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Genome-Wide Association Study
Reveals a Genetic Mechanism of Salt
Tolerance Germinability in Rice
(Oryza sativa L.)

Caijing Li*#,|Changsheng Lu|"?", Baoli Zou'?, Mengmeng Yang 2, Guangliang Wu "2,
Peng Wang ™2, Qin Cheng'2, Yanning Wang *?, Qi Zhong *?, Shiying Huang *2,
Tao Huang ™2, Haohua He #* and Jianmin Bian

! Key Laboratory of Crop Physiology, Ecology and Genetic Breeding, Ministry of Education, Nanchang, China, ? Key
Laboratory of Crop Physiology, Ecology and Genetic Breeding, Nanchang, China

Salt stress is one of the factors that limits rice production, and an important task for
researchers is to cultivate rice with strong salt tolerance. In this study, 211 rice accessions
were used to determine salt tolerance germinability (STG) indices and conduct a
genome-wide association study (GWAS) using 36,727 SNPs. The relative germination
energy (RGE), relative germination index (RGlI), relative vigor index (RVI), relative mean
germination time (RMGT), relative shoot length (RSL), and relative root length (RRL) were
used to determine the STG indices in rice. A total of 43 QTLs, including 15 for the
RGE, 6 for the RGI, 7 for the RVI, 3 for the RMGT, 1 for the BSL, and 11 for the RRL,
were identified on nine chromosome regions under 60 and 100 mM NaCl conditions. For
these STG-related QTLs, 18 QTLs were co-localized with previous studies, and some
characterized salt-tolerance genes, such as OsCOIN, OsHsp17.0, and OsDREB2A, are
located in these QTL candidates. Among the 25 novel QTLs, gRGEG0-1-2 co-localized
with gRGIE0-7-1 on chromosome 1, and gRGE6E0-3-1 and gRVI60-3-1 co-localized
on chromosome 3. According to the BNA-seq database, 16 genes, including nine
for gRGEBO-1-2 (gRGIE0-1-1) and seven for gRGEBO-3-1 (gRVIE0-3-1), were found
to show significant differences in their expression levels between the control and salt
treatments. Furthermore, the expression patterns of these differentially expressed genes
were analyzed, and nine genes (five for gRGEE0-1-2 and four for gRGEE0-3-1) were
highly expressed in embryos at the germination stage. Haplotype analysis of these nine
genes showed that the rice varieties with elite haplotypes in the LOC_0s03g13560,
LOC_0s03g13840, and LOC_0Os03g14180 genes had high STG. GWAS validated the
known genes underlying salt tolerance and identified novel loci that could enrich the
current gene pool related to salt tolerance. The resources with high STG and significant
loci identified in this study are potentially useful in breeding for salt tolerance.

Keywords: salt tolerance germinability, rice accessions, GWAS, QTLs, haplotype analysis
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Advanceson Nutritional Functions and Comprehensive Utilization of
Black (Pericarp) Rice (Oryza sativa L.)

XTONG Yanzhen, HUANG Zixuan, MA Huiqin, CHENG Jianfeng

(College of Agronomy, Jiangxi Agricultural University, Nanchang 330045, China)

Abstract: Black (pericarp) rice is a kind of rice with rich black or dark brown anthocyanins in its seed coat. It is rich in
nutrients and can be used as both medicine and food. so it is widely used in the different industries such as the food,
medicine and chemical. In this review, the research progresses on the nutritional composition (starch, protein, fat, minerals,
essential amino acids, vitamins, flavonoids, phenols and dietary fiber), functional characteristics (anti-inflammation, anti-
anaphylaxis, anti-asthma, anti-oxidation, anti-tumor, reducing weight and fat, and decreasing blood sugar) and
comprehensive utilization (food, medicine and chemical industry) of black rice are systematically concluded and
summarized; which shall provide the systematic theoretical basis for its scientific understanding and intensive researches,
and the beneficial referemces for its comprehensive utilization.

Key words: black (pericarp) rice (Oryza sativa L.); nutritional composition; functional property; comprehensive utilization
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Nutrition Physiology of Iron (Fe) in Plants: Research Progress

ZHANG Wenjing, CHENG Jianfeng, LIU Jie, HE Ping, WANG Zixuan, ZHANG Zujian, JIANG Haiyan
(College of Agronomy, Jiangxi Agricultural University, Nanchang 330045)
Abstract: Iron (Fe) is the earliest discovered and most abundant essential microelement in plants, which is
involved in many physiological processes and metabolic pathways, e deficiency will seriously affect the
growth. development. vield and quality of plants. Fe in plant—derived food is the main source for animal and
human to obtain Fe. and insufficient Fe uptake can damage their health. In order to fully understand the
metaholic physiology of Fe in plants. and promote the cultivation of iron—rich plants and the development of
iron—rich food, in this review. the contents, forms and proportions of Fe in soil and plants were summarized. the
distribution and function of Fe in plants were concluded. the different efficient ahsorption strategies of plants in
small amount of soluble Fe environment were compared. and the regulation mechanisms of Fe transport in cells
and long—distance in plants were analyzed. Based on the above. some research prospects were discussed in
view of the previous research, it is suggested that more attention should bhe paid to the differences and
molecular mechanisms of Fe metabolic pathways among different plant species. the Nramp family genes
regulating approach of the docytotic mechanism of Fe deficiency in plants. the oxidation precipitation and
reduction release mechanisms of ferritin (Fer) in the plastids. and the hiofortification measures for increasing
Fe content and hioavailability in plants.

Keywords: plant; iron; uptake; transport; physiology
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Research progress on the influence of pigmented rice germplasm

and environmental factors on its color

HUANG Zi—xuan, XIONG Yan-—zhen. MA Hui—qin. CHENG Jian—feng
(College of Agronomy, Jiangxi Agricultural University, Nanchang 330045 ,China)

Abstract: Pigmented rice is one of the excellent rice germplasms and special edible taste and medicinal value due to the difference

pigment components in the bran of brown rice. the pigmented rice germplasms and effects of light (light quality, light intensity and

light time) , temperature, moisture, mineral elements and soil pH on their coloring were summarized, which will provide the necessary

theoretical bases and technical references for the related researches and technology extensions in the future.

Key words: rice (Oryza sativa L.) ; pigmented rice; rice germplasms; environmental factor; color
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OsPLS4 Is Involved in Cuticular Wax
Biosynthesis and Affects Leaf
Senescence in Rice

Dahu Zhou'?t, Ting Li?t, Yaolong Yang?,[Ziyang Qu?,|Linjuan Ouyang?,|Zhishu Jiang?,
Xiaoli Lin2, Changlan Zhu?, Liyuan Peng?2, Junru Fu?, Xiaosong Peng?, Jianmin Bian?2,
Wenbang Tang™, Jie Xu®* and Haohua He'?*

' Southern Regional Collaborative Innovation Center for Grain and Oil Crops, Hunan Agricultural University, Changsha, China,
? Key Laboratory of Crop Physiology, Ecology and Genetic Breeding, Ministry of Education, College of Agronomy, Jiangxi
Agricultural University, Nanchang, China, ® State Key Laboratory of Rice Biology, China National Rice Research Institute,
Hangzhou, China

Leaf senescence is one of the most common factors that affects the growth and
yield of rice. Although numerous genes affecting leaf senescence have been identified,
few involved in cuticular wax synthesis have been described for rice premature leaf
senescence. Here, we cloned and characterized Premature Leaf Senescence 4 (PLS4)
in rice (Oryza sativa), which encodes a putative 3-oxoacyl-reductase in the fatty
acid biosynthetic pathway. Subcellular localization of OsPLS4 was observed in the
chloroplast. A single nucleotide substitution in OsPLS4 reduced leaf cuticular wax, and
the expression levels of most wax biosynthesis-associated genes were downregulated.
TEM showed chloroplast development were defective in the pls4 mutant. Further
investigation revealed that the chlorophyll (Chl) content was reduced in the pl/s4 mutant
compared with the WT and that the photosynthesis rate was lower, which caused ROS
dramatic accumulation at the heading stage. These results confirmed premature leaf
senescence in pls4 plants. Cold treatment indicated that the mutant was more sensitive
than the WT was to cold stress. Together, all the above results indicate that the OsPLS4
mutation affects cuticular wax biosynthesis and chloroplast development in rice, causing
reduced cuticular wax and premature leaf senescence.

Keywords: chloroplast, leaf senescence, cuticular wax, fatty acid synthesis, chilling stress, Oryza sativa

INTRODUCTION

Rice (Oryza sativa) is one of the most important cereal crop species worldwide and is consumed by
more than half of the global population. Leaf senescence is the final process of leaf development,
during which time intracellular organelles and macromolecules are actively destabilized to
relocate nutrients into developing tissues or storage organs (Sakuraba et al., 2016). Premature
leaf senescence affects rice yields and quality by reducing photosynthetic efficiency and the
accumulation of nutrients (Yang et al, 2016; Mao et al, 2017). Hence, understanding the
process of premature leaf senescence and the relevant molecular mechanisms could be beneficial
for crop breeding.

A large number of senescence-associated genes (SAGs) have been identified, and these genes
seem to function in various biological processes, such as the degradation of chloroplasts, the
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ABSTRACT

Senescence is the last developmental process in plant, which has an important impact on crop yield and quality.
In this study, a stable hereditary early-senescence line BC64 was isolated from the high-generation recombinant
inbred lines of 93-11 and Wuyunjing7 (W7). Genetic analysis showed that the premature aging phenotype was
controlled by a dominant gene derived from 93-11. By linkage analysis, the gene was primarily mapped in the
region between marker B4 and B5 near the centromere of chromosome 4, described as ES(4). Through multiple
backcrossing with W7, the near-isogenic line of ES(4) (NIL-ES(4) ) was obtained. Compared with wild-type W7,
NIL-ES(4) plants showed more sever senescence phenotype in both nature and dark conditions. In NIL plants,
leaves turned yellow at the fully tillering stage; photosynthetic rate, pollen fertility and seed setting rate were
decreased. Moreover, the malondialdehyde, proline content and relative conductivity in NIL-Es(4) were signifi-
cantly higher than those in W7; both transcript level and activities of reactive oxygen species scavenging enzymes
were repressed; H,O, and O”~ were significantly accumulated. This study provides a basis for further cloning and
function identification of ES(4).

KEYWORDS

Rice; early-senescence; gene mapping; chlorophyll degradation; reactive oxygen species scavenging

1 Introduction

Rice is one of the most important food crops, and half population of the world take it as the staple food.
The growth of rice yield has further slowed down during the first decade of this century. The rice-consuming
countries population continues to increase rapidly at a rate of over 1.5% per year, leading to a growing
demand for rice. Therefore, improvement of grain yield and grain quality are of key agricultural
importance [1]. Senescence is the final step of plant growth and development. Initiation timing of
senescence has great influences on the plant biomass and quality formation. In crop plants, early
senescence strongly affects grain filling, directly limit grain yield and quality [2,3]. Therefore, defining
the molecular and physiological mechanisms of early senescence in rice are of great significance to
enhance grain yield and quality.

This work is licensed under a Creative Commons Attribution 4.0 International License, which
@ @ permits unrestricted use, distribution, and reproduction in any medium, provided the original

work is properly cited.
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Abstract Developing new population types based on
interspecific introgressions has been suggested to facil-
itate the discovery of novel allelic sources for traits of
agronomic importance. In this study, a chromosome
segment substitution line (CSSL) rice population carry-
ing contiguous chromosomal segments of japonica
Nipponbare in the genetic background of indica 9311
was developed. Meanwhile, a high-density genetic map
including 655 bins covering a distance of 1480.2 Mb,
with an average of 0.60 Mb between markers, was
generated through a whole-genome resequencing ap-
proach. Compared with previous CSSL populations
constructed from 9311 or Nipponbare, this population
has a higher marker density and can effectively meet the
requirements of high QTL mapping resolution. On the
basis of the newly constructed high-density genetic
map, a total of three major QTLs (gGP4, gGP5, and
gBL4) conferring seed growth capacity after low-
temperature (5 °C) treatment were detected. Among
these, two QTLs shared by Nipponbare, gGP4 and
gGP35, could increase germination percentage, while
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one QTL shared by Nipponbare, gBL4, could increase
bud length afier cold stress; gGP4 and gBL4 were first
reported in our study. These QTLs could be highly
valuable genetic factors for cold tolerance improvement
in rice lines. The CSSLs carrying these QTLs not only
provide an opportunity for map-based cloning of impor-
tant cold tolerance QTLs but also supply useful inbred
lines to improve cold tolerance in 9311. These CSSLs
represent good sources of japonica tolerance QTLs
(genes) for use in improving cold tolerance in indica
rice directly, avoiding the genetic drag arising from
incompatible epistasis effects.

Keywords CSSLs - High-density genetic map - Cold
stress - QTLs

Introduction

With increasing labor costs, direct-seeding agronomic
production systems have become very popular for rice.
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in rice

Xin Luo {1 Haodong Deng |Peng Wang - Xiangyu Zhang - Caijing Li -
Cuijuan Li - Jingai Tan «- Guangliang Wu - Yanning Wang * Qin Cheng -

Haohua He - Jianmin Bian

Received: 4 January 2020/ Accepted: 11 May 2020/ Published online: 12 June 2020

© Springer Nature B.V. 2020

Abstract The knowledge about the genetic basis of
alkaline salt stress and neutral salt stress in rice is
limited. Here, we located quantitative trait loci (QTL)
for seed germination rate (GR) under alkaline salt
stress (NaHCOs3) and neutral salt stress (NaCl) using
backcross inbred lines population, which was derived
from a cross between indica cv. Changhui 891
(CH891) and japonica cv. 02428 with 3057 bins
markers. A total of ten QTL for five salt stress-related
traits were detected. The QTL detected for control
condition, NaCl stress, and NaHCO5 stress were quite

Electronic supplementary material The online version of
this article (https://doi.org/10.1007/s10681-020-02623-9) con-
tains supplementary material, which is available to authorized
users.
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different, which suggested that the genes controlling
the transport of the Na™, in the form of NaCl and the
NaHCOs, may be different or induced incoordinately
by salt stress. Furthermore, on the basis of the high-
density genetic map, the ten QTL were mapped on
40-980 kb chromosomal regions on Nipponbare
genome, and 16 candidate genes related to stress or
metal transport were found. These results contribute to
the fine mapping and use of these GR-related QTL.

Keywords Rice - Salt stress - Germination rate -
Candidate genes - High-density genetic map

Introduction

Approximately 30% of the total rice-growing area in
the world is affected by salinity stress (Prasad et al.
2000), and salinity has a strong effect on seed
germination, causing low germination rates and low
seedling establishment in rice (Wu and Garg 2003;
Wang et al. 2011; Singh and Jwa 2013; He et al. 2019).
Therefore, attaining a high capacity of seed germination
under salinity stress is an important objective of rice
breeding (He et al. 2019). However, the exact nature of
the molecular mechanisms for salinity tolerance in rice
1s not well understood (He et al. 2019).

Salinity tolerance is a complex trait that is regulated
by multiple genes, and such a trait is highly genotype-
dependent. In rice, QTL for most of the stages of
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