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1. 中文摘要

蛋白質表現為稻米榖粒發育與品質的重要
指標。本計畫主要以蛋白質體學的方法，
研究溫度對榖粒蛋白質表現之影響，以及
與米質相關的原因。本期試驗以日本型水
稻品種(台農 67 號，TNG 67)與印度型品種
(台中在來 1 號，TN 1)進行研究。將兩品種
分別種植於盆缽並生長於日夜溫 30/25℃
環境，開花後分別處理日夜溫 35/30℃, 
30/25℃, 20/15℃環境，於開花後 6,9,12,15
天取樣並進行分析。利用高解析力的蛋白
質雙向電泳以及 LC/MS/MS 胺基酸序列分
析方法，分析在不同溫度環境與稻米品質
下，具有差異表現的蛋白質分子。
利用蛋白質表現差異及蛋白質體分析後，
在現有的水稻蛋白質資料庫或 EST 資料庫
中，完成了約 30 個蛋白質的序列分析與定
義。其中包括 pyruvate orthophosphate 
dikinase, ER luminal binding protein (BiP), 
protein disufide isomerase, Waxy proteins, 
chaperone, enolase 等。此外，有一個分子量
約為 28 kDa的蛋白質可能與稻米心腹白的
形成有關。另一方面，我們發現水稻 Waxy
蛋白質具有 8-10 isoforms，且其中四個
isoforms 的表現量與稻米榖粒直鏈澱粉含
量呈正相關。結果也顯示台農 67 號對高溫
較台中在來 1 號敏感。我們期望能進一步
定義出在榖粒發育過程中具有關鍵表現的
蛋白質。

關鍵詞：水稻：貯藏性蛋白質：溫度：稻
米品質。

1. Abstract

    Proteins expressions are important to the 
development and quality of rice grains. The 
objectives of this study have been to establish 
a proteomic study system, and to investigate 
the temperature effects on the expressions of 
grain proteins and its relationship with grain 
quality. A japonica cultivar (Tainung 67, 
TNG 67) and an indica cultivar (Taichung 
Native 1, TN 1) were grown in pots at 30/25
℃ (day/night). At flowering the plants were 
moved to 35/30℃, 30/25℃, and 20/15℃ for 
temperature treatments. Grains were then 
sampled at 6, 9, 12, and 15 days after 
flowering, and endosperms were dissected 
for analysis. In proteomic study a 
high-resolution two-dimension gel 
electrophoresis and LC/MS/MS sequencing 
system had been established, and the protein 
profile for endosperms with different grain 
quality were also investigated.
    The present results showed that protein 
expression in TNG67 were more sensitive to 
high temperature than that in TN1. Among 
the differentially expressed proteins 
identified from proteomic approach, near 40 
proteins were sequenced and showed highly 
homology to known registered enzymes or 
cDNA clones, including pyruvate 
orthophosphate dikinase, ER luminal binding 
protein (BiP), protein disufide isomerase, 
Waxy proteins, chaperone, enolase, etc. One 
protein (28 kDa) was closely associated with 
the chalky character of rice grain. In 
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addition ,8-10 isoforms of Waxy protein 
were identified. Expression of 4 isoforms 
was positively correlated with amylose 
content of rice grain. The success in applying 
2D gel and LC/MS/MS to link protein 
expression profile and grain development 
stages will be able to reveal key proteins 
involved in target physiological process and 
will benefit the future improvement of 
quality in rice.

Keywords：rice; storage protein; temperature; 
rice grain quality.

2. Introduction

   Caryopsis proteins in rice are important 
for both development and grain quality. Rice 
embryo developed rapidly after flowering, 
and the embryo reached its maximum size 
around 15 days after flowering (DAF). The 
embryo proteins significantly accumulate 
near 9 days after flowering (DAF).  
Although the embryo development in rice has 
been cytological observed clearly, the 
molecular basis for the development is still 
lacking. The study of embryo proteins can 
provide essential information of the embryo 
development at molecular basis, as well as 
the functions of genes in rice genome.                                      
   Endosperm proteins consist about 20% of 
caryopsis dry weight in rice. The proteins are 
grossly classified into four classes based on 
types of extraction solutions. Glutelins (acid 
soluble) and prolamines (alcohol soluble) are 
two major storage proteins, which are 
important for grain quality.  Albumins 
(water soluble) and globulins (salt soluble) 
may have enzymatic or regulatory functions 
for endosperm development.  Most 
researches in rice endosperm proteins have 
been more focused on glutelins and 
prolamines. The types and functions of 
albumins and globulins during development 
is mostly unclear in rice. After flowering, 
both embryo and endosperm start cell 
division and differentiation.  Embryo grows 
faster than endosperm, and almost mature at 
about 10 DAF. Endosperm conducts mostly 
cell division before 10 DAF, and commences 
significant cell enlargement and 

macromolecule (or day matter) accumulation 
thereafter until grain maturation. A 
phenomenon of DNA endoreduplication of 
endosperm nuclei is also observed at the 
stage between cell division and enlargement.  
Study showed that the early developmental 
stage is most sensitive to environment 
stresses such as high temperature, etc. And 
the early stage is also crucial for the 
formation of defective quality traits such as 
chalky. Nevertheless, the regulation and 
molecular basis for this important stage is 
still unknown. Function study of caryopsis 
proteins would provide valuable information 
for the area.
   In general the studies of rice caryopsis 
proteins are performed separately for specific 
biochemistry pathways such as the 
biosynthesis of starch or storage protein. It 
may be due to the lack of efficient technique;
very few researches could analysis the 
expression or function of a large complex of 
proteins at the same time. The small amount 
of caryopsis proteins expressed at early 
development stage is also one of major 
obstacles for the study. Liquid 
chromatography/tandem mass spectrometry 
(LC/MS/MS) is of great use in resolving 
protein sequence and structure. In combining 
with stable two-dimension electrophoresis, 
sensitive silver stain and advanced data 
analysis software, the technique can analysis 
a complex of proteins expressed during tissue 
development or in response to environmental 
stresses. The technique has become a central 
tool in protein function studies such as 
proteomics in plants. In the present study, the 
above method was utilized to study the 
expression of caryopsis proteins during early 
development stage. Several proteins with 
known or unknown functions have identified 
and their physiological significances are 
discussed. 

3. Results and Discussion

Dry weight, nuclei number, amylose and 
soluble protein content

    Dry weight rapidly increased from 6 to 
15 DAF (Figure 1). Nuclei number linearly 
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increased from 6 to 15 DAF, reflecting an 
active cell division during this stage.  
Mitosis of endosperm cells mostly occurred 
before 12 to 15 DAF, and dry matter 
accumulate varies rapidly after cell division 
stage. The transition from cell division stage 
to fast dry matter accumulation implies a 
physiological regulatory process occurred in 
between. The mechanism of the regulatory in 
this process is still unknown. Amylose 
content rapidly increased from 6 to 15 DAF 
and the accumulation of amylose is 
correlated with the level of Waxy proteins.

DNA endoreduplication 

   Endoreduplication of nuclei DNA is also 
an indication of endosperm differentiation 
especially in cereal crops. In our case, only 
small amount of 3N nuclei could be observed 
at 3 DAF (Fig. 2). Nuclei of 6N clearly 
appeared after 6 DAF, and nuclei of 12N 
showed after 9 DAF. Until 15 DAF, 
endosperm nuclei of 3N, 6N and 12N can be 
detected, while nuclei with DNA more than 
12N could hardly be observed. In cereal 
crops, endosperm DNA endoreduplication 
almost stops after 15DAF. The DNA of 
endosperm nuclei can reach more 128N in 
corn. However, in rice only 12N of nuclei 
DNA content was detected in the present 
study.

Protein identification

  After two-dimensional IEF-SDS 
electrophoresis, more than 300 protein spots 
could be visualized on the gel of samples 
from 12 DAF (Fig. 3). In order to understand 
the general proteins expression pattern on the 
gels, 36 protein spots were randomly selected 
and numbered from Mrs 102.8 kDa to 15.9 
KDa, and pI 4.4 to 7.5. It seem that the 
selected proteins were reproducibly appeared 
on the gel. Summary of data for 36 rice 
caryopsis proteins from two-dimensional 
PAGE spots (Table 1). Spots number, pI,
molecular mass, protein identified, accession 
number of NCBI and percentage of sequence 
covered by amino acid count. The kinetics  
of 36 identified proteins during different 

caryopsis development stage (Table 2).

4. Self-assessment
  

The progress of our research is identical 
to our original schedule. This is the first year 
of our three-year project. So far we have 
succeeded in applying the techniques of 
proteomics (LC/MS/MS) to present the 
differential expression in 2-D gel of proteins 
in rice seeds developed at different 
temperature. We have completed the 
sequencing and comparison of more than 
thirty proteins and expect to know their 
possible functions in seed development.

At present we have also identified the 
differential expression of proteins in grains of 
Japonica and Indica types under different 
temperature, and to decide the roles that 
individual protein plays in the development 
of rice grain, which can be important for 
breeding in the future.   

We currently focus on the organization 
of the result above, and keep on analyzing the 
proteins remained. The proteomics of rice 
grains can either offer our lab for further 
study about its relationship to temperature, or 
provide information for related research on 
rice grain qualities.
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Fig. 1. Changes in nuclei number and dry weight (A), glutelins and amylose (B), and urea 
soluble protein (C) levels during rice seed development. Soluble protein was extracted by lysis 
buffer (Urea 8.5 M, Triton X-100, 2%), and the protein concentration was determined by 
BIO-RAD protein assay kit.
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Fig. 2. Changes in nuclei DNA values of endosperm at different stage of rice caryopsis
development. The histograms show the C values of endosperm nuclei population.
Rice leaf was used as an internal control to indicate the peak for 2C values.
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Fig. 3. A typical silver-stained 2D-gel profile with proteins extract from immature rice grains
at 12 DAF. Arrows indicate identified proteins isolated from 2D-gel and sequenced by 
LC/MS/MS. The determined peptide sequences were aligned and searched by NCBI protein or 
EST database.
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Fig. 4. Protein expression patterns of rice cayopsis during the early development stage. Rice 
grain extracts (approximately 100 ug) were run onto 2-D gels, 3-10 non-linear IPG and 12% 
SDS-PAGE, and protein spots were detected by silver-staining. (A) 3 DAF. (B) 6 DAF. (C) 9
DAF.(D) 12 DAF.(E) 15 DAF. (F) 32 DAF. DAF: Days after flowering.
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Fig. 5. Expression patterns of waxy protein isoforms in different amylose-content cultivars, 
including TN1 and IR36 (high amylose), TNG67 and Koshihikari (middle amylose) as well as 
TKwx 5 and Tswx 2 (low amylose). Arrows with numbers represent two major classes of 
Waxy proteins with different pI values and molecular mass. The waxy proteins with larger 
molecular mass is correlated with the amylose content in rice cultivars.
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Table 1. List of rice caryopsis proteins whose abundance varied during rice caryopsis
development. Spots number, pI, molecular mass, protein identified with known
gene, accession number of NCBI and percentage of sequence covered by amino acid 
count are indicated as table. Kd/Mr: quantity value/ theory value.
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Table 2. The kinetics of protein expression for rice caryopsis proteins during different 
grain developmental stages.
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