield, rice
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Metabolic characteristics in meal of black rapeseed and yellow-

seeded progeny of Brassica napus-Sinapis alba hybrids
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Breeding of yellow-seeded rapeseed (Brassica napus) is preferred over black-seeded rapeseed for the
desirable properties of the former. This study evaluated the metabolites and nutritive values of black-
seeded rapeseed meal and yellow-seeded meal from the progeny of a B. napus-Sinapis alba hybrid.
Yellow-seed meal presented higher protein (35.46% vs. 30.29%), higher sucrose (7.85% vs. 7.29%), less
dietary fiber (26.19% vs. 34.63%) and crude fiber (4.56% vs. 8.86%), and less glucosinolates (22.18 vs.
28.19 umol/g) than black-seeded one. Amounts of ash (3.65% vs. 4.55%), phytic acid (4.98% vs. 5.60%),
and total polyphenols (2.67% vs. 2.82%) were decreased slightly in yellow-seeded meal compared with
black-seeded meal. Yellow-seeded meal contained more essential amino acids than black-seeded
meal. Levels of the mineral elements Fe, Mn, and Zn in yellow-seeded meal were higher than black-
seeded meal. By contrast, levels of P, Ca, and Mg were lower in yellow-seeded meal. Moreover, yellow-
seeded meal showed lower flavonol (kaempferol, quercetin, isorhamnetin, and their derivatives)
content than black-seeded meal. Comparison of metabolites between yellow and black rapeseed
confirmed the improved nutritional value of meal from yellow-seeded B napus, and this would be

helpful to the breeding and improvement of rapeseed for animal feeding.

Key words: Brassica napus, yellow-seeded rapeseed, black-seeded rapeseed, seed meal, metabolites
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Camptotheca acuminata
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Camptotheca acuminata is the major plant for the production of camptothecin (CPT), an important
anti-cancer drug used for the treatment of various cancers throughout the world. The low
accumulation of CPT in plants limited its supply in the market and led to urgent need of promoting its
accumulation by means of plant metabolic engineering, which relied on deep understanding of CPT
biosynthesis pathway. However, missing of most of pathway genes restricted the attempts for
regulating CPT biosynthesis. To unveil the CPT biosynthesis pathway, many efforts have been done
for pathway gene identification and the application of large-scale RNA-sequencing technique
accelerated screening of candidate genes which could be involved in CPT biosynthesis. To identify the
function of these candidate genes in p/anta, it needs to develop an effective approach, such as virus-
induced gene silencing (VIGS) in C. acuminata. In this work, a Tobacco Rattle Virus-based VIGS method
was developed and the application of this method successfully silenced the expression of four known
genes involved in the early steps of CPT biosynthesis and resulted in clear decrease of CPT and 10-
hydroxycamptothecin (10-HCPT) accumulation. This VIGS approach could be further applied to

functional identification of candidate genes to elucidate CPT biosynthesis in C. acuminata.

Key words: Camptotheca acuminata, virus-induced gene silencing, camptothecin biosynthesis

pathway, alkaloids
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Rice gene OsAMT1.1 functions in ammonium uptake and
ammonium-potassium homeostasis over their low and high

concentration ranges
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Rice (Oryza sativa) grown in paddy field is the ammonium (NH.") preferring crop; however, its AMT -
type NH." transporters in mediating root N acquisition have not been well -characterized yet. Here, we
analyzed the expression patterns and physiological functions of OsAMT71.1 gene belonging to AMT1
subfamily in rice. OsAMT1.1 is located in the plasma membrane and mainly expressed in root
epidermis, stele and mesophyll cells. Disruption of OsAMT71.1 gene decreased NH.4™ uptake, root and
shoot growth at both low- and high-NH." supply levels. OsAMT1.1 contributed to short-term (5 min)
®NH." influx rate by about one quarter, irrespective of varied NH.:" concentrations. Knockout of
OsAMT1.1 significantly decreased total N transport from root to shoot at low NH." level. Moreover,
the osamt1.1 mutants in comparison to WT showed increase of potassium (K) absorption rate under
high NH." condition but decrease under low NH." condition. The mutants contained significant higher
K in both roots and shoots at limited K (0.1 mM) supply when NH." was replete. Taken together, the
results indicated that OsAMT1.1 contributes significantly to the NH." uptake from both low- and high-

NH," environments and plays an important role in N-K homeostasis in rice.
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genes screening to intermediates identification in plants
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Natural products extracted from plants have wide variety of biological activities that are used as
medicines, pesticides, industrial raw materials, and so on. As increased demand of these compounds,
its supply is potentially challenged by limitations in biological sourcing. The recent progress of
synthetic biology provides an alternative way for producing these molecules in heterologous species,
such as yeasts, bacteria and other model plants by transferring whole biosynthesis pathway. To
develop such bioengineering approach, the essential prerequisite is the availability of whole pathway
genes. Recently, many transcriptomic and genomic investigations were carried out, which supplied
tons of gene sequences information and dramatically speeded up the discovery of pathway
biosynthesis genes. Using monoterpenoid indole alkaloids (MIAs) synthesized in Catharanthus roseus
as an example, we describe potent methods for pathway elucidation, including candidate genes
screening, genes function validation, and pathway intermediates identification. These methods could
be further applied to other valuable plant species for supplying essential gene elements to establish

synthetic biology platform.

Key words: plant secondary metabolism, synthetic biology, pathway elucidation, pathway genes

screening, pathway intermediates identification
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Agrobacterium-mediated Transformation of Dendrobium officinale
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Dendrobium officinale, belonging to Dendrobium genera in Orchidaceae, have both ornamental and
medicinal values. To date, a few studies on gene transfer techniques in orchids have been reported.
However, based on the specific physiological characters of D. officinale, to establish a systematically
optimized transformation procedure is requisite. Here, we report a routine gene transformation
protocol via Agrobacterium tumefaciens in D. officinale. A. tumefaciens harbouring pCambial305
plasmid carrying B-glucuronidase as the reporter gene and hygromycin phosphotransferase as the
plant selectable marker gene was used for genetic transformation of D. officinale. Protocorm-like
bodies (PLBs) obtained from D. officinale seeds were used as the target explants for transformation.
Different parameters were optimized to improve the transformation efficiency, such as strain type of
A. tumefaciens, cell density during Agrobacterium-infiltration, co-cultivation period, surfactants
concentration and sonication duration. Putatively transformed tissues were obtained by selection on
solid MS media supplemented with 6-benzylaminopurine (6-BA), a-naphthalene acetic acid (NAA)
and 20 mg/L hygromycin. The results showed while GV3101 cell density of ODen = 0.6, surfactant
concentration = 0.001%, acetosyringone concentration = 100 pmol/L, with addition of 3-min
sonication and incubation of 28°C 12 hours followed by 20°C 5 days, the highest transformation
efficiency was obtained. The transformed PLBs were found GUS-stain
positive via histochemical analysis, indicating that the foreign DNA had been successfully integrated
into the D. officinale genome. Our optimized transformation method is applicable in practice of

genetic and physiology research and genetic engineering-based breeding in D. officinale.

Key words: Dendrobium officinale, genetic transformation; transgenic technology
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Chlorophyll (Chl) content is an important agronomic trait directly affecting the photosynthetic rate.
Using a high-density genetic map of 132 recombinant inbred lines (RILs) derived from the cross
between 93-11 and PA64s, we detected the quantitative trait loci (QTLs) for Chl content of the top
three leaves under two nitrogen (N) conditions at two developmental stages. A total of 32 main-effect
QTLs located on chromosomes 1, 4, 5, 6, 7, 8, and 12 were identified, and these QTLs individually
accounted for 6.0-20.8 % of the total phenotypic variation. A major QTL gFCC7. affecting the Chl
content under low N condition was identified, and its positive allele came from PA64s. This QTL
might be associated with the ability to tolerate low-N stress in rice. The chromosomal segment
substitution line (CSSL) with the corresponding segment from PA64s had a higher SPAD value and
photosynthetic rate than 93-11 and showed a lower specific leaf area (SLA). We performed a fine-
mapping using a BC4F2 population via marker-assisted backcross and finally mapped this QTL to a
124.5 kb interval on the long arm of chromosome 7.Candidate gene analysis showed that there were
sequence variations and expression differences in the predicted candidate gene between the two
parents. These results suggest that the QTL gFCC7: may be useful for breeding the rice varieties with
higher photosynthetic rate and grain yield.

Keywords: chlorophyll content, photosynthetic rate, QTL analysis, low nitrogen condition, rice
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O. meridionalis indigenous to Australia is an AA genome wild species in Oryza, it has been considered
an important germplasm resource for improvement of cultivated rice. In this study, a total of 99
chromosomal single-segment substitution lines (SSSLs) were developed by using O. meridionalis as a
donor and an elite indica cultivar, Huajingxian 74 as recipient, through successive backcrossing and
SSR marker-based genotyping. The 99 substituted segments were distributed on 12 chromosomes
with the estimated total lengths of 1580.16 cM and 15.11 cM mean length of every segment. The
837.94 cM coverage length of substituted segments covered 54.98 percent of rice genome. Fourteen
quantitative traits were evaluated in SSSLs for two seasons, including plant vegetative growth traits,
i.e., heading date, plant height, flag leaf length, flag leaf width; Grain yield related traits, i.e., panicle
numbers per plant, panicle length, spikelet numbers per panicle, grain density, number of primary
branches per panicle, seed-setting rate, 100-grain weight, grain length, grain width, and ratio of grain
length to width. A total of 161 putative QTLs detected for thirteen traits except panicle numbers per
plant. Among them, 32 QTLs related to nine traits were identified both in the late season of 2014 and
the early season of 2015, in which 10 QTLs had the positive additive effects. The additive effect of the
QTLs ranged from 0.10 to 33.55, and the contribution of the additive effect to traits were from 0.06-
20.92 percent. The present study demonstrated that the SSSLs offer both opportunities and a good
germplasm platform for identification and transformation beneficial genes of O. meridionalis, as well

as a precious long-time /n-vivo conservation reservoir for O. meridionals.

Key words: O. meridionalis, chromosomal single-segment substitution lines (SSSLs), QTL identification,

substitution mapping
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Stomata that are bordered by pairs of guard cells are specialized for regulating gas exchange and
transpiration in plants. During the past decade immense progress has been made in understanding
the early stages of guard cell differentiation, but the downstream development for functional stomatal
guard cells remains poorly understood. Here we reported two Arabidopsis mutants, wizened stomata
1 (wiz1-1) and wizened stomata 2 (wiz2-1), which have 31% and 16% deformed stomata, respectively.
These abnormal stomata bear a general resemblance to the flat tires of cars, and the sizes of wizened
guard cells in wizI-1 and wizZ-1 mutants are 85% and 75% of the wild type (WT) ones. Except for the
stomatal shape and size, mutations in WiZ1 and W/z2did not affect the stomatal density and stomatal
indices. In addition, stomatal conductance (gs) induced by low [CO:] and light illumination was
significantly reduced in mutants. When tested with the light- and fusicoccin-induced stomatal opening
bioassays, the deformed stomata of wiz-1 and wiz2-1 showed nearly no aperture changes while the
normal shaped stomata behaved comparably to those of WT in terms of stomatal movement. Genetic
analysis showed that these two mutants are not allelic. By tracing developmental process of deformed
stomata in wizZ-1 and wiz2-1, we found that the morphological defects occurred after guard mother
cells were divided to form young stomata, suggesting that both WIZ1 and WIZ2 regulate guard cell
differentiation at the late stage. The development of the ventral wall of the wizened guard cells was
disturbed, and large lipid drops (LD) accumulated in the wizened guard cells. These results imply that
WIZs may play important roles in the development of fully functional stomata through modulating LD
biogenesis in Arabidopsis thaliana. We are currently working on the fine gene mapping and dissecting

the molecular mechanisms regulating the development of functional stomata by the W/Z genes.

Key words: environmental stress, stomatal function, guard cell, lipid metabolism, plant development
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Heading date (HD) and photoperiod sensitivity (PS) are important traits for the adaptation of rice to
different cultivation areas and cropping seasons, and are significantly affected by environmental
factors. Identification of the HD and PS adaptation among rice varieties could prove invaluable
information during rice germplasm management and help researchers develop strategies to improve
cultivars. In our study, HDs of 583 major inbred japonica varieties native to different regions in China
were analyzed under organic farming conditions in Hangzhou and Sanya for four years. Basic
vegetative phase (BVP), photoperiod sensitivity index (PSI), the original climatic and geographical
information (temperature, latitude and longitude) were analyzed. Phenotypic variation analysis
showed BVP, HD and PSI exhibited distinct ecological and geographical distributions in China.
Correlation and regression analysis showed that BVP, latitude, longitude, PSI, and temperature could
affect HD differently in the five main ecologically distinct rice growing regions. Five regression
equations were obtained for predicting the adaptation of japonica rice in the five ecological regions.
The Shannon-Weaver diversity index on the phenotype of BVP, HD and PSI showed an overall mean
of 0.47 in the germplasm collection, and exhibited wide ecologically and geographically distribution.
Cluster analysis demonstrated that HD plays an important role in the regional adaptation of rice and
that there had been some changes in the regionalization of Chinese japonica varieties during the past
50 years. Cluster analysis also showed that there were sub-regions between and in the five main
regions, These results would be useful for rice introduction and commercial extension of rice cultivars
to different cropping regions in China, and also be important to analyze the effects of global warming
on rice regionalization. Meanwhile, methods used in the study have reference values to the rice

regionalization analysis in other countries owning a number of rice ecological regions.

Key words: ecological adaptation, heading date, japonica rice, photoperiod sensitivity
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Humankind has been through different periods of agricultural improvement aimed at enhancing our
food supply and the performance of food crops. In recent years, whole genome sequencing and deep
understanding of genetic and epigenetic mechanisms have facilitated new plant breeding approaches
to meet the challenge of growing population, dwindling resources, and changing climate. Here we
proposed a simple and fast molecular breeding method, marker-assisted reverse breeding (MARB),
which will revert any maize hybrid into inbred lines with any level of required similarity to its original
parent lines. This method has the advantages of fast speed, fixed heterotic mode, and quick recovery
of beneficial parental genotypes compared to traditional pedigree breeding using elite hybrids.
Meanwhile, MARB has the advantage of not requiring sophisticated transformation and DH
technologies over RNAi-mediated reverse breeding. In addition, MARB can also be used with feed
corn harvested from big farms, which is often similar to F. populations, and the relevant transgenes in
the population can be eliminated by marker-assisted selection. As a result, the whole global
commercial maize hybrids can be utilized as germplasm for breeding with MARB technology. Starting
with an F. population derived from an elite hybrid, our experiment indicates that with three cycles of
marker-assisted selection, selected lines could recover over 80% of the parental genotypes and
associated beneficial genes in a fixed heterotic mode. The success application of MARB in maize
suggests that this technology is applicable to any hybrid crop with enough available SNP markers.
Several issues associated with MARB were discussed, including its rationale, efficiency and advantages,
along with food/feed and environmental safety issues and applications of MARB in variety protection

and marker-assisted plant breeding.

Key words: maize, marker-assisted reverse breeding; SNP
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The tiller of rice (Oryza sativa L.), which determines the panicle number per plant, is an important
agronomic trait for grain production. Ascorbic acid (Asc) is a major plant antioxidant that serves many
functions in plants. L-galactono-1,4-lactone dehydrogenase (GLDH, EC 1.3.2.3) is an enzyme that
catalyzes the last step of Asc biosynthesis in plants. Here we show that the GLDH -suppressed
transgenic rices, Gl-1 and GI-2, which have constitutively low (between 30% and 50%) leaf Asc content
compared with the wild-type plants, exhibit significantly reduced tiller number. Moreover, lower
growth rate and plant height were observed in the Asc-deficient plants relative to the trait values of
the wild-type plants at different tillering stages. Further examination showed that the deficiency of Asc
resulted in a higher lipid peroxidation, a loss of chlorophyll, a loss of carotenoids and a lower rate of
CO: assimilation. In addition, the level of abscisic acid was higher in GI-1 plants, while the level of
jasmonic acid was higher in GI-1 and GI-2 plants at different tillering stages. The results we presented
here indicated that Asc deficiency was likely responsible for the promotion of premature senescence,
which was accompanied by a marked decrease in photosynthesis. These observations support the
conclusion that deficiency of Asc alters tiller number in the GLDH-suppressed transgenics through

promoting premature senescence and changing phytohormones related to senescence.

Key words: ascorbic acid, L-galactono-1,4-lactone dehydrogenase, rice, tiller number
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While most commonly associated with its role in gibberellin (GA) phytohormone biosynthesis, ent-
kaurene also serves as an intermediate in more specialized diterpenoid metabolism, as exemplified by
the more than 800 known derived natural products. Among these are the maize kauralexins. However,
no ent-kaurene synthases (KSs) have been identified from maize. The maize GA-deficient dwarf-5(d5)
mutant has been associated with a loss of KS activity. The relevant genetic lesion has been previously
mapped, and was found here to correlate with the location of the KS-like gene ZmASL3. Intriguingly,
this forms part of a tandem array with two other terpene synthases (TPSs). Although one of these,
ZmTPS1, has been previously reported to encode a sesquiterpene synthase, and both ZmTPS1 and
that encoded by the third gene, ZmKSL5, have lost the N-terminal y-domain prototypically associated
with KS(L)s, all three genes fall within the KS(L) or TPS-e sub-family. Here it is reported that all three
genes encode enzymes that are targeted to the plastid in planta, where diterpenoid biosynthesis is
initiated, and which all readily catalyze the production of ent-kaurene. Consistent with the closer
phylogenetic relationship of ZmKSL3 with previously identified KSs from cereals, only transcription of
this gene is affected in @5 plants. On the other hand, the expression of all three of these genes is
inducible, suggesting a role in more specialized metabolism, such as that of the kauralexins. Thus,
these results clarify not only gibberellin phytohormone, but also diterpenoid phytoalexin biosynthesis

in this important cereal crop plant.
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Chlorophyll synthesis from glutamyl-tRNA to chlorophyll b needs 15 steps of enzymatic reaction, and
all 27 genes encoding these 15 enzymes have been identified in higher plants represented by
Arabidopsis (Arabidopsis thaliana). However, only nine genes encoding six enzymes in chlorophyll
synthesis pathway have been identified in rice (Oryza sativa). In this study, a spontaneous mutant,
yellow-green leaf 18 (yg/18), was isolated in rice (Oryza sativa). This mutant showed yellow-green leaf,
decreased chlorophyll level, and clime-dependent growth difference. Map-based cloning of this
mutant identified the YGL18 gene, and this gene has not yet been studied in rice. YGL18is expressed
in green tissues, especially in leaf, and it functions in chloroplast. Bioinformatic analysis showed that
YGL18 encodes one of the key enzymes of the chlorophyll synthesis pathway. Multiple sequence
alignment revealed that the amino-acid substitution of leucine (Leu) to phenylalanine (Phe) in ygl18
is originally conserved in different photosynthesis organisms. In-vitro enzymatic assays identified the
YGL18 enzymatic activity, but ygl18 almost lost the enzymatic function. YGL18 plays important roles
in light-dependent and photoperiod-regulated chlorophyll synthesis. Plastid-related nuclear genes
were regulated in yg/18 leaves, and the majority of genes in the tetrapyrrole synthesis pathway were
up-regulated, implying that there is a new model on retrograde plastid-nuclear signaling. Based on
these findings, it is suggested that YGL18 plays essential roles in chlorophyll synthesis, plant growth

and regulating plastid-nuclear signaling.
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Heading stage is the transitional stage from vegetative growth to reproductive growth stage. The
length of heading date is mainly determined by photoperiod sensitivity (PS), temperature sensitivity
(TS) and basic vegetative growth (BVG) in rice. We developed a BC:Fs:population by using the recurrent
parent Shuhui 527 and the recipient parent Fuhui 838 in the backcross breeding process, then the
BC:zFsintrogression lines were crossed with four male sterile lines (XiegingzaoA,Gang46A, Il -32A and
Jin23A), a part of hybrid combinations of which can't flower in some long day areas, i.e Hefei, but
obviously late heading in some short day areas i.e Sanya. This phenomenon of abnormal heading was
considered as “big green rice”. A total of 12 QTL for Photoperiod sensitivity was found in more than
two environments or populations by using the one-way ANOVA. By two-way ANOVA, a total of 31
pairs of QTL were detected. The results of RiceSNP50 chip in Peking University showed that seb, phyA
and Osf may be upstream photosensitive genes, which causing abnormal heading of those hybrid
combinations derived from the crosses between introgression lines and Gang46A. These genes
delayed the flowering time by repressing other genes in the flowering pathway such as £hd7 and Hdl.
These results lay a foundation for RNA-seq analysis and SNP genotype analysis to identify the

differentially expressed flowering genes and the genetic mechanism of hybrid rice “big green rice”.
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Intragenic recombination is one of the most important source of genetic variability. In our previous
study, a tall line RI92 with plant height of about160 cm was observed in the progeny of the cross
between two semi-dwarf /ndica cultivars Zhenshan 97 and Minghui 63. Genome-wide genotyping and
sequencing indicated that the genome constitution of RI92 was completely from both parents. In order
to uncover this tall plant height, a near isogenic F. population (BCsF.) was developed by three
continuous backcrosses between RI92 and Zhenshan 97 as recurrent. Bulk segregant analysis in the
BCsF. population revealed that marker RM3523 was linked to the plant height gene, which was in the
adjacent region of “green revolution gene” semi-dwarf 1 (sd1). Sequencing analysis of sdZ among
Zhenshan 97, Minhui 63 and its offspring RI92 revealed that an intragenic recombination was occurred
at sd7 and resulted a functional SO in RI92. The recombination breakpoint was in the region between
+1721 and +2575. Paclobutrazol (PBZ) treatment of NILs between SD1/5D01 and sd1/sd1 further
confirmed SD1 is the gene contributing to the tall plant height. 4-fold high recombination rate as
compared to the genome-wide average was observed in SDI located bins in two RIL populations,
which indicated that the intragenic recombination at SO was occurred due to recombination hotspot.
Genome re-sequencing identifed only 34 recombination bins in RI92, which suggested limited
recombinaitons in the process of developing recombinant inbred lines. The intragenic recombination
between two parental non-functional sdZ alleles produced a functional SDZ7 in RI92, which led to a tall
plant height. These results indicated that intragenic recombination could create new alleles in the
progeny distinct from parental alleles and diversify natural variation. Limited recombination bins in
RI92 suggested that increasing population size or changing the crossing style (intercross) would be

alternatives to enhancing mapping resolution.

Key words: plant height, bulk segregant analysis, sem/-dwarf 1, functional and non-functional alleles,

intragenic recombination
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Rice (Oryza sativa L.), one of the important cereal crops, is the major stable food for more than 50%
population in the world. Increasing rice grain yield is a crucial challenge, and improving its eating and
cooking quality (ECQ) is also an important breeding goal. Starch is the major storage material in rice
seeds, which comprises two main types of glucan homopolymer: amylose and amylopectin. The eating
and cooking qualities of rice grain are closely related to the ratio of amylose to amylopectin and the
architectural features of amylopectin. For improving the ECQ of cultivated species in Northeast of
China, the apparent amylose content (AAC) and Rapid Visco Analyser (RVA) profile of 130 rice varieties
were measured; nine rice varieties showed highly starch quality were used as donor candidates, and
hybridized with the cultivated specie Longjing26 in Northeast of China expecting ultimately to obtain
the superior rice variety. Meanwhile, we hope to find some quantitative trait loci (QTLs) related to the
starch quality by constructing Recombinant Inbred Line (RIL). Now, some AAC related QTLs have been
found by mapping the Recombinant Inbred Line of RCC147xLongjing26; next, we hope to use those
QTLs to improve ECQ of Longjing26

Key words: ECQ, AAC, RIL, QTL
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Genome-wide association study (GWAS) is a powerful tool for dissect complex agronomic traits in
crops species. Rapeseed is one of the most economically important polypoid oil crops in the world. In
this study, we re-sequenced 406 diverse rapeseed accessions to construct a haplotype map of the
rapeseed genome. Using an lllumina HiSeq 4000, a total of 55.6 billion paired-end reads of 150bp in
length were generated, with an average coverage depth of more than 10 xfor each accession. After
mapping against the reference sequences of oilseed cultivar 'Darmor-bzA', 28,006,956 single
nucleotide polymorphisms (SNPs) were identified. Using these SNPs, genome-wide association studies
were performed for mapping traits. We investigate 36 agronomic traits in four environments and
examined the major loci of genes related to oil content, fatty acid biosynthesis, seed weight, plant
height and primary branch. Many of the candidate genes for oil content encode enzymes involved in
oil metabolism, including two significant associations on A8 and C3 of Brassica napus which were close
to the key gene Bna. FAEL for erucic acid content. Some other QTLs were also identified for plant
architecture (plant height and primary branch). Our results provide insights into the genetic basis of

oil biosynthesis in oilseed and may facilitate marker-based breeding for oil production and yield.
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Maize (Zea Mays L.) is one of the most important crops globally for food, feed and fuel. Aiming to
efficiently design breeding schemes, the global molecular breeders are struggling to clarify the
determinants underlying agriculturally important traits, almost inherited as the 'quantitative traits’,
whose genetic basis are attributed to many modest-effect loci, epistasis and interaction with
environments. To tradeoff between diversity and confounding influence, we here propose a maize
synthetic population, tailor-made for genetics and breeding, with firstly thoroughly intercross between
24 maize elite inbred lines (centered by 'HZS' pedigree but genetically diverse) and subsequently
sufficiently inbreeding (single-seed decent for over six generations). Up to present, we have collected
an unprecedently huge dataset in this maize synthetic population: 1) NGS -based genetic variants (50M
SNP, 2.8M InDel and 0.66M SV); 2) multi-environmental phenotypes (from agronomic to yield related
traits). The large-scale data for synthetic population endows the popular GWAS, single-marker based
linear mixed model, sufficient power for identifying specific loci or known genes. However, frustratingly,
only one-half or less heritability allow to be accounted for jointly by all identified loci for any a given
trait, the genetic base of complex traits remains ambiguous, also named as 'missing heritability’. Here,
we provide a probabilistic estimate of mosaic structure for any a progeny in synthetic population that
presumed as a reshuffle across 24 parental genomes, using a combined method of the hidden markov
model (HMM) and linkage disequilibrium (LD). We developed a novel statistical
methodology, 'haplotype-based GWAS', that tested allelic effect attributed to each parent state rather
than the substitute effect between states in each marker, with an assumption that multiple- and
independent-causal variants jointly influence trait variations in a given inherited genomic region. The
haplotype-based method provides opportunities to further dissect complex traits, and potentially

settle the missed heritability that never solved before solely using traditional method.
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In this study, for the purpose of cultivar identification and apolegamy of excellent hybridization
combination to provide basis at the molecular level, EST-SSR markers were employed to analysis on
fingerprinting and genetic diversity of 30 blueberry cultivars. Ten of 40 pairs of EST-SSR primers were
screened out based on 5 cultivars which was selected randomly. The 10 primer pairs amplified a total
of 206 alleles (including 203 polymorphic alleles) among the 30 cultivars, and the ratio of
polymorphism was as high as 98.12%. Alleles amplified by each pair of primers ranged from 9 to 48,
with a mean of 20.6, and the mean of polymorphism alleles for each pair was 20.3. 30 cultivars were
univocally identified using only one EST-SSR primer pair(CA231), which one's alleles was the most and
the ratio of polymorphism was 100%. UPGMA cluster analysis of genetic relationship between cultivars
showed that all the materials were clustered into one group at the genetic similarity coefficient of 0.52,
and 77.7% of the cultivars were still clustered together at the genetic similarity coefficient of 0.63. The
results indicated that the genetic basis among blueberry cultivars was narrow. It is necessary to

strengthen utilization of wild resources and interspecific resources in the breeding.

Key words: blueberry, EST-SSR, fingerprinting, genetic diversity
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Decipherment of major loci controlling 20 agronomic traits by a

genome-wide association study in tomato recombinant inbred lines
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During the domestication and improvement in the past centuries, tomato morphology has greatly
changed along with a dramatic increase in fruit weight. To understand the genetic basis that directed
the breeding of elite varieties in the past and guides for future practice of tomato improvement, we
carried out a genome-wide association study of 20 agronomic traits using a recombinant inbred lines
derived from the wild and cultivated tomatoes. In the total of 338 significant loci identified, ~70% are
newly reported, which explain ~49% of the phenotypic variances in average, and a high quality local
de novo assembly further pinpointed responsible mutations at single gene resolution. Using near
isogenic lines for two loci, we proved our association analysis reliable and accurate. These findings
allow us to construct a trait-locus network that largely explains the correlation among different traits,
which will facilitate the identification and isolation of key genes governing these important agronomic
traits and provide a powerful tool for genetic improvement of high-yield and superior-quality of new

elite tomatoes.

Key words: tomato, GWAS, agronomic traits, recombinant inbred lines (RIL), trait-locus network
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With the increasing demands in crop breeding for novel traits, plant research community faces to
quantitatively analyze the structure and function of large numbers of plants. A clear goal of high-
throughput phenotyping is to bridge the gap between genomics and phenomics. In this study, we
obtained 106 traits from a maize recombinant inbred line population across 16 development stages
using the automatic phenotyping platform.The results showed that the exponential model had better
predication ability for biomass accumulation, even in the early growth stage. QTL mapping with high
density genetic linkage map was used to uncover the genetic basis of these complex agronomic traits,
and have identified 2265 QTLs for all investigated traits. We also conduct the traits-loci network
analysis and 3 house-keeping loci were detected in the hub points for 2 traits. These results reveal the
dynamic genetic architecture of maize plant growth thus enhance maize ideotype breeding in the near

future.

Key words: maize, high-throughput phenotyping, dynamic genetic architecture, QTL mapping
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Genetic analysis of rice grain shape mutants and molecular cloning
of rice SLENDER GRAIN 1 gene
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Rice grain shape, which is closely related to seed development and is determined by multiple factors,
is an important trait affects both production and its economic value. In order to investigate the
molecular mechanism controlling grain shape, a mutant population with japonica rice Zhonghuall
background was generated by EMS (ethyl methane sulfonate) mutagenesis. Various mutants with
alternation of grain shape were identified and slender grain 1 (slgrl), a mutant with significant increase
of grain length was selected for further analysis. The grain length of s/griis ~18% longer than that of
wild-type, but significant alternation was found in neither width nor thickness of grain. Genetic analysis
revealed that the increased grain length was controlled by a single recessive gene, which was further
mapped by MutMap method. Five candidate genes with amino acids change of SLGR1 were identified

and will be further analyzed. Detailed results will be presented.

Key words: rice, grain length, EMS mutation, MutMap
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Rice blast caused by the fungus Magnaporthe grisea, one of the main diseases in rice, has serious
influence on rice production and food security. Maker-assisted selection (MAS) approach is a quite
effective strategy for genetic improvement of resistance in rice. In this study, we obtain two improved
lines of Kongyu 131, a leading japonica cultivar, introgressed with rice blast resistance genes, P/ and
PiZ respectively (from Yuging He's lab). In previous work, Kongyul31 with £/Z and Pi2showed greatly
improvement of rice blast resistance. However, the improved lines of Kongyu 131 headed later than
the wild-type Kongyu 131. Because Pi2 is closely linked to the heading date gene Hdi, a large
segregation population is of great necessity in order to restore the natural heading date of the
improved version of Kongyu 131 by recombination mediated elimination of HdZ1. Background analysis
with the Rice60K SNP chip indicated that Kongyu 131 with P2, from the large segregation population,
which had the same flowering time with Kongyu 131 is without ~dZ. Meanwhile, Kongyu 131 with Pi1
still had several donor chromosome segments, which may contain the unknown heading date loci
resulting in the later heading phenotype. Heading date is a critical factor in rice adaption, and it can
also affect the rice yield. So, in this study, we conduct target design breeding of Kongyu 131 with P/
by gene editing. We re-sequenced the major flowering genes in the improved line of Kongyu 131 with
Pi1. The results showed that all the major flowering inhibitor genes re-sequenced are without function
but for gene X Therefore, we designed CRISPR/Cas9 vector based on gene Xto induce gene x knock
out mutants. In the generation TO, we obtained more than 30 individual plants, of which 8 random
plants were used for mutants screen. Six out of 8 transgenic positive plants were identified via PCR
method based on Cas9sequence, and all were mutants including homozygous, biallelic, and chimeric
mutants through TA clone sequencing. In 2016, field survey is ongoing in Wuhan (Hubei Prov.) and
Harbin (Heilongjiang Prov.). To sum up, we aim at targeting design breeding of Kongyu 131 via MAS

and gene editing.

Key words: rice blast, heading date, target design breeding, gene editing
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